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FASTENER SCHEDULE TABLE

Description of Building Materials/Connection

Number and Type of

Fastener ' 2%
Joist to sill or girder, toe nail 2-16d, 3-8d
Bridging to joist, toe nail each end 2-8d

1” x 6” subfloor or less to each joist, face nail

Wider than 1” x 6” subfloor to each joist, face nail

2" subfloor to joist or girder, blind and face nail

Sole plate to joist or blocking, face nail

Top or sole plate to stud, end nail

Stud to sole plate, toe nail

Doubled studs, face nail

Doubled top plates, face nail

Top plates, laps and intersections, face nail

Continuous header, two pieces

Ceiling joists to plate, toe nail

Continuous header to stud, toe nail

Ceiling joist, laps over partitions, face nail

Ceiling joist to parallel rafters, face nail

Rafter to plate, toe nail

1” brace to each stud and plate, face nail

1”7 x 8” sheathing to each bearing, face nail

1”7 x 8” sheathing to each bearing, face nail

Wider than 1”7 x 8” sheathing to each bearing, face
nail

Built-up corner studs

Built-up girder and beams

2-inch planks
Roof rafters to ridge, valley or hip rafters, toe nail
Roof rafters to ridge, valley or hip rafters, face nail
Collar ties to rafters, face nail
Plywood subfloor, roof and wall sheathing (to
framing) °
Y2-inch to 5/16-inch
%-inch to %-inch

%-inch to 1-inch
1%-inch to 1%-inch

Fiberboard sheathing’
Y2-inch

25/32-inch
Gypsum sheathing, ¥2”°

Particleboard wall sheathing (to framing)®
¥%-inch to Y%-inch
%-inch to %-inch

Insulated sheathing

Combination subfloor underlayment (to framing)®
%-inch and less
%-inch to 1-inch
1'-inch to 1%-inch

Panel siding (to framing) ©
Y2-inch or less
%-inch

2-8d or 2 staples, 1%”
3-8d or 4 staples, 1%”
2-16d

16d at 16” o.c.

2-16d

4-8d or 3-16d

16d at 24” o.c.

16d at 16” o.c.

2-16d

16d at 16” o.c. along each edge
2-16d, 3-8d

4-8d

3-16d

3-16d

2-16d, 3-8d

2-8d or 2 staples, 147
2-8d or 2 staples, 1%”
2-8d or 3 staples; 1%/
3-8d or 4 staples, 1%”

16d at 30” o.c., 16d at 24” o.c.

20d ‘at 327 o.c. at top and bottom and
staggered: 2-20d at ends and at each
splice

2-16d at each bearing

4-16d

3-16d

3-8d

6d° or staple

8d smooth or common,

6d deformed, or staple

8d°

10d smooth or common, or
8d deformed

8d common or staple, 1'4” long or roof-
ing nail"

8d common or staple, 1¥2” long or roof-
ing nail"

1%” galvanized roofing nail,

or 6d common, or staple

6d common

8d common or staple
11-gauge roofing nails, 6d, 8d,
or staple

6d deformed
8d deformed
10d smooth® or common or
8d deformed®

6d
8d
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'All nails are smooth-common, box or deformed shank except where otherwise stated.
2Nail is a general description and may be T-head, modified round head or round head.
3Staples are 16-gauge wire and have a minimum 7/16-inch o.d. crown width.

*Common or box nails may be used except where otherwise stated.

*Common or deformed shank.

¢Nails spaced at 6 inches on center at edges, 12 inches at intermediate supports (10 inches at
intermediate supports for floors), except 6 inches at all supports where spans are 48 inches or
more.

"Nails spaced at 3 inches on center at edges, 6 inches at intermediate supports.
*Nails spaced at 4 inches on center at edges, 8 inches at intermediate supports.
°Nails spaced at 6 inches on center at edges and at intermediate supports.
"Corrosion-resistant siding and casing nails.

"Galvanized roofing nails with 7/16-inch diameter head and 1%-inch length for ':-inch
sheathing and 1%-inch for 25/32-inch sheathing.

SPAN TABLES FOR JOISTS AND RAFTERS
(Recommended by National Forest Products Association)

EXPLANATION OF TABLES

These span tables for joists and rafters are calculated on the basis of a
series of modulus of elasticity (E) and fiber bending stress (F) values.
The range of values in the tables provides allowable spans for all species
and grades of nominal 2-inch framing lumber customarily used in con-
struction.

Tables J-1 through J-6 list spans for floor and ceiling joists used over a
siﬁlgle span with calculations based on E and the required Fy values
shown.

Tables R-1 through R-6 list spans for rafters used over a single span
with calculations based on F,, and the required E values shown.

Tables TSJ-1 and T'SJ-2 list spans for floor joists continuous over two
egual spans with calculations based on E and the required F,, values
shown.

Appplicable design criteria for each condition of use appear at the top
of each table. While these criteria are directed principally to residential
construction, they are suitable for other occupancies having similar con-
ditions of loading. Tabulated spans for rafters also apply to other types
of occupancy, since the occupancy has little bearing on roof loading.

LUMBER SIZES

Tabulated spans apply to surfaced (S4S) lumber having dimensions
which conform to the American Softwood Lumber Standard, PS 20-70.
These sizes are as follows:

Dressed Size (inches)

Reference Surfaced Dry Surfaced Green
2x4 12 x 3% 1-9/16 x 3-9/16
2x6 12 x 5% 1-9/16 x 5%
2x 8 12 x 7% 1-9/16 x 7%
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2x10 12 x 9% 1-9/16 x 9%
2x12 1% x 11% 1-9/16 x 11'%
MOISTURE CONTENT

The listed dry and green sizes are related at 199 maximum moisture
content. Tabulated spans are calculated on the basis of the dry sizes and
are also applicable to the corresponding green sizes. The spans in these
tables are intended for use in covered structures or where moisture con-
tent in use does not exceed 19%.

SPAN MEASUREMENT

Tabulated spans are the clear distance between supports. For sloping
rafters, the span is measured along the horizontal projection.

LUMBER DESIGN VALUES

Use of these span tables requires reference to the applicable design
values for the various species and grades of lumber. “Design Values for
Joists and Rafters”, a supplement to these span tables, provide such val-
ues in convenient-to-use form. Modulus of elasticity (E) and fiber bend-
ing stress (F},) values therein are based on the National Design Specifi-
cation for Wood Construction (formerly National Design Specification
for Stress Grade Lumber and Its Fastenings) and incorporate adjust-
fnegts appropriate for repetitive-member use under various durations of
oad.

Repetitive-member use is that condition where framing members
such as joists, rafters, studs, planks, decking or similar members are
spaced not more than 24 inches, are not less than 3 in number and are
joined by floor, roof or other load-distributing elements adequate to
support the design load. Design values in bending (F,) for such use are
15% greater than for single-member use.

For rafters, design values in bending (F},) may be greater than the
design values for normal duration of load, by the following amounts:

159 for 2 months’ duration, as for snow.
25% for 7 days’ duration, as for construction load.

The design value tables provide values for bending for repetitive-
member use of joists and rafters under normal, 2-month and 7-day dura-
tions of load.

ROOF LOADS

Rafter spans are tabulated for the most common roof loads. For roof
loads intermediate between those tabulated, straight line interpolation
may be used.

LUMBER IDENTIFICATION

When used with the tabulated spans in these tables, lumber should be
identified by the grademark of an agency recognized as being competent
by the Board of Review of the American Lumber Standards Committee
or the Canadian Lumber Standards Administrative Board.

USE OF THE SPAN TABLES

Spans for floor and ceiling joists are calculated on the basis of the
modulus of elasticity (E) with the required fiber bending stress (F,)
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h.sted below each span. Spans for rafters are calculated on the basis of
fiber bending stress (F),) with the required modulus of elasticity (E)
listed below each span. Use of the tables is illustrated in the examples
which follow.

Example 1. Floor joists. Assume a required span of 12’-9”, a live load
of 40 psf and joists spaced 16 inches on centers. Table J-1 shows that a
grade of 2 x 8 having an E value of 1,600,000 psi and an Fy, value of 1250
psi would have a span of 12 ’-10”, which satisfies the condition.

_ Example 2. Rafters. Assume a horizontal projection span of 13’-0”, a
live load of 30 psf, dead load of 15 psf and rafters spaced 16 inches on
centers. Table R-2 shows that a 2x8 having an Fy, value of 1300 psi and
an E vgllue of 1,000,000 psi would have a span of 13’-3” of horizontal
projection.

Sipqe many combinations of size, spacing, E and Fy, values are possi-
ble, it is recg)mrr}ended that the users examine the tables to determine
which combination fits their particular case most effectively.
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152 WISCONSIN ADMINISTRATIVE CODE
APPENDIX A

CHAPTER Ind 22

DETERMINING THE LEVEL OF INSULATION

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

+ 20 4—— 45 —+

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 = 150.66 square feet

Exposed foundation wall area = 108.97 square feet

Basement window area = 15.65 square feet

Insulated window area = 172.67 square feet

Insulated door area = 37.82 square feet

Ceiling area = 1,500 square feet (10 framing, 90 cavity)

METHOD I - ACCEPTABLE PRACTICE METHOD

The acceptable practice method outlined below can be used with min-
imum calculations for determining the acceptable level of insulation.

Register, February, 1980, No. 290
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Problem: Using the acceptable practice method determine the level of
insulation required for the 1,500 square foot dwelling in Phase 1.

Step 1: Determine the percentage window and door area.

Percent opening _ Window area + Door area % 100%
area ~ Gross wall area + Box sill area «

172.67 sq. ft. + 37.82 sq. ft.
1612.18 sq. ft. + 150.66 sq. ft.

210.49 sq. ft.
1,662.84 sq. ft.

Step 2: Determine level of insulation required for the box sill and side-
walls for the given window and door area from Table A-1. (Phase 1)

Using % inch plywood siding the table shows that an R-11 batt with R-
1.22 fiberboard will allow up to 12.8% window and door area.

x 100 %

Step 3: Determine the percentage window area for the exposed foun-
dation wall.

Percent opening _ Window area x 100%
area ~ Total exposed foundation area e
_ 15.65 sq. ft. oy
= T108.97sq. ft. +15.65 sq. fr. X 100%
= 12.6%

Step 4: Determine the amount of exposed foundation wall: If there is
8” of wall exposed and the wall height is 8/,

Percent exposed _ 8”/(12” per foot)
= 5

wall

x 100% = 8.3%
Step 5: Refer to Table A-2 to determine the level of insulation re-
quired for the foundation.

Using the requirements for less than 25 % exposed foundation wall the
table shows that an R-5.27 insulation can be used for up to 24.8% double
glazed windows.

b Step 6: Select the level of insulation required for the ceiling from Ta-
le A-3.
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3. Insulated windows are used with a U-value of .56. .
4. The insulation type is carried down through the box sill.

1. Door area = 2% of wall and box sill area.
2. Insulated doors are used with a U-value of .47.

Note: The following assumptions were used to derive this table:
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TABLE A-2
EXPOSED FOUNDATION INSULATION

Percent window area
Foundation exposure| Requirement [Insulation type Single glazed Double glazed
Less than 25% of U, = .25
foundation exposed R-5.27 10.4 24.8
R-11 batt 15.5 34.2
Multi-cell insul. block
(R-12.06) 16.0 35.0
More than 25% of | U, =.14 R-11 batt
foundation exposed 4.9 10.8
R-13 batt 5.8 12.7
Multi-cell insul. block|
(R-12.06) 5.5 12.0
U, = .13 R-11 batt 3.9 8.7
R-13 batt 4.8 10.6
Multi-cell insul. block|
(R-12.06) 4.5 9.9
Uy =12 R-11 batt 3.0 6.7
R-13 batt 3.9 8.5
Multi-cell insul. block|
(R-12.06) 3.5 7.8
TABLE A-3

INSULATION LEVELS REQUIRED TO MEET CEILING U VALUES

R-Value Required

U, 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-18)
Rock wool 9.7 in. (R-29) 4.2 in. (R-13)
Cellulose 8.4 in. (R-31) 2.9 in. (R-11)

.029 Fiber glass batt R-38 R-19
Fiber glass blown 13.6 in. (R-34) 8.1 in. (R-20)
Rock wool 10.9 in (R-33) 5.4 in. (R-16)
Cellulose 9.5 in. (R-35) 4.0 in. (R-15)

Note: The following assumptions are used:
1. Fiber glass blown = R-2.5 per inch
2. Rock wool = R-3.0 per inch
3. Cellulose = R-3.7 per inch

METHOD II — SYSTEM DESIGN METHOD

The system design method is the more complex method of determin-
ing the level of insulation required by the code. This procedure may be
used when it becomes necessary to combine various materials to comply
with the code. If the window area is increased and the same wall insula-
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tion is used, the wall section will not meet the requirements of section
Ind 22.06 (6), but the system design method can be used by adding extra
insulation elsewhere.

Problem: Using the system design method, increase the opening area
to 15% 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-A and B.

Inside temperature = 70° F
Outside temperature = -20° F
2T~ Tinside “Toutside = 70 - (-20) = 90° F.,

Note: Degree days may be used for system design instead of design
temperatures:

Zone 1, 9,000 degree days
Zone 2, 8,000 degree days
Zone 3, 7,600 degree days
Zone 4, 7,000 degree days

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

Exposed exterior walls above grade; U, = .15
Roof/ceiling; U, = .033

Step 3: Fill in the worksheet to determine requirements for building
enclosure heat loss.

Step 4: Select the levels of insulation to be used and determine the U
values for the ceiling, wall, box sill and foundation (shown in Figure A-
1). Fill in the building enclosure worksheet.

Step 5: If the total heat loss determined through the system design
method is within one percent or is less than the heat loss determined
through the code requirements, the code has been satisfied.

Raocicter Feohriiarv 19820 No 290
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R-VALUE DETERMINATION BY COMPONENT

NANN
iLf%uuuw

Ceiling

Top surface
Insulation

Wood

" gyp. wall board
Bottom surface

157
Cavity R Joist R
17 17
38.0 19.0
— 6.88
45 45
.61 .61
39.23 27.11

(U=.025) (U=.037)

Wall Cavity R
Outside surface 17
J K” ext. siding 77
)\/’J; Rigid insulation —
A Insulation 11.00
— Wood stud —
V1" gyp. wall board 45
Inside surface .68
AR 13.07
(U=.070)
Box sill R
Outside surface 17
% ext. siding 77
—_— N Rigid insulation _
Insulation 11.00
" 12" wood 1.88
p Inside surface .68
14.50
(U=.064)
gn
Foundation R
/ Outside surface 17
8” concrete .64
Inside surface .68
Rigid insulation 5.27
_J 6.76
(U=.15)
Figure A-1
WORKSHEET FOR SYSTEM DESIGN ANALYSIS
CODE REQUIREMENTS
Component U, Reqd. Area AT Heat Loss
Walls
Above grade .15 1512.18 90 20,414.4
Box sill .15 150.66 70 1,581.9
Foundation .15 124.62 70 1,308.5
Roof/Ceiling .033 15600.00 90 4,455.0
Floor
Over unheated spaces
Slab-on-grade
TOTAL 27,759.9

vy RT . O N

Stud R
17

77

4.38

.45

.68
6.45
(U=.13)
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SYSTEM DESIGN ALTERNATIVE

Component U Area AT Heat Loss
Walls

Cavity .070 1010.20 90 6,364.3

Solid .13 252.60 90 2,955.4

Box sill .064 150.66 70 675.0

Foundation 15 108.97 70 1,114.2
Roof/Ceiling

Cavity 025 1350.00 90 3,037.5

Solid .037 150.00 90 499.5
Floor

Over unheated spaces

Slab-on-grade
Windows .56 211.61 90 10,665.1
Doors .31 37.82 90 1,055.2
Basement windows 1.13 .15.65 70 1,237.9

TOTAL 27,634.1
WORKSHEET FOR SYSTEM DESIGN ANALYSIS
CODE REQUIREMENTS

Component U, Reqd. Area AT Heat Loss
Walls

Above grade

Box sill

Foundation
Roof/Ceiling
Floor

Over unheated spaces

Slab-on-grade

TOTAL

"L o Tmen AT 00N
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SYSTEM DESIGN ALTERNATIVE

Component.

U

Area AT

Heat Loss

Walls
Cavity
Solid
Box sill
Foundation

Roof/Ceiling
Cavity
Solid

Floor

Over unheated spaces

Slab-on-grade
Windows
Doors

Basement windows

TABLE A-4
COMMON CONSTRUCTION MATERIAL R-VALUES*

TOTAL

Density Per inch For thick-
Material Description (lb per thickness ness listed
cu ft) R-Value R-Value
BUILDING Asbestos-cement board ........... 120 0.25 —
BOARD Boards, Asbestos-cement
panels, board.....cccooveneerreennnn Y in. 120 —_— 0.03
subflooring, Asbhestos-cement
sheathing, bhoard.....cccoviiininnn Yain. 120 0.06
woodbased panel Gypsum or plaster
products board.....covieriiinnn ¥ in. 50 — 0.32
Gypsum or plaster
50 — 0.45
34 1.25 —
34 —_ 0.31
34 —_ 0.47
Plywood... 34 0.62
Plywood or wood
panels .....coocoienn Yoin. 34 — 0.93
Insulating board
Sheathing, reg.
density .ccccoevvevrneenns Yiin. 18 — 1.32
25/32 in. 18 — 2.06
Sheathing, intermediate
density ... Y2 in 22 — 1.22
Nail-base
sheathing............... in. 25 e 1.14
Shingle backer...... % in 18 — 0.94
Shingle backer...... 5/16 in. 18 — 0.78
Sound deadening
board.....ccocooiiinns Y2 in 15 1.35
Tile and lay-in panels,
plain or acoustic . 18 2.50 e
18 1.25
% in 18 — 1.89
Laminated paperboard ......... 30 2.00 —
Homogeneous board from
repulped paper ................. 30 2.00 —_—
Hardboard
Medium density
siding .ooeeeeicieennnne 7/16 in. 40 0.67
Other medium density.......... 50 1.37 —
High density, underlay ......... 55 1.22 _—
High density std. tempered 63 1.00 —
Particleboard
Low density ..oveniriiniienes 37 1.85 e
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160 WISCONSIN ADMINISTRATIVE CODE
Density Per inch For thick-
Material Description (Ib per thickness ness listed
cu ft) R-Value R-Value
Medium density... 50 1.06 —
High density... . 62.5 0.85 —
Underlayment % in. 40 — 0.82
Wood subfloor.. Yoin. — — 0.94
BUILDING Vapor-permeable felt .............. — - 0.06
PAPER Vapor-seal, 2 layers of mopped
15 lb. felt — e 0.12
Vapor-seal, plastic film —_ — Negl.
ROOF Preformed, for use above deck
INSULATION Approximately...... Yin. — 1.39
Approximately...... 1in. — _— 2.78
Appproximately ... 1%2in  — — 4.17
Appproximately ... 2 in. — 5.56
Approximately...... 2% in.  — — 6.67
Approximately...... 3in. — — 8.33
Cellular glass ....c.cccoevnerronnnnn. 9 2.50 —
MASONRY Cement mortar.......cceeunnn... 116 0.20 —
MATERIALS Gypsum-fiber concrete
Concrete 872 gypsum, 12% % wood
Chips ..o 51 0.60 —
Lightweight aggregates 120 0.19 —
including expanded shale, 100 0.28 —
clay or slate, expanded 80 0.40 —
slags; cinders; pumice; 60 0.59 —
vermiculite; also cellular 40 0.86 s
concretes 30 1.11 —
20 1.43 —_—
Perlite.....ococeevivnnici, 40 1.08 —
30 1.41 —_
20 2.00 —
Sand and gravel or stone ag-
gregate (oven dried) ............... 140 0.11 -
Sand and gravel or stone ag-
gregate (not dried) ................ 140 0.08 -
Stucco.. 116 0.20 —
MASONRY Brick, common ......cccccovnnnnn. 120 0.20 —
UNITS Brick, face. 130 0.11 —
Clay tile, hollo
1 cell deep............. 3in.  — — 0.80
1 cell deep.. 4in.  — — 1.11
2 cells deep 6 in.  — —_ 1.52
2 cells deep 8in. — —_ 1.85
2 cells deep 10 in., — — 2.22
3 cells deep ... . 12 in.  — — 2.50
Concrete blocks, 3 oval core:
Sand & gravel
aggregate ............... 4 in. — — 0.71
8in. — —— 1.11
12 in. — — 1.28
Cinder aggregate.. 3in. — — 0.86
4 in., — — 1.11
8in. — — 1.72
T 12 in. — — 1.89
Lightweight 3in. — — 1.27
aggregate (expanded 4 in. — — 1.50
shale, clay, slate 8in. — — 2.00
or slag; pumice) 12 in. — — 2.27
Concrete blocks, rectangular
core
Sand & gravel
aggregate
2 core, 8”7 36 1b — — 1.04
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Density Per inch For thick
Material Description Ib per thickness ness listed
cu ft) R-Value R-Value
Same with filled cores — - 1.93
Lightweight
aggre- .
gate (expande
shale, clay, ....ccccoeunes
slate or slag,
pumice) ...
3 core, 8”7 19 1b..... _— 1.65
Same with filled
(4203 L1 — — 2.99
2 core, 8”7 24 lb..... e 2.18
Same with filled
COTES..... —_ — 5.03
3 core, 12”7 38 ib... — 2.48
Same with filled
(416 J-Y- SOOI — 5.82
Stone, lime or sand — 0.08 —
Gypsum partition tile:
3 x 12 x 30 in. solid... — _— 1.26
3 x 12 x 30 in. 4-cel - - 1.35
4 x 12 x 30 in. 3-cell.. — — 1.67
PLASTERING Cement plaster, sand
MATERIALS AgEregate ... 116 0.20 —_
Sand aggregate..... ¥ in.  — — 0.08
Sand aggregate..... ¥oin, — 0.15
Gypsum plaster:
Lightweight
aggregate .....oeeoeenes V2 in. 45 — 0.32
Lightweight
aggregate ............... % in, 45 R 0.39
Lightweight
aggregate on
metal lath............ Yain, - e 0.47
Perlite aggregate .....ccooceeenn 45 0.67 —
Sand aggregate 105 0.18 —
Sand aggregate..... 2 in, 105 —_ 0.09
Sand aggregate..... % in. 105 — 0.11
Sand aggregate on
metal lath.. Yin — ——— 0.1
Vermiculite aggregate ........... 45 0.59 —
ROOFING Asbestos-cement shingles . 120 — 0.21
Asphalt roll roofing .. 70 — 0.15
70 —_ 0.44
¥ in 70 — 0.33
Y2 in.  — — 0.05
Wood shingles, plain
plastic film faced — - 0.94
SIDING Shingles:
MATERIALS Asbestos-cement .. 120 — 0.21
(On flat surface) Wood, 167, 7/2” exposur: — — 0.87
Wood, double, 167, 12”7
EXPOSUTE Loiviviiiiiiiiiniinnnnineneeeaens — — 1.19
Wood, plus insu-
lating backer
board.......ccoocninns 5/16 in.  — - 1.40
Siding:
Asbestos-cement, ¥4 lapped — — 0.21
Asphalt roll siding ................. e e 0.15
Asphalt insulating siding (2"
bd.) — e 1.46
Wood drop 1 x 87 —_ - 0.79
Wood  bevel, »” x 8~
lapped ...coooviiveiiiieiiiececieennn — — 0.81
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Density Per inch For thick- - - -
r s thick

Material Description (Ib per thickness ness listed Density P‘?T inch For hic
cu ft) R-Value R-Value Material Description Ib per thickness ness listed

cu ft) R-Value R-Value

Wood  bevel, % x 10”7
Perlite, expanded 5.0-8.0 2.70 —

Wood plywood %” lapped .... Mineral fiber (rock, slag or

Aluminum or steel, over glass):

sheathing, hollow-backed ..... — o 0.61 Approximately

Insulating-board backed B e Note 1 8-15 — 9

nominal %" .......coeiiiiin. _ — 1.82 Approximately

Insulating-board backed AV27 i Note 1 8-15 — 13

nominal %" foil backed ........ — — 2.96 Approximately

Architectural glass................. — — 0.10 B e Note 1 8-15 — 19

— — 1.056

—_ — 2.08 TYa" i — 24
- — 1.23 Silica aerogel . R 5.88 —
MATERIALS Cork tile . — — 0.28 Vermiculite (expanded) . .. 7.0-8.2 2.13 —
Terrazzo ..... . 1in. — — 0.08 4.0-6.0 2.27 —
Tile-asphalt, linoleum, vinyl,
rubber... — — 0.05 WOODS Maples, oak and similar
Wood, hardwoo hardwoods......cccooviiviiiiiniiannnn. 45 0.91 —
finish......cccoevriiii. Y in., — — 0.08 Fir, pine, and similar
softwoods
INSULATING Mineral fiber, fibrous form Fir, pine, and simi-
MATERIALS processed from rock, slag or lar softwoods .. .
Blanket and batt glass
Approx. 2 to 2%” Note
Approx. 3 to 31n” Note
Approx. 5% to
6127 e, Note I  — — 19

FINISH Carpet and fibrous pad .
FLOORING Carpet and rubber pad..

32 1.25 —

Yo in. 32 — 0.94
1% in. 32 — 1.89
22 in. 32 — 3.12
3% in. 32 — 4.35

|
\

|
|

Note 1: R-value varies with fiber diameter. Insulation is produced by different densities;
Board and Slabs  Cellular glass .....ccocovvevvvvernnn.. 9 2.50 — therefore, there is a wide variation in thickness for the same R-value between
Glass fiber, organic bonded ... 4-9 4.00 — various manufacturers. (See Batt and Loose Fill Insulation.)
Expanded rubber (rigid) ....... 4.5 4.55 —
Expanded polystyrene ex-
truded, plain.......cccoveieninn. 1.8 4.00 ——
Expanded polystyrene ex-
truded (R-12 exp.) ...........
Expanded polystyrene ex-
truded (R-12 exp.) (Thick-
ness 1”7 and greater) ............... 3.5 5.26 _
Expanded polystyrene,
molded beads ......cccccoeninnn. 1.0 3.57 —
Expanded polyurethane (R-11
EXP.) e 1.5 6.25 —
Mineral fiber with resin
binder. ... 15 3.45 e
Mineral fiberboard wet felted
Core or roof insulation.......... 16-17 2.94 —
Acoustical tile 18 2.86 —
Acoustical tile 21 2.70 —
Mineral fiberboard wet
molded
Acoustical tile 23 2.38 —_
Wood or cane fiberboard
Acoustical tile Vain., — — 1.25
Acoustical tile. Yo in, - — 1
Interior finish (plank, tile) ... 15 2.86
Insulating roof deck
Approximately 1% in. — _ 4.17
Approximately 2in. — — 5.56
Approximately...... 3in. — — 8.33
Wood shredded (cemented in
preformed slabs) ...l 22 1.67 —

*Reprinted with permission from ASHRAE Handbook of Fundamentals 1972.

Loose Fill Cellulose insulation (milled
paper or wood pulp) 2.5-3 3.70 —
Sawdust or shavings 0.8-1.5 2.22 —
Wood fiber, softwoods 2.0-3.5 3.33 —_
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APPENDIX B

FORMULA FOR DETERMINING
THE OVERALL U,

OF THE WALL
Ucav Acav + Usol Asol + Uwin Awint Udoor Adoor * Ubox Abox + Ufound Af'
U, =
0 ™
Where:
Uy = Average thermal transmittance of gross wall area
Ao = Gross area of exterior walls.
Ucav = Thermal transmittance of cavity area (usually assume
80%)
Acay = Area between wall framing where insulation may be
placed. ‘
Ugol = Thermal transmittance of wood framing area.
sol = Area of wood framing (usually assume 20 %)
Uhox = Thermal transmittance of box sill area.
Apox = Area of box sill :
Ufound = Thermal transmittance of foundation area.
Afound = Area of above grade exposed concrete.
Ugwin = Thermal transmittance of window.
win = Total glass area.
Udoor = Thermal transmittance of door.
door = Total door area.
FORMULA FOR DETERMINING
THE OVERALL U,
OF THE CEILING
U Ucav Acav + Usol Asol + Uskylight Agkylight
Q=
Ao
Where: = B
Uy = Average thermal transmittance of gross roof/ceiling.
Ao = Gross area of roof/ceiling assembly.
Ugay = Thermal transmittance of cavity area.
Acay = Area between wood framing.
Ugol = Thermal transmittance of framing.
Ago] = Area of wood framing (usually assume 10%)
Uskylight Thermal transmittance of skylight elements.

Agkylight = Area of skylight (including frame).

APPENDIX C

INSULATION, EQUIPMENT
AND CONDENSATION CONTROL

This appendix is a guide for the proper installation of insulation. The
preceding appendices indicated the required amounts and types of insu-
lation necessary to provide the various thermal resistance values for the
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building envelope. In order to attain the resistance values specified, it is
important that the insulation be properly installed. This appendix in-
cludes types of materials currently available and common application
practices.

Condensation control should be provided in the form of vapor barriers
and thermal breaks. Vapor barriers should be installed on the warm side
(area heated in winter) of all walls, ceilings, and insulated floors. All
{)netal window, skylight, and door frames should contain a thermal
reak.

Insulation is manufactured in many forms and types. The most com-
monly used materials in residential construction are batts and blankets,
rigid insulation, reflective insulation, loose fill, and sprayed insulation.
The following is a list of types of materials and the federal specifications
governing their characteristics.

Cork board .....coooeviiiviiirrieeiieeniecresre s FS HH-I-561
Cellular glass .....oocoovevvivienivincicieceeee e, FS HH-I-551
Duct Insulation.....ococoeeeiiiciiiciee e S HH-1-558b
Expanded polystyrene insulation board....... FS HH-1-524
Fiberboard ..o.ooviiorieoieeiecieer e FS LLL-I-535 or ASTM

C-208 Class C
Insulation board (urethane) .........cc.en FS HH-1-530
Insulation, thermal (perlite) ......ccoccrvviiinnins FS HH-1-574
Mineral fiber, pneumatic or poured............. FS HH-1-1030A
Mineral fiber, insulation blanket................... FS HH-I-521E
Perlite oo FS HH-1-526a
Perimeter insulation......coccveerreonecrenicnins FS HH-1-524a

Type 11

FS HH-1-5658b Form A,

Class 1 or 2
Reflective, thermal .o.coovvvivvieeniericiicccinn, FS HH-1-1552
Structural fiberboard insulation roof deck... AIMA IB Spec. No. 1
Cellulose; vegetable or wood fiber ................. FS HH-I-515b-25
VermiCulite cuoeivieiiiiiiiiee e FS HH-I-585
Vermiculite, water repellent loose fill........... FHA UM-30
Mineral fiber, roof insulation......ccccceeevrevnens HH-1-526¢

BATTS AND BLANKETS

These materials are usually identified on the package and on the va-
por barrier facing with their “R” values. Under the federal specifica-
tions, 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. Some manu-
facturers offer other products such as R-8, R-13 and R-22. The specific
thickness of insulation required for a specific “R” value may vary from
one manufacturer to another due to differences in base materials and
manufacturing processes.

General Guidelines

1. Install insulation so the vapor barrier faces the interior of the dwell-
ing.

2. Vapor barriers should not be left exposed.

3. Insulate all voids of the building envelope including small spaces,
gaps, around receptacles, pipes, etc.

Doiatar Fohriarv 1920 No. 290
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4. Place insulation on the cold side of pipes and ducts (see Fig. 4) . Insu-
lation is not required for supply and return air ducts in heated base-
ments and cellars.

Ceilings
There is a variety of methods for installing blanket insulation in ceilings.
1. Fastening from below (Fig. 1b).

2. Installing unfaced (without a vapor barrier), friction-fit blankets
(Fig. 2).

3. Laying the insulation in from above when the ceiling finish material
is in place (Fig. 1a).

N
N TFASTEN VAPOR
BARRIER. TD PLATE

OF RESTRAINT

Fig, la Fig, ib

Fasten flanges to the inside of ceiling joists as shown in Fig. 1b. Ex-
tend the insulation 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 air movement from eave
to space above insulation (Fig. 1a).

Register, February, 1980, No. 290
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Fig. 2

Insert friction-fit blankets between ceiling joists (Fig. 2). Allow insu-
lation to overlap the top plate of the exterior wall, but not enough to
block eave ventilation. The insulation should be in contact with the top
of the plate to avoid heat loss and air infiltration beneath the insulation.
The required vapor barrier is not shown.

Insert blankets into stud spaces. Working from the top down, space
fasteners per manufacturers recommendations, fitting flanges tightly

Register, February, 1980, No. 290
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against face of stud (Fig. 3). Cut blankets slightly over length and fasten
the vapor barrier to the top and bottom plates.
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EXTERIOR.
cut Y WIDER
// )\ THAN S +up space >\ IZ‘}’Z?JST;\:Z‘?E.W
0 T v
VAPOR.
BARRIER, Fig. 4

Insert insulation behind (cold side in winter) pipes, ducts, and elec-
trical boxes (Fig. 4).

Insulate nonstandard-width stud or joist spaces by cutting the insula-
tion and vapor barrier an inch or so wider than the space to be filled
(Fig. 6a). Pull the vapor barrier on the cut side to the other stud, com-
pressing the insulation behind it, and fasten through vapor barrier to
stud face (Fig. 6b). Unfaced blankets are cut slightly oversize and fitted
into place.

FILL ALL cRAcks

ARCUND DOORS AND WINDOW S
Fig. 5 (COVER. wIiTH vAPOR. BARRIER)

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

Masonry walls may be insulated by inserting insulation between fur-
ring strips spaced at 16 or 24 inches o.c. (Fig. 7a and 7b). It is recom-
mended to apply the vapor barrier to the inside surface.

Register, February, 1980, No. 290
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Floor and Crawl Spaces

VAPOR-
BARRIER SIDES

Floors over crawl spaces (Fig. 8a) should be insulated either by insu-
lating the foundation walls or by placing insulation on or between the
joists. Insulation should be securely fastened. In all cases, the vapor bar-
rier side of the insulation should face the floor above; that is, be adjacent
to the warm side in winter. A vapor barrier should be used to cover the
ground.

Dropped Soffits

Insulation of dropped soffits over kitchen cabinets, bathtubs, show-
ers, or similar areas, need special attention when they are exposed to the
attic. If the dropped soffit is framed before ceiling finish material is ap-
plied, a “board” (plywood, hardboard, gypsumboard, etc.) should be in-
stalled over the cavity to support insulation.

In multiple dwellings with back-to-back kitchens or baths, it is neces-
sary to extend ceiling finish material over dropped soffits to the party
wall to avoid loss of acoustical control and to provide adequate fire
stops.

Rigid Insulation

Rigid insulation is available in various sizes and thicknesses made of
polystyrene, polyurethane, cork, cellular glass, mineral fiber (glass or
rock wool), perlite, wood fiberboard, etc. They are used as insulation for
masonry construction, as perimeter insulations around concrete slabs,
as exterior sheathing under the weather barrier, as rigid insulations on
top of roof decks, and other applications. Rigid insulations, such as poly-
styrene and polyurethane, are vapor barriers and, in most applications,
will not require the installation of a separate barrier.

Register, February, 1980, No. 290
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Installation Procedures

Masonry walls: Rigid insulations are applied to either face of a masonry
wall (Fig. 9a and 9¢) or are used as a cavity insulation between two
wythes of masonry (Fig. 9b). When applied to the face of masonry walls,
they are generally installed with adhesive and/or mechanical fasteners.
The manufacturer’s recommendation should be followed.

FIRE STOP

INTERIOR EXTERIOR T I(SID BRICK,

WALL  or VENEER IHOULATION
FINISH [TV WYTHE

Fig. %a
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'\ g RIGID
N
MASONRY — INSULATIO

WALL

Frame Construction: When rigid insulation is used with frame con-
struction (Fig. 10), it is usually applied as sheathing to the outside of the
framing, and mechanically attached with nails to wood studs or to metal
studs with screws or clips or other approved methods.

VAPOR. BARRIBR
Riaip
INSULATION

INTERIOR,
FINISH

<Tubs
SIBING

Register Februarv 1QR0 N/ 900

INDUSTRY, LABOR AND HUMAN RELATIONS 175

Roof Insulation: Roof insulation boards are usually installed with an
approved adhesive, hot asphalt, or may be nailed to the roof sheathing.
The manufacturer’s instructions should be followed.

Slab-on-Grade: Rigid insulation is frequently used as insulation
around the perimeter of concrete slabs-on-grade (Fig. 11b, ¢,d) and also
may be used on the inside of foundation walls adjacent to heated crawl
spaces, basements or cellars (Fig. 11a). Installation is usually accom-
plished with adhesive and/or mechanical fasteners. Perimeter insula-
tion should be installed against the foundation wall or extended into the
interior of the building to a distance equal to the design frost line (Fig.
11D, ¢ and d) . Where the slab bears on the foundation ledge, the insula-
tion should be a load-bearing type.

INSULATION

VAPOR.
BARRIER,

RI&ID
INSULATION

RIGIR
i INSULATION

INSULATION

Fig, 1lc
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Concrete block manufacturers are currentl i

r ifact y producing several types
of multi-celled block with improved insulating values. The therma)llr;e»
sistance of the block will vary depending upon the types of insulation

used and the configuration of the cells. A i i
celled block is shown below. © cels: An example of a typical multi-

bLK

LOOSE FILL INSULATION

Materials of this type are those made from mi 1
) ‘ neral fibers (rock or
glass), cellulose materials (wood fibers or shredded paper), or other
manufactured products that can easily be poured.

BLOWN ATTIC INSULATION

There are several factors pertaining to blown attic insulati
cause differences in its installed thegrmal resistance Vall?etl(zrlrlif}.lzgoiag
given manufacturer’§ insulation, the installed thermal resistance (R)
value depends on thickness and weight of insulating material applied
per square foot. Federal specification HH-I-1030A for insulation re-
quires that each bag of insulation be labeled to show the minimum
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INSULATED CONCRETE BLOCK

thickness, the maximum net coverage, and the minimum weight of (that
particular) insulation material required per square foot to produce re-
sistance values of R-30, 22, 19, and 11. A bag label example for blown
insulation is shown in Fig. 12.

The number of bags of blown insulation required to provide a given R-
value to insulate an attic of a given size may be calculated from data
provided by the manufacturer. If only the thickness of blown attic insu-
lation is specified, and the density or number of bags is not, the desired
or assumed thermal resistance (R) value may not be achieved. The im-
portant characteristic is weight per square foot. Thickness is the mini-
mum thickness, not the average thickness experienced in the field.

Adequate baffling of the vent opening or insulation blocking should
be provided so as to deflect the incoming air above the surface of the
installed blown or poured insulation. Baffles should be made of durable
material securely fastened. Baffles should be in place at the time of
framing inspection.

Three blown insulations that provide R-19 are:

Minimum Maximum Net Bags/1000
Material Thickness Coverage/Bag Sq. Ft.
Cellulose 547 59 sq. ft. (40 1b. bag) 17
Glass fiber 834" 51 sq. ft. (24 1b. bag) 20
Rock wool 61" 26 sq. ft. (27 1b. bag) 38

Bag Label Example: The manufacturer recommends these maximum
coverages at these minimum thicknesses to provide the levels of in-
stalled insulation resistance (R) values shown:

(Based on 25-pound nominal weight bag)

Maximum
Minimum Minimum Weight Bags per Net Coverage
R-Value Thickness per Sq. Ft. 1000 Sq. Ft. per Bag
To obtain an The weight per sq. ft. Number of bags
insulation Installed of installed insulation per 1000 sq. ft. of Contents of this
resistance R insulation should should be not less net area should bag should not
of: not be less than: than: not be less than: cover more than:
R-30 13% in. thick 0.768 lbs. per sq. ft. 30 33 sq. ft.
R-22 10 in. thick 0.558 lbs. per sq. ft. 22 45 sq. ft.
R-19 8% in. thick 0.489 lbs. per sq. ft. 20 51 sq. ft.
R-11 5 in. thick 0.279 lbs. per sq. ft. 11 90 sq. ft.

Weight contents: not less than 24 lbs.
R-values are determined in accordance with ASTM C-687 and C-236
Fig. 12

REFLECTIVE INSULATION

Reflective insulation is composed of aluminum foil in one or more lay-
ers either plain or laminated to one or both sides of kraft paper for struc-
tural strength. The insulation value for reflective air spaces, which this
type of insulation provides, varies widely depending on the direction of
heat flow. They are much more efficient when the heat flow is down.
Reflective insulations which comply with the requirements when used in
a floor, may not be satisfactory in ceilings or walls, where the heat flow is
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upward and horizontal, respectively. Reflective insulations are effective
in controlling radiant heat energy when installed so that they face an air
space. Insulation should be installed in such a manner that it is continu-
ous, without holes or tears.

SPRAYED INSULATION

There are several types of insulation which are sprayed against the
surface of the building materials or in cavities. Some of these are cellu-
lose with binder, mineral wool with binder, and cellular foams. They
may be sprayed directly on concrete, masonry, wood, plastic, or metal
panels or may be sprayed between the framing members. Manufac-
turer’s recommended instructions should be followed. To determine
that the proper thickness is installed, either refer to the plans and speci-
fications, or request a certification from the supplier that the insulation
installed provides the required “R” value.

TYPICAL INSULATION THICKNESSES AND VALUES

Approximate
Insulation R-Value Thickness
Fiber glass 11 37
Fiber glass 13 3%
Fiber glass 19 6”
Fiber glass 30 8”
Fiber glass 38 127
Extruded Polystyrene Foam 5.4 1”7
Extruded Polystyrene Foam 10.8 27
VAPOR BARRIERS

Vapor barriers are used in conjunction with insulation to decrease the
chance of moisture condensation inside the building insulation. Vapor
barriers are placed on the side of the wall, ceiling or floor that is warm in
winter. For equal vapor pressures, moisture vapor penetration through
holes or tears in the insulation vapor barrier is proportional to the size of
the opening. Holes or tears should be repaired. A snug fit of blanket
flanges against the framing is necessary to prevent moisture from bypas-
sing the vapor barrier.

EQUIPMENT

The installation of the heating system can contribute to inefficiencies.
A furnace which is oversized by a factor of 2 will require 8 to 109 more
fuel than a furnace of correct size. An installation that has uninsulated
ducts 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 dif-
ferential between duct air and outside air. This can amount to 40 of a
furnace output under mild conditions. Undersized ducting will reduce
the amount of circulating air and will affect the capacity of the furnace,
but will normally have little effect upon its efficiency. Atmospheric com-
bustion equipment that draws its combustion and stack-dilution air
from the heated space will require up to 8 o more fuel in a season to heat
the required makeup air than sealed combustion equipment. Stack heat
recovery devices can recover from about 4% at 450° F to 8¢ at 800° F.
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The appliance manufacturer should be consulted when retrofitting
the appliance with combustion air to assure that the appliance warranty
is not affected.

Effect of Sizing Limitation on Equipment

Using the example on system design illustrated in Appendix A, an
analysis was made to see what impact or problem the proposal for limit-
ing the size of equipment to 15% above the design losses would have.

Example:
Total construction loss 27,760 Btu/hour
One air change per hour:

Inside volume = 12,188 cu. ft.
Q = (12,188) (90) (.018) = 19,744 Btu/hour

Total infiltration loss 19,744 Btu/hour
47,504 Btu/hour

Maximum furnace size:
47,504 Btu/hour + 47,504 (.15) Btu/hour = 54,630 Btu/hour

COMBUSTION AIR FOR FIREPLACES

It is recommended that combustion air from the exterior be proyigled
for all fireplaces. Masonry fireplaces can be made more energy efficient
with combustion air terminating in the fireplace. The ope.nlng_of the
fireplace should be equipped with a door and the combustion air duct
with a damper and a louver to minimize air leakage during periods of
nonuse.

CONDENSATION CONTROL
Air Infiltration

The department will accept infiltration losses determined by the air
crack method or an overall value of ' air change per hour.

The department will accept the use of engineered top-side moisture
vent systems.

Relative Humidity

Winter: During the winter it is desirable to have humidity in the air in
order to prevent the nostrils from becoming dry, furniture from crack-
ing, etc. However, from an energy standpoint, it is desirable to keep the
relative humidity low; the trade-off is at about 30%.

Summer: During the summer it is desirable to reduce the level of rela-
tive humidity in the building in relationship to the outside relative hu-
midity. The relative humidity should be kept as high as possible in order
to conserve energy, but low enough for comfort. The relative humidity
should be kept above 55%, but less than 60%.

e e AT OO
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See also first page of each chapter for listing of section head-
ings.
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SETBACK REQUIREMENTS....cccccviiiimmmmininniniesesiisasenns 20.02
SMOKE DETECTION.......ccoeominirainnns .
SOIL BEARING.....coieiiiireinieeiesiereteereesisnsenssssessissssessssssnsicns e 21.15
SOLAR DESIGN....iiotiiieiieriieeniesieesissiicinniennessssesassssssssssseins 22.14, 22.15
SPIRAL STAIRS ..ootiteiierererereetsisrereesresrsssessssssnsssss s esesesnsiiisssnsanss 21.04
STALRS ...ttt et et eteveicstesestsaeseseeicaess sttt s s s sassa st as e esst sttt u s 21.04
STEEL
BRAINIS 1.veieeeveteeieite st eetesbseteerressesesbtaseebeesre e bbb s ba e bbbt 21.22
SANAATAS ovevevireriirei ettt ek 21.02
STOVE ..ottt st en s b et 21.31
STRUCTURAL STANDARDS....ccoveeeririiniinieieree e 21.02
T
TERMITES (Protection against) .......ccceeveceeeercmemsicsnmsinsiennens 21.10
TTES (VENEET) oeviviivereereriresiesesiiseserasrerestsaesissisnssssamssssssssesssmesesssnesessssns 21.26
TREADS ...ttt ittt beseaesse st tss b ss e sissssbestissnsasnsas 21.04
TRUSSES ...ooiotititcrsrerereririssesesseseessessesiesesssnsisss s ssssssssssiesens 21.22, 21.28
SEANAATAS c..ovvrvereerirrereerreier e et eesr ettt st 21.02
\Y%
VAPOR BARRIERS .....coovitiirieerisreieenieiesrsresssisnesee s sssssesssisncsssnesins 22.05
VARIANCES
VENTILATION ...ooovtiriieieerieeereenrsre s ssesssesscans 21.05, 22.05, 23.02
VENTS cooeoeeeeeieericteesevestste e ssssesessessiesessessssesisssassnerssasssesissessas 23.11, 23.13
VIOLATIONS . ..ottt recisress st es s s et siesesssisscassnsness 20.20
W
WAIVERS ..ottt ttetsaes st sesesnsss st s s s sn s saestonsnens 20.19
WALLS
5T T:2 s VOO O OO OO O PRSP PS PRSPPI
Exterior covering
FOUNAALION vitivrrreeireriirieeririeree et b et
IMLASOIIIY «evvevrreneenieneeresseeestsressesteresiersshssaese s asessesssbsasesessesbeassiestsnsnins

Wood frame
WINDERS ..ottt ettt eeeeest s sessasb s asseenetssresbabsebearasasssssaaess
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