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Wiscansin Department of
industry, Labor and Human
Relations

Appendix

MUNICIPAL RECOMMENDATION oo pond Suitdings pvision

P.O. Box 7969
FOR A VARIANCE APPLICATION Kadison, Witconsin 53707

“Crwner Name Owner flreet Address

City/Town State ]Zip Code |0wner Telephone No.
Dwelling Location Dwelling Street Address

City/Town, County

Agent{Arch - Engr - Contr) Agent Street Address

City/Town State lzip Code |Agent Telephone No.

t. 1have read the application forvariance of rule ILHR

2. 1recommend (check appropriate box): [ ] Deafal [T] Approval [] Cond. Appr. [] ?o

o
mment

3. Explanation for recommendation:

4. [] Ifind no conflict with lacal rules and regulations.
[ 1 find that the variance isin conflict with Joca! rules and regulations.

Explanation:

5. Inspections completed:
[] Bidg. Const

{INone []Foatings { ] Rough []Final [] Foundation
[ energy [T vac [ Electrical [ Plumbing

6. Correction ordersissued:

Municipality exercising jurisdiction:

Signature of municipal enforcement official: Date signed:

Please submit this completed form along with original Application for Variance, Form $80-6070, and
$100.00 state review fee to Department of Industry, Labor and Human Relations at the address
shown in the vpper right corner.

580 - 6071 (R. 07/87)
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ity State & Zip Code Lagent Telephone Ho.

Municipality Having Jurisdiction elephone Ho.

$100 STATE FEE required (1LHR 69.15{2)). Application can only b2 made by oaner. Submit Lo the address shownin
the upper right corner. Additional MUNIOPAL FEE, il any:

1. RulelLHR of the Uniform Drwvelting Code cannot be entirely satiified because:

2. Inlieu of complying exaclly with the Tule, the follgaing altarnative is propesed 34 a means o growiding an
uivalen de%!gz?wi heah‘-, welfare an&safety{wbm% building &ans, calculations and specitications o
hielp enplainyour preposal);

3. Supporting rquments are:

VERIFICATION BY APPLICANT:

. verifies thal {s)he is the applicant and that !l informaticn
provided on this application s true 1o the bestof hisher knoaledge and betief.

Apgplicant’s Signature Dale $igned

Subscribed and swotn 16 bafore me

T —=Ea——
. FOROFFICE USE OHLY
thisdate Pioplication o, Date Received
Dalg Approved/Denied
Hotary Public D Appraved D Qenicd
Oficial’s Hame Tile
My commissionespires

APPLICATION IS VAUID OMNLY IF NOTARIZED AND ACCOMPANIED BY REVIEW FEE.

1506070 (R 0707
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FASTENER SCHEDULE TABLE

Description of Building Materials/Connection Number and T_vpe of

Fastener ' 23
Joist to stll or girder, toe nail 2-164d, 3-8d

2-8d

Brld ing to joist, toe nail each end
% subftoor or less to each joist, face nail
Wlder 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 natt
Continuous header, two pieces
Ceiling joists to plate, toe nail
Contiruous header to stud, toe nail
Ceiling Jmst laps over partitions, face nail
Ceiling joist to parallel rafters, face nail
Rafter to plate, toe nail
17 brace to each stud and plate, face nail
1~ x 6~ sheathing to each bearmg, face nail
1* x 8" sheathing to each bearing, face nail
Wldg]r than 17 x 8" sheathing to each bearing, face
nai
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 fram-

ing)
%-inch to 5/16-inch
$-inch to #-irch

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

Fiberboard sheathing”
%-inch

25/32-inch
Gypsum sheathing, %"®

Particleboard wall sheathing (to framing)®
%-inch to %-inc
%-inch to %-inch

Insulated sheathing

Combination subfloor underlayment {to framing)®
Y-inch and less
%-inch to 1-inch
1%-inch to 1%-inch

Panel siding (to framing)*®
$4- mch or less
%-inch

2-8d or 2 staples, 1%~
3-8(éd or 4 staples, 1%~

lﬁd at 16" o.c,

4-8d or 3-16d

16d at 24" o.c.

164 at 16~ o.c.

2-16d

16d at 16" o.c. along each edge
2.16d, 3-8d

2.8d or 2 staples, 1%”
2-8d or 2 staples, 1%~
2-8d or 3 staples, 1%”
8-8d or 4 staples, 1%~

16d at 30" 0.c., 16d at 24" o.c.

20d at 32 o.c. at top and bottom and
st:iggered 2-20d at ends and at each
splice

2-16d at each bhearing

4-16d

3-16d
8-8d

6d° or staple
8d smooth or common,
gc(iisdel'ormed, or staple

10d smooth or common, or 8d de-
formed

6d common or staple, 1%4° long or
roofing nafl'?

8d common or staple, 14" long or
roofing nail'?

14" galvanized roofing nail, or 6d
common, or staple

6d common

8d common or staple

lll-gauge roofing nails, 6d, &d, or sta-
ple

6d deformed

8d deformed

104 smooth® or common or 8d de-
formed®

6d
8d

LAH nalls are smooth-common, box or deformed shank except where otherwise stated.
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2Nail is a general description and may be T-head, modified round head or round head,
I8taples are 16-gauge wire and have a minimum 7/16-inch o.d. erown width.
4Commen or box nails may be used except where otherwise stated.
*Common or deformed shank.
SNails spaced at 6 inches on center at edges, 12 inches at intermediate supports (1§ inches at
iggilg'nediate supports for floors), except 6 inches at all supports where spans are 48 inches or
"Nails spaced at 3 inches on center at edges, 6 inches at intermediate supports.
#Nails spaced at 4 inches on eenter at edges, 8 inches at intermediate supports.
%Nails spaced at 6 inches on center at edges and at intermediate supports,
Corrogion-resistant siding and casing nails.

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

INDEX OF
SPAN TABLES FOR JOISTS AND RAFTERS
{Recommended by National Forest Products Association)

TABLE PAGE

Table J-1 FLOOR JOISTS, 40 lbs/sq. ft. Live Load . 132

Table J-2 FLOOR JOISTS, 30 Ibsfsq. ff, Live Load 134

Table J-3 CEILING JOISTS, 20 1bs/sq.it. Live Load, Plaster Ceiling 136

Table 3-4 CEILING JOISTS, 20 Ibsfsq.ft. Live Load, Drywall Ceiling 138

Table -5 CEILING JOISTS, 10 1bs/sq.{t. Live Load, Plaster Ceiling 140

Table J-6 CEILING JOISTS, 10 lbsé‘sq.ft. Live Load, Drywall Ceiling 142

Table R-2 FLﬁ\‘g 0]R SLOPED RAFTERS, 30 lbs/sa.lt. Live Load, Dry- 144
wall Ceiling

Table R-3 FLﬁ\'g OIR SLOPED RAFTERS, 48 lbs/sq.ft. Live Load, Dry- 148
wall Ceiling

Table R-5 F‘LACT;'?R SLOPED RAFTERS, 30 Ibs/sq.ft. Live Load, Plas- 162

er Ceiling

Table R-6 FLAT OR LOW SLOPED RAFTERS, 40 lbs/sq.ft. Live Load, 156
Plaster Ceiling

Table R-8 FLAT QR LOW SLCPED RAFTERS, 30 lbs/sq.[t, Live Load, 160
No Ceiling Load

Table B-9 FLAT OR LOW SLOPED RAFTERS, 40 Ibs/sq.ft. Live Load, 164
No Ceiling Load

Table R-11 MEDIUM OR HIGH SLOPE RAFTERS, 30 lbs/sq.ft. Live 168
Load, No Ceiling Load, Heavy Roof Covering

Table R-12 MEDIUM OR HIGH SLOPE RAFTERS, 40 lbs/sa.ft. Live 172
Load, No Ceiling Load, Heavy Roof Coverin

Table R-14 MEDIUM OR HIGH SLOPE RAFTERS, 3% 1bs/sq.ft, Live 176
Load, No Ceiling Load, Light Roof Covering

Table R-15 MEDIUM OR HIGH SLOPE RAFTERS, 40 Ibs/sq.it. Live 180
Load, No Celling Load, Light Roof Covering

Pable TSJ-1 TWO SPAN FLOOR JOISTS, 40 1bs/sq.ft. Live Load 184

Table TSJ-2 TWO SPAN FLOOR JOISTS, 30 lbs/sq.{t, Live Load 186

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 (Fy) 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
construction.
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Tables J-1 through J-6 list spans for floor and ceiling joists used overa
si:agle span with calculations based on T and the required Fy, values
shown.

Tables R-2 through R-15 list spans for rafters used over a single span
with caleulations based or Fy, and the required I¥ values shown.

Tables T8J-1 and T8J-2 list spans for floor joists continuous over two
egual spans with caleulations based on E and the required Ty, values
shown,

Applicable 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,

LUMEBER SIZES

Tabulated spans apply to surfaced (S48) 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 1% x 3% 1-9/16 x 3-9/16
2x6 1% x 5% 1-9/16 x 5%
2x8 1% xTh 1-9/16 x T%
2x10 1% x 9% 1-9/16 x 9%
2x12 1%x11% 1-9/16 x 11%

MOISTURE CONTENT

The listed dry and green sizes are related at 19% maximum moisture
content. Tabulated spans are ealculated 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 distanee 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 val-
ues 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 (¥) and fiber bend-
ing stress (F,) values therein are based on the National Design Specifica-
tion for Wood Construction {formerly National Design Specification for
Stress Grade Lumber and Its Fastenings) and incorporate adjustments
appropriate for repetitive-member use under various durations of load.

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
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design load. Design values in bending (Fy,) for such use are 15% greater
than for single-member use.

The “Joists” column in the design value tables provide values for
bending for repetitive-member use under normal conditions. The “Raft-
ers’” column of the design value tables provide values for bending for
repetitive-member use adjusted for snow-loading.

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,

Light roof coverings are defined as those with a weight of 7 psf or less
and typically include asphalt and wood shingles. Heavy roof coverings
are those which are more than 7 psf, up to 15 psf, and typically include
tite and slate roofs.

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

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

Iixample 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 psiand an F(},value of 1250
psi would have a span of 12 -10”, which satisfies the condition,

Example 2. Low slope rafter (8 in 12 slope or less) with no ceiling load.
Assume a horizontal projection of 13'-07, a live load of 30 psf, dead load
of 10 psf and 16” o.c. spacing, Table R-8 shows that 2x8 having a Fb
value of 1100 psi and E value of 920,000 psi would have an allowable
span of 13’-5" of horizontal projection.

Since many combinations of size, spacing, E and (F},) values are possi-
ble, it is reecommended that the users examine the tables to determine
which combination fits their particular case most effectively.
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TABLE R-2
FLAT OR SLOPED RAFTERS
Supporting Drywall Ceiling
{Flat roof or cathedral ceiling with no attic space)
Live Load - 30 Ib. por sq. ft.
DESIGN CRITERIA: TUse In Zone 2
Strength - 15 Ibs, per sq. ft. dead load plus 30
Ibs. per sq. ft. live load detormines required
fiber stress.
Deflection - For 30 Ibs. per sq. ft. live load.
Limited to span in inches divided by 240,

Extreme Fiber Stress in Bending, “Fy" (psi}.
RAFTER
SIZE SPACING
{IN) (I} 300 400 500 600 700 800 200 1000 1100 1200 1200
510 68 -6 32 210 9-6 10-0 10-7 17-1 117 1241
12.0 013 0.18 027 0.36 0.45 0.55 0.66 0.77 0.89 1.01 1.14
5.5 63 7-Q 78 83 810 95 811 10-5 10-10 11-3
13.7 612 Q.18 0.25 0,33 0.42 0.52 0.61 0.72 0.83 0,95 1.07
5-0 510 66 741 7-8 82 88 92 9-7 100 10-5
2x6 16.0 0.11 017 0.24 031 0.39 0.48 0.57 0,67 0.77 0.88 0.99
4-7 54 5-11 86 7-0 7-6 7-11 84 89 92 9-5
19.2 0,10 0.15 0.22 0.28 .36 0.44 0.52 0.61 0.70 0.80 0.90
41 4-9 5-4 510 6-3 68 71 76 7-10 82 8-
24.0 0.09 014 0.19 0.25° 0,32 0.39 0.46 0,54 0.63 0.72 0.817
78 810 9-10 10-10 118 12-6 133 1311 14-8 153 1519
12.0 0.13 0.19 0.27 0.38 0.45 0.55 0.68 0.77 0.83 1.01 1,14
7-2 8-3 9-3 101 10-11 118 12-5 131 138 14-4 14-11
13.7 0,12 0.18 0.25 0.33 0.42 0.52 0,61 072 0.83 0.95 1.07
67 7-8 87 9-4 10-1 10-10 11-6 12-1 12-8 133 139
2x8 16.0 a.11 0.17 0.24 0.31 0.29 0.48 0.57 0.67 0.77 0.88 0.99
&1 7-0 7-10 87 93 9.10 10-6 11-0 11-7 12-1 127
19.2 0.10 0,15 0.22 0.28 0.36 0.44 0.52 0.61 0.70 0.80 0.80
55 6-3 7-0 78 8-3 8-10 9-4 9.10 10-4 10-10 11-3
24.0 0.09 0.14 0.1% 0.25 0.32 0,39 0.46 0.54 0.63 0.72 081
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99 11-3 127 139 14-11 15-11 16411 17-10 18-8 196 204

12.0 0,13 0.19 0.27 0.36 0.45 0.55 0.66 0.77 0.8% 1.01 .14

81 106 11-9 12-11 131 14-11 1510 16-8 176 18-3 19-0

13.7 012 0.18 0.25 0.33 0.42 0.52 0.61 0.72 0.83 .95 1.07

8.5 99 1011 11-11 12-11 139 14.8 155 16-2 16-11 17.7

2x10 16.0 0.11 0,17 0.24 0.31 0.29 0.48 0,57 0.67 0.77 0.88 0.99
7-8 811 9-11 10-11 119 127 13-4 14-1 14-9 15-5 16-1

19.2 0.10 0.19 0.22 0.28 0.36 0.44 0.52 0.61 0.70 0.80 0,90

611 &0 g-11 9.9 10-6 11-3 11.11 12.7 13-2 139 14-4

24,0 0.08 0.14 0.19 0.25 0,32 0.32 .46 0.54 463 072 .81

11-10 138 15-4 16-9 18-1 19-4 20-6 21-8 22-8 239 24-8

12.0 0.13 0,19 0.27 Q.36 0.45 .55 0.68 Q.77 0.89 1.01 1.14

111 12-10 14-4 15-8 16-11 181 19-3 20-3 21-3 222 23-1

13.7 0.12 Q.18 0.25 0.33 0.42 0,52 0.61 Q.72 083 0.95 1.07

10-3 1110 133 14-8 158 16-9 179 18-9 19-8 20-6 21-5

212 16.0 0.11 0.17 0.24 0.31 0.39 Q.48 Q.57 0.67 0.77 0.88 0.99
95 10-10 121 13-3 14-4 15-4 16-3 17-1 17-11 189 196

19.2 0.10 0.15 0.22 0.28 0.26 0.44 0.52 0.61 0.70 0.80 0.80

85 9-8 10-10 1110 12-1Q 13-8 14-6 15-4 16-1 16-9 175

24.0 0,08 014 0.19 0.25 0.32 0.39 0.46 0.54 062 0.72 0.81

Note:  The required modulus of elasticity, “E”, in 1,000,000 pounds per square inch is shown below each span.
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RAFTERS: Spans are measured along the
horizontal projection and loads are
considered as applied on the horizontal
projection.

TABLE R-2 (cont)

Extreme Fiber Stress in Bending, “Fy” (psil.

RAFTER
SPACING SIZE
1400 1500 | 1600 | 1700 | 1300 | 1900 | 2000 | 2100 | 2200 | 2400 | 2700 | (IN) IN
126 § 130 | 136 | 1310 | 142 | 147 | 150 | 154 | 158
128 | 141 | 156 | 171 | 18 | 202 | 218 | 234 | 25 12.0
119 [ 122 [ 126 | 1271 | 133 | 138 | 140 | 144 | 148
199 | 132 | 146 | 160 | 174 | 180 | 204 | 219 | 235 137
1010 | 113 | 117 | 11 | 124 | 128 | 130 | 133 | 137 | 142
L1G 1.22 1.35 1.48 1.61 1.75 1.8¢ 2.03 218 2.48 16.0 2x6
811 | 108 | 107 | 1001 | 113 | 16 | 1110 ] 122 | 125 | 130
100 | 132 | 123 | 135 | 147 | 159 | 172 | 1.85 | 1988 | 226 19.2
B10 | 92 96 X! 100 | 104 | 107 | 1010 | 111 | 197 | 124
080 | 100 | 110 | 21 | 121 | 142 | 154 | 188 | 178 | 202 | 241 | 240
166 | 171 | 17-8 | 182 | 189 | 193 | 199 | 203 | 208
128 | 141 {156 | 171 | 1.8 | 202 | 218 | 234 | 251 12.0
155 | 160 | 166 | 17 | 176 | 180 | 185 | 1811 | 194
129 | 132 | 146 | 160 | 174 | 189 | 204 | 219 | 238 13.7
144 | 1410 | 153 | 158 | 162 | 168 | 171 | 176 | 1711 | 189
110 [ 122 | 135 | 148 | 181 | 175 | 180 | 203 | 218 | 248 160  2x8
121 | 136 | 1311 145 | 3410| 152 | 157 | 160 | 164 | 171
.00 | 112 | 123 | 135 | 147 | 159 | 172 | 185 j 1.88 | 226 19.2
8 | 121 | 126 | 1210 | 133 | 137 | 1311 | 144 | 148 | 153 | 163
080 | 1.00 | 110 | 121 | 131 [ 143 | 154 | 186 | 178 | 202 | 241 | 240
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2141 2110 | 226 23-3 23-11 24-6 252 2510 | 265

1.28 1.41 1.56 1.71 1.86 202 2.18 2.34 2.51 12.0

19-8 20-5 211 21-9 224 2211 23.7 24-2 24.8

1.19 1.32 1,46 1.60 1.74 1.89 2.0¢ 219 2.35 13.7

18-3 1811 19-6 2041 20-8 213 21-10 | 224 2210 | 2311

1.10 1.22 1.35 1.48 1.61 1.75 1.89 2.03 2.18 2.48 16.0 2x10

16-8 173 17-10 184 1811 19-5 19-11 20-5 20-10 21-10

1.01 1.12 1.23 1.35 1.47 1.59 1.72 1.85 1,99 2.26 19.2

14-11 15.5 1511 16-5 16-11 17-4 17-10 183 18-8 19-6 20-8

Q.90 1.00 1.10 1.21 1.31 1.43 1.54 1.66 1.78 2,02 2.41 24.0

257 26-6 275 28-3 291 29.1¢ | 307 314 321

1.28 1.41 1.58 1.1 1.86 2.02 2.18 2.34 2.51 12.0

24-0 2410 25-7 26-5 272 271 28.8 294 30-0

119 1,32 1.46 1.60 1.74 188 2,04 2.19 2.35 13.7

22-2 230 239 24-5 25.2 25-10 | 266 272 2710 | 2941

1.10 .22 1.35 1.48 1.61 1.75 1.89 2.03 2.18 2,48 16.0 %12

20-3 21-0 21-8 224 230 237 24-2 2410 | 2855 26-68

1.01 1.12 1.23 1.35 1.47 1.59 1.72 1.85 1.99 22§ 19.2

1841 18-9 19-4 20-0 20-6 211 21.8 22-2 228 239 25-2

0.90 1.00 110 1.21 1.31 1.43 1.54 1.66 1,78 2.02 2.41 24.0
Note: The required modulus of elasticity, “E”, in 1,000,000 pounds per square inch is shown below each span,
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TABLE R-3
FLAT OR SLOPED RAFTERS
Supporting Drywall Ceiling
(Flat roof or cathedral ceiling with no attic space)
Live Load - 40 Ib. por sq. fr.

DESIGN CRITERIA: Use in Zone 1
Strength - 15 Ibs. per sq. ft. dead load plus 40

Ibs, per sq. ft. live load determines required

fiber strass,
Deflection - For 40 Ibs. per sq. ft. live load.

Limited to span in inches divided by 240,

Extreme Fiber Stress in Bending, Fb" {psi).
RAFTER
SIZE SPACING
{IN} {IN) 300 400 500 600 700 800 3800 1000 1100 1260 1300
53 6-1 B9 745 80 87 9-1 97 10-0 106 10-31
12,0 0.312 0.19 0.27 0.35 0.44 0.54 0.65 0.76 0.88 1.00 113
411 58 B4 811 76 80 86 8-11 9-5 9-10 10-3
13.7 0,12 0.18 0.25 0,33 0.42 0.51 0.61 0.71 0.52 0.93 1.05
46 5-3 5-10 &5 811 75 7-10 8-3 88 8.1 9.5
%6 16.0 0.11 0.17 0.23 0.31 0.39 0,47 0.56 0.66 0.76 0.86 0.98
42 4-9 5-4 510 6-4 69 7-2 -7 -1 8.3 8-8
19.2 0.10 0.15 0.21 0.28 0.35 0.43 .51 0.60 0.69 0.79 0.89
38 4-3 4-9 5.3 58 6-1 85 69 7-1 7-5 7-8
24,0 0.09 0.14 0.19 0.25 0.31 0.38 0.46 0.54 0.62 a7 0.80
611 80 811 9.9 107 11-3 12-0 127 133 1310 14-5
12.0 0.12 0.19 0.27 0.35 0.44 (.54 0.65 0.76 0.88 1.00 1.13
6-6 76 8-4 92 9.1 10-7 112 11410 | 125 12-11 136
13.7 0.12 0.18 .25 0.33 0.42 0.51 0.61 0.71 0.82 0.93 1.05
80 6-11 79 36 9.2 9.9 104 10-11 11-8 120 12-6
pale) 16,0 0.11 0.17 0,23 0.31 0.39 0.47 0.56 0.66 0.76 0.86 0.98
56 64 7-1 7-9 S-4 811 96 10-0 10-6 10-11 11-5
19.2 0,10 Q.15 0,21 0.28 0.35 0,43 Q.51 0.60 0.69 ‘079 0.8%
411 58 64 811 7-6 80 86 gn 9-4 29 10-2
24.0 0.09 0.14 0.19 0.25 0.31 0.38 0,46 .54 0.62 0,71 0.80
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810 10-2 115 12-8 13-6 145 15-3 16-1 16-11 178 18-4
12.0 0.12 0.19 0.27 0.35 0.44 Q.54 0.65 0.76 0.88 1.00 1.13
83 9-6 10-8 11-8 12-7 136 14-3 15-1 1510 16-6 17-2
13.7 G.12 0.18 0.25 .33 0.42 0.51 3.61 0.71 (.82 0.93 1.05
78 810 910 10-10 11-8 12.6 133 1311 14-8 15-3 1571
2x10 16.0 0.11 017 0.23 0.31 0.3% 0.47 0.58 0.66 0.76 0.86 0,58
7-0 81 9-0 910 10-8 115 1241 129 13-4 13-11 14-6
19.2 0.10 0.15 0.21 0.28 0.35 0.43 0.51 0.60 0.69 0.79 0.89
63 7-2 81 810 9-8 10-2 10-10 115 11-11 126 130
24,0 0.03 0.14 0.1% 0.25 0.31 0.38 0.46 0.54 0,62 0.71 0.80
10-9 12-5 1310 15-2 16-5 17-6 18-7 19-7 20-6 21-5 22-4
12.0 0.12 0,19 0.27 0.35 0.44 0.54 0.65 0.76 0.388 1.00 1.13
100 11-7 12-11 14-2 15.4 16-5 17-5 184 19-3 20-1 20-11
13.7 .12 0.18 .25 0.33 0.42 0.51 0.61 Q.71 0.82 0.93 1.05
9-3 109 12.0 132 14.2 15-2 161 17-0 17-9 187 194
2x12 16.0 .11 0.17 0.23 0.317 0.39 0.47 0.56 0.66 0.76 0.86 0.98
86 .10 10-11 120 12-11 13-10 14-8 15-6 i6-3 17-0 17-8
19.2 0,70 0.15 0.21 0,28 0.25 0.43 0,51 0.60 0.69 0.79 0.39
77 29 9-10 10-9 1-7 125 132 13-10 14-6 15-2 15-9
24.0 0.09 0.14 019 0.25 031 0.38 0.46 0.54 0.62 0.71 0.80
Note: The required modulus of elasticity, “E”, in 1,000,000 pounds per square inch is shown below each span,
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TABLE R-3 {cont.)

RAFTERS: Spans are measured along the
horizontal projection and loads are
considered as applied on the horizontal

qg¥ 'ON ‘2661 ‘UPiely ‘12181393

projection.
Extreme Fiber Stress in Bending, Fb" {pst).
RAFTER
SPACING SIZE
1400 1500 1600 1700 1300 19500 2000 2100 2200 2490 2700 {IN) [{(h)]
11-4 118 12-9 126 12-10 1232 126 1510 14.2
1.26 1.40 1.54 1.68 1.83 1.99 2.15 2.31 2.48 12.0
10-7 11.0 11-4 118 12-0 12-4 12.8 120 133
1.18 1.31 1.44 157 1.72 1.86 2.07 2.18 232 13.7
210 10-2 10-6 16-10 ?1-1 11-5 1-8 12-0 12-4 12-10
1.09 1.21 1.33 1.46 1.58 1.72 1.86 2.00 215 2.45 16.0 28
811 9-3 a7 9-10 10-2 10-5 10-8 11-0 11-3 11-9
0.99 1,10 1.22 1.33 1.45 1.57 1.70 1.83 1.96 2.23 19.2
20 g3 g7 g-1Q 91 9-4 7 9-10 0.0 108 1141
0.89 0,29 1.09 1.19 1.30 1.43 1.52 1.63 175 2.00 2,38 24.0
1411 15-5 16-0 16-5 16-11 175 i7-10 18-3 18-9
1.26 1.40 1.54 1.68 1.83 1.99 2,15 2.31 2.48 12.0
14-0 148 14-11 -| 155 15-10 16-3 16-8 17-1 176
1.18 1.31 1.44 1.87 1.72 1.88 2.01 2,16 2.32 13.7
12-11 135 13-10 14-3 14-8 15-1 15-5 15-10 16-3 16-11
1409 1.21 1.33 1.46 1.69 172 1.86 2.00 2.15 2,45 16.0 2x8
11-10 12-3 12-7 130 135 139 14-1 14-6 14-10 155
0.99 1.10 1.22 1.33 145 1.57 1.70 1.83 1.96 2.23 19,2
107 10-11 11-3 11-8 12.0 i2-4 127 1217 13-3 13-10 14-8
0.89 0,99 1.09 119 1.30 1.41 1.52 1.63 1.75 2,00 2,38 24,0
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19-1 19-9 20-4 21-0 217 222 22.¢ 234 2311

1.26 1.40 1.54 1.68 1.83 1.99 2,15 2,31 2.48 12.0
17-10 18-85 191 19-8 202 20-9 21-4 21-10 22-4

1.18 1.31 1,44 1.57 1.72 1.86 2.01 2.16 2.32 13.7

16-6 171 17-8 182 i8¢ 19-3 189 20-2 20-8 21-7

1.09 1.21 1.33 1.46 1.58 1.72 1.86 2,00 2,15 2.45 16.0 2%
15-1 157 16-1 16-7 71 17.7 180 18-5 78-11 19-9

0.99 1.10 1,22 1.33 1.45 1.7 1.7¢ 1.83 1.96 223 19.2

13-6 13-11 145 1410 18-3 15-8 18-1 16-6 18-11 178 18-9

0.89 0,99 1.09 1.19 1.30 1.41 1.52 1.63 1.75 2.00 2.38 24.0

23-2 240 249 25-6 26-3 270 278 28-5 29-1

1.26 1.40 154 1.68 1.83 1.99 2,15 231 2.48 12,9

21-8 225 23-2 231 24.7 25.3 25-11 26-7 27-2

1.18 1.31 1,44 157 1.72 1.86 2.01 2.16 2.32 13.7

20-1 20-9 215 22-1 22:9 235 24.0 247 252 26-3 '

1.08 1.21 1,33 1.48 1,59 1,72 1.86 2.00 2.15 2.45 16.0 2x12
18-4 19-0 18.7 20.2 20-9 21-4 21-1 228 230 24-0

0.99 1,10 1.22 1.33 1.45 1.57 1.70 1.82 1.96 2.23 19.2

16-5 17-0 17-8 181 18-7 19-1 19:7 201 20-6 215 22-9

0.89 0.99 1.09 1.19 1.30 1.41. 1.52 1.63 1.75 2,00 2.38 24.0
Note: The required modulus of elasticity, “"E™, in 1,000,000 pounds per square inch is shown below each span.

xipuaddy

P41

HAO0D HALLVAEISININGY NISNODSIM




487 ON ‘2661 ‘yo1ely esiday

DESIGN CRITERIA:
Strength - 15 Ibs. per sq. ft. dead load plus 20
lbs. per sq. fi. live lead determines required

fiber stress.

TABLE R-5
FLAT OR SLOPED RAFTERS
Supporting Plaster Ceiling

{Fiat roof or cathedral ceiling with no attic space)

Live Load - 30 tb, per sq. ft,
Use in Zone 2

Deflection - For 30 Ibs, per sq. ft, live load.
Limited to Span in inches divided by 360.

Extreme Fiber Stress in Bending, “Fp” {psil.

RAFTER
SIZE SPACING
{IN) {IN} 300 400 500 600 700 290 900 1000 1100 1200
5-10 ‘68 76 82 810 9-6 10-0 10-7 11-1 -7
12.0 0.19 0.29 Q.41 0.54 0.68 0.83 0.58 1.15 1.33 1.52
55 6-3 70 78 83 810 95 211 105 10-10
13.7 0.18 .27 0.38 0.50 0.63 0.77 0.92 1.08 1.26 142
5.0 5-10 &6 7-1 78 82 88 92 97 10-0
2x6 18.0 0.16 0.25 0.35 0.46 0.52 0.72 0,85 1.00 1.15 1.31
4.7 5-4 51 &6 70 76 771 24 89 9.2
19.2 0.15 0.23 0.32 0.42 0.53 0.65 0.78 0.91 1.05 1.20
41 4.9 54 5-10 6-3 68 71 76 7-10 a2
24,0 0.13 21 0.29 0.38 0.4% 0.58 0,70 0.82 0.94 1.07
7-8 810 810 1010 118 12:6 13-3 31 14-8 153
12.0 0.19 0.29 0.41 0.54 0.68 0.83 0.99 i.15 1.33 1,52
7.2 8.3 9.3 10-1 10-11 11-8 12-5 131 138 14-4
13,7 0.18 0.27 0.38 0.50 0.63 0.77 0.92 1.08 1.25 1.42
&7 7-8 87 94 101 10-10 116 124 12.8 13-3
2x8 16.0 0.16 0.25 0.35 0.46 0.59 0.72 0.85 1.00 1.16 1.31
&1 70 710 87 9-3 10 106 11-0 11-7 121
19.2 0.15 023 0.32 0.42 0.53 0.65 0.78 0,91 1.08 1.20
55 6-3 70 7-8 33 810 9-4 9-10 10-4 10-10
24.0 0.13 0.21 0,29 0.38 0.48 0.58 0.70 0.82 0.94 1.07
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8.9 11.3 127 139 1411 15.71 16-11 17-10 18-8 19.6

12.0 0.19 0.29 0.41 0.54 0.68 0,82 0.99 118 1.33 1.52

91 10-6 “11-$ 12-11 13-11 14-11 15-10 6.8 176 183

13.7 0.18 0.27 0.38 0.50 0.63 Q.77 0.92 1.08 1,25 1.42

8.5 9-9 10-11 11-11 121 13.9 148 15.5 16-2 16-11

2x10 16.0 016 0,25 0.35 0.46 0.59 0,72 0.85 1.00 1.15 1.31
78 811 9-1 1011 11.9 127 134 14-1 149 15-5

19.2 0.15 0.23 0.32 0.42 0.53 0.65 0.78 0.87 1,05 1.20

611 | 80 811 99 10-6 11-3 111 | 127 13-2 139

240 0.13 0.21 0.29 0.38 0.48 0.58 0.70 0.82 0.94 1.07

11-10 13-8 15.4 169 181 19-4 20-6 218 228 239

12,0 0.19 0.29 0.41 0.54 0.68 0.83 0.99 1.15 1.33 1.52

11-1 12-10 14-4 15-8 18-11 181 19-3 20-3 21-3 22.2

13.7 0.18 .27 0.38 0.50 0.63 0.77 0.92 1.08 1.25 1.42

103 1110 13-3 14.5 158 16-9 178 18-9 198 20-5

2x12 16.0 Q.16 0.25 0.35 0,46 0.59 0,72 0.85 1.00 1.15 1,31
95 1010 124 133 14-4 15.4 16-3 17-1 17-1 188

19.2 0,15 0.23 (.32 0.42 0.53 0.65 0.78 0.81 1.08 1.20

85 2.8 10-70 1110 12.10 138 14-6 15-4 161 16-9

24.0 0,13 0.21 0.29 0.38 C.48 Q.58 0.70 0.82 0.94 1.07

Note: The required modulus of elasticity, “E”, in 1,000,000 pounds per square inch is shown below each

span.
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RAFTERS:

Spans are moasured along the
horizontal projection and ioads are

considered as applied on the horizontal

TABLE R-56 {cont))

projection.
Extreme Fiber Stress in Bending, "Fb" (psil.
RAFTER
SPACING SIZE
1300 1400 1500 1600 1700 1800 1900 2000 2100 (I} {IN)
1241 126 130 135 1310
1.71 1.81 212 2,34 2.56 12.0
11-3 119 122 | 128 121
1.60 1.79 1.98 219 2.39 13.7
10-5 10-10 17-3 1-7 11+-11 124
1.48 1.66 1.84 2.02 2.22 241 16.0 2x6
96 9-11 10:3 10-7 101 11-3 118 11-10
1.3% 1.51 1,68 1.85 2,02 2.20 2,38 2.58 19.2
186 8-10 9.2 3.6 2.9 10-0 10-4 10-7 10-10
1.23 1.35 1.50 1.85 181 1.97 2.14 2.31 2.48 24.0
15-11 16-8 171 17-8 18-2
1.71 1.91 212 2.34 2,56 12.0
14-17 15.5 16-0 16-6 17-0
1.60 1.79 1.88 2.19 2.39 13.7
13-9 14-4 1410 15.2 15-9 16-3
1.48 1.66 1.84 2.02 2.22 2.41 16.0 2x8
12-7 131 13-6 1311 145 14-10 15-2 157
1.35 1.51 168 1.85 2,02 2.20 2,39 2.58 19.2
11-3 11-8 121 126 12-10 133 13-7 13-11 14-4
1.21 1.38 1.50 1.6% 1.81 1.97 2,14 2.31 248 24.0
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20-4 21-1 21410 226 23-3
1.71 1.91 212 2.34 2,56 12.0
180 19-8 205 2141 219
1.60 1.79 1.98 2,19 2.39 13.7
‘177 18-3 181 19-6 201 20-8
1.48 1.66 1.84 2.02 2.22 2,41 16.0 2x10
16-1 16-8 17-3 17-10 184 18-11 195 19-11
1.35 1.51 1.68 1.85 2.02 2,20 2,39 2,58 19.2
14-4 1411 15.5 1511 16-5 16-11 17-4 17-10 18-3
.21 1,35 1.50 1.65 1.81 1.87 2.14 2.3 2.48 24.0
248 25-7 26-6 27-5 283
.71 1.91 212 2,34 2.56 120
231 24-0 24-10 25.7 26-5
1.60 1.79 1.98 2.19 2.39 13.7
21-5 22-2 230 229 24.5 25.2
1.48 1.56 1,34 2,02 2.22 2.41 16.0 2%12
19-6 20-3 21-0 21-8 229 230 237 24.2
1.35 1.51 1.68 1.85 2.02 2,20 2.39 2.58 19.2
175 181 189 19-4 20.0 20-6 21-1 218 22-2
.21 1.35 1.50 1.65 1.81 1.97 2.14 2.3 2.48 24.0
Note: The required modulus of elasticity, "E", in 1,000,000 pounds per square inch is shown

below each span,

xipuaddy

841

HAO0D HALLVULSININGAV NISNODSIM




GEF "ON 'Z661 WdIB[Y “1Is1INT

DESIGN CRITERIA:;
Strength - 15 Ibs, per sq. ft. dead load plus 40
tbs. per sq. ft, live load determines required

fiber stress.

TABLERSG
FLAT OR SLOPED RAFTERS
Supporting Plaster Ceiling

{Flat roof or cathedral ceiling with no attic space)

Live Load - 40 |b, per 0q. ft.
Use in Zone 1

Defiection - For 40 lbs. per sq. ft. live load.
Limited to span in inches divided by 360,

Extreme Fiber Stress in Bending, ”Fb" {psi).

RAFTER
SIZE SPACING
(IN) {1} 300 400 500 600 700 800 900 1000 1100 1200
53 6-1 89 7-5 &0 87 9-1 97 10-0 10-6
12,0 0.19 0.29 0.40 0.53 0.67 Q.82 0.97 1.14 1.31 1.50
411 58 6-4 611 78 80 8-6 &N 9-5 . 910
13.7 0.18 Q.27 0,38 0,50 0.62 0.76 0.81 1.07 1.23 1.40
4-6 53 5-10 &5 6-11 75 7-10 83 88 8.1
2x6 16.0 0.16 0.25 0.35% 0,46 0.58 0.71 0.84 0.99 1.14 1.30
4.2 49 5-4 510 §-4 [ 7.2 77 7-11 8-3
19.2 0.15 0,23 0.32 0.42 0.53 0.64 0.77 0.90 1.04 1.18
38 4-3 4-9 53 5-8 61 65 62 71 75
24.0 0.13 0.20 0.28 Q.37 047 0.58 0.69 0.81 0.93 1.06
611 2.0 811 29 10-7 113 12-0 12-7 132 13-10
12.0 0.19 0.29 0.40 052 0.67 0.82 0.97 1.14 1.31 1.50
&6 7-6 8-4 92 9-11 10-7 11-2 1110 125 12-11
13.7 0.18 0.27 0.38 0.50 0.62 0.76 0.91 1.07 1.23 1.40
6-0 &1 79 88 92 9.9 104 1011 11-6 120
2x8 16.0 0.15 0.28 0.35 0.46 0.58 0.71 0.84 0.29 1.14 1.30
5.6 &4 7.1 78 84 B-11 2.6 10:0 10-6 10-11
19,2 0.15 0.23 0.32 0.42 0.52 0.64 0.77 0.80 1.04 1,18
411 58 6.4 611 7-6 a0 86 811 94 9-9
24.0 013 0.20 0.28 0.37 0.47 0.58 0,69 0.81 0,93 1.06
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810 10-2 115 126 13-6 14-5 15-3 161 18-11 17-8

12.0 0,19 D.29 0.40 0.53 Q.67 0.82 0.97 1.14 1.31 1.50

83 96 10-8 118 127 13.5 14-3 15-1 15-10 16-6

13.7 0.18 0,27 0.38 0.50 0.62 0.76 0.91 1.07 1.23 1.40

78 810 910 10-10 11-8 126 133 13-11 14-8 153

2x10 16.0 0.16 0.25 0.35 0.46 0.58 0.71. 0.84 0.89 1.14 1.30
7-0 81 940 910 10-8 11-5 12.1 12.9 13-4 13-11

19.2 0.15 0.23 0.32 0,42 0.53 0.64 0.77 0.90 1.04 1.18

B3 | 72 81 810 9-6 10-2 10-10 11.5 11-11 126

240 0.13 0,20 0,28 0.37 0.47 0.58 0.69 0.81 0.93 1.06

H{a3:] 12-5 1310 15-2 165 17-6 18-7 19-7 20-6 275

12.0 0,19 0.29 Q.40 0.53 0,67 0.82 0.97 1.14 1.31 1.50

10-0 17 121 14-2 154 16-5 17-5 18-4 19.2 201

13.7 0.18 0.27 0,38 0.50 0.62 0.78 0.91 1.07 1.23 1.40

9-3 108 12-0 13-2 14.2 15-2 16-1 17-0 17-9 187

2x12 16.0 0.16 0.25 0.35 0.46 0.58 0.71 0.84 0,99 1.14 1.30
8-6 .10 10-11 12-0 12-11 13-10 14-8 15-8 162 70

19.2 0.15 0.23 0.32 0.42 0.53 0.64 0.77 0.90 1.04 1.18

77 89 9-10 10-9 1.7 125 13-2 13-10 | 146 152

24.0 0,13 0.20 0.28 0.37 0.47 0.58 0.59 0.81 0.93 1.06

Note: The required modulus of elasticity, “E”, in 1,000,000 pounds per square inch is shown below

each span.

Tjpuaddy

091

HdO0D HATLVUILSININAY NISNODSIM




98F "ON ‘2661 ‘Yarely oSSy

TABLE R-6 {cont.)

RAFTERS: Spans are measured along the
horizontal projection and loads are
considered a5 appiied on the horizontal

projection,
Extreme Fiber Stress in Bending, “'Fy,” (psi),
RAFTER
SPACING SIZE
1300 1400 1500 1600 1700 1800 1900 2000 2100 {IN) L}
111 { 1.4 | 119 | 120 | 126
1.69 1.9 2,00 2.31 2,53 12.0
10-3 10-7 11-0 114 11-8 120
1.58 1.77 1.96 2.16 2.36 2.57 13.7
9.5 9-10 10-2 10-6 10-10 111 11-5
1.46 1.63 1.81 2.00 2,19 2,38 2,58 16.0 2%6
&8 B11 93 97 9-10 10-2 105 10-8
1.34 1.49 1.65 1.82 2.00 2,18 2.36 255 19.2
7-9 80 8-3 87 8-10 91 9-4 9.7 9410
119 133 1.48 1.63 1.78 1.95 21 2,28 2,45 24.0
14-5 14-11 15-5 160 16-5
1,69 1.89 2.09 2,31 2,53 2.0
13- 14-0 14-6 141 15-5 15-10
1.58 1.77 1.98 2.16 2,36 2.57 13.7
12-6 12-11 13-5 131G 14-3 4.8 15.1
1.46 1.63 1.81 2.00 2.19 2.38 2,58 16.0 2x8
11-5 11.10 123 127 13.0 135 13-8 14.1
1.34 1.49 165 1.82 2.00 2.18 2.36 2.55 19.2
10-2 10-7 10-11 11-3 11-8 12-0 124 12-7 2.1
1.19 1.33 7.48 1.83 1.79 1.95 a2n 228 245 24.0
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18-4 19-1 19-9 20-4 210 )
1.69 1.89 2.09 2,31 2.53 12.0
17-2 12-10 185 18-1 19-8 202
1.58 1.77 1.96 2.16 2.386 2.57 13.7
1511 16-6 171 17-8 18-2 189 19-3
1.48 1.63 1.817 2.00 2.19 2,33 2.58 16.0 2x10
14-6 151 15-7 16-1 16-7 17-1 177 180
1.34 1.49 1.65 1.82 2.00 2.18 2,38 2.55 18.2
13-0 136 1317 14.5 1410 15-3 15-8 16-1 16-6
1.19 1.33 1.48 1.63 1.79 1.95 2,11 2.28 2.45 24.0
22.4 232 24-0 24-9 258
1.69 1.89 2,09 2.31 2,53 12.0
20-11 21-8 225 232 23-117 24-7
1.55 1,77 1.98 2.15 2.36 2,57 13.7
19-4 201 20-9 215 221 229 23-5
1.46 1.63 1.81 2.00 2,79 2.38 2.58 6.0 2%x12
17-8 18-4 19-0 197 20-2 209 21.4 21-1
1.34 1.49 1.65 1.82 2.00 2.18 2.36 2.55 19.2
15-9 8.5 17-0 17-6 18-1 87 191 19.7 261
1.19 1.33 148 1.63 1.79 1.9% 2.1 2.28 2.45 24.0
Note: The required modulus of elasticity, “E'", in 7,000,000 pounds per square inch is shown

below each span.

xipuaddy

291

dJ0D HALLVALSININAY NISNODSIM




GET ‘ON ‘3661 'yodefy ‘da)sideyr

TABLE R-8
FLAT OR LOW SLOPE RAFTERS
Ne Ceiling Load
Slope 3in 12 or less
Live Lood - 30 Ib_ per. sq. ft.

DESIGN CRITERIA; Use in Zone 2
Strength - TO Ibs. per sq. ft. dead load plus 30

lbs, per sq. fr live load determines required

fiber stress.
Deflection - For 30 Ibs, per sq, ft, live load,

Limited o span in inches divided by 240,

e
z
o)
[ow}
s}
wd
=
I
Extreme Fiber Stress In Bending, “F” (psik.

RAFTER g
SIZE SPACING &
(1) ] 300 400 500 600 700 500 900 1006 | 1100 | 1200 | 1200 S
62 741 711 88 95 160 | 108 | 113 | 119 | 124 | 1210 =
120 | 045 | 023 | 032 | 043 | 054 | 066 | 078 | 092 | 1.06 | 121 1.36 ;
5.9 68 75 82 89 9.5 160 | 106 | 11-0 | 116 | 120 =

127 | 014 | 022 | 030 | 040 | O5C | 061 073 | 08 | 099 | .13 1.27
54 52 511 | 76 g2 ge 93 3.8 102 | 108 | 111 =
26 160 | 013 | 020 | 028 | 037 | 047 | 057 | o6e | 080 | 09z | 105 | 118 =
410 | 57 63 611 75 711 | 88 811 94 99 10-1 E
192 | 012 | 018 | 026 | 034 1 043 | 052 | 062 | 073 | 084 | 095 | 1.08 >

44 50 5.7 62 58 71 76 71 84 88 91

240 | on 016 | 023 | 030 | 038 | 046 | 055 | 065 | 075 | 085 | 096 g
81 9-4 10-6 116 12.5 133 14-0 1410 | 156 16:3 16-10 ™
120 | 015 | 022 | 032 | 043 | 0s4 | 066 | 078 | 092 | 108 | 121 1,36 5
7.7 89 99 [ 108 | 117 [ 125 | 132 | 1310 | 146 | 152 | 159 st
137 | 014 | 022 | o020 | 040 | o050 | 067 073 | 08 | 099 | 113 | 127 C2>1
7-0 81 9.1 911 109 | 116 | 122 | 1210 | 135 | 140 | 147 7

2x8 16,0 0,13 0,20 0.28 0.37 0.47 0.57 0.68

0.80 0.92 1.05 1.18

Apuaddy

65 75 23 91 99 10-6 111 11-8 123 12-10 13-4
19.2 0.12 0.18 0.26 0.34 0.43 0.52 0.62 0.73 0,84 0.95 1.08
5-9 &7 7-5 81 &9 o4 9-11 10:6 110 116 11411

24.0 0.11 0.18 .23 0.30 0.38 0.46 0.55

891

0.65 0.75 0.85 0.96
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104 11113 13-4 148 15-10 16-11 17-11 18-11 19-10 208 21-6

12.0 0.15 023 0.32 0,43 0.54 0.66 0.78 0,92 1.068 1.21 1.36

83 11.2 126 | 138 14-9 15-10 | 169 178 186 194 | 202

13.7 0.14 0.22 0.30 0.40 0,50 0.51 0.73 0.86 0.99 1.13 1.27

811 10-4 11-7 128 128 14-8 15-6 16-4 72 17-11 18-8

2x10 16.0 0.13 0.20 0.28 0,37 0.47 0.57 0.68 0.80 0.92 1.05 1.18
82 85 107 11.7 12-6 13-4 142 14-11 158 16-3 170

19.2 012 0.18 0.26 0.34 0.43 0.52 0,62 0.73 0.84 0.95 1.08

7-4 85 95 10-4 112 1211 12-8 134 14-0 1483 15-3

24.0 0.11 0,16 0.23 0.20 0.38 0.46 0.55 0.65 0.75 0.85 0.96

127 14-6 16-3 17-9 193 20-6 21-9 23-0 24-1 252 26-2

12,0 0.15 .23 0.32 0.43 0.54 0.68 0.78 0.92 1.06 1.2% 1.36

119 137 15-2 16-8 18-0 19-3 20-5 216 226 23-6 24-6

13.7 0,14 0.22 0.30 040 0.5¢ 061 0.73 0.86 0.99 1.13 1.27

10-11 12-7 14-1 15-5 16-8 17-9 18-10 19-11 20-10 | 219 228

2x12 16.0 .13 0.20 0.28 0,37 0.47 0.57 0.68 0.30 0.92 1.05 1.18
9-11 11-6 12-10 14-1 15-2 16-3 17-3 182 19-0 19-11 20-8

19.2 012 0.18 026 0.34 0.43 0.52 0.62 0.73 0.84 0.95 1.08

8-11 10-3 11-6 127 137 14-6 155 16-3 17-0 17-8 18-6

24,0 0.1 0.16 0.23 0.30 0.38 0.46 0.55 0.65 0.75 0.85 0.96

Note: The required meodulus of elasticity, “E", in 1,000,000 pounds per square inch is shown below each span.
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TABLE R-8 {cont)

RAFTERS: Spans arc measured along the
horizontal projection and loads are
considered as applied on the harizontal

projection.
Extreme Fiber Stress in Bending, "Ry {psi).
RAFTER
SPACING SIZE|
1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100 | 2200 | 2400 | (IN} (1)
132 138 | 142 148 151 | 156 1511
1.52 169 186 | 204 | 222 | 241 2.60 12.0
12.5 1210 | 133 138 141 146 14-10
1.42 158 1.74 10 | 208 | 225 | 243 13.7-
M6 | 1111 | 124 128 | 131 135 13-9 14-1 145
1.32 1.46 | 181 1.76 192 [ 208 | 225 | 242 | 280 160 26
106 1010 | 11-3 117 1111 | 123 12.7 1216 | 132
1,20 1.33 1.47 1.51 175 190 | 205 | 221 237 19.2
95 9.9 100 104 108 1011 | 11-3 118 | 119 124
1,08 1.19 1.31 1.44 157 1.70 1.84 198 | 232 | 24 24,0
176 | 182 189 194 1910 | 205 | 2011
1,52 1,69 1.8 | 204 | 222 | 241 2.60 12.0
165 | 1611 ] 176 181 187 191 197
142 | 158 | 174 190 | 208 | 225 | 243 13.7
15.2 158 163 180 17.2 178 182 18-7 180
132 1.48 1.61 1.76 192 | 208 | 225 | 242 | 260 160 2x8
1310 | 144 | 1310 | 153 15-8 16-2 167 1611 | 1744
1.20 133 | 147 1.61 1.75 190 | 208 | 2.2 2.37 19,2
125 1210 | 133 138 140 | 145 1410 | 152 156 16-3
1.08 1.19 1.3 1.44 157 1.70 184 1.8 | 212 | 241 240
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224 23-2 231 24-7 254 26-0 26-8

1.5 1.69 1.86 2.04 2.22 2.41 2.60 12,0

2011 21-8 22-4 230 23-8 24-4 25-0

142 158 174 1.80 2.08 225 2.43 13.7

19-4 20-0 208 21-4 2111 22.8 232 238 24.3

1.32 1.46 1.61 1.76 1.82 2.08 2.25 2,42 2.60 16.0 2x10

17-8 183 18:11 19-6 20:0 20-7 211 218 22-2

1.20 1.33 1.47 181 1.75 1.90 2,05 2.21 2.37 18.2

1510 164 16-1% 17-5 17-1 185 1811 15-4 19-10 208

1.08 1.19 1.31 1.44 157 1.70 1.84 1.98 2.12 2.41 230

27-2 28-2 29-1 2311 30-10 31-8 326

1.52 1.69 1.86 2.04 222 2.41 2,80 120

255 26-4 27-2 28-0 2810 26.7 30-5

1.42 1.58 1.74 1.890 2,08 2.25 243 13.7

226 24-4 252 25-11 26-8 275 282 28-10 28-6

1.32 1.46 1.61 1.76 1.92 2.08 225 242 2.60 16,0 %12

21-6 22-3 230 23-8 244 25-0 258 264 26-11

1.20 1.33 1.47 1.61 1.75 1.90 2.05 221 2.37 19.2

19-3 1811 20-6 212 21-8 22-5 230 236 241 25-2

1.08 1.19 1.31 1.44 1.57 120 1.84 1.98 2.12 241 24.0
Note: The required modulus of elasticity, “€”, in 1,000,000 pounds per square inch is shown befow

each span.
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DESIGN CRITERIA:
Strength - 10 Ibs. per sq. ft. dead load plus 40
Ibs. per sq. ft. live load determines required

fiber stress,

TABLE R-9
FLAT OR L.OW SLOPE RAFTERS
Ne Ceiling Load
Slope 3 in 12 or less
Live Lood - 40 1b. per, 5q. ft.
Use in Zone 1

Deflection - For 40 ibs. per sq. ft, live load.
Limited to span in inches divided by 240.

Extreme Fiber Stress in Bending, “Fb" {psi).

RAFTER
SIZE SPACING
(N (10} 300 400 500 600 700 200 2800 1000 1100 1200 1300
5-6 6-4 7-1 79 85 2-0 9-6 10-0 10-6 110 11-5
12.0 0.14 0.22 0.31 0.41 0.51 0.63 0.75 088 1.01 1,15 1.30
5.2 5811 [:5:3 7-3 7-10 85 811 85 9-10 103 10-8
13.7 0.13 0.21 0.29 0.38 0.48 0.59 0.70 0.82 0.95 1.08 1,22
4.9 56 6:2 &9 7-3 79 83 88 91 9-6 a1
2%6 16.0 0.12 .18 0.27 0.35 Q.44 0,54 0.65 0.76 0.88 1,00 1.12
4-4 50 5.7 62 63 7-1 76 7-1 84 88 9-1
18.2 0.11 0.18 0.24 0.32 0.41 0.50 0.59 0.69 0.80 0.81 1.03
k3K 4-6 50 56 511 64 6-9 71 7-5 79 &1
24.0 0,10 0.16 0.22 0,29 0.36 0.44 0.53 0,62 0.71 081 0.92
73 g4 9-4 i0-3 111 11-10 12-7 13-3 1311 146 151
12.0 0.14 0.22 0.31 0.41 0,51 0.63 0.75 G.88 1.1 1.15 1.30
69 7-10 89 97 10-4 1141 118 125 130 137 14-1
13.7 0.13 0.21 0.29 0.38 0.48 0.59 0.70 0.82 0.95 1.08 1.22
63 73 21 811 8.7 10-3 10-11 11-6 12-0 127 13-%
2x8 16.0 Q.12 0.19 0.27 (.35 0.44 054 0.65 0.76 0.38 1.00 1.12
59 67 75 8-1 89 94 211 10-6 11-0 11-6 11-11
15.2 0.11 0.18 0.24 0.32 0.41 0.50 0.59 0.69 0.80 0.91 1.03
§-2 =1 8-7 73 7-10 84 &1 94 9-10 10-3 10-8
24.0 .10 0.18 0.22 0.29 0.36 0,44 0,53 0.62 0.71 0.81 0.92
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93 108 111 131 142 151 16-0 16-11 179 18-6 19-3
12.0 014 0.22 0.31 0.47 0.51 0.83 0.75 0.88 1.01 1.15 1,30
8-8 00 11-2 12-3 12-3 142 150 15-10 16-7 174 18-0
13.7 0.13 0.21 0.25 Q.38 0.48 0,59 .70 0.82 0.95 1.08 1.22
80 9-3 104 11-4 12-3 131 13-11 14-8 15-4 16-0 16-8
2x10 16.0 0,12 0.19 0.27 0.35 0.44 0.54 (.65 0.76 0.23 1.00 1.12
7-4 85 9-5 104 1-2 1111 128 134 14-0 14-8 15-3
19.2 011 0.18 0.24 0.32 0.41 Q.50 0.59 0.69 0.80 0.91 1.03
8-6 77 85 9-3 10:0 10-8 114 11-11 12-6 1317 137
24.0 010 0.16 0.22 0.29 0.36 0.44 Q.53 0,62 on 0.81 0.82
113 13-0 14-6 15-11 17-2 18-4 18-6 206 21.7 226 235
12.0 0.14 0.22 0.31 0.41 .51 0.63 0.75 0.88 1.01 1.15 1.30
106 12-2 137 14-11 16-1 17-2 183 19-3 20-2 211 2111
13.7 0,13 .21 0.29 0.38 0.48 0.59 0,70 082 0.95 1.08 1.22
99 11-3 12-7 139 14-11 15-11 18-11 179 18-8 19-6 203
2x12 16.0 Q.12 0,19 0.27 0.35 0.44 0.54 0.65 0.78 0.88 1,00 1.12
811 10-3 116 127 137 14-6 15-5 16-3 17-0 17-9 188
19.2 0.11 0.18 0,24 0.32 0.41 0,50 0.59 0.69 0.80 0.91 1.03
71 92 10-3 11-3 12-2 13-0 139 14-6 1543 15-11 18-7
24.0 0.10 0.18 0.22 0,29 0.36 0.44 053 0.62 Q.71 0,817 0.92
Note: The required modulus of elasticity, “E", in 1,000,000 pounds per square inch is shown below each sparn,
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RAFTERS: Spans are measured along the

horizontal projection and loads are

considered as applied on the horizantal

TABLE R-9 {cont}

projection.
Extreme Fiber Stress in Bending, “F\," (psil.
RAFTER
SPACING SIZE
1400 1500 1600 1700 1800 1900 2000 2100 2200 2400 {1n) {IN}
11-11 12.4 12.8 131 138 13-10 142
1.45 1.61 1.77 1.94 212 2.30 2.48 12,0
111 11-6 11-11 12-3 12-7 12-11 133 13-7
1,36 1.51 1.66 1.82 1.98 2.15 2.32 249 13.7
10-3 10-8 11-¢ 11-4 11-8 12-0 12-4 12-7 2-11
1.26 1.39 1.54 1.68 1.83 1.89 2.15 2.31 2.43 16,0 2xB
85 9-8 10-:0 10-4 10-8 10-11 11-3 11-6 11-9 12-4
1.18 127 1.40 154 1.67 1.81 1.96 2,11 2.26 2,58 18.2
85 88 9.0 92 2.6 9.9 10:0 10-3 10-6 11-0
1.03 i.14 1.25 1.37 1.50 162 1.75 1.89 2.02 2.30 24.0
15-8 16-3 18-9 17-3 17-9 18-3 189
1,45 1.61 1.77 1.94 2.12 2,30 2.48 12.0
14-8 15.2 15.8 16.2 16-7 171 17-6 1711
1.36 1.51 1,66 1.82 1.98 2.15 2.32 2.4% 13.7
137 14.0 14-6 14-11 155 15-10 16-3 168-7 17-Q
1,26 1.39 1,54 1.68 1.82 1.99 2,15 2.31 2.48 16.0 2x8
12.5 12-10 13-3 138 14-0 14-5 1410 15-2 156 16-3
1.15 1.27 1.40 1.54 1.687 1.81 1.96 2.11 2.26 2.58 19.2
11— 11-6 11-1¢ 122 127 12-11 133 13-7 13-1 14-6
1.03 1.14 1.25 1.37 1.50 1.62 1.75 1.89 2.02 2.30 24,0
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200 20-8 21.4 22.0 228 23-3 2311
1.45 1.81 1.77 1.94 2.12 2.30 2.48 12.0
18-8 19-4 200 207 212 219 224 22-11
1.36 1.51 1.66 182 1.98 2.15 2.32 2.49 13.7
17-4 17-11 86 191 19-7 20-2 208 21-2 21-8
1.26 1.39 1.54 1.68 1.83 1.99 2,15 2.31 248 16,0 2%10
15-10 16-4 16-11 175 17-1 18-5 1811 19-4 19-10 20-8
1.15 1.27 1.40 1.54 1.67 1.81 1.96 2.1 226 2.58 19.2
14-2 14-8 15-1 15-7 16-0 16-B 16-11 17-4 179 18-6
1.03 1.14 1.25 1.37 1.50 -1.62 1.75 1.89 2.02 230 24.0
24-4 25-2 26-0 26-8 21.7 28-4 29-1
1,45 1.61 177 1.94 2.12 2.30 2.48 12.0
22- 236 24-4 25.1 25-9 26-6 272 27-10
1.36 1.51 1.66 1.82 1.98 2.15 2.32 2.48 13.7
21-1 21-.9 226 232 23-10 | 246 252 25-9 26-5
1.26 1.29 1.54 1.68 1.83 1.99 215 231 2.48 16.0 2%12
19-3 19-11 20-5 21-2 219 22.5 230 235 24-1 252
1.15 1.27 1.40 1.54 1.67 1.81 1.96 1 2.26 2,58 19.2
17-2 17-9 18-4 1811 | 19-6 200 2C-6 2141 217 226
1.03 .14 1.25 1.37 1.50 1.62 1,75 1.8¢ 2.02 2.30 24.0
Note: The required modulus of elasticity, “E”, in 1,000,000 pounds per inch is shown below each span,
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Appendix

INDUSTRY, LABOR AND HUMAN RELATIONS
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Appendix

INDUSTRY, LABOR AND HUMAN RELATIONS
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Note:  The required modulus of clasticity, “E”, in 1,000,000 pounds per square inch is shown below each span,
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LABOR AND HUMAN RELATIONS
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DESIGH VALUES FOR JOISTS AND RAFTERS - VISUAL GRADING

These "F," values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "Fy," values should be reduced 13 percent.

Values for surfaced dry or surfaced green lumber apply at 19 percent maximum moisture
content in use.

Design Value
in Bending "Fp"
Modulus of Grading
Species and Grade Size Joists Rafters Flasticity Rules
"E" Agency
BALSAM FIR (Surfaced dry or surfaced green) )
Select Structural 2000 2100 1,500,000 Northeastern
No. 1 2x%4 1700 1790 1,500,000 Lumber
No. 2 1400 1470 1,300,000 Manufacturers
No. 3 775 810 1,200,000 Association
Appearance 1700 1790 1,500,000
Stud 775 810 1,200,000 Northern
) Hardwood
Constructicn 1000 1050 1,200,000 & Pine
Standard 2x4 575 600 1,200,000 Manufacturers
Ttility 275 290 1,200,000 Association
Select Structural 2%5 1700 1790 1,500,000
No. 1 & Appearance and 1450 1520 1,500,000 (See notes 1
¥o. 2 wider 1200 1260 1,300,000 znd 3)
No. 3 700 740 1,200,000
Stud 700 740 1,200,000
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DOUGLAS FIR - LARCH (Surfaced dry or surfaced green)
Dense Select Structural 2800 2940 1,800,000
Select Structural T 2400 2520 1,800,000
Dense No. 1 2400 2520 1,900,000
Xo. 1 & Appearance 2050 2150 1,800,000
2x4
bense Wo. 2 1950 2050 1,700,000
No. 2 1650 1730 1,700,000
No. 3 o25 270 1,500,000
stud 925 970 1,500,000
Construction 1200 1260 1,500,000
Standard 2x4 675 710 1,500,000
Utility 325 340 1,500,000
Dense Select Structural 2400 2520 1,900,000
Select Structural 2050 2150 1,800,000
Dense No. 1 2x5 2050 2150 1,900,000
Wo. 1 & Appearance and 1750 1849 1,800,000
wider
Dense No. 2 1700 1790 1,700,000
No. 2 1450 1520 1,700,000
No. 3 850 890 1,500,000
stud 850 890 1,500,000

Western Wood
Products
Association
({See notes 1
and 3)

West Coast
Lumber
Inspection
Burean
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DESIGN VALUES FOR JOISTS AND RAFTERS —~ VISUAL GRADING {(Cont)

These "Fn" values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "Fp" values should be reduced 13 percent.

Values for surfaced dry or surfaced green lumber apply at 12 percent maximum moisture
content in use. .

Design Value
in Bending "Fp"
Modulus of Grading
Species and Grade Size Joists Rafters Elasticity Rules
"E" hgency
EASTERN HEMLOCK (Surfaced dry or surfaced green)
Select Structural 2050 2150 1,200,000 Northern
No. 1 1750 840 . 1,200,000 Rardwood & Ping
No. 2 2x4 1450 1520 1,100,000 Manufacturers
No. 3 800 840 1,000,000 Association
Appearance 1750 1840 1,200,000
Stud 800 840 1,000,000 Northeastern
Lumber
Construction 1050 1100 1,000,000 Manufacturers
Standard 2x4 575 600 1,000,000 Agsociation
Utility 275 290 1,000,000
{See notes 1
Select Structural 1750 1840 1,200,000 and 3)
No. 1 & Appearance 2x5 1500 1580 1,200,000
No. 2 and 1250 1310 1,100,000
No. 3 wider 700 740 1,000,000
Stud 700 740 1,000,000
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EASTERN SPRUCE (Surfaced dry or surfaced green}

Select Structural 1600 1680 1,500,000
No. 1 1350 1420 1,500,000
Wo. 2 2w 1100 1160 1,400,000
N¥o. 3 625 660 1,200,000
Appearance 1350 1420 1,500,000
Stud 525 660 J,200,000
Construction 800 840 1,200,000
Standard %4 450 470 1,200,000
vtility 225 240 1,200,000
Select Structural 1350 1420 1,500,000
No. 1 & Appearance 2x5 1150 1210 1,500,000
No. 2 and 950 1000 1,400,000
No. 3 wider 550 580 1,200,000
Stud 550 580 1,200,000

Nertheastern
Lumbez
Manufacturers
Association

Yoxrthern
Hardwood

& Pine
Manufacturers
Association

{See notes 1
and 3}
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DESIGN VALUES FOR JOISTS AND RAFTERS — VISUAL GRADING (Cont)

These "Fy" values are for use where repetitive members are spaced not more than 24

inches. For wider spacing, the "Fp" values should be reduced 13 percent.

Values for surfaced dry or surfaced green lumber apply at 19 percent maximum moisture

content in use.

Design Value
in Bending "Fy"

Modulus of Grading
Species and Grade Size Joisgts Rafters Elasticity Fuales
"E" Agency
EASTERN WHITE PINE (Surfaced dry or surfaced green) Northeastern
Select Structural 1550 1630 1,200,000 Lumber
No. 1 & Appearance 2x4 1350 1420 1,200,000 Manufacturers
No. 2 1100 1160 1,100,000 Association
No. 3 600 630 1,000,000
Stud 600 6320 1,000,000
‘Construction 800 840 1,000,000 Northern
Standard 2x4 450 470 1,000,000 Hardwood & Pind
Utility 200 210 1,000,000 Manufacturers
Association
Select Structural 23 1350 1420 1,200,000
¥o. 1 & Appearance and 1150 1210 1,200,000
No. 2 wider 950 1000 1,100,000
No. 3 550 580 1,000,000 {See notes 1
Stud 550 580 1,000,000 and 3)

SNOLLVTIY NVIWNH NV H0dVT ‘ATISNANI

sjpuaddy

961




SEF "ON ‘Z6BI ‘yoely ‘19)sidoy

EASTERN WHITE PINE (NORTH) (Surfaced dry or surfaced green)

Select Structural 1850 1630 1,200,000
No. 1 & Appearance 1350 1420 1,200,000
No. 2 2xd 1100 1160 1,100,000
No. 3 800 630 1,000,000
Stud 600 630 1,000,000
Construction 800 B840 1,000,000
Standard 2x4 450 470 1,000,000
Utility 200 210 1,000,000
Select Structural 2x5 1350 1420 1,200,000
¥No. 1 & Appearance and 1150 1210 1,200,000
No. 2 wider 950 1000 1,100,000
Wo. 3 550 580 1,000,000
Stud 550 530 1,000,000

Nat'l. Lumber
Grades Auth.
(A Canadian
Agency -~

See notes 1,
and 3)

2
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DESIGN VALUES FOR JOISTS AND RAFTERS ~ VISUAL GRADING {(Cont)

These "Fy," valves are for use where repetitive members are spaced not more than 24 —

inches. For wider spacing, the "Fy" wvalues should be reduced 13 percent. Z

Values for surfaced dry or surfaced green lumber apply at 19 percent maximum moisture =]

content in use. %

"

=]

Design Value :d

in Bending "Fy" oy

Modulus of Grading g;

Bpecies and Grade Size Jolsts Rafters Elasticity Rules o

"B Agency. =

=

HEM -~ FIR (Surfaced dry or surfaced green) 2z

Select Structural 1900 2000 1,500,000 ]

Wo. 1 & Appearance 1600 1680 1,500,000 usf

¥o- 2 1350 1420 1,400,000 Western Wood <

No. 3 2x4 725 760 1,200,000 | Products =

stud : 725 760 1,200,000 | Association >

{See notes 1 2

Construction 375 1020 1,200,000 | and 3) =

Standard 2x4 550 580 1,200,000 g

Ttility 250 260 1,200,000 -3

West Coast =

Select Structural 1650 1730 1,500,000 Lumber o

No. 1 & Appearance 2x5 1400 1470 1,500,000 Inspection 3%
No. 2 and 1150 1210 1,400,000 Bureau B
No- 3 widexr 875 710 1,200,000 g
Stud 675 710 1,200,000 "

L61
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NORTHERN PINE (Surfaced dry

or surfaced green)

Select Structural 1850 1940 1,400,000
No-. 1 1600 1680 1,400,000
No. 2 2xd 1300 1370 1,300,000
No- 3 725 760 1,100,000
Appearance 1400 1470 1,400,000
Stud 725 760 1,100,000
Construction 950 1000 1,100,000
Standard 2xd 525 B50 1,106,000
Teility 250 260 1,100,000
Select Structural 1600 1680 1,400,000
No. T & Appearance 2x5 1400 1470 1,400,000
Ho. 2 and 1100 1160 1,300,000
Wo. 3 wides 650 630 1,100,000
Stud 650 680 1,100,000

Northeastern
Tumber
Manufacturers
Association

Northern
Eardwood

& Pine
Manufacturers
Association

(See notes 1
and 3)

sipuaddy
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DESIGN VALUES FOR JOISTS AND RAFTERS - VISUAL GRADING (Cont)

These "FnL" values are for use where Xepetitive members are spaced not more than 24
inches. For wider spacing, the "Fp" values should be reduced 13 percent.

Values for surfaced dry or surfaced green lumber apply at 19 percent maximum moisture
content in use.

Yt

2z

o)

c

[72]

=3

=

Design Value I

in Bending "Fu" .

Modulus of Grading -

Species and Grade Size Joists Rafters Elasticity Rules frs]

rE" Agency g

PONDEROSA PINE -~ SUGAR PINE (PONDEROSA PINE - LODGEPOLE PINE) ;

) (Surfaced dry or surfaced green) b

Select Structural 1650 1730 1,200,000 o

¥o. 1 & Appearance 1400 1470 1,200,000 c

No. 2 2%l 1150 1210 1,100,000 Western Wood g

No. 3 625 660 1,000,000 Products o>

stud 625 660 1,000,000 Association s

Construction 825 870 1,000,000 g

Standard 2x4 450 470 1,000,000 | {See notes 1 :‘;

Utility ) 225 240 1,000,000 and 3) =

N —

Select Structural 1400 1470 1,200,000 - %

Wo. 1 & Appearance 2x5 1200 1260 1,200,000 S
No. 2 and 975 1020 1,100,000 g
Wo. 3 wider 575 600 1,000,000 W

Stud 575 600 1,000,000
2
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SOUTHERN PINE {Surfaced dry)

Select Structural 2300 2420 1,700,000
Dense Select Structural 2700 2840 1,800,000
No. 1 1250 2050 1,700,000
No. 1 Dense 2300 2420 1,800,000
No. 2 2xd 1650 1730 1,600,000
No. 2 Dense 1900 2000 1,600,000
No. 3 200 250 1,400,000
No. 3 Dense 1050 1100 1,500,000
Stud 900 950 1,400,000
Construction 1150 1210 1,400,000
Standard 2x4 675 710 1,400,000
Utility 300 320 1,400,000
Select Structural 2000 2100 1,700,000
Dense Select Structural 2350 2470 1,800,000
No. 1 1700 1790 1,700,000
No. 1 Dense 2000 2100 1,800,000
2x5
Wo. 2 and 1400 1470 1,600,000
No. 2 Dense wider 1650 1730 1,600,000
No. 3 800 840 1,400,000
No. 3 Dense 925 970 1,500,000
Stud 850 290 1,400,000

Southern
Pine
Inspection
EBureau

(See note 3}

aupuaddy
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DESIGN VALUES FOR JOISTS AND RAMTERS — VISUAL GRADING (Cont)

Theae "Fp" values aroe for use whoro repetitive members are spaced not more than 24
inches. For widex spacing, the "Fp" values should bo reduced 13 percent.

Valuog for surfaced dry or surfaced green lumber apply at 19 percent maximum molisture
content in use.

Daaign VYalue
in Bending "ry"
Moduluz of Grading
Specles and Grade Size Jodists Rafters Elagticity Rules
b Agency
SCUTHERN PINE (Surfaced at 15 percent maximum moisture content-KD)
Seloct Structural 2500 2630 1,800,000
Denge Select Structural 2800 anso 1,900,000
Wo. 1 2100 2210 1,800,000
Ne. 1 Dense 2450 2570 7,900,000
No. 2 2xd 1750 1840 1,600,000
Wo. 2 Dense 2050 2150 1,700,000 Southars
Wo. 3 975 1020 - 1,500,000 Pine
No. 3 Densc 1150 1210 1,500,000 Inspoction
Stud 975 1020 1,500,000 Bureau
Construction 1250 1310 1,500,000
Standard 2x4 725 760 1,500,000
Utility 300 320 1,500,000 {Sce note 3}
Seloct Structural 2150 2260 1,800,000
Dengo Select Structural 2500 2639 1,900,000
No. 1 1850 1940 1,800,000
No. 1 Denac 2x%5 2150 2260 1,900,000
and
No. 2 wider 1500 1580 1,200,000
¥o. 2 Dense 17750 1840 1,700,000
No. 3 /75 az0 1,500,000
No. 3 Dense 1000 1050 1,500,000
Stud 909 950 1,500,000
—e |
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DESIGN VALUES FOR JOISTS AND RAFTERS - VISUAL GRADING (Cont)

et
These "Fp" values are for use where repetitive members are spaced not more than 24 2
inches. For wider spacing, the "Fyu" values should be reduced 13 percent. g
Yalues for surfaced dry or surfaced green lumber apply at 12 percent maximum moisture CC,:J
content in use. Eg
et
Design Value jm
in Bending “Fp" E
Modulus of Grading &
Species and Grade Size Joists Rafters Elagticity Fules ==}
“E" Agency o
Z
WESTERN HEMLOCK (Surfaced dry or surfaced green) )
Select Structural 2100 2210 1,600,000 Western Wood =
No. 1 & Appearance 1800 1890 1,600,000 Products c
No. 2 234 1450 1520 1,400,000 | Association =
No. 3 800 840 1,300,000 (See notes 1 >
Stud 800 840 %,300,000 and 3) g
Construction 1050 1100 1,300,000 | West Coast 2
Standard 2xd 600 630 1,300,000 Lumber "o
Teility 275 290 1,300,000 Inspection =
Bureau Q
Select Structural 1800 1890 1,600,000 g%
No. 1 & Appearance 2x5 1550 1630 1,600,000 ®
¥o. 2 and 1250 1310 1,400,000 S
No. 3 wider 750 790 1,300,000 =
stud 750 790 1,300,000 )
S
]
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Select Structural 1550 1630 | 1,100,000
No. 1 & Appearance 2x4 1300 1370 | 1,100,000
No. 2 1050 1100{ 1,000,000
No. 3 600 430 900,000
Stud 600 630 900,000
Construction 776 810 900,000
Standard 2x4 425 450 900,000
Utility 200 210 900,600
Select Structural 1300 1370 | 1,100,000
No. 1 & Appearance 2x5 1100 1160 | 1,100,000
No. 2 and 925 9701 1,000,000
No. 3 wider 550 580 900,000
Stud 550 580 900,000

WHITE WOODS (WESTERN WOODS) (Surfaced dry or surfaced green)

Western Wood
Products
Association

{Se¢e notes 1 and 8}

1. When 2-inch lumber is manufactured at a maximum moisture content of 16% (grade
marked MC-15) and used in a condition where the moisture content does not exceed 15%, the
design values shown for “‘surfaced dry or surfaced green” lumber may be increased 8% for

design value in bending “Fp", and 5% for modulus of elasticity “E".

2, National Lumber Grades Authority is the Canadian rules writing agency responsible for
preparation, maintenance and dissemination of a uniform softwood lumber grading rule for

all Canadian species.

3, Design values for stud grade in 2x5 and wider size classifications apply to §-inch and 6-

inch widths only.
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APPENDIX A
CHAPTER ILHR 22
DETERMINATION OF REQUIRED LEVELS OF INSULATION
USING THE ENERGY WORKSHEET

Two methods may be used to determine the level of insulation required
by Chapter ILHR 22 for electrically heated and non- electrically heated
dwellings, The Component Method (also known as the Accepted Prac-
tice Method) can be used with & minimum of caleulations and is recom-
mended for standard designs. The System Design Method is more com-
plex and is used for alternate designs, Under the System Design Methad,
less insulation may be installed in one building component if more insula-
tion is installed in ancther,

The following illustration demonstrates use of the Energy Worksheet to
determine the required levels of insulation. Single copies of the Energy
Worksheet are available at no charge upon written request.

Write to:
Department of Industry, Labor and Human Relations
Division of Safety and Buildings
Post Office Box 7969
Madison, Wisconsin 53707

Portions A and H of the Energy Worksheet must be filled out for the
Component Method. Portions B, C and D of the Energy Worksheet
must be filled out to use the System Design Method. Sections B and F are
filled out to size the furnace for either method, Section G must be filled
out to size the ventilation system for electrically heated homes, Both the
Component Method and the System Method will be shown in the illus-
tration, although completion of only one method is sufficient to show
compliance with the insulation requirements of Ch. ILHR 22,

SAMPLE DWELLING

zo’ 45—
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Sample dwelling: 1,500 square feet 186 lineal feet of perimeter building
thermal envelope,

Gross wall area = 8.13 feet x 186 lineal feet =1,512.18 square feet
Wall window area = 172,67 square feet

Box sill area = 0,81 feet x 186 lineal feet = 150.66 square feet
Gross exposed foundation wall area = 124,62 square feet,

Basement window area = 15,65 square feet

Door area = 37.82 square feet

Ceiling area = 1,500 square feet

Dang County location - Zone 8
The dwelling will be electrically heated.

The planned construction:
Walls
Wood bevel %7 x 8" siding
1* Extruded polystyrene sheathing
R19 Batt insulation
2 »x 6 Framing, 24" 0.C,
Drywall %"

Ceiling
2 x 6 Framing, 24" 0.C,
Blown Fiberglass insulation
Insulation in §.5" Cavity
Insulation over both Cavity and Framing, 14.5"
¥%-inch drywall finish

[=F=) e f =]

O T T A

=
] g I
=
o
=3
o &

>

FPoundation
8" Masonry Block
2" Extruded polystyrene

‘Windows
All triple glazed

Doors
Insulated
Storm door
Total door R value

Il
R
=

o

ARk T K ookgdkr STl
Lo

—
oSN

The 1500 square foot basement will be divided into a 575 square foot
finished living space and a 925 square foot utility and storage space. The
value of all the dead air spaces on both levels (closets, cabinets, interior
walls, ete.) equals 2163 cubic feet. )

Estimating Design R-values for Building Materials and Componenis

R-values listed in Table A-4 of the UDC appendix, ASHRAE manual or
manufacturer's specifications may be helpful in determining the designed
R-values for building components or materials, The designed R-values
which are entered in Part C of the Energy Worksheet should be consis-
tent with the end use or installed condition of the insulation and building
materials used. The design R-values should take into account possible
effects such as:

- Long term aging effects.
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- Settling or other density variations that may occur with blown-in
fiberglass and cellulose insulation.

- Moisture effect on wet installations such as exterior foundation
insulation,

- Effect of compression on insulating materials subject to loads, such
as the case of porous, semi-ridged fiberglass applied to foundation
exteriors.

- Orientation of installation effects (horizontal or vertieal).

In order to use the design R-value given in the manufacturer’s specifica-
tions, insulation and building materials must be instailed in aceordance
with the manufacturers instructions. For example, most foam panel in-
sulation products are required to be protected from exposure to sunlight
(ultraviclet light), An opague covering is typically installed to provide
that protection,

Register, March, 1992, No. 435
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PAGE1

DILHR

Safely and Buildings Davision
P.0.Box 7969
Madison, Wi 53707
ENERGY WORKSHEET
UNIFORM DWELLING CODE
PROJECT ADDRESS: SAMPLE - ZONE 3
BUILDER: OWNER:
WORKSHEET COMPLETED BY: DATE:

Does dwelling unit have three kilowatts or more input capacity of permanently installed
electrical space heating equipment?

YES {see below) B NO
If yes, then indicate infiltration control optien:
Full sealing pers. ILHR 22.13(3){a)

% Infiltration barrier pers. ILHR 22.83(3)(h)
Blower door test per 5. 1LHR 22,13(2}(c} & {3}{c}

INSTRUCTIONS: This worksheet is a DILHR-approved method of showing compliance with the
energy conservation standards of Chapter ILHR 22 of the Uniform Dwelling Code (UDC) which
applies to one- and two-family dwellings built since December 1, 1978. 1tis recommended that
the user purchase a copy of the UDC from $tate Document Sales, (608) 266-3158.

You have the choice of usin%lhe Actepted Practice Method or the System Design Method to
show code compliance. For the Accepted Practice Method, which is recommended for standard
designs, complete Sections A. and B. and Sections E. th:ough F. and Section H. You will be first
calculating component areas, then your dwelling’s code-atlowed and other heat loss to
determine your furnace size, and then comparing your planned iasulation levels to the required
insulation levels from the Appendix of the UDC.

Far the System Design Method, which is recommended for alternative designs, complete Sections
A through F. You will be first caleulating component areas, then the code-allowed heat [oss,
then component U- and R-values and then your calculated heat loss which you will compare to
the code-allowed heatloss. Youwill also be calculating the allowab'e furnace size.

With either method, you will need to apply the stricter and slightly different standards shown for
electrically-heated hames if you answeteJ"YES" to the above question. For electrically heated
hames, you must also complete Section G. to determine the required mechanical ventilation
capacity.

Al "R" and "' calculations must be carried to four places after the decimal point, rounded to
three places. Linear dimensions must be carried ta three places, rounded to two. Area and heat
loss calculations may be rounded to the whole number.

Numbers in brackets, [1], refer to the footnotes listed on page 5.

S0-5518{Pev 128)
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A. AREA CALCULATIONS
Some ¢alculations witl not be necessary depending enhome design and heating fuel. These calculoted areas are
referenced elseshera on this worksheet, for example, A 1., A2__
1. GRCSS [INSULATED) ABOVE-FQURDATION WALL AREA 4. GROSS EXPOSED FOUNDATION WALLAREA
{including doors, windews and box silis) {Enclosing wrarm space 507 F o warmer)
1512,18 & 150,66 =
1662, 84 s 1t 12462 ¢q o
2-WINDOW & PATIO DOOR AREA [sash/door area) 5. FOUNDATION WALL AREA BETWEEHN GRADE AND
a. In Above-Foundation b. Ia Feundation THREE FEET BELO GRADE
Walls Wallg
172:87 sq ft 15465 sq fi 186 x 3 =
558.0 .
Tolal(a. + b} = 168,32 5580 sa.ft
3. 0OQR AREAIN ABOVE-FOUKDATIGN WALLS 6_FOUNDATION WALLAREA MORE THAN THREE FEET
BELOW GRADE
_3.82 mh 80538 sqfe.

7. OPAQUE[1] ABOVE.
FOUNDATION WALL AREA.
{1.-22.-3)

1662.84 - 172.67 - 37.82 =

1452.35 sqfL

8 GROSS WALL AREA ABOVE
GRAOE (1. + 4)

1662.84 + 124.62 =

1787.46 sq ft

9. OPAQUE [1] EXPOSED FOUNDA-
TIOHWALLAREA(4 -2 b))

124.62 ~ 15.65 =

108,97 sq.fL

$0. WALL AREA BELOW GRADE
{5.£86)

558.0 + £05.38 =

L TOTAL FOUNDATION SVALL
AREA(4.+ 5.+ 6)

124.52 + 558,0 + 805.35 =

12 INSULATED ROOF OR CEILING

1263.38 30 fr 1488.0 oy ft 1500 5q. 7L
13, FLOOR AREA OVER UNREATED t4.3LAB QN GRADE 15 BASEMENT FLOOR AREA
SPACES (LESS THAN 5¢°)
{slab-on-grade garage will
bae placed cutside the
thernal envelopa)
9 sq. L 0 lineal fegt of labperimeter 1500 sqft
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B. CODE-ALLOWED HEAT LOSS PAGE 3

Enter values into table from efsewhare on this worksheet and multiply agross by the eleciric or non-eleciric code-required ’
U-vatue. For{ines 1 tuough S for walls, complete as folfoas:
Electri¢ally-heated Homes - Lings 1,4 8 5.
Hon:Electrically Heated Homes - Option A or B.
Option A - Lines 1, 4 & 5 - Suggested if non-foundation and exposed foundation walis are of similar construclion,
OptionB-Lines2,3,4and 5.

AREA t RIQURIDL-VALUE [ TEMP, l HEAT
COMPONIR R aece eranin
1. Gross Wall Above Grade (A.8) 1787.46 13 480 a5 i2155
2, Gross Abgve-Foundation Wall (A.1.) 12 WA
3.a. Gress Exposed Foundation Wall {A 4}
Max Area of Ad. & Af1.=2% .25 MIA
b. Gross Exposed Foundation Wall
inExcessofline3.a, 12 |I5Y
4, Foundation Wall Between Grade And 3
FeetBelow Grade (A 5) 558.0 a3 131 072 (3] &0 2411
5. Foundalion Wall More Than Three Feet
Below Grade (A 5) 805,38 095 131 o4 (3] 60 2320
6. floors Over Unhealed Spaces{A 11) L] ] .05% 85 0
7. Roofor Ceiling (A_T2)} 1500 29 020 85 2550
8. 5lab On Grade (A14.) oun. ft. 51 [ SUF (4] 85 a '
9. Floor {A.15) 500 025 025 59 2250
{ TOTAL CODE - ALLOWED HEATLOSS 21686

C. SYSTEA! DESIGN METHOD - ACTUAL U’ VALUES OF YOUR HOME

C.1. ABOVE-GRADE COMPONENTS - Enter 'R-vafues’ from Table A-4 of the UOC Appendix, ASHRAE Meanual, or
manufacturer's specifications. Total them across and then find the 'U° value by 1aking the reciprocal {1/R) of the total 'R-
value'. For componeatls having the same insulation but different interior or exterior Finishes, separate calcutations are
not necessary if the one with the lowest ‘R-vafue’ is used in your calculations.

EXT.
caviTY MSULA- NT.
orsoun [ AR | pr | osuea. | WSULA | pranvg, | Cpow  [MIEROR | aw | TOTAL fuyatonr
LOMPONENT warrte | O | raasw | e TN | pasouo ™ [ P - dertn)
CABLE . OVER camry | 154 VALUE
FRAMING *
Above-Founda- Cavity A7 | .81 5.27 a 19 0.45 | .68 [26.38 0.038
-tion Walls Solid A7 ] .81 .27 [+] E.38 0.45 | .68 | 14.26 0.070
Expgsed . Cowity | .17 68
Foundation Solid A7 10.54 1.72 68 | 13.11 0,075
f 61 36.23 13.75] 0.45 | 61 | 51,57 0,012
ng K] 36.25 ; 5.88 0.45 | .61 | 44,89 0.022
Floor Qver Un- 17 .02
Heated Space | Solid 17 32
* AJr Film R-Values
HEAT FLOW DIRECTION
LOCATION Upwards Worental Dowmwards
EXTERIOR A7 7 17
INTERIOR 61 63 a2
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€.2. BELOW-GRADE COMPOMNENTS - Precalculated “U-values' induding air films, wall, insulation and soil. Check appropriate

boxes for planned type of construction

cowronc T ot
M asonry of cond. wall without insul 288 094
CIMasony or et wall with R-5 insutation board 113 063
OMatonry or conc wall with R-16insulation board or

R-1linsulation batland 2x4's 072 .048
[JBasement floor without insalation 025 2025
[1Basement Noor with R-3insulation (22 1022

O5lab-on-Grade of within 2 fuof grade
withaut insulation

[1%1eb-on-Grade or wathin 2 ftafgrade
with R-10insulation board for 48™ total
norizontal and verlical application

E1Other {describe)

-B1 (F-vatue] perlineal feot of slab perimeter

fimater

.51 (F-value] perlineal foot of slab
Oaimed U-value: i Claimed U-value;

€3 WINDOWS AND DOORS - See Tables A-5 and A-6 of UDC Appendix for U-values and woed frame factors.

D.SYSTEM DESIGN METHOD - CALCULATED ENVELOPE HEAT LOSS OF YOUR HOME
Enter values into table trom elsewhere on this worksheet and multiply across to find the actual heat foss of each component.

Add component heat loss figuzes to find total envelope heat loss.
CAVITY OR aEA L wosp | ACAL | qemm T HEAT
COMPONENT SOUD K FROM X PRAME X WVAWE X  pgr. = 1088
APFAICABLE SECT.A FACTOR ** sfilglf,_ 2 BIUHR
Op2gue Abaee-Foundation . Cavity 1452.35 250 0.038 a5 4222
Wall (A7) Sofid .10 0.070 2614
ng‘?ﬁgﬁﬂ;d Foundation 108,57 0.076 85 04
Foundation Between Grade and 5 0.072 €0 2411
Thwee Feat Befgw Grade (A 5) 548,
Foundation Yiall More Than 8.048 21139
Three Feet Below Grade (A. G) 805.38 60
Windows{A 2. a. + bl 188.32 .95 0,370 85 5627
Doors (A 3] 37.92 alalteleduld 0.320 83 1023
[RaoforCailing_______________ .93 0,089 | 2253
A 12} 1590-0 .07 0,022 8s 196
|floor Chier Unheated o
Spaces (A 13.}
Sasement Floor {A_15.) 1500.9 | ~-------- 0.035 (3] 2250
SlabOnGrade{A.14) | a--e-.- Un L[| -veeveen Fal.
TOTAL CALCULATED ENVELOPE HEAT LOSS May nat exceed Total Code 21875
Allewed Heat Loss in Sect. B, by more than

** Adjustment Factors For Wood-Framed Components

SPAGNG OF FRA- STLDS JOISTS RAFTERS

MNG MEMIERS cayTTY soun CAVITY $0Lm
120 £Q 20 k] 14
167 85 i3 99 Al
24" .50 10 .93 .07

Alsa see Part Cof UDC Appendix Table A-S for windew Iraming adjustment fagiors.
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E. HEAY LO3S BY AIR INFILTRATION (for furnance sizing)
Analr change rate of between 0.25 and 1.00 per hour isrecommended depending on tightness of construction.
{ | i I TEMFERA-
o0 Toit AR HEAY
CHANGES 103¢
LEVEL AREA X HEGHT x vowumr X CONSTANT X w“[‘il]"‘“ L4 STUHR
[Basement 1500 k] 12000 .018 8% 0,5 9180
Level 1 1500 8 12000 .018 a5 0.5 9180
Levei2 018
Leyel3 018
Total Dareiting Volume 24000 INFILTRATION HEAT LOSS 18360
F. FURMACE SIZING
This saction determines the maximum and minimum furnace sizein 8TUFSHR. i aviman
[ 3ystem Dastan Method: Caloulated Reatios romsect Door . . .3 2875
Accepled Pracice Method: Code-Alfowed Heat Lods from Sect 5. sremreaas
CoteAllwed Hat Toss{fFom3Sect 8. 21685
Infitration Heat Loss {from Sect £) + 18360
TOTAL DWELLING HEAT LO5S (totaf of above) = 40046
Aflerarable Furnace Sfze Margin Molplior X1.15
ALLOWABLE FURNACE QUTPUT S12E RARGE = 46053 (5]
Planned Furnace Gutput
G. MECHANICAL VENTILATION SIZING
Required for electrically-heated homes only.
1. Dwellingvolume from Sect E 24,000
2. Less volume of nonHliving area; area:{ 4925 )X height: { 8 } = = 7,400
3. Less volume of dead air spaces {cabinets walls, etc) Approx. 20% - 2,163
A, Retyotume of [fing area (tolal ofabove) = 14,437
5. Cubfic feet of air changed per bour (mulliptyline 4 by 0.5} = 7,218.5
5 MINISUM REGUIRED REECHANICAL VENTHATION IH CFM's{multipiy line 5 by 0. 9167} = 129.5

Footnotes:

[1] Opagque wa!l areais wall area minus opening areas of doors and windows.
[2] Temperature Difference = Inside design temperature of 70* minus culside design temperature from Table 22 04-8 of
the UDC. Basementinside temperature may be tskenbetween 507 and 70°, Temperature difference for ransmitsion

heatlosses of below-grade spaces of basementsisinside temp

and body af the dab. Seesect C2.

minus 10%, di

ding outtide temperature.

13] These below-grade -values have the insulating value of the 4oif added 10 the code-required U-values which apply to
the building matedali only. Seeset C1. for typicalinsulated component U-valugs.

14] Thesa stab-on-grade F-values are derived from the code-required U-values and indude the heattoss through the edge

(53 1f desired manufacturer does not have a furnace of this size, designer may go to manfacturer’s next Jargersize,
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H. ACCEPTED PRACTICE METHOD
Far completion of the accepled praciice method, please refer 10 the Appendix Tables Ad, 2 and 3 and E, 2 and 3 of the
Uniform Dwelling Code {UDC). Complete Subsection H.1. if your home is heated with other than electricity. Complete
Subsectioh H.2. Hyour homeis electrically heated. Area figures shoutd be calcufated in Section A. and are referanced betow.

SUBSECTION H.1, Non-Electrically Heated Homes Only

‘;IAL'IESDQ%%\;{E MINIMUM  [Singlewfstorm MINIMUM [linsulated SIDING: {1¥ood (R-.77)
AN, . | AsoverDTN Cinsulatedglass DOORS: I solid Wood OAum. (8-1.82)
BOXSILL, USE WINOOWS:  [JTriple pane O Uninsulated wistorm []Other: R~
LE A1 PLANRED (NSULATION PERMITTED WINDOW
TYPEAND R-VALUE: AND DOOR AREA ¢ %
+ X100% = %
‘Above Foundabon Window & Bross ABove-Foungation U Planned Windoer
DoorArsalAla + A?J Wall Area{A1) and Door Area
Eg%%gégﬁou BASEMENT WINDOWS: []Single-glazed OR [ Single wistorm or insulated glass
WALL, USE . .
Pk U PLAMNED INSULATIOM TYPE ANDH R-VALUE:
X100% = %
Elp@%ﬁ Foundaton Area ol me( ation Aréa o Expos.ea Foundation
H)

4)
(I aver 25% enposed foundation, then exposed foundation area equal to 25% of foundation shall
have maximum I-Value of .25 and balance of area shall have masimum U-Value of .12}
Percent Window Area Permitted By Table: k]

E X100% = "%
Baterment Window Ared Exposed Fdim. Wall Area T Planned Window
(A 2.b} {Ad) - Area
ROOF OR CEILING,
USETABLEA-3 PLARNED INSULATION TYPE: R-VALUE PERINCH;
REQUIRED THICKNESS: InchesTn cavity {R-38) Inches Over Framing (8-19)
FOARDATON (0 | PrannED avsutaToN TvpE AND RvALUE:
3 FEET DOWN {MINIMUM R-5 (HSULATON)
SUBSECTION H.2. Electrically Heated Homes Only
VWALLS ABOVE ALLTHESE MEA- ALLWINDOWS [§ EXPOSEQ FOURDATION DOORS INSULATED
DATION RE! I : TRIPLE-GLAZED Ik -10. TO R
lsll‘ﬁL%DsIE"G BOX- SURES REGUIRED. NSULATED TOR-10.54 OR-8
TABLESE €172.67 + 15,65) + _ 1787.46 X100% = 10.5 o
E-2 SEAAND TotalWindoa Area EEove Grade Wall Area W Window ATes
{A2a +b) (AS)
108,97 . 1787.46 X100% = 6.1 o
* Upsgue Txposed EhgveGrade Wil W% Opaque Exposed
Foundation Area (A9} Area (A8} Foundation Wall
Required Above Foundation Wall U-Vatee {from Table E-1): d.044
2 x 6, R 19 Batt,
Planned Wall Construction: R 5.27 sheathing U-Value frem Table E-2:  0.044
BODFORCEIUNG, | pLANNED INSULATION TYPE: Blown Flberglass  RVALUEPERINCH: _ 2.5
REQUIRED THICKHESS FROM TABLEE-3: 20,0 Inches

FOUNDATIONWALL | py AlNED INSULATION TYPE AND RVALUE: 2 =
N W _2" Styrofosm, R
FORFULLH [MINAURAR- 101HSULATION)
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TABLE A-1
WALL INSULATION GUIDE

WISCONSIN ADMINISTRATIVE CODE

(Based on U, requirements above the foundation wall for non-elecirically heated dwellings)

MAXIMUM PERCENT WINDOW AND
DOOR AREA ALLOWABLE FOR
INSULATION TYPE
U, = .12
INSULATION TYPE 8 inch Backed
Plywood Aluminum
Siding Stding
R-11 Batt 6.8 B84
R-11 Batt, R-1.22 Fiberboard 8.7 9.9
R-11 Batt, R-5.27 Extruded Polystyrene 124 13.0
R-11 Batt, R-10.54 Extruded Polystyrene 14.9 16.3
R-13 Bait - 83 9.8
R-13 Batt, R-1.22 Fiberboard 10.3 11.2
R-13 Bati, R-5.27 Extruded Polystyrene 13.1 13.6
R-13 Batt, R-10.54 Extruded Polystyrene 15.3 15.6
R-19 Batt 11,2 12,2
R-19 Batt, R-1.22 Fiberboard 12.3 13.1
R-19 Batt, R-5.27 Extruded Polystyrene 14.7 15.1
R-19 Batt, R-10.54 Exteuded Polystyrene 16.3 16.6

Note: The following assumptions were used to derive this table:
1. Door area = 2% of wall and box sill area.
2. Doors are used with a U-value of 0.47,
3. Windows are used with a U-value of 0.56,
4. The Insulation type is carried down through the box sill,

TABLE A-2
EXPOSED FOUNDATION INSULATION

NON-ELECTRICALLY HEATED DWELLINGS

Maximum Percent Window
Area
Foundation Insulation Bingle Double
Exposure Requirement Type glazed glazed
Less than 25% of| U, = .25
foundation ex-
posed
R-5.27 10.4 24.8
R-11 batt 165 34.2
Multi-cell insul, block 16,0 35.0
(R-12.086)
More than 26% of] U, = .13 R-11 batt T 39 8.9
foundation ex-
posed
R-13 batt 4.8 10.6
Multi-cell insul. block
(R-12.06) 45 9.9
Uy = .12 R-11 bait 3.0 6.7
R-13 batt 3.9 B85
Multi-cell insul. block
(R-12.06) 3.5 7.8
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TABLE A-3
INSULATION LEVELS REQUIRED TO MEET CEILING U VALUES
FOR NON-ELECTRICALLY HEATED DWELLINGS

R-Value Required
U, Value Insulation In Cavity Over Framing
029 Fiber glass batt R-38 R-19
Fiber glass blown 13.8 in. (R-84) 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-16}

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

TABLE E-1 - DIRECTIONS FOR USE
Table E-1 was formulated with the following assumptions;

The doors have R-values of at least R-8 and form 2% or less of the
above-foundation wall,

door area x 100%, in this case =
gross wall area -+ box sill

®x 100% = 2%

37.82
1512,18 + 150.66

Windows with an R-value of at least 2.7 (triple glazed) are used,
including the foundation windows.

The exposed foundation area is insulated to a level of R-10.54.

If these assumptions are not valid for your case, the insulation level may
be caleulated by the method illustrated following Tables E-1 and E-2.
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TABLE E-1

MAXIMUM ABOVE-FOUNDATION WALL U-VALUES FOR
ELECTRICALLY HEATED HOMES

PERCENT WINDOW AREA

16

6
5
gl.064 061 . 048 |
PERCENT 7/.05( 061 .058 .05¢ 051 (07 [0d4
gliost
OPAQUE 10
FOUNDA- 13 063 1060 056 .052 .040 .045 041
TION }e 063 059 055 .051 .047 .043 .030

184, K . . . R
AREA 19(.062 .058 .054 050 .046 .042 .037
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~  TABLE E-2
FRAME WALL & BOX SILL U-VALUES FROM DIFFERENT
BUILDING MATERIALS AND METHODS

Double 2 x
4or
2% Z2x 6 2 x6 Zx 8
4FRAMING | FRAMING | FRAMING | FRAMING
Insulation Type 16~ 0.C.3 18* 0.C. 24 0.G.2 247 0.C.
R-11 Batt 0.091
R-11 Batt, R1.22 Fiberboard (.081
R-11 Batt, R5.2T Polystyrene 0.060
R-11 Batt, R10.54 Polystyrene 0.046
R-~11 Batt, 121 Isocyanurate 0.054
R-11 Batt, R14.4 Isocyanurate 0.038
R-13 Batt 0.083
R-13 Batt, R1,22 Fiberboard 0.074
R~13 Batt, R5.27 Polystyrene 0.056
R-13 Batt, R10.64 Polystyrene 0.043
R-13 Batt, R7.21 Isocyanurate 0.050
R-13 Batt, R14.4 Isocyanurate 0.036
R-19 Batt 0.060 0.058 0.056
R-19 Batt, R1.22 Fiberboard 0.055 0,053 0,052
R-19 Batt, R5.27 Polystyrene 0.044 0.043 0.042
R-19 Batt, R10.54 Polystyrene 0.036 0.0356 0.034
R-19 Batt, R7.21 Isocyanurate 0.040 0.089 0.039
R-19 Balt, R14.4 Isocyanurate 0.031 0.030 0.030
Two R-11 Batts 0.053
Two R-11 Batts, R1,22 6.049
Fiberboard
- Two R-11 Batts, R5.27 0.040
Polystyrene
Two R-11 Batts, R10.54 - 0.033
Polystyrene
Two R-11 Batts, R7.21 0.037
Isocyanurate
Two R-11 Batts, R14.4 0,029
Isocyanurate
Two R-13 Batts 0.048
Two R-13 Batts, R1.22 0.045
Fiberboard
Two R-13 Batts, R5.27 0.037
Polystyrene
Two R-13 Batls, R10.54 . 0.030
Polystyrene
Two R-13 Batts, R7.21 0.034
Isocyanurate
Twao R-13 Batts, R14.4 ) 0,027
Isocyanurate

LAssumes 20% framing, 80% cavity.
2Assumes 17% framing, 83% cavity.

MANUAL CALCULATION METHOD

To caleulate the required wall U-value without using Tables E-1 and
E-2, use the method outlined below:

Step 1: Calculate the ahove grade wall composition.
% Window area = 10.583%
% Door area = 2.12%

% Opague foundation area = 6.10%
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% Opaque wall & hox

sill area = 82.25%

Step 2: Use the following formula to caleulate the maximum allowable
U-value for the opaque wall and box sill.

Uo — {(Uw x %w) —

(Ud x %d) — (Uf x %f) = Uwall

Where:
UQ =

Uw =
Yow =
Ug =
%d =
Us =
%g =

Yowall =

Il

Uwall

In our example;

Yawall

Required overall above grade wall U-value,
use 0.080 for an electrically heated home

The U-value of the windows (= 1/R-value)

The fraction of window area calculated in
Step 1

The U-value of the doors (= 1/R-value)
The fraction of door area calculated in Step 1
The U-value of the insulated foundation

The fraction of exposed foundation ealculated
in Step 1

The fraction of opaque wall and box sill area
as caleulated in Step 1

The maximum U-value of the opague wall and
box sill to be caleulated

The window R-value = R-2,78 U = 1/2.78 = 0.341

The door R-value = R-8.85 U = 1/8.85 = 0.113

The foundation R-value = R-12,4 U = 1/124 = 0,080
Upall = 0.080— (0.341 x 0,1053)— (0.113% 0.0212) — (0.080 % 0.061py = 0.045

0.8225

In this case, the maximum U-value of the opaque wall and box sill is
0.045 Btu{hr. sq. ft. °F. For compliance, the insulation which is installed
in the wall and box sill must provide a U-value which is less than or equal
to 0.045. Table E-3 shows the U-values obtainable irom different insula-
tion materials and framing types.

TABLE

E-3 DIRECTIONS FOR USE

Table E-3 gives the amount of installed insulation which would be nec-
essary to achieve a required U-value in the ceiling or attic,

Table E-3 was formulated with the following assumptions:

— The loose fill insulation, if used, is installed to previde the

following R-values:
Cellulose

Expanded perlite
Mineral Fiber (rock
Polystyrene beads
Fiber glass, blown
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— The insulated area is 90% cavity and 10% 2 x 6 framing
— There are no skylights in the ceiling/attic assembly
— The R-value of the ceiling finish materials plus air films is R-1,2

— The attic hatch is insulated to the same level as the rest of the attic
floor, if it is a part of the thermal envelope.

If these assumptions are not valid for your case, you may calculate the
required U-value as shown after Table E-3,

TABLE E-3
INSULATION LEVELS REQUIRED TO MEET
CEILING U, VALUES

Dwelling Amount Required
Tuel In Cavity
Type Uy  {Insulation Type Depth (R-Value)
Fiber glass Batts R-564
Cellulose 14.1 in. (R-52)
Electrically 0.026 [Expanded Pearlite 18.6 in. (R-50)
Heated Mineral Fiber 15.6 in, (R-51)
Polystyrene Beads 17.5 in. (R-52)
Blown Fiber glass 20.0 in. (R-50)

MANUAL CALCULATION METHOD

To calculate the required ceiling insulation level for ceiling/attic as-
semblies, use the following method.

Step It Caleulate the required U-value for the aftic floor, Up, with the
following formula.
Up = UocAo — UsAs — Uh Ah
Ap

Where:
Up = The required U-value for the attic floor

Up = The overall U-value set by the code, use 0.020 for an
electrically heated dwelling

Ag = 'The overall atiic/eeiling area including the attic floor, any
skylights and the attic hatch or access panel

Us = The U-value of the skylights including the frame

Ag = The area of skylights, including the frame (if there are no
skylights, set equal to zero)

Uh = The U-value of the attic hateh or access panel

Ap = The area of the attic hatch or access panel (If the hateh is
to be insulated to the same level as the attic floor, add the
area to the floor area, Ar, and set An equal to zero. If the
attic hatch or access panel is not a part of the thermal
envelope, set An equal to zero.)
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Ap = The ares of the insulated attic floor, equal to the overall
attic/ceiling area minus the attic hatch and skylight areas,
if any.

Example: For theattic of an electrically heated dwelling with an over-
all attic area of 1500 sq. ft. The attic hatch is 14" x 24" and is to be
insulated with two R-19 fiber glass batts, the rest of the attic is fo be
insulated with blown mineral fiber with an R-value of 3.3-R/inch. There
are two skylights, each 6 square feet with R-values of 1,8,

The R-value of the attic hatch is the sum of the R-values of the batis
plus R-2 for the finish materials and air films.

R=19 %19+ 2 =40

The U-value of the hatch is Uy, = 1/40 = 0.025

The U-value of the skylights Uy = 1/1.8 = 0.56

The area of the hatch = 2 ft x 1,17 ft = 2.3 sq. ft.
The area of the skylights is 12 square feet

The area of the floor is 1500 — 12 — 2.3 = 1486 sq. ft.

Up = (0.020)(1500) — (0.56)(12) — (0.025)(2.3) = 0.0156
1486

Step #2: To caleulate the amount of insulation needed over the fram-
ing and cavity areas, d, of the attic floor use the following formula:

d= 1 - RW/in} h — Rfin +h
UT (R/n) % fin) + (%WHR/in (Rfin)
Where:
d = depth of insulation at cavity in inches
Ur = required U-value of floor caleulated in Step #1
R/in = R-value per inch of insulating material obtained
from manufacturer or Table A-4
h = height of framing, 5-1/2” for 2 x 6 framing or
T7-1/4" for 2 x 8 framing, for example.
%G = fraction of floor which is cavity (usually assume
0.9)
%W = fraction of floor which is framing (usually assume
0.1)
RWjin = R-value per inch of wood framing (usually as-
sume 1,25 R /inch)
Ry, =  R-value of interior ceiling finish materials, includ-
ing air films (usually assume R-1.2)
d= 1 + 5.5 - (1.25){6.5) - L2 = 19.59 inches
{0.01566)(3.3) (0.9)(1.25)-+(0.1)(3.3) 3.3

. The floor of the attic is to be covered with insulation so that the depth
in the cavities is equal to 19.59 inches.

Register, March, 1992, No. 435




INDUSTRY, LABOR AND HUMAN RELATIONS 221
Appendix
TABLE A-4
COMMON CONSTRUCTION MATERIAL R-VALUES*
Density  Perinch For thick-
Material Deserintion (b per  thickness ness listed
cu ft) R-Value R-Value
BUILDING Asbestos<ement board ...... 120 0.25 —
BOARD Boards, Asbestos-cement board ...... 120
panels, L iaieiiereees % in —_ 0.03
subflooring,
sheathing, Asbestos-cement board ...... 120
.................. % in. — 0.06
woodbased panel Gypsum or plaster board .... 50
products L. iiiieeeeean in, —_ 0.32
Gypsum or plaster board .... 50 0.45
Plywood 34 125 —
Plywood 34 — .31
Plywood M — 0.47
Plywaod 34 — 0.62
Plywood or wood panels 34
.................. — 0.93
Insulating board
Sheathing, reg.
density vovvuvuna % in. 18 — 1,32
. 25/32 in. 18 — 2,08
Sheathing, intermediate
density ..coviuuun % in, 22 — 1,22
Nail-base
sheathing ........ % in. 25 — 1,14
Shingle backer.... 3 in. 18 — 0.94
Shingle backer. . 5/16 in. i8 —_ 0.78
Sound deadening
board .......00.. ¥ in. 15 — 1.35
Tile and lay-in panels,
plain or acoustic ... ..0uun. 18 2.60 —
......... %in 18 — 1.25
......... % in 18 — 1.89
Laminated paperboard ..... 30 2.00 —
Homogeneous board from
repulped paper ......... 30 2.00 ——
Hardboard
Medium density
siding ....00. . 7716 in. 40 — 0.67
Other medium density...... 50 1.37 —
High density, underlay ..... 55 1.22 —
High densitg std. tempered 63 1.00 —
Particleboar
Low denslty ..ovnvnvuuenian 37 1.8 —
Medium density ,.......... 50 1.06 —
High density ....ooovuuinnn 62.5 0.85 —
Underlayment ... % in 40 — 0.82
‘Wood subfloor..... % in — —_ 0,94
BUILDING Vapor-permeable felt . ....... — 0,06
PAPER Vapor-seal, 2 layers of —_
mopped 151b, felt .......... 3 — 012
Vapor-seal, plastic film ...,,. — — Negl.
ROOF Preformed, for use above deck
INSULATION Approximately ... %in — — 1.39
Approximately ..., i — — 2,78
Approximately . — —_ 4,11
Approximately — — 5.56
Approximately — — 6.67
Approximately . —_ — 8.33
Cellular glass. .. ..ovvevunnn, 9 2.50 —
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Density Perinch For thick-
Material Description (Ib per thickness ness listed
cu ft) R-Value R-Value
MASONRY Cement mortar ......ooveies 116 0.20 —
MATERIALS Gypsum-fiber concrete
Concrete 87%% gypsum, 12% wood 51
ChipS cvuiiiiinvnnnreners 0.60 —
Lightweight aggregates 12¢ 0.19 —_—
ineluding expanded shale, 100 0.28 —_
¢lay or slate, expanded a0 0.40 —
slags; cinders: pumice; 60 0.59 —
vermiculite; also cellular 40 0.86 —
conerefes 30 111 —
20 1.48 -—
Perlite...ovvneiiiininiaoinn 40 1.08 —
Bt berarrransnaranesiinnnns 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 defed) .......... 140 0.08
e 116 0.20 —
MASONRY Brick, common ..., vuvnene. 120 0.20
UNITS Brick, face ...oneiiiiianna- 130 0.11 —
Clay tile, hollow:
1cell deep ........ 3in. — — 0.8¢
leelldeep ........ 4 in. — — 1,11
Zeellsdeep ....... 6 in. — s 1.52
2ceellsdesp ..., §in. — —_ 1,85
2 cells deep ,.... 16 in. — —_ 2.22
3 cella deep ..., 12 in. — — 2,50
Concrete blocks, 3 oval core:
Sand & gravel
aggregate ......h.. 4in. — — 071
8 in, —_ — L1t
12 in. — — 1.28
Cinder aggregate ., 3in, — — 0.86
. .. 4 in, — — 111
. .- 8in, — — 172
..... 12 in. — — 1.89
Lightweight 3 in, — — 1.27
aggregate(expanded 4in. — — 1.50
shale, clay, slate 8in, — — 2,00
or slag: pumice} 12 in. — — 2,27
Concrete blocks, rectangular
core
Sand & gravel
aggregate
2 core, 87 36 1b — — 1.04
Same with filled cores — — 1.93
Lightweight aggregate (ex-
panded shale, elay,..........
slate or slag, Fumice): ieetes
3eore, 6710100 ... ... — — 1.65
Same with filled cores ...... — — 2,99
2core, 8" 241b ......vues — - 2.18
Same with filled cores ,..... — — 5.03
3core, 127381b ... ..o0iie — — 2.48
Same with filted cores ...... — — b.82
Stone, limeorsand.......... — 0.08 —
Gypsum partition tile:.......
3x12x30tn.solid ........ — — 1.26
3x12x30in. d=cell........ — 1.35
4x12x30in. 3-cell........ — 1.67
PLASTERING  Cement plaster, sand aggre- 116
MATERIALS 312 0,20 —
Sand aggregate ¥ in — — 0.08
Sand aggregate ... % in. — — 0,156
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Density  Per inch For thick-
Material Description (Ib per thickness ness listed
eu ft) R-Value R-Value
Gypsum plaster:
Lightweight
aggregate ........ % in, 45 L= 0.32
Lightweight
aggregate o....nne % in. 45 — 0.39
Lightweight
aggregate on
metal lath ....... % in. — — 0,47
Perlite aggregate ..., ..ne 46 0.67 —
Sand aggregate 106 0.18 —
Sand aggregate ... %in. 108 — 0.09
Sand aggregate ... in. 105 — 0.11
Sand aggregate on
metallath ........ #in — n 0.1
Vermiculite aggregate ..,... 45 0.59 —
ROOFING Asbestos-cement shingles 120 — 0.21
Asphalt roll voofing ......... 0 — 0.15
Asphalt shingles ....... veias 0 — .44
Built-up roofing .... % in 70 — 0.33
Blate voovvpaniines % in, — e 0.05
Wood shingles, plain
plastic film faced.... —_- = 0.94
SIDING Shingles:
MATERIALS Asbestos-cement ..... Caeeae 120 — 0.21
{On fat surface) Wood, 167, 712" exposure ... — — 0.87
Wood, double, 167, 127
EXPOSUTE s usvvrsrannanes — — L19
Weod, plus insu-
lating backer
board ..ivuuuns 5/18 in. — — 1.40
Siding:
Asbestos-cement, 4" lapped — — 0.21
Asphalt roll siding ......... — — 0.15
Asphalt insuiating siding (%*
Bd,) ceiiriiiiserieriaana — — 1.46
Wood drop 1 x 87 .......... — 0.79
Wood bevel, %" x 87
lapped...cvvieeranninaiies — 0.81
Wood bevel, % x 10"
193] 4711 I — 1.05
Wood plywood %" lapped .. — 0.59
Aluminum or steel, over —
sheathing, hollow-backed — 0,61
Insulating-board backed
nominal % . ..iiiieiirana. — — 1.82
Insulating-board backed
norinal %" foil backed ..... .= — 2.96
-Architectural glass ......... — — 0.10
FINISH Carpet and fibrous pad ...... — — 2.08
FLOORING Carpet and rubber pad ...... — o 1.23
MATERIALS Cork tlle .......... % in. — — 0.28
TOITAZZ0 v vvviiroisasns lin, —_ —-— 0.08
Tlle—aspha!t linoleum, vinyl, 0.05
Wood hardwood finish .. ..., —
.................. 4 in. e 0.08
INSULATING  Mineral fiber, fibrous form
MATERIALS processed from rock, slag or
Blanket and batt glass
Approx. 2to2%” .. Notel — — i
Approx. 3to 3%” .. Notel — — 11
Approx 5% to
.............. Note 1 — — 19
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Density  Per inch For thick-
Material Description {Ib per  thickness ness listed
cu ft) R-Value R-Value
Board and Slabs  Cellular glass............... g 2.50 —
Glass Biber, organic bonded..,  4-8 4.00 —
Expanded rubber (rigid) ..... 4.5 4.56 —
Expanded polysiyrene ex-
truded, plain .. ...viviniinn, 1.8 4.00 —
Expanded polystyrene ex-
truded (R-I2exp) oovinnnn.s 2.2 5.60 —
Expanded polystyrene ex-
truded {R-12 exp.) (Thickness
17 and greater) ............. 3.5 5.26 —
Expanded polystyrene,
molded beads .... 1.0 3.57 —
Expanded polyurethane (R ii
...................... L6 6.25 —
Mlneral fiber with resin 16
binder, 3.45 —
Mineral fiberboard wet felted
Core or roof insulation ..,.. 16-17 2,94 —
Acousticaltile.......ovuuis 18 2.86 —
Acoustical tile .......o.0u0e 21 2.70 —
Mineral fiberboard wet
molded
Acoustical tile 23 2,38 —
Wood or cane fiberboard
Acoustical tile . }5 m — — 1.25
Acoustical tile . — — 1.89
Interior fnish (plank hle) 15 2.86 —
Insulating roof deck
Approximately .. 1% in. — — 4.17
Approximately .... 2 in, — — 5.66
Approximately .... 3 in. — — 833
Wood shredded (cemented in
preformed stabs) ... ........ 22 1.67 —
Foil faced, glass fiber —
reinforeed cellular
polyisoeyanurate ... ..., 2 1.04 —
MNominal 0,5in ........, 2 — 3.6
Nominal 1.0 in 2 — 7.2
Nominal 2.0 in 2 - 14,4
Laoose Fill Cellulose insulation (milled
paper or wood pulp) 2.5-3 3.70 —
Sawdust or shavings 08156 222 —
‘Wood fiber, softwoods 2.0-3.56 3.33 —
Perlite, expanded 5.0-8.0 270 —
Mineral fiber (rock, slag or
glass):
Approximately
P Note 1 8-16 — 9
Approxlmately
............... Note 1 8-16 — 13
Apprommately
............... Notel 8-15 — 19
Approxtmate!y
............... Note 1 8-15 — 24
S]llca aerogel . ..vurinaiinna 7.6 . —
Vermiculite (expanded)...... 7.08.2 2.13 —
....................... Ve 4.0-6.0 2.27 —
WOODS Maples, oak and similar hard-
woods . oo 45 0.91 —
Fir, pine, and s|mllar 32
softwoods ..o iiiiiiien 1.25 —
Fir, pine, and similar 32
softwoods......... % in. — 0.94
..... 1% in 32 — 1.89
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Density  Per inch For thick-

Material Drescription {lb per  thickness ness listed
cu ft) R-Value R-Value
..... 2% in. 32 — 3.12
..... 3%in. 82 - 4,35

Note 1: R-value varies with fiber diameter. Insulation is produced by different densities;
therefore, thereis a wide variation in thickness for the same R-value between vari-
ous manufacturers. (See Batt and Loose Fill Insulation.)

*Reprinted with permission from ASHRAE Handbook of Fundamentals 1972.
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TABLE A-5
COEFFICIENTS OF TRANSMISSION (Uy OF WINDOWS, SKYLIGHTS, AND LIGHT TRANSMITTING PARTITIONS *

(These values are for heat transfer from air to air.)
Btu per (hr) (sq ft) (F Deg)

928

sipuaddy

PART A
VERTICAL PANELS (EXTERIOR WINDOWS, SLIDING PATIO DOORS PART B
AND PARTITIONS) — FLAT GLASS, GLASS BLOCK AND HORIZONTAL PANELS (SKYLIGHTS)
PLASTIC SHEET FLAT GLASS, GLASS BLOCK AND PLASTIC BUBBLES
Exterior? Exterior?
Deseription ‘Winter Summer Interior Description Winters Summerd Interiors
Flat Glass Flat Glass
single glass 113 1.06 0.73 single glass 1.22 0.83 0.96
insnlating glass—double? insulating glass—double?
3/16 in, air space 0.69 0.64 0.51 131' 16 in, air space 0.75 0.49 0.62
% in. air space 0.65 0.61 0.49 % in. air space 0.7¢ .46 0.59
1 in. air space 0.58 0.56 0.46 % in. air space 0.66 0.44 0.56
% in. air space, low Y% in. air space, low
emissivity coatingd emissivity coating®
emissivity = 0.20 0.38 0.36 0.32 emissivity = 0.20 0.46 0.31 0.39
emissivity = 0.40 0.45 0.44 0.38 emissivity = 0.40 0.53 0.36 0.45
emissivity = 0.60 0.52 0.50 0.42 emissivity = 0.60 0.60 .40 0.50
insulating glass—triple? Glass Bloek* . )
% in. air spaces 0.47 0.45 0.38 11 x 11 x 8 in. thick with
% in_ air spaces 0.36 0.35 0.30 cavity divider 0.53 0.35 0.44
storm windows 12 x 12 x 4 in. thick with
1 in.-4 in. air space 0.56 0.54 0.44 cavity divider 0.51 0.34 0.42
Glass Block* Plastic Bubbles”
6x6x4in. thick 0.60 0.57 0.46 single walled L.15 0.80 —
8 x 8 x 4 in. thick 0.56 0.54 0.44 double walled 0.70 0.46 —_
—with cavity divider 0.48 0.46 0.38
12 % 12 x 4 in. thick 0.52 0.50 0.41 enor beat Jow up.
E?%??g dtﬁjcier g% gég gig 7Based on area of opening, not tota].suriace area.
Single Plastic Sheet 1.0% 1.00 0.70 {See following page for Part C of this table.)

13ee Part C for adjustment for various window and sliding patio door types.
“Double and triple refer to the number of lights of glass.

3Coating on either glass surface facing air space; all other glass surfaces
uncoated.

“Dimensions are nominal.
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PART C
ADJUSTMENT FACTORS FOR VARIOUS WINDOW AND
SLIDING PATIO DOOR TYPES
(Multiply U valucs in Parts A and B by these faclors) -

Deseription Single Double or
Glass Triple Glass Storm Windows
Windows
All Glass? 1,00 100 1.00
Wood Sash—80% Glass 0.90 0,95 0.90¢
Wood 8Bash—60% Glass 0.80 0.85 0.80
Metal Sash—80% Glass 1.00 1.20 1.209
Sliding Patio Doors
Wood Frame 0.95 1.00 —
Metal Frame 1.00 110 —

8Refers to windows with negligible opaque area,
SValie becomes 1,00 when storm sash is separated from prime window by a thermal break.

TABLE A-6

COEFFICIENTS OF TRANSMISSION (U) FOR SLAB DOORS*
Biu per (hr) (sq it} (F Deg)

Winter
Thickness? Solid Wood, With Storm Door Summer,
No Storm Door Wood Metal No Storm Door
1in, 0.64 0.30 0.39 0.61
1% in, 0.55 0.28 0.34 0.53
1% in, 0.49 0.27 0.33 0.47
2in. 0.43 0.24 0.29 0.42
Steel Door

1% in.

A3 0.59 — — 0.58
B* 0.19 — — 0.18
cs 0.47 — — 0.46

Nominal thickness,
2V alues for wood storm doors are for approximately 50% glass; for metal storm doors values
apply for any percent of glass,
24 = Mineral fiber core (2 Ibjeu ft).
4B = Solid urethane foam core with thermal break.
5C = Solid polystyrene core with thermal break.
Note: Hollow core doors 1% in. thick-R = 2,17: U = (.46
1% in. thick - R = 2.22; U = 0.45

*Reprinted with permission from ASHRAE Handbook of Fundamentals,
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APPENDIX C

INSULATION, EQUIPMENT AND
CONDENSATION CONTROL

This appendix is a goide for the proper installation of insulation. The
preceding appendices indicated the reguired amounts and types of insu-
lation necessary to provide the various thermal resistance values for the
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
?etaﬁ window, skylight, and door frames should contain a thermal

rea

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.

Corkboard ...cviviiiiiiiiriieeerannannas FS HH-I-561
Cellular glass voviverieereariorersersrsves FS HH-I-551
Duet insulation «ovvveiiiiiniiniiennnnns FS HH-1-658b
Expanded polystyrene insulation board ... FS HH-1-524
Fiberboard.....voivviiiiiiiiiiriiiinrans FS LLL-I-5635 or ASTM

(C-208 Class C
Insulation board (urethane)* ............. FS HH-1-530
Insulation, thermal (perlite) .............. FS HH-I-574
Mineral fiber, pneumatic or poured ....... FS HH-1-1030A
Mineral fiber, insulation blanket.......... FS HH-I[-521E
553 11 < R RN FS HH-1-526a
Perimeter insulation.........ovovvvinninas S HI;III -H24a

e

.......................................... FS HH 1-558b Form A,

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

BATTS AND BLANKETS

These materials are usually identified on the package and on the vapor
barrier 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. Some manufactur-
ers offer other produets such as R-8, R-13 and R-22, The specific thick-
ness of insulation required for a specific “R” value may vary from one
manufaecturer to another due to differences in base materials and manu-
faeturing processes,
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General Guidelines
1, Install insulation so the vapor barrier faces the interior of the dwelling,
2. Vapor barriers should not be left exposed.

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

4. Place insulation on the cold side of pipes and ducts (see Fig. 4). Insula-
tion is not required for supply and return air duets 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. Inst;)lling unfaced (without a vapor barrier), friction-fit blankets (Fig,

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

I\\ =
o TFASTEN VAFOR
BANLIER, T PLATE

OF RESTRAINT

Fig, iz Fig. lb

Fasten flanges to the inside of ceiling joists as shown in Fig. 1b. Extend
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 fo
space above insulation (Fig. 1a).

Register, March, 1992, No. 435




230 d WISCONSIN ADMINISTRATIVE CODE
Appendix

Fig. 2

Insert friction-fit blankets between ceiling joists (Fig. 2). Allow insula-
tion to overlap the fop plate of the extertor 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.
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Insert blankets into stud spaces. Working from the top down, space
fasteners per manunfacturers recommendations, fitting flanges tightly

against face of stud (Fig. 3). Cut blankets slightly over length and fasten
the vapor barrier te the top and bottom plates.

EXTER}OR-

703

=il

!

VAPOR,

PARRIER, Fig. 4

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

FILL ALL CRAcCKS

AROUND DPOORS AMD WIiNDOWS
Fig, 5 (COVER WITH VAPOR. BARRIER)

_ Fill small spaces between rough framing and door and window heads,
Jambs and sills with pieces of insulation (Fig. 5).
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ot |V WIDER,
THAN SYUL> SpacE NON -STANb AR

12v SNUD SPACE wibTH

<

Fig. Ga

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 stde to the other stud, compressing
the insulation behind it, and fasten through vapor barrier to stud face
(Fig. 6b). Unfaced blankets are cut slightly oversize and fitted into place.

BARRIER

Fig. 7b

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

Register, March, 1992, No. 435




INDUSTRY, LABOR AND HUMAN RELATIONS 233
Appendix

Fig. 8

Rigid insulation in stress skin panels (Fig. 8) may also be used to insu-
late walls, ceilings and roofs. .

Floor and Crawl Spaces

FO P
\éﬁrzmez sipES

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 fo cover the
ground,
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Dropped Saoffits

Insulation of dropped soffits over kitchen cabinets, bathtubs, showers,
or similar areas, need special attention when they are exposed to the
attie. If the dropped soffit is framed before ceiling finish material is ap-
plied, a “beard” {plywood, hardboard, gypsumboard, ete.) 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 I'nsulation

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, ete. They ave 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,

Imstallation Procedures

Masonry walls: Rigid insulations are applied to either face of a masonry
wall(Fig. 92 and 9¢) or are used as a cavity insulaticn between two
wythes of masonry (Fig. 9b). When applied to the face of masonry walls,
they are generally installed with adhesive andjor mechanical fasteners.
The manufacturer’s recommendation should be followed.

RRE STOP

MASORRY WALL
PURRING STRY [
RISI ]
HSULATLON
]
[~
]
BARRIER
IHTERIOR.  EXTERIOR
WAL oR veneer e BRICK,
IS Fiiigh WYTHE HuAner
Fig. 9a OF Fig. 9b
RASONRY
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' i e——— i
MASONRY —f% INSUL ATION

WAL

£
INTERIOR.
FINjoH

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 mechanieally attached with nails to wood studs or to metal
studs with serews or clips or other approved methods.

VAPOR. BARREIER

RiGit>
INSULATION

FINISH

STUDS
SIPING

Register, March, 1992, No. 435




236 WISCONSIN ADMINISTRATIVE CODE
Appendix

§

RISiD
INSULATION

Fig. 11b

Rici2
INSULATION

Fig. lle

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 craw] spaces,
basements or eellars (Fig. 11a). Installation is usually accomplished with
adhesive and/or mechanical fasteners. Perimeter insulation should be in-
statled against the foundation wall or extended into the interior of the
building to a distance equal to the design frost line (Fig. 11b, ¢ and d).
Where the slab bears on the foundation ledge, the insulation should be a
load-hearing type.
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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 resist-
ance of the block will vary depending upon the types of insulation used
and the configuration of the cells. An example of a typical multi-celled
block is shown below,

\ /\ A\
\ AN AQ_\ .

LOOSE FILL INSULATION

Materials of this fype are those made from mineral fibers (rock or
glass), cellulose materials {wood fibers or shredded paper), or other man-
ufactured products that can easily be poured.,

BLOWN ATTIC INSULATION

There are several factors pertaining to blown attic insulation that ean
cause differences in its installed thermal resistance value (R). For a given
manufacturer’s insulation, the installed thermal resistance (R) value de-
pends on thickness and weight of insulating material applied per square
foot. Federal speeification HH-I-1030A for insulaticn requires that each
bag of insulation be labeled to show the minimum thickness, the maxi-
mum net coverage, and the minimum weight of (that particular) insula-
tion material required per square foot to produce resistance values of R-
?f‘(i}, 2%,219, and 11, A bag label example for blown insulation is shown in

g, 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
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assumed thermal resistance (R) value may not be achieved. The impor-
tant eharacteristic is weight per square foot, Thickness is the minimum
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 in-
stalled blown or poured insulation. Baffles should be made of durable ma-
terial securely fastened. Bafiles should be in place at the time of framing
inspection.

Three blown insulations that provide R-19 are:

Minimun Maximum Net Bags/1000
Material Thickness Coverage/Bag Sq. Fi.
Cellulose 5%" 59 sq. ft. (40 Ib. bag) 17
Glass fiber 8% 51 sq. ft. (24 1h. bag) 20
Roek wool 61" 26 sq. ft. (27 lb. bag} 38

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

(Based on 25.pound nominal weight bag)

Maximum
Minimum Minimum Weight Bags per Net Coverage
R-Value Thickness per 8q. Ft. 1000 Sq. Ft. per Bag
Number of bags

To obtain an The weight per sq. ft. per 1000 sq. ft, Contents of
insulation re- Installed insula- of installed insulation of net area this bag should
sistance R tion should not  should be not less should not be not cover more
of: be less than: than: less than: than:

R-30 13% in. thick 0.768 1bs, per sq. ft. 30 33 sa, it,

R-22 19 in, thick 0.558 1bs. per sq. fi, 22 46 sq. ft.

R-19 8% in. thick 0.489 1bs. per sq. fi. 20 51 sq, ft.

R-11 5in. thick 0.279 1bs. per sq. fi. 11 90 sq. ft.

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

IMig, 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 strue-
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. Re-
flective insulations which comply with the requirements when used in a
floor, may not be satisfactory in ceilings or walls, where the heat flow is
upward and horizontal, respectively Reflective insulations a reffective 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 cellulose
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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 memhers. Manufacturer’s recom-
mended instructions should be followed. To determine that the proper
thickness is installed, either refer to the plans and specifications, or re-
quest a certification from the supplier that the insulation installed pro-
vides the required “R” value.

TYPICAL INSULATION THICKNESSES AND VALUES

Approximate
Insulation R-Value Thickness
Fiber glags 11 3%
Fiber glass 13 _ 3%
Fiber glass 19 6”
Fiber glass 30 8"
Fiber glass . 38 127
Extruded Polystyrene Foam 5.4 1
Extruded Polystyrene Foam 10.8 2"
VAPOR RETARDERS

Vapor retarders are used in conjunction with insulation to decrease
the change of moisture condensation inside the building insulation. Va-
por retarders 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 retarder 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 bypassing the vapor refarder.,

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 10% more
fuel than a furnace of correet size. An installation that has uninsulated
ducts passing through an unheated erawl or attic space will lose about 1.5
Bfu per hour per square foot of duet per degree of temperature differen-
tial between duct air and outside air, This ecan amount to 40% of a fur-
nace 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 combus-
tion equipment that draws its combustion and stack-dilution air from
the heated space will require more fuel to heat the required makeup air
than sealed combustion equipment. Stack heat recovery devices can re-
cover from about 4% at 450° F to 8% at 800° F.

The appliance manufacturer should be consulted when retrofitting the
appliance with combustion air to assure that the applianee warranty is
not afiected,

Effect of Sizing Limitation on Equipment

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

Example:

Register, March, 1992, Mo 435




240 WISCONSIN ADMINISTRATIVE CODE
Appendix

Total construetion loss 27,760 Btu/hour

One air change per hour:

Inside volume = 12,188 cu, ft.
@ = (12,188} (90) (.018) = 19,744 Btu/thour

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

Maximum furnace size:
47,604 Btu/hour + 47,504 (.15) Btu/hour = 54,630 Btu/hour
COMBUSTION AIR FOR FIREPLACES

Tt is recommended that combustion air from the exterior be provided
for all fireplaces. Masonry fireplaces ean be made more energy efficient
with combustion air terminating in the fireplace. The opening of the fire-
place 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 Infillration

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

The department will acecept 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 cracking,
ete. However, from an energy standpoint, it is desirable to keep the rela-
tive 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%.
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APPENDIX D

ILLUSTRATIONS OF EXTERIOR OPENINGS IN
THE THERMAL ENVELOPE

The following illustrations show some exterior openings in the thermal
envelope which may be sealed to control infiltration. A detailed list of
sezalling requirements for electrically heated homes is given in s, ILHR
22.13 (3).
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ILHR 22.13 Infiliration Conirol for Etecirically Heated Homes

Roof/Wall
top plates
R
‘ exterior finish Wall/Window Head
RS s window header

plate at window head

H window frane
window sill Wall/Window Sill
plate at window sill

bottom plate
=— sub floor

9

Floor/Foundation

floor joist header or band joist

sill plate
o - w&——— foundation wall
- foundation insulation

@ «a— Caulk, Gasket or Seal
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ILHR 22.13 Infiltration Control for Electrically Heated Homes
(coniinued)

J! — bottom plate Wall/Intermediate Floor

=— subfloor

5

floor header joist or band joist

-~
--l__ top plates

double hottom plates
Wall/Foundation

foundation wall
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