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Wisconsin Department of 	
MUNICIPAL 	

Safety and Buildings Division
Industry, tabor and Human	 Local Program Services
Relations	 FOR A VARIANCE APPLICATION	 P.D. Box 7969

Madison, Wisconsin 53707

ner	 ame -Owner StreetAddress

City/Town State	 Zip Code	 Owner Telephone No.

DDweilingLocation Dwelling Street Ad ress

City/Town County

Agent(Arch-Engr-Conir) Agent Street Address

Citylrown State	 2i	 11	 Agent Telephone No.

1. 1 have read the application forvariance of rule ILHR

2. 1 recommend (check appropriate box): q Denial q Approval q Cond. Appr. q comment

3. Explanation for recommendation:

A. q I find no conflict with local rules and regulations.
q Ifrnd that the variance isin conflict with local rules and regulations.

Explanation:

5. Inspections completed: © None q Footings q Rough q Final q Foundation
q Bldg, Const	 q Energy q HVAC	 q Electrical	 q Plumbing

6, Correctionordersissued:

Municipality exercising jurisdiction:

Signature of municipal enforcement official: 	 Date signed:

Please submit this completed form along with original Application for Variance, Form SSD-6070, and
S10.00 state review fee to Department of industry, Labor and Human Relations at the address
shown in the upper right corner.

SBD - 6071 (R. 07187)
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pte ptea ?
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La BHUmdn Relations	 WISCONSIN UNIFORM DWELLING CODE P.O.8"7969h.a son, Wruonsin 53787
I^t

Omer Name On»er Street Address

Gty State 62ipeode	 ner Telephone No.

McINng tocation Orvet!irsg street Address

GtyNUagWTw n county

Agent W (h - Erw - COntr) Agent Street Address

rty State 6 Tip Lode gent7elephone No_

Mur9dpality Haring lurisdicuO elephone No.

$100 STATE FEE required (ILHR 64.1 S(2) ) . AWi(aeon [an"yba made byanner. Submit to the address shoxn is

the upper ri ght corner. Addi-tional MUMOM FEE, if ay.

I. Rule ILHR	 of the U ni formDW ,0iN Codeca—ot be enG{e4y"t1ified because:

2. In fie. ok=plying erac	 foliUvwiththe	 the	 o	 l-rgatematis g rsproposed asameansof prosiding an
ceq4 valent degree ai health welf

m
are arsrfsafetyls'^^nrt build i ng grans. calculationsand speclhcaUonsto

help erp!aiin your prepotal};

3. SUPPO&ngargumentsare:
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prow	 an sa rcatronstweto ato	 rkrwn!edge and Wiel.

AWi[ant's Signature

Subscribed and mornto before me

Misdate

Nota ry Pu rc

Mycommissionerpires
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sso-sara la ar:sn
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APPENDIX

CHAPTER ILHR 21

FASTENER SCHEDULE TABLE

Description of Building Materials/Connection Number and Type of
Fastener 1 1-14 

Joist to sill or girder, tae nail 2-16d, 3-8d
Bridgging to joist, toe nail each end
I" x 6" aubffoor or less to each joist, face nail

2-8d
2-8d or 2 staples, 1%'

Wider than 1' x 6' subfloor to each joist, face nail 3.8d or 4 staples, 1%'
2" subfloor to joist or girder, blind and face nail 2-16d
Sole plate to joist or blocking, face nail 16d at 16' o.c.
Top or sole plate to stud, end nail 2-16d
Stud to sole plate, toe nail 4-8d or 3-16d
Doubled studs, face nail 16d at 24' o.c.
Doubled top plates, face nail 16d at 16' o.c.
Top plates, laps and intersections, face nail 2-16d
Continuous header, two pieces 16d at 16' o.c. along each edge
Ceiling joists to plate, toe nail 216d, 3-8d
Continuous bender to stud, toe nail 4-8d
Ceiling joist, laps over partitions, face nail 3-16d
Ceiling joist to parallel rafters, face nail 3-16d
Rafter to plate, toe nail 2.16d, 3-8d
1' brace to each stud and plate, face nail 2.8d or 2 staples, 1%'
1' x 6' sheathing to each bearing, face nail 2-8d or 2 staples, 174'
1' x S" sheathing to each bearing, face nail 2-Sd or 3 staples, 1%'
Wider than 1' x 8' sheathing to each bearing, face 3-8d or 4 staples, 1%'

nail
Built-up corner studs 16d at 30' o.c., 16d at 24' o.c.
Built-up girder and beams 20d at 32' o.c. at top and bottom and

staggered 2-20d at ends and at each
splice

2-inch planks 2-16d at each bearing
Roof rafters to ridge, valley or hip rafters, tae nail 4-164
Roof rafters to ridge, valley or hip rafters, face nail 3-16d
Collar ties to rafters, face nail 3-8d
Plywood subfloor, roof and wall sheathing (to fram-

ing) 6
%-inch to 5116-inch Gds or staple
%-inch to 4-inch 8d smooth or common,

6d deformed, or staple
%-inch to 1-inch Sds
1%-inch to 1'/,-inch 10d smooth or common, or 8d de-

formed
Fiberboard sheathing'
%-inch 6d common or staple, 1Y." long or

roofing nail"
26/32-inch 8d common or staple, 1%" long or

roofing nail''
Gypsum sheathing, 'h" e 1 V galvanized roofing nail, or 6d

common, or staple
Particleboard wall sheathing (to framing)'

%finch to %-inch 6d common
%-inch to %finch 8d common or staple

Insulated sheathing 11-gauge roofing nails, 6d, 8d, or sta-
ple

Combination subfloor underlayment (to framing)6
%-inch and less 6d deformed
%-inch to 14nch 8d deformed
1%-inch to 1 1/4-inch 10d smooth' or common or 8d de-

formed'
Panel siding (ta framing)io

%-inch or less 6d
%-inch 8d

'All nails are smooth-common, box or deformed shank except where otherwise stated
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'Nail is a general description and may be T-head, modified round head or round head.

38taples are 16-gauge wire and have a minimum 7/16-inch o.d. crown width.

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

'Common or deformed shank.

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

'Nails spaced at 3 inches on center at edges, 6 inches at intermediate supports.

'Nails spaced at 4 inches on center at edges, 8 inches at intermediate supports.

'Nails spaced at 6 inches on center at edges and at intermediate supports.

10 Corrosion-resi3tant siding and casing nails.

"Galvanised roofing nails with 7116-inch diameter head and 1f-inch length for %-inch
sheathing and 1Y.-inch for 25132-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, 301bs/sq. ft. Live Load 134
Table J-3 CEILING JOISTS, 20 lbs/sq.ft. Live Load, Plaster Ceiling 136
Table J-4 CEILING JOISTS, 20 lbs/sq.ft. Live Load, Drywall Ceiling 138
Table J-5 CEILING JOISTS, 10 lbs/sq.ft. Live Load, Plaster Ceiling 140
Table J-6 CEILING JOISTS, 10 lbs/sq.ft. Live Load, Drywall Ceiling 142
Table R-2 FLAT OR SLOPED RAFTERS, 30 lbs/sq.ft. Live Load, Dry- 144

wall Ceiling
Table R-3 FLAT OR SLOPED RAFTERS, 40 lbs/sq.ft. Live Load, Dry- 148

wall Ceiling
Table R-5 FLAT OR SLOPED RAFTERS, 30 lbs/sq.ft. Live Load, Plas- 162

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

Plaster Ceiling
Table R-8 FLAT OR LOW SLOPED RAFTERS, 30 lbsfsq.ft. Live Load, 160

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

No Ceiling Load
Table R-11 MEDIUM OR HIGH SLOPE RAFTERS, 30 lbsfsq.ft. Live 168

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

Load, No Ceiling Load, Heavy Roof Covering
Table R-14 MEDIUM OR HIGH SLOPE RAFTERS, 30 lbs/sq.ft. Live 176

Load, No Ceiling Load, Light Roof Covering
Table R-15 MEDIUM OR HIGH SLOPE RAFTERS, 40 lbs/sq.ft. Live 180

Load, No Ceiling Load, Light Roof Covering
Table TSJ-1 TWO SPAN FLOOR JOISTS, 40 lbs/sq.ft. Live Load 184
Table TSJ-2 TWO SPAN FLOOR JOISTS, 30 lbs/sq.ft. 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 (Fb) 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 over a
single span with calculations based on E and the required Fb values
shown.

Tables R-2 through R-15 list spans for rafters used over a single span
with calculations based on Fb and the required E values shown.

Tables TSJ-1 and TSJ-2 list spans for floor joists continuous over two
equal spans with calculations based on E and the required Fb 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.

LUMBER SIZES

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

Dressed Size (inches)

Reference Surfaced Dry	 Surfaced Green

2 x 4 1% x 3%	 1-9/16 x 3-9/16
2 x 6 1% x 5%	 1-9/16 x 6%
2x8 1%x7%	 1-9/16x7%
2x10 1%x9%	 1-9/16x9%
2x 12 1% x 11%	 1-9/16 x 11%

MOISTURE CONTENT

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

SPAN MEASUREMENT

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

LUMBER DESIGN VALUES

Use of these span tables requires reference to the applicable design 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 (E) and fiber bend-
ing stress (Fb) 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 (Fb) 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 "Raf t-
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
tile 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

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

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

Example 2. Low slope rafter (3 in 12 slope or less) with no ceiling load.
Assume a horizontal projection of 13'-0", 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 (Fb) values are possi-
ble, it is recommended 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 coiling with no a ttic space )

Live Load - 3616, per sq. it

DESIGN CRITERIA_	 Use in Zone 2
Strength • 15 lbs. per sq. ft. dead load plus 30

lbs. per sq. ft, live load determines required
fiber stress.

Deflection - For 30 lbs. 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 5o0 600 700 800 900 1000 1100 1200 1300

5. 10 6-8 7.6 &2 8-10 9-6 10-0 10-7 17.7 11.7 12.1
12.0 0.13 0.19 0-27 0.36 0,45 0,55 0.66 0.77 0.89 1-01 1.14

5.5 6-3 7.0 7-8 8-3 B-10 9.5 9-11 10-5 10-10 11-3
13.7 0.12 0-18 0,25 0.33 0.42 0.52 0.61 0.72 0.83 0,95 1,07

5-0 5.10 6.6 7.1 7.8 8-2 8-8 9-2 9-7 10-0 10.5
2x6	 76.0 0,11 0.17 0.24 0,31 0.39 0.48 0.57 1	 0,67 0,77 0.88 0.99

4-7 5-4 5-71 6-6 TO 7-6 7.11 8-4 8-9 9-2 9-6
19.2 0.10 0.15 0.22 0.28 0.35 0.44 0.52 0,61 0.70 0.80 0.90

4-1 4.9 5.4 5-10 6.3 6-8 7-1 7.6 7.10 8.2 8.6
24.0 0.09 0.14 0.19 0.25 0,32 0.39 0.46 0,54 0.63 0.72 0.87

7-8 &10 9-10 10-10 11 .8 12.6 13.3 13.71 14.8 15.3 1511
12.0 0.13 0.19 0.27 0.36 0.45 0.55 0.66 0.77 0,89 1,01 1.14

7.2 &3 9-3 10-1 10.11 11.8 12.5 13-1 13-8 14-4 1411
13.7 0.12 0.18 0.25 0.33 0.42 0.52 0.61 G.72 0.83 0.95 7.07

6.7. 7.8 &7 9-4 10-1 10.10 11 .6 72-1 12-8 13.3 13-9
2x8	 16.0 0.11 0.17 0.24 0.31 0.39 0.48 0.57 0.67 0.77 0.88 0,99

6. 1 7-0 7.70 8-7 9-3 9.10 10-6 11.0 11.7 12.7 12.7
19.2 0.10 0.15 0.22 0.28 0.36 0.44 0.52 0.61 0.70 0.80 0190

55 6.3 7.0 7-8 8-3 8-10 9A 9.10 10.4 70-10 11-3
24.0 0.09	 1 0.14 0.19 1	 0.25 0.32 0,39 0.46 0.54 0.63

1	

0.72 0.81

H

z
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d
i^
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az
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y
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az
c ^

li



9.9 11.3 12-7 13-9 14-11 15.11 16.11 17.10 18.8 19.6 20.4
12.0 0.13 0.19 0-27 0.36 0.45 0.55 0.66 0.77 0.89 1.01 1.14

9. 1 10.6 17.9 12-11 73. 11 1411 15. 10 16-8 77.6 18.3 19.0
13.7 0-12 0.18 0.25 0,33 0.42 0.52 0.61 0.72 0.83 0.95 1.07

8.5 9.9 10.11 11-11 12.11 13.9 14.8 15.5 16-2 16.11 17.7
2x 10	 16.0 0.11 0.17 0.24 0.31 0.39 0.48 0.57 0.67 0.77 0.88 0.99

7-8 8.11 9-11 10.17 11 .9 12-7 13.4 14.1 14.9 15.5 16.1
79.2 0.10 0.15 0.22 0.28 0.36 0.44 0.52 0.61 0.70 0.80 0,90

6. 71 8 0 8-11 9.9 10.6 113 11-11 12-7 13-2 13-9 14-4
24,0 0.09 0.14 0.19 0.25 0,32 0,39 0.46 0.54 0.63 0.72 0.81

11-10 13.8 15-4 16.9 18-I 79-4 20-6 21.8 22-8 23-9 24-8
12.0 0.13 0.19 0.27 0.36 0.45 0.55 0.66 0-77 0.89 1.01 1.14

11-1 12.10 14-4 15-8 16.71 18-1 19.3 20.3 27.3 22-2 23-1
13.7 0.12 0.18 0.25 0.33 0.42 0.52 0.61 0.72 0.83 0.95 1-07

10-3 11.10 13.3 14-6 15.8 16.9 17-9 18.9 19-8 20.6 27.5
2x12	 16.0 0.11 0.17 0.24 0.31 0.39 0.48 0.57 0.67 0.77 0.88 0.99

9.5 10.10 12. 1 13-3 14-4 15.4 16.3 17.1 17-11 18-9 19.6
19.2 1	 0.10 0.15 1	 0.22 0.28 0.36 0.44 0.52 0.61 0.70 0.80 0.90

8-5 9.8 7010 11.10 12-10 138 14-6 154 76.1 16.9 17-5
24.0 0,09 0.14 0.19 0.25 0.32 0.39 0.46 0.54 0.63 0.72 0.81
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Note: The required modulus of elastici ty , "E", in 1,000,000 pounds per square finch is shown below each span.
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TABLE R-2 (cont.)

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

Extreme Fiber Stress in Bending, "Fb' (psi).
RAFTER

SPACING SIZE
1400	 1500 1600 1700 1800 1900 2000 2100 2200 2400 2700 (IN)	 iIN)

12-6 13-0 13.5_ 13.10 14-2 147 15.0 15-4 15-8
1.28 1.41 1.56 1.71 1.86 2.02 2.18 2.34 2.51 12.0

11-9 12.2 12-6 12.11 13-3 13.8 14.0 14.4 14.8
1.19 1.32 1.46 1.60 1.74 1.89 2.04 2.19 225 13.7
40.10 11 .3 11-7 11.11 12.4 12.8 13.0 13.3 13-7 14.2
1.10 1.22 1.35 1.48 1.61 1.75 1.89 2.03 2.18 2.48 16.0	 2x6
9-11 10.3 107 10-11 11-3 11-6 11.10 12.2 12.5 73-0
1.01 1.12 1.23 1.35 1.47 1.59 1.72 1.85 1.99 2.26 19.2
8-10 9-2 9.6 9.9 10.0 10,4 10.7 10.10 11-1 11-7 12.4
0.90 1.00 1.10 1.21 1.31 1.43 1.54 1.66 1.78 2.02 2.41 24.0

16-6 77.1 17-8 18-2 18-9 19-3 19.9 203 20.8
1.28 1,41 1.56 1.71 1.86 2.02 2.18 2.34 2.51 12.0
15. 5 16.0 16-6 17-0 17.6 18-0 18.5 18.11 19-4
1.19 1.32 1.46 1.60 7.74 1.89 204 119 2.35 13.7
14-4 14-10 15-3 15-9 16.3 16.8 77.1 17-6 17-11 18.9
1.10 1 -22 1.35 1.48 1.61 1.75 129 2.03 2.18 2.48 16.0	 2x8
13-1 13-6 13.11 14.5 1410 15.2 15-7 16.0 16-4 17.1
1.01 1.12 1.23 1.35 1.47 1.59 1.72 1.85 1.99 2.26 19.2
11.8 72-1 12-6 12.10 13.3 13.7 13-11 14.4 148 153 16-3
0.90 4.00 1	 1.10	 1 1.24	 1 1.31 1.43 1.54 1,66 1	 1.78 2.02 2.41 24.0
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21.1 21-10 22.6 23.3 23-11 246 25.2 25-10 26-57,28 1.47 1.56 1.71 1,86 2.02 2.18 2.34 2.51 12.0
19.8 20.5 21-1 21-9 224 22.17 237 242 2461,19 1.32 1.46 7.60 1,74 7.89 2.04 2.19 2.35 13,7
i8-3 18.71 79.6 20.1 20-8 21.3 21-10 22.4 22-70 23.117110 1.22 1.35 1,48 7,67 1.75 1.89 2.03 2.18 2.48 1610	 2x10
16.8 77-3 17-10 184 18.11 19-5 T9.11 20.5 20-10 21-107.01 1.12 1.23 7.35 1.47 1.59 1.72 1.85 1,99 2.26 19,2
14-11 15-5 75.11 16.5 16-11 77.4 17. 10[ 1&3 18.8 79.6 20.80.90 1,00 1.10 1.21 1.31 1.43 1.54 1.66 1.78 2.02 2.47 24.0
25.7 26-6 27-5 2&3 29.1 29.10 30-7 31-4 32-11.28 7.41 1.56 1,71 1.86 2.02 2,18 2.34 2.51 12.0
240 2410 25 7 26-5 27.2 27-11 28.8 29-4 30 01.19 1,32 1.46 1-60 1.74 1.89 2,04 2.19 2.35 13.7
22-2 23 70 23-9 245 25.2 2510 26-6 27.2 27-10 29.11.10 1.22 1.35 1.48 1.61 1.75 1.89 2.03 2.18 2.48 16.0	 2x 12
20-3 21.0 21-8 22.4 23-0 23-7 242 2470 25 5 26.61.07 1.12 1.23 1.35 1.47 1.59 1.72 1-85 1.99 2.26 19.2
1&1 78.9 79.4 20.0 206 21.1 21.8 22-2 22.8 23-9 25.20-90 1.D0 1.10 1.21 1,31 1.43 1.54 1.66 1.78 2.02 2.41 24.0
Note: The required modulus of elasticity, ") ", in 1,000,000 pounds per square inch is shown below each span.
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TABLE R3
FLAT OR SLOPED RAFTERS

Supporting Drywall Coiling
( Flat roof or cathedral ceiling with no attic space)

Liw Load - 40 lb. par q. ft.

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

Ibs, per sq. ft. live load determines required
fiber stress.

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

Extreme Fiber Stress in Bending, "Fb" (
psi),

RAFTER
SIZE SPACING
{110	 (1 N) 300 400 500 600 700 800 900 1000 1100 1200 1300

5.3 6-1 &9 715 &0 8,7 9-1 9.7 10-0 t0.6 10.11
12.0 0.12 0.19 0.27 0.35 0.44 0.54 0.65 0.76 0.88 1.00 t,13

4.11 5.8 6.4 6.11 7-6 8.0 8-6 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 0.82 0.93 1,05

4-6 5-3 5-10 6.5 &11 7-5 7-10 8-3 8$ 9.1 9.5
2x6	 16.0 0.11 0.17 0.23 0.31 0.39 0,47 0.56 0.66 0.76 0.86 0.98

4-2 4.9 5.4 5-10 6-4 6-9 7-2 7-7 7-11 8-3 8.8

19.2 0.10 0.15 0.21 0.28 0.35 0.43 0.51 0.60 0.69 0,79 0.89

3-8 4.3 4.9 5.3 5-8 6- 1 6.5 6.9 7.1 7-5 7-9
24.0 0.09 0.14 0.19 0.25 0.31 0.38 0.46 0.54 0.62 0.71 0.80

6. 11 &0 8.11 9.9 10-7 11-3 12-0 12.7 13-3 13-10 1 4-5
110 0.12 0.19 0.27 0.35 0.44 0.54 0.65 0.76 0,88 1.00 1.13

6-6 7'6 8.4 9-2 9.11 10-7 11.2 11-10 12.5 12-11 13.6
13.7 0-12 0.18 0.25 0.33 0.42 0.51 0.61 0.71 0.82 0.93 1,05

6.0 6.11 7.9 8-6 9-2 9.9 10-4 10.11 11.6 12.0 12.6
2x8	 16.0 0.11 0.17 0.23 0.31 0.39 0.47 0.56 0.66 0.76 0.86 0.98

5.6 &4 7.1 7-9 8-4 8.11 9.6 10-0 70-6 10-11 11-5
19.2 0.10 0.15 0.21 0.28 0.35 0.43 0.51 0.60 0.69 'a79 0.89

4.11 5.8 6-4 6.11 7-6 &0 &6 8.11 9.4 9.9 10-2
24.0 0.09 0.14 0.19 0.25 0.31 0.38 0.46 0.54 0.62 0.71 0.80
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8-10 10.2 1	 11 .5 12.6 13-6 14.5 15.3 16.1 16.11 17-8 18.4
72.0 0.12 0.19 0.27 0.35 0-44 0.54 0.65 0.76 0.88 1.00 1.13

8-3 9.6 10-8 11-8 12.7 73.6 74.3 15-1 15.10 16-6 17.2
13-7 G.12 0.18 0.25 0.33 0.42 0.51 0.61 0.71 0.82 0.93 1.05

7.8 8.10 9-10 10-10 11,8 12.6 13.3 13-11 14-8 15.3 15.77
2x10	 16.0 0.11 0.17 0.23 0.31 0.39 0.47 0.56 0.66 0.76 0.86 0.98

7-0 8.1 9-0 9.70 10.8 11-5 12.1 12-9 13.4 13-11 74.6
19,2 0.10 0.15 0.2

7

0.28 0.35 0.43 0.51 0.60 0.69 0.79 0.89
6-3 7-2 81 8-10 9-6 10.2 10.10 11.5 11.11 12.6 13-0

24.0 O.Q9 0.14 0.19 0.25 0.37 038 0.46 0.54 0.62 0,71 0.80
10.9 125 13-10 15. 2 16.5 17.6 18.7 7 9-7 20.6 21-5 22.4

12.0 0.12 0,19 0.27 0.35 0.44 0.54 0.65 0.76 0.88 7.00 1.13
700 11-7 12.11 14.2 15.4 16.5 17.5 18-4 19-3 20-1 20-11

13.7 0.72 0.18 0.25 0-33 0.42 0.51 0.61 0.71 0.82 0.93 1.05
9-3 1G-9 12.0 13.2 14.2 75-2 16.1 17.0 17-9 18-7 19.4

20 2	 76.0 0.71 0.17 0-23 0.37 0.39 0.47 0.56	 1 0.66 0.76 0.66	 1 .98
&6 9.70 1011 12.0 12.11 13-10 14-8 15.6 16-3 17-0 17.8

19-2 0.70 0.15 0.21 0.28 0.35 0.43 0 151 0.60 0.69 0.79 0.89
7.7 8.9 9-10 10.9 11.7 12-5 13.2 13.10 14.6 15.2 15.9

24.0 0.09 0.14 0.79 0.25 0.31 0.38 0.46 0.54 0.62 0.77 0.80

Note, The required modulus of elasticity, "E", in 1,000,000 pounds per square inch is shown below each $pan.
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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
projection.

Extreme Fiber Stress in Bending, "Fb' (psi) -
RAFTER

SPACING SIZE
1400 1500 1600 1700 1800 1900 2000 2100 2200 2400 2700 (IN)	 (IN)

11 .4 11-9 12.1 12.6 12,10 13-2 13 6 13.10 14.2
1.26 1.40 1.54 1.68 7.83 1.99 2.15 2.31 2.48 12.0
10.7 11.0 11-4 11.8 12.0 12.4 12-8 13.0 13-3
1.18 1.31 1.44 1.57 1.72 1.86 2.07 2.16 2.32 13.7
9-10 10-2 70.6 70-10 71-1 11.5 11-9 12.0 12-4 12-70
1.09 1.21 1.33 1.46 7.59 1.72 1.86 2.00 2.15 2.45 16.0	 2x6
8.11 9.3 9.7 9-70 70.2 70-5 70.8 11-0 11-3 11-9
0.99 1.10 1,22 1,33 7.45 1.57 30 7.83 7.96 2.23 19.2

8.0 8-3 8-7 8-10 9-1 9-4 9.7 9.10 10.0 10.6 11.1
0.89 0.99 7.09 1.19 1,30 1.41 1.52 1.63 1.75 2.00 2.38 24.0

14.11 15.5 16.0 16.5 16.11 17.5 17-10 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 14.6 14.11 15.5 15.10 16.3 16-8 17-1 17.6
1.18 1,31 1.44 1.57 1.72 1.86 2.01 2,76 2.32 13-7

12-11 13-5 13-10 1 4-3 14.8 15.1 15-5 15-70 16.3 16-11
1.09 7.21 1.33 1.46 1.59 1.72 1.86 2.00 2.15 2.45 16.0	 2x8
11 . 70 12.3 12-7 73.0 13-5 73-9 14.1 1 4-6 14-10 15.5
0.99 1.10 1.22 7.33 1.45 1.57 1.70 1.83 1.96 2.23 19,2
10.7 70-11 11-3 11-8 12.0 12.4 12.7 12-17 13.3 13-10 14-8
0 1 $9 0.99 1.09 1,19 1.30 7,41 1,52 7,63 1,75 2,00 2,38 24.0



79.1 19.9 20.4 21.0 21.7 22.2 22.9 23.4 2311
1.26 1.40

1	

1.54 1.68 1.83 1.99 2.15 2.31 2.48 12.0

17-10 18. 5 19-1 19.8 20,2 20.9 21-4 21.10 22-4
1.18 1.31 1.44 1-57 7.72 1.66 2.01 2.16 2.32 13.7

16-6 17.7 17.8 18-2 18-9 19-3 19.9 20-2 20-8 21-7
1.09 1.21 1.33 1.46 7.59 7.72 7.86 2,00 2,15 2.45 16.0	 2x10

15. 1 15-7 16-1 16.7 17-1 17.7 78-0 18-5 18-11 19-9
0.99 1.10 7,22 1.33 1.45 1.57 1.70 1.83 1.96 2.23 192
13.6 13-11 14-5 14-10 15-3 15-8 16-1 16.6 16-11 17 .8 18.9
0.89 0,99 7.09 1.19 1.30 1.41 7.52 1.63 1.75 2.00 2.38 24.0

23.2 24.0 24.9 25-6 26.3 27.0 27-8 28-5 29-1
1.26 1,40 1.54 1.68 1.83 1.99 2.15 2,31 2.48 12.0

21-8 22.5 232 23.11 24-7 25.3 25.11 26.7 27.2
1.18 1.37 1,44 1.57 7.72 1.86 2.01 2.16 2.32 13.7

20.1 20-9 27-5 22.1 22.9 23-5 24-0 247 25-2 26-3
1.09 1.21 123 1.46 1.59 1.72 1.86 2.00 2.75 2.45 16.0	 2x12

13.4 190 19.7 20.2 20-9 21.4 21.11 22.5 23.0 24.0
0.99 1.10 1.22 1.33 1.45	 11 1.57 1.70 1.83 1.96 2.23 19.2

16.5 17.0 17-6 18-1 18.7 191 19.7 201 20.6 21,5 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
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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-5
FLAT OR SLOPED RAFTERS

Supporting Platter Ceiling
{Fiat roof or cathedral ceiling with no attic spate)

Liw toad - 30 lb. par sq. ft.

DESIGN CRITERIA-	 Use in Zone 2
Strength - 15 lbs. per sq. ft. dead load plus 30

lbs. per sq. ft. live load determines required
fiber stress.

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

Extreme Fiber Stress in Bending, "Fl" , (psis.
RAFTER

SIZE SPACING
(IN)	 (IM ► 300 400 500 600 700 890 900 1000 1100 1200

5.10 6.8 7.6 8-2 8.10 9-6 70.0 10.7 11-1 11-7
12.0 0.19 0.29 0.41 0.54 0.68 0.63 0.99 1.15 1.33 1.52

5.5 6.3 7-0 7-8 8-3 8.10 9-5 9.11 10.5 10-10
13.7 0.18 0.27 0.38 0.50 0.63 0.77 0.92 1.08 1.25 1.42

5. 0 5.10 6-6 7-1 7.8 8-2 8-8 9.2 9.7 10-0
2x6	 16.0 0.16 0.25 0.35 0.46 0.59 0.72 0.85 1.00 1.15 1.31

4.7 5.4 5-11 6-6 7.0 7.6 7.77 8.4 8-9 9.2

19.2 0.15 0.23 0.32 0.42 0.53 0.65 0.78 0.91 1.05 1.20

4-1 4.9 5.4 5-10 6-3 6-8 7.1 7-6 7.10 8.2
24.0 0.13 0.21 0.29 0.38 0.48 0.58 0.70 0.82 0.94 1.07

7-8 8-10 9.10 10.10 11 .8 12.6 13-3 73-11 14.8 15-3
110 0.19 0.29 0.41 0.54 0.68 0.83 0,99 1.15 1.33 1,52

7.2 8.3 9-3 10.1 10.11 11-8 12-5 13-1 13-8 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 8.7 9.4 10.1 10.10 11 .6 72.1 12-8 13-3
2x8	 16.0 0.16 0.25 0.35 0-46 0.59 0.72 0.85 1.00 1, 15 1,31

6-1 7.0 7-10 8-7 9-3 9.10 10.6 11-0 11-7 12-1
19.2 0.15 0.23 0.32 0-42 0.53 0.65 0.78 0.91 1,05 1.20

5-5 6.3 7-0 7-8 8-3 8-10 9-4 9-10 1 6-4 10-10
24.0 0.13 0.21 0.29 0.38 0.48 0.58 01 70 0.82 1	 0.94 1.07
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9,9 11.3 12-7 73.9 14-11 15.11 16. 11 17 . 70 18-8 1916
12.0 0.19 0,29 0.41 0.54 0.68 0,83 0.99 1.15 1.33 1,52

9- 1 10- 6 `11-9 12-11 13. 71 14-11 15-10 16.8 17.8 18-3
13.7 0.18 0.27 0.38 0.50 0.63 0.77 0.92 1.08 1.25 1.42

8.5 9-9 10.11 77-71 12.11 13.9 14.8 15.5 16.2 1611
2x10	 16.0 0.16 0,25 0.35 0.46 0.59 0,72 0,85 1,00 1.15 1.31

7-8 8-11 9-11 1011 11.9 12.7 13-4 74-7 14-9 15-5
19.2 0.15 0.23 0.32 0.42 0,53 0.65 0.78 0.91 1,05 1.20

6. 11 8.0 8.17 9-9 106 17.3 11.11 12.7 13-2 73.9
24.0 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 16-9 18-1 19-4 206 21.8 22.8 23-9
12.0 0119 0.29 0.41 0.54 0.68 0.83 0.99 7.15 7.33 1.52

11 . 1 12-10 144 15-8 16.71 18-1 19-3 20-3 21-3 22.2
13.7 0.18 0.27 0.38 0.50 0.63 0.77 0.92 1.08 1.25 1,42

1 0-3 11.10 13.3 14.6 75-8 16.9 77-9 18.9 19-8 20-6
2x12	 16.0 0.16	 1 0.25 0.35 0,46 0,59 0.72 0.85 1.00 1,15 1.31

9-5 1 0- 10 12. 1 13-3 14.4 15.4 16.3	 1 17 - 7 17-11 18,9
19.2 0.15 0,23 0.32 0.42	 1 0.53	 1 0.65 0.78 0.91 1.05 1.20

8-5 9.8 1 0- 70 77 , 14	 1 12. 70
1

13.8 146 75.4 16.1 i6.9
24.0	 j 0.13 0.21 0.29 0.38 0,48 0.58 0.70 0.82 0,94 1.07

Nate: The required modulus of elasticity, "5", in 1,000,000 pounds per square inch is shown beloweach
span.
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TABLE R-5 (cont.)

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

Extreme Fiber Stress in Bending, "Fb" (psi).
RAFTER

SPACING 51ZE
1300 1400 1500 1600 1700 1800 1900 2400 2100 (IN)	 (IN)

12.1 12.6 130 13.5 13.10
1.71 1.91 2,72 2.34 2.56 12.0
11 .3 11-9 12.2 126 12.11
1.60 1.79 1,98 2.19 2.39 13.7
10.5 10-10 17 -3 11.7 11 - 11 12.4
1.48 1	 1.66 1-84 2.02 2.22 2.41 16.0	 2x6
9.6 9-7I 14.3 10-7 10-11 11 . 3 116 11.10
1.35 1,51 1,68 1.85 2.02 2.20 2.39 2.58 19.2
8.6 8-70 9.2 9-6 9»9 10-0 10.4 10-7 1010
1.23 1.35 1.50 1,65 1.81 1.97 2.14 2.31 2.48 24.0

15. 11 16-6 17.1 17.8 18.2
1.71 1.91 2.12 2.34 2.56 12.0
14-11 15-5 1&0 16.6 17.0
1.60 1,79 1.98 2.19 2.39 13,7
13-9 14.4 14.10 15.3 15.9 76.3
1.48 1.66 1.84 2.02 2.22 2.41 16.0	 2x8
12-7 13.1 13-6 13.11 14-5 14-10 15.2 15-7
1.35 1,51 1.58 1.85 2.42 2.20 2,39 2.58 19.2
11 . 3 11.8 12-1 12 1 6 12-10 13.3 13-7 131 1 14.4
1.21 7.35 1.50 1.65 1,81 1.97 2.14 2.31 2,48 24.0
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20.4 21-1 2110 22-6 23.3
1.71 1.91 2.12 2.34 2.56' 12.0

19-0 19-8 20-5 21-1 21-9
1.60 1.79 1.98 2,19 2.39 13.7

'17-7 18-3 18.11 19-6 20.1 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 18.4 18.11 19-5 19-11
1.35 1.51 1.68 1.85 2.02 2.20 2.39 2,58 19,2

I4-4 14.11 15.5 1511 16.5 16-71 17.4 17-10 18.3
I-21 1.35 1.50 1.65 1.81 1.97 2.14 2.3I 2.48 24.0

24-8 25-7 26.6 27-5 28-3
1,71 1.91 2.12 2.34 156 12-0

233. 1 240 24.10 25. 7 26.5
1.60 1.79 1.98 2.19 2.39 13.7
21-5 22-2 23-0 23.9 24.5 25.2
1.48 1.66 1,84 2.02 2.22 2.41 16.0	 2x12

79-6 20.3 21-0 21-8 22.4 23-0 23-7 24.2
1.35 1.51 1,68 1.85 2.02 2.20 2.39 2.58 19,2

77.5 18-1 1819 19-4 20.0 20-6 21-1 21-8 22-2
1,21 1.35 1,50 1,65 1.81 1.97 2.14 2.31 2.48 24.0

Nate: The required modulus of elasticity, "E", in 1,000,000 pounds per square inch k shown
below each span.
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TABLE R-8
FLAT OR SLOPED RAFTERS

Supporting Platter Ceiling
(Flat roof or cathedral ceiling with no attic space)

Lira Load , 40 lb. par sq, ft,

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

lbs. per sq, ft, live load determines required
fiber stress.

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

Extreme Fiber Stress in Bending, "F 
b" 

(psi),
RAFTER

SIZE SPACING
(IN)	 (IN) 3 500 600 700 800 900 1000 1100 1200

5.3 6-1 6-9 7-5 8-0 8.7 9-1 9-7 10-0 10.6

12,0 0.19 0.29 0.40 0.53 0.67 0.82 0.97 1.14 1.31 1.50

411 5-8 6-4 6-11 7.6 8-0 8-6 8-11 9-5	 - 9.10
13-7 0.18 0.27 0.38 0,50 0.62 0.76 0.91 1.07 1.23 1.40

4-6 5-3 5-10 6-5 6-11 75 7-10 8-3 8-8 9-1
2x6	 16.0 0.16 0.25 0.35 0.46 0.58 0.71 0.84 0.99 1,14 1.30

42 49 5-4 5.10 6.4 6.9 7.2 7.7 7-11 8-3
19.2 0.15 0.23 0.32 0.42 0.53 0.64 1	 0.77 0.90 1.04 1.18

3.8 43 4-9 5-3 5-8 6-1 6-5 6.9 7.1 7.5

24.0 0.13 0.20 0-28 0.37 0,47 0.58 0.69 0.81 0.93 1.06

6. 11 &0 8-11 9.9 10.7 11-3 12.0 12.7 13.3 13-10
12.0 0.19 0.29 0.40 0.53 0.67 0.82 0.97 1.14 1.31 1.50

&6 7-6 8-4 9-2 9-11 10.7 11-2 11.10 12.5 12-11
13.7 0.18 0,27 0.38 0.50 0.62 0.76 0.91 1.07 1.23 140

6-0 6-11 7.9 8-6 9-2 9.9 10-4 10.11 11-6 12-0
2x8	 16.0 0.16 0.25 025 0.46 0.58 0.71 0.84 0.99 1.14 1.30

5.6 6-4 7.1 7.9 8.4 B-11 9.6 10-0 10.6 10.11
19.2 0.15 0.23 0.32 0.42 0.53 0-64 0.77 0.90 1.04 1,18

411 5.8 6.4 611 7.6 8.0 8-6 8.11 9-4 9.9
24.0 0.13 0.20 0.28 0.37 0.47 0.58 0.69 0.81 0,93 1.06
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8-10 10.2 17.5 12-6 13.6 14.5 15.3 1 &1 16-11 17.8
12.0 0,19 0.29 0.40 0.53 0.67 0.82 0.97 1.14 7.31 1,50

8-3 9-6 10.8 17-8 12-7 13.6 74-3 15-1 15.10 16-6
13.7 0.18 0.27 0.36 0.50 0.62 0.76 0.91 1.07 1.23 1.40

7.8 8.10 9.10 10.10 11-8 12-6 13.3 13.71 14.8 15.3
200	 16.0 0.16 0.25 0.35 0.46 0,56 0.71. 0.84 0.99 1.14 1.30

7.0 8.1 9.0 9-10 10-8 71-5 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

6.3 7-2 8.1 8.10 9-6 10.2 10-10 71.5 11.11 12.6
24.0 0.13 0,20 0,28 0.37 0.47 0.58 0.69 0.81 0.93 1.06

10-9 12-5 13-10 15-2 16-5 17.6 18.7 19-7 20.6 21.5
12.0 019 0.29 0.40 0.53 0.67 0.82 0.97 1.14 1.37 1.50

10-0 11-7 12-11 14.2 15-4 16.5 77.5 18.4 19.3 20-1
13.7 0.78 0.27 0,38 0.50 0.62 0.76 0.91 1.07 1.23 1.40

9.3 10-9 12-0 13.2 14.2 15-2 16.1 17-0 17-9 18-7
2x12	 76.0 0.16 0-25 0.35 0.46 0.58 0.71 0.64 0.99 1.14 1.30

8.6 9.10 10-11 12-0 12-11 13-10 14.8 15.6 16.3 17-0
19.2 0.15 0-23 0.32 0.42 0,53 0.64 0,77 0.90 1.04 1.18

7-7 8-9 9.10 10-9 11.7 72.5 13-2 13-10 14-6 15.2
24.0 0,13 0.20 0.28 0.37 0.47 0.58 0.69 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.
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TABLE R-6 (cont.)

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

Extreme Fiber Stress in Bending, "Fb , (psi).
RAFTER

SPACING SIZE
1300 1400 1500 1600 1700 1800 1900 2000 2100 ON)	 0 N)

10-17 11.4 11 ^9 12-1 12.6
1.69 1.89 2,09 2.31 2.53 12.0
10.3 10-7 71-0 11-4 11-8 12-0
1.58 1.77 7.96 2.16 2.36 2.57 13.7
9-5 9.10 70.2 10-6 70-10 11 . 1 11-5
1.46 1.63 1.81 2.40 2,19 2.38 2,58 16.0	 2x6
8-8 811 9-3 9^7 9.10 10.2 10-5 10-8
1.34 1.49 1.65 1.82 2.00 2.18 2.36 2.55 19.2
7-9 8-0 8.3 84 8.10 9-1 9-4 9-7 9.10
1 1 9 1.33 1.48 1.63 1.79 1.95 2.11 2.28 2.45 24.0

145 74-11 15-5 16.0 16-5
1,69 1.89 2.09 2,31 2,53 72.0
13 6 140 146 1411 15.5 15-10
1.58 1,77 1.96 2.16 2.36 2.57 13.7
12-6 12.11 13-5 13.10 143 148 15.1
1.46 1.63 1.81 2.00 2.19 2,38 2.58 16.0	 2x8
11 . 5 17.10 12-3 12.7 13.0 13-5 13.9 14.1
1.34 1.49 1.65 1.82 2.00 2.16 2.36 2.55 19.2
10.2 10-7 70-11 11.3 11-8 12.0 12.4 12.7 12.11
1.19 1.33 1.48 1.63 1.79 1.95 2.11 2,28 2.45 24.0
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18-4 19.1 19.9 20-4 214
1.69 1.89 2.09 2,31 2.53 12.0

17-2 17-10 18.5 19-1 19.8 20-2
1.58 1.77 1.96 2.16 2-36 2.57 13.7

15. 11 16-6 17-1 17-8 18.2 18.9 19-3
1.46 1.63 1.87 2-00 2.19 2.38 2.58 16.0	 2x10

1 4-6 75.1 15.7 16.1 16.7 17-1 17.7 78-0
1.34 1.49 1,65 1.82 2.00 2.78 2.36 2.55 1 19.2

73-0 13.6 13.11 14-5 14.10 15.3 15-8 16-1 16.6
1.19 1.33 1.48 1.63 1.79 1.95 2.17 2.28 2.45 24.0

22.4 23-2 24.0 24-9 25.6
1.69 1.89 2.09 2.31 2,53 12.0

20.11 21-8 22-5 23.2 23-17 24-7
1.58 1.77 1,96 2.16 2.36 2,57 13.7

19-4 20-1 20-9 21.5 22-1 22-9 23.5
1.46 1.63 1,81 2.00 2.79 2.38 2.58 76.0	 2x12

17-8 1&4 19-0 19-7 20.2 20-9 21.4 21.11
1.34 1.49 1.65 1.82 2.00 2.18 2.36 2.55 19.2

15-9 76.5 17-0 17.6 1 8- 1 18.7 19-1 19.7 20.1
1,19 7.33 1.48 1.63 1.79 1	 1.95 2.11 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.
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TABLE R-8
FLAT OR LOW SLOPE RAFTERS

No Ceiling Load
Slope 3 in 12 or less

Live Load ^ 30 lb- per, sq. ft.
DESIGN CRITERIA;	 USe in Zone 2
Strength - 10 Ibs- per sq. ft, dead load plus 30

Ibs, per sq. ft. live load determines 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, "F b" (Ps'E'
RAFTER

SIZE SPACING
(IN)	 (I N) 300 400 500 600 790 800 900 1000 1100 1200 1300

6-2 7.1 7.11 M 9-5 10-0 10-8 11-3 11-9 12-4 12-10
12.0 0.15 0,23 0.32 0.43 0.54 0.66 0.78 0.92 1.06 1.21 1.36

5 .9 6-8 7-5 8-2 8-9 9-5 10-0 10.6 11-0 116 12.0
13.7 0.14 0.22 0.30 0.40 0.50 0.61 0.73 0.86 0.99 1.13 1.27

5.4 6-2 6.11 7.6 8.2 8-8 9.3 9-9 10-2 10-8 11-1
2x6	 16.0 0.13 0.20 0,28 0.37 0.47 0,57 0.68 0.80 0.92 1,05 1,18

4-10 5-7 6.3 6.11 7-5 7.11 8-5 8.11 9.4 9.9 10.1
19.2 0.12 0.18 0.26 0.34 0.43 0.52 0-62 0.73 0.84 0.95 1.08

4-4 5-0 5.7 6-2 6-8 7-1 7.6 7.11 8.4 8.8 9.1
24,0 0.11 0.16 0.23 0.30 0.38 0.46 0.55 0.65 0-75 0-85 0.96

8-1 9.4 106 11.6 12.5 13.3 14-0 14-10 15 .6 16.3 16.10
12.0 0.15 023 0.32 0.43 0.54 0.66 0.78 0.92 1.06 1.21 1,36

7.7 8-9 9.9 10-9 11.7 12.5 13.2 13.10 14-6 15-2 15.9
13.7 0.14 0.22 0,30 0,40 0.50 0,61 0,73 0.86 0.99 1,13 1.27

7.0 8.1 9.1 9.11 10.9 11.6 12-2 12-10 13-5 14-0 14.7
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

6.5 7-5 8-3 9-1 9-9 10-6 11- 7 11.8 12.3 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 1,06

5.9 6-7 7-5 8-1 8.9 9.4 9-11 10.6 11 -0 11.6 11.11
24.0 0.11 0.16 0.23 0.30 0.38 0.46 0.55 1	 0.65 0.75 0.85 0,96
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10-4 1111 13.4 148 15-10 16-11 17-11 18-11 19-10 208	 1 21-6

12.0 0.15 0,23 0.32 0,43 0.54 0.66 0.76 0,92 1.06 1.21 1.36

9.8 11-2 12-6 13-8 14.9 15.10 16.9 17.8 18-6 19-4 20,2

13.7 0.14 0.22 0.30 0,40 0.50 0,61 0.73 0.86 0.99 1,13 1.27

8.11 10.4 117 12-8 138 14-8 15-6 16-4 17-2 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

8-2 9.5 10 7 11.7 12.6 13.4 142 14.11 15.8 16-4 17.0

19,2 0:12 0.18 0.26 0.34 0,43 0,52 0,62	 1 0.73 0-84 0.95 1.08

7.4 8-5 9.5 10.4 11.2 11.11 12.8 13.4 14-0 14.8 15-3

24.0 01 11 0.16 0.23 0.30 0.38 0.46 0.55 0.65 0.75 0.85 0.96

12-7 14-6 16-3 17-9 19.3 20.6 21.9 23-0 241 25-2 26.2

12,0 0.15 0.23 0.32 0.43 0.54 0.66 0.78 0.92 1.06 1.21 1,36

17-9 117 15.2 16-8 18.0 19-3 20-5 21-6 22-6 23.6 246

13.7 0,14 0.22 0.30 0.40 0.50 0.61 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 21 .9 228

2x12	 16-0 0.13 0.20 0.28 0,37 0,47 0,57 0.68 0.80 0.92 1,05 1.18

9. 11 11-6 12-10 141 15-2 16.3 17.3 18.2 19-0 19,11 20.8

19.2 0,12 0.18 0.26 0.34 0.43 0.52 0.62 0.73 0.84 a95 1.08

8. 11 7 0 3 11-6 12-7 13-7 146 15.5 16-3 17.0 17-9 18.6

24,0 0.11 0.16 0.23 0.30 0.38 0.46 0.55 0.65 0.75 0.85 0.96

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

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

Extreme Fiber Stress in Bending, "F b" (psi )
-

RAFTER
SPACING SIZE

1400 1500 1600 1700 1800 1900 2000 2100 2200 2400 (IN)	 0N)

13-3 13.9 14.2 14-8 15-1 15-6 15.11
1.52 169 1.86 2.04 2.22 2.41 2.60 12,0

12-5 12-10 13. 3 13-8 14-1 14-6 14-10
1.42 1,58 1.74 1.90 2.08 2.25 2.43 13.7
11-6 11-11 12.4 12.8 13.1 13.5 13.9 14.1 14-5
1.32 1.46 1.61 1.76- 1.92 2.08 2.25 2.42 2.60 16.0	 2x6

10-6 1&10 11-3 1 1 -7 111 1 12-3 12-7 12.10 13-2
1,20 1.33 1.47 1,61 1.75 1.90 2.05 2.21 2.37 19.2
9-5 9.9 1&6 10.4 10-8 M11 113 17-6 11-9 12.4
1,08 1.19 1.31 1.44 1.57 1.70 1.84 1.98 2.12 2.41 24.0

17.6 1&2 18.9 19-4 19-10 20. 5 20.11
1.52 1.69 1.86 2.04 2.22 2.41 2.60 12.0
16.5 16.11 17-6 1& 1 M7 19-1 19.7
1.42 1.58 1.74 1.90 2.06 2.25 2.43 73.7
15.2 15-8 16-3 16.9 17.2 17.8 18.2 18-7 10-0 

1.32 1.46 1.61 1.76 1.92 2A8 2.25
1	

2.42 2.60 16.0	 2x8
13-10 14.4 14-10 15.3 15.8 16-2 76-7 16.11 17.4
1.20 1.33 7.47 1.61 1.75 1.90 2.05 2.21 2.37 19.2
1Z5 12-10 13-3 13.8 1 4-0 14.5 14-10 15.2 15.6 16.3
1.08 1.19 1.31 1.44 1.57 1.70 1,84 1 198 2.12 2.41 24.0
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22.4 1	 23.2 23-11 24.7 25-4 26-0 26-8
1.52 1.69 1_86 2.04

1	

2.22 2.41 2.60 12,0
20-11 21-8 22-4 23-0 23-8 24-4 25-0
1,42 1.58 1.74 1.90 2,08 2.25 2.43 13.7
19.4 20.0 20.8 21-4 21-11 22.6 23.2 23.8 24.3
1.32 1.46 1,61 1.76 1.92 2.08 2.25 2,42 2.60 16.0	 20 0
17-8 18.3 1 8 11 19.6 20-0 20.7 21.1 21.8 22-2
1.20 1.33 1.47 1_61 1.75 1.90 2.05 2.21 2.37 19.2
15-10 16.4 16.11 17-5 17-11 18.5 18.11 194 19-10 20.8
1.08 1	 1.19 1.31 1,44 1.57 1.70 1,84 1.98 2.12 2.41 24,0
27-2 28-2 29-1 29.11 30.10 31-8 32-6
1.52 1.69 1_86 2.04 2.22 2.41 2.60 12.0
25.5 26.4 27-2 28-0 28-10 29-7 30.5
1.42 1.58 1.74 1.90 2,08 2.25 2.43 13.7
236 24-4 25.2 25-11 26-8 27-5 28.2 28.10 29-6
1.32 1.46 1,61 1.76 1.92 2.08 2.25 2,42 2.60 16,0	 2x12
21.6 22-3 23-0 23-8 24.4 25-0 25-8 26-4 26-11
1-20 1,33 1,47 1.61 1.75 1.90 2.05 2.21 2.37 19.2

N

1 19.11 20-6 21.2 21.9 22-5 23.0 23.6 24.1 25-2
1 1.19 1.31 1.44 1.57 1.70 1.84 1_98 2.12 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-9
FLAT OR LOW SLOPE RAFTERS

No Ceiling Load
Slope 3 in 12 or less

Lino Loud . 40 lb. W. sq . fL
DESIGN CRITERIA: Use in Zone A
Strength - 10 lbs. per sq. ft. dead load plus 40

lbs. per sq, ft. live load determines required
fiber stress.

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

Extreme Fiber Stress in Bending, "Fb" ( psi).

RAFTER

300 400 500 600 700 800 900 1000 1100 1200 1300
SIZE SPACING

(I N)	 (IM

5-6 6-4 7.1 7-9 8-5 9.0 9.6 10-0 10-6 11.0 11-5
12.0 0.14 0.22 0.31 0.41 0.51 0.63 0.75 0-88 1.01 1.15 1.30

5-2 5.11 6.8 7-3 7-10 8-5 8-11 9.5 9.10 10.3 10.9

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 5-6 6.2 6-9 7-3 7-9 8.3 8 18 9-1 9-6 9-11

2x6	 16.0 0.12 0.19 0.27 0.35 0.44 0.54 0.65 0.76 0.88 1.00 1.12

4.4 5.0 5.7 6.2 6-8 7.1 7.6 7-11 6.4 8.8 9.1

19.2 0.11 0.18 0.24 0.32 0.41 0.50 0.59 0.69 0.80 0.91 1.03

3-11 4.6 5-0 5-6 5.1 1 6.4 6-9 7-1 7.5 7.9 8.1

24.0 0.10 0.16 0.22 0,29 0.35 0.44 0.53 0,62 0.71 0.81 0.92

7-3 8-4 9-4 10.3 11.1 11-10 12-7 13-3 13-11 14.6 15-1

12.0 0.14 0.22 0.31 0.41 0.51 0.63 0.75 0.88 1.01 1.15 1.30

6-9 7.10 8.9 9.7 10.4 11.1 11-9 12.5 13-0 13-7 14-1

13.7 0.13 0.21 0.29 0.38 0.48 0-59 0.70 0.62 0.95 1.08 1.22

6.3 7.3 8.1 $1 11 9.7 10.3 10.11 11.6 12-0 12.7 13.1

2x8	 16.0 0.12 0.19 0.27 0.35 0.44 0.54 0.65 0.76 0.88 1.00 1.12

5-9 6.7 7.5 8.1 8-9 9.4 9.11 10.6 11.0 11-6 11-11

19.2 0.11 0.18 0.24 0.32 0.41 0.50 0,59 0.69 0.80 0.91 1.03

5-2 5-11 6-7 7-3 7.10 8-4 8.11 9-4 9-10 10-3 10.8

24,0 0.10 0.16 0.22 0.29 0.36 0,44 0.53 0.62 0.71 0.81 0.92
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9.3 7Q8 11.17 1	 13.1 14-2 151 16.0 16-11 17-9 18.6 19-312.0 0.74 0.22 0.31 0.41 0.51 0.63 0.75 0.88 1.01 1.15 1.30
8.8 70.0 11-2 72-3 73.3 14-2 15.0 15-10 16.7 17.4 18.013.7 D.13 0.21 0.29 0.38 0.48 0,59 0,70 0.82 0.95 1.08 1.22

2x70	 16.0
8.0
0,12

9.3 70-4 17.4 72.3 13.1 73.77 14.8 15-4 76•tl 16-80.19 0.27 0.35 0.44 0,54 0.65 0.76 0.88 1.00 1.12
7.4 8-5 9-5 104 17-2 71-1f 12$ 734 74.0 14.8 75-319.2 0.17 0.18 0.24 0.32 0.41 0.50 0.59 0.69 0.80 0.91 1.03
6-6 7-7 75--5 9.3 70.0 10.8 71.4 11.11 12-6 13.1 13-724.0 0.10 0.16 0.22 0.29 0.36 0-44 0.53 0.62 1	 0.71 0.81 0.92

12,0
11.3 73.0 14-6 15.11 17.2 78.4 19.6 20.6 21.7 22-6 23.50.14 0.22 0.31 0.41 0.51 0.63 0.75 0.88 7.01 1.15 1.30
10-6 12.2 13-7 14.11 76.7 17.2 18.3 19.3 20.2 27-1 21-7713.7 0.13 0,21 0.29 0.36 0.48 0.59 0,70 0.82 D.95 1.08 1.22

2x12	 16.0
9.9 11.3 f2-7 13.9 14.11 15.11 16-11 17-9 18-8 19.6 20-30.12 0.19 0.27 0.35 0.44 0.54 0.65 0.76 0.88 1.00 1.12
8 1 f 10 3 11.6 12.7 13.7 746 75.5 16.3 17-0 77.9 18.819.2 0.11 0.18 0.24 0.32 0.41 0.50 0.59 0.69 0.80 0.91 7,03
7-11 9.2 10.3 11.3 72-2 13.0 73.9 14-6 15.3 15.11 16-724.0 0,10 0.76 0.22 0.29 0.36 0.44 0,53 0.62 0.71 0,81 0.92

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-9 (cont.)

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

Extreme Fiber Stress in Bending, "Fb" (psi).
RAFTER

SPACING SIZE
1400 1500 1600 1700 1800 1900 2000 2100 2200 2400 (1 N)	 (IN)

11-11 124 12.8 13-1 13.6 13-10 14-2
1.45 1.61 1.77 1.94 2.12 2.30 2.48 12,0
11-1 11.6 11.11 12.3 12.7 12.11 113 13-7
1.36 1.51 1.66 1.82 7.98 2.15 2.32 2.49 73.7
10.3 10.8 11.0 11-4 11.8 12.0 12.4 12-7 72-11
7.26 1.39 1.54 1.68 1,83 1,99 2.15 2.31 2.48 16,0	 2x6
9. 5 9.9 10.0 10.4 10-8 10-?1 17-3 11-6 11.9 12.4
1.15 1.27 1.40 1.54 1.67 1.81 1.96 2.11 2.26 2.58 19.2
8.5 8-8 9.0 9-3 9.6 9.9 10.0 10-3 10-6 11-0
1.03 1 1 4 1.25 7.37 1,50 1.62 1.75 1.89 2.02 2.30 24.0

15-8 76-3 16.9 77-3 17-9 18.3 18.9
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 17-1 17.6 77.11
1.36 1.51 1.66 1.82 1.98 2.15 2.32 2.49 13,7
13=7 14.0 74-6 1411 15-5 15.10 16-3 16-7 17-0
1,26 1,39 1.54 1.68 7,83 1.99 2.15 2.31 2.4$ 16.0	 2x8
12.5 12.10 73-3 13.8 14.0 14.5 14.10 15. 2 15-6 16-3
7.15 1.27 1.40 1-54 1.67 1.81 1.96 2.11 2.26 2.58 19.2
71-1,. 11 .6 11-10 12-2 72-7 12-11 13.3 13.7 T3-11 14-fi
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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20.0 20.8 21.4 22.0 22-8 23.3 23-11
1.45 1.61 1.77 1.94 2.12 2.30 2.48 12.0

18.8 19.4 20-0 20-7 21-2 21.9 22-4 22-11
1.36 1.51 1.66 1.82 1.98 2.15 2.32 2.49 13.7

17-4 17-11 18-6 19-1 19-7 20.2 20.8 21-2 2 1.•8
1.26 1.39 1.54 1.68 1.83 1.99 2.15 2.31 2.48 16.0	 WO
15.10 16-4 16-11 17-5 17-11 18.5 18.11 19-4 19-10 20-8
1.15 1.27 1.40 1.54 1.67 1 181 1.96 2.11 2.26 2.58 19.2

1 4-2 1" 15-1 15.7 16.0 16.6 16-11 17-4 17-9 18.6
1.03 1.14 1.25 1.37 1.50 1.62 1.75 1.89 2.02 2.30 24.0

24-4 25-2 26-0 26-9 27.7 28-4 29-1
1,45 1.61 1.77 1.94 2.12 2.30 2.48 12.0

22.9 23-6 24-4 251 25.9 26.6 27-2 27-10
1 136 1.51 1.66 1.82 1.98 2.15 2.32 2.49 13.7

21-1 21.9 22-6 23-2 23-10 24.6 25.2 25.9 26.5
1.26 1.39 1.54 1.68 1.83 1.99 2.16 2-31 2.48 16.0	 2x12

19.3 19-11 20.6 21-2 21.9 22.5 23-0 23.6 24.1 25.2
1.15 1.27 1.40 1.54 1.67 1.81 1.96 2.11 2.26 2.58 19.2

17-2 i7.9 18.4 18-11 19.6 200 20.6 21,1 21.7 22-6
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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Note: The required modulus of elasticity, "E", in 1,000,000 pounds per inch is shown below each span,
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16-6 17.1 17.6 182 78.9 19.3 19.9 203 20.8 21.7 22.11
019G 1.06 1.17 1.28 1,39 1151 1.63 1.76 1.88 2115 2.56 12.0
75.5 16.0 166 77.0 17.6 18-0 185 18.11 79.4 20-3 21-5
0,89 0.99 1,09 7120 1.30 1.41 1.53 1,64 1.76 2.01 2.40 13.7
14-4 1410 15. 3 15-9 16.3 16-8 17.1 17.6 17.11 18.9 19.10 20.11
0.83 0.92 7.01 1,11 1.21 1.31 1,41 1,52 1.63 1.86 2.22 2160 1610	 2x8
13. 1 13.6 13.11 14-5 14-10 15-2 15.7 16-0 16,4 17-1 18.2 19.1
0,76 0.84 0.92 1.07 1.19 1.20 1.29 1.39 149 1.70 2.03 2,37 19.2
11$ 12.1 12.6 12.10 13-3 73,7 13.11 14.4 14-8 153 16.3 17.1
0.68 0.75 0,83 0.90 0.99 1.07 1.15 1,24 1.33 7.52 1.81 2,12 24.0
27 . 1 21.10 2$6 23-3 23-11 24 6 25.2 25.10 26-5 27.7 293
0,96 1.06 1,17 1,28 I.39 1.51 1.63 1.75 1.88 2.15 2,56 12.0
19-8 20-5 21.1 21-9 22,4 2211 23-7 24-2 24.8 2510 27-4
0,89 0.99 7,09 1.20 120 1.41 1,53 1.64 7.76 2.01 2.40 13.7
18-3 18.11 19-5 201 20.8 21-3 21.10 22-4 22.10 23-11 25-4 26.8
0.83 0.92 1,01 7.11 1.21 1,31 1,41 1.52 1.63 1,86 2.22 2.50	 1 16.0	 2x10
16.8 77-3 17.10 18-4 1811 19.5 79.11 20. 5 2010 21-70 23.2 24.5
0.76 0.84 0,92 1101 1.10 1,20 7,29 1.39 1.49 1.70 2.03 2.37 19,2
14.11 1.56 15-11 16.5 1611 I7.4 17.10 18-3 18.8 19-6 20-8 21.10
0,68 LO.75	 1 0,83 0.90 0.99 1.07 1,15 1.24 1.33 1.52 7.81 2-12 24.0

a

ca.

g

z
z
a
.yd
a

z

y

d

Note: The required modulus of elasticity, "E",in 1,000,000 pounds per square inch is shown below each span,
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DESIGN VALUES FOR JOISTS AND RAFTF,RS -- VISUAL GRADING

These "Fb" values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "Fb" 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 "Fb"

Modulus of Grading
Species and Grade Size Joists Rafters Elasticity Rules 

Agency

BALSAM FIR (Surfaced dry Or surfaced cgzeen)
Select Structural	 2000 2100 1,500,000 Northeastern
No.	 1	 2x4	 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
Construction 1000 1050 1,200,000 & Pine
Standard 2x4 575 600 1,200,000 Manufacturers
Utility 275 290 1,200,000 Association

Select Structural 2x5 1700 1790 1,500,000
No. 1 & Appearance and 1450 1520 1,500,000 (See notes 1
No. 2 wider 1200 1260 1,300,000 and 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 1,900,000
Select Structural 2400 2520 1,800,000
Dense No. 1 2400 2520 1,900,000
No. 1 & Appearance 2050 2150 1,800,000

2x4
Dense No. 2 1950 2050 1,700,000
No. 2 1650 1730 1,700,000 western Wood
No. 3 925 970 1,500,000 Products
Stud 925 970 1,500,000 Association

(See notes 1
Construction 1200 1250 1,500,000 and 3)
standard 2x4 675 710 1,500,000
Utility 325 340 1,500,000

west Coast
Dense Select Structural. 2400 2520 1,900,000 Lumber
Select Structural 2050 2150 1,800,000 Inspection
Dense No. 1 2x5 2050 2150 1,900,000 Bureau
No. 1 & Appearance and 1750 1840 1,800,000

w :Lder
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
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DESIGN VALUES FOR JOISTS AND RAFTERS .. VISUAL GRADING (Cont)
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These "Ph" values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "F b" 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 "Fb"

Modulus of Grading
Joists RaftersSpecies and Grade Size Elasticity Rules

I.E. Agency

EASTERN HEMLOCK (Surfaced dr 	 or Surfaced green)
Select Structural 2050 2150 1,200,000 Northern
No.	 1 1750 1840 1,200,000 Hardwood & Pin
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
ManufacturersConstruction 1050 1100 1,000,000

Standard 2x4 575 600 1,000,000 Association
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 Northeastern
No.	 1 1350 1420 1,500,000 Lumber
No. 2 2x4 1100 1160 1,400,000 Manufacturers
No. 3 625 660 1,200,000 Association
Appearance 1350 1420 1,500,000
Stud 625 660 1,200,000 Northern

Hardwood
Construction 800 840 1,200,000 & Pine
Standard 2x4 450 470 1,200,000 Manufacturers
Utility 225 240 1,200,000 Association

Select Structural 1350 1420 1,500,000 (See notes 1
No. 1 & Appearance 2x5 1150 1210 1,500,000 and 3)
No. 2 and 950 1000 1,400,000
No. 3 wider 550 580 1,200,000
Stud 550 580 1,200,000
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DESIGN VALUES FOR SOISTS AND RAFTERS - VISUAL GRADING (Cont)

These "Fb" values are for use where repetitive members are spaced not more than 24
inches- For wider spacing, the "Fb" 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 "F b"

Modulus of Grading
Species and Grade Size Joists Rafters Elasticity Rules

"E" AqencV

EASTERN WHITE PINE (Surfaced dry or surfaced een) Northeastern
Select Structural	 1550 1630 1,200,040 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	 600 630 1,000,000

Construction 800 840 1,000,000 Northern
Standard 2x4 450 470 1,000,000 Hardwood & 7Pin
Utility 200 210 1,000,000 Manufacturers

Association

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
No. 3 550 580 1,000,000 (See notes 1
Stud 550 580 1,000,000 and 3)
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EASTERN WHITE PINE (NORTH) (Surfaced dry or surfaced green)
Select Structural 1550 1630 1,200,000
No. 1 & Appearance 1350 1420 1,200,000
No. 2 2x4 1100 1160 1,100,000
No.	 3 600 630 1,000,000
Stud 600 634 1,000,000

Construction 800 840 1,000,000
Standard 2x4 450 470 1,000,000
Utility 200 210 1,000,000

Select Structural 2xS 1350 1420 1,200,000
No. 1 & Appearance and 1150 1210 1,200,000
No. 2 wider 950 1000 1,100,000
No. 3 550 580 1,000,000
Stud 550 580 1,000,000
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DESIGN VALUES FOR JOISTS AND RAFTERS - VISUAL GRADING (Cont)

These "Fb " values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "Fb" 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 "Fb"

Modulus of Grading
Joists RaftersSpecies and Grade Size Elasticity Rules

Aaenc

HEM - FIR (Surfaced dry or surfaced green)
Select Structural	 1900 2000 1,500,000
No. 1 & Appearance 	 1600 1680 1,500,000
No-	 2	 1350 1420 1,400,000 western wood
No. 3	 2x4	 725 760 1,200,000 Products
Stud	 925 760 1,200,000 Association

(See notes 1
Construction 975 1020 1,200,000 and 3)
Standard 2x4 550 580 1,200,000
Utility 250 260 1,200,000

west Coast
Select Structural 1650 1730 1,500,000 Lumber
No. 1 & Appearance 2x5 1400 1470 1,500,000 Inspection
No. 2 and 1150 1210 1,400,000 Bureau

No- 3 wider 675 710 1,200,000
Stud 675 710 1,200,000
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NORTSM;N PINE (Surfaced dry or surfaced green)
Select Structural 1850 1940 1,400,000 Northeastern
No.	 1 1600 1680 1,400,000 Lumber
No. 2 2x4 1300 1370 1,300,000 Manufacturers
No_ 3 725 760 1,100,000 Association
Appearance 1400 1470 1,400,000
Stud 725 760 1,100,000 Northern

Hardwood
Construction 950 1000 1,100,000 & Pine
Standard 2x4 525 550 1,100,000 Manufacturers
Utility 250 260 1,100,000 Association

Select Structural 1600 1680 1,400,000 (See notes 1
No. 1 & Appearance 2x5 1400 1470 1,400,000 and 3)
No. 2 and 1100 1160 1,300,000
No. 3 wider 650 680 1,100,000
Stud 650 680 1,100,000
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DESIGN VALVES FOR JOISTS AND RAFTERS - VISUAL GRADING (Cont)

These "Fb" values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "Fb" 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 "Pb"

Modulus of Grading
Joists r Raftersspecies and Grade Size Elasticity Rules 

Acrencv

PONDEROSA FIST£ - SUGAR PILAF (PONDEROSA PINE - LODGEPOLE PINE)
(Surfaced dry or surfaced green)

Select Structural	 1650	 1730	 1,200,000
No. 1 & Appearance	 1400	 1470	 1,200,000
No.	 2	 2x4	 1150	 1210	 1,100,000 western wood
No. 3	 625	 660	 1,000,000 Products
stud	 625	 660	 1,000,000 Association

Construction 825 870 1,000,000
Standard 2x4 450 470 1,000,000 (See notes 1
Utility 225 240 1,000,000 and 3)

Select Structural 1400 1470 1,200,000
No. 1 & Appearance 2x5 1200 1260 1,200,000
No. 2 and 975 1020 1,100,000
No. 3 wider $75 600 1,000,000
Stud 575 600 1,000,000
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SOUTHERN PINS (Surfaced dry)
Select Structural. 2300 2420 1,700,000
Dense Select Structural 2700 2840 1,800,000
No.	 1 1950 2050 1,700,000

No. 1 Dense 2300 2420 1,800,000

No. 2 2x4 1650 1730 1,600,000

No. 2 Dense 1900 2000 1,600,000

No. 3 900 950 1,400,000
No. 3 Dense 1050 1100 1,500,000 Southern
Stud 900 950 1,400,000 Pine

Inspection
1150 1210 1,400,000construction Bureau

Standard 2x4 675 710 1,400,000
utility 300 320 1,400,000 (See note 3)

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
No. 2 and 1.400 1470 1,600,000
No. 2 Dense wider 1650 1730 1,600,000
No. 3 Soo 840 1,400,000

No. 3 Dense 925 970 1,500,000

Stud 850 890 1,400,000
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D£SIGN 'VALVES FOR JOISTS AM RAI"TERS - VISUAL GRADING (Cont)
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Thene "Fb" values are for use whore repotitive members are spaced not more than 24
inches. For wider Spacing, the "Fb" values should be reduced 13 percent.

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

Deign Value
in Bending "Fb"

Modulus of Grading_
Species and Grade Size Joints	 Rafters Elasticity Rules

Ageacv

SOUTHERN PINE (Surfaced at 15 percent maximum moisture content-1m)
select Structural 2500 2630 1,800,000
Dense Select Structural 2900 3050 1,900,000
No.	 1 2100 2210 1,800,000
No. 1 Dense 2450 2570 7,900,000

No. 2 2x4 1750 1840 1,600,000
No. 2 Donne 2050 2150 1,700,000 Southern
No. 3 975 1020- 1,500,000 Pine
No- 3 Dense 1150 1210 1,500,000 Inspection
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 {See note 3)

Select Structural 2150 2260 1,800,000
Dense Select Structural 2500 2630 1,900,000
No. 1 1850 1940 1,800,000
No. 1 Dense 2x5 2150 2260 1,900,000

and
No. 2 wider 1500 1$80 1,600,000
No. 2 Donne 1750 1840 1,700,000
No- 3 875 920 1,500,000
No. 3 Dense
Stud

1000
900

1050
950

1,500,000
1,500,000
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These "Fb" values are for use where repetitive members are spaced not more than 24
inches. For wider spacing, the "Fb" 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 "Fb"

Modulus of Grading
Joists RaftersSpecies and Grade Size Elasticity Rules

E" AEE^ncy

WESTERN HEMLOCK (Surfaced dr,	or surfaced green)
Select Structural	 2100	 2210 1,600,000 Western Wood
No. 1 & Appearance	 1800	 1890 1,600 , 000 Products
No. 2	 2x4	 1450	 1520 1,400,000 Association

No. 3	 800	 840 1,300,000 (See notes 1

Stud	 800	 840 1,300,000 and 3)

Construction 1050 1100 1,300,000 West Coast
Standard 2x4 600 630 1,300,000 Lumber
utility 275 290 1,300 ,000 Inspection

Bureau
Select Structural 1800 1890 1,600,000
No. 1 & Appearance 2x5 1550 1630 1,600,000
No. 2 and 1250 1310 1,400,000

No. 3 wider 750 790 1,300,000

Stud 750 790 1,300,000

z
d
C.
L^y
e^
^C

ra
td
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azc
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DESIGN VALUES FOR JOISTS AND RAFTERS - VISUAL GRADING (COnt)
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WHITE WOODS (WESTERN WOODS) (Surfaced dry or surfaced green)

Select Structural 1550 1630 1,100,000
No. 1 & Appearance 2x4 1300 1370 I 100,000
No. 2 1054 1100 1,800,000

900,000No. 3 640 630 Western Wood
Stud 600 630 900,000 Products

Association

Construction 775 810 900,000
Standard 2x4 425 450 900,800 (See notes 1 and 3)
futility 200 210 900,000

Select Structural 1300 1370 1,100,000
No. 1 & Appearance 2x5 1100 1160 1,100,000
No.2 and 925 970 1,000,000
No.3 wider 550 580 900,000
Stud 550 580 900,000

1. When 2-inch lumber is manufactured at a maximum moisture content of 15% (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 "Fb", 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.

S. Design values for stud grade in 24 and wider size classifications apply to 5-inch and 6-
inch widths only.

Register, Alarch, 1992, No. 435
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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 a minimum of calculations 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 Method,
less insulation may be installed in one building component if more insula-
tion is installed in another.

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

-- 2O' -+----

Register, march, 1992, No. 435
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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

Dane County location - Zone 3

The dwelling will be electrically heated.

The planned construction:
Walls

Wood bevel %2" x 8" siding R = 0.81
1" Extruded polystyrene sheathing R = 5.27
R19 Batt insulation R = 19
2 x 6 Framing, 24" O.C. R = 6.875
Drywall %" R 0.45

Ceiling
2 x 6 Framing, 24" O.C. R = 6.875
Blown Fiberglass insulation R/inch = 2.5
Insulation in 5.5" Cavity R = 13.75
Insulation over both Cavity and Framing, 14.5" R ^ 36.25
%-inch drywall finish R = 0.45

Foundation
8" Masonry Block R = 1.72
2" Extruded polystyrene R = 10.54

Windows
All triple glazed R = 2.7

Doors
Insulated R = 2.12
Storm door R — 1.00
Total door R value R = 3.12

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, etc.) equals 2163 cubic feet.

Estimating Design R-values for Building Materials and Components

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.

Register, March, 1992, loo. 435



INDUSTRY, LABOR AND HUMAN RELATIONS	 207
Appendix

- 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 vertical).

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

Register, March, 5992, No. 436
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©ILHR
Safety and Buildings av4ion
P.O. Box 7969
PAadison, wl 53707

ENERGY WORKSHEET
UNIFORM DWELLING CODE

PROJECTADDRESS: 	 surrr,e - zoste 3

BUILDER:	 OWNER:

WORKSHEET COMPLETED BY: 	 DATE:

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

	

Ica YES (see below)	 p NO

If yes, then indicate infiltration control option:

Full sealing per s. ILHR 22.13(3)(a)
x Infiltration barrier per s. ILHR 22.13(3)(b)

Blower door test per s. ILHR 22.33(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-andtwo-family dwellings built since December 1, 1178. It is recommended that
the user purchase a copy of the UDC from State Document Sales, (668) 266-3358.

You have the choice of using the Accepted 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. through F. and Section H. You will be first
calculating component areas, then your dwelling's code-allowed and other heat loss to
determine your furnace size, and then comparing your planned insulation levels to the required
insulation levels from the Appendix of the UDC.

For the System Design Method, which is recommended for alternative designs, complete Sections
A. through F. You will be first calculating component areas, then the code-allowed heat toss,
then component U- and R-values and then your calculated heat loss which you will compare to
the code-allowed heat loss. You will also be calculating the allowable furnace size.

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

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

Numbers in brackets, [I), refer to the footnotes listed on page 5.

Register, March, 1992, No. 435
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A. AREA CALCU[A TTONS	
PAGE2

SOmecalculations srrilrrotbe necessary depending onhomede4gnand hea ti ng fuel. These(alwlated areas are
referenced elsea.here on Ur's v,^wksheel, For erampie,0.1.,0.2-

1. GROSS VIJSU IATFD)ABOVE-FOU 6DATI 0N WALL AREA 4. GROSS EXPOSED FOUNDATIONWALLAREA
(irxluding doors.%indovvs and box sells) (Lndosingwarmspa(e STFOrwarmer)

1512.18 +	 150.66

1662.84 sq_ ft 124 .62	 sq FL

2-WINDOW& PATIO MOOR AREA4saW400r a rea) 5. FOUNDATION V/ALL AREA BETWEEN GRAOFAND
a. In Above-iourda ti oa	 b. In Founda ti on THREE FEET BELONGRADE

watts We%

172.67	 sq ft 75.65	 sq ft 166 x 3 -

Total (a. • b) =	 188.32
558.0	 sq. fL

3_DOORAREAIN ABOVE-FOUN DATION V/ALLS 6- FOUNDATIONWALLAREAh40RETFNNTHREEFFET
BELOW GRADE

37.82	 sq. fL 005.38	 sq.fL

7.OPAQUE[1) ABOVE- 8. GROSSWALLAREA A80VE 9. OPAQUE [1) EXPOSED FOUNDA,
FOUN DATION WALL AREA GRADE (t.+4) TION WALL ARLA(4: 2_b-)
(I.-2.a.-3.)	 ,

1662.84 - 172.67 - 37.82 - 1662.84 + 124.62 = 124.62 - 15.65 -

(452.35	 sq- fL 1787.46	 sq. fL (08.97 sq FL

WWATLARFAB(LOWGRADE 11. TOTAL FOUNDATION WALL 17- INSULATED ROOF OR CEILING
(S.e 6.)	 - AREA (4.+5.E 6) AREA

558.0 + 805.30 - 124.62 + 558.0 + 805.38 -

1363.38 sq_ ft 1468.0	 Sq. R 1500	 sq. ft

13. FLOOR AREA OVER UNHEATED t4_5LAUON GRADE IS, BASEMENT FLOOR AREA
SPACES (LESS THAN W)

(slab-on-grade garage v411
be placed outside the
the-al envelope)

0	 sq. fL 0	 linealfeg tof s!abperimeter 1500	 5q f,

Register, March. 1992, Na. 435
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B. CODE-ALLOWED HFAT LOSS 	 PAGE3

Enter values	 minto tabl e fro etwnhere on th+sworksheel and multiply across try the electric or rsoErelectric code-required
U-value. Forf Ines 1 through 5 for walls. comptete as folfoans:

EfecUicallr-hedted Homes- Lines f, 4 8 5.
flon Electrical If Heated Homes -Op ti on A Or B.

Op ti on A - Lines 1, 4 & 5 - Suggested if non-founda ti on and exposed founda ti on walls are of si mlMr constmc cron.
Option B - Lines 2, 3, 4 and 5.

CO.WONENT

AAEh	 RTQUTIDU-YALUE	 I	 TEND. (	 N[AT
FAOaa	 1L	 A	 W5.	 =	 LOSS

LECT VaC	 EIECTWC	 121	 6TU'TUL

I. Gross Wall Alaove Grade A8. 3 ,080 85 12155

2. Gross Alauve-ToundaUOn Wall A.I. 2 NIA

3 a, Gross Eaposed FouMa ti onWallIA4)
Max AreaofA, 4. a At1.	 25 5 WA

b. Gross Exposed FoundationWall
in Excessof Line 3 a.

aA

2 WA
4. Founda ti onwall Rebeen GradeAnd 3

Feetaeloar Grade(A-5) t3	 131 .072	 3
Gp a4ll

5. Founda tion WaTI More Than Thee Feet
RelowGrdde(A-6) 4	 131 -078	 3 60 2320

6.Hoors Ocer Unheated5Daces{A13-) 0 .09 .055 85 0
7.800 or Ceitinq(Al2. f509 029 .020 85 2550
S. Slab On Grade 1A14.) Olin. tt 1	 .51'F' [4] .51'P	 4 85 O
9. Basement Floor(A. 15.) 11 500 1	 .025 .025 59 2250

TOTAL CODE-ALLOWED HEAT LOSS 21686

C. SYSTEM DESIGN METHOD- ACTUAL'U'VALUES OF YOUR HOME

C-S. ABOVE-GRADE COMPONENTS - Enter 'R .vafues' from Tabte A-4 of the UGC Appendix, ASHRAE Manual, or
manufacturer's specifica ti ons- Total them across and than find the'U' value by taking the reciprocal (1!%) of the total 'R-
value'. For components having the same insulation but different inte rior or exterior Finishes, separate calcula ti ons are
not necessa ry if the one with the lv&est'R-vaiue' is used in your calcula[io0s-

psi®e^^o^^^

LOCATION
HFATFLOW DIRECT[ N

Uyrxa^ds Oawmvards

EXTERIOR .17

I

INTERIOR .61
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C.2.SELOW-GRADE tOMPONENTS- PrecalwTated'U-valuer'irxfuding air films. wall, insulation and soil. Check appropriate
bo xes forplanned type of constnrctiori

COMaONENT TYPE GRADE TOT-EE FEET
BELOWGRADE

MORE 7HAN I" FEW
Bt1o

'v
GRAnE

[_ %iasonry wcone,wall without insulation .188 .094
[3Mason	 or (w-wall with R-5 insufation board .113 .063
q Ma50nry or coot-wall with R-10 insulation board or

R-11 insulation batland 2x4's _072 .048
q Basement floorvAthout irrtuation .025 .025
p Bawment Moor with R-simulation 022 022
q Sla"n-Grade or within 2 ft of grade

without insulation .81 F-value	 r lineal foot Of slab pe4meter
[] Slab-w-Grade or within 2 ft of grade

with R-10 insulation board for 48" total
horizontal and verticala 	 lication .51 F-value	 rlineal foot ofslab	 rimeter

pother{describe Oaimed U-value:	 palmed U-value:

C.3.WINDOWS AND DOORS- See TatxesA-5 and A-6of UDCAppendlx for 1.1-values and wood frame factors

D. SYSTEM DESIGN METHOD - CALCULATFO ENVELOPE HEAT LOSS OF YOUR HOME

Enter values into tab'e from elsewhere On this worksheet and multiply auoss to find the actual heat foss of each component
Add component heat loss figures to find total envelope heat loss.

COWOXENT

CAViTT OR
sOL0v

A.IPUCARE

AREA	 I	 WOOD	 I	 ACTUAL	 1	 7EM3.	 HEAT
FROM	 %	 FRAME	 Y	 V VALUE	 R	 WF.	 1055

SECT.A-	 FACTOR—FROM	 (2)	 BTU HR
SECT.t

Opaque Ate_Fpunddtion_____
Wall A7-

Cavil
Solid

1452.35 •90
.10

0.038
0.070

85 4222
864

O_pague Exposed FOUndatiws____
Wall A9. 108.97

O. D76
85

704

F_o_u_MaGori Between GradeaM _
Three Feet9elo,w Grade F-5_ 550.0

0.072 6D
2411

F_ounda[?on 5•!a!I More Than ____
Mee Feet Belcr y Grade A.6. 805.38 60 2	

9

LYrldo•rrt A1-a. +b. 18a.32 .95 0.370 85 5627
Doors A3 -------- 37.92 -------- 0.320 65 1029
Roofor Ceiling_______________

12 
Ca it
Solid 1500.0

0.0 9
0.022 85

2253
t96

Floor Qcer Unheated
5	 ces A 13. 1

Cavt
Solid

Basement Floor A I5. -------- 1500.0 -------- 0•025 60 2250

__________________________

Slab On Grade A. 14. -------- Un. IL -•-•-•— F-Val.

TOTALCALCULATEO ENVELOPENEATLOSS-Maynoteeceed Total Cade
Allowed Heattoss in Sect B. tr more Than tY 21875

- Adiustment Factors for Wood-Framed Components

SAACWG Of TPA-
NI+NG MEMalFS

sT- 1 fp151S4AFT[AS

GVrll' SOUO CAvrry	 sotzo
12' 80 20 -66	 -14
16' 85 .15 -90	 .10
24' .90 .10 .93	 .07

Also see Part Cof UDC Appendix TaNeA-5 for window framing adjusWenl factors -
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E. HEAT LOSS BYNR1NFATRATION (for furnance sizing)

An air change rate of bearreen 0.25 and 1.00 perhour Is recommended depending on tightness of construction.

MUF -ice---

UNUFFTYrIMNUUM

Tfussection determfnesthe masimumand minimum furnace Ozefn Bf VHR-
sr	 ^ sza.s^^

Systlm Iles Qn M¢	 : Calculated Heal toss from sect.D. or	 __ _   
_	

_--__-_--

Acce t¢d Prdcilce M¢thod-Code-Aifoxed Heat loss Tram 3ecc8.
21875

Code-Allowkd Heat loss from Sect e.l » ------- 21686
In titration Heat Loss(from Sect E.1 +	 16350 +	 18360
TOTAL DWELLING HEAT LOSS	 of above) =	 40235 =	 90006
Affaxable FurnaceSfze Mar 'n Muiti Fier xLa X1.15
ALLOWASLEEURNACE OUTPUTSl1E RANGE =	 40235 94053	 5
Planned Furnace Gutpi 1	 50,000

G. MECHANICALYENTILATIONSIZING
Required foreiectricasly-heated homesonty.

I. "eili volume from Sect E	 24,000
2. Less volume otr	 riri area'	 area: ( 925	 ) Xm ht:	 7 400
3. Less volume of dead airs es cabinets wags etc A ox. 20%	 2 153
4. Netvofume of fisi area total ofabrne I -	 t4.4

5. tubicfeetofa4rcHa ed rhour muEU line4b 0-5	 -	 7 218.5
6. MINIMUNt Rt UIRED ME CHANtlWYENTItATION IN CfM's multi lines byO -016)	 -	 120.5

Footnoles.,

(1] opaque wall area is wall area m!nus opening areasofdoorsandwindows-
(2) Temperature Difference - Inside design temperature of 7W minus outside design temperature from 721202 04-6 of

the UOC Uewment insrde temperature may be tahenbelween Wand 70'. Temperature differe Xe for transmission
heatlosses ofbelaxgrade spaces of basementsisinsidetemperaWre minus 10',disregarding o Wde temperature.

131 These 1etcNgrade U-values bare the inwla ti ng value of the $al added to the code-required U-values wNch apply to
the building materials ord y. Sae WL C2. for typical insulated component U.values.

141 These slabon-grade F-values are difind from the code-required U-values and include the heatioss Uvough the edge
and body of the dab. Sees"'-  C2.

(51 if desired manufacturer does not havea[ornate of Wss%ze, designer may go to manfacturers next larger size.
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H. ACCEPTED PRACTICE METHOD
For completion of the accepted prac ti ce meftd, please refer to the Appendix Tables A-I, 2 and 3 and E4, 2 and 3 of Use
UnFform Dwelling Code {UDC). Complete Subsec ti on H.1. if your home is heated with other than elecLicity. Complete
Subsec tion H 2. ifyour home is elect rically heated_ Area figures should becalculated in Section A. and are referenced Wow.

SUBSECTION H.I. Non-Electrically Heated Homes Only

WALLSABOVE
FOUNDATION

MINIMUM	 pSinglew/storm MINIMUM Qlmulated	 SIDING: QV/ood(R-.77)

WALLINCLUO(NG FDTNA80VE-	 1	 gl	 I]SolidWoodq rtwlated	 ast	 DooRS:	 t]AJum.(R-1.8z)
BOXSILL, USE W3NDOWS:	 q Mp!epane	 OUnlmulatedwlstorm	 0 Other: R-
TABLE A•1 pLAIN NE01 16ULATIO

14
	 PERMFTTEDWANDOW

TYPEANDR-VALUE:	 ANDDOORAREA:	 °.4

x100%=
as^e oun abon	 I	 oN ross	 e-:	 ou	 a on	 `3^PTan

Door Area 442-a. t A3.)	 Wall Area(At.)	 and DOorArea

EXPOSED
FOUNDATION

BASEMENT4VIND0V*0Singleylare4 OR O Single wfstorm or inwfated glass

WALL USE
TABL^A-2

PLANNED INSULATION TYPE A 14  R-VALUE:

X100%=
xpos	 ou	 a on	 ea	 ToialFoadationAea, 	 xaton

(A.4)	 (A 11.)
(n over 25% exposed foundation, then exposed foundation area equal to 25% of foundation shall
have maximum U-Value of 25andbalameofarea shall have maximum U-Value of.l 2.)
Per(enlWndVN Area Permttted By Ta bl e:

X10045-	 %
asemen	 trH ea	 xpos	 n n. Wali Area	 avow

(A2.b)	 (A-4 -)	 Area

ROOF ORCEIUNG,
USETABLEA•3 PLANNEOINSULATIONTYPE: 	 R-VALUEPERINCH;

REQUIREDTHICKNEW	 Inches incavity(R-38) 	 Inches Over Framing(R-19)

FOUNDATION
WALL , GRADETO PLA IN ED T14SUTATION TYPE AND R-VALUE:
3 FEETOOWN {MINIMUM R-51 NSU lAT30N)

SUBSECTION H.2. Electrically Heated Homes Only

WALLSABOVE ALLTHE5EMEA-	 ® ALLWANDOWS	 [31 EXPOSEDfOUNDATION	 M DOORSINSULATED
FOUNDATION
INCLUDING BOX-

SURES REQUIRED: 	 TRIPLE-GLAZED	 INSULATEDTO R-10.54	 TOR-8

TABLE E•1S
SETABLE	

AND (172.67 + 15.651	 1787.46	 X 100 % =	 10 1 5	 A
E-2 I otal W a 	 ae	 ea	 Above GradeWall ea

(A-2.a- + b.)	
We)

108.97	 _	 17a7.46	 X Ito % =	 6.1	 %
' paque r	 r e apa- "%-	qut—eeT-r—p^ed

F
ou

ndati on Ama(A-9.1	 Area (A 8.)	 Foundation Watl
Required Above Founda ti on Wall U-Vatue(from Ta ble E-1):	 0.044

2 x 6, B 19 Batt,
Planned Wall COmlru[66n: R 5.27 aho.thtng	 U-Value from Tabl e E-2:	 0.044

ROOF OR CEILING,

TA
BLE
BLE EUSE PLANNEDTNSULATION TYPE:	 Hloasv	 Pibex9 lass	 R-VALUE PER INCH:	 2.5

REQU [RED THICKNESS FROM TABLE E -3:	 20.0	 Inches

FOUNDATIONWALL
FOR FULL H EIGHT pjANN ED I NSU LATFON TYPE AND ft-VALUE:	 2° St roroaa	 R	 10.5

(A41N4MUM 0.-161!}SUlAT10N)
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TABLE A-1
WALL INSULATION GUIDE

(Based on Uo requirements above the foundation Kull for non-eleeidrally heated dwellings)

INSULATION TYPE

MAXEMUNI PERCENT WINDOW AND
DOOR AREA ALLOWABLE FOR

INSULATION TYPE

Uo = .12

% inchBacked

	

Plywood	 Aluminum

	

Siding	 Siding

R-I I Batt
R-I1 Batt, R-1.22 Fiberboard
R-11 Batt, R-5.27 Extruded Polystyrene
R-11 Batt, R-10.64 Extruded Polystyrene

6.8
8.7

12.4
14.9

8.4
9.9

13.0
16.3

R-13 Batt	 • 8.3 D.8
R-13 Batt, R-I.22 Fiberboard 10.3 11.2
R-13 Batt, R-5.27 Extruded Polystyrene 13.1 13.6
R-13 Batt, R-10.54 Extruded Polystyrene 1513 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 Extruded 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 0.66.
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 Single Double
Exposure Requirement Type glazed glazed

Less than 25% of
foundation	 ex-
posed

Uo = .26

R-5.27 10.4 24.8

R-11 Batt 16.5 34.2

Multi-cell insul. block 16.0 35.0
(R-12.06)

More than 25% of Uo	 .13 R-11 batt 3.9 8.7
foundation	 ex-
posed

R-13 batt 4.8 10.6

Multi-cell insul. block
(R-12.06) 4.5 9.9

Uo = .12 R-11 batt 3.0 6.7

R-13 batt 319 8.5

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

/	
Uo Value	 insulation	 In Cavity	 Over Framing

.029	 Fiber glass Batt	 R-38	 R-19
Fiber glass blown	 13.6 in. (R•34)	 8.1 in. (R-20)
Rock wool	 10.9 in. (R-3$)	 6.4 in. (R-16)
Cellulose	 9.5 in. (R-35)	 4.0 in. (R-15)

Note, The following assumptions are used:

1. Fiber glass blown — R-2.5 per inch

2. Rock wool = R-3.0 per inch

3. Cellulose = R-3.7 per inch

TABLE E-1 - DIRECTIONS FOP. 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

37.82	 x 100% = 2%
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 calculated 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

5 6 7 8 9	 10 11 12	 13 14 15	 16

0 .065 .062 .059 .056 .053	 .050 .046 .043	 .040 .036 .032	 .029
5 .965 .061 .058 .055 .051	 .048 .044 .041	 .037 .033 .029	 .025
6 .064 .061 .058 .055 .051	 .048 .044 .040	 .037 .033 .029	 .025

PERCENT	 7.064 .061 .058 .054 .051	 .047 .044 .040	 .036 .032 .029
8 .064 .061 .057 .054 .050	 .047 .043 .039	 .035 .031 .027
9 .064 .051 .057 .054 .050	 .046 .043 .039	 .035 .031 .027

OPAQUE	 10.064 .060 .057 .053 .050	 .046 .042 .038	 .034 .030 .026
11 .964 .060 .057 .063 .049	 .046 .042 .038	 .034 .030 .025
12 .063 .060 .056 .053 .049	 .045 .041 .037	 .033 .029 .026

FOUNDA-	 I3 .063 .060 .056 .052 .049	 .046 .041 .037	 .033 .028
14 .063 .059 .056 .052 .048	 .044 .040 .036	 .032 .027
15 .063 .059 .055 .052 .048	 .044 .040 .036	 .031 .027

TION	 16 .063 .059 .055 .051 .047	 .043 .039 .035	 .031 .026
17 .062 .059 .055 .651 .047	 .043 .039 .034	 .030 .025
18 .062 .058 .055 .051 .047	 .042 .038 .034	 .029

AREA	 19 .062 .058 .054 .050 .046	 .042 .037 .033	 .028
20 .062 .058 .054 .050 .046	 .041 .037 .032	 .028
21 .061 .057 .053 .049 .045	 .041 .036 .032	 .027
22 .061 .057 .053 .049 .045	 .040 .036 .031	 .026
23 .061 .057 .053 .048 .044	 .040 .035 .030	 .025
24 .061 .057 .052 .048 .044	 .039 .034 .029
25 .060 .056 .052 .048 .043	 .038 .034 .029
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TABLE E -2
FRAME WALL & BOX SILL U-VALUES FROM DIFFERENT

13UILDING MATERIALS AND METHODS

Double 2 x
4 or

2 x	 2x 6	 2 x 6	 2 x 8
4FRAMING FRAMING FRAMING FRAMING

Insulation Type	 16° 0.0. 1	16° O.C.	 24" O.C?	 24° O.C.

R-11 Batt	 0.091
R-11 Batt, R1.22 Fiberboard	 0.081
R-11 Batt, R5.27 Polystyrene 	 0.060
R-11 Batt, R10.54 Polystyrene	 01045
R-11 Batt, R7.21 Isoeyanurate	 0.054
R-11 Batt, R14.4 Isocyanurate	 01038

R-13 Batt	 0.083
R-13 Batt, R1,22 Fiberboard	 0.074
R-13 Batt, R5.27 Polystyrene 	 0.056
R-13 Batt, R10.54 Polystyrene	 0.043
R-13 Batt, R7.21 Ismyanurate	 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 01053 0.052
R-19 Batt, R5.27 Polystyrene 0.044 0.043 0.042
R-19 Batt, R10.64 Polystyrene 01036 0.035 0.034
R-19 Batt, R7.21 Ismyanurate 0.040 0.039 0.039
R-19 Batt, R14.4 Isocyanurate 0.031 0.030 01030

Two R-11 Batts 0.053
Two R-11 Batts, R1.22 0.049
Fiberboard

Two R-11 Batts, 85.27 0.040
Polystyrene

Two R-1l 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 0.046
Fiberboard

Two R-13 Batts, R5.27 0.037
Polystyrene

Two R-13 Batts, R10.54 0.030
Polystyrene

Two R-13 Batts, R7.21 0.034
Isoeyanurate

Two R-13 Batts, R14.4 0.027
Isocyanurate

lAssumes 20% framing, 80% cavity.

2Assumes 17% framing, 83% cavity.

/	 MANUAL CALCULATION METHOD

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

Step 1: Calculate the above grade wall composition.

% Window area = 10.53%

% Door area = 2.12%

% Opaque foundation area = 6.10%
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% Opaque wall & box sill area = 82.25%

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

Uo — (Uw x %w) — (Ud x %d) — (Uf x %f)	 = Uwall

%wall

Where:

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

Uw. = The U-value of the windows (= I/R-value)
%W = The fraction of window area calculated in

Step 1
Ud = The U-value of the doors (= 1/11-value)
%d = The fraction of door area calculated in Step 1
Uf = The U-value of the insulated foundation

%f = The fraction of exposed foundation calculated
in Step 1

%wall = The fraction of opaque wall and box sill area
as calculated in Step I

Uwall = The maximum U-value of the opaque wall and
box sill to be calculated

In our example:

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 = 1/12.4 = 0.080

Uwall = 0.080-- (0.341 x 0.1053)— (0.113x 0.0212) — (0.080 x 0.0610) = 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 from 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 provide the
following R-values:
Cellulose	 R = 3.7/in
Expanded perlite	 R = 2.7/in
Mineral Fiber (rock, slag, or glass) 	 R — 3.3/in
Polystyrene beads	 R = 2.9/in
Fiber glass, blown	 R = 2.5/in
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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 Uo VALUES

Dwelling Amount Required
Fuel In Cavity
Type Uo Insulation Type Depth (R-Value)

Fiber glass Batts R-54
Cellulose 14.1 in. (R-52)

Electrically 0.020 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 1: Calculate the required U-value for the attic floor, Up, with the
following formula.

OF = UoAo UsAs -- Uh Ah
AF

Where:

OF W The required U-value for the attic floor

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

Ao = The overall attic/ceiling area including the attic floor, any
skylights and the attic hatch or access panel

Us	 The U-value of the skylights including the frame

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

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

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

Example: For the attic 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 to 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 batts
plus R-2 for the finish materials and air films.

R =19+19+2 =40

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

The U-value of the skylights Us = 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.

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

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

d =	 1	 —	 (RWIin) _h	 — Rfin +h
F /1n	 %	 /1n) + (%W) R/in^ 	(^/ln)

Where:

d depth of insulation at cavity in inches

OF	= required U-value of floor calculated in Step 01

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
7-1/4" for 2 x 8 framing, for example.

%C	 = fraction of floor which is cavity (usually assume
0.9)

%W	 = fraction of floor which is framing (usually assume
0.1)

RW/in	 = R-value per inch of wood framing (usually as-
sume 1.25 R/inch)

R6„	 = R-value of interior ceiling finish materials, includ-
ing air films (usually assume R-1.2)

d —	 1 + 5.5 —	 (1.25)(6.5)	 —	 1.2	 — 19.59 inches
(0.0166)(3.3) (0.9)(1.26)+(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.
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TABLE A-4
COMMON CONSTRUCTION MATERIAL R-VALUES*

Density Per inch For thick-
Material Description (lb per thickness ness listed

cu ft) R-Value R-Value
BUILDING Asbestos-cement board ...... 120 0.25 -
BOARD Boards, Asbestos-cement board ...... 120
panels, ..................	 V. in. - 0.03
subfiooring,
sheathing, Asbestos-cement board ...... 120

in. 0.06
woodbased panel Gypsum or, plaster, hoard .... 50
products ..................	 % in. - 0.32

Gypsum ar plaster board .. 50
Y2 in.

Plywood ................... 34 1.25 -
Plywood ..........	 % in. 34 - 0.31
Plywood ..........	 % in. 34 - 0.47
Plywood .....	 % in. 34 - 0.62
Plywood or wood panels..... 34

.	 .	 .'....	 % in. - 0.93
..b.oaI n s

.
u

.
 [at n g id

Sheathing, reg.
density ..........	 h in. 18 1.32

25/32 in. 18 - 2.06
Sheathing, intermediate
density ..........	 /, in. 22 - 1.22
Nail-base
sheathing ........	 V2 in. 26 - 1.14
Shingle backer....	 fain. 1S - 0.94
Shingle backer.. 	 6116 in. 18 - 0.78
Sound deadening
board	 ...........	 'f in. 15 - 1.35
Tile and lay-in panels,
plain or acoustic........... IS 2.60 -

.......	 'b in. 18 - 1.25

.......	 % in. 18 1.89
Laminated paperboard ..... 30 2.00 -
Homogeneous board from

repulped paper ......... 30 100
Hardboard
Medium density
siding .........	 7116 in. 40 0.67
Other medium density...... 50 1.37 -
High density, underlay ..... 55 1.22 -
High density std. tempered 63 1.00

Particleboard
Low density ............... 37 1.85 -
Medium density ........... 50 1.06
High density .............. 62.5 0.85 -
Underiayment ....	 % in. 40 -- 0.82

`Vood sub0oor .....	 % in. - 0.94

BUILDING Vapor-permeable felt........ - - 0.45
PAPER Vapor-sea[, 2 layers of -

mopped 15 lb. felt .......... - 0.12
Vapor-sea[, plastic film ...... - Negl.

ROOT' Preformed, for use above deck
INSULATION Approximately ... 	 % in. - 1.39

Approximately .... 	 1 in. - - 2.78
Approximately ... 	 1% in - 4.17
Approximately .... 	 2 in. - - 5.66
Approximately ..	 2F in. - - 6.67
Approximately .......	 3 in. - 8.33

Cellular glass ............... 9 2.59

Register, March, 1992, No. 435



222 WISCONSIN ADMINISTRATIVE CODE
Appendix

Density Per inch	 For thick-
Material Description (lb per thickness	 ness listed

cu ft) R-Value	 R-Value

MASONRY Cement mortar ............. 116 0.20
MATERIALS Gypsum-fiber concrete
Concrete 87%x% gypsum, 12% wood 51

chips..................... 0.60
Lightweight aggregates 120 0.19	 ----	 l
including expanded shale,
clay or slate, expanded

100
80

0.28	 -
0.40	 -

slags; cinders; pumice, 60 0.59
vermiculite; also cellular 40 0.86	 -
concretes 30 1.11

20 1.43	 -
Perlite ..................... 40 1.08

............... 30 1.41
.......... 20 2.00	 -

Sand and gravel or stone ag-
gregate (oven dried),........ 140 0.11	 ---
Sand and gravel or stone ag-
gregate (not dried) .......... 140 0.08
Stucco..................... 116 0.20	 -

MASONRY Brick, common .............	 120 0.20 -
UNITS Brick, face ................. 	 130 0.11 -

Clay tile, hollow:
1 cell deep ........	 3 in.	 --- 0.80
1 cell deep ........	 4 in.	 - - 1.11
2 cells deep	 .......	 6 in. ---- 1.52
2 cells deep ....... 	 8 in.	 - - 1.85
2 cells deep	 .....	 10 in.	 -- --- 2.22
3 cells deep ..	 12 in.	 - - 2.59

Concrete blocks, 3 oval core:
Sand & gravel
aggregate .........	 4in.	 - 0.71

8 in. - 1.11
12 in.	 - LZ8

Cinder aggregate ..	 3 in. - 0.86
4 in.	 - - 1.11
8 in.	 - - 1.72

....	 12 in.	 - ---- 1.89
Lightweight	 3 in. --- 1.27
aggregate(expanded	 4 in. 1.50
shale, clay, slate	 8 in.	 - 2.00
or slag; pumice)	 12 in.	 - - 2.27

Concrete blocks, rectangular
core
Sand & gravel
aggregate
2 core, 8° 36 lb	 - 1.04
Same with filled cores	 - - 1.93

Lightweight aggregate (ex-
panded shale, clay,..........
slate or slag,ppumice):... , ..
3 core, 6" 19 lb ............ 	 - - 1.65
Same with filled cores ...... 2.99
2 core, 8" 24 lb ............ 	 - - 2.18
Same with filled cores ...... 	 - - 5.03
3 core, 12' 38 lb ...........	 - 2.48
Same with filled cores ...... 	 ---- - 5.82	 l

Stone, lime or sand.......... 	 - 0.08 -
Gypsum partition tile:.......
3 x 12 x 30 in. solid 	 ........ 1.26
3 x 12 x 30 in. 4-cell ........ 	 - - 1.35
4 x 12 x 30 in. 3-cell ........	 - - 1.67

PLASTERING Cement plaster, sand aggre- 	 116
MATERIALSgate ....................... 0.20 -

Sand aggregate...	 % in.	 - - 0.08
Sand aggregate...	 % in.	 - - 0.16
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Density Per inch For thick-
Material	 Description (lb per thickness ness listed

cu ft) R-Value R-Value

Gypsum plaster:
Lightweight
aggregate ........ %in. 45 - 0.32
Lightweight
aggregate ........ Fain. 45

-
0.39

Lightweight
aggregate on
metal lath ....... % in. - - 0.47
Perlite aggregate	 .......... 45 0.67 -
Sand aggregate 105 0.15 --
Sand aggregate ... 'A in. 195 0.09
Sand aggregate ... % in. 105 - 0.11
Sand aggregate on
metal lath ...... % in ---- 0.1
Vermiculite aggregate ...... 45 0.59

ROOFING Asbestos-cement shingles 120 -	 0.21
Asphalt roll roofing ......... 70 0.15
Asphalt shingles ............ 70	 - 0.44
Built-up roofing ....	 % in 70	 - 0.33
Slate .	 % in. -	 --- 0.05
Wood shingles, plain
plastic film faced....	 - -	 0.94

SIDING Shingles:
MATERIALS Asbestos-cement........... 120	 - 0.21
(On flat surface) Wood, 16", 7'k" exposure ... -	 - 0.87

Wood, double, 16", 12'
exposure ............... --	 1.19
Wood, plus insu-
lating backer
board	 .........	 5116 in. -	 - 1.40

Siding:
Asbestos-cement,%-lapped -	 - 0.21
Asphalt roll siding ......... - 0.15
Asphalt insulating siding (%'
bd.)	 ...................... - 1.46
Wood drop I x 8° .......... - 179
Wood bevel, h° x S°
lapped .................... - 0.81
Wood bevel, % x 10'
lapped .................... - 1.05
Wood plywood 3G" lapped ... -	 - 0.59
Aluminum or steel, over
sheathing, hollow-backed - 0.61
Insulating-board backed
nominal %.	 ............... -	 - 1.82
Insulating-board backed
nominal V foil backed ..... -	 - 2.96
Architectural glass......... - 0.10

FINISH Carpet and fibrous pad ...... -	 - 2.08
FLOORING Carpet and rubber pad ...... -	 --- 1.23
MATERIALS Cork tile ..........	 'fa in. -	 - 0.28

Terrazzo....I .......... 1 in. -	 - 0.08
Tile-asphalt, linoleum, vinyl,
rubber.	 ...... - 0.05
Wood, hardwood finish ......
..................	 % in. 0.08

INSULATING Mineral fiber, fibrous farm
MATERIALS processed from rock, slag or
Blanket and batt glass

Approx. 2 to 2V ..	 Nate 1 - 7
Approx. 3 to M ..	 Note 1 - 11
Approx. 5'% to
6h° ..............	 Note 1 -	 - 19
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Density Per inch For thick-
Material	 Description (lb per thickness ness listed

au It) R-Value R-Value

Board and Slabs	 Cellular glass ............... 9 2.54 -
Glass fiber, organic bonded...
Expanded'rubber (rigid) .....

4-9
4.5

4.00
4.65 -

Expanded polystyrene ex-
truded, plain ............... 1.8 4.00 -
Expanded polystyrene ex-
truded (R-12 exp.).......... 2.2 6.00
Expanded polystyrene ex-
truded (R-12 exp.) (Thickness
l" and greater) ............. 3.5 6.26 -
Expanded polystyrene,
molded beads .. 1.0 3.57 -
Expanded polyurethane (R.-11
exp.)	 ...................... 1.6 6.26 -
Mineral fiber with resin 15
binder. 3.45 -
Mineral fiberboard wet felted
Core or roof insulation ..... 16-17 2.94
Acoustical tile ............. 18 2.86 -
Acoustical tile ............. 21 2.70 -

Mineral fiberboard wet
molded
Acoustical tile 23 2.38

Wood or cane fiberboard
Acoustical tile .... 	 % in. - - 1,25
Acoustical tile .... 	 % in. -- - 1.89

Interior finish (plank, tile) ... 15 2.86 -
Insulating roof deck
Approximately ..	 1% in. - - 4.17
Approximately .... 	 2 in. - - 5.66
Approximately .... 	 3 in. 8.33

Wood shredded (cemented in
preformed slabs) ........... 22 1.67 -

Foil faced, glass fiber
reinforced cellular
polyisoeyanurate .......... 2 7.04 -

Nominal 0,5 in ........ , 2 - 3.S
Nominal 1.0 in 2 - 7.2
Nominal 2,0 in 2 14,4

Loose Fill	 Cellulose insulation (milled
paper or wood pulp) 2.5-3 3.79 -

Sawdust or shavings 0.8-1.5 2.22 -
Wood fiber, softwoods 2.0-3.5 3.33
Perlite, expanded 6.0-8.0 2.70
Mineral fiber (rock, slag or
glass):
Approximately
3..................	 Note 1 8-16 - 9
Approximately
4'4"	 ...............	 Note 1 8-15 - 13
Approximately
6 % 	...............	 Note 1 8-15 - 19
Approximately
7%" ...............	 Note 1 8-15 - 24

Silicaaerogel ............... 7.6 6.88 -
Vermiculile (expanded)...... 7.0-8.2 2.13
........................... 4,0-6.0 2.27 -

WOODS	 Maples, oak and similar hard-
woods 46 0.91 -
Fir, pine, and similarr, 32

....softwoods .............. 1.25 -
Fir, pine, and similar 32
softwoods .........	 YA in. - 0.94

1'/ in. 32 1.89
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Density Per inch	 For thick-
Material	 Description	 (lb per	 thickness	 ness listed

Cu ft)	 R-Value	 R-Value
2% in.	 32	 —	 3.12
3f in.	 32	 4.35

Note 1: R-value varies with fiber diameter. Insulation is produced by different densities;
therefore, there is 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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PART B
HORIZONTAL PANELS (SKYLIGHTS)

FIAT GLASS, GLASS BLOCK AND PLASTIC BUBBLES

Description
Exterior'

winters	 Summers Interiors

Flat Glass
single glass 122 0.83 0.96
insulating glas"ouble2

3/16 in. air space 0.75 0.49 0.62

in. air space 0.70 0.46 0.59
'h in. air space 0166 0.44 0.56
'h  in. air space, low
emissivity coating3
emissivity - 0.20 0.46 0.31 0.39
emissivity - 0.40 0.53 0.36 0.45

emissivity = 0.60 0.60 0.40 0.50
Glass Block4

11 x 11 x 3 in. thick with
cavity divider 0.53 0.35 0.44

12 x 12 x 4 in. thick with
cavity divider 0.51 0.34 0.42

Plastic Bubblesr
single walled 1.15 0.80 -
double walled 0.70 0.46 -

Wor heat flow up.
$For heat flow down.
7Based on area of opening, not total surface area.
(See following page for Part C of this table.)
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TABLE A-5

COEFFICIENTS OF TRANSMISSION (U) OF WINDOWS, SKYLIGHTS, AND LIGHT TRANSMITTING PARTITIONS
(These values are for heat transfer from air to air.)

Stu per (hr) (sq ft) (F Deg)
PART A

VERTICAL PANELS (EXTERIOR WINDOWS. -SLIDING PATIO DOORS
AND PARTITIONS) - FLAT GLASS. GLASS BLOCK AND

PLASTIC SHEET

Exterior'
Description	 winter	 Summer	 Interior

Flat Glass
single Mass 1.13 1.06 0.73
insulating glass--doublet

3/16 in, air space 0.69 0.64 0.51
Y. in. air space 0.65 0.61 0.49
% in.. air space 0.58 0.56 0.46
% in_ air space, low
emissivity coating3
emissivity = 0.20 0.38 0.36 0.32
emissivity - 0.40 0.45 0.44 0.38
emissivity = 0.60 0.52 0.50 0.42

insulating glass-triplet
%4 in. air spaces 0.47 0.45 0.38

in_ air spaces 0.36 0.35 0.30
storm windows

I in.4 in_ air space 0.56 0.54 0.44
Glass Block4
6 x 6 x 4 in_ thick 0.60 0.57 0.46
8 x 8 x 4 in. thick 0.56 0.54 0.44
-with cavity divider 0.48 0.46 0.38
12 x 12 x 4 in. thick 0.52 0.50 0.41
-with cavity divider 0.44 0.42 0.36
12 x 12 x 2 in. thick 0.60 0.57 0.46

Single Plastic Sheet 1.09 1.00 0.70

'See Part C for adjustment for various window and s liding patio door types.
2Double 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 values in Parts A and B by these factors)

Description	 Single	 Double or
Glass	 Triple Glass	 Storm Windows

Windows
All Glaws	1.00	 1.06 1.00
Wood Sash	 80% Glass	 0.90	 0.95 0.90
Wood Sash-60% Glass	 0180	 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	 L10 -

'Refers to windows with negligible opaque area.

Walue 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*
Btu per (hr) (sq ft) (F Deg)

Winter

Thickness'	 Solid Wood,	 With Storm Door Summer,
No Storm Door	 Wood	 Metal No Storm Door

1 tn.	 0.64	 0.30	 0.39 0.61
1''/4 in.	 0.55	 0.28	 0.34 0.53
1'14 in.	 0.49	 0.27	 0.33 0.47
2 in.	 0,43	 0.24	 0.29 0.42

Steel Door

1'/ in.
A3	0159	 - 0.58
B4	0.19	 -	 - 0118
CS	0.47 0.46

'Nominal thickness.
Nalues for wood storm doors are for approximately 60 1A glass; for metal storm doors values
apply for any percent of glass.

3A = hlincral fiber core (2 lb/cu ft).

4 B = Solid urethane Foam core with thermal break.

5 C = Solid polystyrene core with thermal break.

Note: Hollow core doors 1% in. thick - R = 2.17; U - 0.46
H% in. thick - R = 2.22; U = 0.45

*Reprinted with permission from ASHRAE Handbook of Fundamentals.

Register, 'lurch, 1992, No. 435
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APPENDIX C

INSULA'T'ION, EQUIPMENT AND
CONDENSATION CONTROL

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

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 .............................. FS HH-I-561
Cellular glass ............................ FS HH-I-551
Duct insulation .....	 ..	 . FS HH-I-558b...	 ......	 ...	 ..	 ..
Expanded polystyrene insulation board... FS HH-I-524
Fiberboard ............................... FS LLL-I-535 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-I-1030A
Mineral fiber, insulation blanket.......... FS HH-I-521E
Perlite ................................... FS HH-I-526a
Perimeter insulation ...................... FS HH-I-524a

Type II
.......................................... FS HH-I-558b Form A,

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

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 products 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
manufacturer to another due to differences in base materials and manu-
facturing processes.

Register, Mareh, 1992, No. 435
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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, etc.

4. Place insulation on the cold side of pipes and ducts (see Fig. 4). Insula-
tion is not required for supply and return air ducts in heated base-
ments and cellars.

Ceilings

There is a variety of methods for installing blanket insulation in ceilings.

1. Fastening from below (Fig. Ib).

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

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

Fig, 1.	 Fig. 16

Fasten flanges to the inside of ceiling joists as shown in Fig. lb. Extend
the insulation entirely across the top plate, keeping the blanket as close
to the plate as possible. Fasten vapor barrier to plate. When cave vents
are used, the insulation should not block air movement from cave to
space above insulation (Fig. la).

Register, March, 1392, No. 435
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Insert friction-fit blankets between ceiling joists (Fig. 2). Allow insula-
tion to overlap the top plate of the exterior wall, but not enough to block
eave ventilation. The insulation should be in contact with the top of the
plate to avoid heat loss and air infiltration beneath the insulation. The
required vapor barrier is not shown.

Register, 111areb, 1892, No. 435
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Insert blankets into stud spaces. Working from the top down, space
fasteners per manufacturers recommendations, fitting flanges tightly
against face of stud (Fig. 3). Cut blankets slightly over length and fasten
the vapor barrier to the top and bottom plates.

VAIPOIX

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

CRACKS

,.'OORS AMb WItJWLJ
(CpvER W IT4 VAPOR MAKP,%F_Kt

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

Fig. 5

Register, Mareb, 1992, No. 435
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Insulate nonstandard-width stud or joist spaces by cutting the insula-
tion and vapor barrier an inch or so wider than the space to be filled (Fig.
6a). Pull the vapor barrier on the cut side to the other stud, 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.

VA1
1MV R1EK

Fig, 7b

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

Register, \larch, 1992, No. 435
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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

nlsuiA'no t,

WOK

a 

BACK ER

•	 ^^l75^1
t
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Fig. 8a

rr CreK ?r,r.1;^

Fig, 86

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

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

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

Rigid Nsutalion

Rigid insulation is available in various sizes and thicknesses made of
polystyrene, polyurethane, cork, cellular glass, mineral fiber (glass or
rock wool), perlite, wood fiberboard, etc. They are used as insulation for
masonry construction, as perimeter insulations around concrete slabs, as
exterior sheathing under the weather barrier, as rigid insulations on top
of roof decks, and other applications.

Installation Procedures

Masonry walls: Rigid insulations are applied to either face of a masonry
wall(Fig. 9a and 9c) or are used as a cavity insulation between two
wythes of masonry (Fig. 9b). When applied to the face of masonry walls,
they are generally installed with adhesive and/or mechanical fasteners.
The manufacturer's recommendation should be followed.
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Fig. 9h
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^F-^—K161b
MASONRY	 INSULATION
WALL

1"TER10 R
FINi`^M[

Fig. 9c

Frame Construction: When rigid insulation is used with frame con-
struction ( Fig, 10), it is usually applied as sheathing to the outside of the
framing, and mechanically attached with nails to wood studs or to metal
studs with screws or clips or other approved methods.
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Roof ImuIation: 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, c, d) and also may be
used on the inside of foundation walls adjacent to heated crawl spaces,
basements or cellars (Fig.11a). Installation is usually accomplished with
adhesive and/or mechanical fasteners. Perimeter insulation should be in-
stalled against the foundation wall or extended into the interior of the
building to a distance equal to the design frost line (Fig, 11b, c and d).
Where the slab bears on the foundation ledge, the insulation should be a
load-bearing 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

j'	 block is shown below,

LOOSE FILL INSULATION

Materials of this type 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 can
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 specification HH-1-1030A for insulation 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-
30, 22, 19, and 11. A bag label example for blown insulation is shown in
Fig. 12.

The number of bags of blown insulation required to provide a given R-
value to insulate an attic of a given size may be calculated from data
provided by the manufacturer. If only the thickness of blown attic insu-
lation is specified, and the density or number of bags is not, the desired or

Register, March, 1992, No. 435



238	 WISCONSIN ADMINISTRATIVE CODE
Appendix

assumed thermal resistance (R) value may not be achieved. The impor-
tant characteristic 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. Baffles should be in place at the time of framing
inspection.

Three blown insulations that provide R-19 are:

Minimum	 Maximum Net Bags11000
Material	 Thickness	 Coverage/Bag Sq. Ft.

Cellulose	 5'a	 59 sq. ft. (40 lb. bag) 17
Glass fiber	 8%11

	 sq. ft. (24 lb. bag) 20
Rock wool	 6'/"	 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:

(Rased on 25•poond nominal weight hag)

Maximum
Minimum Minimum Weight Bags per Net Coverage

R-Value Thickness per Sq. 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%4 in. thick	 0.768 lbs. per sq. ft.	 30	 33 sq. ft.

	

R-22	 10 in, thick	 0.558 lbs. per sq, ft.	 22	 46 sq. ft.

	

R-19	 8% in. thick	 0.489 lbs. per sq. ft.	 20	 51 sq. ft.

	

R-11	 5 in. thick	 0.279 lbs. per sq. ft. 	 11	 90 sq. ft.

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

Fig. 12

REFLECTIVE INSULATION

Reflective insulation is composed of aluminum foil in one or more lay-
ers either plain or laminated to one or both sides of kraft paper for struc-
tural strength. The insulation value for reflective air spaces, which this
type of insulation provides, varies widely depending on the direction of
heat flow. They are much more efficient when the heat flow is clown. 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 reflective 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
Register, ,liarch, 1992, No. 436
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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 members. 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 glass	 11	 3141,
Fiber glass	 13	 3%"
Fiber glass	 19	 6°
Fiber glass	 30	 8"
Fiber glass	 38	 12"
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 wail, 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 retarder.

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 correct size. An installation that has uninsulated
ducts passing through an unheated crawl or attic space will lose about 1.5
Btu per hour per square foot of duct per degree of temperature differen-
tial between duct air and outside air. This can 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 appliance warranty is
not affected.

Effect of Sizing Limitation on Equipment

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

Example:

Register, March, 1992, No. 435
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Total construction loss	 27,760 Btu/hour

One air change per hour:

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

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

Maximum furnace size:

47,504 Btu/hour + 47,504 (-.15) Btu/hour = 54,630 Btu/hour

COMBUSTION AIR FOR FIREPLACES

It is recommended that combustion air from the exterior be provided
for all fireplaces. Masonry fireplaces can 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 CON'T'ROL

Air Infiltration

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

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

Relative Humidity

Winter: During the winter it is desirable to have humidity in the air in
order to prevent the nostrils from becoming dry, furniture from cracking,
etc. 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 Iow enough for comfort. The relative humidity
should be kept above 55%, but less than 60%.

Register, March, 1992, No. 435



INDUS`T'RY, LABOR AND HUMAN RELATIONS 	 241
Appendix

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
sealing requirements for electrically heated homes is given in s. ILHR
22.13 (3).
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ILHR 22.13 Infiltratimt Control for Electrically Heated Hontes

Roof/Wall

top plates

exterior finish	 Wall/Window Head
window header

plate at window head
window frame

1^ window sill	 Wall/Window Sill

plate at window sill

O .	 Caulk, Gasket or Seal
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ILHIt 22.13 Infiltration Control for Electrically Heated Homes
(continued)
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