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(Thisforeword isnot part of thisstandard but isincluded
for information purposesonly.)

FOREWORD

Theoriginal Standard 90 waspublishedin 1975and again
in 1980, 1989, and 1999 using the ANSI and ASHRAE peri-
odic maintenance procedures. Thus, the entire standard was
publicly reviewed and published in its entirety each time. As
technology and energy prices are changing more rapidly, the
ASHRAE Board of Directorsvoted in 1999 to place the stan-
dard on continuous maintenance.

This 2001 edition of the standard has several new
features. The standard will now be issued on aregular three-
year cycle. It will be published inits entirety every third year
inthefal, starting in 2001. This schedule allows the standard
to be submitted and proposed by the deadline for inclusion or
reference in model building and energy codes. All approved
addenda and errata will be included in the new edition every
three years. It also allows users to have some certainty about
when new editions will be published.

This is aso the first time that the standard includes
changes resulting from continuous maintenance proposals
from the public. The committee welcomes suggestions for
improving the standard. Users of the standard are encouraged

and invited to use the continuous maintenance procedure to
suggest changes. Theform for Submittal of Proposed Change
to ASHRAE Standard Under Continuous Maintenance is
included in the back of this standard. The committee will take
formal action on every proposal received.

The 2001 editionisthefirst version to be published using
the ANSI and A SHRAE continuous maintenance procedures.
Thus, the project committee is continualy considering
changes and proposing addenda for public review. When
addenda are approved, notices will be published on the
ASHRAE website. Usersareencouragedtosignupfor thefree
ASHRAE internet list server for thisstandard to receive notice
of all public reviewsand approved and published addendaand
errata.

Changes from the previous 1999 edition of the standard
aremarked inthemargins. A vertical linein the margin shows
where something has been changed or added. An arrow inthe
margin shows where something has been deleted from the
prior edition of the standard.

Thisedition correctsall knowntypographical errorsinthe
1999 standard. It includesthe content of 34 addendathat were
processed by the committee and approved by the ASHRAE
and IESNA Boards of Directors.
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1. PURPOSE

The purpose of this standard is to provide minimum
requirements for the energy-efficient design of buildings
except low-rise residential buildings.

2. SCOPE

2.1 Thisstandard provides

a. minimum energy-efficient requirements for the design
and construction of
(1) new buildings and their systems,
(2) new portions of buildings and their systems, and
(3) new systems and equipment in existing buildings

and

b. criteriafor determining compliance with these require-

ments.

2.2 The provisions of this standard apply to

a.  the envelope of buildings, provided that the enclosed
spaces are
(1) heated by aheating system whose output capacity
is greater than or equal to 3.4 Btu/h-ft2 or
(2) cooled by acooling systemwhose sensible output
capacity isgreater than or equal to 5 Btu/h-ft2, and

b. thefollowing systems and egquipment used in conjunc-
tion with buildings:
(1) heating, ventilating, and air conditioning,
(2) servicewater heating,
(3) electric power distribution and metering provi-
sions,
(4) electric motors and belt drives, and
(5) lighting.

2.3 The provisions of this standard do not apply to

a. single-family houses, multi-family structures of three
stories or fewer above grade, manufactured houses
(mobile homes), and manufactured houses (modular),

b. buildings that do not use either electricity or fossil fuel,
or

c. equipment and portions of building systems that use
energy primarily to provide for industrial, manufactur-
ing, or commercial processes.

2.4 Where specifically noted in this standard, certain other
buildings or elements of buildings shall be exempt.

2.5 Thisstandard shall not be used to circumvent any safety,
health, or environmental regquirements.

3. DEFINITIONS, ABBREVIATIONS,
AND ACRONYMS

31 Generd

Certainterms, abbreviations, and acronymsaredefinedin
thissection for the purposes of thisstandard. These definitions
are applicable to all sections of this standard. Terms that are
not defined shall have their ordinarily accepted meanings
within the context in which they are used. Ordinarily accepted
meanings shall be based upon American standard English
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language usage as documented in an unabridged dictionary
accepted by the adopting authority.

3.2 Definitions
above-grade wall: seewall.
access hatch: see door.

addition: an extension or increase in floor area or height
of abuilding outside of the existing building envelope.

adopting authority: the agency or agent that adopts this
standard.

alteration: areplacement or addition to abuilding or its
systems and equipment; routine maintenance, repair, and
service or achangein the building’s use classification or cate-
gory shall not constitute an alteration.

annual fuel utilization efficiency (AFUE): an efficiency
descriptor of theratio of annual output energy to annual input
energy as developed in accordance with the requirements of
U.S. Department of Energy (DOE) 10CFR Part 430.

application part-load value (APLV): a single number
part-load efficiency figure of merit calculated in accordance
with the method described in ARI Standard 550 or 590 refer-
enced to modified rating conditions described in those stan-
dards.

attic and all other roofs; see roof.

authority having jurisdiction: the agency or agent
responsible for enforcing this standard.

automatic: self-acting, operating by its own mechanism
when actuated by some nonmanual influence, such as a
changein current strength, pressure, temperature, or mechan-
ical configuration. (See manual.)

automatic control device: a device capable of automati-
cally turning loads off and on without manual intervention.

balancing, air: adjusting air flow ratesthrough air distri-
bution system devices, such asfansand diffusers, by manually
adjusting the position of dampers, splitter vanes, extractors,
etc., or by using automati c control devices, such asconstant air
volume or variable air volume boxes.

balancing, hydronic: adjusting water flow ratesthrough
hydronic distribution system devices, such aspumpsand cails,
by manually adjusting the position valves, or by using auto-
matic control devices, such as automatic flow control valves.

ballast: a device used in conjunction with an electric-
dischargelampto causethelamp to start and operate under the
proper circuit conditions of voltage, current, wave form, elec-
trode heat, etc.

(a) eectronic ballast: a ballast constructed using elec-
tronic circuitry.




(b) hybrid ballast: aballast constructed using a combi-
nation of magnetic core and insulated wire winding
and electronic circuitry.

(c) magnetic ballast: a ballast constructed with mag-
netic core and awinding of insulated wire.

below-grade wall: see wall.

boiler: a self-contained low-pressure appliance for
supplying steam or hot water.

boiler, packaged: a boiler that is shipped complete with
heating equipment, mechanical draft equipment, and auto-
matic controls; usually shipped in one or more sections. A
packaged boiler includes factory-built boilers manufactured
asaunit or system, disassembled for shipment, and reassem-
bled at the site.

branch circuit: the circuit conductors between the final
overcurrent device protecting the circuit and the outlet(s); the
final wiring run to the load.

budget building design: a computer representation of a
hypothetical design based on the actual proposed building
design. Thisrepresentation is used asthe basisfor calculating
the energy cost budget.

building: a structure wholly or partially enclosed within
exterior walls, or within exterior and party walls, and a roof,
affording shelter to persons, animals, or property.

building entrance: any doorway, set of doors, turnstiles,
or other form of portal that isordinarily used to gain accessto
the building by its users and occupants.

building envelope: the exterior plus the semi-exterior
portions of abuilding. For the purposes of determining build-
ing envelope requirements, the classifications are defined as
follows:

(a) building envelope, exterior: the elements of a
building that separate conditioned spaces from the
exterior.

(b) building envelope, semi-exterior: the elements of a
building that separate conditioned space from
unconditioned space or that enclose semiheated
spaces through which thermal energy may be trans-
ferred to or from the exterior, or to or from uncondi-
tioned spaces, or to or from conditioned spaces.

building exit: any doorway, set of doors, or other form of
portal that is ordinarily used only for emergency egress or
convenience exit.

building grounds lighting: lighting provided through a
building's electrical service for parking lot, site, roadway,
pedestrian pathway, loading dock, and security applications.

building material: any element of the building envelope
through which heat flows and that is included in the compo-
nent U-factor calculations other than air films and insulation.

building official: the officer or other designated repre-
sentative authorized to act on behalf of the authority having
jurisdiction.

C-factor (thermal conductance): time rate of steady-
state heat flow through unit area of amaterial or construction,
induced by a unit temperature difference between the body
surfaces. Units of C are Btu/h-ft2°F. Note that the C-factor
does not include soil or air films.

check metering: measurement instrumentation for the
supplementary monitoring of equipment and tenant energy
use (electric, gas, oil, etc.) in addition to the revenue metering
furnished by the utility.

circuit breaker: a device designed to open and close a
circuit by nonautomatic means and to open the circuit auto-
matically at a predetermined overcurrent without damage to
itself when properly applied within its rating.

classof construction: for the building envel ope, asubcat-
egory of roof, above-gradewall, below-gradewall, floor, slab-
on-gradefloor, opaque door, vertical fenestration, or skylight.
(Seeroof, wall, floor, slab-on-grade floor, door, and fenestra-
tion.)

clerestory: that part of a building that rises clear of the
roofs or other parts and whose walls contain windows for
lighting the interior.

code official: see building official.

coefficient of performance (COP)6 cooling: theratio of
the rate of heat removal to the rate of energy input, in consis-
tent units, for acompleterefrigerating system or some specific
portion of that system under designated operating conditions.

coefficient of performance (COP), heat pumpé heat-
ing: theratio of therate of heat delivered to the rate of energy
input, in consistent units, for a complete heat pump system,
including the compressor and, if applicable, auxiliary heat,
under designated operating conditions.

color temperature: the absolute temperature (in degrees
kelvin) of an incandescent blackbody radiator that radiates
light of the same color. Lower color temperatures are near the
red-orange end of the spectrum. Higher color temperaturesare
near the blue-violet end of the spectrum.

conditioned floor area: seefloor area.

conditioned space: see space.

conductance: see thermal conductance.

continuousinsulation (cont. ins. or ci): insulationthat is
continuous across al structural members without thermal
bridges other than fasteners and service openings. It is

installed on the interior, exterior, or isintegral to any opague
surface of the building envelope.

ANSI/ASHRAE/IESNA STANDARD 90.1-2001



control: to regulate the operation of equipment.

control device: a specialized device used to regulate the
operation of equipment.

construction: thefabrication and erection of anew build-
ing or any addition to or alteration of an existing building.

construction documents: drawings and specifications
used to construct a building, building systems, or portions
thereof.

cool down: reduction of spacetemperature downto occu-
pied set point after a period of shutdown or setup.

cooled space: see space.
cooling degree-day: see degree-day.

cooling design temperature: the outdoor dry-bulb
temperature equal to the temperature that is exceeded 1% of
the number of hours during atypical weather year.

cooling design wet-bulb temperature: the outdoor wet-
bulb temperature for sizing cooling systems and evaporative
heat rejection systems such as cooling towers.

current transformers: an electrical device used to
convert large currentsto proportionally smaller currents based
on agiven ratio; typically used for metering.

dead band: the range of values within which a sensed
variable can vary without initiating a change in the controlled
process.

decorative lighting: see lighting, decorative.

degree-day: the difference in temperature between the
outdoor mean temperature over a 24-hour period and a given
base temperature. For the purposes of determining building
envelope requirements, the classifications are defined as
follows:

(a) cooling degree-day base 50(F, CDD50: for any one
day, when the mean temperature is more than 50°F,
there are as many degree-days as degrees Fahren-
heit temperature difference between the mean tem-
perature for the day and 50°F. Annua cooling
degree-days (CDDs) are the sum of the degree-days
over acaendar year.

(b) heating degree-day base 65[F, HDD65: for any
one day, when the mean temperature is less than
65°F, there are as many degree-days as degrees
Fahrenheit temperature difference between the
mean temperature for the day and 65°F. Annual
heating degree-days (HDDs) are the sum of the
degree-days over a calendar year.

demand: the highest amount of power (average Btu/h

over aninterval) recorded for abuilding or facility inaselected
time frame.

ANSI/ASHRAE/IESNA STANDARD 90.1-2001

Design A: National Electrical Manufacturers Association
(NEMA) design class designations for standard general
purpose polyphase squirrel-cage induction motors.

Design B: National Electrical Manufacturers Association
(NEMA) design class designations for standard general
purpose polyphase squirrel-cage induction motors.

Design E: National Electrical Manufacturers Association
(NEMA) design class designations for standard general
purpose polyphase squirrel-cage induction motors.

design capacity: output capacity of a system or piece of
equipment at design conditions.

design conditions: specified environmenta conditions,
such as temperature and light intensity, required to be
produced and maintained by a system and under which the
system must operate.

design energy cost: the annual energy cost calculated for
aproposed design.

design professional: an architect or engineer licensed to
practice in accordance with applicable state licensing laws.

direct digital control (DDC): a type of control where
controlled and monitored analog or binary data (e.g., temper-
ature, contact closures) are converted to digital format for
mani pulation and cal culations by adigital computer or micro-
processor, then converted back to analog or binary form to
control physical devices.

disconnect: a device or group of devices or other means
by which the conductors of acircuit can be disconnected from
their source of supply.

distribution system: conveying means, such as ducts,
pipes, and wires, to bring substances or energy from a source
to the point of use. The distribution system includes such
auxiliary equipment as fans, pumps, and transformers.

door: all operable opening areas (which are not fenestra-
tion) inthe building envel ope, including swinging and roll-up
doors, firedoors, and access hatches. Doorsthat are morethan
one-half glass are considered fenestration. (See fenestration.)
For the purposes of determining building envelope require-
ments, the classifications are defined as follows:

(@) non-swinging: roll-up, diding, and all other doors
that are not swinging doors.

(b) swinging: all operable opaque panels with hinges
on one side and opaque revolving doors.

door area: total areaof the door measured using therough
opening and including the door slab and the frame. (Seefenes-
tration area.)

dwelling unit; asingle unit providing complete indepen-
dent livingfacilitiesfor one or more persons, including perma-



nent provisions for living, sleeping, eating, cooking, and
sanitation.

economizer, air: a duct and damper arrangement and
automatic control system that together allow acooling system
to supply outside air to reduce or eliminate the need for
mechanical cooling during mild or cold weather.

economizer, water: a system by which the supply air of
acooling system is cooled indirectly with water that is itself
cooled by heat or masstransfer to the environment without the
use of mechanical cooling.

efficiency: performance at specified rating conditions.

electric meter: a mechanical/electrical device that can
measure electric power.

electric supplier: an agency that sells and/or distributes
electric power.

emergency power system: a system that is required by
codes or other laws to automatically supply illumination or
power or both in the event of failure of the normal supply or
in the event of accidents to such systems. Such systems may
a soinclude standby loads incidental to system operations but
shall not include systems for optional standby |oads only.

emittance: the ratio of the radiant heat flux emitted by a
specimen to that emitted by a blackbody at the same temper-
ature and under the same conditions.

enclosed space: a volume substantially surrounded by
solid surfaces such as walls, floors, roofs, and openable
devices such as doors and operable windows.

enclosure: the case or housing of an apparatus, or the
fence or walls surrounding an installation, to prevent person-
nel from accidentally contacting energized parts or protect
equipment from physical damage.

energy: the capacity for doing work. It takes a number of
forms that may be transformed from one into another such as
thermal (heat), mechanical (work), electrical, and chemical.
Customary measurement unitsare British thermal units(Btu).

energy cost budget: theannual energy cost for the budget
building.

energy efficiency ratio (EER): the ratio of net cooling
capacity in Btu/h to total rate of electric input in watts under
designated operating conditions. (See coefficient of perfor-
mance (COP)6 cooling.)

energy factor (EF): a measure of water heater overall
efficiency.

envelope performance factor: the trade-off value for the
building envel ope performance compliance option cal cul ated
using the procedures specified in Section 5. For the purposes

of determining building envelope requirements, the classifi-
cations are defined as follows:

(a) base envelope performance factor: the building
envelope performance factor for the base design.

(b) proposed envelope performance factor: the build-
ing envelope performance factor for the proposed
design.

equipment: devices for comfort conditioning, electric
power, lighting, transportation, or service water heating
including, but not limited to, furnaces, boilers, air condition-
ers, heat pumps, chillers, water heaters, lamps, luminaires,
ballasts, elevators, escalators, or other devicesor installations.

existing building: abuilding or portion thereof that was
previously occupied or approved for occupancy by the author-
ity having jurisdiction.

existing equipment: equipment previously installedinan
existing building.

existing system: asystem or systems previously installed
in an existing building.

exfiltration: uncontrolled outward air leakage from
inside a building including leakage through cracks and inter-
stices around windows and doors and through any other exte-
rior partition or penetration.

exterior building envelope: see building envelope.

exterior lighting power allowance: see lighting power
allowance.

facade area: area of the facade, including overhanging
soffits, cornices, and protruding columns, measured in eleva-
tion in avertical plane parallel to the plane of the face of the
building. Nonhorizontal roof surfaces shall beincluded in the
calculation of vertical facade area by measuring the areain a
plane parallel to the surface.

F-factor: the perimeter heat lossfactor for slab-on-grade
floors, expressed in Btu/h-ft-°F.

fan system energy demand (or fan system power): the
sum of the nominal power demand (nameplate horsepower) of
motors of all fansthat are required to operate at design condi-
tions to supply air from the heating or cooling source to the
conditioned space(s) and return it to the source or exhaust it to
the outdoors.

feeder conductors: the wires that connect the service
equipment to the branch circuit breaker panels.

fenestration: all areas (including theframes) in the build-
ing envelope that let in light, including windows, plastic
panels, clerestories, skylights, glass doors that are more than
one-half glass, and glass block walls. (See building envelope
and door.)

(a) skylight: a fenestration surface having a slope of
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less than 60 degrees from the horizontal plane.
Other fenestration, even if mounted on the roof of a
building, is considered vertical fenestration.

(b) vertical fenestration: all fenestration other than
skylights.

Trombewall assemblies, whereglazingisinstalled within
12in. of amasswall, are considered walls, not fenestration.

fenestration area: total areaof the fenestration measured
using the rough opening and including the glazing, sash, and
frame. For doorswherethe glazed vision areaislessthan 50%
of thedoor area, the fenestration areaisthe glazed vision area.
For all other doors, the fenestration areais the door area. (See
door area.)

fenestration, vertical: (See fenestration and skylight.)

fixture: the component of a luminaire that houses the
lamp or lamps, positions the lamp, shields it from view, and
distributes the light. The fixture also provides for connection
to the power supply, which may require the use of a ballast.

floor, envelope: that lower portion of the building enve-
lope, including opagque area and fenestration, that has condi-
tioned or semiheated space above and is horizontal or tilted at
an angle of lessthan 60 degreesfrom horizontal but excluding
slab-on-gradefloors. For the purposesof determining building
envelope requirements, the classifications are defined as
follows:

(@) mass floor: a floor with a heat capacity that
exceeds (1) 7 Btu/ft?>°F or (2) 5 Btu/ft®>°F pro-
vided that the floor has a material unit mass not
greater than 120 Ib/ft3.

(b) steel joist floor: afloor that (1) is not a mass floor
and (2) that has steel joist members supported by
structural members.

(c) wood framed and other floors. al other floor
types, including wood joist floors.
(See building envel ope, fenestration, opaque area, and slab-
on-grade floor).

floor area, gross: the sum of the floor areas of the spaces
withinthe buil dingincluding basements, mezzanineand inter-
mediate-floored tiers, and penthouses with headroom height
of 7.5 ft or greater. It is measured from the exterior faces of
exterior wallsor from the centerline of walls separating build-
ings, but excluding covered wakways, open roofed-over
areas, porches and similar spaces, pipe trenches, exterior
terraces or steps, chimneys, roof overhangs, and similar
features.

(a) gross building envelope floor area: the gross floor
area of the building envelope, but excluding slab-
on-grade floors.

(b) gross conditioned floor area: the gross floor area
of conditioned spaces.

(c) gross lighted floor area: the gross floor area of
lighted spaces.
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(d) grosssemiheated floor area: the gross floor area of
semiheated spaces.

(See building envelope, floor, slab-on-grade floor, and
space.)

flue damper: adevicein the flue outlet or in the inlet of
or upstream of the draft control device of an individual, auto-
matically operated, fossil fuel-fired appliance that isdesigned
to automatically open the flue outlet during appliance opera-
tion and to automatically close the flue outlet when the appli-
anceisin astandby condition.

fossil fuel: fuel derived from ahydrocarbon deposit such
aspetroleum, coal, or natural gasderived from living matter of
aprevious geologic time.

fuel: amaterial that may be used to produce heat or gener-
ate power by combustion.

general lighting: seelighting, general.

generally accepted engineering standard: a specifica-
tion, rule, guide, or procedure in the field of engineering, or
related thereto, recognized and accepted as authoritative.

glazed wall system: a category of site-assembled fenes-
tration products, which includes, but isnot limited to, curtain-
walls and solariums.

grade: the finished ground level adjoining a building at
all exterior walls.

gross lighted area (GLA): see floor area, gross. gross
lighted floor area.

grossroof area: seeroof area, gross.
grosswall area: seewall area, gross.

gutter: the space available for wiring inside panel boards
and other electric panels. A separate wireway used to supple-
ment wiring spaces in electric panels.

harmonics: voltages and currents at frequencies other
than 60 Hz (or 50 Hz where applicable) that cause heating and
other detrimental effectsin the power system.

harmonic losses: the wasting of electric energy (to heat)
that occurs when harmonic currents are present in the power
system.

heat capacity (HC): theamount of heat necessary toraise
the temperature of a given mass 1°F. Numerically, the heat
capacity per unit areaof surface (Btu/ft2-°F) is the sum of the
products of the mass per unit area of each individual material
in the roof, wall, or floor surface multiplied by itsindividual
specific heat.

heated space: see space.



heat trace: aheating system wherethe externally applied
heat sourcefollows (traces) the object to be heated, e.g., water

piping.

heating design temperature: the outdoor dry-bulb
temperature equal to the temperature that is exceeded at |east
99.6% of the number of hours during atypical weather year.

heating degree-day: see degree-day.

heating seasonal performance factor (HSPF): the total
heating output of aheat pump during its normal annual usage
period for heating (in Btu) divided by the total electric energy
input during the same period.

historic: a building or space that has been specificaly
designated ashistorically significant by the adopting authority
orislistedin“TheNational Register of Historic Places” or has
been determined to be eligiblefor listing by the U.S. Secretary
of the Interior.

hot water supply boiler: a boiler used to heat water for
purposes other than space heating.

humidistat: an automatic control device used to maintain
humidity at afixed or adjustable set point.

HVAC system: the equipment, distribution systems, and
terminals that provide, either collectively or individually, the
processesof heating, ventilating, or air conditioningto abuild-
ing or portion of a building.

indirectly conditioned space: see space.

infiltration: the uncontrolled inward air leakage through
cracks and crevices in any building element and around
windows and doors of a building caused by pressure differ-
encesacrossthese elementsdueto factorssuch aswind, inside
and outside temperature differences (stack effect), and imbal -
ance between supply and exhaust air systems.

installedinterior lighting power: the power inwattsof all
permanently installed general, task, and furniture lighting
systems and luminaires.

integrated part-load value (IPLV): a single-number
figure of merit based on part-load EER, COP, or kW/ton
expressing part-load efficiency for air-conditioning and heat
pump eguipment on the basis of weighted operation at various
load capacities for the equipment.

interior lighting power allowance: see lighting power
allowance.

isolation devices. devices that isolate HVAC zones so
that they can be operated independently of one ancther. Isola-
tion devicesinclude, but are not limited to, separate systems,
isolation dampers, and controls providing shutoff at terminal
boxes.

joist, steel: any structural steel member of a building or
structure made of hot-rolled or cold-rolled solid or open-web
sections.

kilovolt-ampere (kVA): where the term “kilovolt-
ampere” (kVA) isused in this standard, it isthe product of the
linecurrent (amperes) timesthe nominal system voltage (kilo-
volts) times 1.732 for three-phase currents. For single-phase
applications, kVA isthe product of the line current (amperes)
times the nominal system voltage (kilovolts).

kilowatt (kW): the basic unit of electric power, equal to
1000 W.

labeled: equipment or materials to which a symbol or
other identifying mark has been attached by the manufacturer
indicating compliance with specified standards or perfor-
mance in a specified manner.

lamp: a generic term for a man-made light source often

caled abulb or tube.

(a) compact fluorescent lamp: a fluorescent lamp of a
small compact shape, with a single base that pro-
vides the entire mechanical support function.

(b) fluorescent lamp: alow-pressure electric discharge
lamp in which a phosphor coating transforms some
of the ultraviolet energy generated by the discharge
into light.

(c) general servicelamp: aclass of incandescent lamps
that provide light in virtually all directions. General
service lamps are typically characterized by bulb
shapes such as A, standard; S, straight side; F,
flame; G, globe; and PS, pear straight.

(d) high-intensity discharge (HID) lamp: an electric
discharge lamp in that light is produced when an
electric arc is discharged through a vaporized metal
such as mercury or sodium. Some HID lamps may
also have a phosphor coating that contributes to the
light produced or enhances the light color.

(e) incandescent lamp: a lamp in which light is pro-
duced by a filament heated to incandescence by an
electric current.

(f) reflector lamp: a class of incandescent lamps that
have an internal reflector to direct the light. Reflec-
tor lamps are typicaly characterized by reflective
characteristics such as R, reflector; ER, dlipsoidal
reflector; PAR, parabolic auminized reflector; MR,
mirrorized reflector; and others.

lamp wattage, rated: the power consumption of alamp as
published in manufacturers’ literature.

lighting, decorative: lighting that is purely ornamental
and installed for aesthetic effect. Decorative lighting shall not
include general lighting.

lighting, general: lighting that provides a substantially
uniform level of illumination throughout an area. General
lighting shall not include decorative lighting or lighting that
provides adissimilar level of illumination to serve a special-
ized application or feature within such area.
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lighting system: a group of luminaires circuited or
controlled to perform a specific function.

lighting power allowance:

(a) interior lighting power allowance: the maximum
lighting power in watts allowed for the interior of a
building.

(b) exterior lighting power allowance: the maximum
lighting power in wetts allowed for the exterior of a
building.

lighting power density (LPD): the maximum lighting
power per unit areaof abuilding classification of space func-
tion.

low-rise residential: single-family houses, multi-family
structures of three stories or fewer above grade, manufactured
houses (mobile homes), and manufactured houses (modular).

luminaire: acomplete lighting unit consisting of alamp
or lamps together with the housing designed to distribute the
light, position and protect the |lamps, and connect the lampsto
the power supply.

manual (nonautomatic): requiring personal intervention
for control. Nonautomatic does not necessarily imply a
manual controller, only that personal intervention is neces-
sary. (See automatic.)

manufacturer: the company engaged in the original
production and assembly of products or equipment or a
company that purchases such products and equipment manu-
factured in accordance with company specifications.

marked (nameplate) rating: the design load operating
conditions of a device as shown by the manufacturer on the
nameplate or otherwise marked on the device.

mass floor: see floor.
masswall: seewall.

mean temperature; one-half the sum of the minimum
daily temperature and maximum daily temperature.

mechanical heating: raising the temperature of a gas or
liquid by use of fossil fuel burners, electric resistance heaters,
heat pumps, or other systems that require energy to operate.

mechanical cooling: reducing thetemperature of agasor
liquid by using vapor compression, absorption, desiccant
dehumidification combined with evaporative cooling, or
another energy-driven thermodynamic cycle. Indirect or
direct evaporative cooling aloneis not considered mechanical
cooling.

metal building: a complete integrated set of mutually
dependent components and assemblies that form a building,
which consists of a steel-framed superstructure and metal
skin.
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metal building roof: see roof.
metal building wall: see wall.

metering: instruments that measure electric voltage,
current, power, etc.

motor power, rated: the rated output power from the
motor.

nameplate rating: see marked (nameplate) rating.
nonautomatic: see manual.

nonrecirculating system: adomestic or service hot water
distribution system that is not a recirculating system.

nonrenewable energy: energy derived from afossil fuel
source.

nonresidential: all occupancies other than residential.
(Seeresidential.)

non-standard part load value (NPLV): asingle number
part-load efficiency figure of merit calculated and referenced
to conditions other than IPLV conditions, for unitsthat are not
designed to operate at ARI Standard Rating Conditions.

non-swinging door: see door.

north-oriented: facing within 45 degrees of true north
(northern hemisphere).

occupant sensor: a device that detects the presence or
absence of people within an area and causes lighting, equip-
ment, or appliances to be regulated accordingly.

opaque: all areasin the building envelope, except fenes-
tration and building service openingssuch asventsand grilles.
(See building envelope and fenestration.)

optimum start controls: controls that are designed to
automatically adjust the start time of an HVAC system each
day with the intention of bringing the space to desired occu-
pied temperature levels immediately before scheduled occu-
pancy.

orientation: the direction an envel ope element faces, i.e.,
the direction of a vector perpendicular to and pointing away
from the surface outside of the element. For vertical fenestra-
tion, the two categories are north-oriented and all other. (See
north-oriented.)

outdoor (outside) air: air that is outside the building
envelope or is taken from outside the building that has not
been previoudly circulated through the building.

overcurrent: any current in excess of the rated current of
equipment or the ampacity of a conductor. It may result from
overload, short circuit, or ground fault.



packaged terminal air conditioner (PTAC): a factory-
selected wall deeve and separate unencased combination of
heating and cooling components, assemblies, or sections. It
may include heating capability by hot water, steam, or elec-
tricity and is intended for mounting through the wall to serve
asingle room or zone.

packaged terminal heat pump (PTHP): aPTAC capable
of using the refrigerating system in a reverse cycle or heat
pump mode to provide heat.

party wall: a fire wall on an interior lot line used or
adapted for joint service between two buildings.

permanently installed: equipment that is fixed in place
and is not portable or movable.

plenum: acompartment or chamber to which one or more
ducts are connected, that forms a part of the air distribution
system, and that is not used for occupancy or storage. A
plenum often is formed in part or in total by portions of the
building.

pool: any structure, basin, or tank containing an artificial
body of water for swimming, diving, or recreational bathing.
Thetermincludes, butisnot limited to, swimming pool, whirl-
pool, spa, hot tub.

power factor: Theratio of total real power in wattsto the
apparent power (root-mean-square volt amperes).

primary air system: the central air-moving heating and
cooling equipment that serves multiple zones through mixing
boxes, VAV boxes, or reheat coils.

process energy: energy consumed in support of a manu-
facturing, industrial, or commercial process other than condi-
tioning spaces and maintaining comfort and amenitiesfor the
occupants of abuilding.

process load: the load on a building resulting from the
consumption or release of process energy.

projection factor (PF): theratio of thehorizontal depth of
the external shading projection divided by the sum of the
height of the fenestration and the distance from the top of the
fenestration to the bottom of the farthest point of the external
shading projection, in consistent units.

proposed design: acomputer representation of the actual
proposed building design or portion thereof used as the basis
for calculating the design energy cost.

public facility restroom: arestroom used by the transient
public.

pump system energy demand (pump system power): the

| sum of the nominal power demand (namepl ate horsepower) of
motors of all pumps that are required to operate at design
conditions to supply fluid from the heating or cooling source
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to al heat transfer devices (e.g., coils, heat exchanger) and
return it to the source.

radiant heating system: a heating system that transfers
heat to objects and surfaces within the heated space primarily
(greater than 50%) by infrared radiation.

rated lamp wattage: see lamp wattage, rated.
rated motor power: see motor power, rated.

rated R-value of insulation: the thermal resistance of the
insulation alone as specified by the manufacturer in units of
h-ft?.°F/Btu at a mean temperature of 75°F. Rated R-value
refersto thethermal resistance of theadded insulationin fram-
ing cavities or insulated sheathing only and does not include
the thermal resistance of other building materialsor air films.
(See thermal resistance.)

readily accessible: capable of being reached quickly for
operation, renewal, or inspections without requiring those to
whom ready accessisrequisiteto climb over or remove obsta-
clesor to resort to portable ladders, chairs, etc. In public facil-
ities, accessibility may be limited to certified personnel
through locking covers or by placing equipment in locked
rooms.

recirculating system: a domestic or service hot water
distribution system that includes a closed circulation circuit
designed to maintain usage temperatures in hot water pipes
near terminal devices (e.g., lavatory faucets, shower heads) in
order to reduce the time required to obtain hot water when the
terminal device valve is opened. The motive force for circu-
lation is either natural (due to water density variations with
temperature) or mechanical (recirculation pump).

recooling: lowering the temperature of air that has been
previously heated by a mechanical heating system.

record drawings: drawings that record the conditions of
the project as constructed. These include any refinements of
the construction or bid documents.

reflectance: theratio of thelight reflected by asurfaceto
the light incident upon it.

reheating: raising the temperature of air that has been
previously cooled either by mechanical refrigeration or an
economizer system.

repair: the reconstruction or renewal of any part of an
existing building for the purpose of its maintenance.

resistance, electric: the property of an electric circuit or
of any object used as part of an electric circuit that determines
for agivencircuit therateat which el ectric energy isconverted
into heat or radiant energy and that has a value such that the
product of theresi stance and the square of the current givesthe
rate of conversion of energy.
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reset: automatic adjustment of the controller set point to
ahigher or lower value.

residential: spacesin buildings used primarily for living
and sleeping. Residential spaces include, but are not limited
to, dwelling units, hotel/motel guest rooms, dormitories, nurs-
ing homes, patient roomsin hospitals, lodging houses, frater-
nity/sorority houses, hostels, prisons, and fire stations.

roof: the upper portion of the building envelope, includ-
ing opaque areas and fenestration, that ishorizontal or tilted at
an angle of lessthan 60° from horizontal. For the purposes of
determining building envelope requirements, the classifica-
tions are defined as follows:

(@) attic and other roofs. al other roofs, including
roofs with insulation entirely below (inside of) the
roof structure (i.e., attics, cathedral ceilings, and
single-rafter ceilings), roofs with insulation both
above and below the roof structure, and roofs with-
out insulation but excluding metal building roofs.

(b) metal building roof: aroof that is constructed with
(a) a metal, structural, weathering surface, (b) has
no ventilated cavity, and (c) has the insulation
entirely below deck (i.e., does not include compos-
ite concrete and metal deck construction nor a roof
framing system that is separated from the super-
structure by a wood substrate) and whose structure
consists of one or more of the following configura-
tions: (1) metal roofing in direct contact with the
steel framing members or (2) insulation between
the metal roofing and the steel framing members or
(3) insulated metal roofing panels instaled as
described in (1) or (2).

(c) roof with insulation entirely above deck: a roof
with all insulation (1) installed above (outside of)
the roof structure and (2) continuous (i.e., uninter-
rupted by framing members).

(d) single-rafter roof: a subcategory of attic roofs
where the roof above and the ceiling below are both
attached to the same wood rafter and where insula-
tion is located in the space between these wood
rafters.

roof area, gross: the area of the roof measured from the
exterior faces of walls or from the centerline of party walls.
(Seeroof and wall.)

room air conditioner: an encased assembly designed as
a unit to be mounted in a window or through awall, or as a
console. It isdesigned primarily to provide direct delivery of
conditioned air to an encl osed space, room, or zone. Itincludes
aprime source of refrigeration for cooling and dehumidifica-
tion and ameans for circulating and cleaning air. It may also
include a means for ventilating and heating.

room cavity ratio (RCR): afactor that characterizesroom

configuration as aratio between the walls and ceiling and is
based upon room dimensions.
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seasonal  coefficient of performanced cooling
(SCOP(): thetotal cooling output of an air conditioner during
itsnormal annual usage period for cooling divided by thetotal
€lectric energy input during the same period in consistent units
(analogous to the SEER but for IP or other consistent units).

seasonal  coefficient of  performanced heating
(SCOP): thetotal heating output of a heat pump during its
normal annual usage period for heating divided by the total
electric energy input during the same period in consi stent units
(analogous to the HSPF but for |P or other consistent units).

seasonal energy efficiency ratio (SEER): the total cool-
ing output of anair conditioner during itsnormal annual usage
period for cooling (in Btu) divided by thetotal electric energy
input during the same period (in Wh).

semi-exterior building envelope: see building envelope.
semiheated floor area: seefloor area.
semiheated space: see space.

service: the equipment for delivering energy from the
supply or distribution system to the premises served.

service agency: an agency capable of providing calibra-
tion, testing, or manufacture of equipment, instrumentation,
metering, or control apparatus, such as a contractor, labora-
tory, or manufacturer.

service equipment: the necessary equipment, usually
consisting of acircuit bresker or switch and fuses and acces-
sories, located near the point of entrance of supply conductors
to abuilding or other structure (or an otherwise defined area)
and intended to constitute the main control and meansof cutoff
of the supply. Service equipment may consist of circuit break-
ers or fused switches provided to disconnect all under-
grounded conductorsin abuilding or other structure from the
service-entrance conductors.

service water heating: heating water for domestic or
commercial purposes other than space heating and process
reguirements.

setback: reduction of heating (by reducing the set point)
or cooling (by increasing the set point) during hours when a
building is unoccupied or during periods when lesser demand
is acceptable.

set point: point at which the desired temperature (°F) of
the heated or cooled space is set.

shading coefficient (SC): the ratio of solar heat gain at
normal incidence through glazing to that occurring through
1/8in. thick clear, double-strength glass. Shading coefficient,
as used herein, does not include interior, exterior, or integral
shading devices.

simulation program: acomputer program that is capable
of simulating the energy performance of building systems.
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single-line diagram: asimplified schematic drawing that
shows the connection between two or more items. Common
multiple connections are shown as one line.

single-rafter roof: seeroof.

single-zone system: an HVAC system serving a single
HVAC zone.

site-recovered energy: waste energy recovered at the
building site that is used to offset consumption of purchased
fuel or electrical energy supplies.

site-solar energy: thermal, chemical, or electrical energy
derived from direct conversion of incident solar radiation at
the building site and used to offset consumption of purchased
fuel or electrical energy supplies. For the purposes of applying
this standard, site-solar energy shall not include passive heat
gain through fenestration systems.

skylight: see fenestration.
skylight well: the shaft from the skylight to the ceiling.

slab-on-grade floor: that portion of a slab floor of the
building envel opethat isin contact with the ground and that is
either above grade or isless than or equal to 24 in. below the
final elevation of the nearest exterior grade.
(@) heated dlab-on-grade floor: a slab-on-grade floor
with a heating source either within or below it.
(b) unheated dlab-on-grade floor: a dlab-on-grade
floor that is not a heated slab-on-grade floor.

solar energy source: sourceof thermal, chemical, or elec-
trical energy derived from direct conversion of incident solar
radiation at the building site.

solar heat gain coefficient (SHGC): theratio of the solar
heat gain entering the space through the fenestration area to
the incident solar radiation. Solar heat gain includes directly
transmitted solar heat and absorbed solar radiation, which is
then reradiated, conducted, or convected into the space. (See
fenestration area.)

space: an enclosed space within a building. The classifi-
cations of spacesareasfollowsfor the purpose of determining
building envelope requirements.
(a) conditioned space: acooled space, heated space, or
indirectly conditioned space defined as follows.
(1) cooled space: an enclosed space within a build-
ing that is cooled by a cooling system whose sensi-
ble output capacity exceeds 5 Btu/hft?> of floor
area.
(2) heated space: an enclosed space within a
building that is heated by a heating system whose
output capacity relative to the floor area is greater
than or equal to the criteriain Table 3-2.
(3) indirectly conditioned space: an enclosed
space within a building that is not a heated space or

12

TABLE 3.2
Heated Space Criteria

Heating Output Climate
Btu/h-ft? HDD65
5 0-1800

10 1801-3600
15 3601-7200
20 7201-10,800
25 10,801-16,200
30 16,201+

a cooled space, which is heated or cooled indirectly
by being connected to adjacent space(s) provided
(8) the product of the U-factor(s) and surface
area(s) of the space adjacent to connected space(s)
exceeds the combined sum of the product of the U-
factor(s) and surface area(s) of the space adjoining
the outdoors, unconditioned spaces, and to or from
semiheated spaces (e.g., corridors) or (b) that air
from heated or cooled spaces is intentionally trans-
ferred (naturally or mechanically) into the space at
a rate exceeding 3 air changes per hour (ACH)
(e.g., atria).

(b) semiheated space: an enclosed space within abuild-
ing that is heated by a heating system whose output
capacity is greater than or equal to 3.4 Btu/h-ft? of
floor area but is not a conditioned space.

(c) unconditioned space: an enclosed space within a
building that is not a conditioned space or a semi-
heated space. Crawl spaces, attics, and parking
garages with natural or mechanical ventilation are
not considered enclosed spaces.

space-conditioning category: (1) nonresidential condi-
tioned space, (2) residential conditioned space, and (3) nonres-
idential and residential semiheated space. (Seenonresidential,
residential, and space.)

steel-framed wall: see wall.
stedl joist floor: seefloor.

story: portion of a building that is between one finished
floor level and the next higher finished floor level or the roof,
provided, however, that a basement or cellar shal not be
considered a story.

substantial contact: a condition where adjacent building
materials are placed so that proximal surfaces are contiguous,
being installed and supported so they eliminate voids between
materials without compressing or degrading the thermal
performance of either product.

swinging door: see door.

system: a combination of equipment and auxiliary
devices (e.g., controls, accessories, interconnecting means,
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and terminal elements) by which energy is transformed so it
performs a specific function such as HVAC, service water
heating, or lighting.

system, existing: asystem or systemspreviously installed
in an existing building.

tandem wiring: pairs of luminaires operating with lamps
in each luminaire powered from a single ballast contained in
one of the luminaires.

terminal: a device by which energy from a system is
finaly delivered, e.g., registers, diffusers, lighting fixtures,
faucets, etc.

thermal block: acollection of one or more HVAC zones
grouped together for simulation purposes. Spaces need not be
contiguous to be combined within asingle thermal block.

thermal conductance: see C-factor.

thermal resistance (R-value): the reciprocal of the time
rate of heat flow through aunit areainduced by aunit temper-
ature difference between two defined surfaces of material or
construction under steady-state conditions. Units of R are
h-ft?-°F/Btu.

thermostat: an automatic control device used to maintain
temperature at afixed or adjustable set point.

thermostatic control: an automatic control device or
system used to maintain temperature at a fixed or adjustable
set point.

tinted: (asapplied to fenestration) bronze, green, blue, or
gray coloring that isintegral with theglazing material. Tinting
does not include surface applied films such as reflective coat-
ings, applied either in the field or during the manufacturing
process.

transformer: a piece of electrical equipment used to
convert electric power from one voltage to another voltage.

() dry-type transformer: a transformer in which the
core and coils are in a gaseous or dry compound.

(b) liquid-immersed transformer: a transformer in
which the core and coils are immersed in an insulat-
ing liquid.

U-factor (thermal transmittance): heat transmission in
unit time through unit area of a material or construction and
the boundary air films, induced by unit temperature differ-
ence between the environments on each side. Units of U are
Btwh-ft>-°F.

unconditioned space: see space.
unenclosed space: a space that is not an enclosed space.
unit energy costs. costs for units of energy or power

purchased at the building site. These costs may include energy
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costs aswell as costs for power demand as determined by the
adopting authority.

unitary cooling equipment: one or more factory-made
assembliesthat normally include an evaporator or cooling cail
and a compressor and condenser combination. Units that
perform a heating function are also included.

unitary heat pump: oneor morefactory-madeassemblies
that normally include an indoor conditioning coil, compres-
sor(s), and an outdoor refrigerant-to-air coil or refrigerant-to-
water heat exchanger. These units provide both heating and
cooling functions.

variable air volume (VAV) system: HVAC system that
controls the dry-bulb temperature within a space by varying
thevolumetricflow of heated or cooled supply air to the space.

vent damper: a device intended for installation in the
venting system of anindividual, automatically operated, fossil
fuel-fired appliance in the outlet or downstream of the appli-
ance draft control device, which is designed to automatically
open the venting system when the appliance is in operation
and to automatically close off the venting system when the
applianceisin a standby or shutdown condition.

ventilation: the process of supplying or removing air by
natural or mechanical meansto or from any space. Such air is
not required to have been conditioned.

vertical fenestration: see fenestration.

voltagedrop: adecreasein voltage caused by lossesinthe
lines connecting the power source to the load.

wall: that portion of the building envelope, including
opaque area and fenestration, that is vertical or tilted at an
angle of 60° from horizontal or greater. This includes above-
and below-grade walls, between floor spandrels, peripheral
edges of floors, and foundation walls. For the purposes of
determining building envelope requirements, the classifica-
tions are defined as follows:

(a) above-grade wall: awall that is not a below-grade
wall.

(b) below-grade wall: that portion of a wall in the
building envelope that is entirely below the finish
grade and in contact with the ground.

(c) masswall: awall with aheat capacity exceeding (1)
7 Btu/ft?-°F or (2) 5 Btu/ft2-°F provided that thewall
hasamaterial unit weight not greater than 120 1 b/ft3.

(d) metal building wall: a wall whose structure con-
sists of metal spanning members supported by steel
structural members (i.e., does not include spandrel
glass or metal panelsin curtain wall systems).

(e) steel-framed wall: awall with a cavity (insulated or
otherwise) whose exterior surfaces are separated by
steel framing members (i.e., typical steel stud walls
and curtain wall systems).
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(f) wood-framed and other walls: all other wall types,
including wood stud walls.

wall area, gross: the area of the wall measured on the
exterior facefrom thetop of thefloor to the bottom of theroof.

warm-up: increase in space temperature to occupied set
point after aperiod of shutdown or setback.

water heater: vessel inwhich water isheated and iswith-
drawn for use external to the system.

wood-framed and other walls: see wall.
wood-framed and other floors: see floor.

zone, HVAC: aspaceor group of spaceswithinabuilding
with heating and cooling requirements that are sufficiently
similar so that desired conditions (e.g., temperature) can be
maintained throughout using a single sensor (e.g., thermostat
or temperature sensor).

3.3 Abbreviationsand Acronyms
a alternating current

ACH air changes per hour

AFUE annual fuel utilization efficiency

AHAM Association of HomeAppliance Manufacturers
ANS| American National Standards Ingtitute

ARI Air-Conditioning and Refrigeration Ingtitute

ASHRAE American Society of Heating, Refrigerating

and Air-Conditioning Engineers, Inc.
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materias
BSR Board of Standards Review

Btu British thermal unit

Btu/h British therma unit per hour

Btu/ft2.°F British thermal unit per square foot per degree
Fahrenheit

Btwh-ft2 British thermal unit per hour per square foot

Btu/hft-°F British thermal unit per hour per lineal foot per
degree Fahrenheit

Btwhft>°F  Britishthermal unit per hour per squarefoot per
degree Fahrenheit

CDD cooling degree-day

CDD50 cooling degree-days base 50°F

CE combustion efficiency

cfm cubic feet per minute

Ci continuous insulation

cont. ins. continuousinsulation

coP coefficient of performance

CSA Canadian Standards Association

CTI Cooling Tower Ingtitute

DDC direct digital control

DOE U.S. Department of Energy
DSM demand-side management
14

EER
EF
ENVSTD

F

ft

h

HC

HDD
HDD65
h-ft2-°F/Btu

HID
hp
HSPF
HVAC
Hz

IEEE
IESNA

in.

IP
IPLV
K

kg
kVA
kW
kWh
Ib

lin
linft
LPD
MICA
NAECA

NAGDM

NFPA
NFRC
NPLV

psig
PTAC
PTHP

oY

rpm

energy efficiency ratio

energy factor

Envel ope System Performance Compliance
Program

Fahrenheit

foot

hour

heat capacity

hesting degree-day

heating degree-days base 65°F

hour per square foot per degree Fahrenheit per
British thermal unit

high-intensity discharge

horsepower

hesting seasonal performance factor
heating, ventilating, and air conditioning
hertz

Institute of Electrical and Electronics
Engineers, Inc.

[lluminating Engineering Society of North
America

inch

inch-pound

integrated part-load value

kelvin

kilogram

kilovolt-ampere

kilowatt

kilowatt-hour

pound

linear

linear foot

lighting power density

Midwest Insulation Contractors Association

U.S. Nationd Appliance Energy Conservation
Act of 1987

National Association of Garage Door
Manufacturers

National Fire Protection Association
National Fenestration Rating Council
non-standard part load value
projection factor

pounds per square inch gauge
packaged terminal air conditioner
packaged terminal heat pump
R-value (thermal resistance)

thermal resistance of amaterial or construction
from surface to surface

total thermal resistance of a material or
construction including air film resistances

revolutions per minute
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SC shading coefficient

SEER seasona energy efficiency ratio
SHGC solar heat gain coefficient

SL standby loss

SMACNA Sheet Metal and Air Conditioning Contractors
National Association

TE thermal efficiency

Tab dry-bulb temperature

Tob wet-bulb temperature

UL Underwriters Laboratories Inc.

uv ultraviolet

VAV variable air volume

VLT visible light transmittance

W watt

Wit2 watts per square foot

Wh watthour

4. ADMINISTRATION AND ENFORCEMENT

4.1 Compliance Requirements

4.1.1 New Buildings. New buildings shall comply with
| €ither the provisions of Sections 5, 6, 7, 8, 9, and 10, or Sec-
tion 11.
| 412 Existing Buildings. Additionsto existing buildings
shall comply with either the provisions of Sections5, 6, 7, 8,
9, and 10 or Section 11, asdescribed in 4.1.2.1. Alterations of
existing buildings shall comply with either the provisions of
Sections 5, 6, 7, 8, 9, and 10, or Section 11, as described in
4.1.2.2, provided, however, that nothing in this standard shall
reguire compliance with any provision of thisstandard if such
compliancewill resultin anincreasein theannual energy con-
sumption of the building.

4.1.21 Additionsto Existing Buildings. An extension
or increase in floor area or height of a building outside of the
existing building envelope shall comply with the provisions
of Sections 5, 6, 7, 8, 9, and 10, applicable to building enve-
lope, heating, ventilating, air-conditioning, service water
heating, power, lighting, and other systems and equipment.
Alternatively, additions shall comply with the provisions of

—~ Section 11.

Exceptionsto 4.1.2.1:

(@ When HVAC or service water heating to an addi-
tion is provided by existing HVAC or service water
heating systems and equipment, such existing sys-
tems and equipment shall not be required to comply
with this standard. However, any new systems or
equipment installed must comply with specific
requirements applicable to those systems and equip-
ment.

(b) When an addition to an existing building cannot
comply by itself, trade-offswill be allowed by mod-
ification to one or more components of the existing
building. Modeling of the modified components of
the existing building and the addition shall employ
the procedures of Section 11; and the addition shall
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not increase the energy consumption of the existing
building plus the addition beyond the energy that
would be consumed by the existing building plus
the addition if the addition alone did comply.

4.1.2.2 Alterationsto Existing Buildings. Portionsof a
building envel ope, heating, ventilating, air-conditioning, ser-
vice water heating, power, lighting, and other systems and
equipment that are being replaced shall comply with the
applicable requirements of Sections 5, 6, 7, 8, 9, and 10 as
provided in 4.1.2.2.1 through 4.1.2.2.6. |

Exceptionsto 4.1.2.2:

(@) A building that has been specifically designated as
historically significant by the adopting authority or
is listed in “The National Register of Historic
Places” or has been determined to be eligible for
listing by the U.S. Secretary of the Interior need not
comply with these requirements.

(b) Where one or more components of an existing
building or portions thereof is being replaced, the
annual energy consumption of the comprehensive
proposed design shall not be greater than the annual
energy consumption of a substantially indentical
design, using the same energy types, in which the
individual components comply with the applicable
requirements of Sections5, 6, 7, 8, 9, and 10 as pro-
vided in 4.1.2.2.1 through 4.1.2.2.6, and such com-
pliance is verfied by a design professional, by the
use of any calculation methods acceptable to the
authority having jurisdiciton.

41221 Envelope Alterations. Alterations to the
building envelope shall comply with the requirements of Sec-
tion 5 for insulation, moisture control, air leakage, and fenes-
tration applicable to those specific portions of the building
that are being altered.

Exceptions to 4.1.2.2.1: The following alterations need
not comply with these requirements, provided such |
alterationswill not increase the energy usage of the
building:

(a) installation of storm windows over existing glazing,

(b) replacement of glazing in existing sash and frame
provided the U-factor and SHGC will be equal to or |
lower than before the glass replacement,

(c) dterations to roof/ceiling, wall, or floor cavities,
which are insulated to full depth with insulation
having a minimum nominal value of R-3.0/in.,

(d) aterations to walls and floors, where the existing
structure is without framing cavaties and no new
framing cavities are created, or

(e) replacement of a roof membrane where either the
roof sheathing or roof insulation is not exposed or,
if there is existing roof insulation, below the roof
deck,

(f) replacement of existing doors that separate condi-
tioned space from the exterior shall not require the
installation of a vestibule or revolving door, pro-
vided, however, that an existing vestibule that sepa-
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rates a conditioned space from the exterior shall not
be removed, and

(g) replacement of existing fenestration, provided,
however, that the area of the replacement fenestra-
tion does not exceed 25% of the total fenestration
area of an existing building and that the U-factor

| and SHGC will be equal to or lower than before the
fenestration replacement.

4.1.2.2.2 Heating, Ventilating, and Air-Condition-
ing Alterations. New HVAC equipment as a direct replace-
ment of existing HVAC equipment shall comply with the
specific minimum efficiency requirements applicable to that
| equipment, including, but not limited to, air conditioners and
condensing units, heat pumps, water chilling packages, pack-
aged terminal and room air conditioners and heat pumps, fur-
naces, duct furnaces, unit heaters, boilers, and cooling towers.
New cooling systems installed to serve previously uncooled
spaces shall comply with Section 6. Alterations to existing
cooling systems shall not decrease economizer capability
unlessthe system complieswith 6.3.1. New and replacement
ductwork shall comply with 6.2.4.1, 6.2.4.2, and 6.2.4.3.
New and replacement piping shall comply with 6.2.4.1 and
6.2.4.5.

Exceptions to 4.1.2.2.2:
required
(a) for equipment that is being modified or repaired but
not replaced, provided that such modifications and/
or repairs will not result in an increase in the annual
energy consumption of the equipment using the
same energy type, or

(b) where a replacement or alteration of equipment
requires extensive revisions to other systems, equip-
| ment, or elements of a building, and such replaced
or atered equipment is a like-for-like replacement,

or

(c) for arefrigerant change of existing equipment, or

(d) for the relocation of existing equipment, or

(e) for ducts and pipes where there isinsufficient space

or access to meet these requirements.

4.1.2.2.3 ServiceWater Heating Alterations. Build-
ing service water heating equipment installed as a direct
replacement for existing building service water heating
equipment shall comply with the requirements of Section 7

applicable to being replaced. New and replacement piping
shall comply with 7.2.3.

Compliance shall not be

Exception to04.1.2.2.3: Compliance shall not be required
where there is insufficient space or access to meet
these requirements.

4.1.2.24 Power Alterations. Building electrical sys-
tems that are replaced shall comply with the requirements of
| Section 8, applicableto those specific portions of the building
and its electrical systems that are being replaced.
4.1.2.25 Lighting Alterations. The replacement of
lighting systems in any building space shall comply with the
lighting power density reguirements of Section 9 applicable
to that space. New lighting systems shall comply with the
| applicable lighting power density requirements of Section 9.
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Any new control devices as a direct replacement of existing
control devicesshall comply with the specific requirements of
9.2.1.2(a) and 9.2.1.2(c). |

Exception to 4.1.2.2.5: Alterations that replace less than
50% of the luminaires in a space need not comply
with these requirements provided that such alter-
ations do not increase the installed interior lighting
power.

41.22.6 Other Equipment Alterations. Alterations
to other building equipment or systems shall comply with the
reguirements of Section 10 applicable to those specific por-
tions of the building and its systems that are being altered.
Any new equipment subject to the requirements of Section 10
that isinstalled in conjunction with the alteration as a direct
replacement of existing equipment or control devices shall
comply with the specific requirements applicable to that
equipment or control devices provided, however, that compli-
ance shall not be required for the relocation or reuse of exist-
ing equipment.

4.1.2.3 Changes in Space Conditioning. Whenever

unconditioned or semi-heated spaces in a building are con-
verted to conditioned spaces, such conditioned spacesshall be
brought into compliance with all applicable requirements of
this standard that would apply to the building envel ope, heat-
ing, ventilating, air-conditioning, service water heating,
power, lighting, and other systems and equipment of the space
asif the building were new. |

4.2 Administrative  Requirements.  Administrative
requirementsrelating to permit requirements, enforcement by
the authority having jurisdiction, locally adopted energy stan-
dards, interpretations, claims of exemption, and rights of
appeal are specified by the authority having jurisdiction.

4.3 Compliance Documents

431 General. Compliance documents are those plans,
specifications, engineering calculations, diagrams, reports,
and other data that are approved as part of the permit by the
authority having jurisdiction. [

4.3.2 Construction Details. Compliance documentsshall
show all pertinent data and features of the building, equip-
ment, and systems in sufficient detail to permit a determina-
tion of the compliance by the building official and to indicate |
compliance with the requirements of this standard.

4.3.3 Supplemental Information. Supplemental infor-
mation necessary to verify compliance with this standard,
such as calculations, worksheets, compliance forms, vendor
literature, or other data, shall be made available when
required by the building official.

4.4 Labeling of Materialsand Equipment

4.4.1 General. Materials and egquipment shall be labeled
in amanner that will allow for a determination of their com-
pliance with the applicable provisions of this standard.

4.42 Fenedtration. The U-factor, SHGC, and air leakage |
rate for all manufactured fenestration products shall be iden-
tified on a permanent nameplate installed on the product by
the manufacturer. Alternatively, when fenestration products
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do not have such nameplate, the installer or supplier of such
fenestration shall provide a signed and dated certification for

| the installed fenestration listing the U-factor, SHGC, and air
|eakage rate.

4.4.3 Doors. The U-factor and the air leakage rate for all
manufactured doors installed between conditioned space,
semi-heated space, unconditioned space, and exterior space
asoutlined in 5.1.1 shall be identified on a permanent name-
plate installed on the product by the manufacturer. Alterna-
tively, when doors do not have such nameplate, theinstaller or
supplier of any such doors shall provide a signed and dated
certification for theinstalled doorslisting the U-factor and the
air leakage rate.

4.4.4 Building Envelope Insulation. The rated R-value
shall be clearly identified by anidentification mark applied by
the manufacturer to each piece of building envelope insula-
tion. Alternatively, when insulation does not have such an
identification mark, the installer of such insulation shall pro-
vide a signed and dated certification for the installed insula-
tion listing the type of insulation, the manufacturer, the rated
R-value, and, where appropriate, the initial installed thick-
ness, the settled thickness, and the coverage area.

445 Mechanical Equipment. Mechanical equipment
that is not covered by the U.S. National Appliance Energy
Conservation Act of 1987 shall carry a permanent label
installed by the manufacturer stating that the equipment com-
plies with the requirements of ASHRAE Standard 90.1.

446 Packaged Terminal Air Conditioners. Packaged
terminal air conditioners and heat pumps with sleeve sizes
lessthan 16 in. high and 42 in. wide shall befactory labeled as
follows: Manufactured for replacement applicationsonly: not
to be installed in new construction projects.

4.4.7 Transformers. The energy-efficiency level shall be
identified on a permanent nameplate installed on the trans-
former by the manufacturer.

45 Alternative Materials, Methods of Construction, or
Design. The provisions of this standard are not intended to
prevent the use of any material, method of construction,
design, equipment, or building system not specifically pre-
scribed herein.

4.6 Inspections. All building construction, additions, or

alterations subject to the provisions of this standard shall be

subject to inspection by the building official, and all such

work shall remain accessible and exposed for inspection pur-

poses until approved in accordance with procedures specified

by the building official. Items for inspection include at least

the following:

a.  wal insulation after wall insulation and vapor retarder
are in place but before concealment,

b.  roof/ceiling insulation after roof/ceiling insulation isin
place but before concealment,

c. slab/foundation wall after slab/foundation wall insula-
tionisin place but before concealment,

d. fenestration after al glazing materials arein place,

e. mechanical systems, equipment, and insulation after
installation but before concealment, and

f. electrica equipment and systems after installation but
before concealment.
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4.7 Referenced Standards. The standards referenced in
this standard and listed in Section 12 shall be considered part
of the requirements of this standard to the prescribed extent of
such reference. Where differences occur between the provi-
sionsof this standard and referenced standards, the provisions
of thisstandard shall apply. Informative referencesare cited to
acknowledge sources and are not part of this standard. They
areidentified in Informative Appendix E.

4.8 Normative Appendices. The normative appendices to
this standard are considered to beintegral parts of the manda-
tory requirements of this standard, which, for reasons of con-
venience, are placed apart from all other normative elements.

4.9 Informative Appendices. The informative appendices
tothisstandard and informative noteslocated within this stan-
dard contain additional information and are not mandatory or
apart of this standard.

410 Validity. If any term, part, provision, section, para-
graph, subdivision, table, chart, or referenced standard of this
standard shall be held unconstitutional, invalid, or ineffective
inwhole or in part, such determination shall not be deemed to
invalidate any remaining terms, parts, provisions, sections,
paragraphs, subdivisions, tables, or charts of this standard.

411 Manuals. Operating and maintenance information
shall be provided to the building owner. This information
shall include, but not be limited to, the information specified
in6.25.2and 8.2.2.2.

4.12 Other Laws. The provisions of this standard shall not
be deemed to nullify any provisions of local, state, or federa
law. Where there is a conflict between a requirement of this
standard and such other law affecting construction of build-
ings, precedence shall be determined by the authority having
jurisdiction.

5. BUILDING ENVEL OPE

51 General

5.1.1 Building Envelope Scope. Section 5 specifies
requirementsfor the exterior building envelope, which sepa-
rates conditioned space from the exterior.

Exceptions to 5.1.1: For buildings that contain spaces
that will be only semi-heated or unconditioned, and
if alternative compliance is sought for such spaces,
then Section 5 also specifies requirements for the
semi-exterior building envelope, which separates

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

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

Section 5 does not address moisture control or provide
design guidelines to prevent moisture migration that leads to
condensation, mold and mildew, or deterioration to insulation
or equipment performance.
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5.1.2 Compliance. For the appropriate climate, space-
conditioning category, and class of construction, the building
envelope shall comply with
a 5.1, Generd,

b. 5.2, Mandatory Provisions, and

c. either
1. 5.3, Prescriptive Building Envelope Option, pro-
vided that

(@) thevertical fenestration area does not exceed
50% of the grosswall area for each space-con-
ditioning category and

(b) the skylight fenestration area does not exceed
5% of the gross roof area for each space-con-
ditioning category;,

or
2. 5.4, Building Envelope Trade-Off Option.

5.1.3 Climate. The climate shall be determined based on
the cooling degree-days base 500F, CDD50, and heating
degree-days base 65[F, HDD65.

5.1.3.1 Locations Listed. For those locations listed in
Normative Appendix D, use the published climatic data to
determine compliance. In the case of cities or urban regions
with several climatic data entries, the designer shall select the
location within the region or city that best represents the cli-
mate of the construction site.

5.1.3.2 LocationsNot Listed. For locations not listed
in Normative Appendix D, designers shall select the location
that best representsthe climatic conditions of the construction
site being analyzed to determine compliance. If there are
recorded historical climatic data available for a construction
site, they may be used to determine compliance if approved
by the building official.

5.1.4 Envelope Requirements Are Specified by Space-
Conditioning Categories. Separate exterior building enve-
lope regquirements are specified for each of two categories of
conditioned space:

a.  nonresidential conditioned space,
b. residentia conditioned space.

Foacesshall beassumed to be conditioned space and shall
comply with the requirements for conditioned space &t the
time of construction, regardless of whether mechanical or
electrical equipment isincluded in the building permit appli-
cation or installed at that time.

Exceptions to 5.1.4: For buildings that contain spaces
that will be only semi-heated or unconditioned, and
if alternative compliance is sought for such spaces,
then all semi-heated or unconditioned spaces shall
be clearly indicated on the floor plan as such, and
the following semi-exterior building envelope
requirements apply:

(a) If aspace will be only semiheated, the space shall
be considered semiheated.

(b) If a space will remain unconditioned, the space

shall be considered unconditioned.

In climates that exceed 1800 HDD 65, a space may be
designated as either semiheated or unconditioned only if
approved by the building official.
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5.2 Mandatory Provisions

5.2.1 Insulation General. Whereinsulationisrequiredin
5.3 or 5.4, it shall also comply with 5.5.1.1 through 5.5.1.5.

5.2.2 Fenestration and doors shall comply with 5.5.2.
5.2.3 Air Leakage.

5.2.3.1 Building Envelope Sealing. Building envelope
sealing shall comply with 5.5.3.1, air leakage for fenestration
and doors shall comply with 5.5.3.2, loading dock weather
seals shall comply with 5.5.3.3, and vestibules shall comply
with 5.5.3.4.

5.3 Prescriptive Building Envelope Option

For conditioned space, the exterior building envelope

shall comply with either the “nonresidential” or “residential”
requirementsin Table 5.3 (located in Normative Appendix B)
for the appropriate climate.
(Table 5.3: When adopted the appropriate tables are to be
inserted here by the adopting jurisdiction (state, province,
county, city, etc.). Only a limited number of tables in Norma-
tive Appendix B are applicable to any one particular jurisdic-
tion. The remainder of Normative Appendix B need not be
adopted. See Appendix B for the process to select the appli-
cabletables. Then, select theactual tablesfromthe Normative
Appendix B and insert them here: An example table is shown
on the next page.)

If abuilding contains any semiheated space or uncondi-
tioned space, asnotedin theexceptionsto 5.1.1, thenthe semi-
exterior building envel ope shall comply with therequirements
for semiheated space in Table 5.3 for the appropriate climate.
(See Figure 5.3, Exterior and Semi-Exterior Building Enve-
lope.)

5.3.1 Opaque Areas. Opague surfaces shall comply with
the following sections:

a. Roof Insulation shall comply with 5.3.1.1,

b. Above-Grade Wall Insulation shall comply with
5.3.1.2,

c. Below-Grade Wall Insulation shall comply with
5.3.13,

d. Floor Insulation shall comply with 5.3.1.4,

e. Slab-On-Grade Floor Insulation shall comply with
5.3.1.5,

f. Opaque door s shall comply with 5.3.1.6.
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TABLE 5.3
Example Building Envelope Requirements
(Values can be found in the appropriate tables in Normative Appendix B)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly | Insulation Min. | Assembly Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely Above Deck uU- R- U- R- U- R-
Metal Building U- R- U- R- U- R-
Attic and Other U- R- U- R- U- R-
Walls, Above Grade
Mass uU- R- U- R- U- R-
Metal Building uU- R- U- R- uU- R-
Steel Framed U- R- U- R- uU- R-
Wood Framed and Other U- R- U- R- uU- R-
Walls, Below Grade
Below-Grade Wall C- R- C- R- C- R-
Floors
Mass uU- R- uU- R- uU- R-
Steel Joist U- R- U- R- U- R-
Wood Framed and Other U- R- U- R- U- R-
Slab-On-Grade Floors
Unheated F- R- F- R- F- R-
Heated F- R- F- R- F- R-
Opaque Doors
Swinging uU- U- uU-
Non-Swinging U- U- uU-
Assembly Assembly Assembly Assembly Assembly Assembly
Max. U Max. SHGC Max. U Max. SHGC Max. U Max. SHGC
(Fixed/ | (All Orientations/ | (Fixed/ | (All Orientations/ (Fixed/ (All Orientations/
Fenestration Operable) | North-Oriented) | Operable) | North-Oriented) [ Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Ufixed™ SHGCy- Utixed™ SHGCy- Ufixed™ SHGCy)-
Uoper' SHGCorth- Uoper' SHGCorth- Uoper' SHGCorth-
10.1-20.0% Utixed SHGC,4- Ufixed- SHGC,- Ufixed SHGC,-
Uoper' SHGCorth- Uoper' SHGCorth- Uoper' SHGCorth-
20.1-30.0% Utixed SHGC,4- Ufixed SHGC,4- Utixed- SHGC,-
Uoper' SHGCnorth' Uoper' SHGCnorth' Uoper' SHGCnorth'
30.1-40.0% Ufixed SHGC,4- Utixed- SHGC,4- Ufixed- SHGC,-
Uoper' SHGCnorth' Uoper' SHGCnorth' Uoper' SHGCnorth'
40.1-50.0% Ufixed SHGC,4- Ufixed- SHGC,- Ufixed- SHGC,-
Uoper' SHGCnorth' Uoper' SH(-"’Cnorth' Uoper' SHGCnorth'
Skylight with Curb, Glass,% of Roof
0-2.0% Ugar- SHGC,4- Uar- SHGC,- Uar- SHGC,-
2.1-5.0% Ugar- SHGC,4- Uar- SHGC,- Uar- SHGC,-
Skylight with Curb, Plastic,% of Roof
0-2.0% Ugar- SHGC,4- Uar- SHGC,- Uar- SHGC,-
2.1-5.0% Uar- SHGC,4- Uar- SHGC,- Uar- SHGC,-
Skylight without Curb, All,% of Roof
0-2.0% Ugar- SHGC,4- Uar- SHGC,- Uar- SHGC,-
2.1-5.0% Ugr- SHGC,4- Uar- SHGC,- Uar- SHGC,-

Noteto adopting authority: Insert appropriate tables here from Appendix B.
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For al opague sufaces except doors, compliance shall be

demonstrated by one of the following three methods:

(1) Compliance with the minimum rated R-values of insu-
lation shall be demonstrated for the thermal resistance
of the added insulation in framing cavities and continu-
ous insulation only. Rated R-values of insulation shall
not include the thermal transmittance of other building
materials or air films. Insulation shall extend over the
full component area to the intended rated R-value of
insulation unless otherwise allowed in 5.2.1. If NR
appears in a table, there are no insulation requirements
for that class of construction and space-conditioning
category. This option does not apply to opaque doors.

| @) Compliance shall be shown with the maximum U-fac-
tor, C-factor, or F-factor for the entire assembly in Table
5.3 for the component in lieu of complying with the
minimum rated R-value of insulation for the insulation
aone. U-factors, C-factors, and F-factors for typical
construction assemblies are included in Normative
Appendix A, and these values shall be used to determine
compliance. For assemblies significantly different from
| those in Normative Appendix A, calculations shall be
performed in accordance with the procedures required in
Normative Appendix A. If NR appearsin atable in the
minimum insulation column, there are also no maxi-
mum U-factor, C-factor, or F-factor requirements for the
entire assembly for that class of construction and space-
conditioning category for the prescriptive option in 5.3.
However, the U-factor, C-factor, or F-factor specified is
the basis for the trade-off optionin 5.4.
| (3) If there are multiple assemblies within asingle class of
construction for a single space-conditioning category,
compliance shall be shown for an area-weighted average
U-factor, C-factor, or F-factor. It is not acceptable to do
an area-weighted average for the rated R-value of insu-
lation or to do an area-weighted average across multiple
classes of construction or multiple space-conditioning
categories.
5.3.1.1 Roof Insulation. All roofs, including roofs with
insulation entirely above deck, metal building roofs, and
atticsand other roofs, shall have arated R-value of insulation
not lessthan that specified in Table 5.3. Skylight curbs shall be
insulated to the level of roofs with insulation entirely above
the deck or R-5, whichever isless.

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

b. For metal building roofs, the first rated R-value of
insulation is for insulation draped over purlins and
then compressed when the metal spanning members
are attached, or for insulation hung between the pur-

| lins, provided there is a minimum 1 in. thermal break
between the purlins and the metal spanning members.
For double-layer installations, the second rated R-
value of insulationisfor insulation installed parallel to
the purlins. For continuous insulation (e.g., insulation
boards), it is assumed that the insulation boards are
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installed below the purlins and are uninterrupted by
framing members. Insulation exposed to the condi-
tioned space or semiheated space shall have a facing, |
and all insulation seams shall be continuously sealed
to provide a continuous air barrier.

c.  For attics and other roofs, the rated R-value of insula-
tion is for insulation installed both inside and outside
the roof, or entirely inside the roof cavity, and it
allows occasional interruption by framing members
but requires that the framing members be covered
with insulation when the depth of the insulation
exceeds the depth of the framing cavity. Insulation in
attics and other roofs shall be permitted to be tapered
at the eaves where the building structure does not
alow full depth. For single-rafter roofs, the require-
ment isthe lesser of the valuesfor attics and other roofs
and those listed in Table 5.3.1.1A.

Exception to 5.3.1.1: For roofs where the exterior sur-
face has a minimum total solar reflectance of 0.70
when tested in accordance with one of the solar
reflectance test methods listed below, and has a
minimum thermal emittance of 0.75 when tested in
accordance with one of the thermal emittance test
methods listed below, other than roofs with venti-
lated attics or roofs with semiheated spaces, the U-
factor of the proposed roof shall be permitted to be
adjusted using Equation 5-1 for demonstrating

compliance:
Uroofadj = Uroofproposed x Facmrroofmultiplier (5'1)
where;
Uroofadi = the adjusted roof U-factor for usein
demonstrating compliance.
Uroofproposed = the U-factor of the proposed roof, as

designed.

Factorootmultiplier = theroof U-factor multiplier from Table
5.3.1.1B.

Solar Reflectance Test Methods: ASTM E903, ASTM E1175,
or ASTM E1918.

Therma Emittance Test Methods:
C1371, or ASTM E408.

5.3.1.2 Above-Grade Wall Insulation. All above-
grade walls, including mass walls, metal building walls,
steel-framed walls, and wood-framed and other walls, shall
have arated R-value of insulation not less than that specified
in Table 5.3. Mass wall heat capacity shall be determined
from Table A-6 or A-7, as appropriate.

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

ASTM (C835, ASTM
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TABLE 5.3.1.1A
Single Rafter Roofs

Minimum Insulation R-Value
or Maximum Assembly U-Factor

Wood Rafter Depth, d (actual)

HDD65 d<8in. 8<d<10in. 10<d<12in.

0-12,600 R-19 R-30 R-38
U-0.055 U-0.036 U-0.028

>12,600 R-21 R-30 R-38
U-0.052 U-0.036 U-0.028

TABLE 5.3.1.1B
Roof U-Factor Multipliers for Exception to 5.3.1.1

HDD65 Roof U-Factor Multiplier
0-900 0.77
901-1800 0.83
1801-2700 0.85
2701-3600 0.86
>3600 1.00

Exception to 5.3.1.2a: Alternatively, for mass walls,
where the requirement in the table is for a maxi-
mum assembly U-0.151 followed by an asterisk
only, ASTM C90 concrete block walls, ungrouted
or partially grouted at 32 in. or less on center verti-
cally and 48 in. or less on center horizontally, shall
have ungrouted cores filled with material having a
maximum thermal conductivity of 0.44 Btu-in./
h-ft2.°F. Other mass walls with integral insulation
shall meet the criteria when their U-factors are
equal to or less than those for the appropriate thick-
ness and density in the “Partly Grouted Cells Insu-
lated” column of Table A-7.

b. For metal building walls, the first rated R-Value of
insulation is for insulation compressed between metal
wall panels and the steel structure. For double-layer
installations, the second rated R-value of insulation is
for insulation installed from the inside, covering the
girts. For continuous insulation (e.g., insulation
boards) it is assumed that the insulation boards are
installed on the inside of the girts and uninterrupted by
the framing members. Insulation exposed to the condi-
tioned space or semiheated space shall have a facing,
and all insulation seams shall be continuously sealed
to provide a continuous air barrier.

c. For steel-framed walls, the first rated R-value of insu-
lation is for uncompressed insulation installed in the
cavity between steel studs. It is acceptable for this
insulation to also be continuous insulation uninter-
rupted by framing. If there are two values, the second
rated R-value of insulation is for continuous insula-
tion uninterrupted by framing, etc., to be installed in
addition to the first insulation. Opague mullions in
spandrel glass shall be covered with insulation com-
plying with the steel-framed wall requirements.
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d. For wood-framed and other walls, the first rated R-
value of insulation is for uncompressed insulation
installed in the cavity between wood studs. It is
acceptable for this insulation to also be continuous
insulation uninterrupted by framing. If there are two
values, the second rated R-value of insulation is for
continuous insulation uninterrupted by framing, etc.,
to beinstalled in addition to the first insulation.

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

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

5.3.1.4 Floor Insulation. All floors, including mass
floors, steel joist floors, and wood-framed and other floors, |
shall havearated R-value of insulation not |ess than that spec-

ifiedin Table 5.3.

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

b. For steel joist floors, the first rated R-value of insula-
tion is for uncompressed insulation instaled in the
cavity between steel joists or for spray-on insulation.
It is acceptable for this insulation to also be continu-
ousinsulation uninterrupted by framing. All continu-
ous insulation shall be installed either on the interior
above the floor structure or below a framing cavity
completely filled with insulation.

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

5.3.1.5 Slab-on-Grade Floor Insulation. All slab-on-
grade floors, including heated slab-on-grade floors and
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unheated slab-on-grade floors, shall have a rated R-value of
insulation not lessthan that specified in Table 5.3 and shall be
installed around the perimeter of the slab-on-grade floor to
the distance specified. Perimeter insulation installed inside
thefoundation wall shall extend downward from thetop of the
slab a minimum of the distance specified or to the top of the
footing, whichever is less. Perimeter insulation installed out-
side the foundation wall shall extend from the top of the slab,
or downward to at least the bottom of the slab and then hori-
zontally to a minimum of the distance specified. In al cli-
mates, the horizontal insulation extending outside of the
foundation shall be covered by pavement or by soil a mini-
mum of 10 in. thick.

Exception to 5.3.1.5: For a monolithic slab-on-grade
floor, the insulation shall extend from the top of the
slab-on-grade to the bottom of the footing.

5.3.1.6 Opaque Doors. All opaque doors, including
swinging doors and non-swinging doors, shall have a U-fac-
tor not greater than that specified in Table 5.3.

5.3.2 Fenestration. Compliance with U-factorsand solar
heat gain coefficient (SHGC) shall be demonstrated for the
overall fenestration product, including glass, sash, and frame,
as provided in 5.2.2. Gross wall areas and gross roof areas
shall be calculated separately for each space-conditioning
category for the purposes of determining compliance.

Exception to 5.3.2: Alternatively, if there are multiple
assemblies within a single class of construction for
a single space-conditioning category, compliance
shall be based on an area-weighted average U-fac-
tor or SHGC. It is not acceptable to do an area-
weighted average across multiple classes of con-
struction or multiple space-conditioning categories.

5.3.21 Fenestration Area. Thetotal vertical fenestra-
tion area, including both fixed vertical fenestration and oper-
able vertical fenestration, shall be less than 50% of the gross
wall area. The total skylight area, including glass skylights,
plastic skylights with a curb, and all skylights without a curb,
shall be less than 5% of the gross roof area.

Exception to 5.3.2.1: \ertical fenestration complying
with Exception (c) t0 5.3.2.3.

5.3.2.2 Fenestration U-Factor. Fenestration, including
fixed vertical fenestration, operable vertical fenestration,
glass skylights with a curb, plastic skylights with a curb, and
all skylights without a curb shall have a U-factor not greater
than that specified in Table 5.3 for the appropriate fenestra-
tion area. U-factor for fenestration shall be determined in
accordance with 5.2.2.

Exception to 5.3.2.2: \ertical fenestration complying
with Exception (c) to 5.3.2.3 shall have a U-factor
not greater than that specified for 40% of the gross
wall area.

5.3.23 Fenestration Solar Heat Gain Coefficient
(SHGC). Vertical fenestration shall have an SHGC not
greater than that specified for “al” orientationsin Table 5.3
for the appropriate total vertical fenestration area. Skylights,
including glass skylights with a curb, plastic skylights with a
curb, and all skylightswithout a curb, shall have an SHGC not
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greater than that specified for “all” orientationsin Table 5.3
for the appropriate total skylight area. SHGC for fenestration
shall be determined in accordance with 5.2.2. There are no
SHGC requirements for semiheated spaces or for buildingsin
climates with greater than 10800 HDD#65.

Exceptionsto 5.3.2.3:

(8) Alternatively, in latitudes greater than 10 degrees, the
SHGC for north-oriented vertical fenestration shall be
calculated separately and shall not be greater than that
specified in Table 5.3 for north-oriented fenestration.
When this exception is used, the fenestration area
used in selecting the criteria shall be calculated sepa-
rately for north-oriented and all other-oriented fenes-
tration.

Notetoadopting authority: If the project isinthe south-
ern hemisphere, change north to south.

TABLE 5.3.2.3

SHGC Multipliers for Permanent Projections
Projection SHGC Multiplier SHGC Multiplier

Factor (All Other Orientations) | (North-Oriented)

0-0.10 1.00 1.00
<0.10-0.20 0.91 0.95
<0.20-0.30 0.82 0.91
<0.30-0.40 0.74 0.87
<0.40 - 0.50 0.67 0.84
<0.50 - 0.60 0.61 0.81
<0.60-0.70 0.56 0.78
<0.70- 0.80 0.51 0.76
<0.80- 0.90 0.47 0.75
<0.90 - 1.00 0.44 0.73

(b) For demonstrating compliance for vertical fenestra-
tion only, the SHGC in the proposed building shall be
reduced by using the multipliers in Table 5.3.2.3 for
each fenestration product shaded by permanent pro-
jections that will last aslong as the building itself.

(c) Vertical fenestration that is located on the street side
of the street-level story only, provided that
1. the street side of the street-level story does not

exceed 20 ft in height,

2. thefenestration has a continuous overhang with a
weighted average projection factor greater than
0.5, and

3. the fenestration area for the street side of the
street-level story is less than 75% of the gross
wall area for the street side of the street-level
story.

When this exception is utilized, separate calculations

shall be performed for these sections of the building

envelope, and these values shall not be averaged with |
any othersfor compliance purposes. No credit shall be
given here or elsewhere in the building for not fully
utilizing the fenestration area allowed. This exception
doesnot apply to the building envel ope trade-off option
in 5.4 or the energy cost budget option in 11.
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5.3.24 VishbleLight Transmittance (VLT). There are
no minimum visible light transmittance criteria in the Pre-
scriptive Building Envelope Option; however, there are min-
imum criteriain the Building Envel ope Trade-Off Option.

5.4 Building Envelope Trade-Off Option

The building envelope complies with the standard if the
proposed building satisfies the provisions of 5.1 and 5.2 and
the envelope performance factor of the proposed building is
less than or equal to the envelope performance factor of the
budget building. The envelope performance factor considers
only the building envelope components. Schedules of opera-
tion, lighting power, equipment power, occupant density, and
mechanical systems shall be the same for both the proposed
building and the budget building. Envelope performance
factor shall be calculated using the procedures of Normative
Appendix C.

5.5 Mandatory Provisions
5.5.1 Insulation General

5.5.1.1 Insulation Installation. Insulation materials
shall be installed in accordance with manufacturer’s recom-
mendations and in such a manner asto achieverated R-value
of insulation.

Open-blown or poured loose-fill insulation shall not be
used in attic roof spaces when the slope of the ceiling is more
thanthreeintwelve. When eave ventsareinstalled, baffling of
the vent openings shall be provided to deflect theincoming air
above the surface of the insulation.

Exception to 5.5.1.1: Where metal building roof and
metal building wall insulation is compressed
between the roof or wall skin and the structure.

55.1.2 Substantial Contact. Insulation shall be
installed in a permanent manner in substantial contact with
the inside surface in accordance with manufacturer’s recom-
mendations for the framing system used. Flexible batt insula-
tion installed in floor cavities shall be supported in a
permanent manner by supports no greater than 24 in. on cen-
ter.

Exception to 5.5.1.2: Insulation materialsthat rely on air-
spaces adjacent to reflective surfaces for their rated
performance.

5.5.1.3 Recessed Equipment. Lighting fixtures; heat-
ing, ventilating, and air-conditioning equipment, including
wall heaters, ducts, and plenums; and other equipment shall
not be recessed in such a manner as to affect the insulation
thickness unless:

a.  the total combined area affected (including necessary
clearances) is less than one percent of the opaque area
of the assembly, or

b. theentireroof, wall, or floor is covered with insulation
to the full depth required, or

c. the effects of reduced insulation are included in calcu-
lations using an area-weighted average method and
compressed insulation values obtained from Table A-
24,
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In all cases, air leakage through or around the recessed
equipment to the conditioned space shall be limited in accor-
dancewith 5.2.3.1.

5.5.1.4 Location of Roof Insulation. The roof insula-
tion shall not beinstalled on a suspended ceiling with remov-
able ceiling panels.

5.5.1.5 Insulation Protection. Exterior insulation shall
be covered with a protective material to prevent damage from
sunlight, moisture, landscaping operations, equipment main-
tenance, and wind. In attics and mechanical rooms, away to
access equipment that prevents damaging or compressing the
insulation shall be provided. Foundation vents shall not inter-
fere with the insulation.
Insulation materialsin ground contact shall have awater
absorption rate no greater than 0.3% when tested in accor-
dance with ASTM C272.

5.5.2 Fenestration and Doors. Product samples used for
determining fenestration performance shall be production
line units or representative of units as purchased by the con-
sumer or contractor.

5521 U-Factor. U-factors shall be determined in
accordance with NFRC 100. U-factors for skylights shall be
determined for a slope of 20° above the horizontal. U-factor
shall be determined by alaboratory accredited by anationally
recognized accreditation organization, such as the National
Fenestration Rating Council, and shall be labeled and certi-
fied by the manufacturer.

Exceptionsto 5.5.2.1:

(8) U-factors from A8.1 shall be an acceptable aternate
for determining compliance with the U-factor criteria
for skylights. Where credit is being taken for a low-
emissivity coating, the emissivity of the coating shall
be determined in accordance with NFRC 301. Emis-
sivity shall be verified and certified by the manufac-
turer.

(b) U-factors from A8.2 shall be an acceptable aternate
for determining compliance with the U-factor criteria
for vertical fenestration.

(c) U-factorsfrom A7 shall be an acceptable alternate for
determining compliance with the U-factor criteria for
opaque doors.

(d) For garage doors, ANSI/DASMA 105 shal be an
acceptable alternate for determining U-factors.

55.22 Solar Heat Gain Coefficient. SHGC for the
overall fenestration area shall be determined in accordance
with NFRC 200. SHGC shall be determined by a laboratory
accredited by a nationally recognized accreditation organiza-
tion, such as the National Fenestration Rating Council, and
shall be labeled and certified by the manufacturer.

Exceptionsto 5.5.2.2:

() Shading coefficient of the center of glass multiplied by
0.86 shall be an acceptable alternate for determining
compliance with the SHGC requirements for the over-
all fenestration area. Shading coefficient shall be
determined using a spectral data file determined in
accordance with NFRC 300. Shading coefficient shall
be verified and certified by the manufacturer.
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(b) SHGC of the center of glass shall be an acceptable
aternate for determining compliance with the SHGC
requirements for the overall fenestration area. SHGC
shall be determined using a spectral data file deter-
mined in accordance with NFRC 300. SHGC shall be
verified and certified by the manufacturer.

(c) SHGC from A8.1 shall be an acceptable alternate for
determining compliance with the SHGC criteria for
skylights. Where credit is being taken for alow-emis-
sivity coating, the emissivity of the coating shall be
determined in accordance with NFRC 301. Emissivity
shall be verified and certified by the manufacturer.

(d) SHGC from A8.2 shall be an acceptable alternate for
determining compliance with the SHGC criteria for
vertical fenestration.

5.5.23 Visble Light Transmittance. When 5.4 is
used, visible light transmittance shall be determined in accor-
dance with NFRC 200. Visible light transmittance shall be
verified and certified by the manufacturer.

553 Air Leakage

5.5.3.1 Building Envelope Sealing. The following
areas of the building envelope shall be seaed, caulked, gas-
keted, or weather-stripped to minimize air leakage
a. jointsaround fenestration and door frames
b. junctions between walls and foundations, between walls

at building corners, between walls and structural floors
or roofs, and between walls and roof or wall panels
C. openings at penetrations of utility services through
roofs, walls, and floors
site-built fenestration and doors
building assemblies used as ducts or plenums
joints, seams, and penetrations of vapor retarders
all other openingsin the building envelope.
Outside air intakes, exhaust outlets, relief outlets, stair
shaft, elevator shaft smoke relief openings, and other
similar elements shall also comply with 6.2.3.2.4 and
6.2.3.3.
5.5.3.2 Fenestration and Doors. Air leakage for fenes-
tration and doors shall be determined in accordance with
NFRC 400. Air leakage shall be determined by a laboratory
accredited by a nationally recognized accreditation organiza-

@ —"oa
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tion, such as the National Fenestration Rating Council, and
shall belabeled and certified by the manufacturer. Air leakage
shall not exceed 1.0 cfm/ft? for glazed swinging entrance
doors and for revolving doors and 0.4 cfm/ft? for all other
products.

Exceptionsto 5.5.3.2:
(a) Field-fabricated fenestration and doors.

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

5.5.3.3 Loading Dock Weatherseals. In climates that
exceed 3600 HDD®65, cargo doors and loading dock doors
shall be equipped with weatherseals to restrict infiltration
when vehicles are parked in the doorway.

5.5.34 Vestibules. A door that separates conditioned
space from the exterior shall be protected with an enclosed
vestibule, with all doors opening into and out of the vestibule
equipped with self-closing devices. Vestibules shall be
designed so that in passing through the vestibule it is not nec-
essary for the interior and exterior doors to open at the same
time. Interior and exterior doors shall have a minimum dis-
tance between them of not less than 7 ft when in the closed
position.

Exceptionsto 5.5.3.4:

(@) Doors in buildings in climates that have less than
1800 HDD65

(b) Doorsin buildingsless than four stories above grade

(c) Doors not intended to be used as a building entrance
door, such as mechanical or electrical equipment
rooms

(d) Doorsopening directly from a dwelling unit

(e) Doorsthat open directly from aspacelessthan 3000 2
inarea

(f) Doorsin building entrances with revolving doors

(9) Doorsused primarily to facilitate vehicular movement
or material handling and adjacent personnel doors.
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6. HEATING, VENTILATING, AND AIR
CONDITIONING

6.1 General

6.1.1 HVAC Scope. All mechanical equipment and sys-
tems serving the building heating, cooling, or ventilating
needs shall meet the requirements of Section 6.

6.1.2 Compliance. Compliance with Section 6 shall be
achieved by meeting all requirements for either
a  6.1.3 (Simplified Approach Option for HVAC Sys

tems), or

b. 6.2 (Mandatory Provisions) and 6.3 (Prescriptive Path),
or

c. 6.2 (Mandatory Provisions) in conjunction with Sec-
tion 11 (Energy Cost Budget Method).

6.1.3 Simplified Approach Option for HVAC Systems.
Each HVAC system in buildings two stories or less in height
and with lessthan 25,000 ft2 grossfloor areathat meet criteria
a. through o. given below shall be considered in compliance
with the requirements of Section 6 (Heating, Ventilating, and
Air Conditioning).

a The system serves a single HVAC zone.

b. Cooling (if any) shall be provided by a unitary pack-
aged or split-system air conditioner that is either air-
cooled or evaporatively cooled with efficiency meet-
ing the requirements shown in Table 6.2.1A (air con-
ditioners), Table 6.2.1B (heat pumps), or Table 6.2.1D
(packaged terminal and room air conditioners and heat
pumps) for the applicable equipment category.

C. The system shall have an air economizer where indi-
cated in Table 6.3.1, with controls as indicated in

TABLE 6.

Tables6.3.1.1.3A and 6.3.1.1.3B and with either baro-
metric or powered relief sized to prevent overpressur-
ization of the building. Where the cooling efficiency
meets or exceeds the efficiency requirement in Table
6.1.3, no economizer is required. Outside air dampers
for economizer use shall be provided with blade and
jamb seals.

Heating (if any) shall be provided by a unitary pack-
aged or split-system heat pump that meets the applica-
ble efficiency requirements shown in Table 6.2.1B
(heat pumps) or Table 6.2.1D (packaged terminal and
room air conditioners and heat pumps), a fuel-fired
furnace that meets the applicable efficiency require-
ments shown in Table 6.2.1E (furnaces, duct furnaces,
and unit heaters), an electric resistance heater, or a
baseboard system connected to a boiler that meets the
applicable efficiency requirements shown in Table
6.2.1F (boilers).

The outside air quantity supplied by the system shall
be less than or equal to 3000 cfm and less than 70% of
the supply air quantity at minimum outside air design
conditions unless an energy recovery ventilation sys-
tem is provided in accordance with the requirements
in 6.3.6.

The system shall be controlled by a manual change-
over or dua set-point thermostat.

If a heat pump equipped with auxiliary internal elec-
tric resistance heaters is installed, controls shall be
provided that prevent supplemental heater operation
when the heating load can be met by the heat pump

13

Eliminate Required Economizer by Increasing Cooling Efficiency

Unitary Systemswith Heat Pump Heating
System Size Mandatory Cooling Degree-Days (CDD50)
(kBtu/h) Minimum EER| 0 - 3600 3601 - 5400 5401 - 7200 | 7201 - 9000 | 9001 - 10800
Minimum Cooling Efficiency Required (EER)? Test
Procedur €’
>65and < 135 101 N/AP 121 11.6 111 10.7 ARI 210/240
>135and < 240 9.3 N/AP 11.3 10.8 104 9.9 ARI 340/360
> 240 and < 760 9.0 N/AP 10.9 105 10.0 9.6
Other Unitary Systems
System Size Mandatory Cooling Degree-Days (CDD50)
(kBtu/h) Minimum EER| Of3600 | 3601-5400 | 5401-7200 | 7201-9000 | 9001 - 10800
Test
Minimum Cooling Efficiency Required (EER)2 Procedur€e®
>65and < 135 10.3 N/AP 125 12.0 115 11.0 ARI 210/240
> 135 and < 240 9.7 N/AP 115 111 10.6 10.1 ARI 340/360
> 240 and < 760 9.5 N/AP 11.2 10.7 10.3 9.9

8Each EER shown below should be reduced by 0.2 for units with a heating section other than electric resistance heat.
b Elimination of required economizer is not allowed.
€ Section 12 contains complete specification of the referenced test procedure, including the referenced year version of the test procedure
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alone during both steady-state operation and setback
recovery. Supplemental heater operation is permitted
during outdoor coil defrost cycles.

h. The system controls shall not permit reheat or any
other form of simultaneous heating and cooling for
humidity control.

i Systems serving spaces other than hotel/motel guest
rooms, and other than those requiring continuous oper-
ation, that have a cooling or heating capacity greater
than 65,000 Btu/h and a supply fan motor power
greater than 3/4 hp shall be provided with a timeclock
that (1) can start and stop the system under different
schedulesfor seven different day-types per week, (2) is
capable of retaining programming and time setting
during aloss of power for aperiod of at least 10 hours,
(3) includes an accessible manua override that allows
temporary operation of the system for up to two hours,
(4) is capable of temperature setback down to 55°F
during off hours, and (5) is capable of temperature
setup to 90°F during off hours.

j. Except for piping within manufacturer’s units, HVAC
piping shall be insulated in accordance with Table
6.2.4.1.3. Insulation exposed to weather shall be suit-
able for outdoor service, e.g., protected by aluminum,
sheet metal, painted canvas, or plastic cover. Celular
foam insulation shall be protected as above or painted
with a coating that is water retardant and provides
shielding from solar radiation.

k. Ductwork and plenums shall be insulated in accor-
dance with Tables 6.2.4.1.2A and 6.2.4.1.2B and shall
be sealed in accordance with Table 6.2.4.2.1A.

I Construction documents shall require a ducted system
to be air balanced in accordance with industry
accepted procedures.

m.  Where separate heating and cooling equipment serve
the same temperature zone, thermostats shall be inter-
locked to prevent simultaneous heating and cooling.

n. Exhausts with a design capacity of over 300 cfm on
systems that do not operate continuously shall be
equipped with gravity or motorized dampers that will
automatically shut when the systems are not in use.

o. Systems with a design supply air capacity greater than
10,000 cfm shall have optimum start controls.

6.2 Mandatory Provisions

6.21 Mechanical Equipment Efficiency. Equipment
shownin Tables6.2.1A through 6.2.1G shall have aminimum
performance at the specified rating conditions when tested in
accordance with the specified test procedure. Omission of
minimum performance requirements for equipment not listed
in Tables6.2.1A through 6.2.1G does not preclude use of such
equipment. Equipment not listed in Tables 6.2.1A through
6.2.1G has no minimum performance requirements. Where
multiple rating conditions or performance requirements are
provided, the equipment shall satisfy all stated requirements,
unlessotherwiseexempted by footnotesinthetable. However,
equipment covered under the Federal Energy Policy Act of
1992 (EPACT) shall have no minimum efficiency require-
ments for operation at minimum capacity or other than stan-
dard rating conditions. Equipment used to provide water
heating functions as part of acombination system shall satisfy
al stated requirements for the appropriate space heating or
cooling category.
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If acertification program exists for a product covered in
Tables 6.2.1A through 6.2.1G, and it includes provisions for
verification and challenge of equipment efficiency ratings,
then the product shall be either listed in the certification
program or, alternatively, the ratings shall be verified by an
independent laboratory test report. If no certification program
existsfor aproduct covered in Tables 6.2.1A through 6.2.1G,
the equipment efficiency ratings shall be supported by data
furnished by the manufacturer. Where components such as
indoor or outdoor coilsfrom different manufacturersare used,
the system designer shall specify component efficiencies
whose combined efficiency meets the minimum equipment
efficiency requirementsin 6.2.1.

Tables 6.2.1A through 6.2.1G contain the minimum effi-
ciency requirements for equipment covered by this section of
the standard. The tables are organized to cover the following
types of equipment:

Table 6.2.1A  Air Conditioners and Condensing Units

Table6.2.1B  Heat Pumps

Table6.2.1C  Water Chilling Packages

Table6.2.1D Packaged Termina and Room Air
Conditioners and Heat Pumps

Table6.2.1E  Furnaces, Duct Furnaces, and Unit
Hesaters

Table6.2.1F Boailers

Table6.2.1G  Heat Rejection Equipment

Gas-fired and oil-fired forced air furnaces with input
ratings>225,000 Btu/h shall also have anintermittentignition
or interrupted device (11D) and have either power venting or a
flue damper. A vent damper is an acceptable alternative to a
flue damper for furnaces where combustion air is drawn from
the conditioned space. All furnaces with input ratings
>225,000 Btu/h, including electric furnaces, that are not
located within the conditioned space shall have jacket losses
not exceeding 0.75% of the input rating.

Exception to 6.2.1: Water-cooled centrifugal water-chill-
ing packages that are not designed for operation at
ARI Standard 550/590 test conditions (and thus can- |
not be tested to meet the requirements of Table
6.2.1C) of 44°F leaving chilled water temperature
and 85°F entering condenser water temperature shall
have a minimum full-load COP as shown in Tables
6.2.1H, I, and J and a minimum NPLV rating as
shownin Tables6.2.1K, L, and M. Thetablevalues
are only applicable over the following full-load
design ranges:

Leaving Chiller Water Temperature: 40°Fto48°F

Entering Condenser Water Temperature: 75°Fto 85°F
Condensing Water Temperature Rise; 5°F to 15°F

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

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

6.2.2 Load Calculations. Heating and cooling system
design loadsfor the purpose of sizing systems and equipment
shall be determined in accordance with generally accepted
engineering standards and handbooks acceptabl e to the adopt-
ing authority (for example, ASHRAE Handbooké Fundamen-
tals).
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TABLE 6.2.1A

Electrically Operated Unitary Air Conditioners and Condensing Unitso
Minimum Efficiency Requirements

Cooled

Sub-Category or Minimum
Equipment Type Size Category Heating Section Type Rating Condition Efficiency® | Test Procedure?
Air Conditioners, <65,000 Btu/h® All Split System 10.0 SEER ARI 210/240
Air Cooled Single Package 9.7 SEER
>65,000 Btu/h and Electric Resistance Split System and 10.3 EER
<135,000 Btu/h (or None) Single Package
All other Split System and 10.1 EER
Single Package
>135,000 Btu/h and Electric Resistance Split System and 9.7 EER ARI 340/360
<240,000 Btu/h (or None) Single Package
All other Split System and 9.5EER
Single Package
>240,000 Btu/h and Electric Resistance Split System and 9.5EER
<760,000 Btu’h (or None) Single Package 9.7 IPLV
All other Split System and 9.3EER
Single Package 9.51PLV
>760,000 Btu/h Electric Resistance Split System and 9.2 EER
(or None) Single Package 9.4 1PLV
All other Split System and 9.0 EER
Single Package 9.21PLV
Air Conditioners, Water <65,000 Btu/h All Split System and 12.1 EER ARI 210/240
and Evaporatively Cooled Single Package
>65,000 Btu/h and Electric Resistance Split System and 115 EER
<135,000 Btu/h (or None) Single Package
All other Split System and 11.3EER
Single Package
>135,000 Btu/h and Electric Resistance Split System and 11.0EER ARI 340/360
<240,000 Btu/h (or None) Single Package
All other Split System and 10.8 EER
Single Package
>240,000 Btu/h Electric Resistance Split System and 11.0EER
(or None) Single Package 10.3 IPLV
All other Split System and 10.8 EER
Single Package 10.11PLV
Condensing Units, >135,000 Btu/h - 10.1 EER ARI 365
Air Cooled 11.2 IPLV
Condensing Units, >135,000 Btu/h - 13.1EER
Water or Evaporatively 13.11PLV

8 Section 12 contains a compl ete specification of the referenced test procedure, including the referenced year version of the test procedure.
b |IpLVsare only applicable to equipment with capacity modulation.
¢ Single-phase, air-cooled air-conditioners < 65,000 Btu/h are regulated by NAECA. SEER values are those set by NAECA.
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TABLE 6.2.1B

Electrically Operated Unitary and Applied Heat Pumpsé Minimum Efficiency Requirements

(Heating Mode)

(Cooling Capacity)

Sub-Category or Minimum
Equipment Type Size Category Heating Section Type Rating Condition Efficiencyb Test Procedure?
Air Cooled <65,000 Btu/h® All Split System 10.0 SEER ARI 210/240
(Cooling Mode) Single Package 9.7 SEER
>65,000 Btu/h and Electric Resistance Split System and 10.1 EER
<135,000 Btu/h (or None) Single Package
All other Split System and 9.9 EER
Single Package
>135,000 Btu/h and Electric Resistance Split System and 9.3EER ARI 340/360
<240,000 Btu/h (or None) Single Package
All other Split System and 9.1 EER
Single Package
>240,000 Btu/h Electric Resistance Split System and 9.0 EER
(or None) Single Package 9.21PLV
All other Split System and 8.8 EER
Single Package 9.0 IPLV
Weater-Source <17,000 Btu/h All 86°F Entering Water 11.2 EER 1SO-13256-1
(Cooling Mode) >17,000 Btu/h and All 86°F Entering Water | 120EER | 1S0-13256-1
<135,000 Btu/h
Groundwater-Source <135,000 Btu/h All 59°F Entering Water 1SO-13256-1
(Cooling Mode) 16.2 EER
Ground Source <135,000 Btu/h All 77°F Entering Water 1SO-13256-1
(Cooling Mode) 13.4 EER
Air Cooled <65,000 Btu/h® - Split System 6.8 HSPF ARI 210/240
(Heating Mode) (Cooling Capacity) Single Package 6.6 HSPE
>65,000 Btu/h and - 47°F db/43°F wb 3.2COP
<135,000 Btu/h QOutdoor Air
Cooling Capacit
( 9 Capacity) 17°F db/15°F wb 2.2 COP
Outdoor Air
>135,000 Btu/h - 47°F db/43°F wb 3.1COP ARI 340/360
(Cooling Capacity) Outdoor Air
17°F db/15°F wb 2.0COP
Outdoor Air
Water-Source <135,000 Btu/h - 68°F Entering Water 4.2 COP 1SO-13256-1
(Heating Mode) (Cooling Capacity)
Groundwater-Source <135,000 Btu/h - 50°F Entering Weter | 3.6 COP 1SO-13256-1
(Heating Mode) (Cooling Capacity)
Ground Source <135,000 Btu/h - 32°F Entering Water 3.1CoP 1SO-13256-1
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& Section 12 contains a compl ete specification of the referenced test procedure, including the referenced year version of the test procedure.
b |PLVsand Part load rati ng conditions are only applicable to equipment with capacity modulation.
¢ Single-phase, air-cooled heat pumps < 65,000 Btu/h are regulated by NAECA. SEER and HSPF values are those set by NAECA
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TABLE 6.2.1C
Water Chilling PackagesfiMinimum Efficiency Requirements

Subcategory or
Equipment Type Size Category Rating Condition | Minimum Efficiency? | Test Procedure?
Air Cooled, with Condenser, All Capacities 2.80 COP ARI 550/590
Electrically Operated 3.051PLV
Air Cooled, All Capacities 3.10 COP
without Condenser, 3.451PLV
Electrically Operated
Weater Cooled, Electrically Operated, Posi- All Capacities 4.20 COP ARI 550/590
tive Displacement 5.05IPLV
(Reciprocating)
Water Cooled, <150 tons 4.45 COP ARI 550/590
Electrically Operated, 5.20 IPLV
Positive Displacement >150 tons and 4.90 COP
(Rotary Screw and Scroll) <300 tons 5.60 IPLV
>300 tons 5.50 COP
6.15 IPLV
Weater Cooled, Electricaly Operated, Cen- <150 tons 5.00 COP ARI 550/590
trifugal 5.251PLV
>150 tons and 5.55 COP
<300 tons 5.90 IPLV
>300 tons 6.10 COP
6.40 IPLV
Air-Cooled Absorption All Capacities 0.60 COP ARI 560
Single Effect
Water-Cooled Absorption All Capecities 0.70 COP
Single Effect
Absorption Double Effect, All Capacities 1.00 COP
Indirect-Fired 1.051PLV
Absorption Double Effect, All Capecities 1.00 COP
Direct-Fired 1.00IPLV

a

Section 12 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.
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The chiller equipment requirements do not apply for chillers used in low-temperature applications where the design leaving fluid temperature is <40°F.
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TABLE 6.2.1D
Electrically Operated Packaged Terminal Air Conditioners, Packaged Terminal Heat Pumps, Room
Air Conditioners, and Room Air Conditioner Heat PumpsfiMinimum Efficiency Requirements

Subcategory or Test
Equipment Type Size Category (Input) | Rating Condition | Minimum Efficiency Procedure?
PTAC (Cooling Mode) All Capacities 95°F db 12.5-(0.213 x ARI 310/380
New Construction Outdoor Air Cap/1000)° EER
PTAC (Cooling Mode) All Capacities 95°F db 10.9-(0.213 x
Replacements? Outdoor Air Cap/1000)° EER
PTHP (Cooling Mode) All Capacities 95°F db 12.3-(0.213 x
New Construction Outdoor Air Cap/1000)° EER
PTHP (Cooling Mode) All Capacities 95°F db 10.8 - (0.213 x
Replacements? Outdoor Air Cap/1000)° EER
PTHP (Heating Mode) All Capacities 3.2-(0.026 x
New Construction Cap/1000)¢ COP
PTHP (Heating Mode) All Capacities 2.9—(0.026 x
Replacements? Cap/1000)¢ COP
Room Air Conditioners, <8000 Btu/h 9.7 EER ANSI/AHAM
with Louvered Sides >8000 Btwh and 98 EER RAC-1
<14,000 Btu/h
>14,000 Btu/h and 9.7 EER
<20,000 Btu/h
>20,000 Btu/h 85EER
Room Air Conditioners, <8000 Btu/h 9.0 EER
withoutt Louvered Sides >8000 Btu/h 85EER
Room Air Conditioner Heat Pumps with Lou- <20,000 Btu/h 9.0 EER
vered Sides >20,000 Btuh 8.5EER
Room Air Conditioner Heat Pumps without L ou- <14,000 Btu/h 85 EER
vered Sides >14,000 Btu/h 8.0EER
Room Air Conditioner, All Capacities 8.7 EER
Casement Only
Room Air Conditioner, All Capacities 9.5 EER
Casement—Slider

a Section 12 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.

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

¢ Cap means the rated cooling capacity of the product in Btu/h. If the unit's capacity is less than 7000 Btu/h, use 7000 Btu/h in the calculation. If the unit's capacity is greater
than 15,000 Btu/h, use 15,000 Btu/h in the calculation.
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TABLE 6.2.1E

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

Size Category Subcategory or
| Equipment Type (Input) Rating Condition Minimum Efficiency? Test Procedure?
Warm Air Furnace, <225,000 Btu/h 78% AFUE or DOE 10 CFR Part 430
Gas-Fired 80% Etd or ANSI 221.47
>225000 Btw/h | Maximum Capacity® 80% E° ANSI 721.47
Warm Air Furnace, <225,000 Btu/h 78% AFUE or DOE 10 CFR Part 430
Qil-Fired 80% E or UL 727
>225000 Btw/h | Maximum Capacity® 81% E, UL 727
Warm Air Duct Furnaces, Gas- All Capacities Maximum Capacity® 80% E9 ANSI| 783.9
Fired
Warm Air Unit Heaters, Gas-Fired All Capacities Maximum Capacity® 80% E.9 ANSI Z83.8
Warm Air Unit Heaters, Oil-Fired All Capacities Maximum Capacity® 80% E9 UL 731

a E; = thermal efficiency. Seetest procedure for detailed discussion.

b Section 12 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.
¢ E. = combustion efficiency. Units must also include an 11D, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper.

A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.
d Combination units not covered by NAECA (3-phase power or cooling capacity greater than or equal to 65,000 Btu/h) may comply with either rating.
e Minimum and maximum ratings as provided for and allowed by the unit's controls.
f E; = thermal efficiency. Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper.

A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.
9 E. = combustion efficiency (100% less flue losses). See test procedure for detailed discussion.

TABLE 6.2.1F
Gas- and Oil-Fired BoilersfiMinimum Efficiency Requirements
Size Category Subcategory or
Equipment Type? (Input) Rating Condition Minimum Efficiency? Test Procedure?
Boilers, < 300,000 Btu/h Hot Water 80% AFUE DOE 10 CFR Part 430
Gas Fired Steam 75% AFUE
=>300,000 Btu/h and Maximum Capacity® 75% E&2 H.l. Htg Boiler Std.
<2,500,000 Btu/h
>2,500,000 Btu/h? Hot Water 80% E;
>2,500,000 Btu/h? Steam 80% E
Boilers, < 300,000 Btu/h 80% AFUE DOE 10 CFR Part 430
Oil-Fired >300,000 Btwh and Maximum Capacity® 78% E2 H.1. Htg Boiler Std.
<2,500,000 Btu/h
>2,500,000 Btuw/hd Hot Water 83% E;
>2,500,000 Btu/h? Steam 83% E,
|| Oil-Fired (Residual) =300,000 Btu/h and Maximum Capacity® 78% E&2 H.l. Htg Boiler Std.
<2,500,000 Btu/h
>2,500,000 Btuw/hd Hot Water 83% E,
>2,500,000 Btu/h? Steam 83% E,

Qo oo

boilers cover all capacities of packaged boilers.
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E; = thermal efficiency. See reference document for detailed information.
Section 12 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.
Minimum and maximum ratings as provided for and allowed by the unit's contrals.
These requirements apply to boilers with rated input of 8,000,000 Btu/h or less that are not packaged boilers, and to al packaged boilers. Minimum efficiency requirements for
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TABLE 6.2.1G

Performance Requirements for Heat Rejection Equipment

Total System Heat

Rejection Capacity Subcategory or Performance
Equipment Type at Rated Conditions Rating Condition Requiredab Test Procedure®

Propeller or Axial Fan All 95°F Entering Water =38.2 gpm/hp CTI ATC-105 and

Cooling Towers 85°F Leaving Water CTI STD-201
75°F wb Outdoor Air

Centrifugal Fan All 95°F Entering Water =20.0 gpm/hp CTI ATC-105 and

Cooling Towers 85°F Leaving Water CTI STD-201
75°F wb Outdoor Air

Air-Cooled Condensers All 125°F Condensing Temperature =176,000 Btu/h-hp ARI 460

R-22 Test Fluid

190°F Entering Gas Temperature
15°F Subcooling
95°F Entering db

For purposes of this table, cooling tower performance is defined as the maximum flow rating of the tower divided by the fan nameplate rated motor power.
For purposes of this table, air-cooled condenser performance is defined as the heat rejected from the refrigerant divided by the fan nameplate rated motor power.
Section 12 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.
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TABLE 6.2.1H
COPs for Centrifugal Chillers <150 Tons

COPg4 = 5.0
Condenser Flow Rate
2gpm/ton | 2.5gpm/ton | 3gpm/ton | 4 gpm/ton | 5gpm/ton | 6 gpm/ton
Leaving Entering
Chilled Water Condenser Water | LIFT?@
Temperature ((F) Temperature (0F) | (OF) Required COP
46 75 29 5.58 5.83 6.03 6.32 6.54 6.70
45 75 30 5.50 5.74 5.92 6.19 6.38 6.53
44 75 31 5.42 5.65 5.82 6.07 6.24 6.37
43 75 32 5.35 5.57 5.72 5.95 6.11 6.23
42 75 33 5.27 5.49 5.64 5.85 6.00 6.11
41 75 34 519 541 5.56 5.75 5.89 5.99
46 80 34 5.19 541 5.56 5.75 5.89 5.99
40 75 35 511 5.33 5.48 5.67 5.79 5.88
45 80 35 511 533 5.48 5.67 5.79 5.88
a4 80 36 5.03 5.26 5.40 5.58 570 579
43 80 37 4.94 5.18 5.32 5.50 5.62 5.70
42 80 38 484 5.10 5.25 5.43 553 5.61
41 80 39 4.73 5.01 517 5.35 5.46 553
46 85 39 4.73 5.01 517 5.35 5.46 5.53
40 80 40 4.62 4.92 5.09 5.27 5.38 5.45
45 85 40 4.62 4,92 5.09 527 5.38 5.45
44 85 41 4.49 4.82 5.00 5.20 5.30 5.38
43 85 42 4.35 471 491 5.12 5.23 5.30
42 85 43 4.19 4.59 4.81 5.03 515 5.22
41 85 44 4.02 4.46 4.70 4.94 5.06 5.14
40 85 45 3.84 4.32 4.58 4.84 4.98 5.06
Cond DTP 14.04 | 11.23 9.36 7.02 5.62 4.68
a LIFT = Entering Condenser Water Temperature—L eaving Chilled Water Temperature
b Cond DT = Leaving Condenser Water Temperature (F)—Enteri ng Condenser Water Temperature (F)
K = 61507 — 0.30244(X) + 0.0062692(X)? — 0.000045595(X)
where X = Cond. DT + LIFT
COPadJ = Ked] * COPS‘d
Thetable values are only applicable over the following full load design ranges:
® |eaving chilled water temperature: 40°F to 48°F
® Entering condenser water temperature: 75°F to 85°F
® Condensing water temperature rise: 5°F to 15°F
Chillers designed to operate outside these ranges are not covered by th is standard.
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TABLE 6.2.11
COPs for Centrifugal Chillers 2150 tons, <300 tons

COPg4tq = 5.55
Condenser Flow Rate
2gpm/ton | 25gpm/ton | 3gpm/ton | 4gpm/ton | 5gpm/ton | 6gpm/ton
Leaving Entering
Chilled Water | Condenser Water
Temperature Temperature LIFT2
[ (CF) (F) (CF) Required COP

46 75 29 6.17 6.44 6.66 6.99 7.23 7.40
45 75 30 6.08 6.34 6.54 6.84 7.06 7.22
44 75 31 6.00 6.24 6.43 6.71 6.90 7.05
43 75 32 591 6.15 6.33 6.58 6.76 6.89
42 75 33 5.83 6.07 6.23 6.47 6.63 6.75
41 75 34 5.74 5.8 6.14 6.36 6.51 6.62
46 80 34 5.74 58 6.14 6.36 6.51 6.62
40 75 35 5.65 5.90 6.05 6.26 6.40 6.51
45 80 35 5.65 5.90 6.05 6.26 6.40 6.51
44 80 36 5.56 5.81 5.97 6.17 6.30 6.40
43 80 37 5.46 5.73 5.89 6.08 6.21 6.30
42 80 38 5.35 5.64 5.80 6.00 6.12 6.20
41 80 39 5.23 5.54 571 5.91 6.03 6.11
46 85 39 5.23 554 571 591 6.03 6.11
40 80 40 5.10 5.44 5.62 5.83 5.95 6.03
45 85 40 5.10 5.44 5.62 5.83 5.95 6.03
44 85 41 4.96 5.33 5.55 5.74 5.86 5.94
43 85 42 481 521 5.42 5.66 5.78 5.86
42 85 43 4.63 5.08 531 5.56 5.69 5.77
41 85 44 4.45 493 5.19 5.46 5.60 5.69
40 85 45 4.24 4.77 5.06 5.35 5.50 5.59

Cond DTP 14.04 11.23 9.36 7.02 5.62 4.68

a LIFT = entering condenser water temperature — leaving chilled water temperature

Condenser DT = leaving condenser water temperature (°F) — entering condenser water temperature (°F)
Kag = 61507 — 0.30244(X) + 0.0062692(X)? — 0.000045595(X)>

where X = Condenser DT + LIFT

COPyg; = Kagj X COPgq

The table values are only applicable over the following full load design ranges:
® |eaving chilled water temperature: 40°F to 48°F
® Entering condenser water temperature: 75°F to 85°F
® Condensing water temperature rise: 5°F to 15°F
Chillers designed to operate outside these ranges are not covered by th is standard.
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TABLE 6.2.1J
COPs for Centrifugal Chillers >300 tons

COPgiq =6.1
Condenser Flow Rate
2gpm/ton | 25gpm/ton | 3gpm/ton | 4gpm/ton | 5gpm/ton | 6gpm/ton
Leaving Entering
Chilled Water | Condenser Water
Temperature Temperature LIFT2
[ (CF) (OF) (OF) Required COP

46 75 29 6.80 711 7.35 7.71 7.97 8.16
45 75 30 6.71 6.99 7.21 7.55 7.78 7.96
44 75 31 6.61 6.89 7.09 7.40 7.61 1.77
43 75 32 6.52 6.79 6.98 7.26 7.45 7.60
42 75 33 6.43 6.69 6.87 7.13 7.31 7.44
41 75 34 6.33 6.60 6.77 7.02 7.18 7.30
46 80 34 6.33 6.60 6.77 7.02 7.18 7.30
40 75 35 6.23 6.50 6.68 6.91 7.06 7.17
45 80 35 6.23 6.50 6.68 6.91 7.06 7.17
44 80 36 6.13 6.41 6.58 6.81 6.95 7.05
43 80 37 6.02 6.31 6.49 6.71 6.85 6.94
42 80 38 5.90 6.21 6.40 6.61 6.75 6.84
41 80 39 5.77 6.11 6.30 6.52 6.65 6.74
46 85 39 5.77 6.11 6.30 6.52 6.65 6.74
40 80 40 5.63 6.00 6.20 6.43 6.56 6.65
45 85 40 5.63 6.00 6.20 6.43 6.56 6.65
44 85 41 5.47 5.87 6.10 6.33 6.47 6.55
43 85 42 5.30 5.74 5.98 6.24 6.37 6.46
42 85 43 511 5.60 5.86 6.13 6.28 6.37
41 85 44 4.90 5.44 5.72 6.02 6.17 6.27
40 85 45 4.68 5.26 5.58 5.90 6.07 6.17

Cond DTP 14.04 11.23 9.36 7.02 5.62 4.68

a LIFT = entering condenser water temperature — leaving chilled water temperature

Condenser DT = leaving condenser water temperature (°F) — entering condenser water temperature (°F)
Kag = 61507 — 0.30244(X) + 0.0062692(X)? — 0.000045595(X)>

where X = Condenser DT + LIFT

COPyg; = Kagj X COPgq

The table values are only applicable over the following full load design ranges:
® |eaving chilled water temperature: 40°F to 48°F
® Entering condenser water temperature: 75°F to 85°F
® Condensing water temperature rise: 5°F to 15°F
Chillers designed to operate outside these ranges are not covered by th is standard.
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TABLE 6.2.1K
IPLV/INPLYV for Centrifugal Chillers < 150 Tons

IPLVgiq = 5.25
Condenser Flow Rate
2gpm/ton |2.5gpm/ton | 3gpm/ton | 4 gpm/ton | 5gpm/ton| 6 gpm/ton
L eaving Entering
Chilled Water Condenser Water | LIFT?
Temperature (0F) Temperature (0F) (F) Required IPLV/NPLV

46 75 29 5.84 6.10 6.30 6.61 6.84 7.00
45 75 30 5.75 6.00 6.19 6.47 6.68 6.83
44 75 31 5.67 591 6.08 6.34 6.53 6.67
43 75 32 5.59 5.82 5.99 6.23 6.39 6.52
42 75 33 551 5.74 5.90 6.12 6.27 6.39
41 75 34 5.43 5.66 5.81 6.02 6.16 6.26
46 80 34 543 5.66 5.81 6.02 6.16 6.26
40 75 35 5.35 5.58 5.73 5.93 6.06 6.15
45 80 35 5.35 5.58 5.73 5.93 6.06 6.15
44 80 36 5.26 5.50 5.65 5.84 5.96 6.05
43 80 37 5.16 5.42 5.57 5.76 5.87 5.96
42 80 38 5.06 5.33 5.49 5.67 5.79 5.87
41 80 39 4.95 5.24 541 5.60 571 5.78
46 85 39 4.95 5.24 541 5.60 571 5.78
40 80 40 4.83 5.14 5.32 5.52 5.63 5.70
45 85 40 4.83 5.14 5.32 5.52 5.63 5.70
44 85 4 4.69 5.04 5.25 5.43 5.55 5.62
43 85 42 455 4.93 5.13 5.35 5.47 554
42 85 43 4.38 4.80 5.03 5.26 5.38 5.46
41 85 44 421 4.67 491 517 5.30 5.38
40 85 45 4.01 4.52 4.79 5.06 5.20 5.29

Cond DT® 14.04 11.23 9.36 7.02 ‘ 5.62 ‘ 4.68

LIFT = Entering Condenser Water Temperature—L eaving Chilled Water Temperature

All values shown are NPLV except at conditions of 3 gpm/ton and 41F LIFT whichis|PLV.

Kagj = 6.1507 —0.30244(X) + 0.0062692(X)? — 0.00004559 (X)*

where X = Cond. DT + LIFT

COPadj = Kadj * COPStd

Cond DT = Leaving Condenser Water Temperature (F)—Entering Condenser Water Temperature (F)
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TABLE 6.2.1L
IPLV/NPLYV for Centrifugal Chillers > 150 Tons < 300 Tons

IPLVgig= 5.9
Condenser Flow Rate
2 gpm/ton | 2.5 gpm/ton | 3gpm/ton | 4 gpm/ton | 5gpm/ton | 6 gpm/ton
Leaving Entering
Chilled Water Condenser Water | LIFT?
Temperature ((F) | Temperature ([F) (O0F) Required |PLV/NPLV
46 75 29 6.58 6.87 711 7.46 7.71 7.90
45 75 30 6.49 6.76 6.98 7.30 7.53 7.70
44 75 31 6.40 6.66 6.86 7.15 7.36 7.52
43 75 32 6.31 6.56 6.75 7.02 7.21 7.35
42 75 33 6.22 6.47 6.65 6.90 7.07 7.20
11 75 34 6.13 6.38 6.55 6.79 6.95 7.06
46 80 34 6.13 6.38 6.55 6.79 6.95 7.06
40 75 35 6.03 6.29 6.46 6.68 6.83 6.94
45 80 35 6.03 6.29 6.46 6.68 6.83 6.94
44 80 36 593 6.20 6.37 6.58 6.72 6.82
43 80 37 5.82 6.11 6.28 6.49 6.62 6.72
42 80 38 571 6.01 6.19 6.40 6.53 6.62
41 80 39 5.58 5.91 6.10 6.31 6.44 6.52
46 85 39 5.58 5.91 6.10 6.31 6.44 6.52
40 80 40 5.44 5.80 6.00 6.22 6.35 6.43
45 85 40 5.44 5.80 6.00 6.22 6.35 6.43
44 85 41 5.29 5.68 5.90° 6.13 6.26 6.34
43 85 42 5.13 5.55 5.79 6.03 6.16 6.25
42 85 43 4.94 541 5.67 5.93 6.07 6.16
41 85 44 4.74 5.26 554 5.82 597 6.07
40 85 45 4.52 5.09 5.40 571 5.87 5.97
Cond DT® 14.04 11.23 9.36 7.02 5.62 4.68
D AlvavSoun aenPy St % oomehionsol 3 gmion el 418 LIFT uhieh SIPLY.
‘|I<V i : )ez. 1:521 ;dc.).ta)c%zit(i(%r +0.0062692(X )2 — 0.000045595(X )3
¢ gooriiadljji Ealﬂa;v(i:nog%gndense’ Water Temperature (F)—Entering Condenser Water Temperature (F)
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TABLE 6.2.1M
IPLV/NPLYV for Centrifugal Chillers > 300 Tons
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IPLVgiq = 6.4
Condenser Flow Rate
2 gpm/ton | 2.5 gpm/ton | 3gpm/ton | 4 gpm/ton | 5gpm/ton | 6 gpm/ton
Leaving Entering
Chilled Water Condenser Water | LIFT@
Temperature (0F) Temperature ([F) (O0F) Required IPLV/NPLV

46 75 29 7.15 7.47 7.72 8.10 8.37 8.58
45 75 30 7.05 7.35 7.58 7.93 8.18 8.36
44 75 31 6.95 7.23 7.45 7.77 8.00 8.16
43 75 32 6.85 7.13 7.33 7.63 7.83 7.98
42 75 33 6.75 7.03 7.22 7.49 7.68 7.82
41 75 34 6.65 6.93 712 7.37 7.55 7.67
46 80 34 6.65 6.93 7.12 7.37 7.55 7.67
40 75 35 6.55 6.83 7.01 7.26 7.42 7.54
45 80 35 6.55 6.83 7.01 7.26 7.42 7.54
44 80 36 6.44 6.73 6.92 7.15 7.30 741
43 80 37 6.32 6.63 6.82 7.05 7.19 7.30
42 80 38 6.20 6.53 6.72 6.95 7.09 7.19
41 80 39 6.06 6.42 6.62 6.85 6.99 7.08
46 85 39 6.06 6.42 6.62 6.85 6.99 7.08
40 80 40 591 6.30 6.52 6.76 6.89 6.98
45 85 40 591 6.30 6.52 6.76 6.89 6.98
44 85 41 5.75 6.17 6.40° 6.66 6.79 6.89
43 85 42 5.57 6.03 6.28 6.55 6.70 6.79
42 85 43 5.37 5.88 6.16 6.44 6.59 6.69
41 85 44 5.15 571 6.01 6.33 6.49 6.59
40 85 45 491 5.53 5.86 6.20 6.37 6.48

Cond DT® 14.04 11.23 9.36 7.02 5.62 4.68

LIFT = Entering Condenser Water Temperature—L eaving Chilled Water Temperature
All values shown are NPLV except at conditions of 3 gpm/ton and 41F LIFT whichis|PLV.
K = 61507 — 0.30244(X) + 0.0062692(X)* — 0.000045595(X)*
where X = Cond. DT + LIFT
COPajJ = Ked] * COPS(d
Cond DT = Leaving Condenser Water Temperature (F)—Entering Condenser Water Temperature (F)
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6.2.3 Controls
6.2.3.1 Zone Thermostatic Controls

6.2.3.1.1 General. Thesupply of heating and cooling
energy to each zone shall be individually controlled by ther-
mostatic controls responding to temperature within the zone.
All zone and loop controllers shall use control methodology
that incorporates the application of control error reduction.
For the purposes of 6.2.3.1, adwelling unit shall be permitted
to be considered a single zone.

Exceptions to 6.2.3.1.1: Independent perimeter systems
that are designed to offset only building envelope
loads shall be permitted to serve one or more zones
aso served by an interior system provided:

(a) the perimeter system includes at |east one thermostatic
control zone for each building exposure having exte-
rior walls facing only one orientation for 50 contigu-
ousft or more, and

(b) the perimeter system heating and cooling supply is
controlled by a thermostatic control(s) located within
the zones(s) served by the system.

Exterior walls are considered to have different orienta-
tionsif thedirectionsthey face differ by morethan 45 degrees.

6.2.3.1.2 Dead Band. Where used to control both
heating and cooling, zone thermostatic controls shall be capa-
ble of providing atemperature range or dead band of at least
5°F within which the supply of heating and cooling energy to
the zone is shut off or reduced to a minimum.

Exceptionsto 6.2.3.1.2:

(8) Thermostats that require manual changeover between
heating and cooling modes.

(b) Specia occupancy or specia applications where wide
temperature ranges are not acceptable (such as retire-
ment homes, process applications, data processing,
museums, some areas of hospitals) and are approved
by the authority having jurisdiction

6.2.3.1.3 Set Point Overlap Restriction. Where
heating and cooling to a zone are controlled by separate zone
thermostatic controls located within the zone, means (such as
limit switches, mechanical stops, or, for DDC systems, soft-
ware programming) shall be provided to prevent the heating
set point from exceeding the cooling set point minus any
applicable proportiona band.

6.2.3.2 Off-Hour Controls. HVAC systems having a
design heating or cooling capacity greater than 65,000 Btu/h
and fan system power greater than 3/4 hp shall have al of the
following off-hour controls; Automatic Shutdown (6.2.3.2.1),
Setback Controls (6.2.3.2.2), Optimum Start Controls
(6.2.3.2.3), Shutoff Damper Controls (6.2.3.2.4), and Zone
Isolation (6.2.3.2.5).

Exceptionsto 6.2.3.2:
(8) HVAC systems serving hotel/motel guest rooms.
(b) HVAC systems intended to operate continuously.
6.2.3.2.1 Automatic Shutdown. HVAC systems shall
be equipped with at least one of the following:
a Controls that can start and stop the system under dif-
ferent time schedules for seven different day-types
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per week, are capable of retaining programming and
time setting during loss of power for a period of at
least 10 hours, and include an accessible manual
override, or equivalent function, that allows tempo-
rary operation of the system for up to two hours.

b.  Anoccupant sensor that is capable of shutting the sys-
tem off when no occupant is sensed for a period of up
to 30 minutes.

C. A manually operated timer capable of being adjusted
to operate the system for up to two hours.

d. Aninterlock to a security system that shuts the system
off when the security systemis activated.

Exception t0 6.2.3.2.1: Residential occupancies may use
controls that can start and stop the system under
two different time schedules per week.

6.2.3.2.2 Setback Controls. Heating systems |located
where the heating design temperature is 40°F or less shall be
equipped with controls that have the capability to automati-
cally restart and temporarily operate the system asrequired to
maintain zone temperatures above a heating set point adjust-
able down to 55°F or lower. (See Appendix D for heating
design temperatures.)

Cooling systems located where the cooling design
temperature is greater than 100°F shall be equipped with
controls that have the capability to automatically restart and
temporarily operate the system as required to maintain zone
temperatures below a cooling set point adjustable up to 90°F
or higher or to prevent high space humidity levels. (See
Appendix D for cooling design temperatures.)

Exception to 6.2.3.2.2: Radiant floor and ceiling heating
systems.

6.2.3.2.3 Optimum Sart Controls. Individual heat-
ing and cooling air distribution systems with a total design
supply air capacity exceeding 10,000 cfm, served by one or
more supply fans, shall have optimum start controls. The con-
trol algorithm shall, as a minimum, be a function of the dif-
ference between space temperature and occupied setpoint and
the amount of time prior to scheduled occupancy.

6.2.3.24 Zone Isolation. HVAC systems serving
zonesthat are intended to operate or be occupied nonsimulta-
neously shall be divided into isolation areas. Zones may be
grouped into a single isolation area provided it does not
exceed 25,000 ft? of conditioned floor area nor include more
than one floor.

Each isolation area shall be equipped with isolation
devices capable of automatically shutting off the supply of
conditioned air and outsideair to and exhaust air fromthearea.
Each isolation area shall be controlled independently by a
device meeting the requirements of 6.2.3.2.1 (Automatic
Shutdown). For central systems and plants, controls and
devices shall be provided to allow stable system and equip-
ment operation for any length of time while serving only the
smallest isolation area served by the system or plant.

Exceptions to 6.2.3.2.4: Isolation devices and controls
are not required for the following:
(8) Exhaust air and outside air connections to isolation
zones when the fan system to which they connect is
5000 cfm and smaller.
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(b) Exhaust airflow from a single isolation zone of less
than 10% of the design airflow of the exhaust system
to which it connects.

(c) Zonesintended to operate continuously or intended to
be inoperative only when all other zones are inopera-
tive.

| 6.233 Ventilation System Controls.

6.2.3.3.1 Sair and Shaft Vents. Stair and elevator
shaft vents shall be equipped with motorized dampersthat are
capable of being automatically closed during normal building
operation and are interlocked to open as required by fire and
smoke detection systems.

6.2.3.3.2 Gravity Hoods, Vents, and Ventilators.
All outdoor air supply and exhaust hoods, vents, and ventila-
tors shall be equipped with motorized dampers that will auto-
matically shut when the spaces served are not in use.

Exceptionsto 6.2.3.3.1 and 6.2.3.3.2;

(a) Gravity (nonmotorized) dampers are acceptable in
buildings less than three stories in height above grade
and for buildings of any height located in climates
with less than 2700 HDDE5.

(b) Ventilation systems serving unconditioned spaces.

6.2.3.3.3 Shutoff Damper Controls. Both outdoor
air supply and exhaust systems shall be equipped with motor-
ized dampersthat will automatically shut when the systemsor
spaces served are not in use. Ventilation outside air dampers
shall be capable of automatically shutting off during pre-
occupancy building warmup, cooldown, and setback, except
when ventilation reduces energy costs (e.g., night purge) or
when ventilation must be supplied to meet code requirements.

Exceptionsto 6.2.3.3.3:

(a) Gravity (nonmotorized) dampers are acceptable in
buildings less than three stories in height and for
buildings of any height located in climates with less
than 2700 HDD®65.

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

6.2.3.3.4 Dampers. Where outdoor air supply and
exhaust air dampersarerequired by Section 6.2.3.3, they shall
have a maximum |leakage rate when tested in accordance with
AMCA Standard 500 asindicated in Table 6.2.3.3.4.

6.2.3.4 Heat Pump Auxiliary Heat Control. Heat
pumps equipped with internal electric resistance heaters shall
havecontrolsthat prevent supplemental heater operationwhen
the heating load can be met by the heat pump aloneduring both
steady-state operation and setback recovery. Supplemental
heater operationispermitted during outdoor coil defrost cycles.

Exception to 6.2.3.4: Heat pumps whose minimum effi-
ciency is regulated by NAECA and whose HSPF
rating both meets the requirements shown in Table
6.2.1B and includes all usage of internal electric
resistance heating.

| 6.235 Humidifier Preheat. Humidifiers with preheat-
ing jackets mounted in the airstream shall be provided with an
automatic valveto shut off preheat when humidificationisnot
required.
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TABLE 6.2.3.3.4
Maximum Damper Leakage

Maximum Damper Leakageat 1.0in
w.g.cfm per ft2 of damper area

Climate Motorized Non-motorized
HDD65>7200 or 4 Not allowed
CDD50>7200
HDD65<2701 and 20 202
CDD50<3601
All others 10 208

Notes:
a8 Damperssmaller than 24 in. in either dimension may have leak-
age of 40 cfm/ft2.

6.2.3.6 Humidification and  Dehumidification. |
Where a zone is served by a system or systems with both
humidification and dehumidification capability, means (such
as limit switches, mechanical stops, or, for DDC systems,
software programming) shall be provided capable of pre-
venting simultaneous operation of humidification and dehu-
midification equipment.

Exception t0 6.2.3.6: |

(a) Zones served by desiccant systems, used with direct
evaporative cooling in series.

(b) Systems serving zones where specific humidity levels
are required, such as computer rooms, museums, and
hospitals, and approved by the authority having juris-
diction.

6.2.3.7 Freeze Protection and Snow/Ice Melting Sys- |
tems. Freeze protection systems, such as heat tracing of out-
door piping and heat exchangers, including self-regulating
heat tracing, shall include automatic controls capable of
shutting off the systems when outside air temperatures are
above 40°F or when the conditions of the protected fluid will
prevent freezing. Snow- and ice-melting systems shall
include automatic controls capable of shutting off the sys-
tems when the pavement temperature is above 50°F and no
precipitation is falling and an automatic or manual control
that will alow shutoff when the outdoor temperature is
above 40°F so that the potential for snow or ice accumula-
tionisnegligible.

6.2.3.8 Ventilation Controls for High-Occupancy |
Areas. Systems with design outside air capacities greater
than 3000 cfm serving areas having an average design occu-
pancy density exceeding 100 people per 1000 ft? shall
include means to automatically reduce outside air intake
below design rates when spaces are partially occupied. Ven-
tilation controls shall be in compliance with ASHRAE Stan-
dard 62 and local standards.

Exception to 6.2.3.8: Systems with heat recovery com- |
plying with 6.3.6.1.
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TABLE 6.2.4.1.3
Minimum Pipe Insulation Thickness?

Fluid Design Insulation Conductivity Nominal Pipeor Tube Size (in.)
Operating Temp. Conductivity Mean Rating
Range ((F) BtuEh./(hEttZD]]F) Temp. [F <1 1to<1-1/2 1-1/2to<4 4to<8 >8
Heating Systems (Steam, Seam Condensate, and Hot Water)b ¢
>350 0.32-0.34 250 25 30 30 4.0 4.0
251-350 0.29-0.32 200 15 25 3.0 3.0 3.0
201-250 0.27-0.30 150 15 15 20 20 20
141-200 0.25-0.29 125 10 10 10 15 15
105-140 0.22-0.28 100 05 0.5 10 10 10
Domestic and Service Hot Water Systems
105+ 0.22-0.28 100 ’ 0.5 ‘ 0.5 1.0 1.0 1.0
Cooling Systems (Chilled Water, Brine, and Refrigerant)?
40-60 0.22-0.28 100 0.5 05 1.0 1.0 1.0
<40 0.22-0.28 100 05 10 10 10 15

a For insulation outside the stated conductivity range, the minimum thickness (T) shall be determined as follows:

T=r{@+un)ik-1

where T = minimum insulation thickness (in.), r = actual outside radius of pipe (in.), t = insulation thickness listed in this table for applicable fluid temperature and pipe size,
K = conductivity of alternate material at mean rating temperature indicated for the applicable fluid temperature (Btu:i n.[h-ftz-"F]); and k = the upper value of the conductivity

range listed in this table for the applicable fluid temperature.

o

additional insulation.

6.24 HVAC System Construction and Insulation
6.2.4.1 Insulation

6.2.4.1.1 General. Insulation required by this section

shall be installed in accordance with industry accepted stan-

dards (see Appendix E). These requirements do not apply to

| HVAC equipment. Insulation shall be protected from damage,

including that due to sunlight, moisture, equipment mainte-
nance, and wind, but not limited to the following:

a Insulation exposed to weather shall be suitable for out-

door service, e.g., protected by aluminum, sheet metal,
painted canvas, or plastic cover. Cellular foam insula-
tion shall be protected as above or painted with a coat-
ing that is water retardant and provides shielding from
solar radiation that can cause degradation of the mate-
rial.
Insulation covering chilled water piping, refrigerant
suction piping, or cooling ducts located outside the
conditioned space shall include a vapor retardant
located outside the insulation (unless the insulation is
inherently vapor retardant), all penetrations and joints
of which shall be sedled.

| 6.2.4.1.2 Duct and Plenum Insulation. All supply
and return ducts and plenumsinstalled as part of an HVAC air
distribution system shall bethermally insulated in accordance
with Tables 6.2.4.1.2A and 6.2.4.1.2B.

| Exceptionsto 6.2.4.1.2:
(a) Factory-installed plenums, casings, or ductwork fur-
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These thicknesses are based on energy efficiency considerations only. Additional insulation is sometimes required relative to safety i ssues/surface temperature.
Piping insulation is not required between the control valve and coil on run-outs when the control valve islocated within 4 ft of the coil and the pipe sizeis 1 in. or less.
These thicknesses are based on energy efficiency considerations only. Issues such as water vapor permeability or surface condensation sometimes require vapor retarders or

nished as a part of HVAC equipment tested and rated
in accordance with 6.2.1.

(b) Ducts or plenums located in heated spaces, semi-
heated spaces, or cooled spaces.

(c) For runouts less than 10 ft in length to air terminals or
air outlets, the rated R-value of insulation need not
exceed R-3.5.

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

6.2.4.1.3 Pipinglnsulation. Piping shall bethermally
insulated in accordance with Table 6.2.4.1.3.

Exceptionsto 6.2.4.1.3:

(8) Fectory-installed piping within HVAC equipment
tested and rated in accordance with 6.2.1.

(b) Piping that conveys fluids having a design operating
temperature range between 60°F and 105°F, inclusive.

(c) Piping that conveysfluidsthat have not been heated or
cooled through the use of nonrenewable energy (such
as roof and condensate drains, domestic cold water
supply, natural gas piping, or refrigerant liquid piping)
or where heat gain or heat loss will not increase
energy usage.

(d) Hot water piping between the shutoff valve and the
coil, not exceeding 4 ft in length, when located in con-
ditioned spaces.
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(e) Pipe unionsin heating systems (steam, steam conden-
sate, and hot water).

6.2.4.2 Ductsand Plenum Leakage

6.2.4.2.1 Duct Sealing. Ductwork and plenums shall
be sealed in accordance with Table 6.2.4.2.1A (Table
6.2.4.2.1B provides definitions of seal levels), as required to
meet the requirementsof 6.2.4.2.2, and with standard industry
practice (see Appendix E).
| 6.2.4.2.2 Duct Leakage Tests. Ductwork that is
designed to operate at static pressures in excess of 3in. w.c.
shall be leak tested according to industry-accepted test proce-
dures (see Appendix E). Representative sections totaling no
lessthan 25% of thetotal installed duct areafor the designated
pressure class shall betested. Duct systems with pressure rat-
ingsin excessof 3in. w.c. shall beidentified on the drawings.
The maximum permitted duct leakage shall be:

Limax = C PO®

where
Lrex = maximum permitted leakage in cfm/100 ft?
duct surface area
CL = duct leskage class, cfm/100 ft? at 1 in. w.c.
6 for rectangular sheetmetal, rectangular
fibrous ducts, and round flexible ducts
3 for round/flat oval sheetmetal or fibrous
glass ducts
P = testpressure, whichshal beequal tothedesign

duct pressure class rating in inches w.c.

6.25 Completion Requirements

6.25.1 Drawings. Construction documents shal
require that within 90 days after the date of system accep-
tance, record drawings of the actual installation be provided
to the building owner or the designated representative of the
building owner. Record drawings shall include as a minimum
the location and performance data on each piece of equip-
ment, general configuration of duct and pipe distribution sys-
tem including sizes, and theterminal air or water design flow
rates.

6.2.5.2 Manuals. Construction documents shall require
that an operating manual and a maintenance manua be pro-
vided to the building owner or the designated representative
of the building owner within 90 days after the date of system
acceptance. These manuals shall bein accordance with indus-
try-accepted standards (see Appendix E) and shall include, at
aminimum, the following:

a Submittal data stating equipment size and selected
options for each piece of equipment requiring mainte-
nance.

b. Operation manuals and maintenance manuals for each
piece of equipment requiring maintenance, except
equipment not furnished as part of the project.
Required routine maintenance actions shall be clearly

identified.
(o Names and addresses of at |east one service agency.
d. HVAC controls system maintenance and calibration

information, including wiring diagrams, schematics,
and control sequence descriptions. Desired or field
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determined set points shall be permanently recorded
on control drawings at control devices or, for digital
control systems, in programming comments.
e A complete narrative of how each system is intended
to operate, including suggested set points.
6.2.5.3 System Balancing

6.2.5.3.1 General. Construction documents shall
require that al HVAC systems be balanced in accordance
with generally accepted engineering standards (see Appendix
E).

Construction documents shall require that a written
balance report be provided to the owner or the designated
representative of the building owner for HVAC systems serv-
ing zones with atotal conditioned area exceeding 5000 ft2.

6.2.5.3.2 Air System Balancing. Air systemsshall be
balanced inamanner to first minimize throttling losses. Then,
for fans with fan system power greater than 1 hp, fan speed
shall be adjusted to meet design flow conditions.

6.2.5.3.3 Hydronic System Balancing. Hydronic
systems shall be proportionately balanced in amanner to first
minimize throttling losses; then the pump impeller shall be
trimmed or pump speed shall be adjusted to meet design flow
conditions.

Exceptions to 6.2.5.3.3: Impellers need not be trimmed

nor pump speed adjusted:

(8) For pumps with pump motors of 10 hp or less.

(b) When throttling results in no greater than 5% of the
nameplate horsepower draw, or 3 hp, whichever is
greater, above that required if the impeller was
trimmed.

6.25.4 System Commissioning. HVAC control sys-
tems shall be tested to ensure that control elements are cali-
brated, adjusted, and in proper working condition. For
projects larger than 50,000 ft2 conditioned area, except ware-
houses and semiheated spaces, detailed instructions for com-
missioning HVAC systems (see Appendix E) shal be
provided by the designer in plans and specifications.

6.3 Prescriptive Path

6.3.1 Economizers. Each cooling system having a fan
shall include either an air or water economizer meeting the
reguirements of 6.3.1.1 through 6.3.1.4.

Exceptionsto 6.3.1: Economizers are not required for the
systems listed bel ow.

(@) Individual fan-cooling units with a supply capacity
less than the minimum listed in Table 6.3.1

(b) Systemsthat include gas phase air cleaning in order to
meet 6.1.2 of ASHRAE Standard 62. |

() Where more than 25% of the air designed to be sup-
plied by the system is to spaces that are designed to be
humidified above 35°F dewpoint temperature to sat-
isfy process needs.

(d) Systemsthat include acondenser heat recovery system
complying with 6.3.6.2.

(e) Systemsthat serveresidential spaceswherethe system
capacity islessthan fivetimestherequirement listed in
Table 6.3.1.
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TABLE 6.2.4.1.2A
Minimum Duct Insulation R-Value,? Cooling and Heating Only Supply Ducts and Return Ducts

Climate Zone Duct Location
Unvented | Unvented
AtticAbove| Atticwith Indirectly
Envelope Ventilated| Insulated Roof Unconditioned | Conditioned
Criteria Table HDD65 CDD50 | Exterior Attic Celling Insulation Spaceb Space® Buried
Heating Ducts Only

B-1toB-7 0-1800 all none none none none none none none
B-8to B-12 1801-3600 al R-3.5 none none none none none none
B-13toB-15 | 3601-5400 al R-3.5 none none none none none none
B-16to B-18 5401-7200 all R-6 R-3.5 none none none none R-3.5
B-19 to B-20 7201-9000 al R-6 R-6 R-3.5 none none none R-3.5
B-21to B-22 | 9001-10800 all R-8 R-6 R-6 none R-3.5 none R-3.5

B-23 10801-12600 all R-8 R-6 R-6 none R-6 none R-6

B-24 12601-16200 all R-8 R-8 R-6 none R-6 none R-6

B-25 16201-19800 al R-10 R-8 R-8 none R-6 none R-6

B-26 19801+ all R-10 R-10 R-8 none R-8 none R-6

Cooaling Only Ducts
B-15, 18, 20, al 0-1800 R-1.9 R-1.9 R-1.9 R-1.9 R-1.9 none none
221026
B-12, 14, 17, all 1801-3600 R-3.5 R-1.9 R-3.5 R-1.9 R-1.9 none none
19,21

B-7,9,11, 13, 16 al 3601-5400 R-3.5 R-3.5 R-6 R-1.9 R-1.9 none none
B-4,6, 8, 10 all 5401-7200 R-6 R-6 R-6 R-3.5 R-1.9 none none
B-3, B-5 al 7201-9000 R-6 R-6 R-6 R-3.5 R-35 none R-3.5
B-2 al 9001-10800 R-6 R-6 R-8 R-3.5 R-3.5 none R-3.5

B-1 all 10801+ R-8 R-8 R-8 R-3.5 R-3.5 none R-3.5

Return Ducts
B-1to B-26 all climates I R-3.5 | R-3.5 | R-3.5 none none none none

Insulation R-values, measured in (h-ft2°F)/Btu, are for the insulation as installed and do not include film resistance. The required minimum thicknesses do not consider
water vapor transmission and possible surface condensation. Where exterior walls are used as plenum walls, wall insulation shall be as required by the most restrictive con-
dition of 6.2.4.2 or Section 5. Insulation resistance measured on a horizontal plane in accordance with ASTM C518 at a mean temperature of 75°F at the installed thickness.
Includes crawl spaces, both ventilated and nonventilated.

Includes return air plenums with or without exposed roofs above.

ANSI/ASHRAE/IESNA STANDARD 90.1-2001




TABLE 6.2.4.1.2B
Minimum Duct Insulation R-Value,2 Combined Heating and Cooling Ducts

Climate Zone Duct L ocation
Unvented Attic Indirectly
Envelope Above Unvented Uncon- Condi-
Criteria Ventilated Insulated Atticw/ Roof | ditioned tioned
Table HDD65 CDD50 Exterior Attic Ceiling Insulation® | Space? Space® | Buried
B-1 0-900 10801+ R-8 R-6 R-8 R-3.5 R-3.5 none R-3.5
B-2 0-900 9001-10800 R-6 R-6 R-8 R-35 R-35 none R-35
B-3 0-900 7201-9000 R-6 R-6 R-6 R-35 R-35 none R-35
B-4 0-900 0-7200 R-6 R-3.5 R-6 R-3.5 R-1.9 none R-3.5
B-5 901-1800 7201+ R-6 R-6 R-6 R-3.5 R-3.5 none R-3.5
B-6 901-1800 5401-7200 R-6 R-6 R-6 R-35 R-35 none R-35
B-7 901-1800 0-5400 R-3.5 R-3.5 R-6 R-1.9 R-1.9 none R-1.9
B-8 1801-2700 5401+ R-6 R-6 R-6 R-3.5 R-3.5 none R-3.5
B-9 1801-2700 0-5400 R-6 R-35 R-6 R-19 R-1.9 none R-1.9
B-10 2701-3600 5401+ R-6 R-6 R-6 R-3.5 R-3.5 none R-3.5
B-11 2701-3600 3601-5400 R-6 R-6 R-6 R-35 R-35 none R-1.9
B-12 2701-3600 0-3600 R-3.5 R-3.5 R-3.5 R-1.9 R-1.9 none R-1.9
B-13 3601-5400 3601+ R-6 R-6 R-6 R-3.5 R-3.5 none R-3.5
B-14 3601-5400 1801-3600 R-6 R-3.5 R-6 R-1.9 R-3.5 none R-1.9
B-15 3601-5400 0-1800 R-3.5 R-3.5 R-3.5 R-1.9 R-1.9 none R-1.9
B-16 5401-7200 3601+ R-6 R-6 R-6 R-3.5 R-3.5 none R-3.5
B-17 5401-7200 1801-3600 R-6 R-6 R-6 R-1.9 R-3.5 none R-3.5
B-18 5401-7200 0-1800 R-6 R-3.5 R-3.5 R-1.9 R-3.5 none R-3.5
B-19 7201-9000 1801+ R-8 R-6 R-6 R-1.9 R-3.5 none R-3.5
B-20 7201-9000 0-1800 R-6 R-6 R-6 R-1.9 R-3.5 none R-3.5
B-21 9001-10800 1801+ R-8 R-6 R-6 R-1.9 R-6 none R-35
B-22 9001-10800 0-1800 R-8 R-6 R-6 R-1.9 R-3.5 none R-3.5
B-23 10801-12600 al R-8 R-6 R-6 R-1.9 R-6 none R-6
B-24 12601-16200 all R-8 R-8 R-8 R-1.9 R-6 none R-6
B-25 16201-19800 al R-10 R-8 R-8 R-3.5 R-6 none R-6
B-26 19801+ al R-10 R-10 R-8 R-3.5 R-8 R-3.5 R-6

@  Insulation R-values, measured in (h-ft2-°»F)/Btu, arefor theinsulation asinstalled and do not include film resistance. The required min-

imum thicknesses do not consider water vapor transmission and possible surface condensation. Where exterior walls are used as ple-
num walls, wall insulation shall be as required by the most restrictive condition of 6.2.4.2 or Section 5. Insulation resistance measured
on a horizontal plane in accordance with ASTM C518 at a mean temperature of 75°F at the installed thickness.

Includes crawl spaces, both ventilated and non-ventilated.

¢ Includes return air plenums with or without exposed roofs above.
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TABLE 6.2.4.2.1A
Minimum Duct Seal Level?

Duct Type
Supply
Duct Location  |<2in.w.c.b[>2in.w.c.l|Exhaust| Return
Outdoors A A C A
Unconditioned Spaces| B A C B
Conditioned Spaces® C B B C

a See Table 6.2.4.2.1B definition of Seal Level.
Duct design static pressure classification.

¢ Includes indirectly conditioned spaces such as return air plenums.

TABLE 6.2.4.2.1B
Duct Seal Levels

Seal Level Sealing Requirements?

A All transversejoints, longitudinal seams, and duct wall
penetrations. Pressure-sensitive tape shall not be used
as the primary sealant.

B All transverse joints and longitudinal seams. Pressure-
sensitive tape shall not be used as the primary sealant.

C Transverse joints only.

Longitudinal seams are joints oriented in the direction of airflow. Transverse
joints are connections of two duct sections oriented perpendicular to airflow.
Duct wall penetrations are openings made by any screw fastener, pipe, rod, or
wire. Spiral lock seams in round and flat oval duct need not be sealed. All other
connections are considered transverse joints, including but not limited to spin-
ins, taps and other branch connections, access door frames and jambs, duct con-
nections to equipment, etc.

(f) Systemsthat serve spaces whose sensible cooling load
at design conditions, excluding transmission and infil-
tration loads, is less than or equal to transmission and
infiltration losses at an outdoor temperature of 60°F.

(g) Systems expected to operate less than 20 hours per
week.

(h) Where the use of outdoor air for cooling will affect
supermarket open refrigerated casework systems.

(i) Where the cooling efficiency meets or exceeds the
efficiency requirementsin Table 6.1.3.

6.3.1.1 Air Economizers

6.3.1.1.1 Design Capacity. Air economizer systems
shall be capable of modulating outside air and return air
dampersto provide up to 100% of the design supply air quan-
tity asoutside air for cooling.

6.3.1.1.2 Control Signal. Economizer dampers shall
be capable of being sequenced with the mechanical cooling
equipment and shall not be controlled by only mixed air tem-
perature.

Exception to 6.3.1.1.2: The use of mixed air temperature
limit control shall be permitted for systems con-
trolled from space temperature (such as single-zone
systems).

6.3.1.1.3 High Limit Shutoff. All air economizers

shall be capable of automatically reducing outside air intake

| to the design minimum outdoor air quantity when outside air
intake will no longer reduce cooling energy usage. High limit
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shutoff control types for specific climates shall be chosen
from Table 6.3.1.1.3A. High limit shutoff control settings for
these control types shall be those listed in Table 6.3.1.1.3B.

6.3.1.1.4 Dampers. Both return air and outside air
dampers shall meet the requirements of 6.2.3.3.4.

6.3.1.1.5 Relief of ExcessOutside Air. Systemsshall
provide ameansto relieve excess outdoor air during air econ-
omizer operation to prevent overpressurizing the building.
Therelief ar outlet shall belocated to avoid recirculationinto
the building.

6.3.1.2 Water Economizers

6.3.1.2.1 Design Capacity. Water economizer sys-
tems shall be capable of cooling supply air by indirect evap-
oration and providing up to 100% of the expected system
cooling load at outside air temperatures of 50°F dry bulb/45°F
wet bulb and below.

Exception to 6.3.1.2.1: Systemsin which a water econo-
mizer is used and where dehumidification require-
ments cannot be met using outside air temperatures
of 50°F dry bulb/45°F wet bulb must satisfy 100%
of the expected system cooling load at 45°F dry
bulb/40°F wet bulb.

6.3.1.2.2 Maximum PressureDrop. Precooling coils
and water-to-water heat exchangers used as part of a water
economizer system shall either have a water-side pressure
drop of less than 15 ft of water or a secondary loop shall be
created so that the coil or heat exchanger pressure drop is not
seen by the circulating pumps when the system is in the nor-
mal cooling (noneconomizer) mode.

6.3.1.3 Integrated Economizer Control. Economizer
systems shall be integrated with the mechanical cooling sys-
tem and be capable of providing partial cooling even when
additional mechanical cooling isrequired to meet the remain-
der of the cooling load.

Exceptionsto 6.3.1.3:

(a) Direct expansion systems that include controls that
reduce the quantity of outdoor air required to prevent
coil frosting at the lowest step of compressor unload-
ing, provided this lowest step is no greater than 25%
of the total system capacity.

(b) Individual direct expansion units that have a rated
cooling capacity lessthan 65,000 Btu/h and use nonin-
tegrated economizer controls that preclude simulta-
neous operation of the economizer and mechanical
cooling.

(c) Systems in locations having less than 800 average
hours per year between 8 am. and 4 p.m. when the
ambient dry-bulb temperatures are between 55°F and
69°F inclusive. (See Appendix D for climatic data.)

6.3.1.4 Economizer Heating System Impact. HVAC
system design and economizer controls shall be such that
economizer operation does not increase the building heating
energy use during normal operation.

Exception to 6.3.1.4: Economizers on VAV systems that
cause zone level heating to increase due to a reduc-

tion in supply air temperature.
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TABLE 6.3.1
Minimum System Size for Which an Economizer is Required

1% Cooling Design Wet-Bulb Temperature
No. of Hours Between 8 a.m. Twp < 69F B9F < Twp = 73F T > 78°F
and 4 p.m. with Minimum System Size Minimum System Size Minimum System Size
55[F < Ty, < 690F (Btu/h) (Btu/h) (Btu/h)
0-199 N.R2 N.R. N.R.
200-399 135,000 N.R. N.R.
400-599 135,000 N.R. N.R.
600-799 65,000 135,000 N.R.
800-999 65,000 135,000 135,000
1000-1199 65,000 65,000 135,000
>1199 65,000 65,000 65,000

a

6.3.2 Simultaneous Heating and Cooling Limitation

6.3.2.1 ZoneControls. Zonethermostatic controls shall
be capable of operating in sequence the supply of heating and
cooling energy to the zone. Such controls shall prevent (1)
reheating, (2) recooling, (3) mixing or simultaneously sup-
plying air that has been previously mechanically heated and
air that has been previously cooled, either by mechanical
| cooling or by economizer systems, and (4) other simultaneous
operation of heating and cooling systems to the same zone.

Exceptionsto 6.3.2.1:

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

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

(2) 0.4 cfm/ft? of the zone conditioned floor area.
(3) 30% of the zone design peak supply rate.

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

(5) Any higher rate that can be demonstrated, to the
satisfaction of the authority having jurisdiction, to
reduce overall system annual energy usage by off-
setting reheat/recool energy losses through a reduc-
tion in outdoor air intake in accordance with the
multiple space requirements defined in ASHRAE
Standard 62.

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

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

6.3.2.2 Hydronic System Controls. The heating of flu-
ids in hydronic systems that have been previously mechani-
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N.R. means that there is no system size for which an economizer is arequirement in this climate.

cally cooled and the cooling of fluids that have been
previously mechanically heated shall be limited in accor-
dance with 6.3.2.2.1 through 6.3.2.2.3.

6.3.2.2.1 Three-Pipe System. Hydronic systems that
use a common return system for both hot water and chilled
water shall not be used.

6.3.2.2.2 Two-Pipe Changeover System. Systems
that use a common distribution system to supply both heated
and chilled water are acceptable provided all of the following
are met:

a The system is designed to alow a deadband between
changeover from one mode to the other of at least
15°F outside air temperature.

b. The system is designed to operate and is provided with
controls that will allow operation in one mode for at
least four hours before changing over to the other
mode.

C. Reset controls are provided that allow heating and
cooling supply temperatures at the changeover point to
be no more than 30°F apart.

6.3.2.2.3 Hydronic (Water Loop) Heat Pump Sys-
tems. Hydronic heat pumps connected to a common heat

pump water loop with central devicesfor heat rejection (e.g.,

cooling tower) and heat addition (e.g., boiler) shall have the

following:

a Controls that are capable of providing a heat pump
water supply temperature deadband of at least 20°F
between initiation of heat rejection and heat addition
by the central devices (e.g., tower and boiler).

b. For climates with grester than 1800 HDDG65, if a
closed-circuit tower (fluid cooler) is used, either an
automatic valve shall be installed to bypass all but a
minimal flow of water around the tower (for freeze pro-
tection) or low-leakage positive closure dampers shall
be provided. If an open-circuit tower is used directly in
the heat pump loop, an automatic valve shall be
installed to bypass al heat pump water flow around the
tower. If an open-circuit tower is used in conjunction
with a separate heat exchanger to isolate the tower
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TABLE 6.3.1.1.3A

High-Limit Shutoff Control Options for Air Economizers

Climate

Allowed Control Types

T < 69°F or
(Tup < 75°F and Ty = 100°F2

Fixed Dry Bulb
Differential Dry Bulb
Electronic Enthal pyb
Differentia Enthalpy

Intermediate Fixed Dry Bulb
69°F < Ty, < 73°F Differential Dry Bulb
Typ < 100°F Fixed Enthal py
Electronic Enthal pyb
Differentia Enthalpy
Humid Fixed Dry Bulb Differential Dry Bulb
Tab > 73°F Fixed Enthal py

Electronic Enthal pyb
Differential Enthalpy

T is the 1% cooling design wet-bulb temperature. Ty, is the 1% cooling design dry-bulb temperature.

Electronic enthalpy controllers are devices that use a combination of humidity and dry-bulb temperature in their switching agorithm.

TABLE 6.3.1.1.3B

High-Limit Shutoff Control Settings for Air Economizers

Prohibited Control Types
Fixed Enthalpy

Device Type Climate Required High Limit (Economizer Off When):
Equation Description
Fixed Dry Bulb Dry Toa > 75°F Outside air temperature exceeds 75°F
Intermediate Toa > 70°F Outside air temperature exceeds 70°F
Humid Toa > 65°F Outside air temperature exceeds 65°F
Differential Dry Bulb All Toa>Tra Outside air temperature exceeds return air temperature
Fixed Enthalpy All hoa > 28 Btuw/lb?  |Outside air enthalpy exceeds 28 Btwlb of dry air?
Electronic Enthal py All (Toas RHop) > A Outside air temperature/RH exceedsthe “A” set point curveP
Differential Enthalpy All hoa > hra Outside air enthalpy exceeds return air enthal py

a At altitudes substantially different than sealevel, the Fixed Enthalpy limit value shall be set to the enthal py value at 75°F and 50% rel ative humidity. As an example, at approx-

b imately 6000 ft elevation the fixed enthalpy limit is approximately 30.7 Btu/lb.

lines at low humidity levels and nearly parallel to enthalpy lines at high humidity levels.

from the heat pump loop, then heat loss shall be con-
trolled by shutting down the circulation pump on the
cooling tower loop.

Exception to 6.3.2.2.3: Where a system loop temperature
optimization controller is used to determine the
most efficient operating temperature based on real-
time conditions of demand and capacity, dead
bands of less than 20°F shall be allowed.

6.3.2.3 Dehumidification. Where humidistatic controls

are provided, such controls shall prevent reheating, mixing of
hot and cold airstreams, or other means of simultaneous heat-
ing and cooling of the same airstream.

Exceptionsto 6.3.2.3:

() The system is capable of reducing supply air volume
to 50% or less of the design airflow rate or the mini-
mum rate specified in 6.1.3 of ASHRAE Standard 62,
whichever is larger, before simultaneous heating and
cooling takes place.

(b) The individual fan cooling unit has a design cooling
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(©

(d)

(€)

Set point “A” corresponds to a curve on the psychometric chart that goes through a point at approximately 75°F and 40% relative humidity and is nearly parallel to dry-bulb

capacity of 80,000 Btu/h or less and is capable of
unloading to 50% capacity before simultaneous heat-
ing and cooling takes place.

The individual mechanical cooling unit has a design
cooling capacity of 40,000 Btu/h or less. An individ-
ual mechanical cooling unit is a single system com-
posed of a fan or fans and a cooling coil capable of
providing mechanical cooling.

Systems serving spaces where specific humidity lev-
els are required to satisfy process needs, such as com-
puter rooms, museums, surgical suites, and buildings
with refrigerating systems, such as supermarkets,
refrigerated warehouses, and ice arenas. This excep-
tion also applies to other applications for which fan
volume controls in accordance with Exception (a) are
proven to be impractical to the enforcement agency.
At least 75% of the energy for reheating or for provid-
ing warm air in mixing systems is provided from a
site-recovered (including condenser heat) or site solar
energy source.
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(f) Systems where the heat added to the airstream is the
result of the use of a desiccant system and 75% of the
heat added by the desiccant system is removed by a
heat exchanger, either before or after the desiccant
system with energy recovery.

6.3.2.4 Humidification. Systemswith hydronic cooling
and humidification systems designed to maintain inside
humidity at greater than 35°F dewpoint temperature shall use
awater economizer if an economizer isrequired by 6.3.1.

6.3.3 Air System Design and Control. HVAC systems
having atotal fan system power exceeding 5 hp shall meet the
provisions of 6.3.3.1 through 6.3.3.2 unless otherwise noted.

6.3.3.1 Fan Power Limitation.

a. Theratio of the fan system power to the supply fan
airflow rate (main fan) of each HVAC system at
design conditions shall not exceed the allowable fan
system power shown in Table 6.3.3.1.

b. Where air systems require air treatment or filtering
systems with pressure drops over 1 in. w.c. when
filters are clean, or heat recovery coils or devices,
or direct evaporative humidifiers/coolers, or other
devices to serve process loads in the airstream, the
alowable fan system power may be adjusted using
the pressure credit in the alowable fan system
equation at the end of 6.3.3.1.

c. If the temperature difference between design room
temperature and supply air temperature at cooling
design conditions that is used to calculate design
zone supply airflow is larger than 20°F, the allow-
able fan system power may be adjusted using the
temperature ratio in the allowable fan system power
equation at the end of 6.3.3.1.

TABLE 6.3.3.1
Fan Power Limitation

Allowable Nameplate Motor Power

Variable Volume
1.7 hp/1000 cfm
1.5 hp/1000 cfm

Constant Volume
1.2 hp/2000 cfm
1.1 hp/1000 cfm

Supply Air Volume
<20,000 cfm
>20,000 cfm

Allowable Fan System Power = [Table 6.3.3.1 Fan Power
Limitation x (Temperature Ratio) + Pressure Credit
+ Relief Fan Credit]

where
Table6.3.3.1 Fan Power Limitation = Table Valuex CFM,/1000
Temperature Ratio = (T.got — Tg) / 20
Pressure Credit (hp) = Sum of [CFM|, x (SP,,—1.0) / 3718]
+ Sum of [CFMyRr x SPHR/3718]
Relief Fan Credit HP (kW) = Fr HP (kW)
X [1—-(CFMge/ CFM)]

CFM,, = supply air volume of the unit with thefiltering
system (cfm)
CFMpyr = supply air volumeof heat recovery coilsor direct

evaporative humidified/cooler (cfm)
relief fan air volume at normal cooling design

CFMge
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operation

*F, = air pressure drop of thefiltering system when
filtersareclean (in. w.g.)

S S = air pressure drop of heat recovery coilsor direct
evaporative humidifier/cooler (in. w.g.).

Ti.gtat = room thermostat set point

Tg = design supply air temperature for the zonein
which the thermostat is located

Fr = name plate rating of therelief fanin hp

6.3.3.2 Variable Air Volume (VAV) Fan Control
(Including Systems Using Series Fan Power Boxes).

6.3.3.21 Part-Load Fan Power Limitation. Indi-
vidua VAV fans with motors 30 hp and larger shall meet one
of the following:

a. The fan shall be driven by a mechanical or electri-
cal variable-speed drive.

b. Thefan shall be avane-axial fan with variable-pitch
blades.

c. The fan shall have other controls and devices that
will result in fan motor demand of no more than
30% of design wattage at 50% of design air volume
when static pressure set point equals one-third of
the total design static pressure, based on manufac-
turer’s certified fan data.

6.3.3.2.2 Satic Pressure Sensor Location. Static
pressure sensors used to control variable air volumefans shall
be placed in a position such that the controller set point is no
greater than one-third the total design fan static pressure,
except for systems with zone reset control complying with
6.3.3.2.3. If this results in the sensor being located down-
stream of major duct splits, multiple sensors shall beinstalled
in each major branch to ensure that static pressure can be
maintained in each.

6.3.3.23 Set Point Reset. For systems with direct
digital control of individual zone boxes reporting to the cen-
tral control panel, static pressure set point shall be reset based
on the zone requiring the most pressure; i.e., the set point is
reset lower until one zone damper is nearly wide open.

6.3.4 Hydronic System Design and Control. HVAC
hydronic systems having atotal pump system power exceed-
ing 10 hp shall meet provisions of 6.3.4.1 through 6.3.4.4. |

6.3.4.1 Hydronic Variable Flow Systems. HVAC
pumping systems that include control valves designed to
modulate or step open and close as afunction of load shall be
designed for variablefluid flow and shall be capable of reduc-
ing pump flow rates to 50% or less of the design flow rate.
Individual pumps serving variable flow systemshaving a
pump head exceeding 100 ft and motor exceeding 50 hp shall
have controls and/or devices (such as variable speed control)
that will result in pump motor demand of no more than 30%
of design wattage at 50% of design water flow. The controls
or devices shall be controlled as afunction of desired flow or
to maintain aminimum required differential pressure. Differ-
ential pressure shall be measured at or near the most remote
heat exchanger or the heat exchanger requiring the greatest
differential pressure.

Exceptionsto 6.3.4.1:
() Systems where the minimum flow is less than the
minimum flow required by the equipment manufac-
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turer for the proper operation of equipment served by
the system, such as chillers, and where total pump sys-
tem power is 75 hp or less.
(b) Systems that include no more than three control
valves.
6.3.4.2 Pump lIsolation. When a chilled water plant
includes more than one chiller, provisions shall be made so
that the flow in the chiller plant can be automatically reduced,
correspondingly, when a chiller is shut down. Chillers
referred to in this section, piped in series for the purpose of
increased temperature differential, shall be considered as one
chiller.

When aboailer plant includes more than one boiler, provi-
sions shall be made so that the flow in the boiler plant can be
automatically reduced, correspondingly, when aboiler is shut
down.

6.3.4.3 Chilled and Hot Water Temperature Reset
Controls. Chilled and hot water systems with adesign capac-
ity exceeding 300,000 Btu/h supplying chilled or heated
water (or both) to comfort conditioning systems shall include
controls that automatically reset supply water temperatures
by representative building loads (including return water tem-
perature) or by outside air temperature.

Exceptionsto 6.3.4.3:

(&) Where the supply temperature reset controls cannot be
implemented without causing improper operation of
heating, cooling, humidifying, or dehumidifying sys-
tems.

(b) Hydronic systems, such as those required by 6.3.4.1,
that use variable flow to reduce pumping energy.

6.3.4.4 Hydronic (Water Loop) Heat Pump Systems.
Each hydronic heat pump shall have atwo-position automatic
valve interlocked to shut off water flow when the compressor
is off.

6.3.5 Heat Reection Equipment.

6.3.5.1 General. Subsection 6.3.5 appliesto heat rejec-
tion equipment used in comfort cooling systems such as air-
cooled condensers, open cooling towers, closed-circuit cool-
ing towers, and evaporative condensers.

Exception to 6.3.5.1: Heat rejection devices whose
energy usage is included in the equipment efi-
ciency ratings listed in Tables 6.2.1A through
6.2.1D.

6.3.5.2 Fan Speed Control. Each fan powered by a
motor of 7.5 hp or larger shall have the capability to operate
that fan at two-thirds of full speed or less and shall have con-
trols that automatically change the fan speed to control the
|eaving fluid temperature or condensing temperature/pressure
of the heat rejection device.

Exceptionsto 6.3.5.2:

() Condenser fans serving multiple refrigerant circuits.

(b) Condenser fans serving flooded condensers.

(c) Installations located in climates with greater than
7200 CDD50.

(d) Up to one-third of the fans on a condenser or tower
with multiple fans, where the lead fans comply with
the speed control requirement
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6.3.6 Energy Recovery

6.3.6.1 Exhaust Air Energy Recovery. Individua fan
systemsthat have both adesign supply air capacity of 5000 cfm
or greater and have a minimum outside air supply of 70% or
greater of the design supply air quantity shall have an energy
recovery systemwith at east 50% recovery effectiveness. Fifty
percent energy recovery effectiveness shall mean achangein
the enthal py of the outdoor air supply equal to 50% of the dif-
ference between the outdoor air and return air at design condi-
tions. Provision shall be made to bypass or control the heat
recovery systemto permit air economizer operation asrequired
by 6.3.1.1.

Exceptionsto 6.3.6.1:
() Laboratory systems meeting 6.3.7.2.

(b) Systems serving spaces that are not cooled and that
are heated to less than 60°F.

(c) Systems exhausting toxic, flammable, paint or corro-
sive fumes or dust.

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

(e) Wheremorethan 60% of the outdoor air heating energy
isprovided from site-recovered or site solar energy.

(f) Heating systems in climates with less than 3600
HDDE5.

(g) Cooling systems in climates with a 2.5% cooling
design wet-bulb temperature less than 65°F.

(h) Where the largest exhaust source is less than 75% of
the design outdoor airflow.

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

6.3.6.2 Heat Recovery for Service Water Heating.

Condenser heat recovery systems shall be installed for heat-

ing or preheating of service hot water provided al of the fol-

lowing aretrue:

a The facility operates 24 hours aday.

b. The total installed heat rejection capacity of the water-
cooled systems exceeds 6,000,000 Btu/h of heat rejec-
tion.

C. The design service water hesting load exceeds
1,000,000 Btu/h.

Therequired heat recovery system shall havethe capacity
to provide the smaller of

a 60% of the peak heat rejection load at design condi-
tionsor

b. preheat of the peak service hot water draw to 85°F.

Exceptionsto 6.3.6.2:

() Facilities that employ condenser heat recovery for
space heating with a heat recovery design exceeding
30% of the peak water-cooled condenser load at
design conditions.

(b) Facilitiesthat provide 60% of their service water heat-
ing from site solar or site recovered energy or from
other sources.
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6.3.7 Exhaust Hoods

6.3.7.1 Kitchen Hoods. Individua kitchen exhaust
hoodslarger than 5000 cfm shall be provided with makeup air
sized for at least 50% of exhaust air volume that is (a)
unheated or heated to no more than 60°F and (b) uncooled or
cooled without the use of mechanical cooling.

Exceptionsto 6.3.7.1:

(&) Where hoods are used to exhaust ventilation air that
would otherwise exfiltrate or be exhausted by other
fan systems.

(b) Certified grease extractor hoods that require a face
velocity no greater than 60 fpm.

6.3.7.2 Fume Hoods. Buildings with fume hood sys-
tems having atotal exhaust rate greater than 15,000 cfm shall
include at least one of the following features:

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

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

(o Heat recovery systems to precondition makeup air
from fume hood exhaust in accordance with 6.3.6.1
(Exhaust Air Energy Recovery) without using any
exception.

6.3.8 Radiant Heating Systems
6.3.8.1 Heating Unenclosed Spaces. Radiant heating
shall be used when heating is required for unenclosed spaces.

Exception to 6.3.8.1: Loading docks equipped with air
curtains.

6.3.8.2 Heating Enclosed Spaces. Radiant heating sys-

temsthat are used as primary or supplemental enclosed space

heating must be in conformance with the governing provi-

sionsof the standard, including, but not limited, to the follow-

ing:

a Radiant hydronic ceiling or floor panels (used for heat-
ing or cooling).

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

C. Radiant heating (or cooling) panels used in conjunc-
tion with other systems such as variable air volume or
thermal storage systems.

TABLE 6.3.9
Hot Gas Bypass Limitation

Maximum Hot Gas Bypass Capacity
Rated Capacity (% of Total Capacity)

<240,000 Btu/h 50%

>240,000 Btu/h 25%

6.3.9 Hot GasBypassLimitation. Cooling systems shall
not use hot gas bypass or other evaporator pressure control
systems unless the system is designed with multiple steps of
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unloading or continuous capacity modulation. The capacity of
the hot gas bypass shall be limited asindicated in Table 6.3.9.

Exception to0 6.3.9: Unitary packaged systems with cool-
ing capacities not greater than 90,000 Btu/h.

7. SERVICE WATER HEATING

7.1 General

7.1.1 Service Water Heating Scope. Service water heat-
ing systems and equipment shall meet the requirements of
Section 7.

7.1.2 Compliance. Compliance shall be achieved by
meeting the requirements of either

a 7.2 (Mandatory Provisions) and 7.3 (Prescriptive
Path), if applicable, or

b. 7.2 (Mandatory Provisions) in conjunction with Sec-
tion 11 (Energy Cost Budget Method).

7.2 Mandatory Provisions

7.2.1 Load Calculations. Service water heating system
design loads for the purpose of sizing systems and equipment
shall be determined in accordance with manufacturers’ pub-
lished sizing guidelines or generally accepted engineering
standards and handbooks acceptabl e to the adopting authority
(e.g., ASHRAE Handbookd HVAC Applications).

7.2.2 Equipment Efficiency. All water heating equip-
ment, hot water supply boilers used solely for heating potable
water, pool heaters, and hot water storage tanks shall meet the
criterialisted in Table 7.2.2. Wheremultiple criteriaarelisted,
al criteria shall be met. Omission of minimum performance
reguirements for certain classes of equipment does not pre-
clude use of such equipment where appropriate. Equipment
not listed in Table 7.2.2 has no minimum performance
reguirements.

Exception to 7.2.2: All water heaters and hot water sup-
ply boilers having more than 140 gal of storage
capacity are not required to meet the standby loss
(SL) requirements of Table 7.2.2 when

(a) thetank surfaceisthermally insulated to R-12.5, and

(b) astanding pilot light is not installed, and

(c) gas- or cil-fired storage water heaters have a flue

damper or fan-assisted combustion.

7.2.3 Service Hot Water Piping Insulation. The fol-
lowing piping shall beinsulated to levels shown in Section 6,
Table 6.2.4.1.3:

a Recirculating system piping, including the supply and
return piping of acirculating tank type water heater.

b. The first 8 ft of outlet piping for a constant tempera-
ture nonrecircul ating storage system.

C. The inlet pipe between the storage tank and a hesat trap
in anonrecirculating storage system.

d. Pipes that are externally heated (such as heat trace or
impedance heating).
7.2.4 Service Water Heating System Controls

7.24.1 Temperature Controls. Temperature controls
shall be provided that allow for storage temperature adjust-
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TABLE 7.2.2
Performance Requirements for Water Heating Equipment

Tanks

Size Category Subcategory or Test
Equipment Type (Input) Rating Condition Performance Required 2 Procedure?
Electric Water <12 kW 220 gal Resistance 0.93-0.00132V EF DOE 10 CFR
Hesaters Part 430
>12 kW >20 gal Resistance 20+35./VV SL, Btuh ANSI Z21.10.3
<24 Amps and Heat Pump 0.93-0.00132V EF DOE 10 CFR
<250 Volts Part 430
Gas Storage Water <75,000 Btu/h >20ga 0.62-0.0019V EF DOE 10 CFR
Heaters Part 430
>75,000 Btu/h and <4000 (Btu/h)/gal 80% E; ANSI Z21.10.3
(Q/800 + 110./V)
SL, Btu/h
Gas I nstantaneous >50,000 Btu/h and =>4000 (Btu/h)/gal 0.62-0.0019V EF DOE 10 CFR
Water Heaters <200,000 Btu/h® and <2 gal Part 430
>200,000 Btu/h 24000 (Btu/h)/gal and 80% E; ANSI Z21.10.3
<10 gd
>200,000 Btu/h 24000 (Btu/h)/gal and 80% E;
>10 gal (Q/800 + 110./V)
SL, Btu/h
Oil Storage Water <105,000 Btu/h >20ga 0.59-0.0019V EF DOE 10 CFR
Heaters Part 430
>105,000 Btu'h <4000 (Btu/h)/gal 78% E; ANS| Z21.10.3
(Q/800 + 110./V)
SL, Btu/h
Oil Instantaneous <210,000 Btu/h 24000 (Btu/h)/gal 0.59-0.0019V EF DOE 10 CFR
Water Heaters and <2 gal Part 430
>210,000 Btu/h =>4000 (Btu/h)/gal 80% E; ANSI Z21.10.3
and <10 gal
>210,000 Btu/h >4000 (Btuw/h)/gal 78% E;
and >10 gal (Q/800 + 110./V)
SL, Btu/h
Hot Water Supply >300,000 Btu/h and >4000 (Btuw/h)/gal 80% E; ANS| 721.10.3
Boilers, Gas and Oil <12,500,000 Btu/h and <10 gal
Hot Water Supply 24000 (Btu/h)/gal 80% E;
Boilers, Gas and >10 g (Q/800 + 110./V)
SL, Btu/h
Hot Water Supply =>4000 (Btu/h)/gal 78% E;
Bailers, Qil and >10 gal (Q/800 + 110./V)
SL, Btu/h
Pool Heaters All 78% E; ASHRAE 146
Oil and Gas
Unfired Storage All R-12.5 (none)

a Energy factor (EF) and thermal efficiency (E;) are minimum requirements, while standby loss (SL) is maximum Btu/h based on a 70°F temperature difference between
stored water and ambient requirements. In the EF equation, V is the rated volume in gallons. In the SL equation, V is the rated volume in gallons and Q is the nameplate

input rate in Btu/h.

b Section 12 contains a complete specification, including the year version, of the referenced test procedure.

¢ Instantaneous water heaters with input rates below 200,000 Btu/h must comply with these requirements if the water heater is designed to heat water to temperatures 180°F

or higher.
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ment from 120°F or lower to a maximum temperature com-
patible with the intended use.

Exception to 7.2.4.1: When the manufacturer's installa-
tion instructions specify a higher minimum thermo-
stat setting to minimize condensation and resulting
corrosion.

7.2.4.2 Temperature Maintenance Controls. Systems
designed to maintain usage temperatures in hot water pipes,
such as recirculating hot water systems or heat trace, shall be
equipped with automatic time switches or other controls that
can be set to switch off the usage temperature maintenance
system during extended periods when hot water is not
required.

7.24.3 Outlet Temperature Controls. Temperature
controlling means shall be provided to limit the maximum
temperature of water delivered from lavatory faucetsin public
facility restroomsto 110°F.

7.24.4 Circulating Pump Controls. When used to
maintain storage tank water temperature, recircul ating pumps
shall be equipped with controls limiting operation to a period
from the start of the heating cycle to amaximum of five min-
utes after the end of the heating cycle.

7.2.5 Pools

7.25.1 Pool Heaters. Pool heaters shall be equipped
with a readily accessible on-off switch to allow shutting off
the heater without adjusting the thermostat setting. Pool heat-
ers fired by natural gas shall not have continuously burning
pilot lights.

7.25.2 Pool Covers. Heated pools shal be equipped
with a vapor retardant pool cover on or at the water surface.
Pools heated to more than 90°F shall have a pool cover with
aminimum insulation value of R-12.

Exception to 7.2.5.2: Pools deriving over 60% of the
energy for heating from site-recovered energy or
solar energy source.

7.25.3 TimeSwitches. Timeswitchesshall beinstalled
on swimming pool heaters and pumps.

Exceptionsto 7.2.5.3:

(8 Where public health standards require 24-hour pump
operation.

(b) Where pumps are required to operate solar and waste
heat recovery pool heating systems.

7.26 Heat Traps. Vertical pipe risers serving storage
water heaters and storage tanks not having integral heat traps
and serving anonrecirculating system shall have heat trapson
both theinlet and outlet piping as close as practical to the stor-
agetank. A heat trap isameansto counteract the natural con-
vection of heated water in a vertical pipe run. The meansis
either a device specifically designed for the purpose or an
arrangement of tubing that formsaloop of 360 degreesor pip-
ing that from the point of connection to the water heater (inlet
or outlet) includes a length of piping directed downward
before connection to the vertical piping of the supply water or
hot water distribution system, as applicable.
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7.3 Prescriptive Path

7.3.1 Space Heating and Water Heating. The use of a
gas-fired or oil-fired space heating boiler system otherwise
complying with Section 6 to provide the total space heating
and water heating for a building is allowed when one of the
following conditionsis met.

a The single space heating boiler, or the component of a
modular or multiple boiler system that is heating the
service water, has a standby loss in Btu/h not exceed-

ing
(13.3x pmd +400) / n

where pmd is the probable maximum demand in gal/h,
determined in accordance with the procedures described
in generally accepted engineering standards and hand-
books, and n isthe fraction of the year when the outdoor
daily mean temperature is greater than 64.9°F.

The standby loss is to be determined for atest period of
24 hours duration while maintaining a boiler water
temperature of at | east 90°F above ambient, with an ambi-
ent temperature between 60°F and 90°F. For aboiler with
a modulating burner, this test shall be conducted at the
lowest input.

b. It is demongtrated to the satisfaction of the authority
having jurisdiction that the use of a single heat source
will consume less energy than separate units.

C. The energy input of the combined boiler and water
heater system is less than 150,000 Btu/h.

7.3.2 Service Water Heating Equipment. Service water
heating equipment used to provide the additional function of
space heating as part of a combination (integrated) system
shall satisfy al stated requirementsfor the service water heat-
ing equipment.

8. POWER

8.1 General

Subsection 8.2 applies to al building power distribution
systems.

8.2 Mandatory Provisions
8.2.1 Voltage Drop
8.2.1.1 Feeders. Feeder conductors shall be sized for a
maximum voltage drop of 2% at design load.

8.2.1.2 Branch Circuits. Branch circuit conductors
shall be sized for a maximum voltage drop of 3% at design
load.

8.22 Completion Requirements

8.22.1 Drawings. Construction documents shall
require that within 30 days after the date of system accep-
tance, record drawings of the actual installation shall be pro-
vided to the building owner, including

a asingle-line diagram of the building electrical distri-
bution system and

b. floor plans indicating location and area served for al
distribution.
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8.2.2.2 Manuals. Construction documents shall require
that an operating manual and maintenance manual be pro-

vided to the building owner. The manuals shall include, at a

minimum, the following:

a Submittal data stating equipment rating and selected
options for each piece of equipment requiring main-
tenance.

b. Operation manuals and maintenance manuals for
each piece of equipment requiring maintenance.
Required routine maintenance actions shall be clearly

identified.

C. Names and addresses of at least one qualified service
agency.

d. A complete narrative of how each system is intended
to operate.

(Enforcement agencies should only check to be sure that the
construction documentsrequirethisinformationto betransmit-
ted to the owner and should not expect copies of any of the

materials.)
9. LIGHTING
9.1 Genera

Lighting systems and equipment shall comply with the
requirements of 9.2 and 9.3. This section shall apply to the
following:

a interior spaces of buildings;

b. exterior building features, including facades, illumi-
nated roofs, architectural features, entrances, exits,
loading docks, and illuminated canopies; and

C. exterior building grounds lighting provided through
the building's electrical service.

Exceptionsto 9.1:

(@) emergency lighting that is automatically off during
normal building operation,

(b) lighting within living units,

(c) lighting that is specifically designated as required by a
health or life safety statute, ordinance, or regulation,

(d) decorative gas lighting systems.

9.2 Mandatory Provisions
9.2.1 Lighting Control

9.2.1.1 Automatic Lighting Shutoff. Interior lighting
in buildings larger than 5000 ft? shall be controlled with an
automatic control device to shut off building lighting in all
spaces. Thisautomatic control device shall function on either
|a a scheduled basis using a time-of-day operated control
device that turns lighting off at specific programmed
times—an independent program schedule shall be pro-
vided for areas of no more than 25,000 ft* but not
more than one floor—or
b. an occupant sensor that shall turn lighting off within
30 minutes of an occupant leaving a space—or
C. a signa from another control or darm system that
indicates the areaiis unoccupied.

Exception t0 9.2.1.1: Lighting intended for 24-hour oper-
ation shall not require an automatic control device.
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9.2.1.2 Space Control. Each space enclosed by ceiling-

height partitions shall have at |east one control deviceto inde-

pendently control the general lighting within the space. Each

control device shall be activated either manually by an occu-

pant or automatically by sensing an occupant. Each control

device shall

a control a maximum of 2500 ft* area for a space
10,000 ft? or less and a maximum of 10,000 ft? area
for a space greater than 10,000 ft?,

b. be capable of overriding the shutoff control requiredin
9.2.1.1 for no more than four hours, and

C. be readily accessible and located so the occupant can
see the controlled lighting.

Exception to 9.2.1.2: Remote location shall be permitted
for reasons of safety or security when the remote
control device has an indicator pilot light as part of
or next to the control device and it shall be clearly
labeled to identify the controlled lighting.

9.2.1.3 Exterior Lighting Control. Lighting for all
exterior applications not exempted in 9.1 and 9.3.2 shall be
controlled by a photosensor or astronomical time switch that
is capable of automatically turning off the exterior lighting
when sufficient daylight is available or the lighting is not
reguired.

Exception to 9.2.1.3: Lighting for covered vehicle
entrances or exits from buildings or parking struc-
tures where required for safety, security, or eye
adaptation.

9.2.1.4 Additional Control.

a. Display/Accent Lighting—display or accent light-
ing shall have a separate control device.

b. Case Lighting—lighting in cases used for display
purposes shall have a separate control device.

c. Hotel and Motel Guest Room Lighting—hotel and
motel guest rooms and guest suites shall have a
master control device at the main room entry that
controls al permanently installed luminaires and
switched receptacles.

d. Task Lighting—supplemental task lighting, includ-
ing permanently installed undershelf or undercabi-
net lighting, shall have a control device integral to
the luminaires or be controlled by a wall-mounted
control device provided the control deviceisreadily
accessible and located so that the occupant can see
the controlled lighting.

e. Nonvisual Lighting—lighting for nonvisual appli-
cations, such as plant growth and food warming,
shall have a separate control device.

f. Demonstration Lighting—lighting equipment that
is for sale or for demonstrations in lighting educa-
tion shall have a separate control device.

9.22 Tandem Wiring. Luminaires designed for use with
one or three linear fluorescent lamps greater than 30 W each
shall use two-lamp tandem-wired ballasts in place of single-
lamp ballasts when two or more luminaires are in the same
space and on the same control device.
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TABLE 9.3.1.1
Lighting Power Densities Using
the Building Area Method

Lighting Power Density
Building Area Type? (W/ft?)
Automotive Facility 15
Convention Center 14
Court House 14
Dining: Bar Lounge/Leisure 15
Dining: Cafeteria/Fast Food 18
Dining: Family 19
Dormitory 15
Exercise Center 14
Gymnasium 17
Hospital/Health Care 16
Hotel 17
Library 15
Manufacturing Facility 2.2
Motel 2.0
Motion Picture Theater 16
Multi-Family 1.0
Museum 16
Office 13
Parking Garage 0.3
Penitentiary 12
Performing Arts Theater 15
Police/Fire Station 13
Post Office 16
Religious Building 2.2
Retail 19
School/University 15
Sports Arena 15
Town Hall 14
Transportation 12
Warehouse 12
Workshop 17

2 In cases where both general building area type and a specific building area type are
listed, the specific building area type shal apply.
Exceptionsto 9.2.2:

(@ Recessed luminaires more than 10 ft apart mea-
sured center to center.

(b)  Surface-mounted or pendant luminaires that are not
continuous.

(c) Luminaires using single-lamp high-frequency elec-
tronic ballasts.

(d) Luminaires using three-lamp high-frequency elec-
tronic or three-lamp electromagnetic ballasts.

(e) Luminaires on emergency circuits.

(f)  Luminaires with no available pair.

9.2.3 Exit Signs. Exit sign luminaires operating at

greater than 20 watts shall have a minimum source efficacy
of 35 Im/W.
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9.24 Installed Interior Lighting Power. The installed
interior lighting power shall include al power used by the
luminaires, including lamps, ballasts, current regulators, and
control devices except as specifically exempted in 9.3.1.

Exception t0 9.2.4: If two or more independently operat-
ing lighting systems in a space are capable of being
controlled to prevent simultaneous user operation,
the installed interior lighting power shall be based
solely on the lighting system with the highest watt-
age.

9.25 Luminaire Wattage. Luminaire wattage incorpo-
rated into the installed interior lighting power shall be deter-
mined in accordance with the following criteria:

a The wattage of incandescent or tungsten-halogen
luminaires with medium screw base sockets and not
containing permanently installed ballasts shall be the
maximum labeled wattage of the luminaire.

b. The wattage of luminaires with permanently installed
or remote ballasts or transformers shall be the operat-
ing input wattage of the maximum lamp/auxiliary
combination based on values from the auxiliary manu-
facturer’sliterature or recognized testing laboratories.

C. The wattage of line-voltage lighting track and plug-in
busway that alow the addition and/or relocation of
luminaires without altering the wiring of the system
shal be the specified wattage of the luminaires
included in the system with aminimum of 30 W/lin ft.

d. The wattage of low-voltage lighting track, cable con-
ductor, rail conductor, and other flexible lighting sys-
tems that alow the addition and/or relocation of
luminaires without altering the wiring of the system
shall be the specified wattage of the transformer sup-
plying the system.

e The wattage of al other miscellaneous lighting equip-
ment shall be the specified wattage of the lighting
equipment.

9.2.6 Exterior Building Grounds Lighting. All exterior
building grounds luminaires that operate at greater than 100
watts shall contain lamps having a minimum efficacy of 60
Im/W unless the luminaire is controlled by a motion sensor
or qualifies for one of the exceptions under 9.1 or 9.3.2.

9.3 Prescriptive Path

9.3.1 Interior Lighting Power. The interior lighting
power allowancefor abuilding or aseparately metered or per-
mitted portion of abuilding shall be determined by either the
building area method described in 9.3.1.1 or the space-by-
space method described in 9.3.1.2. Trade-offs of interior
lighting power allowance among portions of the building for
which a different method of cal culation has been used are not
permitted. The installed interior lighting power identified in
accordance with 9.2.4 shall not exceed the interior lighting
power allowance developed in accordance with 9.3.1.1 or
9.3.1.2.

Exceptions to 9.3.1: The following lighting equipment
and applications shall not be considered when
determining the interior lighting power allowance
developed in accordance with 9.3.1.1 or 9.3.1.2,

ANSI/ASHRAE/IESNA STANDARD 90.1-2001



@

(b)
(©

(d)
(€)

()
(®))

(h)
(i)

()

(k)
(0

(m)
(n)
(0)

nor shall the wattage for such lighting be included
intheinstalled interior lighting power identified in
accordance with 9.2.4. However, any such lighting
shall not be exempt unlessiit is an addition to gen-
era lighting and is controlled by an independent
control device.

Display or accent lighting that is an essential ele-
ment for the function performed in galleries, muse-
ums, and monuments.

Lighting that is integral to equipment or instrumen-
tation and isinstalled by its manufacturer.

Lighting specificaly designed for use only during
medical or dental procedures and lighting integral
to medical equipment.

Lighting integral to both open and glass enclosed
refrigerator and freezer cases.

Lighting integral to food warming and food prepa-
ration equipment.

Lighting for plant growth or maintenance.

Lighting in spaces specifically designed for use by
the visually impaired.

Lighting in retail display windows, provided the
display areaisenclosed by ceiling-height partitions.
Lighting in interior spaces that have been specifi-
caly designated as a registered interior historic
landmark.

Lighting that is an integral part of advertising or
directional signage.

Exit signs.

Lighting that is for sale or lighting educational
demonstration systems.

Lighting for theatrical purposes, including perfor-
mance, stage, and film and video production.
Athletic playing areas with permanent facilities for
television broadcasting.

Casino gaming areas.

9.3.1.1 Building Area Method of Calculating Inte-
rior Lighting Power Allowance. Usethe following stepsto
determine the interior lighting power allowance by the build-
ing area method:

a

Determine the appropriate building area type from
Table 9.3.1.1 and the allowed lighting power density
(watts per unit area) from the building area method
column. For building areatypes not listed, selection of
areasonably equivalent type shall be permitted.
Determine the gross lighted floor area (square feet) of
the building areatype.

Multiply the gross lighted floor areas of the building
areatype(s) timesthe lighting power density.
Theinterior lighting power allowance for the building
is the sum of the lighting power allowances of all
building area types. Trade-offs among building area
types are permitted provided that the total installed
interior lighting power does not exceed the interior
lighting power allowance.

9.3.1.2 Space-by-Space Method of Calculating Inte-
rior Lighting Power Allowance. Use the following steps to
determine theinterior lighting power allowance by the space-
by-space method:
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9.3.1.2.1 Additional

Determine the appropriate building type from Table
9.3.1.2. For building types not listed, selection of a
reasonably equivalent type shall be permitted.

For each space enclosed by partitions 80% or greater
than ceiling height, determine the gross interior floor
area by measuring to the center of the partition wall.
Include the floor area of balconies or other projections.
Retail spaces do not have to comply with the 80% par-
tition height requirements.

Determine the interior lighting power allowance by
using the columns designated space-by-space method
in Table 9.3.1.2. Multiply the floor area(s) of the
space(s) times the allowed lighting power density for
the space type that most closely represents the pro-
posed use of the space(s). The product is the lighting
power allowance for the space(s). For space types not
listed, selection of a reasonable equivalent category
shall be permitted.

The interior lighting power allowance is the sum of
lighting power allowances of al spaces. Trade-offs
among spaces are permitted provided that the total
installed interior lighting power does not exceed the
interior lighting power allowance.

Interior Lighting Power.

When using the space-by-space method, an increase in the
interior lighting power allowance is alowed for specific
lighting functions. Additional power shall be allowed only if
the specified lighting is installed, shall be used only for the
specified luminaires, and shall not be used for any other pur-
pose or in any other space.

Anincrease in the interior lighting power allowance is

permitted in the following cases:

a

For spacesin which lighting is specified to be installed
in addition to the general lighting for the purpose of
decorative appearance, such as chandelier-type lumi-
naries or sconces or for highlighting art or exhibits,
provided that the additional lighting power shall not
exceed 1.0 W/ft? of such spaces.

For spaces in which lighting is specified to beinstalled
to meet the requirements of visua display terminals as
the primary viewing task, provided that the additional
lighting power shall not exceed 0.35 W/ft? of such
spaces and that the specified luminaire meets require-
ments for use in such spaces. Maximum average lumi-
nance measured from the vertical in candelas per
sguare foot of not more than 80 cd/ft? at 65 degrees, 33
cd/ft? at 75 degrees, and 17 cd/ft? at 85 to 90 degrees.
For lighting equipment installed in retail spacesthat is
specifically designed and directed to highlight mer-
chandise, provided that the additional lighting power
shall not exceed

(1) 1.6 W/ft? times the area of specific display or

(2) 3.9 W/ft? times the area of specific display for
valuable merchandise, such as jewelry, fine apparel
and accessories, china and silver, art, and similar
items, where detailed display and examination of

merchandise are important.
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TABLE 9.3.2
Lighting Power Limits for Building Exteriors

Applications Power Limits

TABLE 10.2
Minimum Nominal Efficiency for General Purpose
Design A and Design B Motors?

Building entrance with canopy or free |3 W/ft? of canopied area
standing canopy

Building entrance without canopy 33 W/lin ft of door width

Minimum Nominal Full-L oad Efficiency (%)

Building exit 20 W/lin ft of door width

9.3.2 Exterior Building Lighting Power. The exterior
building facade lighting power shall not exceed 0.25 W/ft? of
theilluminated area. The exterior lighting power allowance
for al other exterior building applications is the sum of the
lighting power limits permitted and specified in Table 9.3.2
for these applications. Exterior lighting for all applications
(except thoseincluded in the exceptionsto 9.1 and 9.3.2) shall
comply with the requirements of 9.2.6.

Exceptions to 9.3.2: Lighting used for the following
exterior applicationsis exempt when equipped with
an independent control device:

(a) specialized signal, directional, and marker lighting

associated with transportation;

(b) lighting used to highlight features of public monu-
ments and registered historic landmark structures or
buildings; and

(c) lighting that isintegral to advertising signage.

10. OTHER EQUIPMENT

10.1 General.
All permanently wired electric motors shall meet the
requirements of 10.2.

10.2 Mandatory Provisionso Electric Motors. Electric
motors shall comply with the requirements of the Energy Pol-
icy Act of 1992 where applicable, as shown in Table 10.2.
Motorsthat are not included in the scope of the Energy Policy
Act have no performance requirementsin this section.

11. ENERGY COST BUDGET METHOD

11.1 General

11.1.1 Energy Cost Budget Method Scope. The build-
ing energy cost budget method is an alternative to the pre-
scriptive provisions of this standard. It may be employed for
evauating the compliance of all proposed designs, except
designs with no mechanical system.

11.1.2 Compliance. Compliance with Section 11 will be
achieved if
a all requirements of 5.2, 6.2, 7.2, 8.2, 9.2, and 10.2 are

met;

b. the design energy cost does not exceed the energy cost
budget when calculated in accordance with this sec-
tion; and

C. the energy efficiency level of components specified in
the building design meet or exceed the efficiency lev-
els used to calculate the design energy cost.

Informative Note: The energy cost budget and the design
energy cost calculations are applicable only for determining
compliance with this standard. They are not predictions of

ANSI/ASHRAE/IESNA STANDARD 90.1-2001

Open Motors Enclosed Motors
Number of
Poles ==> 2 4 6 2 4 6
Synchronous
Speed
(RPM) ==> 3600 | 1800 | 1200 | 3600 | 1800 | 1200
Motor Horsepower
1 - 825 | 800 | 755 | 825 | 80.0
15 825 | 840 | 84.0 | 825 | 84.0 | 855

84.0 | 840 | 85 ] 84.0 | 840 | 865

840 | 865 | 865 | 8.5 | 875 | 875

855 | 875 875 ) 85 | 875 | 875

7.5 875 | 885 | 885 | 885 895 | 895
10 885 | 895 | 90.2 | 895 89.5 | 895
15 895 | 91.0 [ 90.2 | 90.2 91.0 | 90.2
20 90.2 | 92.0 | 91.0 | 90.2 91.0 | 90.2
25 910 | 92.7 | 91.7 | 91.0 924 | 91.7
30 910 | 924 | 924 | 910 924 | 91.7
40 91.7 | 93.0 [ 93.0 | 917 93.0 | 930
50 924 | 93.0 | 93.0 | 924 93.0 | 93.0
60 93.0 | 936 [ 936 | 93.0 93.6 | 93.6
75 93.0 | 941 | 936 | 93.0 94.1 | 93.6
100 93.0 | 941 [ 941 | 936 945 | 941
125 936 | 945 | 941 | 945 945 | 941
150 936 | 95.0 [ 945 | 945 95.0 | 95.0
200 945 | 95.0 [ 945 | 95.0 95.0 | 95.0
a m}nll nal efficiencies shall be established in accordance with NEMA Standard

actual energy consumption or costs of the proposed design
after construction. Actual experience will differ from these
calculations due to variations such as occupancy, building
operation and maintenance, weather, energy use not covered
by thisstandard, changesin energy rates between design of the
building and occupancy, and precision of the calculation tool.

11.1.3 Trade-Offs Limited to Building Permit. When
the building permit being sought appliesto lessthan thewhole
building, only the calculation parameters related to the sys-
tems to which the permit applies shall be alowed to vary.
Parameters relating to unmodified existing conditions or to
future building components shall be identical for both the
energy cost budget and the design energy cost calculations.
Future building components shall meet the prescriptive
requirements of 5.3, 6.3, 7.3, and 9.3.

11.1.4 Envelope Limitation. For new buildings or addi-
tions, the building energy cost budget method results shall not
be submitted for building permit approval to the authority
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having jurisdiction prior to submittal for approval of the

building envelope design.

11.1.5 Documentation Requirements. Compliance shall
be documented and submitted to the authority having juris-
diction. The information submitted shall include the follow-
ing:

a The energy cost budget for the budget building design
and the design energy cost for the proposed design.

b. A list of the energy-related featuresthat areincluded in
the design and on which compliance with the provi-
sions of Section 11 is based. This list shall document
all energy featuresthat differ between the models used
in the energy cost budget and the design energy cost
calculations.

(o The input and output report(s) from the simulation
program including a breakdown of energy usage by at
least the following components: lights, internal equip-
ment loads, service water heating equipment, space
heating equipment, space cooling and heat rejection
equipment, fans, and other HVAC equipment (such as
pumps). The output reports shall also show the amount
of time any loads are not met by the HVAC system for
both the proposed design and budget building design.

d. An explanation of any error messages noted in the sim-
ulation program outpuit.

11.2 Simulation General Requirements

11.2.1 Simulation Program. The simulation program
shall be acomputer-based program for the analysis of energy
consumption in buildings (a program such as, but not limited
to, DOE-2 or BLAST). The simulation program shall include
calculation methodol ogies for the building components being
modeled.

Note to Adopting Authority: The SSPC 90.1 recommends that
a compliance shell implementing the rules of the compliance
supplement that controls inputs to, and from, output formats
from the required computer analysis program be adopted for
the purposes of easier use and simpler compliance. Suggested
guidance for the detail that could be included in this compli-
ance shell isincluded in the Useris Manual to this Sandard.
11.2.1.1 The simulation program shall be approved by
the adopting authority and shall, at a minimum, have the abil-
ity to explicitly model all of the following:

a aminimum of 1400 hours per year;

b. hourly variations in occupancy, lighting power, mis-
cellaneous equipment power, thermostat set points,
and HVAC system operation, defined separately for
each day of theweek and holidays,

o thermal mass effects;

d. Ten or more thermal zones;

e part-load performance curves for mechanica equip-
ment;

f. capacity and efficiency correction curves for mechani-
cal heating and cooling equipment;

g. air-side and water-side economizers with integrated
control; and

h. the budget building design characteristics specified in
11.4.
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11.2.1.2 The simulation program shall have the ability
to either (1) directly determine the design energy cost and
energy cost budget or (2) produce hourly reports of energy use
by energy source suitable for determining the design energy
cost and energy cost budget using a separate calculation
engine.

11.2.1.3 The simulation program shall be capable of
performing design load calculations to determine required
HVAC equipment capacities and air and water flow rates in
accordance with 6.2.2 for both the proposed design and bud-
get building design.

11.2.2 Climatic Data. The simulation program shall per-
form the simulation using hourly values of climatic data, such
as temperature and humidity from representative climatic
data, for the city in which the proposed designisto belocated.
For cities or urban regions with several climatic data entries,
and for locations where weather data are not available, the
designer shall select available weather datathat best represent
the climate at the construction site. Such selected weather
data shall be approved by the authority having jurisdiction.

11.2.3 Purchased Energy Rates. Annua energy costs
shall be determined using rates for purchased energy, such as
electricity, gas, oil, propane, steam, and chilled water, and
approved by the adopting authority.

Exception to 11.2.3: On-site renewable energy sources or
site-recovered energy shall not be considered to be
purchased energy and shall not be included in the
design energy cost. Where on-site renewable or
site-recovered sources are used, the budget build-
ing design shall be based on the energy source used
as the backup energy source or electricity if no
backup energy source has been specified.

11.2.4 Compliance Calculations. The design energy
cost and energy cost budget shall be calculated using

a the same simulation program,
b. the same weather data, and
C. the same purchased energy rates.

11.3 Calculation of the Design Energy Cost

11.3.1 Proposed Design Modd. The simulation model of
the proposed design shall be consistent with the design docu-
ments, including proper accounting of window and wall types
and area; lighting power and controls; HVAC system types,
sizes, and controls; and service water heating systems and
controls.

11.3.2 Space Use Classification. The building type or
space type classifications shall be chosen in accordance with
9.3.1.10r 9.3.1.2. The user or designer shall specify the space
use classifications using either the building type or spacetype
categories but shall not combine the two types of categories
within a single permit application. More than one building
type category may be used in a building if it is a mixed-use
facility.

11.3.3 Buildings with Incomplete Energy System
Designs. When the energy cost budget method is applied to
buildings in which energy-related features have not yet been
designed (e.g., a lighting system), those yet-to-be-designed
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features shall be described in the proposed design so that they
minimally comply with applicable mandatory and prescrip-
tive requirements from Sections 5 through 10. Where the
space classification for a building is not known, the building
shall be categorized as an office building.

11.3.4 Requirement for Both Heating and Cooling. All
conditioned spaces in the proposed design shall be simulated
as being both heated and cooled even if no cooling or heating
system is being installed.

11.35 HVAC Systems. The HVAC system type and all
related performance parameters, such as equipment capacities
and efficiencies, in the proposed design shall be determined
asfollows:

a Where a complete HVAC system exists, the model
shall reflect the actual system type using actual com-
ponent capacities and efficiencies.

b. Where an HVAC system has been designed, the
HVAC modd shall be consistent with design docu-
ments. Mechanical equipment efficiencies shall be
adjusted from actua design conditions to the standard
rating conditions specified in 6.2.1, if required by the
simulation model.

C. Where no heating system exists or no heating system
has been specified, the heating system shall be mod-
eled as fossil fuel. The system characteristics shall be
identical to the system modeled in the budget building
design.

d. Where no cooling system exists or no cooling system
has been specified, the cooling system shall be mod-
eled as an air-cooled single-zone system, one unit per
thermal block. The system characterigtics shall be
identical to the system modeled in the budget building
design.

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

Exceptions to 11.3.6: The following building elements

are permitted to differ from architectural drawings.

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

(b) Exterior surfaces whose azimuth orientation and tilt
differ by no more than 45 degrees and are otherwise
the same may be described as either asingle surface or
by using multipliers.

(c) For exterior roofs other than roofs with ventilated
attics, the roof surface may be modeled with areflec-
tance of 0.45 if the reflectance of the proposed design
roof is greater than 0.70 and its emittance is greater
than 0.75. The reflectance and emittance shall be
tested in accordance with the Exception to 5.3.1.1. All
other roof surfaces shall be modeled with areflectance
of 0.3.
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11.3.7 Service Hot Water Systems. The service hot
water system type and all related performance parameters,
such as equipment capacities and efficiencies, in the proposed
design shall be determined as follows:

a Where a complete service hot water system exists, the
model shall reflect the actual system type using actual
component capacities and efficiencies.

b. Where a service hot water system has been designed,
the service hot water model shall be consistent with
design documents.

C. Where no service hot water system exists or is speci-
fied, no service hot water heating shall be modeled.

11.3.8 Lighting. Lighting power in the proposed design
shall be determined as follows:

a Where a complete lighting system exists, the actual
lighting power shall be used in the model.

b. Where a lighting system has been designed, lighting
power shall be determined in accordance with 9.3.

C. Where no lighting exists or is specified, lighting power
shall be determined in accordance with the Building
AreaMethod for the appropriate building type.

11.3.9 Other Systems. Other systems, such as motors,
covered by Section 10, may be modeled. If they are model ed,
performance shall be as indicated on design drawings. Mis-
cellaneousinternal loads, such asthose dueto office and other
equipment, shall be estimated based on the building type or
spacetype category asapproved by theauthority havingjuris-
diction.

11.3.10 Further Modeling Limitations and Exceptions

11.3.10.1 General. All elements of the proposed design
envelope, HVAC, service water heating, lighting, and electri-
cal systems shall be modeled in the proposed design in accor-
dance with the requirements of 11.3.4 through 11.3.9.

Exception to 11.3.10.1 Components and systems in the
proposed design may be excluded from the simula-
tion model provided

(a) component energy usage does not affect the energy

usage of systems and components that are being con-
sidered for trade-off;

(b) the applicable prescriptive requirements of 5.3, 6.3,

7.3, and 9.3 applying to the excluded components are
met.

11.3.10.2 Limitations to the Simulation Program. If
the simulation program cannot model acomponent or system
included in the proposed design, one of the following meth-
ods shall be used with the approval of the authority having
jurisdiction:
a Ignore the component if the energy impact on the
trade-offs being considered is not significant.

b. Model the component subgtituting a thermodynami-
cally similar component model.

C. Model the HVAC system components or systems using
the budget building designis HVAC system in accor-
dancewith 11.4.3.
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Whichever method is selected, the component shall be
modeled identically for both the proposed design and budget
building design models.

11.3.10.3 Alterations and Additions. It is acceptable
to demonstrate compliance using building models that
exclude parts of the existing building provided al of the fol-
lowing conditions are met:

a Work to be performed under the current permit appli-
cation in excluded parts of the building shall meet the
requirements of Sections 5 through 10.

b. Excluded parts of the building are served by HVAC
systems that are entirely separate from those serving
parts of the building that are included in the building
model.

c. Design space temperature and HVAC system operat-
ing set points and schedules, on either side of the
boundary between included and excluded parts of the
building, are identical.

d. If adeclining block or similar utility rate is being used
in the analysis and the excluded and included parts of
the building are on the same utility meter, the rate shall
reflect the utility block or rate for the building plus the
addition.

11.3.11 Schedules. The schedule types listed in 11.2.1.1
(b) shall be required input. The schedules shall be typical of
the proposed building type as determined by the designer and
approved by the authority having jurisdiction. Required
schedules shall beidentical for the proposed design and bud-
get building design.

11.3.12 Thermal Blocks. Thermal blocks for the budget
building design and proposed design shall be identical.

11.3.12.1 HVAC Zones Designed. Where HVAC zones
are defined on HVAC design drawings, each HVAC zone
shall be modeled as a separate thermal block.

Exception to 11.3.12.1: Different HVAC zones may be
combined to create a single thermal block or identi-
cal thermal blocks to which multipliers are applied
provided al of the following conditions are met:

(@) The space use classification is the same throughout
the thermal block.

(b) All HVAC zonesin the thermal block that are adjacent
to glazed exterior walls face the same orientation or
their orientations are within 45 degrees of each other.

(c) All of the zones are served by the same HVAC system
or by the same kind of HVAC system.

11.3.12.2 HVAC Zones Not Designed. Where the

HVAC zones and systems have not yet been designed, thermal

blocks shall be defined based on similar internal load densi-

ties, occupancy, lighting, thermal and space temperature
schedules, and in combination with the following guidelines:

a Separate thermal blocks shall be assumed for interior
and perimeter spaces. Interior spaces shall be those
located greater than 15 ft from an exterior wall.
Perimeter spaces shall be those located closer than
15 ft from an exterior wall.

b. Separate thermal blocks shall be assumed for spaces
adjacent to glazed exterior walls; a separate zone
shall be provided for each orientation, except orienta-
tions that differ by no more than 45 degrees may be
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considered to be the same orientation. Each zone
shall include al floor areathat is 15 ft or less from a
glazed perimeter wall, except that floor area within
15 ft of glazed perimeter walls having more than one
orientation shall be divided proportionately between
ZOnes.

C. Separate thermal blocks shall be assumed for spaces
having floors that are in contact with the ground or
exposed to ambient conditions from zones that do not
share these features.

d. Separate thermal blocks shall be assumed for spaces
having exterior ceiling or roof assemblies from zones
that do not share these features.

11.3.12.3 Thermal Blocksin Multifamily Residential
Buildings. Residential spaces shall be modeled using one
thermal block per space except that those facing the same ori-
entations may be combined into one thermal block. Corner
unitsand unitswith roof or floor loads shall only be combined
with units sharing these features.

11.4 Calculation of the Energy Cost Budget

11.4.1 Budget Building Design. The budget building
design shall be developed by modifying the proposed design
asdescribed in 11.3. Except as specifically instructed in 11.4,
all building systems and equipment shall be modeled identi-
cally in the budget building design and proposed design.

11.4.2 Building Envelope. The budget building design
shall haveidentical conditioned floor area and identical exte-
rior dimensions and orientations as the proposed design,
except asnoted in a, b., and c. in this clause.

a Opaque assemblies. Opague assemblies such as roof,
floors, doors, and walls shall be modeled as having the
same heat capacity as the proposed design but with the
minimum U-factor required in 5.3 for new buildings or
additions and 4.1.2.2.1 for alterations.

b. Roof albedo. All roof surfaces shall be modeled with a
reflectivity of 0.3.

C. Fenestration. No shading projections are to be mod-
eled; fenestration shall be assumed to be flush with the
exterior wall or roof. If the fenestration area for new
buildings or additions exceeds the maximum allowed
by 5.3.2.1, the area shall be reduced proportionally
along each exposure until the limit set in 5.3.2.1 is
met. Fenestration U-factor shall be the minimum
required for the climate, and the solar heat gain coeffi-
cient shall be the maximum allowed for the climate
and orientation. The fenestration model for envelope
alterations shall reflect the limitations on area, U-fac-
tor and solar heat gain coefficient as described in
41221

Exception to 11.4.2: When trade-offs are made between
an addition and an existing building as described in
Exception (b) to 4.1.2.1, the envel ope assumptions
for the existing building in the budget building
design shall reflect existing conditions prior to any
revisions that are part of this permit.

1143 HVAC Systems. The HVAC system type and
related performance parameters for the budget building
design shall be determined from Figure 11.4.3, the system
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Budget System Type

Condenser Heating Single Zone Single Zone
Cooling System Residential Non-Residential All Other
Source Classification System System
— Electric Res ---- System 5 System 5 System 1
Water/
Ground Heat Pump ------------- System 6 System 6 System 6
L— Fossil Fuel ------------- System 7 System 7 System 2
— Electric Res ---- System 8 System 9 System 3
Heat Pump ------------- System 8 System 9 System 3
L— Fossil Fuel ------------- System 10 System 11 System 4

Figure11.4.3 HVAC SystemsMap

descriptions in Table 11.4.3A and accompanying notes, and
the following rules:

Components and parameters not listed in Figure 11.4.3
and Table 11.4.3A or otherwise specifically addressed
in this subsection shall be identical to those in the pro-
posed design.

Exception to 11.4.3a: Where there are specific require-

ments in 6.2 and 6.3, the component efficiency in
the budget building design shall be adjusted to the
lowest efficiency level allowed by the requirement
for that component type.
All HVAC and service water heating equipment in the
budget building shall be modeled at the minimum effi-
ciency levels, both part load and full load, in accor-
dancewith 6.2 and 7.2.
Where efficiency ratings, such as EER and COPR,
include fan energy, the descriptor shal be broken
down into its components so that supply fan energy
can be modeled separately. Supply and return/relief
system fans shall be modeled as operating at least
whenever the spaces served are occupied except as
specifically noted in Table 11.4.3A.
Minimum outdoor air ventilation rates shal be the
same for both the budget building design and proposed

building. Hesat recovery shall be modeled for the bud-
get building design in accordance with 6.3.6.1.

Budget building systems as listed in Table 11.4.3A
shall have outdoor air economizers or water econo-
mizers, the same asin the proposed building, in accor-
dance with 6.3.1. The high-limit shutoff shal be in
accordance with Table 11.4.3D.

Not used.

If the proposed design system has a preheat coil, the
budget building designis system shall be modeled with
apreheat coil controlled in the same manner.

System design supply air rates for the budget building
design shall be based on a supply-air-to-room-air tem-
perature difference of 20°F. If return or relief fans are
specified in the proposed design, the budget building
design shall aso be modeled with the same fan type
sized for the budget system supply fan air quantity less
the minimum outdoor air, or 90% of the supply fan air
quantity, whichever islarger.

Fan system efficiency (BHP per cfm of supply air
including the effect of belt losses but excluding motor
and motor drive losses) shall be the same as the pro-
posed design or up to the limit prescribed in 6.3.3.1,
whichever is smaller. If this limit is reached, each fan
shall be proportionally reduced in brake horsepower
until thelimit ismet. Fan electrical power shall then be
determined by adjusting the calculated fan HP by the
minimum motor efficiency prescribed by 10.2 for the
appropriate motor size for each fan.

The equipment capacities for the budget building
design shall be sized proportionally to the capacitiesin
the proposed design based on sizing runs; i.e., theratio
between the capacities used in the annual simulations
and the capacities determined by the sizing runs shall
be the same for both the proposed design and budget
building design. Unmet load hours for the proposed
design shall not differ from unmet load hours for the
budget building design by more than 50 hours.

Each HVAC systemin a proposed design is mapped on
a one-to-one correspondence with one of eeven
HVAC systems in the budget building design. To deter-
mine the budget building system:

TABLE 11.4.3A Budget System Descriptions

System 1 System 2 System 3
Variable air volumewith parallel Variable air volume with reheat Packaged variable air volume with
System Type fan-powered boxes (Note 1) (Note 2) parallel fan-powered boxes (Note 1)
Fan Control VAV (Note 4) VAV (Note 4) VAV (Note 4)
Cooling Type | Chilled Water (Note 5) Chilled Water (Note 5) Direct Expansion (Note 3)
Heating Type  |Electric Resistance Hot Water Fossil Fuel Boiler (Note 6) |Electric Resistance
System 4 System 5 System 6
Packaged variable air volume
System Type with reheat (Note 2) Two-pipe fan-coil Water-sour ce heat pump
Fan Control VAV (Note 4) Constant Volume (Note 9) Constant Volume (Note 9)
Cooling Type [Direct Expansion (Note 3) Chilled Water (Note 5) Direct Expansion (Note 3)
Heating Type  [Hot Water Fossil Fuel Boiler (Note 6) [Electric Resistance Electric Heat Pump and Boiler (Note 7)
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TABLE 11.4.3A (Continued) Budget System Descriptions

System 7 System 8 System 9
System Type Four-pipe fan cail Packaged terminal heat pump Packaged rooftop heat pump
Fan Control Constant Volume (Note 9) Constant Volume (Note 9) Constant Volume (Note 9)
Cooling Type | Chilled Water (Note 5) Direct Expansion (Note 3) Direct Expansion (Note 3)
Heating Type  |Hot Water Fossil Fuel Boiler (Note 6) |Electric Heat Pump (Note 8) Electric Heat Pump (Note 8)
System 10 System 11

System Type | Packaged terminal air conditioner Packaged rooftop air conditioner

Fan Control Constant Volume (Note 9) Constant Volume (Note 9)
Cooling Type |Direct Expansion Direct Expansion

Heating Type  |Hot Water Fossil Fuel Boiler (Note 6) [Fossil Fuel Furnace
NOTES:

1. Fansin paralel VAV fan-powered boxes shall be sized for 50% of the peak design flow rate and shall be modeled with 0.35 W/cfm fan power. Minimum volume set points for
fan-powered boxes shall be equal to the minimum rate for the space required for ventilation consistent with 6.3.2.1 Exception (&) 1. Supply air temperature set point shall be con-
stant at the design condition (see 11.4.3 (h)).

2. Minimum volume setpoints for VAV reheat boxes shall be 0.4 cfmift of floor area consistent with 6.3.2.1 Exception (a) 2. Supply air temperature shall be reset based on zone
demand from the design temperature difference to a 10°F temperature difference under minimum load conditions. Design air flow rates shall be sized for the reset supply air temper-
ature, i.e., a 10°F temperature difference.

3. Thefuel type for the cooling system shall match that of the cooling system in the proposed design.

4. Constant volume can be modeled if the system qualifies for Exception (b) to 6.3.2.1. When the proposed design system has a supply, return, or relief fan motor 25 hp or larger, the
corresponding fan in the VAV system of the budget building design shall be modeled assuming a variable speed drive. For smaller fans, a forward-curved centrifugal fan with inlet
vanes shall be modeled. If the proposed designis system has a direct digital control system at the zone level, static pressure set point reset based on zone requirements in accordance
with 6.3.3.2.3 shall be modeled.

5. For systems using purchased chilled water, the chillers are not explicitly modeled and chilled water costs shall be based as determined in 11.2.3. Otherwise, the budget building
designis chiller plant shall be modeled with chillers having the number asindicated in Table 11.4.3B as afunction of budget building chiller plant load and type asindicated in Table
11.4.3C as afunction of individual chiller load. Where chiller fuel source is mixed, the system in the budget building design shall have chillers with the same fuel types and with
capacities having the same proportional capacity as the proposed designis chillers for each fuel type. Chilled water supply temperature shall be modeled at 44°F design supply tem-
perature and 56°F return temperature. Piping losses shall not be modeled in either building model. Chilled water supply water temperature shall be reset in accordance with 6.3.4.3.
Pump system power for each pumping system shall be the same as the proposed design; if the proposed design has no chilled water pumps, the budget building design pump power
shall be 22 W/gpm (egual to a pump operating against a 75 ft head, 65% combined impeller and motor efficiency). The chilled water system shall be modeled as primary-only vari-
able flow with flow maintained at the design rate through each chiller using a bypass. Chilled water pumps shall be modeled as riding the pump curve or with variable-speed drives
when required in 6.3.4.1. The heat rejection device shall be an axia fan cooling tower with two-speed fansif required in 6.3.5. Condenser water design supply temperature shall be
85°F or 10°F approach to design wet-bulb temperature, whichever is lower, with a design temperature rise of 10°F. The tower shall be controlled to maintain a 70°F leaving water
temperature where weather permits, floating up to leaving water temperature at design conditions. Pump system power for each pumping system shall be the same as the proposed
design; if the proposed design has no condenser water pumps, the budget building design pump power shall be 19 W/gpm (equal to a pump operating against a 60 ft head, 60% com-
bined impeller and motor efficiency). Each chiller shall be modeled with separate condenser water and chilled water pumps interlocked to operate with the associated chiller.

6. For systems using purchased hot water or steam, the boilers are not explicitly modeled and hot water or steam costs shall be based on actua utility rates. Otherwise, the boiler
plant shall use the same fuel as the proposed design and shall be natural draft. The budget building design boiler plant shall be modeled with a single boiler if the budget building
design plant load is 600,000 Btu/h and less and with two equally sized boilers for plant capacities exceeding 600,000 Btu/h. Boilers shall be staged as required by the load. Hot
water supply temperature shall be modeled at 180°F design supply temperature and 130°F return temperature. Piping losses shall not be modeled in either building model. Hot water
supply water temperature shall be reset in accordance with 6.3.4.3. Pump system power for each pumping system shall be the same as the proposed design; if the proposed design
has no hot water pumps, the budget building design pump power shall be 19 W/gpm (equal to a pump operating against a 60 ft head, 60% combined impeller and motor efficiency).
The hot water system shall be modeled as primary-only with continuous variable flow. Hot water pumps shall be modeled as riding the pump curve or with variable speed drives
when required by 6.3.4.1.

7. The boiler in the budget building design system shall use the same fuel as the proposed design and shall be natural draft. If no boilers exist in the proposed design, the budget
building boilers shall be fossil fuel. Other boiler parameters shall be as described in Note 6.

8. Electric air-source heat pumps shall be modeled with electric auxiliary heat. The system shall be controlled with a multi-stage space thermostat and an outdoor air thermostat
wired to energize auxiliary heat only on the last thermostat stage and when outside air temperature is less than 40°F.

9. Fans shall be controlled in the same manner as in the proposed design; i.e., fan operation whenever the spaceis occupied or fan operation cycled on calls for heating and cooling.
If the fan is modeled as cycling and the fan energy isincluded in the energy efficiency rating of the equipment, fan energy shall not be modeled explicitly.
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TABLE 11.4.3B
Number of Chillers

Total Chiller Plant Capacity Number of Chillers

<300 tons 1
> 300 tons, < 600 tons 2 sized equally
>600 tons 2 minimum with chillers added so

that no chiller islarger than 800

tons, all sized equally

TABLE 11.4.3C
Water Chiller Types

Individual Chiller Electric
Plant Capacity Chiller Type | Fossil Fud Chiller Type
<100 tons Reciprocating | Single-effect absorption,
direct fired
>100 tons, <300 tons Screw Double-effect absorption,
direct fired
>300 tons Centrifugal | Double-effect absorption,
direct fired

TABLE 11.4.3D
Economizer High Limit Shut-off

Economizer Type High Limit Shut-Off

Air Table 6.3.1.1.3B
Weter (Integrated) When its operation will no longer
reduce HVAC system energy

Water (Non-Integrated) When its operation can no longer

provide the cooling load

(1) Enter Figure 11.4.3 at “Water” if the proposed
design system condenser is water or evapora-
tively cooled; enter at “Air” if the condenser is
air-cooled. Closed circuit dry-coolers shall be
considered air-cooled. Systems utilizing district
cooling shall be treated asif the condenser water
type were “water.” If no mechanical cooling is
specified or the mechanical cooling system in
the proposed design does not require heat rejec-
tion, the system shall be treated as if the con-
denser water type were “Air.”

(2) Select the path that corresponds to the proposed
design heat source: electric resistance, heat
pump (including air-source and water-source),
or fuel-fired. Systems utilizing district heating
(steam or hot water) shall be treated as if the
heating system type were “Fossil Fuel.” Systems
with no heating capability shall be treated as if
the heating system type were “Fossil Fuel.” For
systems with mixed fuel heating sources, the
system or systems that use the secondary heating
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source type (the one with the smallest total
installed output capacity for the spaces served
by the system) shall be modeled identically in
the budget building design and the primary heat-
ing source type shall be used in Figure 11.4.3 to
determine budget system type.

(3) Select the budget building design system cate-
gory: The system under “Single Zone Residen-
tial System” shall be selected if the HVAC
system in the proposed design is a single-zone
system and serves a residential space. The sys-
tem under “ Single Zone Nonresidential System”
shall be selected if the HVAC system in the pro-
posed design is a single-zone system and serves
other than residential spaces. The system under
“All Other” shall be selected for all other cases.

1144 Service Hot Water Systems. The service hot
water system type and related performance in the budget
building design shall be identical to the proposed design
except where 7.3 applies. In this case the boiler shall be split
into a separate space heating boiler and hot water heater with
efficiency requirements set to the least efficient allowed.

11.45 Lighting. Lighting power in the budget building
design shall be determined using the same categorization pro-
cedure (building area or space function) and categories asthe
proposed design with lighting power set equal to the maxi-
mum allowed for the corresponding method and category in
9.3. Lighting controls shall be the minimum required.

11.4.6 Other Systems. Other systems, such as motors
covered by Section 10, and miscellaneous|oads shall be mod-
eled asidentical to thosein the proposed design. Where there
are specific efficiency requirements in Section 10, these sys-
tems or components shall be modeled as having the lowest
efficiency allowed by those requirements.

11.5 Exceptional Calculation Methods. Where no simu-
lation program is available that adequately models a design,
material, or device, the authority having jurisdiction may
approve an exceptional cal cul ation method to be used to dem-
onstrate compliance with Section 11. Applications for
approval of an exceptional method to include theoretical and
empirical information verifying the method’s accuracy shall
include the following documentation to demonstrate that the
exceptional calculation method and results

a make no change in any input parameter vaues speci-
fied by this standard and the adopting authority;

b. provide input and output documentation that facilitates
the enforcement agency’s review and meets the for-
matting and content required by the adopting author-
ity; and

C. are supported by instructions for using the method to
demonstrate that the energy cost budget and design
energy cost required by Section 11 are met.
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12. NORMATIVE REFERENCES

Reference Title

10 CFR Part 430, App E Uniform Test Method for Measuring the Energy Consumption of Furnaces

42 USC 6831, et seq., Public Law 102-486|Energy Policy Act of 1992

Air Movement and Control Association International, 30 West University Drive, Arlington Heights, IL 60004-1806

AMCA 500-1989 Test Methods for Louvers, Dampers, and Shutters

American National Standards I nstitute, 11 West 42nd Street, New York, NY 10036

ANSI 221.10.3-1998 Gas Water Heater, Volume 3, Storage, with Input Ratings above 75,000 Btu/h, Circulating and
Instantaneous Water Heaters

ANSI 721.135-1993 Gas-Fired Low-Pressure Steam and Hot Water Boilers

ANSI Z221.47-1993 Gas-Fired Central Furnaces (Except Direct Vent and Separated Combustion System Furnaces)

ANSI| 221.66-1994 Automatic Vent Damper Devices for Use with Gas-Fired Appliances

ANS| Z283.8-1990 Gas Unit Heaters

ANSI Z83.9-1990 Gas-Fired Duct Furnaces

Association of Home Appliance Manufacturers, 20 North Wacker Drive, Chicago, IL 60606

ANSI/AHAM RAC-1-87 Room Air Conditioners

Air-Conditioning and Refrigeration Institute, 4301 N. Fairfax Drive, Suite 425, Arlington, VA 22203

ARI 210/240-94 Unitary Air Conditioning and Air-Source Heat Pump Equipment

ARI 310/380-93 Packaged Terminal Air-Conditioners and Heat Pumps

ARI 320-98 \Water-Source Heat Pumps

ARI 325-98 Ground Water-Source Heat Pumps

ARI 330-98 Ground Source Closed-Loop Heat Pumps

ARI 340/360-2000 Commercia and Industrial Unitary Air-Conditioning and Heat Pump Equipment

ARI 365-94 Commercia and Industrial Unitary Air-Conditioning Condensing Units

ARI 550/590-98 Water-Chilling Packages Using the Vapor Compression Cycle

ARI 560-2000 Absorption Water Chilling and Water Heating Packages

American Society of Heating, Refrigerating and Air-Conditioning Engineers, 1791 Tullie Circle, NE, Atlanta, GA 30329

ANSI/ASHRAE Standard 62-1999 Ventilation for Acceptable Indoor Air Quality

ANSI/ASHRAE 146-1998 Method of Testing for Rating Pool Heaters

American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10017

ASME PTC 4.1-1964 Steam Generating Units

American Society for Testing and Materials, 100 Barr Harbor Dr., West Conshohocken, PA 19428-2959

ASTM C90-96 Standard Specification for Loadbearing Concrete Masonry Units

ASTM C177-85 Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by
Means of the Guarded Hot Plate Apparatus

ASTM C272-91 Test Method for Water Absorption of Core Materials for Structural Sandwich Constructions

ASTM C518-91 Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus

ASTM C835-95 (1999) Standard Test Method for Total Hemispherical Emittance of Surfaces From 20°C to 1400°C

ASTM C976-90 Test Method for Thermal Performance of Building Assemblies by Means of a Calibrated Hot
Box

ASTM C1371-98 Standard Test Method for Determination of Emittance of Materials Near Room Temperature
Using Portable Emissometers
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ASTM E96-95

Test Methods for Water Vapor Transmission of Materials

ASTM E283-91

Test Method for Determining Rate of Air Leakage Through Exterior Windows, Curtain Walls,
and Doors Under Specified Pressure Differences Across the Specimen

ASTM E408-71 (1996)

Test Methods for Total Normal Emittance of Surfaces Using Inspection-Meter Techniques

ASTM E903-96
ing Spheres

Test Method for Solar Absorptance, Reflectance, and Transmittance of Materials Using Integrat-

ASTM E1175-87 (1996)

Standard Test Method for Determining Solar or Photopic Reflectance, Transmittance, and
Absorptance of Materials Using a Large Diameter Integrating Sphere

ASTM E1918-97
the Field

Standard Test Method for Measuring Solar Reflectance of Horizontal or Low-Sloped Surfacesin

Cooling Technology I nstitute, 530 Wells Fargo, Suite 218, Houston, TX 77090; PO. Box 73383, Houston, TX 77273

CTI ATC-105(97)

Acceptance Test Code for Water Cooling Towers

CTI STD-201 (96)

Standard for Certification of Water Cooling Tower Thermal Performance

Hydronics I nstitute, 35 Russo Place, PO. Box 218, Berkeley Heights, NJ 07922

H.l. Htg. Boiler Std.

Testing and Rating Standard for Heating Boilers

1S0, 1, rue de Varembe, Case postale 56, CH-1211 Geneve 20, Switzerland

1SO 13256-1 (1998)

\Water-Source Heat Pumps—Testing and Rating for Performance—Part 1: Water-to-Air
and Brine-to-Air Heat Pumps

Door and Access Systems M anufacturer s Association, 1300 Sumner Avenue, Cleveland, OH 44115-2851

ANSI/DASMA 105-1992 (R 1998)

|Test Method for Thermal Transmittance and Air Infiltration of Garage Doors

National Electrical Manufacturers Association, 1300 N. 17th Street, Suite 1847, Rosslyn, VA 22209

ANSI/NEMA MG 1-1993 |M0tors and Generators

National Fire Protection Association, 1 Battery March Park, PO. Box 9101, Quincy, MA 02269-9101

NFPA 96-94

|Venti|ati on Control and Fire Protection of Commercial Cooking Operations

National Fenestration Rating Council, 1300 Spring Street, Suite 500, Silver Springs, MD 20910

NFRC 100-97 Procedure for Determining Fenestration Product U-Factors (Including 100 Section B—Proce-
dure for Determining Door System Product Thermal Properties)

NFRC 200-95 Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal Inci-
dence

NFRC 300-94 Procedure for Determining Solar Optical Properties of Simple Fenestration Products

NFRC 301-93 Standard Test Method for Emittance of Specular Surfaces Using Spectrometric Measurements

NFRC 400-95 Procedure for Determining Fenestration Product Air Leakage

UnderwritersLaboratories, Inc., 333 Pfingsten Rd., Northbrook, 1L 60062

UL 726-90 UL Standard for Safety—OQil-Fired Boiler Assemblies

UL 727-94 UL Standard for Safety—Qil-Fired Central Furnaces

UL 731-95 UL Standard for Safety—Oil-Fired Unit Heaters

UL 795-94 UL Standard for Safety—Commercial-Industrial Gas Heating Equipment

(This is a normative appendix and is part of this
standard.)

NORMATIVE APPENDIX A

ASSEMBLY U-FACTOR, C-FACTOR, AND
F-FACTOR DETERMINATION

Al General

Al11 Pre-Calculated Assembly U-Factors, C-Factors, F-
Factors, or Heat Capacities. The U-factors, C-factors,
F-factors, and heat capacitiesfor typical construction assem-
blies are included in A2 through A8. These values shall be
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used for al calculations unless otherwise alowed by A1.2.
Interpolation between valuesin aparticular tablein Appendix
A isalowed for rated R-values of insulation, including insu-
lated sheathing. Extrapolation beyond values in a table in
Appendix A isnot allowed.

Al1.2 Applicant-Determined Assembly U-Factors, C-
Factors, F-Factors, or Heat Capacities. If the building offi-
cial determinesthat the proposed construction assembly isnot
adequately represented in A2 through A8, the applicant shall
determine appropriate values for the assembly using the
assumptionsin A9. An assembly is deemed to be adequately
represented if
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TABLE A-1 (Section A2.2)

Assembly U-Factors for Roofs with Insulation

Entirely Above Deck

Rated R-Value of
Insulation Alone

Overall U-Factor for
Entire Assembly

R-0 U-1.282

R-1 U-0.562

R-2 U-0.360

R-3 U-0.265

R-4 U-0.209

R-5 U-0.173

R-6 uU-0.147

R-7 U-0.129

R-8 uU-0.114

R-9 U-0.102
R-10 U-0.093
R-11 U-0.085
R-12 U-0.078
R-13 U-0.073
R-14 U-0.068
R-15 U-0.063
R-16 U-0.060
R-17 U-0.056
R-18 U-0.053
R-19 U-0.051
R-20 U-0.048
R-21 U-0.046
R-22 U-0.044
R-23 U-0.042
R-24 U-0.040
R-25 U-0.039
R-26 U-0.037
R-27 U-0.036
R-28 U-0.035
R-29 U-0.034
R-30 U-0.032
R-35 U- 0.028
R-40 U-0.025
R-45 U-0.020
R-50 U-0.020
R-55 U-0.018
R-60 U-0.016
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a. the interior structure, hereafter referred to as the base
assembly, for the class of construction is the same as
described in A2 through A8 and

b. changesin exterior or interior surface building materials
added to the base assembly do not increase or decrease
the R-value by more than 2 from that indicated in the
descriptionsin A2 through A8.

Insulation, including insulated sheathing, is not consid-
ered a building material.

A2 Roofs

A2.1 General. The buffering effect of suspended ceilings
or attic spaces shall not be included in U-factor calculations.

A2.2 Roofswith Insulation Entirely Above Deck. U-fac-
tors for roofs with insulation entirely above deck shall be
taken from Table A-1. It is not acceptable to use these U-fac-
torsif theinsulation is not entirely above deck or not contin-
uous.

For the purpose of A1.2, the base assembly is continuous
insulation over a structural deck. The U-factor includes R-
0.17 for exterior air film, R-0 for metal deck, and R-0.61 for
interior air film heat flow up. Added insulation is continuous
and uninterrupted by framing. The framing factor is zero.

A2.3 Metal Building Roofs. U-factors for metal building
roofs shall betaken from Table A-2. It isnot acceptableto use
these U-factorsif additional insulated sheathingisnot contin-
Uous.

For thepurpose of A1.2, thebaseassembly isaroof where
the insulation is draped over the stedl structure (purlins) and
then compressed when the metal spanning members are
attached to the steel structure (purlins). Additional assemblies
include continuous insulation, uncompressed and uninter-
rupted by framing.

A24 Attic Roofs with Wood Joists. U-factors for attic
roofs with wood joists shall be taken from Table A-3. Itisnot
acceptable to use these U-factors if the framing is not wood.
For attic roofs with steel joists, see A2.5.

For the purpose of A1.2, the base attic roof assembly isa
roof with a nominal 4 in. deep wood as the lower chord of a
roof trussor ceilingjoist. Theceilingisattached directly tothe
lower chord of thetrussand the attic space aboveisventilated.
Insulation islocated directly on top of the ceiling, first filling
the cavities between thewood and then later covering both the
wood and cavity areas. No credit is given for roofing materi-
as. Thesingle-rafter roof issimilar to the base attic roof, with
the key difference being that there is a single, deep rafter to
which both the roof and the ceiling are attached. The heat flow
path through therafter iscal cul ated to be the same depth asthe
insulation. The U-factor includes R-0.46 for semi-exterior air
film, R-0.56 for 0.625 in. gypsum board, and R-0.61 for inte-
rior air film heat flow up. U-factors are provided for the
following configurations:

a  Attic roof, standard framing: insulation is tapered
around the perimeter with resultant decrease in thermal
resistance. Weighting factors are 85% full-depth insula-
tion, 5% half-depth insulation, and 10% joists.
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TABLE A-2 (Section A2.3)
Assembly U-Factors for Metal Building Roofs

Overall U-Factor for Assembly of Base Roof
Plus Continuous I nsulation

(Multiple R-values are listed in order from inside to outside)

U-S;/;ro?“for (uninterrupted by framing)
Insulation | Rated R-Value of -Il;?-t\jlalliztg? Ent};r:)e(?ase Rated R-Value of Continuous I nsulation
System Insulation Insulation | Assembly R-5.6 | R-11.2 ‘ R-16.8 ‘ R-22.4 ‘ R-28.0 | R-33.6
Sanding Seam Roofswith Thermal Blocks
Single None 0 1.280 0.162 0.087 0.059 0.045 0.036 0.030
Layer R-6 6 0.167 0.086 0.058 0.044 0.035 0.029 0.025
R-10 10 0.097 0.063 0.046 0.037 0.031 0.026 0.023
R-11 1 0.092 0.061 0.045 0.036 0.030 0.026 0.022
R-13 13 0.083 0.057 0.043 0.035 0.029 0.025 0.022
R-16 16 0.072 0.051 0.040 0.033 0.028 0.024 0.021
R-19 19 0.065 0.048 0.038 0.031 0.026 0.023 0.020
Double R-10 + R-10 20 0.063 0.047 0.037 0.031 0.026 0.023 0.020
Layer R-10 + R-11 21 0.061 0.045 0.036 0.030 0.026 0.023 0.020
R-11+R-11 22 0.060 0.045 0.036 0.030 0.026 0.022 0.020
R-10+ R-13 23 0.058 0.044 0.035 0.029 0.025 0.022 0.020
R-11 + R-13 24 0.057 0.043 0.035 0.029 0.025 0.022 0.020
R-13 + R-13 26 0.055 0.042 0.034 0.029 0.025 0.022 0.019
R-10+ R-19 29 0.052 0.040 0.033 0.028 0.024 0.021 0.019
R-11 + R-19 30 0.051 0.040 0.032 0.027 0.024 0.021 0.019
R-13+ R-19 32 0.049 0.038 0.032 0.027 0.023 0.021 0.019
R-16 + R-19 35 0.047 0.037 0.031 0.026 0.023 0.020 0.018
R-19 + R-19 38 0.046 0.037 0.030 0.026 0.023 0.020 0.018
(Multiple R-values are listed in order from inside to outside)
Screw Down Roofs
R-10 10 0.153 0.082 0.056 0.043 0.035 0.029 0.025
R-11 1 0.139 0.078 0.054 0.042 0.034 0.028 0.025
R-13 13 0.130 0.075 0.053 0.041 0.033 0.028 0.024
Filled Cavity with Thermal Blocks
R19 + R-10 29 0.041 0.033 0.028 0.024 0.021 0.0198 0.017
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TABLE A-3 (Section A2.4)
Assembly U-Factors for Attic Roofs
with Wood Joists

TABLE A-4 (Section A2.5)
Assembly U-Factors for Attic Roofs
with Steel Joists (4.0 ft on center)

Rated R-Value of Overall U-Factor for Rated R-Value of Overall U-Factor for
Insulation Alone Entire Assembly Insulation Area Entire Assembly
Wood-framed attic, standard framing R-0 U-1.282
None 0.613 R-4 U-0.215
R-11 0.091 R-5 U-0.179
R-13 0.081 R-8 U-0.120
R-19 0.053 R-10 U-0.100
R-30 0.034
R-38 0.027 R-11 U-0.093
R-49 0.021 R-12 U-0.086
R-60 0.017 R-13 U-0.080
R-71 0015 R-15 U-0.072
R-82 0.013 R-16 U-0.068
R-93 0.011 R-19 U-0.058
R-104 0.010
R-20 U-0.056
R-115 0.009
R-21 U-0.04
R-126 0.008
R-24 U-0.049
Wood-framed attic, advanced framing
R-25 U-0.048
None 0.613
R-30 U-0.041
R-11 0.088
R-13 0.078 R-35 U-0.037
R-19 0.051 R-38 U-0.035
R-30 0.032 R-40 U-0.033
R-38 0.026 R-45 U-0.031
R-49 0.020 R-50 U-0.028
R-60 0.016 R-55 U-0.027
R-71 0.014 . .
b. Attic roof, advanced framing: full and even depth of
R-82 0.012 insulation extending to the outside edge of exterior
R-93 0.011 walls. Weighting factors are 90% full-depth insulation
R-104 0.010 and 10% joists.
R-115 0.009 c. Sngle-rafter roof: an attic roof where the roof sheathing
R-126 0,008 and ceiling are attached to the same rafter. Weighting
: factors are 90% full-depth insulation and 10% joists.
Wood joists, single rafter roof
None 0417 A25 AtticRoofswith Sed Joists. U-factorsfor attic roofs
’ with steel joists shall betaken from Table A-4. It isacceptable
R-11 0.083 to use these U-factors for any attic roof with steel joists.
R-13 0.078 For the purpose of Al.2, the base assembly is a roof
R-15 0.071 supported by steel joists with insulation between the joists.
’ The assembly represents aroof in many ways similar to aroof
R-19 0.055 with insulation entirely above deck and ametal building roof.
R-21 0.052 It is distinguished from the metal building roof category
R-25 0.043 in that there is no metal exposed to the exterior. It is distin-
guished from the roof with insulation entirely above deck in
R-30 0.036 that the insulation islocated below the deck and isinterrupted
R-38 0.028 by metal trusses that provide thermal bypasses to the insula-
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TABLE A-5 (Section A3.1)
Assembly U-Factors for Above-Grade Concrete Walls and Masonry Walls

Assembly U-Factorsfor 8in.
Assembly U-Factorsfor | Assembly U-Factorsfor 8in. Medium Weight 115 Ib/ft3
8in. Normal Medium Weight 115 |b/ft3 Concrete Block Walls:
Framing Type| Rated R-Value of Weight 145 Ib/ft3 Concrete Block Walls: Partially Grouted (coresuninsulated
and Depth Insulation Alone Solid Concrete Walls Solid Grouted except where specified)
No Framing R-0 U-0.740 U-0.580 U-0.480
Ungrouted Cores
Filled with
L oose-Fill Insulation N.A. N.A. U-0.350
Continuous metal framing at 24 in. on center horizontally
35in. R-11.0 U-0.168 U-0.158 U-0.149
3.5in. R-13.0 U-0.161 U-0.152 U-0.144
3.5in. R-15.0 U-0.155 U-0.147 U-0.140
45in. R-17.1 U-0.133 U-0.126 U-0.121
45in. R-22.5 U-0.124 U-0.119 U-0.114
45in. R-25.2 U-0.122 U-0.116 U-0.112
5.0in. R-19.0 U-0.122 U-0.117 U-0.112
5.0in. R-25.0 U-0.115 U-0.110 U-0.106
5.0in. R-28.0 U-0.112 U-0.107 U-0.103
55in. R-19.0 U-0.118 U-0.113 U-0.109
55in. R-20.9 U-0.114 U-0.109 U-0.105
55in. R-21.0 U-0.113 U-0.109 U-0.105
55in. R-27.5 U-0.106 U-0.102 U-0.099
55in. R-30.8 U-0.104 U-0.100 U-0.096
6.0in. R-22.8 U-0.106 U-0.102 U-0.098
6.0in. R-30.0 U-0.099 U-0.095 U-0.092
6.0in. R-33.6 U-0.096 U-0.093 U-0.090
6.5in. R-24.7 U-0.099 U-0.096 U-0.092
7.0in. R-26.6 U-0.093 U-0.090 U-0.087
7.5in. R-28.5 U-0.088 U-0.085 U-0.083
8.0in. R-30.4 U-0.083 U-0.081 U-0.079
lin. metal clipsat 24 in. on center horizontally and 16 in. vertically
1.0in. R-3.8 U-0.210 U-0.195 U-0.182
1.0in. R-5.0 U-0.184 U-0.172 U-0.162
1.0in. R-5.6 U-0.174 U-0.163 U-0.154
15in. R-5.7 U-0.160 U-0.151 U-0.143
15in. R-7.5 U-0.138 U-0.131 U-0.125
15in. R-8.4 U-0.129 U-0.123 U-0.118
2.0in. R-7.6 U-0.129 U-0.123 U-0.118
2.0in. R-10.0 U-0.110 U-0.106 U-0.102
2.0in. R-11.2 U-0.103 U-0.099 U-0.096
25in. R-9.5 U-0.109 U-0.104 U-0.101
25in. R-12.5 U-0.092 U-0.089 U-0.086
25in. R-14.0 U-0.086 U-0.083 U-0.080
3.0in. R-114 U-0.094 U-0.090 U-0.088
3.0in. R-15.0 U-0.078 U-0.076 U-0.074
3.0in. R-16.8 U-0.073 U-0.071 U-0.069
35in. R-13.3 U-0.082 U-0.080 U-0.077
35in. R-17.5 U-0.069 U-0.067 U-0.065
3.5in. R-19.6 U-0.064 U-0.062 U-0.061
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TABLE A-5 (Section A3.1) (Continued)
Assembly U-Factors for Above-Grade Concrete Walls and Masonry Walls

Assembly U-Factorsfor
8in. Normal

Assembly U-Factorsfor 8in.
Medium Weight 115 |b/ft3

Assembly U-Factorsfor 8in.
Medium Weight 115 Ib/ft3
Concrete Block Walls:

Framing Type| Rated R-Value of Weight 145 Ib/ft3 Concrete Block Walls: Partially Grouted (coresuninsulated

and Depth Insulation Alone Solid Concrete Walls Solid Grouted except where specified)

No Framing R-0 U-0.740 U-0.580 U-0.480
Ungrouted Cores
Filled with
L oose-Fill Insulation N.A. N.A. U-0.350
4.0in. R-15.2 U-0.073 U-0.071 U-0.070
4.0in. R-20.0 U-0.061 U-0.060 U-0.058
4.0in. R-22.4 U-0.057 U-0.056 U-0.054
5.0in. R-28.0 U-0.046 U-0.046 U-0.045
6.0in. R-33.6 U-0.039 U-0.039 U-0.038
7.0in. R-39.2 U-0.034 U-0.034 U-0.033
8.0in. R-44.8 U-0.030 U-0.030 U-0.029
9.0in. R-50.4 U-0.027 U-0.027 U-0.026
10.0in. R-56.0 U-0.024 U-0.024 U-0.024
11.0in. R-61.6 U-0.022 U-0.022 U-0.022
Continuousinsulation uninterrupted by framing

No Framing R-1.0 U-0.425 U-0.367 U-0.324
No Framing R-2.0 U-0.298 U-0.269 U-0.245
No Framing R-3.0 U-0.230 U-0.212 U-0.197
No Framing R-4.0 U-0.187 U-0.175 U-0.164
No Framing R-5.0 U-0.157 U-0.149 U-0.141
No Framing R-6.0 U-0.136 U-0.129 U-0.124
No Framing R-7.0 U-0.120 U-0.115 U-0.110
No Framing R-8.0 U-0.107 U-0.103 U-0.099
No Framing R-9.0 U-0.097 U-0.093 U-0.090
No Framing R-10.0 U-0.088 U-0.085 U-0.083
No Framing R-11.0 U-0.081 U-0.079 U-0.076
No Framing R-12.0 U-0.075 U-0.073 U-0.071
No Framing R-13.0 U-0.070 U-0.068 U-0.066
No Framing R-14.0 U-0.065 U-0.064 U-0.062
No Framing R-15.0 U-0.061 U-0.060 U-0.059
No Framing R-16.0 U-0.058 U-0.056 U-0.055
No Framing R-17.0 U-0.054 U-0.053 U-0.052
No Framing R-18.0 U-0.052 U-0.051 U-0.050
No Framing R-19.0 U-0.049 U-0.048 U-0.047
No Framing R-20.0 U-0.047 U-0.046 U-0.045
No Framing R-21.0 U-0.045 U-0.044 U-0.043
No Framing R-22.0 U-0.043 U-0.042 U-0.042
No Framing R-23.0 U-0.041 U-0.040 U-0.040
No Framing R-24.0 U-0.039 U-0.039 U-0.038
No Framing R-25.0 U-0.038 U-0.037 U-0.037
No Framing R-30.0 U-0.032 U-0.032 U-0.031
No Framing R-35.0 U-0.028 U-0.027 U-0.027
No Framing R-40.0 U-0.024 U-0.024 U-0.024
No Framing R-45.0 U-0.022 U-0.021 U-0.021
No Framing R-50.0 U-0.019 U-0.019 U-0.019
No Framing R-55.0 U-0.018 U-0.018 U-0.018
No Framing R-60.0 U-0.016 U-0.016 U-0.016
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metal deck, and R-0.61 for interior air film heat flow up. The
performance of the insulation/framing layer is calculated
using the values in Table A-20.

A3 Above-Grade Walls

A3.1 Mass Wall. U-factors for mass walls shall be taken
from Table A-5 or determined by the procedure in this sub-
section. It is acceptable to use the U-factorsin Table A-5 for
al mass walls, provided that the grouting is equal to or less
than that specified. Heat capacity for mass walls shall be
taken from Table A-6 or A-7.

Exception to A3.1: U-factors for mass walls determined
in accordance with 5.3.1.2.

For the purpose of A1.2, the base assembly is amasonry
or concretewall. Continuousinsulationisinstalled ontheinte-
rior, exterior, or within the masonry units, or it isinstalled on
theinterior or exterior of the concrete. The U-factor includes
R-0.17 for exterior air film and R-0.68 for interior air film,
vertical surfaces. For insulated walls, the U-factor also
includes R-0.45 for 0.5 in. gypsum board. U-factors are
provided for the following configurations:

a. Concretewall: 8 in. normal weight concrete wall with a
density of 145 Ib/ftS.

b. Solid grouted concrete block wall: 8 in. medium weight
ASTM C90 concrete block with a density of 115 Ib/ft3
and solid grouted cores.

c. Partialy grouted concrete block wall: 8 in. medium
weight ASTM C90 concrete block with a density of
115 1b/ft3 havi ng reinforcing steel every 32 in. verti-
cally and every 48 in. horizontally, with cores grouted
in those areas only. Other cores are filled with insulat-
ing material only if thereis no other insulation.

If not taken from Table A-5, masswall U-factors shall be
determined from TablesA-6, A-7, and A-8 using thefollowing
procedure.

d. [If themasswall isuninsulated or only the cells are insu-
lated:

1. For concrete walls, determine the U-factor from
Table A-6 based on the concrete density and wall
thickness.

2. For concrete block walls, determine the U-factor
from Table A-7 based on the block size, concrete
density, degree of grouting in the cells, and whether
the cells are insul ated.

e. If the masswall has additional insulation:

1. For concrete walls, determine the R, from Table A-
6 based on the concrete density and wall thickness.
Next, determine the effective R-value for the insula-
tion/framing layer from Table A-8 based on the
rated R-value of insulation installed, the thickness
of the insulation, and whether it isinstalled between
wood or metal framing or with no framing. Then,
determine the U-factor by adding the R, and the
effective R-value together and taking the inverse of
the total.
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2. For concrete block walls, determine the R, from
Table A-7 based on the block size, concrete density,
degree of grouting in the cells, and whether the cells
are insulated. Next, determine the effective R-value
for the insulation/framing layer from Table A-8
based on the rated R-value of insulation installed,
the thickness of the insulation, and whether it is
installed between wood or metal framing or with no
framing. Then, determine the U-factor by adding the
R, and the effective R-value together and taking the
inverse of the total.

A3.2 Metal Building Walls. U-factors for metal building
walls shall betaken from Table A-9. It isnot acceptableto use
these U-factorsif additional insulation is not continuous.

For the purposeof A1.2, thebase assembly isawall where
the insulation is compressed between metal wall panels and
themetal structure. Additional assembliesinclude continuous
insulation, uncompressed and uninterrupted by framing.

A3.3 Sed-Framed Walls. U-factors for steel-framed
walls shall be taken from Table A-10. For steel-framed walls
with framing at less than 24 in. on center, use the standard
framing values as described in (a) below. For steel-framed
walls with framing from 24 in. to 32 in. on center, use the
advanced framing values as described in (b) below. For steel-
framed walls with framing greater than 32 in. on center, use
the metal building wall valuesin Table A9.

For thepurposeof A1.2, thebase assembly isawall where
the insulation is installed within the cavity of the steel stud
framing but where there is not a metal exterior surface span-
ning member. The steel stud framing is a minimum uncoated
thickness of 0.043 in. for 18 gauge or 0.054 in. for 16 gauge.
The U-factor includes R-0.17 for exterior air film, R-0.08 for
stucco, R-0.56 for 0.625 in.16 mm gypsum board on the exte-
rior, R-0.56 for 0.625 in.16 mm gypsum board on the interior,
and R-0.68 for interior vertical surfaces air film. The perfor-
mance of the insulation/framing layer is calculated using the
valuesin Table A-21. Additional assembliesinclude continu-
ous insulation, uncompressed and uninterrupted by framing.
U-factors are provided for the following configurations:

a. Sandard framing: steel stud framing at 16 in. on center
with cavities filled with 16 in. wide insulation for both
3.5in. deep and 6.0 in. deep wall cavities.

b. Advanced framing: steel stud framing at 24 in. on center
with cavities filled with 24 in. wide insulation for both
3.5in. deep and 6.0 in. deep wall cavities.

A3.4 Wood-Framed Walls. U-factors for wood-framed
walls shall be taken from Table A-11. For wood-framed walls
with framing at less than 24 in. on center, use the standard
framing values as described in (a) below. For wood-framed
walls with framing from 24 in. to 32 in. on center, use the
advanced framing values as described in (b) below if the
headers are uninsulated or the advanced framing with insu-
lated headers values as described in (c) below if the headers
are insulated. For wood-framed walls with framing greater
than 32 in. on center, U-factors shall be determined in accor-
dance with A9.

For thepurposeof A1.2, thebaseassembly isawall where
the insulation is installed between 2 in. nomina wood fram-
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TABLE A-6 (Sections 5.3.1.2, A3.1, and A4.1)
Assembly U-Factors, C-Factors, R, R, and Heat Capacity for Concrete

Density in Thicknessin inches
Ib/ft3 Properties 3 4 5 6 7 8 9 10 1 12
20 U-factor 0.22 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.07 0.06
C-factor 0.27 0.20 0.16 0.13 0.11 0.10 0.09 0.08 0.07 0.07
R, 4.60 5.85 7.10 8.35 9.60 10.85 12.10 13.35 14.60 15.85
R. 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 15.00
HC 1.0 13 17 2.0 2.3 2.7 3.0 33 3.7 4.0
30 U-factor 0.28 0.22 0.19 0.16 0.14 0.12 0.11 0.10 0.09 0.09
C-factor 0.37 0.28 0.22 0.18 0.16 0.14 0.12 0.11 0.10 0.09
R, 3.58 4.49 5.40 6.30 7.21 8.12 9.03 9.94 10.85 11.76
R. 2.73 3.64 455 5.45 6.36 7.27 8.18 9.09 10.00 10.91
HC 15 20 25 3.0 35 4.0 45 5.0 55 6.0
40 U-factor 0.33 0.27 0.23 0.19 0.17 0.15 0.14 0.13 0.11 0.11
C-factor 0.47 0.35 0.28 0.23 0.20 0.18 0.16 0.14 0.13 0.12
R, 2.99 371 442 5.14 5.85 6.56 7.28 7.99 8.71 9.42
R. 214 2.86 357 4.29 5.00 5.71 6.43 7.14 7.86 8.57
HC 2.0 2.7 33 4.0 4.7 5.3 6.0 6.7 7.3 8.0
50 U-factor 0.38 0.31 0.26 0.23 0.20 0.18 0.16 0.15 0.14 0.13
C-factor 0.57 0.43 0.34 0.28 0.24 0.21 0.19 0.17 0.15 0.14
R, 2.61 3.20 3.79 4.38 497 5.56 6.14 6.73 7.32 7.91
R. 1.76 2.35 2.94 353 412 471 5.29 5.88 6.47 7.06
HC 25 3.3 4.2 5.0 5.8 6.7 75 8.3 9.2 10.0
85 U-factor 0.65 0.56 0.50 0.44 0.40 0.37 0.34 0.31 0.29 0.27
C-factor 1.43 1.08 0.86 0.71 0.61 0.54 0.48 0.43 0.39 0.36
R, 155 1.78 2.01 2.25 2.48 2.71 2.94 3.18 341 3.64
R. 0.70 0.93 1.16 1.40 1.63 1.86 2.09 2.33 2.56 2.79
HC 43 5.7 7.1 85 9.9 11.3 12.8 14.2 15.6 17.0
95 U-factor 0.72 0.64 0.57 0.52 0.48 0.44 0.41 0.38 0.36 0.33
C-factor 1.85 1.41 112 0.93 0.80 0.70 0.62 0.56 0.51 0.47
R, 1.39 1.56 1.74 1.92 2.10 2.28 2.46 2.64 2.81 2.99
R. 0.54 0.71 0.89 1.07 1.25 1.43 1.61 1.79 1.96 2.14
HC 4.8 6.3 7.9 95 1.1 12.7 14.3 15.8 17.4 19.0
105 U-factor 0.79 0.71 0.65 0.59 0.54 0.51 0.47 0.44 0.42 0.39
C-factor 2.38 1.79 143 1.18 1.01 0.88 0.79 0.71 0.65 0.59
R, 1.27 141 1.557 1.70 1.84 1.98 2.12 2.26 2.40 2.54
R. 0.42 0.56 0.70 0.85 0.99 113 1.27 141 155 1.69
HC 5.3 7.0 8.8 105 12.3 14.0 15.8 175 19.3 21.0
115 U-factor 0.84 0.77 0.70 0.65 0.61 0.57 0.53 0.50 0.48 0.45
C-factor 2.94 2.22 175 1.47 1.25 1.10 0.98 0.88 0.80 0.74
R, 1.19 1.30 1.42 153 1.65 1.76 1.87 1.99 2.10 2.21
R. 0.34 0.45 0.57 0.68 0.80 0.91 1.02 114 1.25 1.36
HC 5.8 7.7 9.6 115 13.4 15.3 17.3 19.2 21.1 23.0
125 U-factor 0.88 0.82 0.76 0.71 0.67 0.63 0.60 0.56 0.53 0.51
C-factor 3.57 2.70 2.17 1.79 1.54 1.35 1.20 1.08 0.98 0.90
R, 1.13 1.22 1.31 1.41 1.50 1.59 1.68 178 1.87 1.96
R. 0.28 0.37 0.46 0.56 0.65 0.74 0.83 0.93 1.02 111
HC 6.3 8.3 104 125 14.6 16.7 18.8 20.8 229 25.0
135 U-factor 0.93 0.87 0.82 0.77 0.73 0.69 0.66 0.63 0.60 0.57
C-factor 4.55 3.33 2.70 2.22 1.92 1.67 1.49 1.33 1.22 1.11
R, 1.07 115 1.22 1.30 1.37 1.45 152 1.60 1.67 1.75
R, 0.22 0.30 0.37 0.45 0.52 0.60 0.67 0.75 0.82 0.90
HC 6.8 9.0 11.3 135 15.8 18.0 20.3 225 24.8 27.0
144 U-factor 0.96 0.91 0.86 0.81 0.78 0.74 0.71 0.68 0.65 0.63
C-factor 5.26 4.00 3.23 2.63 2.27 2.00 1.79 1.59 1.45 1.33
R, 1.04 1.10 1.16 1.23 1.29 135 141 1.48 154 1.60
R. 0.19 0.25 0.31 0.38 0.44 0.50 0.56 0.63 0.69 0.75
HC 7.2 9.6 12.0 14.4 16.8 19.2 21.6 24.0 26.4 28.8

The U-factors and R include standard air film resistances.

The C-factors and R, are for the same assembly without air film resistances.

Note that the following assemblies do not qualify asamasswall or mass floor:
3in. thick concrete with densities of 85, 95, 125, and 135 Ibs/ft3.
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TABLE A-7 (Sections 5.3.1.2, A3.1, and A4.1)

Assembly U-Factors, C-Factors, Ry, R;, and Heat Capacity for Concrete Block Walls

Concrete Block Grouting and Cell Treatment

Product Density: Solid Partly Grouted, Partly Grouted, Unreinforced, Unreinforced,
Size: in. Ib/ft3 Properties| Grouted CellsEmpty CéllsInsulated Cells Empty CéllsInsulated
6in. block 85 U-factor 0.57 0.46 0.34 0.40 0.20
C-factor 1.11 0.75 0.47 0.60 0.23
R, 1.75 2.18 2.97 2.52 5.13
R. 0.90 1.33 2.12 1.67 4.28
HC 10.9 6.7 7.0 4.2 4.6
95 U-factor 0.61 0.49 0.36 0.42 0.22
C-factor 1.25 0.83 0.53 0.65 0.27
R, 1.65 2.06 2.75 2.38 4.61
R. 0.80 1.21 1.90 1.53 3.76
HC 11.4 7.2 75 4.7 51
105 U-factor 0.64 0.51 0.39 0.44 0.24
C-factor 1.38 0.91 0.58 0.71 0.30
R, 1.57 1.95 2.56 2.26 4.17
R. 0.72 1.10 1.71 141 3.32
HC 11.9 7.7 7.9 51 5.6
115 U-factor 0.66 0.54 0.41 0.46 0.26
C-factor 1.52 0.98 0.64 0.76 0.34
R, 151 1.87 241 2.16 3.79
R. 0.66 1.02 1.56 1.31 2.94
HC 12.3 8.1 8.4 5.6 6.0
125 U-factor 0.70 0.56 0.45 0.49 0.30
C-factor 1.70 1.08 0.73 0.84 0.40
R, 1.44 1.78 2.23 2.04 3.38
R. 0.59 0.93 1.38 1.19 2.53
HC 12.8 8.6 8.8 6.0 6.5
135 U-factor 0.73 0.60 0.49 0.53 0.35
C-factor 1.94 1.23 0.85 0.95 0.49
R, 1.36 1.67 2.02 1.90 2.89
Rc 0.51 0.82 1.17 1.05 2.04
HC 13.2 9.0 9.3 6.5 6.9
8in. block 85 U-factor 0.49 0.41 0.28 0.37 0.15
C-factor 0.85 0.63 0.37 0.53 0.17
R, 2.03 243 3.55 2.72 6.62
R. 1.18 1.58 2.70 1.87 5.77
HC 15.0 9.0 9.4 54 6.0
95 U-factor 0.53 0.44 0.31 0.39 0.17
C-factor 0.95 0.70 0.41 0.58 0.20
R, 1.90 2.29 3.27 2.57 5.92
R. 1.05 1.44 2.42 1.72 5.07
HC 15.5 9.6 10.0 6.0 6.6
105 U-factor 0.55 0.46 0.33 0.41 0.19
C-factor 1.05 0.76 0.46 0.63 0.22
R, 1.81 2.17 3.04 2.44 5.32
R. 0.96 1.32 2.19 1.59 4.47
HC 16.1 10.2 10.6 6.6 7.2
115 U-factor 0.58 0.48 0.35 0.43 0.21
C-factor 1.14 0.82 0.50 0.68 0.25
R, 1.72 2.07 2.84 2.33 4.78
Re 0.87 1.22 1.99 1.48 3.93
HC 16.7 10.8 11.2 7.2 7.8
125 U-factor 0.61 0.51 0.38 0.45 0.24
C-factor 1.27 0.90 0.57 0.74 0.30
R, 1.64 1.96 2.62 2.20 4.20
R. 0.79 1.11 1.77 1.35 3.35
HC 17.3 11.4 11.8 7.8 8.4
135 U-factor 0.65 0.55 0.42 0.49 0.28
C-factor 1.44 1.02 0.67 0.83 0.37
R, 1.54 1.83 2.35 2.05 3.55
R. 0.69 0.98 1.50 1.20 2.70
HC 17.9 12.0 12.4 8.4 9.0
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TABLE A-7 (Sections 5.3.1.2, A3.1, and A4.1) (Continued)
Assembly U-Factors, C-Factors, R, R¢, and Heat Capacity for Concrete Block Walls

10 in. block 85 U-factor 0.44 0.38 0.25 0.35 0.13
C-factor 0.70 0.57 0.31 0.50 0.14
R, 2.29 261 4.05 2.84 7.87
Rc 1.44 1.76 3.20 1.99 7.02
HC 19.0 11.2 1.7 6.5 7.3
95 U-factor 0.47 0.41 0.27 0.37 0.14
C-factor 0.77 0.62 0.35 0.55 0.16
R, 2.15 2.46 3.73 2.67 6.94
R. 1.30 161 2.88 1.82 6.09
HC 19.7 11.9 124 7.3 8.1
105 U-factor 0.49 0.43 0.29 0.39 0.16
C-factor 0.85 0.68 0.39 0.59 0.19
R, 2.03 2.33 3.45 254 6.17
R. 1.18 1.48 2.60 1.69 532
HC 20.4 12.6 13.1 8.0 8.8
115 U-factor 0.52 0.45 0.31 0.41 0.18
C-factor 0.92 0.73 0.42 0.64 0.21
R, 1.94 2.22 321 242 5.52
Rc 1.09 1.37 2.36 157 4.67
HC 211 134 13.9 8.7 9.5
125 U-factor 054 0.48 0.34 0.44 0.21
C-factor 1.01 0.80 0.48 0.70 0.25
R, 1.84 2.10 2.95 2.28 4.81
Rc 0.99 1.25 2.10 143 3.96
HC 21.8 14.1 14.6 9.4 10.2
135 U-factor 0.58 051 0.38 0.47 0.25
C-factor 114 0.90 0.56 0.79 0.32
R, 172 1.96 2.64 212 4.00
R. 0.87 i1 1.79 1.27 3.15
HC 22.6 14.8 15.3 10.2 11.0
12 in. block 85 U-factor 0.40 0.36 0.22 0.34 011
C-factor 0.59 0.52 0.27 0.48 0.12
R, 2.53 2.77 4.59 2.93 9.43
R. 1.68 1.92 3.74 2.08 8.58
HC 231 133 14.0 7.5 85
95 U-factor 0.42 0.38 0.24 0.36 0.12
C-factor 0.66 0.57 0.30 0.52 0.13
R, 23 2.60 4.22 2.76 8.33
Rc 153 175 3.37 191 7.48
HC 23.9 14.2 14.8 8.3 9.3
105 U-factor 0.44 0.41 0.26 0.38 0.14
C-factor 0.71 0.62 0.33 0.57 0.15
R, 2.25 247 3.90 2.62 7.35
Rc 1.40 1.62 3.05 177 6.50
HC 24.7 15.0 15.6 9.1 10.2
115 U-factor 0.47 0.42 0.28 0.40 0.15
C-factor 0.77 0.66 0.36 0.61 0.18
R, 2.15 2.36 3.63 2.49 6.54
R. 1.30 151 2.78 164 5.69
HC 25.6 158 16.4 10.0 11.0
125 U-factor 0.49 0.45 0.30 0.42 0.18
C-factor 0.84 0.72 0.40 0.66 0.21
R, 2.04 2.23 334 2.36 5.68
R. 1.19 1.38 2.49 151 4.83
HC 26.4 16.6 17.3 10.8 11.8
135 U-factor 0.52 0.48 0.34 0.46 0.21
C-factor 0.94 0.81 0.47 0.74 0.26
R, 191 2.08 2.98 2.19 4.67
Rc 1.06 1.23 2.13 134 3.82
HC 27.2 17.5 18.1 11.6 12.6
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TABLE A-9 (Section A3.2)
Assembly U-Factors for Metal Building Walls

Overall U-Factor for Assembly of Base Wall
Plus Continuous I nsulation
(uninterrupted by framing)
) Total Rated | Overall p'FaCtor Rated R-Value of Continuous I nsulation
Insulation | Rated R-Valueof | R-Valueof | for Entire Base
System Insulation Insulation | Wall Assembly R-5.6 | R-11.2 | R-16.8 ‘ R-22.4 | R-28.0 | R-33.6
Single Layer of Mineral Fiber
None 0 1.180 0.161 0.086 0.059 0.045 0.036 0.030
R-6 0.184 0.0901 0.060 0.045 0.036 0.030 0.026
R-10 10 0.134 0.077 0.054 0.041 0.033 0.028 0.024
R-11 11 0.123 0.073 0.052 0.040 0.033 0.028 0.024
R-13 13 0.113 0.069 0.050 0.039 0.032 0.027 0.024
Double Layer of Mineral Fiber
(Second layer inside of girts)
(Multiple layers are listed in order from inside to outside)
R-6 + R-13 19 0.070 na na na na na na
R-10 + R-13 23 0.061 na na na na na na
R-13 + R-13 26 0.057 na na na na na na
R-19 + R-13 32 0.048 na na na na na na

ing. Cavity insulation is full depth, but values are taken from
Table A-24 for R-19 insulation, which is compressed when
installed in a5.5 in. cavity. Headers are double 2 in. nominal
wood framing. The U-factor includes R-0.17 for exterior air
film, R-0.08 for stucco, R-0.56 for 0.625 in. gypsum board on
the exterior, R-0.56 for 0.625 in. gypsum board ontheinterior,
and R-0.68 for interior air film, vertical surfaces. Additional
assemblies include continuous insulation, uncompressed and
uninterrupted by framing. U-factors are provided for the
following configurations:

a.  Sandard framing: wood framing at 16 in. on center with
cavities filled with 14.5 in. wide insulation for both 3.5
in. deep and 5.5 in. deep wall cavities. Double headers
leave no cavity. Weighting factors are 75% insulated
cavity, 21% studs, plates, and sills, and 4% headers.

b. Advanced framing: wood framing at 24 in. on center
with cavities filled with 22.5 in. wide insulation for
both 3.5in. deep and 5.5 in. deep wall cavities. Double
headers leave uninsulated cavities. Weighting factors
are 78% insulated cavity, 18% studs, plates, and sills,
and 4% headers.

¢. Advanced framing with insulated headers. wood fram-
ing at 24 in. on center with cavities filled with 22.5 in.
wide insulation for both 3.5 in. deep and 5.5 in. deep
wall cavities. Double header cavities are insulated.
Weighting factors are 78% insulated cavity, 18% studs,
plates, and sills, and 4% headers.

A4 Beow-Grade Walls. C-factors for below-grade walls
shall be taken from Table A-12 or determined by the proce-
dure described in this subsection. It is acceptable to use the
C-factorsin Table A-12 for all below-grade walls.

Thebase assembly is8in. medium-weight concrete block
with adensity of 115 Ib/ft3 and solid grouted cores. Continu-
ousinsulationisinstalled ontheinterior or exterior. In contrast

78

to the U-factor for above-grade walls, the C-factor for bel ow-
grade walls does not include R-values for exterior or interior
air films or for soil. For insulated walls, the C-factor does
include R-0.45 for 0.5 in. gypsum board.

If not taken from Table A-12, below-gradewall C-factors
shall be determined from Tables A-6, A-7, and A-8 using the
following procedure:

a. If the below-grade wall is uninsulated or only the cells
areinsulated:

(1) For concrete walls, determine the C-factor from
Table A-6 based on the concrete density and wall
thickness.

(2) For concrete block walls, determine the C-factor
from Table A-7 based on the block size, concrete
density, degree of grouting in the cells, and whether
the cells are insul ated.

b. If themasswall has additional insulation:

(1) For concrete walls, determine the R. from Table A-
6 based on the concrete density and wall thickness.
Next, determine the effective R-value for the insula-
tion/framing layer from Table A-8 based on the
rated R-value of insulation installed, the thickness
of the insulation, and whether it isinstalled between
wood or metal framing or with no framing. Then,
determine the C-factor by adding the R, and the
effective R-value together and taking the inverse of
thetotal.

(2) For concrete block walls, determine the R. from
Table A-7 based on the block size, concrete density,
degree of grouting in the cells, and whether the cells
are insulated. Next, determine the effective R-value
for the insulation/framing layer from Table A-8
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TABLE A-12 (Section A4)
Assembly C-Factors for Below-Grade Walls

Rated R-Value Specified C-Factors
FramingType| of Insulation (wall only, without soil
and Depth Alone and air films)
No Framing R-0 C-1.140
Exterior Insulation, continuous and uninterrupted by framing
No Framing R-5.0 C-0.170
No Framing R-7.5 C-0.119
No Framing R-10.0 C-0.092
No Framing R-12.5 C-0.075
No Framing R-15.0 C-0.063
No Framing R-17.5 C-0.054
No Framing R-20.0 C-0.048
No Framing R-25.0 C-0.039
No Framing R-30.0 C-0.032
No Framing R-35.0 C-0.028
No Framing R-40.0 C-0.025
No Framing R-45.0 C-0.022
No Framing R-50.0 C-0.020
Continuous metal framing at 24 in. on center horizontally
35in. R-11.0 C-0.182
35in. R-13.0 C-0.174
35in. R-15.0 C-0.168
55in. R-19.0 C-0.125
55in. R-21.0 C-0.120

1lin. metal clipsat 24 in. on center horizontally
and 16 in. vertically

1.0in. R-3.8 C-0.233
1.0in. R-5.0 C-0.201
1.0in. R-5.6 C-0.189
15in. R-5.7 C-0.173
15in. R-7.5 C-0.147
15in. R-8.4 C-0.138
20in. R-7.6 C-0.138
20in. R-10.0 C-0.116
20in. R-11.2 C-0.108
25in. R-9.5 C-0.114
25in. R-12.5 C-0.096
25in. R-14.0 C-0.089
3.0in. R-11.4 C-0.098
3.0in. R-15.0 C-0.082
3.0in. R-16.8 C-0.076
3.5in. R-13.3 C-0.085
3.5in. R-17.5 C-0.071
3.5in. R-19.6 C-0.066
4.0in. R-15.2 C-0.076
4.0in. R-20.0 C-0.063
4.0in. R-22.4 C-0.058

ANSI/ASHRAE/IESNA STANDARD 90.1-2001

based on the rated R-value of insulation installed,
the thickness of the insulation, and whether it is
installed between wood or metal framing or with no
framing. Then, determine the C-factor by adding
the R and the effective R-value together and taking
the inverse of the total.

A5 Floors

A5.1 General. Thebuffering effect of crawl spacesor park-
ing garages shall not beincluded in U-factor calculations. See
A6 for slab-on-grade floors.

A5.2 MassFloors. U-factorsfor massfloors shall be taken
from Table A-13. It is not acceptable to use these U-factorsif
the insulation is not continuous.

For the purpose of A1.2, the base assembly is continuous
insulation over or under a solid concrete floor. The U-factor
includes R-0.92 for interior air film—nheat flow down, R-1.23
for carpet and rubber pad, R-0.50for 8in. concrete, and R-0.46
for semi-exterior air film. Added insulation is continuous and
uninterrupted by framing. Framing factor is zero.

A5.3 Sed Joist Floors. U-factorsfor stedl joist floorsshall
be taken from Table A-14. It is acceptabl e to use these U-fac-
torsfor any steel joist floor.

For the purpose of Al.2, the base assembly is a floor
where the insulation is either placed between the steel joists
or is sprayed on the underside of the floor and the joists. In
both cases, the steel provides a thermal bypass to the insula-
tion. The U-factor includes R-0.92 for interior air film—heat
flow down, R-1.23 for carpet and pad, R-0.25 for 4 in.
concrete, R-0 for metal deck, and R-0.46 for semi-exterior air
film. The performance of the insulation/framing layer is
calculated using the values in Table A-20.

A5.4 Wood-Framed Floors. U-factors for wood-framed
floors shall be taken from Table A-15. It is not acceptable to
use these U-factorsif the framing is not wood.

For the purpose of A1l.2, the base assembly is a floor
attached directly to the top of the wood joist and with insula-
tion located directly below the floor, with a ventilated
airspace below the insulation. The heat flow path through the
joist is calculated to be the same depth as the insulation. The
U-factor includes R-0.92 for interior air film—heat flow
down, R-1.23 for carpet and pad, R-0.94 for 0.75 in. wood
subfloor, and R-0.46 for semi-exterior air film. The weight-
ing factors are 91% insulated cavity and 9% framing.

A6 Sab-on-Grade Floors. F-factors for slab-on-grade
floors shall be taken from Table A-16. These F-factors are
acceptable for al slab-on-grade floors.

For the purpose of Al.2, the base assembly is a slab
floor of 6 in. concrete poured directly on to the earth, the
bottom of the dlab is at grade line, and soil conductivity is
0.75 Btu/h-ft?-°F. In contrast to the U-factor for floors, the
F-factor for slab-on-grade floors is expressed per linea foot
of building perimeter. F-factors are provided for unheated
slabs and for heated slabs. Unheated slab-on-grade floors
do not have heating elements, and heated slab-on-grade
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TABLE A-16 (Section A6)
Assembly F-Factors for Slab-on-Grade Floors

Rated R-Value of Insulation
Insulation Description R-0 ‘ R-5 | R-7.5‘ R-10 | R-15 | R-20 | R-25 | R-30 ‘ R-35 | R-40 | R-45 ‘ R-50 | R-55
Unheated Slabs
None 0.73
12 in. horizontal 072 071 071 o071
24in. horizontal 070 070 070 0.69
36 in. horizontal 068 067 066 0.66
48 in. horizontal 067 065 064 063
12in. vertica 061 060 058 057 0567 0565 0564
24 in. vertical 058 056 054 052 0510 0505 0.502
36in. vertical 056 053 051 048 0472 0464 0.460
48 in. vertical 054 051 048 045 0434 0424 0419
Fully insulated slab 046 041 036 030 0261 0233 0213 0198 018 0176 0.168 0.161
Heated Slabs
None 1.35
12 in. horizontal 131 131 130 130
24in. horizontal 128 127 126 125
36 in. horizontal 124 121 120 118
48 in. horizontal 120 117 113 111
12in. vertica 106 1.02 100 098 0968 0964 0.961
24in. vertica 099 09 09 086 0843 0832 0827
36in. vertical 095 089 084 079 0762 0747 0.740
48in. vertical 091 08 078 072 0688 0.671 0.659
Fully insulated slab 074 064 055 044 0373 0326 029 0273 0255 0.239 0227 0217

floors do have heating elements within or beneath the dlab.
F-factors are provided for three insulation configurations:

a.  Horizontal insulation: continuous insulation is
applied directly to the underside of the slab and extends
inward horizontally from the perimeter for the distance
specified or continuous insulation is applied downward
from the top of the slab and then extends horizontally to
the interior or the exterior from the perimeter for the
distance specified.

b. Vertical insulation: continuous insulation is applied
directly to the slab exterior, extending downward from
the top of the slab for the distance specified.

c. Fully insulated dlab: continuous insulation extends
downward from the top of the slab and along the entire
perimeter and completely covers the entire area under
the slab.

A7 Opaque Doors. All opaque doors with U-factors
determined, certified, and labeled in accordance with NFRC
100 as specified in 5.2.2 shall be assigned those U-factors.
Unlabeled opaque doors shall be assigned the following U-
factors:

a  Uninsulated single-layer metal swinging doors or non-
swinging doors, including single-layer uninsulated
access hatches and uninsulated smoke vents: 1.45

ANSI/ASHRAE/IESNA STANDARD 90.1-2001

b.  Uninsulated double-layer metal swinging doors or non-
swinging doors, including double-layer uninsulated
access hatches and uninsulated smoke vents: 0.70

c. Insulated metal swinging doors, including fire-rated
doors, insulated access hatches, and insulated smoke
vents: 0.50

d.  Wood doors, minimum nominal thickness of 1 3/4 in.,
including panel doorswith minimum panel thickness of
1 1/8 in., solid core flush doors, and hollow core flush
doors: 0.50.

e.  Any other wood door: 0.60

No credit shall be given for any other features, including
thermal breaks in metal door slabs (the operable part of the
door) or frames, other than as determined in accordance with
5.2.2.

A8 Fenestration. All fenestration with U-factors, SHGC, |
or visible light transmittance determined, certified, and
labeled in accordance with NFRC 100, 200, and 300, respec-
tively, as specified in 5.2.2 shall be assigned those values.

A8.1 Unlabeled Skylights. Unlabeled skylights shall be|
assigned the U-factors in Table A-17 and are allowed to use
the SHGCs and visible light transmittances in Table A-18.
Themetal with thermal break frame category shall not be used
85



unless al frame members have a thermal break equal to or
greater than /4 in.

| A8.2 Unlabeled Vertical Fenestration. Unlabeled vertical
fenestration, both operable and fixed, shall be assigned the U-

| factors, SHGCs, and visible light transmittances in Table A-
19. No credit shall be given for any other features, including
metal frames with thermal breaks, low-emissivity coatings,
gasfillings, or insulating spacers, other than as determined in
accordance with 5.2.2.

A9 Determination of Alternate Assembly U-Factors, C-
Factors, F-Factors, or Heat Capacities

A9.1 General. U-factors for fenestration shall be deter-
mined in accordance with 5.2.2 or A.8 only. U-factors for
opaqgue doors shall be determined in accordance with 5.2.2 or
A7 only. Component U-factors for other opague assemblies
shall be determined in accordance with A9 only if approved
by the building official in accordance with A1.2. The proce-
dures required for each class of construction are specified in
A9.2. Testing shall be performed in accordance with A9.3.
Calculations shall be performed in accordance with A9.4.

A9.2 Required Procedures. Two- or three-dimensional
finite difference and finite volume computer models shall be
an acceptable aternative method to calculating the thermal
performancevaluesfor all assembliesand constructionslisted
below. The following procedures shall also be permitted to
determine all aternative U-factors, F-factors, and C-factors:

a. Roofs.

(1) Roofs with insulation entirely above deck: testing
or series calculation method.

(2) Metal building roofs: testing.

(3) Atticroofs, wood joists. testing or parallel path cal-
culation method.

(4) Attic roofs, stedl joists: testing or parallel path cal-
culation method using the insulation/framing layer
adjustment factors in Table A-20 or modified zone
calculation method.

(5) Attic roofs, concrete joists. testing or parallel path
calculation method if concrete is solid and uniform
or isothermal planes calculation method if concrete
has hollow sections.

(6) Other attic roofs and other roofs. testing or two-
dimensional calculation method.

b. Above-GradeWalls.

(1) Mass walls: testing or the isothermal planes calcu-
lation method or two-dimensional calculation
method. The parallel path calculation method is not
acceptable.

(2) Metal building walls: testing.

(3) Seed-framed walls: testing or paralel path calcula-
tion method using the insulation/framing layer
adjustment factors in Table A-21 or the modified
zone method.

(4) Wood-framed walls: testing or parallel path calcula-
tion method.

(5) Other walls: testing or two-dimensional calculation
method.
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c. Below-Grade Walls.

(1) Masswalls: testing or the isothermal planes calcu-
lation method or two-dimensional calculation
method. The paralléel path calculation method is not
acceptable.

(2) Other walls. testing or two-dimensional calcula
tion method.

d. Floors.

(1) Mass floors. testing or paralel path calculation
method if concrete is solid and uniform or isother-
mal planes calculation method if concrete has hol-
low sections.

(2) Sed joist floors: testing or modified zone calcula-
tion method.

(3) Wbod joist floors: testing or parallel path calcula-
tion method or isothermal planes calculation
method.

(4) Other floors: testing or two-dimensional calcula-
tion method.

e. Slab-on-Grade Floors: no testing or caculations
allowed.

A9.3 Testing Procedures.

A9.3.1 BuildingMaterial Thermal Properties. If build-
ing material R-values or thermal conductivities are deter-
mined by testing, one of the following test procedures shall be
used:

a ASTM C177,
b. ASTM C236,
c. ASTM C518, or
d. ASTM C976.

For concrete, the oven-dried conductivity shall be multi-
plied by 1.2 to reflect the moisture content as typicaly
installed.

A9.3.2 Assembly U-Factors. If assembly U-factors are
determined by testing, one of the following test procedures
shall be used:

a ASTM C236 or

b. ASTM C976.

Product samples tested shall be production line material
or representative of material as purchased by the consumer or
contractor. If the assembly istoo large to betested at onetime
in its entirety, then either a representative portion shall be
tested or different portions shall be tested separately and a
weighted average determined. To be representative, the
portion tested shall include edges of panels, joints with other
panels, typical framing percentages, and thermal bridges.

A9.4 Calculation Proceduresand Assumptions. Thefol-
lowing procedures and assumptions shall be used for al cal-
culations. R-values for air films, insulation, and building
materials shall be taken from A9.4.1 through A9.4.3, respec-
tively. In addition, the appropriate assumptions listed in A2
through A8, including framing factors, shall be used.

A9.4.1 Air Films: Prescribed R-valuesfor air films shall
be as follows:

ANSI/ASHRAE/IESNA STANDARD 90.1-2001



TABLE A-17 (Section A8.1)

Assembly U-Factors for Unlabeled Skylights

Product Type

Sloped Installation

Unlabeled Skylight with Curb
(Includes glass/plastic, flat/domed, fixed/operable)

Unlabeled Skylight without Curb

(Includes glass/plastic, flat/domed, fixed/operable)

Frame Type Aluminum | Aluminum | Reinforced Aluminum Aluminum
ID |Glazing Type without with Vin_yl/ without with
Thermal Thermal | Aluminum Thermal Thermal Sructural
Break Break Clad Wood | Wood/Vinyl Break Break Glazing
Single Glazing
1 1/8" glass 1.98 1.89 1.75 1.47 1.36 1.25 1.25
2 /4" acrylic/polycarb 1.82 173 1.60 131 121 1.10 1.10
3 1/8" acrylic/polycarb 1.90 181 1.68 1.39 1.29 118 118
Double Glazing
4 /4" airspace 131 111 1.05 0.84 0.82 0.70 0.66
5 /2" airspace 1.30 1.10 1.04 0.84 0.81 0.69 0.65
6 1/4" argon space 127 1.07 1.00 0.80 0.77 0.66 0.62
7 1/2" argon space 127 1.07 1.00 0.80 0.77 0.66 0.62
Double Glazing, e=0.60 on surface 2 or 3
8 14" airspace 127 1.08 1.01 0.81 0.78 0.67 0.63
9 1/2" airspace 127 1.07 1.00 0.80 0.77 0.66 0.62
10 | /4" argon space 1.23 1.03 0.97 0.76 0.74 0.63 0.58
11 | 1/2" argon space 123 1.03 0.97 0.76 0.74 0.63 0.58
Double Glazing, e=0.40 on surface 2 or 3
12 | /4" airspace 1.25 1.05 0.99 0.78 0.76 0.64 0.60
13| /2" airspace 1.24 1.04 0.98 0.77 0.75 0.64 0.59
14 | /4" argon space 118 0.99 0.92 0.72 0.70 0.58 0.54
15| 1/2" argon space 1.20 1.00 0.94 0.74 0.71 0.60 0.56
Double Glazing, e=0.20 on surface 2 or 3
16 | /4" airspace 1.20 1.00 0.94 0.74 0.71 0.60 0.56
17| 12" airspace 1.20 1.00 0.94 0.74 0.71 0.60 0.56
18 | 1/4" argon space 114 0.94 0.88 0.68 0.65 0.54 0.50
19 | /2" argon space 1.15 0.95 0.89 0.68 0.66 0.55 0.51
Double Glazing, e=0.10 on surface 2 or 3
20 | /4" airspace 118 0.99 0.92 0.72 0.70 0.58 0.54
21| 12" airspace 1.18 0.99 0.92 0.72 0.70 0.58 0.54
22 | /4" argon space 111 0.91 0.85 0.65 0.63 0.52 0.47
23| 1/2" argon space 113 0.93 0.87 0.67 0.65 0.53 0.49
Double Glazing, e=0.05 on surface 2 or 3
24 | 1/4" airspace 117 0.97 0.91 0.70 0.68 0.57 0.52
25| 1/2" airspace 117 0.98 0.91 0.71 0.69 0.58 0.53
26 | /4" argon space 1.09 0.89 0.83 0.63 0.61 0.50 0.45
27 | /2" argon space 111 0.91 0.85 0.65 0.63 0.52 0.47
Triple Glazing
28 | 1/4" airspaces 112 0.89 0.84 0.64 0.64 0.53 0.48
29 | 1/2" airspaces 1.10 0.87 0.81 0.61 0.62 0.51 0.45
30| /4" argon spaces 1.09 0.86 0.80 0.60 0.61 0.50 0.44
31| 1/2" argon spaces 1.07 0.84 0.79 0.59 0.59 0.48 0.42
Triple Glazing, e=0.20 on surface 2,3,4, or 5
32| 14" airspaces 1.08 0.85 0.79 0.59 0.60 0.49 0.43
33| 12" airspaces 1.05 0.82 0.77 0.57 0.57 0.46 0.41
34| /4" argon spaces 1.02 0.79 0.74 054 0.55 0.44 0.38
35| 1/2" argon spaces 1.01 0.78 0.73 0.53 0.54 0.43 0.37
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TABLE A-17 (Section A8.1) (Continued)

Assembly U-Factors for Unlabeled Skylights

36
37
38
39

40
41
42
43

45
46
47
48

Triple Glazing, e=0.20 on surfaces 2 or 3and 4 or 5

1/4" airspaces 1.03 0.80
1/2" airspaces 101 0.78
1/4" argon spaces 0.99 0.75
1/2" argon spaces 0.97 0.74
Triple Glazing, e=0.10 on surfaces 2 or 3and 4 or 5
1/4" airspaces 101 0.78
1/2" airspaces 0.99 0.76
1/4" argon spaces 0.96 0.73
1/2" argon spaces 0.95 0.72
Quadruple Glazing, e=0.10 on surfaces2 or 3and 4 or 5
1/4" airspaces 0.97 0.74
1/2" airspaces 0.94 0.71
1/4" argon spaces 0.93 0.70
1/2" argon spaces 0.91 0.68
1/4" krypton spaces 0.88 0.65

0.75
0.73
0.70
0.69

0.73
0.71
0.68
0.67

0.69
0.66
0.65
0.63
0.60

0.55
0.53
0.50
0.49

0.53
0.51
0.48
0.47

0.49
0.46
0.45
0.43
0.40

0.56
0.54
0.51
0.50

0.54
0.52
0.49
0.48

0.50
0.47
0.46
0.44
0.42

0.45
0.43
0.40
0.39

0.43
0.41
0.38
0.37

0.39
0.36
0.35
0.33
0.31

0.39
0.37
0.35
0.33

0.37
0.36
0.32
0.31

0.33
0.30
0.30
0.28
0.25
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TABLE A-18 (Section A8.1)
Assembly Solar Heat Gain Coefficients (SHGC) and
Assembly Visible Light Transmittances (VLT) for Unlabeled Skylights

Glazing Type:

Unlabeled Skylights (includes glass/plastic, flat/domed, fixed/operable)

; Metal without Metal with Wood/vinyl/
Glass Numlzgrmat;li ;;?g/':g L?yce(;:lings Frame: thermal break thermal break fiberglags

Type (glazing is glass except where noted) Characteristic: SHGC | VLT |SHGC| VLT |SHGC ‘ VLT

Clear Singleglazing, 1/8in. glass 0.82 0.76 0.78 0.76 0.73 0.73

Single glazing, /4 in. glass 0.78 0.75 0.74 0.75 0.69 0.72

Single glazing, acrylic/polycarbonate 0.83 0.92 0.83 0.92 0.83 0.92

Double glazing 0.68 0.66 064 066  0.59 0.64

Double glazing, E=0.40 on surface 2 or 3 0.71 0.65 0.67 0.65 0.62 0.63

Double glazing, E=0.20 on surface 2 or 3 0.66 0.61 0.62 0.61 0.57 0.59

Double glazing, E=0.10 on surface 2 or 3 0.59 0.63 0.55 0.63 051 0.61

Double glazing, acrylic/polycarbonate 0.77 0.89 0.77 0.89 0.77 0.89

Triple glazing 0.60 0.59 056  0.59 0.52 0.57

Triple glazing, E=0.40 on surface 2, 3,4, or 5 0.64 0.60 0.60 0.60 0.56 0.57

Triple glazing, E=0.20 on surface 2, 3, 4, or 5 0.59 0.55 0.55 0.55 0.51 0.53

Triple glazing, E=0.10 on surface 2, 3, 4, or 5 0.54 0.56 0.50 0.56 0.46 0.54

Triple glazing, E=0.40 on surfaces 3 and 5 0.62 0.57 0.58 0.57 0.53 0.55

Triple glazing, E=0.20 on surfaces 3 and 5 0.56 0.51 0.52 0.51 0.48 0.49

Triple glazing, E=0.10 on surfaces 3 and 5 0.47 0.54 0.43 0.54 0.40 0.52

Triple glazing, acrylic/polycarbonate 0.71 0.85 0.71 0.85 0.71 0.85

Quadruple glazing, E=0.10 on surfaces 3 and 5 0.41 0.48 0.37 0.48 0.33 0.46

Quadruple glazing, acrylic/polycarbonate 0.65 0.81 0.65 0.81 0.65 0.81

Tinted Singleglazing, 1/8in. glass 0.70 0.58 0.66 0.58 0.62 0.56

Single glazing, /4 in. glass 0.61 0.45 0.56 0.45 0.52 0.44

Single glazing, acrylic/polycarbonate 0.46 0.27 0.46 0.27 0.46 0.27

Double glazing 0.50 0.40 0.46 0.40 0.42 0.39

Double glazing, E=0.40 on surface 2 or 3 0.59 0.50 0.55 0.50 0.50 0.48

Double glazing, E=0.20 on surface 2 or 3 0.47 0.37 0.43 0.37 0.39 0.36

Double glazing, E=0.10 on surface 2 or 3 0.43 0.38 0.39 0.38 0.35 0.37

Double glazing, acrylic/polycarbonate 0.37 0.25 0.37 0.25 0.37 0.25

Triple glazing 0.42 022 037 022 034 021

Triple glazing, E=0.40 on surface 2, 3, 4, or 5 0.53 0.45 0.49 0.45 0.45 0.44

Triple glazing, E=0.20 on surface 2, 3, 4, or 5 0.42 0.33 0.38 0.33 0.35 0.32

Triple glazing, E=0.10 on surface 2, 3,4, or 5 0.39 0.34 0.35 0.34 0.31 0.33

Triple glazing, E=0.40 on surfaces 3 and 5 0.51 043 0.47 043 0.43 0.42

Triple glazing, E=0.20 on surfaces 3 and 5 0.40 0.31 0.36 0.31 0.32 0.29

Triple glazing, E=0.10 on surfaces 3 and 5 0.34 0.32 0.30 0.32 0.27 0.31

Triple glazing, acrylic/polycarbonate 0.30 0.23 0.30 0.23 0.30 0.23

Quadruple glazing, E=0.10 on surfaces 3 and 5 0.30 0.29 0.26 0.29 0.23 0.28

Quadruple glazing, acrylic/polycarbonate 0.27 0.25 0.27 0.25 0.27 0.25
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TABLE A-19 (Section A8.2)
Assembly U-Factors, Assembly Solar Heat Gain Coefficients (SHGC), and Assembly Visible Light
Transmittances (VLT) for Unlabeled Vertical Fenestration

Unlabeled Vertical Fenestration

Clear Glass Tinted Glass
Frame Type Glazing Type U-Factor | SHGC ‘ VLT U-Factor SHGC VLT
All frame types
Single glazing 1.25 0.82 0.76 1.25 0.70 0.58
Glass block 0.60 0.56 0.56 n.a n.a n.a
Wood, vinyl, or fiberglass frame
Double glazing 0.60 0.59 0.64 0.60 0.42 0.39
Triple glazing 0.45 0.52 0.57 0.45 0.34 0.21
Metal and other frame type
Double glazing 0.90 0.68 0.66 0.90 0.50 0.40
Triple glazing 0.70 0.60 0.59 0.70 0.42 0.22

TABLE A-20 (Section A9.2 and A9.4.2)
Effective Insulation/Framing Layer R-Values for Roof and Floor Insulation Installed Between Metal Framing
(4 ft on center)

Rated R-Value of Correction Framing/Cavity Rated R-Value of Correction Framing/Cavity
Insulation Factor R-Value Insulation Factor R-Value
0.00 1.00 0.00 20.00 0.85 17.00
4.00 0.97 3.88 21.00 0.84 17.64
5.00 0.96 4.80 24.00 0.82 19.68
8.00 0.94 7.52 25.00 0.81 20.25
10.00 0.92 9.20 30.00 0.79 23.70
11.00 0.91 10.01 35.00 0.76 26.60
12.00 0.90 10.80 38.00 0.74 28.12
13.00 0.90 11.70 40.00 0.73 29.20
15.00 0.88 13.20 45.00 0.71 31.95
16.00 0.87 13.92 50.00 0.69 34.50
19.00 0.86 16.34 55.00 0.67 36.85
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TABLE A-21 (Sections A9.2 and A9.4.2)
Effective Insulation/Framing Layer R-Values for Wall Insulation Installed Between Steel Framing

Nominal Depth of  Actual Depth of Rated R-Value of Effective Framing/Cavity R-Value Effective Framing/Cavity at
Cavity (in.) Cavity (in.) Airspaceor Insulation at 16 in. on center 24in. on center
Empty cavity, no insulation
4 35 R-0.91 0.79 091
Insulated Cavity
4 35 R-11 55 6.6
4 35 R-13 6.0 7.2
4 35 R-15 6.4 7.8
6 6.0 R-19 7.1 8.6
6 6.0 R-21 74 9.0
8 8.0 R-25 7.8 9.6
R-Value Condition c.  For calculation purposes, the effective R-value for insu-
lation installed in cavities in attic roofs with sted joists
0.17 All exterior surfaces shall be taken from Table A-20.
0.46 All semi-exterior surfaces . . .
) _ d.  For calculation purposes, the effective R-value for insu-
0.61 Interior horizontal surfaces, heet flow up lation installed in cavitiesin steel-framed walls shall be
0.92 Interior horizontal surfaces, heat flow down taken from Table A-21.
0.68 Interior vertical surfaces

Exterior surfaces are areas exposed to the wind. Semi-
exterior surfaces are protected surfaces that face attics, crawl
spaces, and parking garages with natural or mechanical venti-
lation. Interior surfaces are surfaces within enclosed spaces.

TheR-vauefor cavity airspacesshall betakenfrom Table
A-23 based on the emissivity of the cavity from Table A-22.
No credit shall be given for airspaces in cavities that contain
any insulation or lessthan 0.5in. Thevaluesfor 3.5in. cavities
shall be used for cavities of that width and greater.

A9.4.2 Insulation R-values: Insulation R-values shall be
determined as follows:

a.  Forinsulation that is not compressed, the rated R-value
of insulation shall be used.

b.  For calculation purposes, the effective R-value for insu-
lation that is uniformly compressed in confined cavities
shall be taken from Table A-24.

ANSI/ASHRAE/IESNA STANDARD 90.1-2001

A9.4.3 Building Material Thermal Properties: R-val-
ues for building materials shall be taken from Table A-25.
Concrete block R-values shall be cal culated using the i sother-
mal planes method or atwo-dimensional cal culation program,
thermal conductivitiesfrom Table A-26, and dimensionsfrom
ASTM C90. The paralel path calculation method is not
acceptable.

Exception to A9.4.3: R-values for building materials or
thermal conductivities determined from testing in
accordance with A9.3

A9.4.4 Building Material Heat Capacities. The heat
capacity of assemblies shall be calculated using published
values for the unit weight and specific heat of all building
material components that make up the assembly.
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TABLE A-22 (Section A9.4.1)
Emittance Values of Various Surfaces and Effective Emittances of Air Spaces

Effective Emittance
e eff of Air Space
Surface Average Emittance e One Surface e; Other, 0.9 Both Surfaces Emittance e
Aluminum foil, bright 0.05 0.05 0.03
Aluminum foil, with condensate just visible 0.30 0.29 -
(>0.7 gr/ft?)
Aluminum foil, with condensate clearly 0.70 0.65 -
visible (>2.9 gr/ft?)
Aluminum sheet 0.12 0.12 0.06
Aluminum coated paper, polished 0.20 0.20 0.11
Sted, galv., bright 0.25 0.24 0.15
Aluminum paint 0.50 0.47 0.35
Bldg materials: wood, paper, masonry, 0.90 0.82 0.82
nonmetallic paints
Regular glass 0.84 0.77 0.72
TABLE A-23 (Section A9.4.1)
R-Values for Cavity Air Spaces
R-Value
Effective Emissivity
Component | Airspace Thickness(in.) 0.03 0.05 0.20 0.50 0.82
Roof 0.50 213 2.04 1.54 1.04 0.77
0.75 2.33 2.22 1.64 1.09 0.80
1.50 253 241 1.75 113 0.82
3.50 2.83 2.66 1.88 119 0.85
Wall 0.50 254 243 1.75 1.13 0.82
0.75 3.58 3.32 2.18 1.30 0.90
1.50 3.92 3.62 2.30 1.34 0.93
3.50 3.67 3.40 221 131 0.91
Floor 0.50 255 1.28 1.00 0.69 0.53
0.75 144 1.38 1.06 0.73 0.54
1.50 2.49 2.38 1.76 1.15 0.85
3.50 3.08 2.90 201 1.26 0.90
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TABLE A-24 (Section A9.4.2)

Effective R-Values for Fiberglass

Insulation R-Value at Sandard Thickness
Rated R-Value 38 30 22 21 19 15 13 1
Sandard Thickness (in.) 12 95 6.5 55 6 35 35 35
Nominal Lumber | Actual Depth of Effective Insulation R-Values
Size(in.) Cavity (in.) when Installed in a Confined Cavity
2x12 11.25 37 - - - - - - -
2x10 9.25 32 30 - - - - - -
2x8 7.25 27 26 22 21 19 - - -
2x6 5.5 - 21 20 21 18 - - -
2x4 35 - - 14 - 13 15 13 11
25 - - - - - - 9.8 -
15 - - - - - - 6.3 6
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TABLE A-25 (Section A9.4.3)
R-Values for Building Materials

Material | Nominal Size(in.) | Actual Size(in.) R-Value
Carpet and rubber pad - - 1.23
Concrete at R-0.0625/in. - 2 0.13
- 4 0.25
- 6 0.38
- 8 0.5
- 10 0.63
- 12 0.75
Flooring, wood subfloor - 0.75 0.94
Gypsum board - 05 0.45
- 0.625 0.56
Metal deck - - 0
Roofing, built-up - 0.375 0.33
Sheathing, vegetable fiber board, 0.78 in. - 0.78 2.06
Soil at R-0.104/in. - 12 1.25
Steel, mild 1 0.0031807
Stucco - 0.75 0.08
Wood, 2 x 4 at R-1.25/in. 4 35 4.38
Wood, 2 x 6 at R-1.25/in. 6 55 6.88
Wood, 2 x 8 at R-1.25/in. 8 7.25 9.06
Wood, 2 x 10 at R-1.25/in. 10 9.25 11.56
Wood, 2 x 12 at R-1.25/in. 12 11.25 14.06
Wood, 2 x 14 at R-1.25/in. 14 13.25 16.56

TABLE A-26 (Section A9.4.3)
Thermal Conductivity of Concrete Block Material

Concrete Block Thermal Conductivity in
Density in Ib/ft3 Btulih./hft2CF
80 37
85 4.2
90 4.7
95 5.1
100 55
105 6.1
110 6.7
115 7.2
120 7.8
125 8.9
130 10.0
135 11.8
140 135
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(Thisisanormativeappendix and ispart of thisstandard.)
NORMATIVE APPENDIX B

BUILDING ENVELOPE CRITERIA
This normative appendix contains the building envelope
regquirements for each climate. The criteriatablesarelisted in
numerical order according to climate as indicated in Figure
B-1 below. CDD50 and HDD65 vaues for U.S., Canadian,
and international locations may be found in Normative

Appendix D. (See 5.1.3 for additional information regarding
the selection of climate data.)) The table numbers are also
included in Normative Appendix D for each weather site
listed. The numbers in Figure B-1 correspond to the tables
numbered B-n to identify criteria for those corresponding to
the heating degree-days and cooling degree-days shown,
wheren =1,2,3....26. The following definitions apply: ci =
continuous insulation (see Section 3.2), NR = no (insulation)
requirements.

CDD50
10801+ 1
9001-10800 2
7201-9000 3 5
5401-7200 4 6 8 10
3601-5400 7 9 11 13 16
1801-3600 12 14 17 19 21
0-1800 15 18 20 22 23 24 25 26
HDDG65 0-900 901-1800  1801- 2701- 3601- 5401- 7201- 9001- 10801- 12601- 16201- 19801+
2700 3600 5400 7200 9000 10800 12600 16200 19800

FigureB-1 Climatesfor building envelope requirements.
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TABLE B-1
Building Envelope Requirements (HDD65: 0-900, CDD50: 10801+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck U-0.063 R-15.0 ci U-0.048 R-20 ci U-1.282 NR
Metal Building U-0.065 R-19.0 U-0.055 R-13.0+R-13.0 |U-1.280 NR
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.614 NR
Walls, Above Grade
Mass U-0.580 NR U-0.1512 R-5.7ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-1.180 NR
Steel Framed U-0.124 R-13.0 U-0.084 R-13.0+R-3.8ci [U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.322 NR U-0.322 NR U-0.322 NR
Steel Joist U-0.350 NR U-0.350 NR U-0.350 NR
Wood Framed and Other U-0.282 NR U-0.282 NR U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) [North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeg-1.22  SHGC,;-0.19 Utixeq-1.22 SHGC,-0.25 Usixeq-1.22  SHGC4-NR
Ugpa=1.27  SHGC1y-0.61  [Ugpg-1.27  SHGC4y-0.61  [Ugpg-127  SHGCqi-NR
10.1-20.0% Ufixeqr1.22  SHGCy-0.19 Ufixeq-1.22 SHGC,4-0.25 Ufixeqr1.22  SHGCy4-NR
Ugper=1.27  SHGC1y-0.61  [Ugpe-1.27  SHGCg4y-0.61  [Ugpg-1.27  SHGCpgi-NR
20.1-30.0% Usixeq-1.22  SHGC,;-0.19 Utixed-1.22 SHGC,-0.25 Usixeq-1.22  SHGC4-NR
Ugperr1-27  SHGCpgpin 044 |Ugpe~127  SHGCqin-044  |Ugpe-1.27  SHGCpgp-NR
30.1-40.0% Usixeq-1.22  SHGC,;-0.19 Utixeq-1.22 SHGC,-0.25 Usixeq-1.22  SHGC4-NR
Ugpa=127  SHGCiy-0-44  [Ugpg-127  SHGCgiy-0.44  [Ugpg-127  SHGCqi-NR
40.1-50.0% Ufixedr1-22  SHGC,,-0.14 Ufixeq-1.22 SHGC,4-0.19 Usixeg0.98  SHGC,-NR
Ugper=1.27  SHGC1y-0.34  [Ugpe-1.27  SHGCq1y-0.33  [Ugpg-1.02  SHGC1-NR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.19 Ug-1.98  SHGC,4-0.16 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,4,-0.19 Ug-1.98  SHGC,-0.16 Ugq-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,4,-0.27 Ug-1.90  SHGC,-0.27 Ugq-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4,-0.27 Ug-1.90  SHGC,-0.27 Ugq1-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,4,-0.19 Ug-1.36  SHGC,-0.19 Ugq-1.36 SHGC,-NR
2.1-5.0% Ug-1.36 SHGC,4-0.19 Ug-1.36  SHGC,-0.19 Ugq-1.36 SHGC,4-NR

a Exception to 5.3.1.2a applies.
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TABLE B-2
Building Envelope Requirements (HDD65: 0-900, CDD50: 9001-10800)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck U-0.063 R-15.0 ci U-0.063 R-15.0 ci U-1.282 NR
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-1.280 NR
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.614 NR
Walls, Above Grade
Mass U-0.580 NR U-0.151* R-5.7ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-1.180 NR
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.322 NR U-0.322 NR U-0.322 NR
Steel Joist U-0.350 NR U-0.350 NR U-0.350 NR
Wood Framed and Other U-0.282 NR U-0.282 NR U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) | North-Oriented) | Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22 SHGC,4;-0.25 Usixeq-1.22  SHGC,,-0.25 Usixeqr1.22 SHGC,4-NR
Ugper=1.27  SHGCppiy-0.61  |Ugper1.27  SHGCpgiy-0.61 Ugper-1.27  SHGCpginNR
10.1-20.0% Ufixeq-1.22 SHGC,4-0.25 Usixeq-1.22  SHGCy,,-0.25 Usixeg-1.22 SHGC,-NR
Ugper1-27  SHGCori-0.61  [Ugper1.27  SHGCpypy1-0.61 Ugper-1-27  SHGC5inNR
20.1-30.0% Usixeg-1.22 SHGC,-0.25 Usixeq1.22  SHGC,;-0.25 Usixeg-1.22 SHGC,-NR
Ugper1-27  SHGCoiy-0-61  [Ugper1.27  SHGCpygy-0.61 Ugper-1-27  SHGCqihNR
30.1-40.0% Usixeq-1.22 SHGC,4;-0.25 Usixea-1.22 SHGC,,-0.25 Usixeq-1.22 SHGC,4-NR
Ugper=1.27  SHGCppin-0.44  |Ugpe1.27  SHGCp4y-0.44 Ugpar=1.27  SHGCpoinNR
40.1-50.0% Ufixeq-1.22 SHGC,4-0.19 Usixed-1.22  SHGC,;-0.19 Ufixeq-0.98 SHGC,-NR
Ugper1-27  SHGCgiy0-33  [Ugper1.27  SHGCpyp1-0.33 Ugperr1.02  SHGC,51nNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98  SHGC,4-0.36 Ug-1.98 SHGC,,-0.19 Ug-1.98  SHGC,-NR
2.1-5.0% Ug-1.98  SHGC,4-0.19 Ug-1.98 SHGC,,-0.16 Ug-1.98  SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-190 SHGC,4-0.34 Ug-1.90 SHGC,,-0.27 Ug-190  SHGC,-NR
2.1-5.0% Ug-1.90  SHGC,-0.27 Ug-1.90 SHGC,4,-0.27 Ug-1.90  SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36  SHGC,4-0.36 Ug-1.36 SHGC,,-0.19 Ug-1.36  SHGC,-NR
2.1-5.0% Ug-1.36  SHGC,-0.19 Uy-1.36 SHGC,4-0.19 Ug-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-3
Building Envelope Requirements (HDD65: 0-900, CDD50: 7201-9000)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0 ci U-0.063 R-15.0ci U-1.282 NR
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-1.280 NR
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.614 NR
Walls, Above Grade
Mass U-0.580 NR U-0.1512 R-5.7 ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-1.180 NR
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.322 NR U-0.322 NR U-0.322 NR
Steel Joist U-0.350 NR U-0.350 NR U-0.350 NR
Wood Framed and Other U-0.282 NR U-0.282 NR U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixed-1.22  SHGCg4-0.40 Ufixeqr1.22  SHGC,,-0.40 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGCih-0-61  |Ugper1.27  SHGCppinNR
10.1-20.0% Usixeq-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGC,,-0.40 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq-1.22  SHGC,4;-0.25 Usixeg-1.22  SHGC,4-0.40 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGC,,-0.40 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixeq-1.22  SHGCg4-0.19 Ufixeqr1.22  SHGC,-0.31 Usixeq-0-98  SHGC,4-NR
Ugper-1.27  SHGCg1y-0.47  [Ugpe-1.27 SHGCoriy-0-47  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.36 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.39 Ug-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4,-0.34 Ugq-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.36 Uy -1.36 SHGC,,-0.19 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4-0.19 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-4
Building Envelope Requirements (HDD65: 0-900, CDD50: 0-7200)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.093 R-10.0 ci U-0.063 R-15.0ci U-1.282 NR
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-1.280 NR
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.614 NR
Walls, Above Grade
Mass U-0.580 NR U-0.580 NR U-0.580 NR
Metal Building U-0.123 R-11.0 U-0.113 R-13.0 U-1.180 NR
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.322 NR U-0.322 NR U-0.322 NR
Steel Joist U-0.350 NR U-0.350 NR U-0.350 NR
Wood Framed and Other U-0.282 NR U-0.282 NR U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22 SHGCg4-0.61 Usixeqr1.22  SHGC,,-0.61 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGCih-0-61  |Ugper1.27  SHGCppinNR
10.1-20.0% Usixed-1.22  SHGC,4-0.40 Utixeqr1.22  SHGCy,-0.44 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq-1.22  SHGC,4,-0.40 Usixeq-1.22  SHGC,4-0.44 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22  SHGCg4-0.40 Ufixeqr1.22  SHGC,,-0.40 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixeq-1.22 SHGC,4-0.31 Ufixeqr1.22  SHGC,-0.30 Usixeq-0-98  SHGC,4-NR
Ugper-1.27  SHGC1y-0.46  [Ugpe-1.27 SHGC o046 [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.61 Ug-1.98 SHGC,,-0.36 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.25 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.65 Ug-1.90 SHGC,,-0.34 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4-0.39 Ugq-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.61 Uy -1.36 SHGC,,-0.36 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4,-0.25 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR
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TABLE B-5
Building Envelope Requirements (HDD65: 901-1800, CDD50: 7201+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.167 R-6.0
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.580 NR U-0.1512 R-5.7 ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.137 R-4.2 ci U-0.107 R-6.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.350 NR
Wood Framed and Other U-0.051 R-19.0 U-0.051 R-19.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixed-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGC,-0.39 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGCih-0-61  |Ugper1.27  SHGCppinNR
10.1-20.0% Usixeq-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGCy,-0.25 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq-1.22  SHGC,4;-0.25 Usixeq-1.22  SHGC,4-0.25 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGC,,-0.25 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixeq-1.22  SHGCg4-0.17 Ufixeqr1.22  SHGCy,-0.17 Usixeq-0-98  SHGC,4-NR
Ugperr1.27  SHGC1y-0-44  [Ugpe-1.27 SHGCgrih-043  [Ugpe1.02  SHGCppNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.36 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.39 Ug-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4,-0.34 Ugq-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.36 Uy -1.36 SHGC,,-0.19 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4-0.19 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-6
Building Envelope Requirements (HDD65: 901-1800, CDD50: 5401-7200)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.167 R-6.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.580 NR U-0.1512 R-5.7 ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.137 R-4.2 ci U-0.107 R-6.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.350 NR
Wood Framed and Other U-0.051 R-19.0 U-0051 R-19.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22  SHGCg4-0.39 Usixeqr1.22  SHGC,,-0.61 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGCih-0-61  |Ugper1.27  SHGCppinNR
10.1-20.0% Usixeq-1.22  SHGCg4-0.25 Utixeqr1.22  SHGCy,-0.44 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq-1.22  SHGC,4;-0.25 Usixeq-1.22  SHGC,4-0.44 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGC,,-0.40 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixeq-1.22  SHGCg4-0.17 Ufixeqr1.22  SHGC,,-0.29 Usixeq-0-98  SHGC,4-NR
Ugperr1.27  SHGC1y-0.42  [Ugpe-1.27 SHGCgriy-041  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,;-0.39 Ug-1.98 SHGC,,-0.36 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.25 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.65 Ug-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4-0.39 Ugq-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.39 Uy -1.36 SHGC,,-0.36 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4,-0.25 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-7
Building Envelope Requirements (HDD65: 901-1800, CDD50: 0-5400)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.093 R-10.0ci U-0.063 R-15.0ci U-0.218 R-3.8ci
Metal Building U-0.072 R-16.0 U-0.065 R-19.0 U-0.167 R-6.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.580 NR U-0.1512 R-5.7 ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.137 R-4.2 ci U-0.137 R-4.2ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.350 NR
Wood Framed and Other U-0.066 R-13.0 U-0.051 R-19.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22 SHGC,4-0.61 Usixeqr1.22  SHGC,,-0.61 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.82 [Ugpe-1.27 SHGC,ih-0-82  |Ugper1.27  SHGCpoiinNR
10.1-20.0% Usixed-1.22  SHGC,4-0.61 Utixeqr1.22  SHGCy,-0.61 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq-1.22  SHGC,4,-0.44 Usixeq-1.22  SHGC,4-0.61 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22 SHGC,4-0.44 Ufixeqr1.22  SHGC,,-0.44 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixeq-1.22 SHGC,4-0.31 Ugpe-1.22 SHGC,,-0.31 Usixeq-0-98  SHGC,4-NR
Ugperr1.27  SHGC1y-0.39  [Ugpe-1.27 SHGCorih0-37  [Ugpe1.02 SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.61 Ug-1.98 SHGC,,-0.39 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.39 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.65 Ug-1.90 SHGC,,-0.65 Ugq-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4-0.39 Ugq-1.90 SHGC,,-0.34 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.61 Uy -1.36 SHGC,,-0.39 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4-0.39 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-8
Building Envelope Requirements (HDD65: 1801-2700, CDD50: 5401+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.167 R-6.0
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.580 NR U-0.123 R-7.6 ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.084 R-13.0+R-3.8c¢i |U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.137 R-4.2 ci U-0.107 R-6.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.350 NR
Wood Framed and Other U-0.051 R-19.0 U-0.051 R-19.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22  SHGCg4-0.39 Ufixeqr1.22  SHGC,-0.39 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGCih-0-61  |Ugper1.27  SHGCppinNR
10.1-20.0% Usixeq-1.22  SHGCg4-0.25 Utixeqr1.22  SHGCy-0.39 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq-1.22  SHGC,4;-0.25 Usixeq-1.22  SHGC,4-0.25 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22  SHGCg4-0.25 Ufixeqr1.22  SHGC,,-0.25 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixeq-1.22 SHGCg4-0.15 Ufixeqr1.22  SHGC,-0.14 Usixeq-0-98  SHGC,4-NR
Ugper-1.27  SHGC1y-0.38  [Ugpe-1.27 SHGCgri0-36  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,;-0.39 Ug-1.98 SHGC,,-0.36 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.65 Ug-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4,-0.34 Ugq-1.90 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.39 Uy -1.36 SHGC,,-0.36 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4-0.19 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR

ANSI/ASHRAE/IESNA STANDARD 90.1-2001 103



TABLE B-9
Building Envelope Requirements (HDD65: 1801-2700, CDD50: 0-5400)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.167 R-6.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.580 NR U-0.1512 R-5.7 ci? U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.292 NR
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.137 R-4.2 ci U-0.107 R-6.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.350 NR
Wood Framed and Other U-0.051 R-19.0 U-0.051 R-19.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22 SHGC,4-0.61 Usixeqr1.22  SHGC,,-0.61 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.82 [Ugpe-1.27 SHGC,ih-0-82  |Ugper1.27  SHGCpoiinNR
10.1-20.0% Usixed-1.22  SHGCg4-0.39 Utixeqr1.22  SHGCy,-0.61 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyg1y-0.61  [Ugpe-1.27 SHGCori-0-61  [Ugper1.27  SHGCpinNR
20.1-30.0% Usixeq1.22  SHGC,4,-0.39 Usixeg-1.22  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGC o061 [Ugper1.27  SHGCppiNR
30.1-40.0% Usixed-1.22 SHGC,4-0.34 Ufixeqr1.22  SHGC,,-0.34 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 061 [Ugpe-127  SHGC,,iNR
40.1-50.0% Usixed-1.22  SHGC,4-0.20 Usixeq-0.-73  SHGC,,-0.25 Usixeq-0-98  SHGC,4-NR
Ugper-1.27  SHGC1y-0.30  [Ugpe-0.81 SHGCgri-0-61  [Ugpe1.02  SHGCinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.61 Ug-1.98 SHGC,,-0.39 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.39 Ug-1.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.90 SHGC,,-0.65 Ug-1.90 SHGC,,-0.65 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.90 SHGC,4-0.39 Ugq-1.90 SHGC,,-0.34 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.61 Uy -1.36 SHGC,,-0.39 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4-0.39 Ug-1.36 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-10
Building Envelope Requirements (HDD65: 2701-3600, CDD50: 5401+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.1512 R-5.7 ci? U-0.123 R-7.6 ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.084 R-13.0+R-3.8c¢i |U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.107 R-6.3ci U-0.087 R-8.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0.033 R-30.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-1.020 R-7.5for 12in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-0.500 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.25 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  [Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57  SHGC,4;-0.25 Usixeg-0.57  SHGC,4-0.25 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0.39  [Upe-0.67 SHGCorih0-39  [Ugper1.27  SHGCppiNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.25 Usixeq-0.57  SHGC,,-0.25 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-39  [Ugpe-0.67 SHGCprin-0-39  [Ugpe-127  SHGC,oinNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.19 Usixeq-0-46  SHGC,,-0.19 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC1y-0.26 | U047 SHGCgrih-0-26  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,;-0.39 Ug-1.17 SHGC,,-0.36 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.19 Ug-1.17 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.30 SHGC,,-0.65 Ug-1.30 SHGC,,-0.27 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.30 SHGC,4,-0.34 Ugq-1.30 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,4-0.39 Ug4-0.69 SHGC,,-0.36 Ugq-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.19 U4-0.69 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-11
Building Envelope Requirements (HDD65: 2701-3600, CDD50: 3601-5400)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.1512 R-5.7 ci? U-0.123 R-7.6 ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.084 R-13.0+R-3.8c¢i |U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.107 R-6.3ci U-0.087 R-8.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0.033 R-30.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-0.950 R-7.5for 24 in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.39 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  |Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57 SHGC,4-0.39 Usixeg-0.57  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-39  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.27 Usixeq-0-46  SHGC,,-0.26 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC11y-0.32 | U047 SHGCgri0-36  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.49 Ug-1.17 SHGC,,-0.36 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.39 Ug-1.17 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.30 SHGC,,-0.65 Ug-1.30 SHGC,,-0.62 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.30 SHGC,4,-0.34 Ugq-1.30 SHGC,,-0.34 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,4-0.49 Uy -0.69 SHGC,,-0.36 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.39 U4-0.69 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-12
Building Envelope Requirements (HDD65: 2701-3600, CDD50: 0-3600)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.093 R-10.0ci U-0.063 R-15.0ci U-0.218 R-3.8ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.1512 R-5.7 ci? U-0.123 R-7.6 ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.184 R-6.0
Steel Framed U-0.124 R-13.0 U-0.124 R-13.0 U-0.352 NR
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.137 R-4.2 ci U-0.107 R-6.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0.051 R-19.0 U-0.282 NR
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-1.020 R-7.5for 12in. |F-0.950 R-7.5for 24 in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-1.22 SHGCg4-0.61 Usixeqr1.22  SHGC,,-0.61 Usixeqr1-22 SHGC4-NR
Ugper=1.27  SHGCppiy-0.82 [Ugpe-1.27 SHGC,ih-0-82  |Ugper1.27  SHGCpoiinNR
10.1-20.0% Usixed-1.22  SHGC,4-0.61 Utixeqr1.22  SHGCy,-0.61 Usixeqr1.22 SHGCy4-NR
Ugper-1.27  SHGCyr1y-0.82  [Ugper-1.27 SHGCgri-0-82  [Ugper1.27  SHGCppinNR
20.1-30.0% Usixeq1.22  SHGC,4-0.61 Usixeq-1.22  SHGC,4-0.61 Usixeq-1.22  SHGC4-NR
Ugperr1.27  SHGCyry-0.61  [Ugpe-1.27 SHGCori0-82  [Ugper1.27  SHGCppiNR
30.1-40.0% Usixe-1.22  SHGC,4-0.39 Usixeqr1.22  SHGC,,-0.61 Usixed-1.22 SHGC4-NR
Ugpar=1.27  SHGCppiy-0.61 [Ugpe-1.27 SHGC 1082 [Ugpe-127  SHGCoiNR
40.1-50.0% Usixed-0.73  SHGC,4-0.39 Usixeq-0.73  SHGC,,-0.51 Usixeq-0-98  SHGC,4-NR
Ugperr0-81  SHGC4y-0.61 [Ugpe 081 SHGC,p1-0.72  |Ugpe-1.02  SHGC,51nNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.98 SHGC,,-0.82 Ug-1.17 SHGC,,-0.49 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.98 SHGC,,-0.61 Ug-1.17 SHGC,,-0.39 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.30 SHGC,,-0.65 Ug-1.30 SHGC,,-0.65 Ugq-1.90 SHGC,-NR
2.1-5.0% Ug-1.30 SHGC,4,-0.65 Ugq-1.30 SHGC,,-0.34 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-1.36 SHGC,,-0.61 Uy -0.69 SHGC,,-0.49 Ug-1.36 SHGC,-NR
2.1-5.0% Uy-1.36 SHGC,4,-0.61 U4-0.69 SHGC,4-0.39 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-13
Building Envelope Requirements (HDD65: 3601-5400, CDD50: 3601+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.1512 R-5.7 ci? U-0.104 R-9.5ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.134 R-10.0
Steel Framed U-0.124 R-13.0 U-0.064 R-13.0+R-7.5c¢ |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.107 R-6.3ci U-0.087 R-8.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.038 R-30.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.950 R-7.5for 24in. |F-0.840 R-10for 36in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.39 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  |Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57 SHGC,4-0.39 Usixeg-0.57  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.25 Usixeq-0-46  SHGC,,-0.25 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC11-0.36 | U047 SHGCgri0-36  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.49 Ug-0.98 SHGC,,-0.36 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.39 Uy -0.98 SHGC,,-0.19 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.30 SHGC,,-0.65 Ug-1.30 SHGC,,-0.62 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.30 SHGC,4,-0.34 Ugq-1.30 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,4-0.49 Uy -0.58 SHGC,,-0.36 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.39 U,-0.58 SHGC,4-0.19 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-14
Building Envelope Requirements (HDD65: 3601-5400, CDD50: 1801-3600)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.1512 R-5.7 ci? U-0.104 R-9.5ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.134 R-10.0
Steel Framed U-0.124 R-13.0 U-0.084 R-13.0+R-38c¢i |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.107 R-6.3ci U-0.087 R-8.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.950 R-7.5for 24in. |F-0.840 R-10for 36in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.39 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  |Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57 SHGC,4-0.39 Usixeg-0.57  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.26 Usixeq-0-46  SHGC,,-0.26 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC11-0.36 | U047 SHGCgri0-36  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.49 Ug-1.17 SHGC,,-0.49 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.39 Ug-1.17 SHGC,,-0.39 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.30 SHGC,,-0.77 Ug-1.30 SHGC,,-0.77 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.30 SHGC,4-0.62 Ugq-1.30 SHGC,,-0.34 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.69 SHGC,,-0.49 Uy -0.69 SHGC,,-0.49 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.39 U4-0.69 SHGC,4-0.39 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-15
Building Envelope Requirements (HDD65: 3601-5400, CDD50: 0-1800)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.218 R-3.8 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.081 R-13.0
Walls, Above Grade
Mass U-0.1512 R-5.7 ci? U-0.123 R-7.6 ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.134 R-10.0
Steel Framed U-0.124 R-13.0 U-0.084 R-13.0+R-38c¢i |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.107 R-6.3ci U-0.087 R-8.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.052 R-19.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.950 R-7.5for 24in. |F-0.840 R-10for 36in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-1.450 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.49 Utixeq-0.57  SHGC,,-0.49 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  |Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57  SHGC,4-0.49 Usixeg-0.57  SHGC,4-0.49 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.36 Usixeq-0-46  SHGC,,-0.39 Usixeq-0-98  SHGC,4-NR
Uoperr0-47  SHGC11-0-49  |Upe-0.47 SHGC o049 [Ugpe1.02  SHGCinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.68 Ug-1.17 SHGC,,-0.68 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.49 Ug-1.17 SHGC,,-0.49 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.30 SHGC,,-0.83 Ug-1.10 SHGC,,-0.77 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-1.30 SHGC,4,-0.77 Ug-1.10 SHGC,,-0.77 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,4-0.68 Ug4-0.69 SHGC,,-0.68 Ugq-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.49 U4-0.69 SHGC,4-0.49 Uy-1.36 SHGC,-NR

a Exception to 5.3.1.2a applies.
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TABLE B-16
Building Envelope Requirements (HDD65: 5401-7200, CDD50: 3601+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.123 R-7.6 ci U-0.090 R-11.4ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.057 R-13.0+R-13.0 |U-0.123 R-11.0
Steel Framed U-0.084 R-13.0 + R-3.8 ¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.064 R-13.0+R-3.8ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.087 R-8.3ci U-0.074 R-10.4 ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.038 R-30.0 U-0.069 R-13.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.840 R-10.0 for 36 in. |F-0.840 R-10for 36 in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.39 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Ugper=0.67  SHGCpyih-0.49  [Ugpe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57 SHGC,4-0.39 Usixeg-0.57  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.23 Usixeq-0-46  SHGC,,-0.26 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC11-0.36 | U047 SHGCgri0-36  [Ugpe1.02  SHGCipNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.49 Ug-0.98 SHGC,,-0.46 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.39 Uy -0.98 SHGC,,-0.32 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.10 SHGC,,-0.62 Ug-1.10 SHGC,,-0.62 Ug-1.90 SHGC,-NR
2.1-5.0% Ugy-1.10 SHGC,4,-0.34 Ug-1.10 SHGC,,-0.27 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,4-0.49 U,-0.58 SHGC,,-0.46 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.39 U,-0.58 SHGC,4-0.32 Uy-1.36 SHGC,-NR
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TABLE B-17
Building Envelope Requirements (HDD65: 5401-7200, CDD50: 1801-3600)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.123 R-7.6 ci U-0.090 R-11.4ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.057 R-13.0+R-13.0 |U-0.123 R-11.0
Steel Framed U-0.084 R-13.0 + R-3.8 ¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.087 R-8.3ci U-0.074 R-10.4 ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.038 R-30.0 U-0.069 R-13.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.840 R-10for 36in. |F-0.840 R-10for 36in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-0.500 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGCpih-049  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.39 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  [Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57 SHGC,4-0.39 Usixeg-0.57  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0.49  [Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.26 Usixeq-0-46  SHGC,,-0.26 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC11-0.36 | U047 SHGC o049 [Ugpe1.02  SHGCinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.49 Ug-1.17 SHGC,,-0.49 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.39 Ug-1.17 SHGC,,-0.39 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.10 SHGC,,-0.77 Ug-1.10 SHGC,,-0.77 Ug-1.90 SHGC,-NR
2.1-5.0% Ugy-1.10 SHGC,4-0.62 Ug-1.10 SHGC,,-0.62 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.69 SHGC,,-0.49 Uy -0.69 SHGC,,-0.49 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.39 U4-0.69 SHGC,4-0.39 Uy-1.36 SHGC,-NR
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TABLE B-18
Building Envelope Requirements (HDD65: 5401-7200, CDD50: 0-1800)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.034 R-30.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.123 R-7.6 ci U-0.090 R-11.4ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 R-13.0 U-0.123 R-11.0
Steel Framed U-0.124 R-13.0 U-0.064 R-13.0+R-7.5c¢ |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.089 R-13.0 U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass U-0.107 R-6.3ci U-0.087 R-8.3ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.038 R-30.0 U-0.069 R-13.0
Wood Framed and Other U-0.051 R-19.0 U-0033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.840 R-10for 36in. |F-0.840 R-10for 36in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-1.450 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.64  [Ugpe-0.67 SHGC,ih-0-64  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.49 Utixeq-0.57  SHGC,,-0.49 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  |Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57  SHGC,4-0.49 Usixeg-0.57  SHGC,4-0.49 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.36 Usixeq-0-46  SHGC,,-0.36 Usixeq-0-98  SHGC,4-NR
Uoperr0-47  SHGC11-0-49  |Upe-0.47 SHGC o049 [Ugpe1.02  SHGCinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.68 Ug-1.17 SHGC,,-0.68 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.49 Ug-1.17 SHGC,,-0.49 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-1.10 SHGC,,-0.77 Ug-1.10 SHGC,,-0.77 Ug-1.90 SHGC,-NR
2.1-5.0% Ugy-1.10 SHGC,4,-0.77 Ug-1.10 SHGC,,-0.77 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,4-0.68 Ug4-0.69 SHGC,,-0.68 Ugq-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.49 U4-0.69 SHGC,4-0.49 Uy-1.36 SHGC,-NR
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TABLE B-19
Building Envelope Requirements (HDD65: 7201-9000, CDD50: 1801+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.104 R-9.5ci U-0.090 R-11.4ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.057 R-13.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.084 R-13.0 + R-3.8 ¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.064 R-13.0+R-3.8ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-0.119 R-75¢ci C-1.140 NR
Floors
Mass U-0.087 R-8.3ci U-0.064 R-12.5¢ci U-0.322 NR
Steel Joist U-0.038 R-30.0 U-0.038 R-30.0 U-0.069 R-13.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-.0066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.840 R-10for 36in. |F-0.780 R-10for 48in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.49  [Ugpe-0.67 SHGC,ih-0-64  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.39 Utixeq-0.57  SHGCy,-0.39 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0-49  |Upe-0.67 SHGCoriy-049  [Ugper1.27  SHGCppiNR
20.1-30.0% Usixeq0.57 SHGC,4-0.39 Usixeg-0.57  SHGC,4-0.39 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,1-0-49  |Up-0.67 SHGC o049 [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.39 Usixeq-0.57  SHGC,,-0.39 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0-49  [Ugpe-0.67 SHGC 1049 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.26 Usixeq-0-46  SHGC,,-0.26 Usixeq-0-98  SHGC,4-NR
Uoperr0-47  SHGC11-0-49  |Upe-0.47 SHGC o049 [Ugpe1.02  SHGCinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.49 Ug-0.98 SHGC,,-0.46 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.49 Uy -0.98 SHGC,,-0.36 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-0.87 SHGC,,-0.71 Uy -0.74 SHGC,,-0.65 Ug-1.90 SHGC,-NR
2.1-5.0% U,4-0.87 SHGC,4-0.58 Ug-0.74 SHGC,,-0.55 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.69 SHGC,,-0.49 Uy -0.58 SHGC,,-0.49 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4-0.49 U,-0.58 SHGC,4-0.39 Uy-1.36 SHGC,-NR
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TABLE B-20
Building Envelope Requirements (HDD65: 7201-9000, CDD50: 0-1800)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.034 R-30.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.104 R-9.5ci U-0.090 R-11.4ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.057 R-13.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.084 R-13.0 + R-3.8 ¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.064 R-13.0+R-3.8ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-1.140 NR C-0.119 R-75¢ci C-1.140 NR
Floors
Mass U-0.087 R-8.3ci U-0.074 R-10.4 ci U-0.322 NR
Steel Joist U-0.052 R-19.0 U-0.038 R-30.0 U-0.069 R-13.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.840 R-10for 36in. |F-0.780 R-10for 48in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) [North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCpyiy-0.64 [Ugpe-0.67 SHGC,ih-0-64  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.49 Utixeq-0.57  SHGC,,-0.49 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC1,11-0.64  [Upe-0.67 SHGCori-0-64  [Ugper1.27  SHGCppinNR
20.1-30.0% Usixeq0.57  SHGC,4-0.49 Usixeg-0.57  SHGC,4-0.49 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,y-0.64  [Upe-0.67 SHGCorii-0-64  [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.64  [Ugpe-0.67 SHGC 1064 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.36 Usixeq-0-46  SHGC,,-0.36 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC1y-0.64  [Ugpe-0.47 SHGCgri-0-64  [Ugpe1.02  SHGCppNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.68 Ug-1.17 SHGC,,-0.64 Ug-1.98 SHGC,-NR
2.1-5.0% Uy -1.17 SHGC,4-0.49 Ug-1.17 SHGC,4-0.64 Uy-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% U,-0.87 SHGC,4,-0.77 U,-0.74 SHGC,4-0.77 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-0.87 SHGC,,-0.71 Uy -0.74 SHGC,,-0.77 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.69 SHGC,,-0.68 Uy -0.69 SHGC,,-0.68 Ug-1.36 SHGC,-NR
2.1-5.0% U4-0.69 SHGC,4-0.49 U4-0.69 SHGC,4-0.64 Ug-1.36 SHGC,-NR
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TABLE B-21
Building Envelope Requirements (HDD65: 9001-10800, CDD50: 1801+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.048 R-20.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.055 R-13.0+R-13.0 |U-0.097 R-10.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.090 R-11.4ci U-0.071 R-15.2 ci U-0.580 NR
Metal Building U-0.057 R-13.0 + R-13.0 |U-0.057 R-13.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.064 R-13.0 + R-7.5¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.051 R-13.0+R-7.5ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-0.119 R-7.5ci C-0.119 R-7.5ci C-1.140 NR
Floors
Mass U-0.074 R-10.4 ci U-0.064 R-125¢ci U-0.137 R-4.2 ci
Steel Joist U-0.038 R-30.0 U-0.038 R-30.0 U-0.052 R-19.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.540 R-10for 24in. F-0.730 NR
Heated F-0.840 R-10for 36in. |F-0.780 R-10for 48in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) [North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.46  SHGC,4-0.46 Usixeq-0-46  SHGC,,-0.46 Usixeqr1-22 SHGC4-NR
Ugper=0.47  SHGCpyiy-0.64 [Ugpe-0.47 SHGC,ih-0-64  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixeq-0.46  SHGC,4-0.36 Utixeq-0-46  SHGC,,-0.36 Usixeqr1.22 SHGCy4-NR
Uoperr0-47  SHGC11y-0.46  [Upe-0.47 SHGCori-0-64  [Ugper1.27  SHGCppinNR
20.1-30.0% Usixeq0-46  SHGC,4,-0.36 Usixeg-0.46  SHGC,4-0.36 Usixeq-1.22  SHGC4-NR
Uoper-0-47  SHGC1,y-0.46  [Upe-0.47 SHGCorii-0-64  [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.46  SHGC,4-0.36 Usixeq-0.46  SHGC,,-0.36 Usixed-1.22 SHGC4-NR
Ugper=0.47  SHGCppiy-0.46  [Ugpe-0.47 SHGC 1064 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixed-0-35  SHGC,4-0.32 Usixeq-0-35  SHGC,,-0.32 Usixeq-0-98  SHGC,4-NR
Ugper0.39  SHGCpyiy-0.46  [Ugper-0.39 SHGCgri-0-64  [Ugpe1.02  SHGCppNR
Skylight with Curb, Glass,% of Roof
0-2.0% U,4-0.98 SHGC,4,-0.68 Uy -0.98 SHGC,,-0.46 Ug-1.98 SHGC,-NR
2.1-5.0% U,4-0.98 SHGC,4-0.49 U,-0.98 SHGC,4-0.36 Uy-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% U,-0.87 SHGC,4-0.71 U,-0.74 SHGC,4-0.65 Ug-1.90 SHGC,-NR
2.1-5.0% Ug-0.87 SHGC,,-0.71 Uy -0.74 SHGC,,-0.65 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Uy -0.58 SHGC,,-0.49 Uy -0.58 SHGC,,-0.46 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.58 SHGC,4-0.49 U,-0.58 SHGC,4-0.36 Ug-1.36 SHGC,-NR
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TABLE B-22
Building Envelope Requirements (HDD65: 9001-10800, CDD50: 0-1800)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.063 R-15.0 ci U-0.173 R-5.0 ci
Metal Building U-0.065 R-19.0 U-0.065 R-19.0 U-0.097 R-10.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.090 R-11.4ci U-0.080 R-13.3 ci U-0.580 NR
Metal Building U-0.057 R-13.0 + R-13.0 |U-0.057 R-13.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.064 R-13.0 + R-7.5¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.089 R-13.0 U-0.051 R-13.0+R-7.5ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-0.119 R-7.5ci C-0.119 R-7.5ci C-1.140 NR
Floors
Mass U-0.087 R-8.3ci U-0.064 R-12.5¢ci U-0.137 R-4.2ci
Steel Joist U-0.038 R-30.0 U-0.038 R-30.0 U-0.052 R-19.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.066 R-13.0
Sab-On-Grade Floors
Unheated F-0.730 NR F-0.540 R-10for 24 in. F-0.730 NR
Heated F-0.840 R-10for 36in. |F-0.780 R-10for 48in. F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixeq-0.57 SHGCg4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixeqr1-22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.64  [Ugpe-0.67 SHGC,ih-0-64  |Ugper1.27  SHGCpoinNR
10.1-20.0% Usixed-0.57 SHGC,4-0.49 Utixeq-0.57  SHGC,,-0.49 Usixeqr1.22 SHGCy4-NR
Uoperr0.67  SHGC111-0.64  |Upe-0.67 SHGCori-0-64  [Ugper1.27  SHGCppinNR
20.1-30.0% Usixeq0.57  SHGC,4-0.49 Usixeg-0.57  SHGC,4-0.49 Usixeq-1.22  SHGC4-NR
Ugperr0.67  SHGC1,y-0.64  |Upe-0.67 SHGCorii-0-64  [Ugper1.27  SHGCppinNR
30.1-40.0% Usixeq-0.57 SHGC,4-0.49 Usixeq-0.57  SHGC,,-0.49 Usixed-1.22 SHGC4-NR
Ugper=0.67  SHGCppiy-0.64  [Ugpe-0.67 SHGC 1064 [Ugpe-127  SHGC,oiNR
40.1-50.0% Usixeq-0.46  SHGC,4-0.36 Usixeq-0-46  SHGC,,-0.36 Usixeq-0-98  SHGC,4-NR
Ugperr0-47  SHGC1y-0.64  |Upe-0.47 SHGCgri-0-64  [Ugpe1.02  SHGCppNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-1.17 SHGC,,-0.68 Ug-1.17 SHGC,,-0.64 Ug-1.98 SHGC,-NR
2.1-5.0% Ug-1.17 SHGC,,-0.64 Ug-1.17 SHGC,,-0.64 Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-0.87 SHGC,,-0.77 Uy -0.61 SHGC,,-0.77 Ug-1.90 SHGC,-NR
2.1-5.0% U,4-0.87 SHGC,4-0.71 Ug-0.61 SHGC,,-0.77 Ug-1.90 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug4-0.69 SHGC,,-0.68 Uy -0.69 SHGC,,-0.64 Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.69 SHGC,4,-0.64 U4-0.69 SHGC,4-0.64 Uy-1.36 SHGC,-NR
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TABLE B-23
Building Envelope Requirements (HDD65: 10801-12600, CDD50: 0+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.063 R-15.0ci U-0.048 R-20.0 ci U-0.119 R-7.6 ci
Metal Building U-0.055 R-13.0 + R-13.0 |U-0.055 R-13.0+R-13.0 |U-0.083 R-13.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above Grade
Mass U-0.090 R-11.4ci U-0.071 R-15.2 ci U-0.1512 R-5.7 ci?
Metal Building U-0.057 R-13.0 + R-13.0 |U-0.057 R-13.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.064 R-13.0 + R-7.5¢i |U-0.064 R-13.0+R-75ci |U-0.124 R-13.0
Wood Framed and Other U-0.064 R-13.0 + R-3.8 ci |U-0.051 R-13.0+R-7.5ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-0.119 R-7.5ci C-0.119 R-7.5ci C-1.140 NR
Floors
Mass U-0.074 R-10.4 ci U-0.064 R-125¢ci U-0.137 R-4.2 ci
Steel Joist U-0.038 R-30.0 U-0.032 R-38.0 U-0.052 R-19.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.051 R-19.0
Sab-On-Grade Floors
Unheated F-0.540 R-10for 24in. |F-0.520 R-15for 24in. F-0.730 NR
Heated F-0.780 R-10for 48in. |F-0.780 R-10.0for 48in. |F-1.020 R-7.5for 12in.
Opaque Doors
Swinging U-0.700 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixed-0.46  SHGCg4-NR Usixeq-0-46  SHGC,4-NR Usixedr1-22 SHGC4-NR
Ugper=0.47  SHGCpyin-NR  [Ugpe-0.47 SHGC,,oinNR Ugpa-1.27  SHGCppnNR
10.1-20.0% Usixeq-0.46  SHGCy4-NR Usixeq-0-46  SHGC,4-NR Uixeqr1.22 SHGCy4-NR
Uoperr0-47  SHGCi-NR  [Upe-0.47 SHGC,,iinNR Ugper1-27  SHGCpiNR
20.1-30.0% Usixeq0-46  SHGC,4-NR Usixeg0.46  SHGC,4-NR Usixeq-1.22  SHGC4-NR
Ugperr0-47  SHGCih-NR  [Upe-0.47 SHGC,,oiinNR Ugperr1-27  SHGCpoinNR
30.1-40.0% Usixeq-0.46  SHGCg4-NR Usixeq-0-46  SHGC,4-NR Usixed-1.22 SHGC4-NR
Ugpar=0.47  SHGCppi"NR  [Ugpe-0.47 SHGCoithNR Ugpar=1.27  SHGCppnNR
40.1-50.0% Usixed-0-35  SHGCy4-NR Usixeq-0-35  SHGC,4-NR Usixeq-0-98  SHGC,4-NR
Ugperr0-39  SHGCip-NR  |Upe-0.39 SHGC,,;iinNR Ugperr1.02  SHGCpinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-0.98 SHGC,-NR Ug-0.98 SHGC,-NR Ug-1.98 SHGC,-NR
2.1-5.0% Ug-0.98 SHGC,-NR Uy -0.98 SHGC,-NR Ug-1.98 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-0.87 SHGC,-NR Uy -0.61 SHGC,-NR Ug-1.30 SHGC,-NR
2.1-5.0% U,4-0.87 SHGC,4-NR Ug-0.61 SHGC,-NR Ug-1.30 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.58 SHGC,-NR Uy -0.58 SHGC,-NR Ug-1.36 SHGC,-NR
2.1-5.0% U,4-0.58 SHGC,4-NR U,-0.58 SHGC,4-NR Uy -1.36 SHGC,-NR

a Exception 5.3.1.2a applies.
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TABLE B-24
Building Envelope Requirements (HDD65: 12601-16200, CDD50: 0+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.048 R-20.0ci U-0.048 R-20.0 ci U-0.093 R-10.0ci
Metal Building U-0.049 R-13.0 + R-19.0 |U-0.049 R-13.0+R-19.0 |U-0.072 R-16.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.034 R-30.0
Walls, Above Grade
Mass U-0.080 R-13.3ci U-0.071 R-15.2 ci U-0.1512 R-5.7 ci?
Metal Building U-0.057 R-13.0 + R-13.0 |U-0.057 R-13.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.064 R-13.0 + R-7.5¢i |U-0.055 R-13.0 + R-10.0 ci |U-0.124 R-13.0
Wood Framed and Other U-0.051 R-13.0 + R-7.5 ci |U-0.051 R-13.0+R-7.5ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-0.119 R-7.5ci C-0.119 R-7.5ci C-1.140 NR
Floors
Mass U-0.064 R-125ci U-0.057 R-14.6 ci U-0.137 R-4.2ci
Steel Joist U-0.038 R-30.0 U-0.032 R-38.0 U-0.052 R-19.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.051 R-19.0
Sab-On-Grade Floors
Unheated F-0.540 R-10for 24in. |F-0.520 R-15for 24in. F-0.730 NR
Heated F-0.780 R-10for 48in. |F-0.780 R-10for 48in. F-0.950 R-7.5for 24 in.
Opaque Doors
Swinging U-0.500 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixed-0.46  SHGCg4-NR Usixeq-0-46  SHGC,4-NR Usixedr1-22 SHGC4-NR
Ugper=0.47  SHGCpyin-NR  [Ugpe-0.47 SHGCoriNR Ugpa-1.27  SHGCpyinNR
10.1-20.0% Usixeq-0.46  SHGCy4-NR Usixeq-0-46  SHGC,4-NR Uixeqr1.22 SHGCy4-NR
Uoperr0-47  SHGCi-NR  [Upe-0.47 SHGC, orin-NR Ugper1-27  SHGCpiNR
20.1-30.0% Usixeq0-46  SHGC,4-NR Usixeg0.46  SHGC,4-NR Usixeq-1.22  SHGC4-NR
Ugperr0-47  SHGCih-NR  [Upe-0.47 SHGC,,orii-NR Ugperr1-27  SHGCpoinNR
30.1-40.0% Usixeq-0.46  SHGCg4-NR Usixeq-0-46  SHGC,4-NR Usixed-1.22 SHGC4-NR
Ugpar=0.47  SHGCppi"NR  [Ugpe-0.47 SHGCortn-NR Ugpa=1.27  SHGCppnNR
40.1-50.0% Usixed-0-35  SHGCy4-NR Usixeq-0-35  SHGC,4-NR Usixeq-0-98  SHGC,4-NR
Ugper0.39  SHGCpyin"NR  [Ugpe-0.39 SHGC, oin-NR Ugperr1.02  SHGCinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-0.98 SHGC,-NR Ug-0.98 SHGC,-NR Ug-1.30 SHGC,-NR
2.1-5.0% Ug-0.98 SHGC,-NR Uy -0.98 SHGC,-NR Ug-1.30 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-0.61 SHGC,-NR Uy -0.61 SHGC,-NR Ug-1.10 SHGC,-NR
2.1-5.0% U,-0.61 SHGC,4-NR Ug-0.61 SHGC,-NR Ug-1.10 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.58 SHGC,-NR Uy -0.58 SHGC,-NR Uy -0.81 SHGC,-NR
2.1-5.0% U,4-0.58 SHGC,4-NR U,-0.58 SHGC,4-NR Uy-0.81 SHGC,-NR

a Exception 5.3.1.2a applies.
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TABLE B-25
Building Envelope Requirements (HDD65: 16201-19800, CDD50: 0+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.048 R-20.0ci U-0.048 R-20.0 ci U-0.093 R-10.0ci
Metal Building U-0.049 R-13.0 + R-19.0 |U-0.049 R-13.0+R-19.0 |U-0.072 R-16.0
Attic and Other U-0.027 R-38.0 U-0.027 R-38.0 U-0.034 R-30.0
Walls, Above Grade
Mass U-0.071 R-15.2ci U-0.071 R-15.2 ci U-0.123 R-7.6 ci
Metal Building U-0.057 R-13.0 + R-13.0 |U-0.055 R-16.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.064 R-13.0 + R-7.5¢i |U-0.045 R-13.0 + R-18.0 ci |U-0.124 R-13.0
Wood Framed and Other U-0.051 R-13.0 + R-7.5 ci |U-0.051 R-13.0+R-7.5ci |U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-0.119 R-7.5ci C-0.075 R-12.5ci C-1.140 NR
Floors
Mass U-0.064 R-125ci U-0.051 R-16.7 ci U-0.107 R-6.3ci
Steel Joist U-0.032 R-38.0 U-0.032 R-38.0 U-0.052 R-19.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.051 R-19.0
Sab-On-Grade Floors
Unheated F-0.520 R-15for 24in. |F-0.520 R-15for 24in. F-0.730 NR
Heated F-0.780 R-10for 48in. |F-0.780 R-10for 48in. F-0.950 R-7.5for 24 in.
Opaque Doors
Swinging U-0.500 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly [ Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) |North-Oriented)| Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixed-0-43  SHGCg4-NR Usixeq-0-43  SHGC,-NR Usixedr1-22 SHGC4-NR
Ugpe=0.44  SHGCpihNR  [Ugpe-0.44  SHGCppinNR Ugpa-1.27  SHGCppnNR
10.1-20.0% Usixed-0-43  SHGCy4-NR Usixeq-0-43  SHGC,4-NR Uixeqr1.22 SHGCy4-NR
Ugperr0-44  SHGCoipNR  |Ugpe~0.44  SHGCpoinNR Ugper1-27  SHGCpiNR
20.1-30.0% Usixeq0-43  SHGC,4-NR Usixeg0-43  SHGC,4-NR Usixeq-1.22  SHGC4-NR
Ugperr0-44  SHGCoitNR  |Ugpe0.44  SHGCpoinNR Ugperr1-27  SHGCpoinNR
30.1-40.0% Usixed-0-43  SHGCg4-NR Usixeq-0-43  SHGC,4-NR Usixed-1.22 SHGC4-NR
Ugpa=0.44  SHGCppihNR  |Ugpe-0.44 SHGCoithNR Ugpar=1.27  SHGCppnNR
40.1-50.0% Usixed-0-33  SHGCg4-NR Usixeq-0-33  SHGC,4-NR Usixeq-0-98  SHGC,4-NR
Ugperr0-34  SHGCpipNR  |Ugpe0.34  SHGCpoiNR Ugperr1.02  SHGCpinNR
Skylight with Curb, Glass,% of Roof
0-2.0% Ug-0.95 SHGC,-NR Ug-0.95 SHGC,-NR Ug-1.30 SHGC,-NR
2.1-5.0% Ug-0.95 SHGC,-NR Ug-0.95 SHGC,-NR Ug-1.30 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-0.61 SHGC,-NR Uy -0.61 SHGC,-NR Ug-1.10 SHGC,-NR
2.1-5.0% U,-0.61 SHGC,4-NR Ug-0.61 SHGC,-NR Ug-1.10 SHGC,-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.55 SHGC,-NR Uy -0.55 SHGC,-NR Uy -0.81 SHGC,-NR
2.1-5.0% U,4-0.55 SHGC,4-NR U,-0.55 SHGC,4-NR Uy-0.81 SHGC,-NR
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TABLE B-26
Building Envelope Requirements (HDD65: 19801+, CDD50: 0+)

Nonresidential Residential Semiheated
Assembly | Insulation Min. | Assembly  Insulation Min. | Assembly | Insulation Min.
Opaque Elements Maximum R-Value Maximum R-Value Maximum R-Value
Roofs
Insulation Entirely above Deck  |U-0.039 R-25.0ci U-0.048 R-20.0ci U-0.093 R-10.0ci
Metal Building U-0.047 R-16.0+ R-19.0 |U-0.049 R-13.0+R-19.0 |U-0.065 R-19.0
Attic and Other U-0.017 R-60.0 U-0.017 R-60.0 U-0.034 R-30.0
Walls, Above Grade
Mass U-0.071 R-15.2ci U-0.071 R-15.2ci U-0.104 R-9.5ci
Metal Building U-0.057 R-13.0+R-13.0 [U-0.055 R-16.0+R-13.0 |U-0.113 R-13.0
Steel Framed U-0.055 R-13.0 + R-10.0 ¢i [U-0.040 R-13.0 + R-21.6 ci [U-0.084 R-13.0 + R-3.8 ci
Wood Framed and Other U-0.051 R-13.0+ R-7.5ci |U-0.045 R-13.0 + R-10.0 ¢i |{U-0.089 R-13.0
Wall, Below Grade
Below Grade Wall C-0.119 R-7.5ci C-0.063 R-15.0ci C-1.140 NR
Floors
Mass U-0.057 R-14.6ci U-0.051 R-16.7 ci U-0.107 R-6.3ci
Steel Joist U-0.032 R-38.0 U-0.032 R-38.0 U-0.052 R-19.0
Wood Framed and Other U-0.033 R-30.0 U-0.033 R-30.0 U-0.051 R-19.0
Sab-On-Grade Floors
Unheated F-0.520 R-15for 24in. F-0.510 R-20for 24 in. F-0.730 NR
Heated F-0.780 R-10for 48in. F-0.780 R-10for 48in. F-0.840 R-10.0for 36in.
Opaque Doors
Swinging U-0.500 U-0.500 U-0.700
Non-Swinging U-0.500 U-0.500 U-1.450
Assembly | Assembly Max. | Assembly | Assembly Max. | Assembly | Assembly Max.
Max. U SHGC (All Max. U SHGC (All Max. U SHGC (All
(Fixed/ Orientations/ (Fixed/ Orientations/ (Fixed/ Orientations/
Fenestration Operable) | North-Oriented) | Operable) | North-Oriented) | Operable) | North-Oriented)
Vertical Glazing,% of Wall
0-10.0% Usixed-0-32  SHGCg4-NR Usixeq-0-32  SHGCg4-NR Usixeq-0-73  SHGCg4-NR
Ugper=0.36  SHGCppinNR Ugper-0-36 SHGC,oiinNR Ugper-0.81  SHGCppinNR
10.1-20.0% Usixed-0-32  SHGCy4-NR Utixeq0-32  SHGC,4-NR Usixeg-0.73  SHGC,4-NR
Ugperw0.36  SHGCppinNR Uoper0-36 SHGC,oiinNR Ugperr0-81  SHGCpihNR
20.1-30.0% Usixeg0-32  SHGC,4-NR Usixeg-0.32  SHGC4-NR Usixeg-0.73  SHGC,4-NR
Ugperr0-36  SHGC,15ihNR Uoper0-36 SHGC,oinNR Ugperr0-81  SHGCyqihNR
30.1-40.0% Usixed-0-32  SHGC,4-NR Usixeqr0-32  SHGCg4-NR Usixeds0.-73  SHGCg4-NR
Ugpar=0.36  SHGCppinNR Uoper-0-36 SHGC,oiinNR Ugper=0-81  SHGCppinNR
40.1-50.0% Usixed-0-25 SHGCg4-NR Uixeq0-25  SHGCg4-NR Usixeq-0-58  SHGC,4-NR
Ugperr0-29  SHGC5nNR Uoper0-29 SHGC, oiinNR Uoper0-65  SHGC1nNR
Skylight with Curb, Glass,% of Roof
0-2.0% Uy -0.88 SHGC,-NR Uy -0.88 SHGC,-NR Ug-1.30 SHGC,-NR
2.1-5.0% Uy -0.88 SHGC,-NR U, -0.88 SHGC,4-NR Ug-1.30 SHGC,-NR
Skylight with Curb, Plastic,% of Roof
0-2.0% Ug-0.61 SHGC,-NR Ug-0.61 SHGC,-NR Ug-1.10 SHGC,-NR
2.1-5.0% U,-0.61 SHGC,4-NR Ug-0.61 SHGC,4-NR Ug-1.10 SHGC,4-NR
Skylight without Curb, All,% of Roof
0-2.0% Ug-0.55 SHGC,-NR Ug-0.55 SHGC,-NR Uy -0.81 SHGC,-NR
2.1-5.0% U,4-0.55 SHGC,4-NR Ug-0.55 SHGC,-NR Uy-0.81 SHGC,4-NR
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(Thisisanormativeappendix andispart of thisstandard.)
NORMATIVE APPENDIX C

METHODOLOGY FOR BUILDING ENVELOPE
TRADE-OFF OPTION IN SUBSECTION 5.4

C1 Minimum Information. The following minimum
information shall be specified for the proposed design:

Cl1.1 At theBuilding Level: The floor area, broken down
by space-conditioning categories.

C1.2 At the Exterior Surface Level: The classification,
gross area, orientation, U-factor, and exterior conditions. For
mass walls only: heat capacity and insulation position. Each
surface is associated with a space-conditioning category as
defined in C1.1.

C1.3 For Fenestration: The classification, area, U-factor,
solar heat gain coefficient (SHGC), visible light transmit-
tance (VLT), overhang projection factor for vertical fenestra-
tion, and width, depth, and height for skylight wells. (See
Figure C1.3 for definition of width, depth, and height for sky-
light wells.) Each fenestration element is associated with a
surface (defined in C1.2) and has the orientation of that sur-
face.

Cl14 For Opaque Doors: The classification, area, U-fac-
tor, heat capacity, and insulation position. Each opaque door
is associated with a surface (defined in C1.2) and has the ori-
entation of that surface.

Cl15 For Below-Grade Walls: The area, average depth to
the bottom of the wall, and C-factor. Each bel ow-grade wall
isassociated with aspace-conditioning category asdefined in
Cl1l

C1.6 For Slab-On-GradeFloor: The perimeter length and
F-factor. Each slab-on-gradefloor isassociated with aspace-
conditioning category as defined in C1.1.

C2 Output Requirements. Output reports shall contain
the following information.

C21 Tables summarizing the minimum information

described in C1.

C2.2 The envelope performance factor differential broken
down by envelope component. The differentia is the differ-
ence between the envelope performance factor of the pro-
posed building and the envelope performance factor of the
base envelope design. Envelope components include the
opaque roof, skylights, opagque above-grade walls including
vertical fenestration and opaque doors, below-grade walls,
floors, and slab-on-grade floors.

C3 Base Envelope Design Specification

C3.1 Thebaseenvelopedesign shall havethe samebuilding
floor area, building envelope floor area, slab-on-grade floor
perimeter, below-grade floor area, gross wall area, opagque
door area, and gross roof area as the proposed design. The
distribution of these areas among space-conditioning catego-
ries shall be the same as the proposed design.
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o
Width 0o

FigureC1.3 Skylight well dimensions.

C3.2 TheU-factor of each opaque element of the baseenve-
lope design shall be equal to the criteria from Tables B-1
through B-26 for the appropriate climatefor each construction
classification. The heat capacity of masswall elementsin the
base envelopedesign shall beidentical to the proposed design.
Mass walls in the base envelope design shall have interior
insulation, when required.

C3.3 The vertical fenestration area of each space-condi-
tioning category in the base envelope design shall bethe same
as the proposed building or 40% of the gross wall area,
whichever is less. The distribution of vertical fenestration
among space-conditioning categories and surface orienta-
tions shall be the same as the proposed design. If the vertical
fenestration area of any space-conditioning category is
greater than 40% of the gross wall area of that space-condi-
tioning category, then the area of each fenestration element
shall be reduced in the base envel ope design by the same per-
centage so that the total vertical fenestration area is exactly
equal to 40% of the gross wall area.

C3.4 The skylight area of each space category in the base
envel ope design shall be the same as the proposed building or
5% of the gross roof area, whichever isless. Thisdistribution
of skylights among space conditioning categories shall be the
same asthe proposed design. If the skylight area of any space
category is greater than 5% of the gross roof area of that
space-conditioning category, then the area of each skylight
shall be reduced in the base envel ope design by the same per-
centage so that thetotal skylight areaisexactly equal to 5% of
the gross roof area.

C3.5 The U-factor for fenestration in the base envelope
design shall be equal to the criteria from Tables B-1 through
B-26 for the appropriate climate. The solar heat gain coeffi-
cient (SHGC) for fenestration in the base envelope design
shall beequal to the criteriafrom Tables B-1 through B-22 for
climates with 0-10800 HDD65 and, for climates with greater
than 10800 HDDE5, shall be equal to 0.64 for north-oriented
and 0.46 for all other vertical fenestration, 0.77 for plastic
skylightson acurb, and 0.72 for al other skylightswith acurb
and without. The visible light transmittance (VLT) for fenes-
tration in the base envelope design shall be the VLT factor
from Table C3.5 timesthe SHGC criteriaasdeterminedinthis
subsection.
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TABLE C3.5
VLT Factor for the Base Envelope Design
Vertical Glass Plastic
ClimateBin | Fenestration Skylights Skylights
1 1.00 127 1.20
2 1.00 127 1.20
3 1.00 1.27 1.20
4 1.00 127 1.20
5 1.00 127 1.20
6 1.00 1.27 1.20
7 1.00 127 1.20
8 1.00 127 1.20
9 1.00 1.27 1.20
10 1.27 127 1.20
11 127 127 1.20
12 1.00 1.27 1.20
13 1.27 127 1.20
14 127 127 1.20
15 1.27 1.27 1.20
16 1.27 127 1.20
17 1.27 127 1.20
18 127 127 1.20
19 1.27 1.27 1.20
20 1.00 1.00 1.20
21 1.00 1.00 1.20
22 1.00 1.00 1.20
23 1.00 1.00 1.20
24 1.00 1.00 1.20
25 1.00 1.00 1.20
26 1.00 1.00 1.20

C4 Zoning and Building Geometry. No information
about thermal zones needs to be entered to perform the cal-
culations, but when the calculations are performed the build-
ing shall be divided into thermal zones according to the
following procedure.

C4.1 Determinetheratio (R.) of the grossfloor area to the
gross wall area for each space-conditioning category. The
index “c” refers to the space-conditioning category, either
nonresidential conditioned, residential conditioned, or semi-
heated.

C4.2 Create a perimeter zone for each unique combination
of space-conditioning category and wall orientation. The
floor area of each perimeter zone shall be the grosswall area
of the zone times R, or 1.25, whichever is smaller.

C4.3 For space-conditioning categories where R, is greater
than 1.25, interior zones shall be created and used in the trade-
off procedure. The floor area of the interior zone shall be the
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total floor area for the space-conditioning category less the
floor area of the perimeter zones created in C4.2 for that
space-conditioning category.

C4.4 Roof area, floor area, below-grade wall area, and
slab-on-grade floor perimeter associated with each space-
conditioning category shall be prorated among the zones
according to floor area.

C4.5 Skylights shall be assigned to the interior zone of
space-conditioning category. If the skylight areaislarger than
theroof area of the interior zone, then the skylight areain the
interior zone shall be equal to theroof areaintheinterior zone
and the remaining skylight area shall be prorated among the
perimeter zones based on floor area.

C5 Modeling Assumptions. The following are modeling
assumptions for the purposes of this appendix only and are
not requirements for building operation.

C5.1 Theresidential conditioned and nonresidential condi-
tioned space-conditioning categories shall be modeled with
both heating and cooling systems for both the base envelope
design and the proposed design. The thermostat set points for
residential and nonresidential spaces shall be 70°F for heat-
ing and 75°F for cooling, with night setback temperatures of
55°F for heating and 99°F for cooling.

C5.2 The semiheated space categories shall be modeled
with heating-only systems for both the base envelope design
and the proposed design. The thermostat set point shall be
50°F for al hours.

C5.3 Both the base envelope design and the proposed
design shall be modeled with the same heating, ventilating,
and air-conditioning (HVAC) systems. The system shall con-
sist of a packaged rooftop system serving each thermal zone.
Cooling shall be provided by a direct expansion air condi-
tioner (EER = 9.5, COPyqqjing = 2.78). Heating shall be pro-
vided by a gas furnace (AFUE = 0.78).

C5.4 The electrical systems shall be the same for both the
base envelope design and the proposed design. The lighting
power density shall be 1.20 W/ft? for nonresidential condi-
tioned spaces, 1.00 W/ft? for residential conditioned spaces,
and 0.50 W/ft? for semiheated spaces. The equipment power
density shall be 0.75 W/ft? for nonresidential conditioned
spaces, 0.25 WIft? for residential conditioned spaces, and
0.25 W/ft? for semiheated spaces. Continuous daylight dim-
ming shall be assumed in all spaces and be activated at 50 fc
for nonresidential conditioned spaces and residential condi-
tioned spaces and 30 fc for semiheated spaces.

C5.5 Surfacereflectancesfor daylighting calculations shall
be 80% for ceilings, 50% for walls, and 20% for floors.

C5.6 Envelope performance factor isdefined in the follow-
ing equation.

MBtu x 6600 + kWh x 80 (C-1)
Total Building Floor Area

Envelope Performance Factor =
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C5.7 The U-factor entered for surfaces adjacent to crawl
spaces, attics, and parking garages with mechanical or natural
ventilation shall be adjusted by adding R-2 to the thermal
resistance to account for the buffering effect.

C5.8 Heat transfer for below-grade walls shall be based on
the temperature difference between indoor and outdoor tem-
perature conditionsand aheat transfer path at the average wall
depth below grade.

C6 Equations for Envelope Trade-Off Calculations.
The procedure defined in this subsection shall be used in all
building envelope trade-off calculations.

C6.1 Inputs. Building descriptions shall be converted to
equation variables using Table C6.1.

C6.2 EnvelopePerformance Factor. The envelope perfor-
mance factor (EPF) of a building shall be calculated using
Equation C-2.

YLighting,gne = sum of lighting for each zone cal cul ated
using Equation C-4

C6.3 HVAC. The HVAC term for each exterior or semi-
exterior surface in the building shall be calculated using
Equation C-3.

HVACg face = COOL + HEAT (C-3)
where
COOL = cooling factor for the surface calculated
according to theappropriate equationin C-9,
C-10or C-11
HEAT = heating factor for the surface cal culated

according to the appropriate equationin C-9,
C-10,or C-11
If either the HEAT or COOL termin Equation C-3isless
than zero, that term shall be set to zero for the calculation of
HVACqrface:

C6.4 Lighting. Thelighting termfor each zonein the build-

EPF = FAF X [EHVACgface + ZLigNtiNGonel  (C-2)  jng asdefined in C4 shall be calculated using Equation C-4.
where Lighting,gne = LPDad]j;one X AREA ;e X 216 (C-4)
FAF = floor areafactor for the entire building where
YHVACg rface = Sum of HVAC for each surface calculated LPDadj,oe = lighting power density for the zone adjusted
using Equation C-3 for daylighting potential using Equation C-9
TABLE C6.1
Input Variables
Variable Description I P Units
Areag rface Areaof surface ft?
Areaygne Gross floor area of zone as defined in C.5 ft2
C-factor C-factor for below-grade walls Btu/h-ft2-°F
CDD50 Cooling degree-days Base 50°F-day
CDD65 Cooling degree-days Base 65°F-day
CDH80 Cooling degree-hours Base 80°F-hour
CFA Conditioned floor area ft?
Depth Depth of bottom of below-grade wall ft
DI Artificial lighting design illuminance from C.5.4 Footcandles
DR Daily range (average outdoor maximum-minimum in hottest month) OF
EPD Miscellaneous equipment power density from C.5.4 W2
F-factor F-factor for slab-on-grade floors Btu/h-ft-°F
FAF Building floor area factor 1000/CFA, ft?
HC Wall heat capacity Btu/ft2-oF
HDD50 Heating degree-days Base 50°F-day
HDD65 Heating degree-days Base 65°F-day
Length Length of slab-on-grade floor perimeter ft
LPD Lighting power density from C.5.4 Wit
R-Value Effective R-value of soil for below-grade walls h-ft?.°F/Btu
U-factor U-factor Btuw/h-ft2.°F
VS Annual average daily incident solar radiation on vertical surface Btu/ftz-day
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C6.5 Solar and Visible Aperture.

C6.5.1 Solar and Visible Aperture of Vertical Fenes-
tration. The visible aperture (VA), solar aperture for cooling
(SA,), and solar aperture for heating (SAy,) of each vertical
fenestration shall be cal culated using Equations C-5, C-6, and
C-7.

VA = Areas x VLT s x (1 + PCC1x PF + PCC2x PF?)  (C-5)
SA=Area; x 1.163x SHGC x (1—PCC1x PF + PCC2 x PF?)(C-6)

SAp=Area s x 1.163x SHGC x (1 + PCH1 x PF + PCH2 x PF?)(C-7)

where

Area,; = glazing area of the vertical fenestration

HGC = the solar heat gain coefficient of the vertical
fenestration assembly

VLT = thevisblelight transmittance of the vertical

fenestration assembly

PF = the projection factor for the overhang shade
on the vertical fenestration
PCH1, PCH2,

PCC1, and PCC2 = overhang projection coefficients for the
vertical fenestration orientation from

Table C6.5.1.
TABLE C6.5.1
Overhang Projection Coefficients
Orientation PCC1 PCC2 PCH1 PCH2
North -0.5 0.22 0 0
East, South, West | -0.97 0.38 0 0

C6.5.2 Visible Aperture of Skylights. The visible aper-
ture (VA) of askylight shall be calculated using Equation C-8.

VA = Areasky x VLTSky X 10(-0.250>< (BGxDx(W+L)/(WxL)) (C'8)

where

Areagy fenestration area of the skylight assembly

VLTgy = thevisblelight transmittance of the skylight
assembly

D = averagedepthof skylight well from fenestration
to ceiling

w = width of skylight well

L = length of skylight well

C6.6 Adjusted Lighting Power (LPDadj). The adjusted
lighting power for each zone shall be calculated using Equa-
tion C-9.

LPDad] ;gne = LPD x (1 — Kd,one) (C-9)

where

Kd,one = daylight potential fraction calculated using
Equation C-10

If azone has both skylights and vertical fenestration, the
larger of the Kd calculated independently for each shall be

used to calculate LPDadj.
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D2 x DI X VAD

= +
Kdzone (q)l ( Areafen

% (1 —g((®3+P4x D)X VA)/Areyy o

(C-10)

where

Areasy, = tota fenestrationareaof thevertical fenestration
or skylight assembliesin the zone

VA = tota visible aperture of the vertical fenestration
or skylightsin the zone, as calculated in C-5

Areagface = Orosswall area of the zone for vertical

fenestration or gross roof area of the zone for
skylights.
and the coefficients @1 through ®4 are defined in Table C6.6.

TABLE C6.6
Coefficients for Calculating Ky
Coefficient Skylight Vertical Fenestration
o1 0.589 0.737
o2 5.18E-07 -3.17E-04
o3 -220 -24.71
D4 2.29 0.234

C6.7 DeltalL oad Factorsfor MassWallsin the Exterior
Building Envelope. Adjustments to cooling and heating
loads for use in Equations C-14 and C-16 due to the mass
properties of each mass wall component shall be calculated
using Equations C-11 and C-12.

CMC = 1.43x Area,, x [1 —e P1HC~1)

CP,+CP,U Py
+ _
T T L (Cp, + CPyUye (P CPAUIHE D)

(C-11)

where

CMC = cooling deltaload factor

Area,, = netopaquearea of thismasswall

A = CDH80/10000 + 2

B = DR/I10+1

HC = wall heat capacity

DR = averagedaily temperature range for warmest
month

B = DR/10+1

CP; = Cg

CP, = CB3+Ci(Ac™B) +Cyy

CP, = CJIACS+CB3+C,B%+C¥ (APVB) +Cy

CPy = Cpp(Ac?B?) +C1gfB3+Cyy

U = areaaverage of U-factors of masswallsin the
zone

CPs = Cig

CPg = CgVBLN(AQ) +Cy

LN = natura logarithm

CP; = Ci(Ac’B?) + Cof(ACB) + CHAC* B+ Cypy

CPg = Cg/(Ac?B?) + Cy/(AcB) + CipA2VB+ Cyy

The coefficients C, through Co, depend on insulation
position in the wall and are taken from Table C6.7A.
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TABLE C6.7A TABLE C6.7B
Cooling Delta Load Coefficients Heating Delta Load Coefficients
Insulation Position Insulation Position
Variable Exterior Integral Interior Variable Exterior Integral Interior
C, 220.7245 139.1057 181.6168 Hy 0.0000 0.0000 0.0000
C, -0.0566 -0.0340 -0.0552 Hy -0.0015 -0.0018 -0.0015
C;3 -118.8354 -10.3267 -34.1590 Ha 13.3886 15.1161 19.8314
Cy4 -13.6744 -20.8674 -25.5919 Hy 1.9332 2.1056 1.4579
Cs 0.2364 0.2839 0.0810 Hg -11.8967 -13.3053 -15.5620
Ce 0.9596 0.3059 1.4190 Hg 0.4643 0.1840 0.0719
C, -0.2550 0.0226 0.4324 H; 0.0094 0.0255 0.0264
Cg -905.6780 -307.9438 -1882.9268 Hg -0.1000 0.0459 0.7754
Co 425.1919 80.2096 443.1958 Hg -1223.3962 -622.0801 0.2008
Cio -2.5106 0.0500 0.4302 Hio -0.9454 -0.5192 -0.6379
Ciy -43.3880 -5.9895 -28.2851 Hyp -0.0001 -0.0001 0.0000
Ciz -259.7234 -11.3961 -63.5623 Hqo 3.8585 4.1379 24243
Cis -33.9755 0.3669 20.8447 Hyg 7.5829 6.2380 7.9804
Cia 20.4882 30.2535 9.8175 Hig -0.7774 -0.7711 -0.1699
Cis -26.2092 8.8337 24.4598 Hig 9.0147 7.7229 8.5854
Cis -241.1734 -22.2546 -70.3375 Hig 0.2007 0.2083 -0.0386
Cy7 18.8978 29.3297 9.8843 Hqy7 206.6382 105.9849 3.1397
Cig -0.3538 -0.0239 -0.1146 Hig 0.2573 0.1983 0.1863
C1o 156.3056 63.3228 326.3447 ThecoefficientsH, through H g depend on the position of
Cy -74.0990 -16.3347 -77.6355 the insulation in the wall and are taken from Table C6.7B. If
C 0.4454 -0.0111 -0.0748 the U-factor of mass wall is greater than 0.4ZBtu/(h-ft2-°F),
then the U-factor shall be set to 0.4 Btu/(hft“-°F). If the U-
Coo 1.4967 1.2956 5.2041 factor of themasswall islessthan 0.05 Btu/(h-ft2-°F), than the

><|:HP2+HP3U—[

where
HMC
HC
Arean,
HP;
An
HP,
LN
HP3

U =
HP,
HPg
HPg
HP;
HPg
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HMC = 1.43 x Area,, x[1 —g HPi(HC-1)

HP,

heating deltaload factor
wall heat capacity
net opaque area of this mass wall

He

HDD65/100 + 2
H1aLN(AR) +Hys
natural logarithm
H A3 + HoAp%+ HgNA + HVA + Hg

area average of U-factors of masswallsin the zone
HuAw? + Hio/Ay® + Hig

Hie

HoAy + Hg
Hy7/Apyt Hig
Ho/Ay®+ Hyg

1+ (HPg +HPgU)eHPr+ HPWZ)(HC‘“H

(C-12)

U-Factor shall be set to 0.5 Btu/(h-ft°F). If the wall heat
capacity (HC) of themasswall is greater than 20 Btu/(ft2-°F),
then HC = 20 Btu/(ft2-°F) shall be used.

C6.8 Walls and Vertical Fenestration in the Exterior
Building Envelope. Equations C-14 and C-16 shall be used
to calculate COOL and HEAT for exterior walls and vertical
fenestration in the exterior building envelope except walls
next to crawl spaces, attics, and parking garages with natural
or mechanical ventilation. Walls next to crawl spaces, attics,
and parking garages with natural or mechanical ventilation
shall use the equationsin subsection C6.10 and they shall not
beincluded in calculationsin subsection C6.8. Zones shall be
constructed according to C4 and the HEAT and COOL for the
combination of all exterior walls and vertical fenestration in
the zone shall be calculated using Equations C-14 and C-16,
whichincludeinteractive effects. For azone having acardinal
orientation (north, east, south or west), Equations C-14 and
C-15 shall be applied directly. For zones with NE, NW, SW,
and SE orientations, EC shall be determined by finding the
average of thevaluesfor thetwo closest cardinal orientations;
for instance, COOL for awall facing NE is calculated by tak-
ing the average of COOL for a north-facing wall and COOL
for an east-facing wall.
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C6.8.1 Effective Internal Gain. The effective interna
gain to the zone G shall be calculated using Equation C-13.

G = EPD x LPDad) ;e (C-13)

where
LPDadj,ne = lighting power density adjusted for daylighting,
from Equation C-9

C6.8.2 Cooling Factor. The cooling factor for the sur-
facesin the zone shall be calculated using Equation C-14.

COOL = 0.005447 x [CLU + CLUO + CLXUO
+CLM +CLG + CLS+ CLC] (C-14)

where

CLU = Areagpaquex Ugw X [CULx CDHB0 + CU2x CDHB80?
+ CU3 x (VS x CDH80)% + CU4 x DR]

CLUO = Aresygsqual X UO x [CUOL x EA¢ x VSx CDD50
+CUO2 x G + CUO3 x G x EA:? x VSx CDD50 + CUO4
x G? x EAC? x VS x CDD65]

CLXUO = Areaysqyal / UO x [CXUOL x EAc x VS
x CDD50 + CXUO2 x EA( x (VS x CDD50)? + CXUO3
x G x CDD50 + CXUO4 x G2 x EA:? x VS x CDD50
+ CXUO5 x G2 x CDD65]

CLM = Areagpaque x SCMC x [CM1 + CM2x EAC x VS
x CDD50+ CM3x EAx VSx CDD65 + CM4x EA:?x VS
x CDD50+ CM5x G?x CDD65 + CM6x G x CDD50+ CM7

x G x CDD65 + CM8 x G x EA¢ x VSx CDD50]

CLG = Areaggesyal X { G x [CG1 + CG2 x CDD50 + CG3

x EAcx (VSx CDD50)? + CG4x EA?x VSx CDD50+ CG5

x CDD65 + CG6 x CDD50° + CG7 x CDD65°] + G2 x [CG8
x EAc x VS x CDD50 + CG9 x EA? x VSx CDD50]}

CLS = Areagosgnal X {EAcx [CSL+ CS2x VSx CDD50
+ CS3x (VSx CDD50)? + CH4 x VS x CDD65 + CS5
x (VSx CDD65)?] + EA? x [CS6 + CST7 x (VS x CDD65)?]}

CLC =Aregygssyal x [CC1 x CDD50 + CC2 x CDD50
+ CC3 x CDH80 + CC4 x CDH80? + CC5 x CDD65 + CC6
x (VSx CDD65)? + CC7 x VS x CDD50 + CC8
x (VS x CDD50)? + CC9 x (VS x CDH80)? + CC10 x VS
+ CC11 x DR + CC12 x DR? + CC13]

where

Areagrosawal = total grossareaof all wallsand vertical
fenestration in the zone, including opaque and
fenestration areas

Areggpaque = total opaque area of al wallsin the zone

Uow = areaaverage of U-factors of opaque walls
(including those of mass construction) in the
zone

VS = annud average daily incident solar energy on
surface

DR = averagedaily temperaturerangefor thewarmest
month

uo = areaaverage of U-factor of opaque wallsand

vertical fenestration in the zone
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SCMC

sum of the CMC from Equation C-11 for each
masswall in the zone

effective internal gain to space, from Equation
C-13

EAC = effective solar aperture fraction for zone
calculated using Equation C-15

__XSAc
~ Area

®
I

EA. (C-15)

grosswall
where £SA.= the sum of SA; from Equation C.6.6 for al ver-
tical fenestration in the zone.

The coefficients used in the above eguations depend on
the orientation of the surface and shall be found in Table
C6.8.2.

C6.8.3 Heating Factor. The heating factor for the sur-
facesin the zone shall be calculated using Equation C6.16.

HEAT = 0.007669 x [HLU + HLUO + HLXUO + HLM
+HLG + HLS+HL(] (C-16)

where

HLU = Areagpague X Ugw x [HUL x HDD50 + HU2
x (VS x HDD65)?]

HLUO = Areagrosgwall X UO x [HUO1 x HDD50 + HUO2
x HDD65 + HUO3 x EAL x VS x HDD65]

HLXUO = Areagossyall * { (WUO) x [HXUOL x EA
x (VSx HDD50)? + HXUO2 x EA x (VS x HDD65)?|
+ (1/UO?) x [HXUO3 x EA? x VS x HDD65]}

HLM = Aresgpague X SHMC x [HM1 + HM2 x G x UO
x HDD65 + HM3x G x EA 2 x VSx HDD50 + HM4 x UO
x EAly x VSx HDD65 + HM5 x UO x HDD50 + HM6 x EA
x (VSx HDD65)2 + HM7 x EA % x VS x HDD65/UQ]

HLG = Aregyossual  { G x [HG1 x HDD65 + HG2 x UO
x HDD65 + HG3 x EA x VS x HDD65 + HG4 x EA 2
x VSx HDD50] x G? x [HG5 x HDD65 + HG6
x EAp? x VS x HDD65]}

HLS = Areayosquall X { EAp x [HS1 x VS x HDDB5 + HS2
x (VS x HDD50)?] + EA42 x [HS3 x VS x HDD50
+HS4 x VS x HDD65]}

HLC = Areaypsqyal % [HC1 + HC2 x HDD65 + HC3
x HDD652 + HC4 x VS? + HC5 x VS x HDD50 + HC6
x VS x HDD65 + HC7 x (VS x HDD50)4]

where

VS = annua averagedaily incident solar energy onsurface

SHMC = sum of the HMC from Equation C-12 for each mass
wall in the zone

EAy = effective solar aperture fraction for zone calculated
using Equation C-17.

_ _ XSAy
EAy = Area

(C-17)

grosswall

YA, = thesumof SA, from Equation C-7 for dl vertical
fenestration in the zone,
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TABLE C6.8.2

Cooling Coefficients for the Exterior Wall Equation

Orientation of Surface

Variable North East South West
Cul 0.001539 0.003315 0.003153 0.00321
Cu2 -3.0855E-08 -8.9662E-08 -7.1299E-08 -8.1053E-08
Cu3 7.99493E-14 3.7928E-14 1.83083E-14 3.3981E-14
Cu4 -0.079647 0.163114 0.286458 0.11178
CM1 0.32314 0.515262 0.71477 0.752643
CM2 1.5306E-06 1.38197E-06 1.6163E-06 1.42228E-06
CM3 -2.0432E-06 -1.6024E-06 -2.1106E-06 -1.9794E-06
CM4 -7.5367E-07 -7.6785E-07 -6.6443E-07 -7.4007E-07
CM5 -1.0047E-06 0 8.01057E-06 3.15193E-06
CM6 3.66708E-05 3.56503E-05 4.48106E-05 2.96012E-05
CM7 -6.7305E-05 -6.4094E-05 -0.000119 -7.6672E-05
CM8 -2.3834E-08 -4.7253E-08 -4,9747E-08 0

Cuo1 -6.5109E-06 -8.3867E-06 -8.89E-06 -7.5647E-06
Cuo2 -1.040207 -1.507235 -1.512625 -1.238545

Cuo3 -4.3825E-06 -2.7883E-06 -2.3135E-06 -4,1257E-06
Cuo4 0.000012658 8.09874E-06 7.36219E-06 1.06712E-05

CXuo1 1.03744E-06 1.19338E-06 1.18588E-06 1.23251E-06

CXuo2 -1.3218E-13 -1.3466E-13 -1.1625E-13 -1.3E-13

CXUO3 2.75554E-05 2.02621E-05 2.02365E-05 2.36964E-05

CXUO4 9.7409E-08 1.175E-07 9.39207E-08 1.36276E-07

CXUO5 -1.1825E-05 -9.0969E-06 -9.0919E-06 -1.1108E-05
CG1 0.891286 0.583388 0.393756 0.948654
CG2 0.001479 0.001931 0.002081 0.001662
CG3 -5.5204E-13 -2.8214E-13 -2.8477E-13 -4,5572E-13
CG4 2.52311E-06 3.70821E-06 4.30536E-06 5.91511E-06
CG5 -0.001151 -0.001745 -0.001864 -0.00153
CG6 1.95243E-12 0 -2.9606E-12 3.16358E-12
CG7 -8.3581E-12 1.01089E-11 3.30027E-11 0
CG8 1.41022E-06 7.53875E-07 7.133E-07 9.70752E-07
CG9 -2.3889E-06 -1.6496E-06 -1.6393E-06 -1.9736E-06
Cs1 46.9871 33.9683 18.32016 29.3089
Cs2 3.48091E-05 3.74118E-05 0.000034049 5.02498E-05
Cs3 0 0 2.71313E-12 0
C4 -1.6641E-05 6.94779E-06 -2.8218E-05 -2.7716E-05
CS5 8.42765E-12 0 -3.0468E-12 2.91137E-12
Cs6 -56.5446 0 26.9954 14.9771
Ccs7 -1.3476E-11 -5.881E-12 -6.5009E-12 -7.8922E-12
CC1 0.002747 0 0.010349 0.001865
cc2 0 3.18928E-07 -3.0441E-07 0
CC3 -0.000348 0.000319 0.00024 0.000565
CC4 1.22123E-08 -7.7532E-08 -2.7144E-08 -5.4438E-08
CC5 0.012112 0.0118%4 0.013248 0.009236
CC6 1.04027E-12 -6.2266E-13 -2.0518E-12 0
ccv -1.2401E-05 -7.0628E-06 -1.6538E-05 -6.0269E-06
CC8 0 0 8.20869E-13 0
CC9 -3.758E-14 6.06235E-14 1.97598E-14 3.89425E-14
CC10 0.030056 0.023121 0.0265 0.01704
CCc11 0 0 -0.271026 -0.244274
CC12 0.002138 0.001103 0.006368 0.007323
CC13 -12.8674 -13.16522 -18.271 -10.1285
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The coefficients used in the above equations depend on
the orientation of the surface and shall be found in Table
C6.8.3. Terms not defined for Equation C-16 are found under
Equation C-14.

C6.9 SkylightsintheExterior Building Envelope. HEAT
and COOL shall be calculated for skylights in nonresidential
conditioned and residential conditioned zones using Equa-
tions C-18 and C-19.

HEAT = Areag,, x HDD65 x 0.66 x (H,

COOL = Areag,, x C, x CDD50 x 0.093x SHGC  (C-19)

where

Areay, = fenestration areaof the skylight assembly

SHGC = thesolar heat gain coefficient of the skylight
assembly

Usey = U-factor of skylight assembly

The coefficients used in the equations depend on the

x Ugqy + H3x 1.163 x SHGC) (C-18) space type and shall be taken from Table C6.9.
TABLE C6.8.3
Heating Coefficients for the Exterior Wall Equation
Orientation of Surface
Variable North East South West
HU1 0.006203 0.007691 0.006044 0.006672
HU2 -1.3587E-12 -5.7162E-13 -2.69E-13 -4.3566E-13
HM1 0.531005 0.545732 0.837901 0.616936
HM2 0.000152 0.000107 0.000208 0.00015
HM3 -5.3183E-07 -1.0619E-07 -6.8253E-07 -2.6457E-07
HM4 -7.7381E-07 -1.4787E-06 2.11938E-06 -4.5783E-07
HM5 -0.000712 -0.000484 -0.001042 -0.000625
HM6 3.34859E-13 4.95762E-14 7.7019E-14 7.37105E-14
HM7 2.39071E-07 2.75045E-07 -3.8989E-07 0
HUO1 0.004943 0.008683 0.009028 0.008566
HUO2 0.013686 0.011055 0.010156 0.01146
HUO3 -1.1018E-05 -8.6896E-06 -7.3232E-06 -8.9867E-06
HXUO1 1.2694E-12 7.85644E-14 -2.8202E-13 3.04904E-14
HXUO2 -7.3058E-13 -8.109E-14 7.45599E-14 -7.4718E-14
HXUO3 1.9709E-07 1.94026E-07 9.87587E-08 1.95776E-07
HG1 -0.001051 -0.000983 -0.000981 -0.000948
HG2 -0.001063 -0.00093 -0.000815 -0.000975
HG3 2.99013E-06 2.62269E-06 2.4188E-06 2.49976E-06
HG4 7.49049E-07 -1.1106E-06 -2.1669E-06 -8.5605E-07
HG5 0.000109 0.000093431 9.75523E-05 8.62389E-05
HG6 -5.5591E-07 -3.158E-07 -2.61E-07 -2.9133E-07
HS1 -2.1825E-05 -2.0922E-05 -2.1089E-05 -2.0205E-05
HS2 3.39179E-12 1.905E-12 1.48388E-12 2.18215E-12
HS3 -6.5325E-06 -2.2341E-05 -1.8473E-05 -2.4049E-05
Hs4 2.23087E-05 2.41331E-05 2.45412E-05 2.30538E-05
HC1 -0.106468 -5.19297 -3.66743 -5.29681
HC2 0.00729 0.007684 0.007175 0.007672
HC3 -2.976E-07 -3.0784E-07 -2.6419E-07 -3.0713E-07
HC4 2.01569E-06 6.3035E-06 3.32112E-06 6.43491E-06
HC5 1.29061E-05 4,77552E-06 3.25089E-06 4.83233E-06
HC6 -1.2859E-05 -6.1854E-06 -4.6309E-06 -6.251E-06
HC7 2.75861E-12 8.20051E-13 4.38148E-13 8.09106E-13
TABLE C6.9 C6.10 Calculations for Other Exterior and Semi-Exte-
Heating and Cooling Coefficients for Skylights rior Surfaces. For all exterior and semi-exterior surfaces not
covered in C6.8 and C6.9, the cooling factor, COOL, and
Coefficient Nonresidential Residential heating factor, HEAT, shall be calculated using the procedure
G, 1.09E-02 1.64E-02 in this subsection.
Ha 2.12E-04 2.91E-04 C6.10.1 U-Factor for Below-Grade Walls. The effec-
Hs -1.68E-04 -2.96E-04 tive U-factor of below-grade walls shall be calculated using
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based on the average depth of the bottom of thewall below the
surface of the ground.

U-factor = 1/ (1/(C-factor) + 0.85+ Rg;)  (C-20)

where
Ry = effective R-value of the soil from Table C6.10.1

C6.10.2 Adjustment for Other Protected Elements of
the Exterior Envelope. The adjusted U-factor for exterior
envelope surfaces, which are protected from outdoor condi-
tions by craw! spaces, attics, or parking garages with natural
or mechanical ventilation, shall be adjusted using Equation C-
21 before calculating HEAT and COOL.

Size

Ccoef1, Ccoef2

Hcoef
Factor

= areaof surfaceor length of exposed slab-on-
grade floor perimeter in the building

coefficients, from Table C6.10.3
coefficient, from Table C6.10.3

= U-factor except U, calculated using
Equation C-21for protected surfacesandfor
dab-on-grade floors, perimeter F-factor

TABLE C6.10.1
Effective R-Value of Soil for Below-Grade Walls

Depth Rei (hft2IF/Btu)

1ft 0.86

Uggj = 1/ ((1/ U-factor) + 2) (C-21) oty 16

C6.10.3 Calculation of COOL and HEAT. COOL and 3ft 2.2

HEAT shall be calculated for each surface using Equations C- 4t 29

22 and C-23 and coefficients from Table C6.10.3, which '

depend on surface classification and space-conditioning cat- Sft 34

egory. 6 ft 4.0

COOL = Size x Factor x 0.08 x (Ccoefl 7 ft 45

x CDD50 + Ccoef2) (C-22 8 ft 5.1

HEAT = Size x Hcoef x Factor x HDD65 x 0.66  (C-23) oft 5.6

where 10 ft 6.1

TABLE 6.10.3
Heating and Cooling Coefficients for Other Exterior and Semi-Exterior Surfaces
Building Envelope Classification Exterior Semi-Exterior
Space-Conditioning Type Nonresidential Residential All
Surface Type Ccoefl | Ccoef2 | HCoef Ccoefl | Ccoef2| HCoef |Ccoefl| Ccoef2 | HCoef

Roof 0.001153 | 5.56 | 2.28E-04 | 0.001656 | 9.44 | 3.37E-04 0 0 8.08E-05
Wall, Above-Grade and Opaque Doors | 6.04E-04 0 2.28E-04 | 1.18E-03 0 3.37E-04 0 0 7.56E-05
Wall, Below-Grade 2.58E-04 0 2.29E-04 | 6.80E-04 0 3.35E-04 | NA 0 7.85E-05
M ass Floor 6.91E-04 0 2.39E-04 | 1.01E-03 0 3.60E-04 0 0 7.14E-05
Other Floor 7.09E-04 0 2.43E-04 | 9.54E-04 0 3.66E-04 0 0 7.14E-05
Slab-on-Grade Floor 0 0 2.28E-04 0 0 3.37E-04 0 0 6.80E-05
Vertical Fenestration NA 0 NA NA 0 NA 0 0 7.56E-05
Skylights NA 0 NA NA 0 NA 0 0 8.08E-05
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