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Comm 22.03 Materials, equipment and systems
Subchapter | — Scope and Application installation. (1) GeNerAL. When available, information and
values on thermal properties, performance of building envelope
ectionsand components, and heat transfer shall be obtained from

Comm 22.01 Scope. This chapter applies to all one—an he ASHRAE Handbook of Eundamentals.

2—family dwellings covered by this code.

History: Cr. Register, January, 1999, No. 517, eff. 2—-1-99. (2) LABORATORY OR FIELD TESTMEASUREMENTS. (@) .Genel’iid
thermal envelope materialsWhen information specified under
Comm 22.02 Application. (1) This chapter is not sub.(1) is not available, or when a different value is claimed, sup-

intended taonflict with any safety or health requirements. Wherorting data shall be obtaid using one of the following test meth-
suchconflict occurs, the safety and health requirements shall g&#s:
ern. 1. ASTM C177, Test method by guarded hot plate apparatus.

(2) This chapter allows the designer the option of using 2. ASTM C236, Standard test method by means of a guarded
subchs. V and VI or VII to demonstrate compliance with equiprot box.
ment and thermal performance requirements. The designer shall3 - AsTM €335, Test method of horizontal pipe insulation.

identify on the plan submittal form what method or subchapter is
being used, and indicate the design criteria and how it is bein ‘a}\.ra?ussTM C518, Test method by means of the heat flow meter

applied. Requirements of all other subchapters apply regardig )
of choice. 5. ASTM C976, Standard test method by means of a cali-
Note: The UDC Energy Worksheet specifies the insulation requirements to apMaIEd hot box.

to the dwelling envelope. A copy of the worksheet is in the appendix. Other code i i ; 1 i
requirements apply to material and equipment identification, sealing of the buildin (b) Foam p|a_StIC |nsulat|_on.1. When Informa.tlon specified .
envelope, the heating and cooling system including ducts, and the hot water systéﬁ%?d_.er sub. (1) is r_lo'[_ aVal't'J_lb'e, or when a different Va|Ue_ IS
Copies of worksheets may be obtained from the Department of Commerce, Safdimed, foam plastic insulation that uses a gas other than air as
and Buildings Division P.O. Box 2509 Madison, W1 53701. the insulating medium shall use laboratory or field tests conducted

(3) (a) Additions to dwellings may follow the energy coden representative samples that have been aged for the equivalent
that was in effect at the time the current dwelling was originalpf 5 years or until the R-value has stabilized.

constructed, provided the footprint of the addition has an area . .
equal to 50% o less of the area of the footprint of the current, > :]'he tes(';s sdhall_l bedcon((jjucted by an |(rj1dehpT|nk;ient thr_d pg\rfty
dwelling. using the standards listed under par. (a) and shall be submitted for

. . . .department review and approval in accordance with s. Comm
(b) Portions of garages, porches and decks without livi _p18. PP

space directly above them are excluded from consideration under, . Lo .
par. (a) (c) Concrete masonry unitsSystems using integrally—insu-

History: Cr. Register, January, 1999, No. 517, eff. 2-1-®:02-077: cr. (3) latedconcrete masonry units shall be evaluated for thermal perfor-
Register May 2003 No. 569, eff. 8-1-03 mance in accordance with one of the following:
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1. Default values as approved by the department with imstalled insulation shall meet or exceed the minimum initial
extrapolations or interpolations. installed thickness shown by the marker.

1 3 istory: Cr. Register, January, 1999, No. 517, eff. 2-1-€R;02-077: rn. (1
@ 2. Laboratory or field test measurements specified under paf] 2) 10 be (4) v ) ar (1)% (3) Register May 2003 No. 569, eff o)
3. The material approval process specified in s. Comm 20.18.Comm 22.04  Protection of insulation. (1) BLANKET
(3) GENERALINSTALLATION. (8) Materials, equipment and sysINSULATION. - Except in the box sill, insulating blankets or batts
temsshall be identified in a manner that will allow a determinatiophall be held in place with a covering or other means of mechani-

of their compliance with the applicable provisions of this chapté&@! or adhesive fastening. , o ) o
. R . . L Note: Acceptable covering or fastening for interior or warm—side applications
(b) All insulation materials, caulking and weatherstrippingaciudes drywall, vapor retarder material, foil or kraft paper backing or other means

fenestration assemblies, mechanical equipraedisystems com- of holding the blankets in place. Air barrier material may be used for cold-side sup-
ponents, and water—heating equipment and system componéfits

shall be installed in accordance with the manufacturer’s installa-(2) FOAM PLASTIC INSULATION. Exterior foam plastic insula-
tion instructions. tion shall be protected from physical damage and damage from

L. L . . [traviolet light.
(© I_\/Ianu_facturer s_lnstalle_\tlon ms_tructlons shall be avallabfé Note: For interior applications, a thermal barrier may be required under s. Comm
on the job site at the time of inspection. 21.11.

(4) DWELLING ENVELOPEINSULATION. (@) Except as provided History: Cr. Register, March, 2001, No. 543, eff. 4-1-01.
in par. (b), a thermal resistance identification mark shall be . . o
applied by the manufacturer to each piece of dwelling enveIoRgfg? dmle;12b2élci)r?g Fe(nl?St(E&Elg%rlLScr)OPdRuocrEurggggE(;(irgngs pro-
insulation 12 .|nche.s or greater in W'dt_h' . L vided in sub. (2), fenestration product rating, certification and
(b) Insulation without a thermal resistance identification mafkpeling, U-values of windows, doors and skylights shall be deter-
may be used if the insulation installer provides a signed and dgigfled in accordance with the National Fenestration Rating Coun-
certification for the insulation installed in each element of thg| standard 100, Procedures for Determining Fenestration Prod-
building envelope, listing the type of insulation, the manufacturget Thermal Properties, by an accredited, independent laboratory.
and the R—value. For blown—in or sprayed insulation, the '“Sta%énestration products shall be labeled and certified by the
shall also provide the initial installed thickness, the calculatgganyfacturer.Such certified and labeled values shall be accepted
settled thickness, the coverage area and the number of Bg$urposes of determining compliance with the dwelling enve-
installed. The installer shall post the certification in a readilype requirements of this code.
accessible conspicuous place on the job site. . (2) DerauLT vaLUES. When a manufacturer has not deter-
(5) INSULATION INSTALLATION. (@) Roof and ceiling, floor and mined product U-value in accordance with NFRC 100 for a par-
wa!l cavity batt_o_r board_lnsulatlon shall be installed ina manngular product line, compliance with the dwelling envelope
which will permit inspection of the manufacturer’s R—value ideffequirements of the code shall be determined by assigning such
tification mark. products a default U-value in accordance with Tables 22.05-1
(b) The thickness of roof and ceiling insulation that is eith@nd 22.05—-2. Product features must be verifiable for the product
blown in or sprayed shall be identified by thickness markings that qualify for the default value associated with those features.
are labeled in inches installed at least one for every 300 square ébere the existence of a particular feature cannot be determined
through the attic space. The markers shall be affixed to trussewith reasonable certainty, the product shall not receive credit for
joists marking the minimum initial installed thickness and minihat feature. Where a composite of materials of two different
mum settled thickness with numbers a minimum of one inch fimoduct types is used, the product shall be assigned the higher
height. Each marker shall face the attic access. The thicknesg-efalue.
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TABLE 22.05-1 (2) “Air conditioning” means the process of treating air to
U-VALUE DEFAULT TABLE FOR WINDOWS, control simultaneously its temperature, humidity, cleanness, and
GLAZED DOORS AND SKYLIGHTS* distribution to meet the requirements of the conditioned space.
) (3) “Automatic” means self-acting, operating by its own
METAL WITHOUT THERMAL Single Double mechanism when actuated by some impersonal influence, such
BREAK Glazed  Glazed as a change in current strength, pressure, temperature or mechani-
Operable . .................... 1.27 0.87 cal configuration.
Fixed ......... . . ... 1.13 0.69 (4) “Basement wall” is the opaque portion of a wall that
Garden Window . ... 260 181 encloses one side of a basement and is partially or totally below
. grade.
Curtain Wall . ... 1.22 0.79 (5) “Conditioned space” means space within the dwelling
Door ... 1.26 0.80  envelope which is provided with heated or cooled air or surfaces
Skylight ... 1.98 1.31  to provide a heated space or a cooled space.
Site Assembled Skylight ........ 1.36 0.82 (6) “Cooled space” means a space directly or indirectly sup-

METAL WITH TH

ERMAL

plied with mechanical cooling to maintain air temperature within
the space of 8% or less at design conditions.

BREAK B . ;
(7) “Crawl space wall” means the opaque portion of a wall

Operable ..................... 1.08 0.65  which encloses a crawl space and is partially or totally below
Fixed ....... .. ... ... ... ... 1.07 0.63 grade.
CurtainWall .................. 111 0.68 (8) “Deadband” means the range of values within which an
DOOF . oo o oo 1.10 0.66 input variable can be varied without initiating any noticeable
Skylight 1.89 1.11 change in the output variable.

ST S ' ' (9) “Dwelling envelope” means the elements of a dwelling
Site Assembled Skylight .. ......... 125 0.70 with enclosed conditioned space through which thermal energy

REINFORCED VINYL OR may be transferred to or from the exterior.

METAL-CLAD WOOD (10) “Electrically heated” means provided with permanently
Operable . .......ccoovuvni... 0.90 0.57 installed electrical space heating equipment which has an input
Fixed 0.98 056 capacity of 3 kilowatts or more to meet all or part of the space

IXEA : : heating requirements.
Door ... 0.99 0.57 (11) “Energy” means the capacity for doing work, taking a
Skylight ..................... 1.75 1.05 npumber of forms which may be transformed from one form into
another, such as thermal heat, mechanical work, electrical and
WOOD/VINYL/FIBERGLASS chemical in customary units, measured in kilowatt—hours (kWh)
Operable ..................... 0.89 0.55  or British thermal units (Btu).
Fixed ........ ... .. ... ... 0.98 0.56 Note: See “New energy”.
Garden Window . .............. 2.31 1.61 (12) “Energy, Recovered”. See “Recovered energy”.
DOOF . o oo oo 0.98 0.56 (13) “F—value” means the rate of heat loss through a slab per
Skylight 1.47 0.84 foot of perimeter measured in Btw/Ht « °F.

* Glass block assemblies shall have a default U-value of 0.6Q (15)

U-VALUE DEFAULT TABLE FOR
NON-GLAZED DOORS

“Gross exterior wall area” means the normal projection

of the dwelling envelope wall area bounding interior space which

TABLE 22.05-2

STEEL DOORS
(13/4 inches thick )

With Foam Without

is conditioned by an energy—using system including opaque wall,
window and door area. The gross area of exterior walls consists
of all opaque wall areas, including between floor spandrels, box
sills, window area including sash, and door areas when they are
exposed to outdoor air or unconditioned spaces and enclosed

Core Foam Core heated or mechanically cooled space, including interstitial area
between 2 such spaces. The gross exterior wall area includes the

total basement wall area if it is less than 50% below grade. The
gross exterior wall area includes non—opaque areas such as win-
dows and doors of all basement walls. Any skylight shaft walls

that are 12 inches or more in depth, measured from the ceiling

0.35 0.60
WOOD DOORS Without With Storm
(13/4inches thick) Storm Door Door
Panel with’/1¢” panels 0.54 0.36
Hollowcore flush 0.46 0.32
Panel with ¥/g” panels 0.39 0.28 bly.
Solid core flush 0.40 0.26

History: Cr. Register, January, 1999, No. 517, eff. 2-1-99.

Subchapter 1ll — Definitions

Comm 22.06 Definitions. In ch. Comm 22:

plane tahe roof deck, shall be considered in the gross area of exte-
rior walls and are excluded from consideration in the roof assem-

(16) “Gross floor area” means the sumanéas of all floors of
the structure, including basements, cellars, and intermediate
floored tiers measured from the exterior faces of exterior walls or

from the center line of interior walls, excluding covered walk-

ways, open roofed—over areas, porches, pipe trenches, exterior

terraces or steps, chimneys, roof overhangs and similar features.

(17) “Heat” means energy that is transferred by virtue of a

(1) “Accessible”, as applied to equipment, means admittif§mperature difference or a change in state of a material.
close approach to equipment not guarded by locked doors, eleva(l8) “Heated slab” means slab—on—grade construction in

tion or other effective means.
Note: See “Readily accessible”.

which the heating elements or hot air distribution system is in con-
tact with or placed within the slab or the subgrade.

Register, May, 2003, No. 569
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(19) “Heated space” means any enclosed space provided withmination, transportation, cooking or food preparation, laun-
a direct or indirect supply of heat to maintain the temperaturedgring and similar functions.
the space to at leastSB at design conditions. (34) “Service water heating” means a supply of hot water for
(20) “Humidistat” means a regulating device, actuated bgurposes other than comfort heating.
changes imumidity, used for automatic control of relative humid- (35) “Service water heating demand” means the maximum

ity. designrate of energy withdrawal from a service water heating sys-
~ (21) "HVAC” means heating, ventilating and air condition-tem in a designated period of time; usually an hour or a day.
Ing. (36) “Slab—on—grade floor insulation” means insulation

(22) “"HVAC system” means the equipment, distribution netaroundthe perimeter of the floor slab or its supporting foundation.

work, and terminals that provide either collectively or individu- (37) “Solar energy source” means a source of natural day-
ally the processes of heating, ventilating, or air conditioning tajghting and of thermal, chemical or electrical energy derived
building. directly from conversion of incident solar radiation.

(23) “Infiltration” means the uncontrolled inward air leakage (38) “System” means a combination of central or terminal
throughcracks and interstices in any dwelling element and arougglyipment and their components, controls, accessories, intercon-
windows and doors of a dwelling caused by the pressure effegézting means, and terminal devices by which energy is trans-
of wind, and the effect of differences in the indoor and outdoor g4rmed so as to perform a specific function such as, HVAC, ser-
density. vice water heating or illumination.

(24) “Inherentlyprotected type IC” means tested and listed by (39) “Thermal conductance” means the time rate of fieat
an independent testing laboratory as being suitable for mstallattgfbugh a body, frequently per unit area, from one of its bounding
in a cavity where the fixture may be in direct contact with thermg|;rfaces tahe other for a unit temperature difference between the

insulation or combustible materials and the fixture constructigfyo surfaces, under steady state conditions. It is expressed as Btu/
is such that, even without a thermal protector, the fixture cannpps {2 « °f

be overlamped or mislamped. i (40) “Thermalresistance” or “R” means a measure of the abil-
_(25) “Manual” means capable of being operated by persong} 1o retard the flow of heat. The R-value is the reciprocal of ther-
intervention. _ mal transmittance or U—value expressed as R= 1/U.

Note: See "Automatic”. Note: The higher the R-value of a material, the more difficult it is for heat to be

(26) “New energy” means energy other than recovergansmitted through the material.
energy, utilized for the purpose of heating or cooling. (41) “Thermal resistance overall” or fRmeans the recipro-

Note: See “Energy". cal of overall thermal conductance expressed as Btfifhe °F.

(27) “Opaque areas” means all exposed areas of a dwellifife overall thermal resistance of the gross area or individual com-
envelope which enclose conditioned space except openingsfonent othe exterior dwelling envelope such as, roof and ceiling,
windows, skylights, doors and dwelling service systems. exterior walls, floors, crawl space walls, foundation walls, win-

(28) “Readily accessible” means capable of being reach8@Ws, skylights, doors, and opaque walls, includes the weighted
quickly for operation, renewal or inspections, without requiring—values of the component assemblies, including air-film,
a person to climb over or remove obstacles or to resort to portdpRulation, drywall, framing, and glazing.
ladders or access equipment. (42) “Thermal transmittance” or “U” means the time rate of

Note: See “Accessible”. heatflow through a body or assembly which is located in between

(29) “Recovered energy” means energy utilized which woul@ different environments, expressed in Bte/ft.2 « °F. The
otherwise bavasted and would not contribute to a desired end usé;value applies to combinations of different materials used in
from an energy utilization system. series along the heat flow path and also to single materials that

(30) “Renewable energy sources” means sources of ene:ﬁ?'mprlse a dwelllng section, .|nclud|ng cavity air spaces and air
excluding minerals, derived from incoming solar radiatior) ™S 0N both sides of a dwelling element.
including natural daylighting and photosynthetic processes: frq@gﬁﬁmgg‘fh'fgnzmﬁe‘;;’gﬁgl°f a material, the more difficult it is for heat to be
phenomena resulting therefrom, including wmd_, waves and tideSyote: The thermal transmittance is also referred to as the coefficient of heat trans-
lake or pond thermal differences and from the internal heat of theor the coefficient of heat transmission.
earth, including nocturnal thermal exchanges. (43) “Thermaltransmittance overall” or “yJ) means the over-

(31) “Roof assembly” means all components of the roof arll, average heat transmission of a gross area of the exterior dwell-
ceiling envelope through which heat flows, thus creating a builihg envelope expressed as BtuM? « °F. The Y-value applies
ing transmission heat loss or gain, where such assemblytdghe combined effect of the time rate of heat flow through various
exposed to outdoor air and encloses a heated or mechanidadiihs, such as windows, doors and opaque construction areas,
cooled space. The gross area of a roof assembly consists ofctigprising the gross area of one or more exterior dwelling com-
total interior surface of all roof or ceiling components, includingonents, such as walls, floors or roof and ceilings.
opaque surfaces, dormer and bay window roofs, treyed ceilings(44) “Thermally protected type IC” means tested and listed by
overhead portions of an interior stairway to an unconditionegh independent testing laboratory as being suitable for installation
attic, doors and hatches, glazing and skylights exposed to comlia cavity where thermal insulation will be in direct contact with
tioned space, that are horizontal or sloped at an angle less thatheGixture.
degreedrom the horizontal. A roof assembly, or portions thereof, (45) “Thermostat” means an automatic control device actu-

having a slope of 60 degrees or greater from horizontal shall hey b\ temperature and designed to be responsive to temperature.
considered in thgross area of exterior walls and shall be exclude . o .
(46) “Ventilation” means the process of supplying or remov-

from consideration in the roof assembiny skylight shaft walls . ; .
less than 12 inches in depth, as measured from the ceiling pl4)gs@ir by natural or mechanical means to or from any space. Such
to the roof deck, shall be considered in the roof assembly and @feMay Or may not have been conditioned. .

excluded from consideration in the gross area of exterior walls. (47) “Zone” means a space or group of spaces within a dwell-

(32) “Sequence” means a consecutive series of operation%ng with heating or cooling requirements sufficiently similar so

B . . i hat comfort conditions can be maintained throughout by a single
(33) “Service systems” means all energy—using systems iN-8ntrolling device.

dwelling that are operated to provide services for the occupants Qliisiory: cr. Register, January, 1999, No. 517, eff, 2-1-CR:02-077: . (14),
processehoused therein, including HVAC, service water heatingm. (15) and (31) Register May 2003 No. 569, eff. 8-1-03.

Register, May, 2003, No. 569
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Subchapter IV — Design Criteria

Comm 22.07

TABLE 22.07

OUTDOOR DESIGN CONDITIONS BASED
ON FIGURE 22.07

Indoor and outdoor temperatures.

(1) GeNerAL. The indoor temperatures listed in sub. (2) and the

outdoor temperatures listed in Table 22.07 shall be used to deter- Zone 1 25" below zero F
mine the total dwelling heat loss and to select the size of the heat- Zone 2 20° below zero F
ing equipment. Zone 3 15° below zero F

(2) INDOOR DESIGN TEMPERATURES. Unheated, non—habitable Zone 4 10° below zero F

basement areas shall use a design temperature of less tian 50Note: See Figure 22.07 for zone boundaries.

: H istory: Cr. Register, January, 1999, No. 517, eff. 2-1-99; am. Table 22.07-1,
All other areas of a dwe"mg shall use a deSIQn temperatured%tister){vlarch, 20901, No. 543, gff. 4-1-0CR 02-077: r. and recrRegister May
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Comm 22.08 Ventilation and moisture control. credit under the method of design by system analysis or other
(1) ATTics. (a) \éntilation shall be provided above the ceiling oapproved compliance method.
attic insulation. At least 50% of the net free ventilating area shalHistory: Cr. Register, January, 1999, No. 517, eff. 2-1-99; cr. (3), Register,
be distributed at the low sides of the roof. The remainder of t}arch. 2001, No. 543, eff. 4-1-01.

net free ventilating area shall be distributed in the upper one-half,
of the roof or attic area. Comm 22.13 Supplementary heater for heat pumps.

(1) If a heat pump is installed, it shall include a control to prevent
1. Ifmore than 50%, but less than 75% of the net free ventildfj,hlementary heater operation when the operating load can be
ing area is provided at the low sides of the roof, the total net freg; by the heat pump alone
ventilatingarea shall be a minimum of 1/300 of the horizontal area ) S . .
of the ceiling (2) Supplementary heater operation is permitted during tran-
’ Lo . ., sientperi h — ri following room therm
2. If 75% or more of the net free ventilating area is provid signtperiods, such as start-up periods, following room thermostat

at the low sides of the roof, the total net free ventilating area sha f—pomt advance, and during defrpst periods.
be at least 1/150 of the horizontal area of the ceiling. (3) A two-stage thermostat, which controls the supplemen-
tary heat on its second stage, shall be accepted as meeting this

(b) Asan exception to par. (a), the ventilation space above 3@ irement. The cut—on temperature for the compression heating
non-—rigid insulation in a cathedral ceiling assembly shall be {2 e hgher than the cut—on temperature for the supplementary
least one inch in height. _ _ __ heat. Supplementary heat may be derived from any source includ-

(c) Engineered systems that provide equivalent ventilationiiy electric resistance, combustion heating, and solar stored—en-
that specified in par. (a) may be used. ergy heating.

(d) The ventilation area required in par. (a) shall be maintainedistory: Cr. Register, January, 1999, No. 517, eff. 2-1-99.
after the installation of insulation. . o )

(2) CrawL spaces. Ventilation shall be provided in crawl ~€omm 22.14 Mechanical ventilation. ~ (1) Mechanical
spaces which are outside the dwelling envelope. The area of Wfitilation system supply and exhaust shall be equipped with a
tilation shall be at least 1/1500 of the floor space. At least 50%'8fdily accessible means for shutoff when ventilation is not
the ventilating area shall be provided at opposite sides of the crgguired.

space or as far apart as possible. (2) Automatic or gravity dampers that close when the system
(3) CLOTHESDRYERS. If clothes dryers are provided, the dryersS not operating shall be provided for outdoor air intake and
shall be vented to the outside of the dwelling. The dryer vents 1aust. )
not terminate in an attic space or crawl space or basement. istory: Cr. Register, January, 1999, No. 517, eff. 2-1-99.
History: Cr. Register, January, 1696, No. 617, off, 2395, Comm 22.15 Temperature control. (1) A readily
accessiblenanual or automatic means shall be provided to restrict
Subchapter V — Heating and Air Conditioning or shut off the heating or cooling input to each zone or floor.
Equipment and Systems (2) Each system shall be provided with an adjustable thermo-

stat for the regulation of temperature th&rmostat shall be capa-
‘Comm 22.09 Scope. This subchapter covers the deterble of being set by adjustment or selection of sensors as follows:
mination of system heating and cooling loads, design require- () when used to control heating only, the thermostat shall be
ments, system and component performance, control requiggpable of being set from F5to 75F.
ments, and distribution system construction and insulation.

History: Cr. Register, January, 1999, No. 517, eff, 2-1-99 (b) When used to control cooling only, the thermostat shall be

capable of being set from #to 85F.

Comm 22.10 Calculating heating and cooling loads. (c) When used to control both heating and cooling, the thermo-
The design requirements specified in Subchapter IV shall appglat shall be capable of being set fromMiB® 85F and shall be
for all computations. capable of operating the system heating and cooling in sequence.
History: Cr. Register, January, 1999, No. 517, eff. 2-1-99. The thermostat or control system shall have an adjustable dead-
. ) band of at least 26.
Comm 22.11 Calculation procedures. (1) Heating  pistory: Cr. Register, January, 1999, No. 517, eff. 2-1-99.

and cooling design loads including ventilation loads for the pur-

pose ofsizing systems shall be determined in accordance with oneComm 22.16 Humidity control.  If a system is equipped

of the procedures described in Chapter 25 of ASHRAE Handbogkh a means for adding or removing moisture to maintain a

of Fundamentals. selected relativeumidity in spaces or zones, a humidistat shall be
(2) Infiltration for heating and cooling design loads shall bprovided.

calculated based on a maximum of 0.5 air change per hour in thg1) Humidistats of hundifiers shall be capable of being set to

heated or cooled space. prevent new energy from being used to produce a space or zone
History: Cr. Register, January, 1999, No. 517, eff. 2-1-99. relative humidity above 30%.
Comm 22.12 Selection of equipment. (1) GENERAL. (2) Humidistats of dehumidifiers shall be capabl®éeihg set

Except aprovided in sub. (2), the output capacity of the mechar{P pr_everr]lt ne_é\{ enefriqy frorr]n beei‘)g%/used to produce a space or zone
cal heating equipment shall not exceed the calculated heating 162gtve humidity of less than 60%.

. ) ote: This requirement does not restrict the actual operation of the equipment.
by more than 15%, except to satlsfy the manufacturer’s next ClQ € only requirement is that the specified setpoints be available to the occupants so

est nominal size. thatthey can minimize energy consumption. The controls are not limited to the speci-
(2) WATER HEATERS USED FOR SPACE HEATING. The output fied settings alone.

capacity of water heaters that are used for simultaneous spattte: C- Register, January, 1999, No. 517, eff. 2-1-99.

heating shall exceed the calculated space heating load by at lea

43%,but by no more than 49%. Other sizing methods may be u

if approved by the department for water heaters providing simijl5ns thereof, that are located in unheated or uncooled spaces
taneous space and domestic water heating.

) ) respectively, shall be provided with insulation with a thermal
Note: Heat exchanger units that are part of the plumbing system shall meet rt@‘asistance of at least R—5
requirements of Chs. Comm 81-84. -

- - Note: Where control of condensation is required for compliance with s. Comm
(3) EQuipvENT EFFICIENCY. The efficiency of equipment 22.22,additional insulation, vapor retarders, or both, may need to be provided to limit

installed in adwelling shall match the efficiency used to claim anyapor transmission and condensation.

omm 22.17 Duct system insulation. (1) Except as
vided in sub. (4), all heating and cooling duct systems, or por-
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(2) Where exterior walls are used as plenum walls, waf accordance with ASTM standard C 335 at a mean temperature
insulation shall be as required by the most restrictive conditionaff75 °F.
this section or s. Comm 22.21. (2) Piping insulation is not required in any of the following

(3) Insulation resistance shall be measured on a horizongalses:
plane inaccordance with ASTM standard C 518 at a mean temper-(a) Pipes installed within heating and air conditioning equip-
ature of 78F at the installed thickness. ment, installed in conditioned spaces.

(4) Duct insulation, except as required to prevent condensa-(b) Piping at fluid temperatures betweefilb&nd 120F when
tion, is not required on any of the following ducts: not required for energy conservation purposes.

(a) Supply—air or return—air ducts that are installed in base-(c) When the heat loss or gain of the piping without insulation
ments, cellars or unventilated crawl spaces having insula®@@es not increase the energy requirements of the dwelling.
walls. (d) When piping is installed in basements, cellars or unventi-

(b) Ducts for which heat gain or loss, without insulation, wilted crawl spaces having insulated walls.
not increase the energy requirements of the building. Note: Additional insulation and vapor retarders may be necessary to prevent con-

’ ) densation in accordance with s. Comm 22.22.
(c) Ducts located within HVAC equipment. History: Cr. Register, January, 1999, No. 517, eff. 2—1-99.
(d) Exhaust air ducts.

History: Cr. Register, January, 1999, No. 517, eff. 2-1-99; am. (1), Register,
March, 2001, No. 543, eff. 4-1-01.

Subchapter VI — Dwelling Envelope Design

) ) Comm 22.20 General. (1) AppLICATION. The dwelling
Comm 22.18 Duct and plenum sealing. (1) Sections envelope of all 1— and 2—family dwellings shall comply with this
of supply and return ducts not located entirely within the condjubchapter, unless the requirements of system analysis design of
tioned space and the unconditioned side of enclosed stud baysu@ich. VIl are met.

joist cavities or spaces used to transport air shall be sealed.  Note: See appendix for a copy of the UDC Energy Worksheet used to show com-

: . f liance with theenvelope insulation requirements of ss. Comm 22.21 to 2Z2g-
. (2) Seahng shall be accompllshed using welds, gas_kets, m%?of the worksheets may be obtained from the Department of Commerce, Safety and
tics, mastic—plus—embedded—fabric systems or tapes installe@\iiingsDivision, P. O. Box 2509 Madison, WI 53701. Other forms or software may

accordance with the manufacturer’s instructions. be used when approved by the department. WIScheck software may be used to show
. . . . . compliance and is available from the Safety and Buildings page on the Department
(3) Insulation that provides a continuous air barrier may ks commerce Website www.commerce.state.wi.us.

used in lieu of sealing metal ducts. (2) PRESCRIPTIVEPATH FOR ADDITIONS. (@) As an alternative
(4) Tapes and mastics used with rigid fibrous glass ducts sHalldemonstrating compliance with ss. Comm 22.23 to 22.28,
be listed and labeled as complying with UL 181A. dwelling additions with a conditioned floor area less than 500
(5) Tapes and mastics used with flexible air ducts shall jgquare feet shall meet the prescriptive envelope component crite-
listed and labeled as complying with UL 181B. ria in Table 22.20.

. a . (b) The U-factor of each individual fenestration product shall
(6) Tapes with rubber—based adhesives may not be used. be used to calculate an area—weighted average fenestration prod-

th:‘ fégmf’éﬁqned;;du%‘grﬁfg Ssstgfbber_based adhesive and does not COrm’lyL‘J"'c':tPU—factor for the addition, which may not exceed the listed val-

History: Cr. Register, March, 2001, No. 543, eff. 4~1-01. ues in Table 22.20.

(c) The total area of fenestration products may not exceed 25

Comm 22.19 Pipe insulation. (1) Except as provided in percent of the gross exterior wall area of the addition.
sub. (2), all heating pipes in unheated spaces and all cooling pipegd) The R-values for opaque thermal envelope components
in uncooled spaces shall be insulated with material providingshall be equal to or greater than the applicable listed values in
minimum thermal resistivity of R—4 as measured on a flat surfatable 22.20.

TABLE 22.20
PRESCRIPTIVE ENVELOPE COMPONENT CRITERIA FOR ADDITIONS TO AND REPLACEMENT WINDOWS
FOR EXISTING SINGLE-FAMILY DWELLINGS

MAXIMUM MINIMUM
%?\I'Sa” Fenestration | Ceiling Wall Floor Basement wall gl_a\t)alpueen?neéer Crawl space
U—factor®.¢ | R—valued | R-value R-valued | R—value® depthf wall R-valued
2-4 0.35 R-38 R-21 R-21 R-11 R-13, 4 ft. R-20
1 0.35 R-38 R-21 R-21 R-19 R-18, 4 ft. R-20

aRefer to Figure 22.07 for design zone boundaries.

b Exception: replacement skylights shall have a maximum U—factor of 0.50.

CFenestration shall meet s. Comm 22.05.
d Floors over outside air shall meet ceiling R—value requirements.
€ Basement wall insulation shall be installed in accordance with s. Comm 22.28.
f Slab perimeter insulation shall be installed in accordance with s. Comm 22.26. An additional R—2 shall be added noestalReafilue
in the table if the slab is heated.

9 Crawl space wall R—value shall apply to unventilated crawl spaces only. Crawl space insulation shall be installed iceasitbrdan
Comm 22.27.
History: Cr. Register, January, 1999, No. 517, eff. 2-1-€1;02—077: renum. to be (1), cr. (2) Register May 2003 No. 569, eff. 8-1-03
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Comm 22.21 Envelope requirements. (1) GENERAL. either the area served by the new electrical space heating equip-
(a) The stated &+, U- or R—value of an assembly may benent shall meet the thermal performance standards of this sub-
increased or decreased, provided the total thermal transmissibapter for electrically heated dwellings or the entire dwelling,
heat gain or loss for the entire dwelling does not exceed the tatatl the addition shall meet the thermal performance standards of
Ug—, U-—or R—value of an assembly resulting from conformandis sub—chapter for electrically heated dwellings.
to the values specified in ss. Comm 22.23 to 22.28. (3) APPLIANCE CREDITS. The maximum overall heat loss

(b) Where basement and crawl space walls are part of gl®wancemay be increased when an equivalent amount of energy
building envelope, their U-factors shall be based on the wall cosRvings isprovided by the following types of highfiefency heat-
ponents and surface air films. Adjacent soil may not be considg equipment:
ered in the determination. (a) A furnace with an AFUE of 90% or greater.

Note: Foundation insulation techniques can be found in the federal DOE Building () A boiler with an AFUE of 81% or greater.
Foundation Design Handbook. Note: AFUE means annual fuel utilization efficiency.

(2) APPLICATION OF STANDARDS FOR ELECTRICALLY HEATED — (¢) An air-source heat pump with an HSPF of 7.8 or greater.
DWELLINGS. (a) New dwellings.New dwellings that are electri-  note: HSPF means heating seasonal performance factor.

cally heated shall meet the thermal performance standards of thigd) A geothermal heat pump.

subchapter for electrically heated dwellings. (e) A radiant electric heat panel that meets all of the following
(b) Additions. If the combined input capacity of permanentlyequirements:
installed electrical space heating equipment of the original dwell- 1 The panel delivers at least 50% of its heat output by radi-
ing and a new addition exceeds 3 kilowatts, either the additiggon.
shall meet the thermal performance standards of this subchapter,
for electrically heated dwellings or the entire dwelling and add(i)E .
tion shall meet the thermal performance standards of this su .
chapter for electrically heated dwellings. 3. a The pa_nel Is surface mo_untgd_. .
Alterations. If an alteration results in the addition of permay,; b. The panel is not located behind finish material, such as pan-
© A : : ; . TP eling or carpeting and is not located within a wall, floor or ceiling
nently installed electrical space heating equipment with a co

bined input capacity of permanently installed electrical spac zsembly.
P pacty b y PaC&ote: The UDC Energy Worksheet and WIScheck software will determine the

heating equipment of the altered dwelling exceeds 3 kilowattsount of credit available.
TABLE 22.21
HEATING AND COOLING CRITERIA

The panel reaches its operating temperature in 15 minutes
less.

Maximum Overall Thermal Transmittance, Ug or Minimum
Thermal Resistance, R
Component of Dwelling Envelope Non—electrically Heated Electrically Heated
Roof and Ceiling Up=0.026 Up=0.020
Walls:
crawl spacef Up = 0.060 Up = 0.060
basemerfi Up = 0.091 Uo = 0.091
walls Uo = 0.110 Uo = 0.080
Floors:
heated slab—on—gratié:f R= 85 R=10
over unheated spéate Up = 0.050 Ug = 0.050
unheated slab—on—gradéf R=6.5 R=10
over outside air (overhang) Up=0.033 Up=0.033

a Roof and ceiling assemblies include attic access panels and skylights.

b See definition of gross exterior wall area.

¢ Insulation installed below grade shall be suitable for that application.

d “Heated slab” means slab—on—grade construction in which the heating elements or hot air distribution system is ithcongdated within the slab or the subgrade.
The required U—value refers to the insulation only.

e Includes unheated crawl spaces, basements, garages, and other spaces outside of the dwelling envelope.

f The required U-value applies to the floor or wall assembly only, excluding the effect of soil.

History: Cr. Register, January, 1999, No. 517, eff. 2-1-€9;02-077: r. and recr. (1), cr. (3), am. Table Register May 2003 No. 569, eff. 8—1-03

Comm 22.22 Vapor retarders. (1) GENERAL. (@) (4) CONCRETE OR MASONRY BASEMENT WALLS. A vapor
Designs shall prevent deterioration from moisture condensatiegtarder is not required in concrete or masonry basement wall

(b) Vapor retarders shall have a rating of 1.0 perm or less whetow—ground applications.
tested in accordance with ASTM standard E 96, Procedure A.  (5) CrawL SpACES. A vapor retarder shall be provided over

(c) The vapor retarder shall be continuous. All joints in therawl space floors in accordance with s. Comm 21.05 (4).
vaporretarder shall be overlapped and securestaled. Ripsand  (6) Woob FOUNDATIONS. Vapor retarders for wood founda-
punctures in the vapor retarder shall be patched with vap@ns shall be in accordance with the standard adopted under s.
retarder materials and taped or sealed. Comm 20.24, Table 20.24-2 item 2.

(2) FrRamE assemBLIES. In all frame walls, floors and ceilings, Hésrtgr)gscgﬁggi)stg)v ;anéltaartxg 13969};;';- ﬁ;ciff-z%—oll—%égg{ggﬁgg;h 5(12 made
the vapor r_etarder shall be installed on the warm side of th_e ttﬁ:—Register' May 2003 No. 569, ff. g—l—oé ' ' - am.
mal insulation. The vapor retarder shall cover the exposed insula-
tion and the interior face of studs, joists and rafters. No vaporComm 22.23 Walls. (1) GENERAL. The combined ther-
retarder is required in the box sill. mal transmittance value ()of the gross area of exterior walls

(3) CoNcreTEFLOORS. A vapor retarder shall be installedshall not exceed the value given in Table 22.21. Equation 1 in s.
under the slab or under the base course of slabs and base@entm 22.31 (1) shall be used to determine acceptable combina-
floors unless the slab is in an unheated attached garage. tions to meet this requirement.

Register, May, 2003, No. 569



51 DEPARTMENT OF COMMERCE Comm 22.28

Unofficial Text (See Printed Volume). Current through date and Register shown on Title Page.

(2) METAL sTUD FRAMING. When metal stud framing is used where:
the value of |, used in Equation 1 in s. Comm 22.31 (1) shallbg; = the total thermal resistance of the elements, in series

recalculated using a series—parallel heat flow path procedureapgng the path comprising the wall assembly of heat transfer,
correct for parallel path thermal bridging. Thg for purposes o cjuding the cavity insulation and the metal stud.
of Equation 1 in s. Comm 22.31 (1), of metal stud walls shall laf - the R-value of the cavity insulation

determined as follows: ; A .
the correction factor listed in Table 22.23.

ins
_ 1 Fc
LJVV_

R1+ (RinsXFc)

TABLE 22.23
F¢ Values For Wall Sections With Metal Studs Parallel Path Correction Factors
Spacing of
Framing
Size of Member Inches Cavity Insulation R-Value Correction Factor

2X4 16 o.c. R-11 0.50
R-13 0.46
R -15 0.43

2X4 24 o.c. R-11 0.60
R-13 0.55
R-15 0.52

2X6 16 o.c. R-19 0.37
R-21 0.35

2X6 24 o.c. R-19 0.45
R-21 0.43

2X8 16 o.c. R-25 0.31

2X8 24 o.c. R-25 0.38

History: Cr. Register, January, 1999, No. 517, eff. 2-1.€1®;02-077: am. Table 22.23 Register May 2003 No. 569, eff. 8—1-03

Comm 22.24 Roof and ceiling. The combined thermal wall and the edge of the interior slab may be cut at’aadgle
transmittance value, ordJof the gross area of the roof or ceilingaway from the exterior wall.
assembly may not exceed the value given in Table 22.21. Equatfistory: Cr. Register, January, 1999, No. 517, eff. 2-1-99.
tion 2 in's. Comm 22.31 (1) shall be used to determine acceptable
combinations teneet this requirement. Skylight shafts, 12 inches Comm 22.27 Crawl space walls. (1) If the crawl space
in depth and greater, shall be provided with cavity insulation @bes not meet the requirements of s. Comm 22.25 and does not
R-13 and continuous insulation over framing of R-5, or have Rave ventilation openings which communicate directly with out-
equivalent assembly U-value. side airthen the exterior walls of the crawl space shall have a ther-

History: Cr. Register, January, 1999, No. 517, eff. 2-1-€3902-077: am. Reg- i i i i
ister May 2003 No. 569, eff. 8-1-03 r2n2aI2§Lransm|ttance value not exceeding the value given in Table

Comm 22.25 Floors over unheated spaces.  Thecom- (2) (@) The vertical wall insulation shall extend from the top
bined thermal transmittance valug &f the gross area of floors of the wall to at least the inside ground surface.
that are over unheated spaces and of floors over outdoor air, sucfb) Where the vertical wall insulation stops less than 12 inches
as overhangs, shall not exceed the values given in Table 22Gdlow the outside finish ground level, crawl space wall insulation
Equation 3 in s. Comm 22.31 (1) shall be used to determigigall extend horizontally and vertically downward a minimum
acceptable combinations to meet this requirement. total distance of 24 inches linearly from the outside finish ground
History: Cr. Register, January, 1999, No. 517, eff. 2-1-99; am. Register, Marg8y/g|.

2001, No. 543, eff. 4-1-01. . . .
° € History: Cr. Register, January, 1999, No. 517, eff. 2-1-99; r. and recr. (2), Regis-
ter, March, 2001, No. 543, eff. 4-1-01.
Comm 22.26 Slab—on-grade floors. (1) Where the

perimeter edge of a slab—on—grade floor is above grade or les

than 12 inches below the finished grade, the thermal resistanc

:Egnlrlﬁ:'?,g?l:]eaéi(\)/:?]dirt]h-?agg'gq;tzelr of the floor shall not be Iq Ted floors shall have a transmittance value not exceeding the
) o . .value given in Table 22.21.

(2) Insulation shall be placed on the outside of the foundation . . . .
or on the inside of a foundation wall. The insulation shall extend (2) (&) Except as provided in par. (b), the insulation shall
downward from the top of the slab for a minimum of 48—inch&gtend to the level of the basement floor.
or downward to at least the bottom of the slab and then horizon-(b) Changes in the exterior insulation area and basement wall
tally to the interior or exterior for a minimum total distance ofinimum thermal transmittance may be included as part of a
48-inches. tradeoff allowed under the method of design by system analysis

(3) Horizontal insulation extending outside of the foundatiof" Other approved compliance method.
shall be covered by pavement or by soil a minimum of 10 inches(c) If interior insulation is used for code compliance, it shall
thick. The top edge of insulation installed between the exteriextendthe full height of the wall from basement floor to the under-

omm 22.28 Basementwalls. (1) Except as provided
ubs. (3) and (4), the exterior walls of basements below uninsu-
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side ofthe joists above unless tradeoffs are justified by supportitlyy = the overall thermal transmittance of the gross exterior
calculations that consider lateral heat conduction in the wall. wall area.

(3) Where the total gross basement wall area is less than 58% = the gross area of the exterior walls.
below grade, the entire wall area, including the below—grade pgf. = the overall thermal transmittance of the various paths

tion, is included as part of the gross area of .exterlor.walls. _ of heat transfer through the opaque exterior wall area.
(4) For the purpose of determining compliance with dwellin = area of exterior walls that are opaque

envelope performance requirements, non—-opaque areas, incﬁ{;ﬂ- _ . S

ing windows and doors, of all basement walls shall be included' the thermal transmittance of the windows.

the gross area of exterior walls. Ag = the area of all windows within the gross wall area.

History: Cr. Register, January, 1999, No. 517, eff. 2-1-99; r. and recr. (2), Regisd = the thermal transmittance of the door area.
ter, March, 2001, No. 543, eff. 4-1-01.
Ag = door area.

Comm 22.29 Masonry veneer.  When insulation is (&) When more than one type of wall, window or door is used,
placed on the exterior of a foundation supporting a masorthe U and A terms for those items shall be expanded into sub—ele-
veneer exterior, the horizontal foundation surface supporting tments as:
veneer is not required to be insulated to satisfy the foundati@m,1An1) + (Up2Aw2 ) + (Uy3Awz) (etc.)

'”39'{3‘“92 riqu_lrtemjent. 1665, No. 517 eff. 2169 (b) Unless exact areas are calculated, the gross exterior wall
Istory: Lr. Register, January, 1999, No. 517, efl. 2-1-59. area with framing 24—inches on center shall be assumed to be at
least22% framing area, and the gross exterior wall area with fram-

Comm 22.30 Air leakage. (1) GENERAL. The require- K
ments ofthis section apply to those dwelling components that sef g ;?;;nches on center shall be assumed to be at least 25% fram-
i .

arate interior dwelling conditioned space from the outdoor am
ent conditions, or unconditioned spaces such as crawl spaces, ar@) EQUATION 2.

exempted portions of the dwelling from interior spaces that are _ (Ur AR) + (UgA 9
heated omechanically cooled. The requirements are not applicde

ble to the separation of interior conditioned spaces from each Ao
other. where:
(2) WINDOW AND DOORASSEMBLIES. (&) General. Exceptas |y = the overall thermal transmittance of the roof and ceiling

specified in par. (b), window and door assemblies installed inntgf%ss area
building envelope shall comply with the following maximu _ ih ' fth f and ceili bl
infiltration rates, determined in accordance with ASTM E 28320 = the gross area of the roof and ceiling assembly.

1. Windows and sliding doors shall have a maximum infiltralR = the thermal transmittance of all elements of the opaque
tion rate of 0.3 cfm per square foot of window area. roof and ceiling area. N

2. Swinging doors shall have a maximum infiltration rate iR = the gross area of the opaque roof and ceiling assembly.
0.5 cfm per square foot of area of the door assembly. Us = the thermal transmittance of the area of all skylight

(b) Exception. Site—constructed doors and windows shall belements in the roof and ceiling assembly.
sealed with gasketing areatherstripping or shall be covered withAg = the area, including the frame, of all skylights in the
a storm door or storm window. roof and ceiling assembly.

penetrations ithe dwelling envelope, that are sources of air leakor is used, the U and A terms for those items shall be expanded
age, shall be sealed with durable caulking materials, closed Wiky sub—elements as:

gasketing systems, taped, or covered with moisture vapor perme-
ablehouse wrap. Exterior joints to be treated include all of the fcr)q[-93 RIARD * (URARY + (etc)
lowing:

1. Openings, cracks and joints between wall cavities and Wﬁ%
dow or door frames.

(b) Access doors, hatches, plenums, or other areas in a roof and
iling assembly shall be included as a sub—element of the roof

d ceiling assembly.

. . c) Unless exact areas are calculated, wood frame ceilings

2. Between separate wall assemblies or their sill-plates Il be assumed to be 7% framing area for joists 24—inches on

four;datllaorls. I ¢ ceil i i | c&anter and 10% framing area for joists 16—inches on center.
. Between walls, roof, ceilings or attic, ceiling seals, an (3) EQUATION 3.

between separate wall panel assemblies.
4. Penetrations of utility services through walls, floor and roof (U (1 XA 1) + (U f2 X A 2) + (U m X Afn)

assemblies, and penetrations through the wall cavity of top apd =

bottom plates. 0 A
(b) Sealing shall be provided around tubs and showers, at the

attic and crawl space panels, at recessed lights and aroundvhkre:

plumbing and electrical penetrations, where these openings B¢ = the overall thermal transmittance of the floor assembly.

located in the dwelling envelope between conditioned spaceQI = the gross area of the floor assembly.

between the conditioned space and the outside. U = the thermal transmittan f the vari heat transfer
History: Cr. Register, January, 1999, No. 517, eff. 2—-1€;02-077: r. and fn = € (hermal trans ance of (ne various heat transie

recr. (2) Register May 2003 No. 569, eff. 8-1-03 paths through the floor.

. . . A = the area associated with the various paths of heat trans-
Comm 22.31 Calculations.  The following equations fefrn P

shall be used as specified in this chapter:
(1) EQUATION 1.

0

(a) Unless exact areas are calculated, wood frame floors shall
be assumed to be 7% framing area for joists 24—inches on center

_ (Uw Aw) + (U g Ag) + (U d Ad) and 10% framing area for joists 16—inches on center.
0 A (b) Access doors or hatches in a floor assembly shall be calcu-
0 lated as a separate element of the floor assembly using equation
where: 3.
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(4) Accuracy ofF caLCULATIONS. The thermal transmittance the door area, the glazing area is the daylight opening area. For
(Uo) values and dwelling dimensions used in heat gain or loss cl-other doors, the glazing area is the rough opening area for the
culations shall have a minimum decimal accuracy of 3 placésor including the door and the frame.

transmission shall have a minimum decimal accuracy of 4 plaggfiding design used to estimate annual energy costs for determin-
rounded to 3. ing compliance based on total building performance.

(5) VALuEs. Unless otherwise specified in this chapter, the (3 «standard design” means a dwelling whose enclosure ele-

thermal transmittance and resistance values used in heat gaiﬁwéﬁtsand enagy—consuming systems are designed in accordance
loss calculations shall be determined by one of the followingiih subchs. V and VI.

methods: . . .
. . (4) “Substantiallyleak free” means the condition under which
f I(:a) Jhe va{qu shal(ljbetthdose glve_lr_l I8| thgoAngéAE Handbogie' entire air distribution system, including the air handler cabinet,
of Fundamentals as adopted under 1able 20.24-0. is capable of maintaining a 0.1-inch water gage, or 25 Pa, internal

or 1Dter See the appendix under "Typical Thermal Properties of Building Materialy) o s re at percent or less of the air handler’s rated airflow when

(b) 1. Testing to a nationally—recognized test standard bytgﬁ return grilles and supply registers are sealed off, using a test

independent third party that is submitted for department revidifthod approved by the department. .
and approval under s. Comm 20.18. Note: The department will accept tests conducted using the SMACNA HVAC Air

. . . . Duct Leakage Test Manualr other, similar test methods.
2. The testing shall verify the claimed thermal resistance fomHistory: CR 02-077: cr. Register May 2003 No. 569, eff. 8-1-03.

the specific application of the product or assembly.

3. For foam plastic insulation that uses a blowing agent otherComm 22.34 Energy analysis. (1) Newly constructed
than air, the independent third—party tests shall use samples tmg— and 2—family dwellings designed in accordance with this
have been aged for the equivalent of 5 years or until the R—vafudchapter coply with subchs. V and VI if the calculated annual
has stabilized. energy consumption is not greater than a similar dwelling,

History: Cr. Register, January, 1999, No. 517, eff. 2-1-99; r. and recr. (5), Regitlesigned as standard design, whose energy—consuming systems

ter, March, 2001, No. 543, eff. 4-1-@R 02-077: am. (3) Register May 2003 No. R P 0
569, eff. 81-03. correction i (5) (2) made under . 13.93 (9m) (b) 7. Stats., Regg:md enclosure elements are designed in accordance with subchs.

ister May 2003 No. 569. V and VI.
Note: In this subchapter, “standard design” means a dwelling whose enclosure

R . | tsand — i T designed i d ith subchs. V
Comm 22.32 Recessed lighting fixtures. When gri;n\(/ar sand energy—consuming systems are designed in accordance with subchs

installed in the dwelling envelope, recessed lighting fixtures shall (2) For a proposed alternate dwelling design to be considered

meet any one of the following requirements: similar to a standard design, it shall utilize the same energy
(1) The fixture shall be inherently or thermally protected typgources for the same functions and have equal conditioned floor

IC and installed inside an air-tight assembly maintaining a@yea and the same ratio of dwelling envelope area to floor area,

clearances required by the listing. exterior design conditions, climate data, and usage operational
(2) The fixture shall be inherently or thermally protected typschedule.

IC, manufactured with no penetrations between the inside of theistory: Cr. Register, January, 1999, No. 517, eff. 2-1.6R:02-077: am. (2)

recessed fixture and ceiling cavity, and sealed or gasketed to [Riegister May 2003 No. 569, eff. 8-1-03

vent air leakage into the unconditioned space.

(3) The fixture shall be inherently or thermally protected type COMm 22.35 Inputvalues. (1) GENERAL. The input val-
IC, and labeled as being tested in accordance with ASTM E 2488 in this section shall be used in calculating annual energy per-
at a pressure difference of 75 pascals or 1.52 Iisth no more formance. The requirements of this section specifically indicate

than2.0 cfm air movement from the conditioned space to the ceffhich variables shall remain constant between the standard
ing cavity. dwelling and proposed dwelling calculatioffe standard dwell-

History: Cr. Register, January, 1999, No. 517, eff. 2—1-99. ing shall be a base—version of the design that directly complies
with the provisions of this chapter. The proposed dwelling may

Subchapter VIl — Design By Systems Analysis and utilize a design that is demonstrated, through calculations satis-
Design of Dwellings Utilizing Renewable Energy factory to the department, to have equal or lower annual energy
Sources use than the standard design.

(2) INPUT VALUES FOR GLAZING AND SHADING SYSTEMS. ()

Comm 22.33 General. The requirements of subch. V,Ongntatlﬁn”og standardI deS|gnTI:ﬁ oner:ﬁlatlontﬁf th(te stantcri]ard "
“Heating and Air Conditioning Equipment and Systems” and tfi£Sign sha avﬁ equal area ond e nr?r » hortheast, south, south-
requirements of subch. VI, “Dwelling Envelope Design”establisWeSt’ east, S.OUt east, vyest, and northwest ex.posures.
design criteria for energy—consuming and enclosure elements ofb) Shading calculations for proposed desigResults from
the dwelling. As an alternative, an energy use analysis may $#@ding calculations on a proposed design may not be used for
used to show equivalent compliance. The analysis shall com@lpups of buildings, unless those results constitute the worst pos-
with this subchapter or shall be approved by the department. Sible building orientation iterms of annual energy use, consider-

Note: The department recognizes the use of tradeoffs between higher efficiend@ all eight of the orientations under par. (a) for a group of other-
furnacesand lower insulation levels. See appendix for an example of the UDC Energiise identical proposed designs.

Worksheet. Copies of the worksheet may be obtained from the Department of Com- . . . .
merce, Safety and Buildings Division, P. O. Box 2509, Madison, W1 53701. Other (C) Exterior shading for standard desigil. Glazed areas in
forms or S%ftwaredr?ayr?e used Wl_hen appfé)\_/ed byI tlg)le Ulfeparmegt-fvzllzcge_clssbfe standard design may not be provided with extra exterior shad-
ware may be used to show compliance and is available from the Safety & Buildir,

page on the Department of Commerce Website www.commerce.state.wi.us IH§ such as roof Overhangs'

History: Cr. Register, January, 1999, No. 517, eff. 2—-1-99. 2. The energperformance impacts of added exterior shading
for glazing areas may be accounted for in the proposed design for
Comm 22.335 Definitions.  In this subchapter: a specific dwelling, provided that the actual installation of such

(1) “Glazing area” means the total area of the glazed fenestfyStems is approved by the department.
tion measured using the rough opening and including sash, curb{d) Fenestration system solar heat gain coefficient, standard
ing or other framing elements that enclose conditioned space. #esign. 1. The fenestration system solar heat gain coefficient, or
doors where the daylight opening area is less than 50 percenBHIGC, inclusive of framed sash and glazing area, of the glazing
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systems in the standard design shall be 0.68 during periods ofd) Domestic hot waterThe following input values, specific

mechanical heating and cooling operation. to domestic hot water, shall be used in calculating annual energy
2. a. The fenestration system SHGC values shall be muRgrformance:

plied by interior shading values of 0.70 for summer and 0.90 for 1. The temperature set point is 120

winter to arrive at an overall SHGC for the glazing system. 2. Daily hot water consumption in gallons = (30 % &0 x

b. Where the SHGC characteristics of the proposed fenestiwhere a= number of dwelling units in standard and proposed
tion products are not known, the default SHGC values givendesigns and b number of bedrooms in each dwelling.

Table 22.35-3 shall be used for the proposed design. (5) SITE WEATHER DATA CONSTANTS. Weather data from the
(e) Interior shading for standard and proposed desighs.a. typical meteorological year or its equivalent from the National

Except aSpeCIfled in subd. 2., the same schedule of interior Shqgceanic and Atmospheric Administration or an approved equiva_

ing values, expressed as the fraction of the solar heat gain admiéeg for the closest available location shall be used.

by the fenestration system that is also admitted by the interior 6) DISTRIBUTION SYSTEMLOSSFACTORS. (a) The heating and

shading, shall be assumed for the stand.ard and proposeq desgﬂ) ing systems efficiency shall be proportionally adjusted for
b. The values used for interior shading shall be 0.70 in sufipseportions of the ductwork located outside or inside the condi-
mer, and 0.90 in winter. _ _ ~tioned space using the following equations:
2. South—facing solar gain apertures on passive heating pro- 1 Adjusted Hiciency = Equipment Efficiency x Distribution
posed designs analyzed using interior shading values for intefigq Factor.
shadingspecifip to th_ose shading measures may be specified in'g e2 Total Adjusted System Efficiency = (Adjusted Efficienc
proposed design, with values above used in the standard des)l(gn. ' | y X Y = Ad) y
. . . . . x percent of ducts outside) + (Adjusted Efficiency x percent of
() Passive solar designg?assive solar designs shall prowd%u ts inside)
documentation acceptable to the department, that fixed external B ) .
or other acceptable shading is provided to limit excessive sumrggrs- Distribution loss factors shall be determined using Table

cooling energy gains to the dwelling interior. -35-2.
(3) INPUTVALUES FORHEAT STORAGEAND THERMAL MASS. (a) TABLE 22.35-2
Internal mass shall be 8 pounds per square foot. DISTRIBUTION LOSS FACTORS
(b) Structural mass shall be 3.5 pounds per square foot. Duct Location ®
. (c) Passive solar designs shall utilize at least 43Btf/addi- Mode Outside Inside
tional thermal mass, per square foot of added glass area, when -
southfacing glass exceeds 33% of the total glass area in walls. ~ H€afing 0.75 1.00
(4) INPUTVALUES FORDWELLING ENVELOPE. (a) Surface area Cooling 0.80 1.00

and volume.1. Floors, walls and ceilings of the standard and pro-" Ducts located in a heated or cooled space are considered as being in an inside
posed designs shall have equal areas. location.

. (b) Impacts from an improved distribution loss factor, or DLF,
2. The foundations and floor types for both the standard agel "y 5c.counted for in the proposed design only if the entire air
the proposed designs shall be equal.

distribution system is specified on the construction documents to

3. a. The exterior door area of the standard design shall hgyespstantially leak free, and is tested after installation to ensure
an equal exterior door area to that of the proposed design witfy 3 the installation is substantially leak free.

20
U-factorof 0.2 Btu/h. ft- °F. . .. (c) Where test results show that the entire distribution system
b. The U4 of thestandard design shall be selected to permit g pstantially leak free, the seasonal DLF shall be calculated sep-
calculated Y wall compliance of the standard design. arately for heating and cooling modes using engineering methods
4. Building volume of both the standard and proposed desigh programs capable of considering the net seasonal cooling
shall be equal. energy heat gain impacts and the net seasonal heating energy heat
(b) HVAC controls. Heating and cooling thermostats shall béssimpacts that result from the portion of the thermal air distribu-
set to the default settings in Table 22.35-1 for the standard aioth system that is located outside the conditioned space.

proposed designs. The input values, specific to heating and coolyg) once these heating and cooling season distribution system
ing controls, shall be used in calculating annual energy perfeisergyimpacts are known, the heating and cooling mode DLF for

mance. the proposed design shall be calculated using the following two
TABLE 22.35-1 equations:
INPUT VALUES FOR HVAC CONTROLS 1. Total Seasonal Energy = Seasonal Building Energy + Dis-
Parameter Value tribution System Energy Impacts.
Heating 68°F (20°C) 2. DLF = Seasonal Building EnergyTotal Seasonal Energy.

: (e) Once the DLF for the heating and cooling seasons are
Cooling 78F (26C) known,the total adjusted system efficiency is calculated using the
Set back or set up °6 (2.8C) following equations and conditions:

Set back or set up duration 6 hours perday 1. Adjusted System Efficiency = (Equipment Efficiency x
Number of set back or set up periods per 1 DLF x Percent of Duct Outside) + (Equipment Efficiency x DLF
unit x Percent of Duct Inside).

Maximum number of zones per unit 2 2. a. This equation shall be used to develop adjusted system

efficiency for each heating and cooling system included in the
Number of thermostats per zone 1 standard design.

(c) Internal heat gains.The input value of 3,000 Btu/hr per  b. Where a single system provides both heating and cooling,
dwelling unit, specific to internal heat gains, shall be used in cefficiencies shall be calculated separately for heating and cooling
culating annual energy performance. modes.
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TABLE 22.35-3

SINGLE GLAZED DOUBLE GLAZED
PRODUCT Clear + | Bronze + | Green +| Gray +
Clear Bronze Green Gray Clear Clear Clear Clear
Metal Frame
Operable 0.75 0.64 0.62 0.61 0.66 0.55 0.53 0.52
Fixed 0.78 0.67 0.65 0.64 0.68 0.57 0.55 0.54
Nonmetal Frame
Operable 0.63 0.54 0.53 0.52 0.55 0.46 0.45 0.44
Fixed 0.75 0.64 0.62 0.61 0.66 0.54 0.53 0.52
(7) AR INFILTRATION. (a) For the purpose of calculation, air Comm 22.39 Use of approved calculation tool. The
changes per hour for the standard design is 0.50. same calculation tool or method shall be used to estimate the

(b) If the proposed design takes credit for a reduced air chaSg€rgy usage for space heating and cooling of the standard design
per hour level, documentation of the measures providing tABd the proposed design. The calculation tool or method and the
reduction or the results of a post—construction blower door técumentation shall be approved by the department.
conducted in accordance with ASTM E 779 shall be provided tdistory: Cr. Register, January, 1999, No. 517, eff. 2-1-99.

the department. In no case, shall the air exchange per hour valu . .
be less than 0.20. Bomm 22.40 Documentation. Proposed alternative

History: Cr. Register, January, 1999, No. 517, eff. 2—-1-€® 02-077: r. and de.Sig.nS submitted as reque_s.ts for exception to the S.tandard d.eSign
recr. (2), (4) () 3., (b), (4) (c), (d), (6) and Table 22.35-1, 1. (4) (a) 4., renum. (4)Cliteria, shall be accompanied by an energy analysis comparison
(a) 5. to be (4) (a) 4., cr. Table 22.35-3, am. (7) (b) Register May 2003 No. 569report. The report shall provide technical detail on the 2 dwell-
eff. 8-1-03 ings,system designs, and data used in and resulting from the com-

) ) parative analysis verifying that both analysis designs meet the cri-
Comm 22.36 Design. The standard design and the proteria of of this chapter.

posed alternative design shall be designed on a common basis @story: Cr. Register, January, 1999, No. 517, eff. 2-1-99.
specified in this section:

(1) The comparison shall be expressed in Btu input per square<Comm 22.41 Renewable energy source analysis.

foot of gross floor area per year or other time unit, at the dwellit) A proposed dwelling utilizing solar, geothermal, wind or
site. other renewable energy sourcesdibor part of its energgources

?éj\llmeet the requirements of s. Comm 22.33, except such renew-

(2) If the proposed alternative design results in an increase enerav mav be excluded from the total annual eneray con-
consumption of one energy source and a decrease in ano £ gy may 9y

energy source, even though similar sources are used for simﬁ'émption aIIovyed for the proposed qwe'"“g by this subchapter.
purposes, the difference in each energy source shall be converte@?) To qualify for the exclusion in sub. (1), the renewable

to equivalent energy units for purposes of comparing the tofd]€rgy must be derived from a specific collection, storage, and
energy used. istribution system. The solar energy passing through windows

(3) The different energy sources shall be compared on tf)l%%”da\‘llvsi% %?]g%rflst'hds ]Eglcliosvsi,n%lfahfymg if such windows are pro-

basis ofenergy use at the dwelling site where 1 kwWh = 3,413 Btu. . . . .
History: Cr. F?éister January, 1999 N%_ 517, eff. 2-1-99. (a) Operable insulation shutters or other devices which, when
' R ' drawn or closed, cause the window area to reduce maximum out-
ward heat flows to those in accordance with s. Comm 22.31 (2),

; : ; . d the windows are shaded from direct solar radiation during
ing and cooling load calculation procedures shall be detailed 10~ ; P
permit the evaluation factors specified in s. Comm 22.38 to pr%-”OdS when mechanical cooling is requested.

vide acomparison of energy consumption between the alternative(P) The glass is double or triple pane insulated glass with a
design and the standard design. low—emittantcoating on one or both surfaces of the glass, or insu-

History: Cr. Register, January, 1999, No. 517, eff. 2—1-99. lated glass with a low—emittant plastic film suspended in the air
space, and the glass areas are shaded from direct solar radiation
Comm 22.38 Calculation procedure.  The calculation during periods when mechanical cooling is requested.

procedure shall cover all of the following items that are expected (3) Other criteria covered in ss. Comm 22.23 to 22.39 shall
to have a significant impact on the comparison of the energy c@¥Ply to the proposed alternative designs utilizing renewable

sumption between the alternate design and the proposed desfgirces of energy.
. . . g . History: Cr. Register, January, 1999, No. 517, eff. 2-1-99.
(1) Environmental design requirements as specified in subch.
V. o o Comm 22.42 Documentation. (1) Proposed alternative
(2) Coincident hourly climatic data for temperatures, solafesigns submitted as requests for an exception to the standard
radiation,wind and humidity of typical days in the year representtesign criteria, shall be accompanied by an energy analysis, as
ing seasonal variation. specified in s. Comm 22.40. The report shall provide technical
(3) Dwelling orientation, size, shape, mass and volume. detail on the alternative dwelling, system designs, and the data
(4) Air, moisture and heat transfer characteristics. employed irand resulting from the comparative analysis to verify
. - . . that both thenalysis and the designs meet the criteria of this code.
(5) Operational characteristics of controls for inside air tem- (2) The energy derived from renewable sources and the reduc-
perature, humidity, ventilation, lighting, and the control mode for < 9y I . e I
occupied and unoccupied hours. ion in conventional energy requirements derived from nocturna
. ; . . ) cooling shall be separately identified from the overall dwelling
(6) Mechanical equipment design capacity load profile.  energy use. Supporting documentation on the basis of the perfor-
(7) Dwelling loads of internal heat generation, lightingmance estimates for the renewable energy sources and nocturnal
equipment, and the number of occupants during occupied awbling means specified in this subchapter shall be submitted to
unoccupied periods. the department.
History: Cr. Register, January, 1999, No. 517, eff. 2-1-99. History: Cr. Register, January, 1999, No. 517, eff. 2-1-99.

Comm 22.37 Analysis procedure.  The dwelling heat-
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