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Chapter Ind 22
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. PART1
SCOPE AND PURPOSE
“Imd. 22,01 Scnpe. The provisions of this chapter shall apply to all
Hewly constructed conventional and manufactured one- and two-family
wellings,

 Note: The energy code is not intended to apply to dwellings exclusively using a renewable
souroa of energy, such as wood or solar heat,

Nota Ch.lpter Ind 22 is the ﬁrat of uvernl chapters for the Uniform Dwe!hng Code.

History: Cr. Register, May, 1978, No. 269, eff. 12-1-78. ’

Ind 22.02 Purpose. (1) The purpose of this chapter is to provxde de-
sign requirements which will improve the utilization of energy in one-

and two-family dwellings as defined in section Ind 22.01, including mini-
mim reguirements for materials and methods of construction and for

heating, coolibg and air conditioning equipment and systems. -

(2) The requirements of this chapter are intended to be flexible and to
permit the use of innovative approaches and techniques to achieve effec-
tive utilization of energy.

(3)’The requirements of this cﬁaptef are not intended to conflict with
any safety or health requirements. Where such conflict occurs, the Safety
and health-requirements shall govern. . ‘

History: Cr. Register, May, 1978, No. 269, eff. 12-1-78.

TR STt P TR ST < PART II .
S DEFIN]TIONS

Ind 22 03 Definitions. (1) COEFFICIENT OF PERFORMANCE (COP)
cooLING OR HEATING. Coefliccient of performance (COP) is the ratio of
the rate of net heat removal or net heat output to the rate of total ener, y
input, expressed in conmstent units and under designated rating condi-
tions. . . .

{2) COMBUSTION EFFiCIENCY. Combustion efﬁciency is expressed in
percentage and is defined as 100% minus stack losses in percent of heat
input. Stack losses are (a) loss due to sensible heat in dry flue gas, (b} -
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loss due to incomplete combustion, and (¢) loss due to sensible and la-
tent heat in moisture formed by combustion of hydrogen in the fuel,

(3) COOLING LOAD. Cooling load is the rate at which heat must be re-
moved from the space to maintain a selected indoor air temperature
during periods of desigh outdoor weather conditions.

(4) DEGREE DAY, HEATING. Degree days are figured as the number of
degrees the mean outdoor temperature deviates from 65° I each day
during the heating season. ‘

3

Note: For example, if, on December 15, the low temperature was + 30* F and the high
temperature was + 50° F, the mean température would equal {30° + 60%) + 2 = 40°; there-
fore, B5* - 40* = 25 degree days.

(5) ENERGY EFFICIENCY RATIO, The energy efficiency ratio is the ratio of
net cooling capacity in Btu per hour to total rate of electric input, in
watts, under designated operating conditions.

P

{6) Hearzp spack. Heated space is any space provided with a supply
of heat to maintain the temperature of the space to at least 50° F. Heat
supplied by convection from the energy-consuming systems may satisfy
thifﬂreqtéirement in bagements if the energy-consuming systems are not
insulated. '

{7) Heartine LoaDp. Heating load is the probable heat loss of each room
or space to be heated, based on maintaining a selected indoor air tem-
perature during periods of design outdoor weather conditions, The total
heat load includes: the transmission losses of heat transmitted through
the wall, floor, ceiling, glass or other surfaces; the infiltration losses or
heat required to warm outdoor ait which leaks in through cracks and
crevices, around doors and windows, or through open doors and win-
dows; or heat required to warm outdoor air used for ventilation.

(8) Perm. Perm is the designation for the unit permeance which is a
substitute for the unit, one grain per (hour) (square foot) (inch of mer-
cury vapor pressure difference).

{9) ResisTANCE, THERMAL {BR). Thermal resistance (R) is a measure
of the ability to retard the fiow of heat. The R-value is the reciprocal of a
heat transfer coefficient, expressed by U (R = 1/U). The higher the R-
value 0&5 a material, the more difficult it is for heat to flow through the
material, . _

(10) TuerMAL TRANSMITTANCE (U}, Thermal transmittance (U) is
the coefficient of heat transmission or thermal transmittance (air to air)
expressed in units of Bta per (hour) (sq_uare foot) (degree F). It is the
time rate of heat flow. The U-value applies to combinations of different
materials used in series along the heat flow path and also to single mater-
ials that comprise a building section, and includes cavity air spaces and
surface air films on both sides. The lower the U-value of a material, the
more difficult it is for heat to flow through the material.

Histery; Cr. Register, May, 1978, No. 269, eff, 12-1-78.
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: PART III
DESIGN CRITERIA

Ind 22,04 Indoor and outdoor temperatures, The indoor tempera-
tures listed in Table 22.04-A and the outdoor temperatures listed in Ta-
ble 22.04-B shall be used to determine the total building heat loss or heat
gain and to select the size of the heating or cooling equipment.

TABLE 22.04-A
INDOOR DESIGN TEMPERATURES

Season Temperature
Winter T70° R
Summer 78° F

RHistory: Cr. Register, May, 1978, No. 269, off. 12.1-78,

Ind 22,05 Moisture contrel, (1) Varor BarriERS, Where thermal in-
sulation is used, a vapor barrier shall be installed. The vapor barrier
shall be installed on the interior side of the insulation, facing the heated
interior, and behind the interior finish at the wall, ceiling and roof/ceil-
ing assemblies. The vapor barrier shall cover the exposed insulation and
interior face of studs, joists and rafters. Vapor barriers shall also be pro-
vided in crawl spaces, under slab floors, and around the exterior insula-
tion installed around ducts in unheated areas. The transmission rate
shall not exceed one perm. .

(2) ReLATive HUMIDITY. Where a power humidifier is installed, the hu-
midifier shall be equipped with a control o regulate the relative humid-
ity.

(3) VentILATION. Ventilation above the ceiling/attic insulation shall
be required, The free ventilating area shall be at least 1/300 of the hori-
zontal area.

History: Cr. Regiater, May, 1978, No. 269, eff, 12-1-78,

PART IV
BUILDING ENVELOPE

Ind 22,06 Insulation standards. The exterior snvelope of the build-
ing shall be insulated to ineet the reguirements of this part. More strin-
gent overall thermal transmittance (U, values} wili be phased in at time
intervals as specified for the designated building components.

Note: If the office of state planning and energy certifies that there is a shortage of insulat-
ing materials that are routinely used in construction of one- and twe-family dwellings, the
department will modify the requirements of section Ind 22.06 in accordance with the avail-
able supply of insulating material, through the premulgation of an emergency rule. When the
office of state planning and energy certifies that such shortages have been remedied, the
department will act to reinstate the requirements of section Ind 22,06,

{1) SLAB-ON-GRADE. The overall thermal transmittance (U, value)
through slab-on-grade floors shall not exceed .11 Btu per (hour) (square
foot) (degree F), All slab-on-grade floors located within 24 inches of the
exterior grade shall be insulated. The insulation shail extend downward
from the top of the slab to below the frost depth, but not less than 48 -
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inches; or downward vertically from the top of the slab 24 inches and 24
inches horizontally under the slab,

(2) FLoORS OVER UNHEATED AREAS. The overall thermal transmittance
(U, value)} through floors over unheated areas shali not exceed .09 Btu
per (hour) (square foot) (degree F). Insulation is not required in floors
over heated crawl space areas or basement areas,

(3) Winpows. All windows, except for basement windows, shall be
double glazed or have storm windows.

Note: S3ee Table A-1 of Appendix A which was developed to serve as a guide to indicate the
percentage of glass which can be uped for different types of wall construction.

(4) Box sir. The box sill area shall be insulated to the same le;vel as
the wall.

(5) Roor/ceLings, The overall thermal transmittance (U, value}
through roof/ceiling assemblies shall not exceed .033 Btu per (hour)
(square foot) (degree F).

Note: Section Ind 22,08 (8) will be repealed effective March 31, 1979,

(5a) Roor/cemiNgs (effective April 1, 1979). The overall thermal
transmittance (U, value) through roof/ celhng assemblies shall not ex-
ceed .029 Btu per (hour) (square foot) (degree F),

(6) ExTerIOR WALLS, The exposed exterior walls above grade shall be
insulated in accordance with (a) or (b) and (¢).

{a) Exposed exterior walls above grade. The overall thermal trans-
mittance (U, value} through exposed exterior walls above grade shali
not exceed .15 Btu per (hour) (square foot) (degree F).

‘(b) Exterior walls above the foundation wall. The overall thermal
transmittance (U, value} through exterior walls above the foundation
wall shall not exceed .14 Btu per (hour) (square foot) (degree F).

(c) Exposed foundation walls above grade. The overall thermal
transmittance through exposed foundation walls above grade shall not
exceed the foltowing U, values:

1. If 25% or less of the foundation wall is exposed, U, = .25 Btu per
(hour) (square foot) (degree F).

2. If more than 256% of the foundation wall is exposed, the thermal
transmlttance of 25% of the wall shall not exceed .25 Btu per (hour)
vare foot) (degree F) and the remaining exposed portion shall have
thermal transmittance of not more than .14 Btu per (hour) (square
foot) {(degree F).

Note: Section Ind 22.06 {6) will be repealed effective March 31, 1979.

(6a) ExTERIOR WALLS (effective April 1, 1979). The exposed exterior
walls above grade shall be insulated in accordance with (a) or {b) and

{c).

Register, May, 1978, No. 269
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~ TABLE 22.04-B
OUTDOOR DESIGN CONDITIONS
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(a} Exposed exterior walls above grade. The overall thermal trans-
mittance (U, value) through exposed exterior walls above grade shall
not exceed .14 Btu per (hour) {square foot) {degree F).

{b) Exterior walls above foundation wall. The overall thermal trans-
mittance (UJ, value) through exterior walls above the foundation wall
shalt not exceed .13 Btu per (hour) (square foot} (degree F).

{¢c) Exposed foundation walls above grade. The overall thermal
transmittance through exposed foundation walls above grade shall not
exceed the following U, values: ’

1. If 26% or less of the foundation wall is exposed, U= .25 Btu per
(hour) (square foot) (degree F).

2. If more than 256% of the foundation wall is exposed, the thermal
transmittance of 25% of the wall shall not exceed .25 Btu per (hour)
(square foot) {(degree F') and the remaining exposed portion shall have
a thermal transmittance of not more than .13 Btu per (hour} (square
foot) (degree F). .

Note: Section Ind 22.08 {6a) will be repealed effective March 31, 1980,

(6b) Exterior waLLS (effective April 1, 1980). The exposed exterior
?'%lls above grade shall be insulated in accordance with (a) or (b) and
). :

(a) Exposed exterior walls above grade. The overall thermal trans-
mittance (U, value) through exposed exterior walls above grade shall
not exceed .13 Btu per (hour) (square foot) (degree F).

(b) Exterior walls above the foundation wall. The overall thermal
trasmittance (U, value) through exterior walls above the foundation
wall shall not exceed .12 Btu per (hour} {square foot) (degree F).

{c) Exposed foundation walls above grade. The overall thermal
transmittance exposed foundation walls above grade shall not exceed
the following U, values:

1, If 26% or less of the foundation wall is exposed, U, = .25 Btu per
(hour) (square foot) (degree F).

2. If more than 26% of the foundation wall is exposed, the thermal
transmittance of 25% of the wall shall not exceed .26 Btu per (hour)
{square foot) {(degree F) and the remaining oxposed portion shall have
a thermal trangmittance of not more than .12 Btu per (hour) (square
foot) (degree F). : )

(7) ELeCTRICAL BOXES. Insulation shall be provided behind electrical
bozes located in exterior walls.

{8) BELOW GRADE FOUNDATION INSULATION feffective April 1,1979). A
therma! transmittance (U, value) of .20 Btu per (hour) (square foot)
(degree F) shall be required for beiow grade foundation walls to a level
of 3 feet below grade or to the top of the footing.

(9) SysTeEM DESIGN. The overall transmission of heat (U value)
through any one component {(such as wall, roof/ceiling or floor) may be
increased and the U-value for other components decreased provided

Register, May, 1978, No. 268
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that the overall heat loss for the entire building enclosure does not ex-
cle_zled the total heat loss resulting from complying with (1) through (8) of
this section.

Note: See Appendix A for an example of the system design procedure,

(10) AccURACY OF CALCULATIONS, The thermal transmittance (U_)
values and building dimensions used in heat gain or loss calculations
shall have a minimum decimal accuracy of 3 places rounded to 2, except
that the U, values used for calculating ceiling transmission shall have a
minimum decimal accuracy of 4 places rounged to 3.

-History: Cr. Register, May, 1978, No. 269, off. 12-1.78,

Ind 22,07 Air leakage. (1) GENERAL, AH windows and doors shall be
constructed and installed to minimize air leakage.

(2} Doors AND winDows. Manufactured windows shall be constructed
and installed to limit infiltration to .5 cubic feet per minute per foot of
sash crack, The air infiltration rate of sliding glass doors shall not exceed
.5 cubic feet per minute per square foot of door area. The air infiltration
rate for swinging doors shall not exceed 1,25 cubic feet per minute per
square foot of door area,

Note: The department will recognize windows and doors tested in conformance with
ASTM E-283, Standard Method of Test for Rate of Air Leakage Through Exterior Curtain
Walls and Doors.

(3) Exterior oreniNgS. Exterior joints around windows and door
frames; between wall cavities and window or door frames; between walls
and foundations; between walls and roofs; between walls and floors; be-
tween aeparate wall panels; at penetrations of utility services through
walls, Boors and.ro'otg; and all other openings in the exterior building
en:lg)pe shall be caulked, gasketed, weatherstripped or otherwise
sealed.

(4) INTERIOR OPENINGS. Openings through the top plate of frame walls
shall be caulked, gasketed, packed with insulation, or otherwise sealed.

History: Cr. Register, May, 1978, No. 289, off. 12-1-78.

) ' PART V ‘
HEATING AND AIR CONDITIONING EQUIPMENT AND
. . SYSTEMS

Ind 22,08 Selection of equipment. The output capacity of the
mechanical heating, cooling and air conditioning equipment shall not
exceed the calculated heating load and cooling lead by more than 15%,
except to satisfy the next closest manufacturer’s nominal size,

Historyi Cr. Regieter, May, 1978, No. 260, eff. 12-1-78.

Ind 22.09 Temperature control. At least one thermostat for regulat-
ing the temperature of the space shall be provided for each separate sys-
tem, Thermostats used to control the heating system may also be used to
control the cooling system. '

Note: Setting back the thermostat during perieda of non-use or thermostats equipped with
automatic controls which reduce the temperature during periods of non-use, conserve en-
ergy. ’

History: Cr. Register, May, 1878, No. 268, eff. 12-1.78,

Register, May, 1878, No. 268
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Ind 22,10 Zone control. Fach heating and cooling system shall be
provided with an automatic or manually controllied damper or valve to
shut off or reduce the heating or cooling to each zone or floor and to each
room.

History: Cr. Register, May, 1978, No. 269, eff. 12-1-78.

Ind 22.11 Duct and pipe insulation. (1) Ducr msvraTion, All duct
systems exposed to unheated spaces shall be insulated with materials
having a minimum thermal resistance of R = 5.

(2) PipEinsuLATION. Al heating pipes in unheated spaces and all cool-
ing pipes in conditioned spaces shall be insulated with at least one inch
of insulation. A vapor barrier on the exposed side of the insulation shall

rovided on cooling pipes to prevent condensation. Pipes installed
wﬁﬁm heating and air conditioning equipment, installed in conditioned
spaces, are not required to be insulated.

Hlstory: Cr. Register, May, 1978, No. 269, eff. 12-1-78,

Ind 22.12 Equipment efficiencies, (1} ELECTRICAL EQUIPMENT. (a)
Air condttwnmg equipment. Air conditioning equipment shall have a
minimum energy efficiency ratio (EER) of 6.1 (COF of 1.8).

(b) Heat pumps. Heat pumps shall comply with the minimum coeffi-
cients of performance set forth in Table 22.12.

TABLE 2212
MINIMUM COP FOR HEAT PUMPS HEATING MODE

Source and outdoor temperature (°F) Minimum COP
Air source - 47 dry bulb/43 wet hulb 2.2
Air source - 17 dry bulb/15 wet bulb 1.2
Water source - 60 entering 2.2

1. The heat pump shall be installed with a control to prevent the sup-
plementary heater from operating when the heating load can be more
efficiently satisfied by the heat pump alone,

2, Supplementary heater operation is permitted during transient peri-
ods, such as start-ups, fellowing room thermostat set point advance, and
during defrost.

Note: A two-stage room thermoat.at, which controls the supplementary heat on fts second
stage, will be accepted a8 mesting thie requirement. The cut-on tersperature for the compres-
sion heating ehould be higher than the cut-on temperature for the supplementary heat; the
cut-off temperature for the compression heating should be higher than the cut-off tempera-
ture for the supplementary heat.

(2) CoMBUSTION HEATING EQUIPMENT, All gas-fired and oil-fired heat-
ing equipment shall have a minimum combust:on efficiency of 76% at
maximum rated output.

History: Cr. Register, May, 1978, No. 269, eff. 12-1-78.

Ind 22,13 Electronic ignition and automatiec flue dampering (ef-
fective April 1, 1979). Combustion space-heating equipment shall be
provided with electronic ignition and automatic flue dampering, except

Register, May, 1978, No. 269
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sealed combustion equipment or equipment lecated in enclosures and
provided with combustion air need not be provided with automatic flue
dampering.

History: Cr. Register, May, 1978, No. 269, eff. 12-1-78.

PART VI
BUILDINGS UTILIZING SOLAR, WIND OR OTHER
NONDEPLETABLE ENERGY SOURCES

Ind 22.14 Innovative designs. {1) IDESIGNS UTHLIZING NONDEPLETABLE
ENERGY SOURCES. Any innovative building or system design, or a design
which utilizes solar, geothermal, wind or other nondepletable energy
sources will be accepted by the department provided the design utilizes
less depletable energy than determined through the accepted practice
method or the system design method.

(2) OrHER ALTERNATIVE DESIGNS. Proposed alternative designs may
also consider energy savings resulting from orientation of the building
on the site; the geometric shape of the building; the aspect ratie {ratio of
tength to width) ; the number of stories for a given floor area; the thermal
mass of the building; the exterior surface color; shading or reflections
from adjacent structures; surrounding surfaces of vegetation; natural
ventilation; and wind direction and speed.

History: Cr. Register, May, 1978, No. 269, eff, 12-1-78.

Ind 22.15 Documentation. Proposed alternative designs shall be ac-
companied with an energy analysis comparing the energy utilized by the
proposed design with the energy used by a design complying with Part
v,

History: Cr. Register, May, 1978, No, 269, off, 12-1-78.

Register, May, 1978, Neo. 269
Energy Conservation




10 WISCONSIN ADMINISTRATIVE CODE

APPENDTX A
DETERMINING THE LEVEL OF INSULATICN

Two methods are outlined for determining the level of insulation required by
section Ind 22.06 using the following sample dwelling:

‘—zi'—— t::j ]C_—jl_l_ za'
L
| |

+ 20 — 45 —F

Sample dwelling: 1,500 square feet (186 lineal feet)

Gross wall area = 8.13' x 186 lineal feet = 1,512,18 square feet
Opaque wall area = 1,301.69 square feet {20% framing, 80% cavity}
Box sill area = 81" x 186 lineal feet = 130.66 square feet
Exposed foundation wall area = 108.97 square feet

Basement window area = [5.65 square fest

Insulated window area = [72.67 square feet

Insulated door area = 37.82 square feet

Ceiiing area = 1,500 square feet (102 framing, 90% cavity)

Register, May, 1978, No. 269
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METHOD T - ACCEPTABLE PRACTICE HETHOD

The acceptable practice method outlined below can be used with minimun calcu—
lacions for determining the acceptable 1eve1 of insulation,

Problem:. Using the acceptable’ ptactice wethod determine the level of insulation
required for the 1,500 square foot dyelling in Phase 1.

Step 1t DYetermine the percentage uindov and door area.

" Percent opening - Window area ¥ Door area
area Grqss wall area + Box slll ares

172,67 sq. ft. + 37.82 aq, fE, - '
1513.18 sq. Et. + 150,66 sq, fc. * 100

x 100%

Tt x 1008 = 12,663

Step 2: Determine level of insulation required for the box sill and side’ualls
for the given window and door area from Table A~1, (Phase 1)

Using 5/8 lich plywéod siding the table shows that-an R~11 batt with R-l 22
fiberboard will alluw up to 12,8% window and door area.

' St.eg 3 Determine the percentage window farea for the exposed foundation wall,

. Percent opening - .- Window area % 100
L area’ Total exposed foundation area
.- 15,65 5. ft.

108.97 sq. ft. + 15.65 sq. fr. * 100%

. ; = 12.6%
Step 4: Determine “the a:'munt__nf' exposed” foundation wall:
If there 15 8" of wall exposed and the wall height is &7,

. Percent guposed 8"[(12" _per foot} x 100% = 8,3
i wall,

Step 53, Consult with ‘l‘able A-2 to determine the level of insulatien required
for the foundat]’.un.

Using the raqutreaents for Tehs than ZSZ exposed foundation wall the table
shows thgt an R-5.27 insulat’idn can be used for up to’ 10.4% single glazed
windowa’..‘ :

Step 6! elect the "level of insulation reguired for thie celling from Table A-3.

Register, May, 1978, No. 269
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TABLE A-l

WALL INSULATION GUIDE
(Based on Uy requirements above the foundatfonm wall)y

Percent Window and Door Area
Phase I ] Phase IT 1 Phase IIIL
(4/1/79) i (4/1/80)
Insulatien Type Up = .14 Ug = .13 Ug = .12
| 5/8 dnch Backed | 5/8 inch Backed -5/8 inch | Backed
.. | Flywood | Aluminum | Plywood  Alumimm | Plywood | Aluminum
. Siding | Siding Siding | Siding | Sfding | Siding
R~11 Batt . 11.0 | 1206 8.9 | 10.5 : 6.8 8.4
R~11 Batt, R~1.22 Fiberbeard . i 12.8 14.0 10.8 12.Q i - 8.7 9.9
R-11 Batt, R-5.27 Extruded Polystyrene 16.4 . 17.0 4.4 ] 15.0 . 2.4 13.0
R-11 Batt, R=-10.54 Extruded Polystyrene 18.8 19.1 ) 16.8& 17.2 3 4.9 15:3
R-13 Batt 12.5 13.9 0.4 | 11.8 8.3 | 9.8
R-13 Batt, R~1.22 Fiberboard L4.1 i 15.4 1z.2 | 18.3 - | 10.3 | 11.2
R-13 Batt, R-5.27 Extruded Polystyrene 17.0 17.5 f 15.9 15.6 [ 13.1 13.6
R~13 Batt, R-10.54 Extruded Polystyrene T 19.2 19.5 17.3 17.6 i 15.3 15.6
R~19 Batt 15.3 16.2 ) 13.2 X 4.2 11.2 12.2
R~19 Batt; R-1.22 Fiberboard 16.4 17.1 14.4 15.1 ‘ 12.3 13.1
R-19 Batt, R-5.27 Extruded Polystyreme 18.6 19.0 16.7 17.0 14.7 15.1
R-19 Batt, R-10.54 Extruded Polystyrene 20.1 20.4 g 18.2 18.5 ‘ 16.3 16.6

Note: The following assumptions were used to derive this table:

1. Door area = 2% of wall and box sd1l area.

2. Imsuilated doors are used with a U-value of .47.

3. Insulated windows are used with a U-value of .56.

4. The insulation type 1s carried down through the box sill.

Register, May, 1978, Np. 269
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TABLE A-2

EXPOSED TOUNDATION INSULATION

Foundation exposure { Requirenent | Insulation type Sm:i:’;?:z:‘; gg:hi;e:lazed
Less than 257 of Up = .25 R-5,27 10,4 24,8
foundation expoged
. R-11 patt 15.5 34,2
Multi-cell
insul, block 16,0 35.0
(R-12,06)
More than 25} of Up = .14 R~11 batt 4.9 10.8
foimdatfon exposed
R-13 batt 5.8 12,7
Mulei-cell
fneul. block 5.5 i2,0
(R-12,08}
Ug = .13 R-11 batt 1.9 8.7
R-13 batt 4.8 10.6
Hulti-cell
insul, block 4.5 9.9
{R-12,08)
Ug = .12 R-11 batt 3.0 6.7
R-13 batt 1.9 &5
Multi-cell
ingul. black 3.5 7.8
(R-12,06})

Register, May, 1978, No. 269
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TABLE A-3
INSULATEON LEVELS REQUIRED TG MEET CEILING U VALUES

! R-Value Required
Uy Value Insulation In Cavity Over Framing
.033 Fiber glass batt R~19 and R-13 R-13
Fiber glass blown 12 in. (R-30) 6.4 in, {R-16)
Rock wool 9.7 1in, (R-29) 4.2 in, (R~13)
Cellulose 8,4 in. (R-3I1) 2.% in. (R-11)
.029 Fiber glass batt . R-38 R-19 )
Fiber glass hlawn 13.6 in. (R-134) 8.1 in. (R-20)
Rack wool 10,9 1n, (R-33) [ 5.4 in. (R~186)
Cellulose ’ 9.5 in. {R-35) | 4.0 fa. (R-15}

Note: The following assumptions were used to derive this table:
1, Fiber glass blowm = R-2.5 per inch

2. Reck wool = R-3.0 per inch
3. Cellulose = R-3,7 per inch

Register, May, 1978, No. 269
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HETHOD IT - SYSTEM PESIGN METHOD

The system design method is the wore compiex method of determining the level

of insulation required by the code, This procedure may be used when it becomes
necessary to combine varlous materials to comply with the code. If the window
area is increased and the same wall insulation is used, the wall section will
not meet the requirements of section Ind 22.06 (6), but the system deslgn
wethod can be used by adding extra insulation elsewhere.

Problem: Using the system design method, Increase the opening area to [3%
and determine compliance by adding extra insulation to the walls and ceiling.

Step 1: Determine the inside and outside design temperatures from Tables
22,04-4A and B,

Inside temperature = 70 F
Outside temperature = -20 F
AT = Ty atde ™ Toutaide ~ 70 - (-203 = 90°F

Step 2: Using sectlion Ind 22.06, determine the insulation values for the
exterior walls above grade and the roof/ceiling for Phase I,

Exposed exterlor walls above grade; U, = .15
Roof/Ceiling; Uy = .033 .

Step 4: Fill in the worksheet to determine requirements for building enclosure
heat loss.

Step 5: Select the levels of insulation to be used and determine the U values
for the cailing, wall, box sill and foundation. {Shown in Figure A-1)
¥ii1l in the building enclosure worksheet.

Step 6: If the total heat loss determined through the system desizn method 1s
within one percent or is less than the heat loss determined through the code
requirements, the code has been satisfied.

Register, May, 1978, No. 269
Energy Conservation
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R-VALUE DETERMINATION BY COMPONENT

Figure A-1

Register, May, 1978, No. 269
Energy Conservation
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Top surface
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38.0
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Bottom surface
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Inaulation

Wood stud
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Ingide aurface

+

Box siil

GQutside surface
5/8" ext, siding
Rigid insulation
Insulation
1-1/2" wood

Inside surface
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Qutside surface
8" concrete
Inaide aurface
Rigid insulation

39.23
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Cavity R
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7
11.00

.68
13,07
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.17
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27.11
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HORRS[{EEI‘.EOR SYSIEM. DESIGH ANALYSIS

CODE REQUIREMENTS

Cc;mpun_ent; U, Reqd. Avea &T Heat Loss
Walls
Above grade [ 15 1512.18 90 20,4144
Box Sill LS 150,66 70 1,581,9
Foundation NS 124,62 70 1,308.5
Reof/Ceiling [ RE 1500.00 %0 4,455.0 '
Fleor : i
Over unheated ap:aces :
Slabh-on-grade q [ i
' TOTAL 21,759.9
"SYSTEM DESIGN ALTFRNATIVE
CompoAne,n.t ‘v ‘ '1;’e:.}: AT Heat Loss
Walls ! .
cavity 070 to10.20 | 90 6,366.3
Solid i By 254.60 | ‘%0 2,055.4
Box sill . W06 157.66 70 675.0
‘Foundation L 105.97 70 1,114.2
Roof/Ceiling - . ca
Cavity e 13:0.00 | .90 '3,037.5
Solid | o 1.0.00 30 499.5
Floor |
Over unheated spaces , ' ‘
Slab-on~grade
Windows e 711.61 90 10,665. 1
Doors L3t 37,82 90 1,055.2 )
Basement windaws .15 71565 70 1L.237.9
. TOTAL 27,634.1

Register, May, 1978, No.-269
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18 WISCONSIN ADMINISTRATIVE CODE

WORKSHERT FOR SYSTEM DESIEN ANALYSIS

"CODE_REQU

JIREMENTS

Component Yg Reqd.

Atea

AT

Heat ldss

Halls
Above grade
Box aiil
Founddation
Roof/Celling |
Floor
Over uftheated spaces
Slab=on-grade

TOTAL

SYATER DESTGN ALTERNATIVE

Conporieit ' 3

U

Afea

AT

Heat Loss

Halls

Cavity

Solid

Box sill

Foundation
Roof/Celling

Cavity

Solid
Floor

Over unheated_sﬁaces

Slabeon-grade
Windows

Doors

Bagement windows

Register, May, 1878, No. 269
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TABLE A-4

COMMON COMSTRUCTION MATERTAL R-VALUESH

Material

Description

BUILDIKG BOARD
Boards, panels,
subflcoring,
sheathing,
woodbased parnek
praducts

Asbestos-cement board.ciicieaias
Asbestos-cement board,...1/8 in,
Asbestos-cezent board,...l/4 in.
Gypsun or plaster board..3/8 in.
[Gypsum ot plaster bdards 1/3 in,
Plyudodosiasassssssiarabinciniiis
PLywood. cuharneenenronra bfé dn,
Plyoodiiiaiciarernaesens3fB dit,
Plywoodss sasisnsnynnssnaa1f2 dis
Piywood of woed paneéls...3/4 in.
Insulating bodrd
Sheathing, reg, density:1/2 in.
. vieeas 25432 qn,
Sheathing, {ntermediate
densiby . iicitriiansirnaa1/2 d:
Nail-base ghéathing.....1/2 in.
Shingle backeri.iis,i+.13/8 In,
Shingle backeér....,,..»5/I6 In.
Sound deadening board...l/2 in.
Tile and lay+in panels,
plain or acousticiiisiisriions
vaseas 142 dEn.
. TP TE U
Laminated paperboatd....vvaveas
Hozmogenesus boatd from
repulped papeT..sacessiannarny
Hardboard
Medlun denskty stding..?/16 in,
Other mediwvA density..........,
High density, underlay....oeoony
High density std. tempered....,
Particlebosafd
Low densityisissciiurtaniacarss
Hedium denBIty aiarrrainssbarss
High densiby..eveiairanaisonaies
Undertayment. s, orivavs . 5/8 in.
Wood subflook.,s..aoenen 34 dn,

BUILDING PAPER

Vapor-perideble felt.i.iiinisais
Vapor-seal, 2 layers of

mopped 15 1hy felt..iiuiriiinse.
Vapor-seal, plastic film........

ROOF INSULATION

Preforzed, Fot iuse above deck
Approximately..i..s,....1/2 dn.
Approximately¥.vi.veauase0al ing
Approximatel¥.s..s..4s1~1/2 in,
Approxfmateldy..i.erieerina2 dn.
Approximately....,.+..2-1/2 in,

searensaad dnm,

Cellular glass......abensninanis

Density |Per inch |For thick-
(lb per ]thickness [neas listéd
cu ft) | R-vdlue R=Value
120 0.35 -
170 - 0,03
120 - .06
50 - 0.32
50 -= ¢.45
34 1,25 S
34 -- 0,31
34 -—= 0.47
34 == 0,62
4 - 0,93
L - 132
18 - 2.06
22 - 1,22
25 _— 1,14
18 -— 0,94
18 - 0.78
15 - 1,33
18 2.50 -
18 - 1,25
18 . 1,89
30 .00 --
30 2,00 -
40 - - 0,67
50 1.37 -
55 1.22 -
a3 1.00 - -
3r 1.85 -
50 E.06 -
62,5, 0.85 -
40 -= 0.82
- -- 0.95%
. - 0.06
— - 0.12
- - [ Hegk,
S ~- 1,39
- -- 2,78
- -- 4,17
- -- 5.56
== - 6.67
- -- 8..33
L ] 2,50 -—

Register, May, 1978, No. 268
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WISCONSIN, ADMINISTRATIVE CODE

Density [Per inch [For thick-
Haterial Description (1bh per thickness jness listed
- . : cu ft) R-Value R-Value
HASONRY MATERIALS |Cemenl BOYLAT. . vorrrressnnsnsvss 116 0.20 --
Concrete " |Gypsus-Eiber concrete
: 871 gypsum, 1241 wood chtps... 51 0.60 -
v Lightweight aggregates - 120 ‘G.19 -—
‘| including expanded shate, c]ay 100 0.28 v .
or siate, expanded slapgs; g0 0.40 -
cinders; pumice; vermiculite; 60 0.59 -
also cellular concretes 40 0.85 -
. 10 1.1% -
. . 20 1.43 =
. Perldter i iievuesrorionsnatnnnys 40 - 1.08 -—
: S -30 “1.51 -
. .20 .2.00 -
Sand and gravel or stone . -
aggregate {oven dried).i.s..... 140 Q.11 -
Sand and gravel or stone )
aggregate {not dried).......... 140 0.08 -
SEUCEO. iaversnrdivansinrensicans 116 ©0.20 -
HASONRY® UNITS Brick, cOmmOn. . unerirrocrmensca’ 120 Q9.20 -
) Brick, face.,.. P 139 Q0,11 -=
. Clay tile, hellow . .
! 1 cell deep,.. R I T e - 0.80
1 cell deep.. wh o da. - -— 1.11
H 2 cells deep.. caranaadodng e - 1.52
2 cellis deep.. veraead 8 dng -— -— 1.83
i 2 celis deep.. .. V10 tn. - - 2,22
3 celis deep.aiaianaaaas 12 dn, - o 2,50
Concrete blocks, 3 oval coret’ :
. Sand & gravel agpregate...4 in. - - 2.7
a8 in, - 1,11
+.12 in, — 1,28
: Cinder aggregate,, . .ias4.3 ine - - 0,86
3 L B L. T Ll — 1,11
' dearrraesad dn, e -- - 1,72
sraearenad2 in, - - 1.89
Lightu‘eight aggregate,.,..3 in, - 1.27
1. (expanded shale, clay,...4 In. - 1.50
: slate or slag; pumice),.,8 ia, - - 2,00
v 12 i, - - .27
‘ Concrete blecks, rectangular core T t
Sand & gravel apgregate
2 care, 8" 36 lbiwn...... ceen - - 1.04
Sage with filled cores....... Pom= - 1.93
N Lightweight aggregate
{expanded shate, clay, -
slate oz slag, puaice): .
3 core, 6" 1% Th.i...aen . - - .65
, Same with filled cores........ - - 2,59
2 core, 8" 24-1b P - 2,18
Sare with filled cores........ - 5.03
3 core, 12" 38 1hiuceuenna.s - - 2,48
{ Sase with filled coteS...... v -- -~ 5.82
- .08 -

Stene, lice or sand........... .

Register, May, 1978, No. 268
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Density |Per inch [For thick-
Haterfal Deseription (ib per |thickness |ness listed
cu ft) R-Value R-Value
MASQNRY UNITS Gypsum partition tile:
{Continued) 3% 12 x 30 In, solidieciiiaras - - 1,26
3 %x 12 x 30 in. 4-cell., - - 1,35
4 %12 x 30 in. 3-cell.viaeuns, ~— - E.67
PLASTERING Cement plaster, sand aggregate.. 116 ©.20 -
MATERTIALS Sand aggregate..i.veq..3/4 in, - - ¢.08
Sand aggregate..........3/4 in. - - 0.15
Gypsum plaster:
Lightweight aggregate,,.1/2 in. 45 - 0.32
Lightweight aggregate,,,5/8 in. 45 -- 0,39
Lightwelght aggregate on
metal lathaesvaisissas.3/4 In, - - 0.47
Perlife ApRreRate. s recainsrns 45 0.67 -
Sand agEregate. sisvrrnnrsrnnns 105 0.18 -
Sand aggregate..iaesn,.,1/2 in. 105 - 0.0%
Sand aggregate.....v.,..5/8 in. 105 -= 0.11
Sand aggregate on metal .
lath.erseavacnsarsnaaes 34 1n. -- - 0.1
Vermiculite aggregate.....eoues 45 0.59% --
ROOFING Asbestos-cement shingles,....... 120 - 0.21
Asphalt 1oll 1oofing.ivivacnsvns 10 - 0,15
Asphalt shingleS.iviiivareenaras 70 - 0.44
Buflt-up roofing.........3/8 in. 10 - 0.33
Slate.ciinnrersinsaseseasdf2 i, —_— - 0,05
Wood shingles, plain
plastic filn faced.vvinscannnes -- - 0,94
STDING MATERIALS Shingles:
{On £lat surface) ASDeStOS—CEBENt,vavurararsarrya 120 - 0.21
Wood, 16", 7%" exposure........ - - 0.87
Wood, deuble, 16", 12" exposure - -- 1.19
Woed, plus insulating backer
LUE} { R TA - - - 1.50
Siding:
Asbestos-cement, %" lapped..... - R 0,21
Asphalt roll sidingecisvssaniox - — 0.15
Asphalt insulating siding
(172" bdu)esicininusancnnrnann - - 1.48
Wood drop 1 X 8", ... venuvnseann - - 0.79
Wood bevel, % x 8" lapped...... - - 0.81
Wood bevel, 3/4 x 10" lapped... -— . 1.05
Wood plywood 378" lapped....... - — 0,59
Aluminum or steel, over sheath-
ing, hollow-backed,.vuvuuisrin. - -— 0,61
Insulating-board backed nominal
7 - N -- - 1.82
Insulating-board backed nominal
3/8" foll backed,..vsvivarnren -- e 2.96
Architectural glass,.ivuieavvsss -— - 0.10

Register, May, 1978, No, 269
Energy Conservation




22

WISCONSIN ADMINISTRATIVE CODE

Haterial

Description

Density
{1b per
cu ft)

Per inch
thickness

For thick-
ness listed

R-Value

R-¥alue

FINISE FLOORING
MATERIALS

Carpet and fibrous pad.........,
Carpet 2nd rubber padi..ivvsn...
Cotk t1le. . ravarnnsnens 1/8 1n.
Terr822C v svavarnaaisversssl 10
Tile-asphalt, linoleums,

vinyl, rubber.....iieiasiiaiiss
Woad, hardwpod finish....3/4 in.

2,08
1.23
0.28
0.08

INSULATIRG
HATERIALS
Blanket and Batt

Mineral fiber, fibrous form
pracessed from rock, slag or
glass
Approx. 2 te 2-3/4",.....Note 1
Approx. 3 to 3-1/2",.....Note 1
Approx. 5174 te 6-1/2",.Note 1

Board and Slabs

Cellular glass..,.vevvrenvunnras
Glass fiher, organic
bonded.aveaiiiiiiannnaanns .
Expanded rubber (rigid)...eovaes
Expanded polystyrene extruded,
platnsvevsscuesinnnnas erriatans
Expanded polystyreae extruded
(R-12 eXPu)iuiruviicnrnnarannss
Expanded polystyrene extruded
{R-12 exp.) (Thickness 1" and
L 21 2 o ..
Expanded polystyrene, molded
beads.vrarsinnasnaniatanaiiiaa,
Expanded polyurethane (R-11 exp)}
Mineral fiber with resin binder.
Hineral fiberboard wet felted
Core or roof insulatfom,.......
Acoustical tile...visvnersiansn
Acoustical tfle..ivenvuvaviaen
Hineral Fiberboard wet molded
Acoustical tiie.. . civvrniuanans
Woad or cane Efbetrboard
Acoustlcal tile......0ss1/2 dn.
Acoustical tile,.,......3/4 1n.
Interior finish (plank, tile}...
Insulating roof deck
Approximately,......s.1-1/2 in.
Approximatel¥,.avuvsanasaa? in.
Approximately.....vverueaa3 Im,
Wood shredded (cemented in
preformed S1abs).vevvsrinrravan

Loose Fill

Cellulose insulation (milled
paper ot wood pulp).......0.
Sawdust or shaviogs.......
Woad fiber, softwocds
Perlite, expanded..........

Register, May, 1978, No. 269
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- Denaity Per inch For thick-
Material Description {1b per [thickness |pess listed
cu ft) R-Value R-Value
Loose Fiil Hineral fiber {rock, slag or
{Continved} glass:
Approxioately 3'".....,.Note 1 8-135 - E
Approxfmately 4-172"...Note 1 8-15 - 13
Approximately 6-1/3"..,Note 1 8-15 - 1%
Approximately 7-1/4"., . Note 1 8-15 - 24
Stlica aerogeliiiciccienannnns 1.6 5.88 -
Veraiculite {expacded)..,..... 7.0-8.2 2,13 -
4.0-6,0 2,27 -
WaoDns Haples, oak and similar #
hardwoods. s rsrescraaseinnnnns 45 ¢.91 -~
Fir, pine, and similar
SOfEW00d5, s vaiitnai it iianna, 32 1.25 -
Fir, pine, and similar
softwoods, vrveannve o 344 InL 32 — 0.94
verersannar1-1f2 in. 32 -- 1,89
ceririnraed2-1/2 fn, - 32 - 3.12
" ceredrsaere3-1/2 in. 32 -— 4,35

Note 1:; R-value varies with fiber diameter.

Insulation is produced by different

densities; therefore, there is a wide variatien in thickness for the saze
R-v3lue between varicus manufacturers.

(See Batt and Loose Fill Inshsla.tiun.)

*Reprinted with pernission From ASHRAE Handbook of Fundameatals 1972.
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) PART A
VERTICAL PANELS (EXTERIOR WIKDOWS, SLIDING PATIO DOORS

AND PARTITIONS)—FLAT GLASS, GLASS BLOCK AND PLASTIC SHEET

. TABLE A~5
COEFFICIENTS OF TRANSMISSION (U') OF WINDOWS, SKYLICHTS, AND LIGHT TRANSMITTINC PARTITIONSW*
(These values are for heat tranafer from air to air.)
Btu per (hr) (ag f&)} (F Deg)

PART B
HORIZONTAL PANELS (SKYLIGHTS)
FLAT GLASS, CLASS BLOCK AND PLASTIC BUBBLES

Extorior]

Boscription miﬂ;«;dgrl — Interior Deacription Winter] Smmar? Interior?
Flat Glass Flst Glaas -
single glass 1.13 1.06 0.73 single glama . 1.22 c.83 0,96
ingulating glaus-ﬁdoublcz Inaulating glaea-—doublez
3/16 in. air space 0.69 0.64 0.51 -3/16 4in. air space .75 0.49 0.62
1/4 dn. air space c.65 0.61 0.49 1/4 dm, air space 0.70 Q.46 0.59
1/2 in. air spoce 0.58 0,56 0.46 1/2 in. air space 0.66 0.44 0.56
1/2 4in, air space, low 1/2 in. air space, low
emlgsivity coating? emlapivity coating?
emisgivity = 0.20 0.38 0.36 0.32 emisaivity = 0.20 0.46 0.31 0.39
emissivity = 0.40 0.45 0. 44 0.38 emisaivity = 0.40 0,53 0.36 0,45
emigaivicy = 0.62 0.52 0.50 0.42 emisgivicy = 0,60 0.60 0.40 0.50
insulating glass--triple .
174 in. air spaces 0,47 .45 0.38 Glass Block
1/2 in. air spaces 0.36 0.35 0.30 H x 11 x 3 1. chick with
sporm windows cavity divider G.53 0.35 Q.44
1 ta.4 in. air space 0.5 | 0.54 | OC.e4 12 x 12 x & in, chick with
' . M : * cavity divider 0.51 0.34 0.42
Glass Block F
6% 6% & in. thick 0.60 | 0.57 | 0.4 Plastic Bubbles
single walled 1.15 0.80 -
§ ®x 8 x 4 in. thick 0.56 0.56 A.44 double walled 0.78 0.46 —
-=with cavity divider 0.48 0.46 0.38° N ‘
12 % 12 x 4 In. thick 0.52 0,50 0.41
——vith pavity divides 0.66 | 0,42 | 0.36 ?ﬁ pent flow uo.
12 x 12 x 2 in, thiek 0.60 | 0.57 0.46 qror heat flow down.
Baaad on aron of opening, mot total gurface zvea.
Single Plaatie Sheet 1.09 1.680 0.70 .
-{See following page for Part { of this table.}

Ich Part ¢ for adjustment for various windaw and aliding

pario door types.

2Bouble and triple refer tp the number of lights of glasa.

3C03cing on ecither glass surface facing alr space; all

other glass surfaces uncoated.

“Dimenslons arve nomimal.
D

*Reprinted with perwission from ASHRAE Handbook of Fundamentals.
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PART C

ADJUSTHENT FACTORS FOR VARIOUS WINDOW AND SLIDING PATIO DOGR TYPES
(Multiply U valuea in Parts A and B by these factors}

I Single Double or

Description quss Triple Clags Storm Windows
Windows

A1l Glass® 1,00 1.00 . 1.00

Wood Sagh~-80% Glaas ! 0,90 .95 3.0

Wood Sash--60X Glass 0,80 4.85 ':l.lm9

Hetal S3eh--80% Glass 1,00 1.2¢0 1.20
Stiding Patio Doors I

Wood Frame 4,95 1.00 -

Hetal Frame 1,060 1.10 -

8pefars to windows with negligible opaque area.

SYalue becomes 1.00 wvhen stovm sash 15 separated from prime window by a theymal

break.
TABLE A-6
COEFPICIENTS OF TRANSHISSION (U} FOR SLAB DOORS*
Btu per (hr) (sq Et) (F Deg)
Winter
Thickness?! Solid Wood, Storm Door® Ho ::ﬁ?;rﬁoor
Ho Storm Door Woad Metal
1 in. 0,64 0.30 0.39 0.61
1-174 in. 0.55 0.28 0.34 0.53
1-1/2 in, 0.49 0.27 0.33 0.47
2 in, 0.43 0.24 .29 0.42
Steel Door
1-3/4 in,
a* 0,59 - - 0.58
B 0.40 -~ - 0.3
¢S 0,47 - - 0.46

INominal thickness,

2yalues for weod storm doors are For approximately 50X

doors values apply for any percent of glass,

A =
4p =
Sg =
Note!

Miperal Fiber core (2 1bfeu ft).
Solid urethane foam core,
Solid polystyrene care.

Hollow core doors 1-3/8 in, thick - R

1-3/4 in., thick - R

glass

; for metal storm

*Reprinted with permfssion from ASHRAE Handbook of Fundameatals.
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26 WISCONSIN ADMINISTRATIVE CODE
APPENDIX B )
. FORMULA FOR DETERMINING THE OVERALL Uy OF THE WALL
- UcavAcav + Usol Asml:‘ + UwinAwin +'udoorAdoor + UboxAbox * Ufouncl"fcuuncl
Uy p ™ —
Hhere: ’ : . o
Uy = Average thermal transmittance of gross wall:area.
3 P R
A, = Gross area of éxterior walls. ‘
U_,, = Therdal tranamittance of cavity area (usually assume’ 80X)
r"-cav = Area .between wall framing Qhere in_su].étion may b_e plac._éd.
U_,1 = Thermal transmictance of wood framipg area.
-Ksol = Area of wood ffaming (usually assime 20%)
Ubox = Thermal transmittance of box sill area.
A;JOX = Area of box sill K
u = Thermal transmittance of foundation area.
found
Afound = Area of above grade expgsed concrate.
Uuln = Thermal transmittance of 'window. - -
p“yiri = Total glass a_l:'as_l. . )
. = Thermal transmittance of door. - .
door .
door Total door area,
oot
FORMULA, FOR DETERMINING THE OVERALL Up OF THE CEILING
Ug = Ucay Acav + Ugol Aeu:ol += Uakylight Ask},rlight
! Ao ‘ :
Where: . . L #
U =.Average. thermal transmittance of gross roof/ceiling.
A, = Gross area of rooffcelling assembly.
Uoay = Thermal transmittance of cavity area. : ; -
Acgy = Area between wood'_framil-ng. . '
Ugoy = Thermal transmittance of framing.
Agy1 = Area of wood fraiming (usually:assume 10%) S
uskylight = Thermal transmittance of skylight elements.
Askylight = Area of skylight (including frame}.

Reglster, May, 1978, No. 269
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APPENDIX C

Effect of Sizing Limitation on Equipment

. Using the example on system design 1llustrated im Appendix A, an analysis
( was made to see what impact or problem the proposal for liwmiting the size of
equipment to 157 above the desipgn losses would have.
Exanple:
Total construction loss 27,760 Btu/hour

One air change per hour:

Inside volume = 12,188 cu. ft.
G = (12,188)(90)(.018) = 19,744 Brufhour

Total inffltration less 19,744 Btu/hour
47,504 Bru/haur

Maximun furnace size:
47,504 Btu/hour + 47,504 {.15) Btu/hour = 54,630 Btu/hour
Note: The department wil} accept Infiltratfon l¢sses deternined by the

alr crack method. For electrically heated homes that are very tightly built
and weatherstripped, one-half air change per hour way be used.

Relative Humidity

Winter: Ouring the winter it is desirable to have humidity in the air in
order to prevent the nostrils from becoming dry, furniture from cracking, ete,

However, from an energy standpoint, it is desirable to keep the relative humidity
Low; the trade-off is at about 30%.

Suetier: Buring the sumer it i{s desirable to reduce the level of relative
humidity in the building in relationship to the outside relative humidity. The
relative humidity should be kept as heigh as possible in order to conserve energy,

but lew enough for comfort, The relative humidity should be kept above 55Z, but
less than 60%.

Register, May, 1978, No. 269
Energy Conservation




28 WISCONSIN ADMINISTRATIVE CODE

APPEEDIX T

INSULATION INSTALLATEON AND CONDENSATEON CONTROL

This appendix 1s a gulde for the proper instzllation of {nsutation, The pre—
ceding appendices indicated the required acounts and types of insulation necessary
to provide the varlous thermal resistance values for the bullding envelope, .Tn
order to attain the resistance values specified, £t {s isportant that the insula-
tion be properly imstalled. This appendix includes types of materials currently
available and cozwon application practices.

Condensation control should be provided in the form of vapor barriers and
thereal breaks. Vapor barriers should be installed on the warn side (area heated
in winter) of al}l walls, ceilings, and insulated [loors, All cetal window, sky-
light, and deor frames should ¢ontafn a thermal break.

Insulation is manufactured in pany forms and types. The most comronly used
rcateriaks Ip residential construction are batts and blankets, rigid insulation,
reflective insufation, loose fill, and sprayed fnsulation., The feollowing is a
list of types of materlals and the federal specifications governing their charac-
terfstics.

Cork board . . . v v & v &+ 4« « & « « 2 + 2 4« + 2+ « FS HH-I-561

Cellular glass . .+ » 4 + + & & + 4 + + &« o« & . » . FS HU-T-351

Buct fosulation. « » .+ v v o . . ., s 4 4 4 4 . . . FS BH-I-558%

Expanded polystyrene insulation board. . . . . . . . F§ IR-T-524

Fiberbeard . . . . . . . « « . « . v v+ v s . . F5LLL-E-535 or
ASTH C-208 Class C

Fnsulation board (urethame}. . . . . . . . . . . . . F5 H{-1-330

insulation, thermal (perlite). . . . . . . ., . . . . FS HH-T-524

Hineral ftber, pneuvnatie or poured . . . . . . . . . FS {H-T-10304
Hineral fiber, lnsulacion blanket. , . . . . . . . . F§ HH-I~521E
Perlite. . . . . + + + &« v ¢ v 4 v 4 v « « « 2 v + - FE HR-I~-526a
Perizeter insulation . . . ., , . . . . . . . . . . F§ HH-I-524a Type Ii
FS HH-I-598b Form A,
Class 1 ar 2

FS HH-1-1552

AIMA TB Spec. Ne. 1
5 HH-1-515b-25

Reflective, thermal, . . . + « . ., B
Structural fiberboard insulation raof deck . . . ,
Cellulose; vegetable or wood fiber . . . . . . . .

Veroiculite, . . . . . .+ v v . . . .« .+ .. . . FS HH-I-585
Verniculite, water repellent leose fill. . . ., . . . FHA 1M-38
Mineral fiber, roof imsulstion . . . . . ., . . . . . HH-I-526c

BATTS AND BEANKETS

These materiszls are usvaliy ideatiffed on the packape and an the vapor bar-
rier facing with their "R" values. Under the federal specifications, there are 3
standard products identified as R-7, R-11, and R=19. These values are based on
the insulation value of the mass. Sorce sanufacturers offer other products such
as R-8, R-13 and R-22. The specific thickness of insulation required for a speci-
fic "R” value may vary from one manufacturer to another due to differences in base
materials and manufacturing processes,
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General Guldelines

1. Install insulatlon so the wvapor barrler faces the faterfor of the dweliing.
2. V¥apor barriers should not ke left exposed.

3. Ipsulate all voids of the building envelape includfng s=all spaces, gaps,
around receptaclea, plpes, etc.

4. Place {nsulation on the cold side of pipes and ducts (see Fig. 4). Insulation
fa not required for supply and return alr ducts in heated basezents and cellars.

Ceilings

FThere is a varlety of methods for installing blanket insulation in ceilings.

[. Fastening fram below {Fig. b},

2. Installing unfaced (witheut a vapor barrler}, friction-fit blankets (Fig. 2).

3. tLaying the inaulation in from above when the cedling finish materlal is in
place (Fig, 1a),

J

(N

a
R VFASTEN vaRoR
BARRIER, TD PLATE

OF RESTRAINT
Fig. 1a Fig. lb

Fasten flanges to the inside of ceiling joists as shown In Fib. lb. Extend the
insulatien entirely across the top plate, keeping the blanket as close to the
plate as possible. Fasten vapor barrier to plate, When eave vents are used, the
insulation should not block alr movezent [rod eave to space above insulatien
(Fig, ta).
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Flg. 2
Ingert friction-fit blankets between ceiling joists (Fig. 2}. Allow insulation
to averlap the top plate of the exterior wall, but not enough to black eave venti-~
larion. The fnsulation should be In contact with the top of the plate to avold
heat loss and air infiltration beneath the insulation. The required vapor barvier
i3 not shown. :

Ingert blankets into stud spacea. Working from the top down, aspace fasteaers per
manufacturere recomsendations, fitting flanges tightly hgafnat face of stud (Fig. 3).
Cot biankets slightly over length and fasten the vapor barrier to the top and bot~
tem plates.

Register, May, 1978, No. 289
Energy Conservation




o~

DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 31

EXTERIOR.

VAFerR,
BARRIER, Fig. &

Insert insulation behind.{cold side in winter) pipes, ducts, and electrical boxes
(Flg. 4). -

FILL ALL CRACKS

AROUND POORS AND WIND.
oW S
Fig. (COVER WITH VAPOR. BARRIER)Y

Fill small spaces between rough framing anrd doer and window heads, jambs and sills
with pieces of insulation (Fig. 5).

cuUtr 1" WIDER,
THAN STUD ebacE

NON - STAND AR
jgn STUD SPACE wibTH

¢

({9;&/,’ )

SR

A\

R

Fig. ba

Insulate nonstandard-width stud or joist spaces by cutting the insulatfon and vapor
barrier an inch or so wider than the space to be filled (Fig. 6a).
barrfer or the cut side to the other stad, cempressing the insulatien behind it, and
fasten through vapor barrier to stud face (Fig. 6b).
slightly oversize and [itted into place,

Pull the vapor

Unfaced blankets are cut
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wion.
BARRIER

Fig. 7b
Masonry walls may be insulated by inserting insulation between furring strips spaced
at 16 or 24 fnches o.c. (Fig. 7a and 7b), It is recommended to apply the vapor bar-
rier to the inaide surface. i

Floor and Crawl Spaces

Floors over crawl spaces (Fig. Ba) should be insulated either by insulating the
foundatfon walls or by placing insulation on or between the joists, I[unsulation
should be securely fastened, 1In all cases, the vapor barrier side of the insula-
tion should face the floor above; that is, be adjacent to the warm aide in winter
A vapor barrier gheuld be used to cover the ground.

Dropped Soffita

Insulation of dropped soffits over kitchen cabinets, bathtuba, showers, or similar
areas, need special attenticn when they are exposed to the attiec, If the dropped
soffit 1s fraced before ceiling finish material is applied, a “board" (plywsod,
hardboard, gypsumboard, etc.) should be installed over the cavity to suppert insula-
tion. :
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Ia aultiple dwellings with back-to-back kitchens or baths, it is necessary to
extend cefling finish material over dropped soffits to the party wall te avoid
loss of acoustical contrel and to provide adequate fire stops.

Rigid Insulation

Rigid fnsulation is available in varfous sizes and thicknesses made of polystyrene,
polyurethane, cork, cellular glass, mineral fiber (glass or rock wool), perlice,
wood fiberboard, ete. They are used as insulation for masonry construction, as
periceter insulations around concrete alabs, aa exterlor sheathing under the weather
barriexr, as rtgid insulations on top of roof decks, and ether appiications. Rigid
insulations, such as polyatyrene and polyurethane, are vapor barrlers and, in most
applications, will not vequire the installation of & separate barrier.

Installation Frocedures

Masonry walls: Rigid insulatficns are applied to either face of a masonry wall
(Fig. 9a and 9¢} or are used as a cavity insulation between two wythes of masenry
(Fig. 9b). Whan applied to the face of masonry walls, they are generally fnatalled
vith adhesive apd/or wechanical fasteners. The manufacturer's recormendation
should be followed. .

VAPOR,
bt BARR\ER,
e STOP WALL

MASOHRY WALL |
FURKING STRIP

-~ RiGIP
HSUANOH

4
INTERIOR  EXTERIOR
WALL  oRr vEnEeR
Flaney
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e K| G
INSULATION
WALL

Fig, 9¢

Fraze Construction: When rigtd insularion is used with frame construction (Fig. 10},
it 1s usually applied as sheathing t¢ the outside of the framing, and mechanically
attached with nails to wood studs or to metal studs with screws or c¢lips or other
approved wetheds.

RiGitz
INSULATION

SN G
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Roof Insulation: Roof insulation boards are usually installed with an approved
adhesive, hot asphalt, or may be nailed te the roof sheathing. The manufacturer's
Instructiony should be followed. o .

Slab-on-Grade: Rigid insulation is frequeatly used as insulation around the peri-
meteT of concrete slabs-on-grade {Fig. 1lb, ¢, d) and also may be used on the inside
of foundation walls adjacent tc heated crawl spaces, basements or cellars (Fig, 1la).
Installation is usually accomplished with adhesive and/or mechanical fasteners.
Perimeter insulation should be insralled agaiunst the foundatien wall or extended
fnte the interior of the building to a diastance equal to the design frost line

(Fig. 11b, ¢ and d)}. Where the slab bears on the foundation ledge, the inaulation
ghould be & load-bearing type.

RI&D
INSULATION

Fig. 1la . ilb

RiGIP
INSULATIond

Fig. Ilc
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INSULATED CONCRETE BLOCK

Concrete block manufacturers are currently producing several types of multi-
celled block with improved insulating values. The thermal resistance of the
block will vary depending upon the typea of Insulation used and the configur-
ation of the cells. An example of a typical multi-celled block is shown below,

TOOSE FILL INSULATIOR

Materials of this type are those made fro= mineral fibers {rock or glass},
cellulose materials {wood fibers or shredded paper), or other ezanufactured
products that can easfly be poured.

BLOWR ATTIC IRSULATION

There are several factors pertaining to blewn attic Ingulation ‘that can
cause differences i its fnstalled thermal resistance value (R). Fer a gtven
manufacturer's fasulation, the installed thermal resistance {R) value depends
on thicknass and weight of insulatfng materfal applied per square foot, Federal
speciffcation HH-1-1030A for insulation requires that ‘each bag of insulatien be
labaled-to show the minizunm thickness, the maxivum net coverage, and the ninicun
velght of (that partifcular) insulation zaterfal required per square foot te pro-
duce reststance values of R-30, 22, 14, and 11, A bag label example for blown
insulatien is shown If Fig. 12.

The number of bags of blown fnsulation required to provide a given R-value
to fngulate an attic of a given size may be calculated from data provided by the
wanufacturer. If only the thickness of blown attic insuiation 1s specified, and
the density or nucher of bags is not, the desired or assumed thermal resistance
(R) value may not be achieved. The fmportant characteristic is weight per square
foot. Thickness is the minieum thichness, not the average thickness experienced
in the field.
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Adequate baffiing of the vehit opening ok insulation blocking should be
provided so as to deflect the fncoslng alr above thé suffdcek of the installed

blown or poired insulation;

fastened, Baffles shauld be in gldee at the tine of Erdming lnsper_tiun.

Thiee blawi thslidbiins that provide R-i9 die!

Baffles shoild be midé ok ddrable materidl securely

Hinlais L ‘ .
Material Thlckibas Hakiuda Het 'cﬂv-e'rag'e;hag Bagd/i000 5q. FE.
Cellulose, 5-[/8 59 sq: ft: (40 ib: bdg 17
Glass fiber 8-3/4" 51 sqi £t: (24 1B, bHg) 20
Rock wool 6-1/2° 26 sq. ft: (27 1b. bag) is

Bag Label Example:

the eanufacturar recomends theae paximum coverages at these

minfmun thicknesses to provide the levels of ingtdiled Insulation resistance (R)

values shown:

(Based on 25-pound tominal weight bag)

R-¥alue Kinioum Minieun 'vteigi\r. Bags per i‘i l:a_:ctémiza__
Thitkness per Sq. Ft 1000 Sq. Ft. el tovelage
' par Bag -
To obtaln an Instalied The weight per Wumber ¢f bdgs ‘goiii:éh‘t’a_:;'f
insulation insulation sq. fr, of in- per 1006 sq. fel this bdg
resistance should aot stalled insula-. of net atea should| should not
R of: be less thant tion should be not be leas than: cover
fiot less thant moke than:
R-30 13-374 dad; 0.768 1bs: per 6 33 §q: .
Ehbek - sqs £y _ _
R-22 la i 8,558 b, pir 3 &5 sy fi.
thite 8q. ft.. )
R-1% 8-3/4 1, 0,489 1bs. per 20 51 aq. ft.
thick aq. fti . X
R-11 5 i D 479 1bs; pet i dd =q; fti
ihlek s4; £, :

Weight contehts.

wob tess thai 24 1bs.

R-values aké detem{hed ift decardanes with ASTM cu68i ahcl c2236

Fig.
rephEchive insbiation

Reflecttvé ihsuiatish 1s compdabd of lintim fo!l in one or more layers elbiibic
plain or laminated to oni ot both sides of ktaft paper for structural strength: The
ingulation value for reflective alr $paces, yhich ;his type of fnaulation provides;
varies witiely depending on the direction of heat flow. ’rﬁey are nuch sore efficibne
when the heat flow is deim, keﬂec:ive insulations which cosply with the require-
uérit¢ when used in a floor; may not be saiisfactuty in ceilings or walls, where the
heat Flow is upwitd dnd torizontdl, respectively, Reflective fnsulations are effec-
tive in contyolling tadiant heat epergy when installed so that they face an alr space,

Irsulation should he installed in suchk a msnner that it {s continuous, without holes
or tears,

Hegister; My, i§78 fu. 69
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. : " 'SPRAYED INSULATION :

There are se\}eral types of insulation uhich are sprayed against the su:face
of the building materials or in cavities. Soue of these are cellulose with binder,
mineral wool with binder, and cellular foams. They may be sprayed directly on
concrete, masonty, wood, plastic, or metal panels or may be sprayed between the
franing menbers., Manufacturer's recommended Instrucfions should be followed.

To determine that the proper thickness is inatalled, either refer to the plans
and specifications, or request a cartification from the supplier that the insu-
lation installed provides the required "R" value. .

TYPICAL INSULATION THICKNESSES AND VALUES

: Approximate o B
Ingulation R-Value Thickness
Fiber glass ‘11 X 3-1/2"
Fiber glass 13 3-5/8"
Fiber glass 19 L
Fiber glass . ti] a
Fiber glass - 18 12"’
Extruded Polystyrene Foam - - 5.4 m

Extruded Polystyrene Foam 19.8 7 . 2

VAPOR BARRIERS

Vapor - barriers are used in conjunction with insulation to decrease the
chance of moisture ¢ondensation inside the building insuiation.- Vapor barriers
are placed on the side of the wall, ceiling or floor that is warm in winter.
Fot equal vapor pressures, colsturé vapor peaetration through holes or tears in
the tnsulatfon vaper barrier s proporticnal to the size of the opening, Holes
ar tears should be repaired. A snug fit of blanket flanges apafnst the framing
i3 necessatry to prevent moisture from bypassing the vapor barrier..

o _ EGUIPMENT

The installation of the heating system can contribute to inefficiencies.
A furnace which 1s oversized by a factor of 2 will require & to- 107 more fuel
than a furnace of correct size. An installation that has uninsulated ducta
passing through an unheated crawl or attic space will lose about 1.5 Btu per
hour per square foot of duct per degree of temperature differential between duct
air and outside atr. This can amount to 40% of a furnace output under =tld con-
ditiens. Undersized ducting will reduce the amount of circulatingafe asd will
affect the capacity of the furnace, but will normally have little effect ugon
its efficiency. Atmospheric combustion equiprent that draws its cembustion and
gstack-dilution air from the heated space will tequire up to 8% wore fuel in 2
seasen to heat the required makeup air than sealed combustion equipnent. Stack
heat recovery devices can recover from zhout 4% at-450° F to BZ:atr 800° F

The appliance wmanufacturer should be-consulted when retrofitting the-ap-
pilance with combustion air te.assure that the appliance warranty is not affected.

.
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COMBUSTION AIR FQR FIREPLACES

It 1a recomzended that combustion air from the exterior be provided for
all fireplaces. Masonry fireplaces can be made more energy efficient with com—
bustion air terminatipg in the fireplace. The cpening of the fireplace should
be equipped with a door and the combustion air duct with a da=mper znd a leuver
to minimize air leakage during perieds of nonuse.
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