
, . . . .
DEPARTMENT OF IlVDUSTRY, LABOR AND HUMAN RELATIONS 71

II.HR. 20-25 Appendix

Chapter ILHR 20-25

APPENDIX

wr ;<rrn .rnarp<,rtmt,nt<rrIndtr%tr y
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Sefety and Bwldmgs Divrsinn

WISCONSIN UNIFORM BUILDIN G
PERMIT APPLICATION

ApplicatUOnN O

P 0 Bnx 7969
M.>dr,an wt 5370 7
WraarmsinStaturostOt 63,101 73

( See instructions on back of pink copy)
The information you provide ma y be used by other government agenc y
programs(PrivacyL'aw,s .1504(t)(m)1 .

Parcel N o

PERMIT .,REQUESTED, ,,,, [] Constr [] HVAC ❑ Elec 0 Plbg ❑ Erosion Q Other :
Owncr's Name . . . . Mailing Address Telephone No

( )

Contractor's Name: Q Con [) Elec [] HVAC 0 Plb g
. .

.iUCert k
_. ..

Mailing Address
.

Telephone No
( )

COntractOrsName: QCOrr []Elec(]HVAC [3 Plb g
. .

ic/Cert N
.

MailingAddresS TelephoneN o
( .) .

Contractor'sName : C,7COn 0 Elec C3 HVAC QPlbg iuCertN Mai(ingAddress T'elephoneNo

Contractor's Name: (] Con [j Elec [j HVAC Q Pfbg ic/Cert d Mailing Address Telephone No
( )

NTtOJ FCT L E1CATlON ; Lot A rea
Sq . h. 1 14, 1/4. Section T N,R E(or)W

RuddrngAddress S ubdivision Name Lot No BIOck No

ZOning District(S) Zoning PermitNO

Setbacks

Front Rea r

ft, ft.

Lett .

ft .

Right

ft .

9 :'PROIEC7 :. :
-

3:OCCUPANCY: 5. .El EC7RI.CAL . ?3: ;i1iVAG'EQUIPME.l1(7E : ~~~ :;.EN> RfiY:SOU3iCE K` , .,.
(,jNew [JReparr

Alterauun [j Raze
L]SrngleFamrly E
[7 Two Fami(y S

ntrancePanel
ize: amp

[jForcedAirFurnace
❑ Radiant Baseboard or Panel Fuel Na t

Gas
LP Oit E(ec Soild Sola r

I
(' ( AddttiOn f-j Move ❑Garage S

(Oth r t)
ervice :

dU d
❑ Heat Pum p

rB il
Space Ht4 0 101 01 O O 0per in : 0Q

Q
n ergroun

Overhead
❑ o e
p Central Air Condatroning Water Htg 0 101 01 01 0 (]

[ ) Od,er - -__ __,__ _ •
4 . CONST> TYPE 7_

-~----
- FOUNLIATlON

❑ Other _ • p DwelAng unit wil
more installed etectrre

l have 3 kdowatt o r
ce heatr ns e urp

llSite<onstructed [ J(oncrete 70 ;,;A.LiIM1~NG «
gpa q

Infiltrationcontroloptionis: O Fultseabng
-•- .2. AREA .I NVOLVED ;

- - •-

CJt`/lanufactured 0 Masonry
pTreatedwood Sewer O T J mts . ❑ Blower door test Q Exteriur

fil b° - -
UnfrrushedRasemrnt Sq ft 5.STORIE S ~~: ❑ Other O MUnicipa l

t5

arrrn arrre rtratron
. . . , , ,- .
:33 f•IE~i7' k 055 . (CAkulated )

[Jt Story r
rcp e p

PermrtNo
.

BTUM REnvelO eI rvmg Area Sq f t-- - C"~ 7 Story C
Oth

]Seasonal
OP nt

` - '77 :'WtATER
p __

Infiltratron BTU4dR

C,ar.r a ftd . ... .. , .. . , _... Sq
erj

[
erman e

lother
QMunrcrpalUtdrty .14~iEST.BUtLDfNGCOST : ..

_- . . .__ .,, ...._ ' ...._

„_
[UPIusBasement QPrivateOn-SiteWetl $ -

I he applr<ant oyrees to comply with all applaable codes statutes and ordinances and with the conditions of this permit ; understands that the issuance of
the permit creates no legal Labrhty express orimp(ied, on the Department or municipality ; and certifies that all the above information is accurate

APPLICANT'S SIGNATURE DATE SIGNED

APPROI/ALCONDITIONS Thispermitisissuedbursuanttothefo0owing conditrons Failuretocomptymayresultinsuspensonor
revocation of this permrtor other penalty .

tS5UlN6
[]Town QVdtage QCity QCounty QState of:

1URiSDICj lOhF

fEES A . .: PERNlET(S) . , :V4tIS:UftUFORMQ'ERNIIT
SSUED SEALNO ..

MunicrpalrtyNumberofDwellingLocatton :

p~RMiliSSi1ED~Y ~ i~ 3
a I. . .. <„v . ,

Plan Review S

Inspectron 5 _

Wis Permrtseal S

Other S

❑ Constructiono-
0 HVA C
(]Electnca(
0 Plumbing

Nam e

Date_

Intal
[l E rosion

Cert N o

SRI)5623(R06/94) WHIiEIssumgJurrsdiction YELLOW°D1LHR GKttry•tnspector vrrvic - <lwnerrAgen t
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Wisconsin Department of Industry, WISCONSIN ADMINISTRATIVE
Labor and Human Relations

BUILDING PERMIT APPLICATION
(Wis. Stats . 101 .63 (7) & 101 ..65 (3))

Submit to non-enforcing municipalities for new 1- and 2- family dwellings .
SEE INSTRUCTIONS ON BACK OF YELLOW COPY.
1 he information you provide may be used by other government agency programslPrivacy Law, s 15 04 (1) (m)!

Safety and Buildings Divisio n

~' .~.':+^~:oNa; xY '. .. , V. ..u .f / . ., .
.3 F,r~{~~ /

{$ ~ Y ~%l.PERMiTAPPLICANT
M.

' ' 9 '+/•
u ~ ~'~' ~ ~{ ry"N'.... t{

)

~. .. . . .. .: : :. . . . : : t . .. . . ~, . . : . . .. . . ~.. :, . . .. ~- :. . .. . : .: :.: . ».S a33. .Y..,~: ,C•': '{,,~,dh'h4;:%~. , . .. .. . . .: >,n , ., . . .u . ,:.. . >. ...., .,,.t :{ . tt., t.

Last Name Frrst Name Middle Initial

Street Address

City State Zip Code Telephone No (include area code)

\~ ~y ,( ~.~ ~ , r'L ~4•-0~ .̀i~.;{t J. . ~W v :..~`Xy :."~ '4'.: ~W~ ,~3~' f,.t~ E ~~
v.n . . .+, :,. .. . +:+> +: #t,t<C .:'.; .:, .Y,. .n.:f.'~~ :t;,+ •F "'~:.,»., .,..,. ,,.: >: . .. ... . . . . : : ,: ., . . .. .t: .: .: .: :..: ..,: ... ::t>2qt:J ~ :. .. ' :.\ a::✓,. t9.:'attf yb. . . .. . . . .:.. .... .. :.:u:..c :: ,. .. . . ,. .. .. . . :.> . .. ::a...r.a'• :.:.x.::.::«:::.:;>:;%~;> >ih:r"h.°# .f.:c :.`~i .. .. . . .. .. . ,r ° R.,Y1i :. . . . . . a . .. , :..:, ..xc : :.

8uilding Address Subdivision Name Lot !f Block d

~_ -
Legal Description . . . . . .. . . . . . . . . Parcel N o

t 14, 1i4, Section T N, R E or W

~ PitOJECT YPE 2 PROJEC~ HVAC £t~Ull~MEl~tT ~ = ~ ~ ~~f r:, . . . : : :: . .. :; . :. ~ ~.. »: ..
❑ 1 Family ❑ Forced Air Furnace ❑ Radiant Baseboard or Panel ( Elec . ) ❑ Heat Pum p
❑ 2 Family ❑ Boiler ❑ Central AC ❑ Other :

3>PROJECT :ENERGY SOURCE .'` Nat. Gas L.P. Oil Elect. Solid Sola r

Space Heating ❑ ❑ ❑ ❑ ❑ ❑
Water Heating ❑ ❑ ❑ ❑ ❑ ❑

4 PROfEC f CONSTRUC~'{QM TYP£ ~ ~i03ECT I"L~1i11tOA't t~1tF ~, . .. .. :. ~ t ~ M:. , . . . . . . ... „ .
❑ Site Constructed ❑ Concrete ❑ Masonry 0 Treated Wood
❑ Maned ❑ Other (specity) :+ ,
6 PROJELT AREA ~ ~ ~ ` ' { ~ ~

• •
ESTtMATED PtiOlECt BU1~ DING ~©ST~~ .7

-- ,,, :. .. . . .;. . 1 .,.: :, . .. . .._ . .:.. .: . . : . . . . y~ . . .. .. . . .,. .

Livin area = S uare Feet $

I present that all the above information is correct, and understand that the issuance of this permit is for
administrativepurposes only Onsite construction inspections will not and shall not be performed by th e
municipality which has not assumed j urisdiction per s 101 .65, Wis Stats I understand the Uniform Dwellin g
Code, Chapters ILHR 20-25, still applies to all new 1- and 2-family dwellings and must be complied with .: I reaiiz e
the issuance of this permit does not relieve me of compliance with other applicable codes and ordinance s

Applicant's Signature Date 5igned

MUST BE COMPLETED BEFORE SUBMITTING TO DILHR :

ISSUING JURISDICTEO11t :'' :' ❑ Town ❑ Village ❑ City ❑ County of :

MUNICIPALITY NUMBER
Where Owelli n
Located PEES~F;

PERMIT ISSUED BY: DATE 1S5UED ~

sah>B 8254 (R 09/94) White - Issuing Jurisdiction Pink •• DILHR Within 30 Days Yellow -Applicant

Register, November, 1995, No.. 479
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~en
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Site I nfo
SUBDIVISIO N
LOT NO . BLOCK NO .`
ZONING DISTRICT _
__'/a,__'/a,SEC_;T._,N,R_ Eor W

PARCEL NO .
SETBACKS :
FRONT tt REAR ft
LEFT ft RIGHT I t

Inspections
PHASE RG H FNL ERO-

SIO N

FOOTIN G

FOUNDATIO N

BSMT DRAIN TILES

CONSTRUCTIO N

PLUMBIN G

HEATNENT/A C

ELECTRICA L

INSULATION

OCCUPANCY

Keep this card posted until final inspection has been made . Inspections shall be made 48 hrs . in advance .
Work shall not proceed until the inspector has approved the various stages of construction or the 48
business hr . period since notification has elapsed . This permit will expire 24 months after the date of
issuance if the building's exterior has not been completed . (WI Stats . 101 .63 )

WISCONSIN UNIFORM

BUILDING

PERMIT
#

❑ const ❑ hvac ❑ elec ❑ plumb ❑ erosion
Project :

OWNE R
(AGENT )

ISsued
SIT EBUILDIN G

ADDRES S

to
CITY, VILLAG E
TOWN, COUNT Y

Contractors

k
G .C

HVAC

EIECT .

H
PLBG

N

:an3aYdlR as.44,

affix uniform
permit seat here

(when applicable)
Seal No .

PERSON CERT.Issued ISSUING NO.

~ DATE TELEPHONE

by ISSUED J NUMBER

Comments:

NOTICE OF NONCOMPLIANCE : This issuing jurisdiction shall notify the applicant in writing of any violations to be

corrected. All cited violations shall be corrected within 30 days after notification, unless extension of time is granted .

C
ro

too

~

~

°z
tn

~
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Wisconsin Department of Industry,
Labor and Human Relations

Petition For Variance
Information & Instructions - ILHR 3

Safety and Buildings Division
201 E Washington Ave
P O Box 7969
Madison, WI 53707
Telephone : (608) 266-315 1

In instances where exact compliance with a particular code requirement cannotbe met or
alternative designs are desired, the Division has a petition for variance program where it reviews
and considers acceptance of alternatives which are not in strict conformance with thefetter of
the code, but which meet the intent of the code . A variance is not a waiver from a code
requirement, . The petitioner must provide an equivalency which meets the intent of the code
section petitioned to obtain a variance .. Documentation of the rationale for the equivalency is
requested below. Failure to provide adequate information may delay your petition .. Pictures,
sket,r •,heS, and plans may be subm;ted to support equivaterrcy . if the proposed equivaiency does
not adequately safeguard the health, safety, and welfare of occupants, frequenters, firefighters,
etc . ; the variance will be denied, NOTE : A SEPARATE PETITION IS REQUIRED FOREACH
BUILDING AND EACH CODE 15SUE PETITIONED (i ..e .., a window size issue cannot be processed
on the same petition as a stair width issue)„ It should be noted that a petition for variance
does not take the place of any required plan review submittaf

The Division is unable to process petitions for variance that are not properly completed . Before
submitting the application, the following items should be checked for completeness in orderto
avoid delays :

• Petitioner's name (typed or printed)

• Petitioner's signatur e

The Petition For Variance Application must be signed by the owner of the building or
project unless a power of attorney is submitted..

• Notary Public signature with affixed sea l

• Analysis to establish equivalency, including any pictures, illustrations or sketches of the
existing and proposed conditions to clearly convey your proposal to the reviewer .

• Proper fee

• Any required position statements by fire chief or municipal official

A position statement from the chief of the local fire department is required for fire safety
issues .. No position statement is required for nonfire topics such as sanitary, enerAy
conservation and barrier free environments . For rules relating to one and two-family
dwellings, only a position statement from theiocal enforcing municipality . isrequired,.
Position statementsmust be completed and signed by the appropriate fire chief or
munici ap 1 official . See the back of SBD-9890, Petition For Variance Application form for
these position statement forms . Signatures or seals on all documents must be originals

.Photocopies are not acceptable..

Sl.il) 9 890 (f2 05/94 )

Registex, November, 1995, No. 479
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Contact numbers and fees for the Division's petition for variance program are as follows :

Chapters ILHR 20 •25, Uniform Dwelling Code (608) 267-5113 .. . .. . . .. . : .. $125 ..00

Chapters ILHR 67-68, Rental Unit Energy Efficiency Code .. .. . .. . (608) 266•1930 .. .. . .. . .. .. . . $125 .00

Chapters ILHR 50-64, Commercial Building Code (608) 267-9152 . . . . . ,. . . $490.00

. The cities of Milwaukee and Madison may process petitions for variances from chapters
ILHR 50 through 64 requirements on projects in their jurisdiction .

Chapter ILHR 70, Historic Building Code (608) 266-7849 . . .. .. . .. . .. .. .. (608) 266-7849 .. . . . . .. .. .. .. $300.00

All other chapters . .. .. . . . . .. . .. . .. . .. . . .. . . : . $200.00

Boilers and Pressure Vessels . : . . . . . . . . .. .. .. . .. . .. . .. . .. . . . (608) 266-7548
Electrical . . . . . . . . . .. . . . . . . . . . . .. . . . . .. . .. . . . .. . .. . .. . (608) 266-5649
Elevators . . .. . . . .. . .. .. . . . . . . .. . . .. . .. .. .. .. . : . . .. .. .. .. .. . „ . (608) 267-9606
Fiarnrnable Liquids (608) 2661542

Priority Review: Does not apply to Uniform Dwelling Code or Historic Double
Building Code issues whi0i already are treated as a priority . .. .. . .. . . . .. . . . Above Amounts

Except for special cases, the Division will review and make a determination on a petition for
variance within 30 business days of receipt of all calculations, documents, and fees required for
the review .. Uniform Dwelling Code petitions will be processed within 5 business days . Priority
petitions will be processed within 10 business days ..

Petitions for variance shall be submitted to :

( DILHR Safety and Buildings
201 East Washington Avenue
P.O ...Box 7969
Madison, Wisconsin 53707

General Plumbing or Private Sewage petitions must be submitted on a different form. For
information or to acquire the form call the Madison office, (608) 266-3815, or any of the
other full-service offices identified below.

Hayward Office La Crosse Office Shawano Office Waukesha Office
209 W. First St . Hwy 63 2226 Rose St .. 1053A E : Green Bay St, 401 Pilot Ct .., Suite C
Route 8 Box 8072 La Crosse WI 54603 P ..O.. Box 434 Waukesha WI 5318 8
Hayward WI 54843 Shawano WI 54166

Telephone : (715) 634-4870 Telephone : (608) 785-9334 'Telephone : (715) 524-3626 Telephone: (414) 548-8606
Fax: (715) 634••5150 Fax: (608) 785-9330 Fax: (715) 524•3633 Fax: (414) 548-8614

Register, November, 1995, No. 479
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Wisconsin Department of Industry, Safety & Buildings Division
Labor and Human Relations 201 E. Washington Ave .

Dept.Use Only P
.O . Box 7969

Madison, WI 53707
Petition For Variance Application Tetephone : (608) 266-3157Plan No . ,

Amount Paid Page t of

PLEASE TYPE OR PRINT CLEARLY - The nlorrnaUon von ormide ruav he rrseri t,o .,, .,,.„ r .,. . . .. - ~, .,,... . ,
1 . Owner Information 2. Project Information 3 . Designer Information
N .rmr. E3uAdrng OcculHUrcy Chapter(s) and Use ; . . DCSigner . .. . RCyrslradon a

Company Nnro Tenant Namc (it any) DosrynFum

Numbx :r and Slrr+ :l Project I rx:aliun (numtx :r ar,d slrcx:t) Numtx ;r and Stree t

City Stalc arid Zip Ccxlc ❑ City ❑ Village ❑ Townshrp of City, State and Zip Code

Cnnr fqt POrson County of Contact Persor f

f r:Icphonr, Nitmbcr

( )

Fax Numtxv

( )

Prop ID // (tax parcel /I • cor/tact cormty) TefOphonC Numbcr

( )

Fax NurrrbC r

t )

w, . nan PSeV1eW Jta[US U Vn nOiU U Alreatly putl t

❑ Preliminary design ❑ Built according to otder code but must be brought
Rr.view By: [:J State ( J Municipality into com liance with current code0 Approved, requesting revision p

❑ Ptan will be submitted after petition deterrnination
Plan Nurrtber 0 Submitted with petition 0 Other

5 .. State the code section being petitioned and the specific condition or issue you are requesting be covered under this

petition for variance _

6.. Reason why compliance with the code cannot be attained without the variance ..

7 State your proposed rneans and rationale of providing equivalent degree of health, safety, or welfare as addressed by the

code section petitioned .

8.: List attachments to be considered as part of the petitioner's statements (i ;.e.., model code sections, test reports, research
artic:les, expert opinion, previnusly approved variances, pictures, plans, sketches, etc ., )

Verification By Owner - Petition is valid only if notarized with affixed seal and accompanied by review fee (See
S( :c,tiun ILIii3 2 52 for c;Ornplete fee: inlorrnatiun )

Note : Petitirmer must be the owner of the building or project . Tenants, agents . designers, contractors, attorneys, etc ,
shall not sign petition unless Power of Attorney is submitted with the Petition for Variance Application .

, twrng duty sworn . I state as pClitior,er that I have read the fortx,)ornr,) pr:OUOn and I tx:hovr:
ChtlonOr's Naine (type or print) it is true arid that I have sryndreant ownership rights to 1hC sutryCct building or prolf ;ct

PuUhunca's SlumrlurC Subscntxx) and sworn to Notary Publrc My comrnrssn n
betorc into this datc expires cm

Complete Other Side SB0 ••9890 (R 05 94)

l
~

ti

Register, November, 1995, No.. 479
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Ownor's Namc Proicct Locatron Pfan.~furnpgr ,

Fire Department Position Statement Page 2 of
To be completed for variances requested from ILHR 50-64, ILH R
10, and other fire related requirements

I have read the petition for variance and recommend : (check appropriate box)

❑ Approval ❑ Conditional Approval ❑ Denial ❑ No Comment

Explanation for recommendation including any conflicts with local rules and regulations and suggested conditions :

Municipal Building Inspection Recommendation
To be completed for variances requested frorn ILHR 20-23, also to be used if ILHR 50-64 plan review is by

municipality or orders are written on the building under construction ; optionaf in other cases .

I have read the petition for variance and recommend : (check appropriate box)

❑ Approval 0 Conditional Approval ❑ Denial ❑ No Commen t

Explanation for recommendation including any conflicts with local rules and regulations and suggested conditions:

Register, Novembex; 1995, Na, 479
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FASTENER SCSEDULE TABLE

Description of Building Materials/Connection Number and Type of
. . . . . . . Fastener 12 3

4 Joist toall or girder, toe nail 2-16d, 3-Sd
Bridging to joist, toe nail each end 2-8d
1" a 6" subfloor or less to each joist, face nafl 2-8d or 2 stapies, 1V
Wider than 1" x 6" subfloor to each joist, face nail 3-8d or 4 staples, 1-Y."
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 piate to stad, end nail 2-16d
Stnd to sole plate, toe nail 4-Sd or 3-16d
Doubled studs, face nail 16d at 24" o.,c,
Doubled top plates, face nail 16d at 16" o..o..
Top plates, laps and intersections, face naii 2-16d
Continuous header, two pieces 16d at 16' o..e. along each edge
Ceiling joists to plate, toe nail 2-16d, 3-8d
Continuous header to stud, toe nail 48d
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, A:
1" x 6' sheathing to each bearing, face nag 2-8d or 2 staples, li':
Y' x 8" sheathing to each. bearin g, face nail 2-8d or 3 staples, 1Y."
Wider than 1" x 8" sheathing to each bearing, face nail 3-Sd or 4 staples, 19:
Built-up corner studs 16d at 30' o.c, 16d at 24 o .c.
Built-up girder and beams 20d at 32' o..e.. at top and bottom and staggered 2-20d at ends and.at each

sp
lic e

2-inch planks 2- 16d at each bearing
Roof rafters to ridge, valley or hip rafters, toe nail 4-16d
Roof rafters to ridge, valley or hip rafters, face nail 3-16d
Collar ties to rafters, face nail 3-8d
Plywood sabfloor, noof and wall sheatbing (to framing) s

i4-inch to 5/16-inch 6d5 or staple
%-iach to Ywnrh Sd smooth or common,

6d deformed, or staple
%-iach to 1-inch 8d5
YL-iach to Minch 10d smooth or common, or 8d deformed7

F~berboard sheathing
y,-inch 6d common or staple, iV long or roofing naitu
2502-inch 3d common or staple, 1V long or roofing nailu
Ggpsum sheathing, W8 1% galvanized roofing nail, or 6d common, or staple
Particleboard wall sheathing (to fisming)6

'16-'mch to&inch 6d eommon
Yrinch to'/<inch 8d common or stapie

Insulated sheathing 11-gauge roofing nails, 6d, Sd, or staple
Combination subfloor underlayment (to framiag)s

96-ineh and less 6d deformed
Uach to 1-inch 8d deformed
Yti-inch to 1'Yainch 10d smooth9 or common or 8d deformed9

Panei siding (to fisming)io
%-inch or less 6d
X-iach 8d

LAIl nails are amooth<ommoa, box or deformed shank ezcept where otherwise stated .

2Nai1 is a general desaription and may be T-head, modified round head or round head

3Staples are 16-gauge wire and have a minimum 7/16-inch o.d. crown width .

4Common or box nails may be used except where otherwise stated.

SCommon or deformed shank ,

bldafls spaced at 6 inches on center at edges, 12 iaclaes at intermediate supports (10 inches at intermediate supports for floors), eaeept 6 inches at all
sunuorts where soans are 48 inches or more ..

TNai"ls spaced at 3 inches on center at edges, 6 inches at intermediate supports ..

$Nafls spaced at 4 iaehes on center at edges, 8 inches at intermediate supports .

9Nails spaced at 6 inches on center at edges and at intermediate supports„

30Corrosion-resistaat siding and easiag naiLs .,

i1Calvanized roofing nails with 7/16•inch diameter head and 1'lriach length for i4-inch sheathing and 1'/~-inch for 25/82-9neh sheathing ,

Register, November, 1995, No.. 479
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Span Tables for Joists and Rafters

APPENDIX A
COMMENTARY

A.1 Floor Joists stress must be less than the allowable bending desig n

A.I .I. Floor Joists with L/360 Deflection
Limitations

Tables . F-1 through F-7 list spans for floor
joists, used over a single span, with calculations
based on modulus of elacticitvv,- F1 and theP rannirp--- ---~-s---
bending design values, Fb, shown. Floorjoist spans
are determined based on a deflection limitation of
L/360, where L is the span in inches . The deflection
equation for a simple span beam with uniformly
distributed load is :

5wLa
[Eq. A.1-1]

384EI

value ; Fb, the allowable bending destgn value can be
calculated as :

wL2

Fb = [Eq. A.1-4]
8 S

A.1.2 Floor Joists with L/480 or L/600
Deflection Limitations

Most codes require a minimum deflection limi-
tation of L/360 for floor joists . In cases where a
stricter deflection limit is desired, and the length
shown is controlled by the L/360 deflection limit,
the tabulated span lengths may be adjusted by the
factors shown as follows :

StnceA.<_L/360thisequationcanberewntten Deflection Limit Adjustment Factor
to solve for L as follows: L/480 0.9 1

L/600 0.84
sSw384E

I (360)
L= [Eq. A.1-2] A

.2 Ceiling Joist s

The uniform load, w, is based on the live load Tables C-1 and C-21ist spans for ceiling joists

and joist spacing. The moment of inertia, 1, is based used over a single span with calculations based on E

on the joist size . and the required Fb values shown . The spans an d
required bending design values are determined from

The required bending design value, Fb, is deter- the same equations for a single span, uniformly

mined based on the calculated span . Note that th e
maximum moment, M. , of a single span beam with
uniform load, is calculated as :

wL'

M 4=_ [Eq. A.1-3]
$

where the uniform load, w, is based on the total
dead plus live load and joist spacing . The actual
bending stress in a beam is calculated as fb = M/S
where S is the section modulus of the joist . The
allowable bending design value, Fb, is based on a
fully supported member, properly sheathed and
nailed on the top edge of the joist . Since the actual
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WISCONSIN ADMINISTRATIVE CODE

loaded beam as shown above for single span floor
joists . The only difference in design criteria is L/240
deflection limitations for ceiling,joists supporting
drywall ceilings which are typically required by
building codes . The allowable bending design
value, Fb, is based on a fully supported member,
properly sheathed and nailed on one edge of the joist .

A.3 Rafters

A.3.1 Rafters with L/240 Deflection Limitations

Tables R-1 through R-12 list spans for rafters
with deflection limitations of L/240, used over a
single span with calculations based on Fb values and
the required E values shown . The allowable bending
design value, Fb, is based on a fully supported
member, properly sheathed and nailed on the top
edge of the rafter. Generally, a deflection limitation
of L/240 applies to rafters with a drywall ceiling
attached to the underside (e .g ., cathedral ceilings) .

The maximum moment for a single span beam
with a uniform load is defined above . This equation
can be rewritten to solve for L as follows :

f 8Fb S
L = [Eq. A.3.1-1]

w

The uniform load, w, is based on the total dead
plus live load and joist spacing .

The required modulus of elasticity, E, is deter-
mined based on this calculated span as follows :

5wL' (240)
E = [Eq. A.3 .1-2]

38&4 1

The U nifnrm 1nad ) w7 is hac~ on the live load
and joist spacing .

and required modulus of elasticity are the same as
those for single span beams with deflection limita-
tions of L/240, except that 180 is substituted for 240
in the numerator of Equation A .3 .1-2 . Generally, a
deflection limitation of L/180 applies to rafters
without a drywall ceiling attached to the underside .
Some governing building codes also consider the
slope of the rafter in determining deflection limita-
tions, and only allow L/180 deflection limitations
for rafters with slopes greater than 3 in 12 and no
ceiling attached .

A.3.3 Roof Loads

Section 6 outlines adjustment factors for deter-
mining rafter spans and required E values for roof
live loads of 12 psf or 16 psf . The tabulated spans
are modified by the square root of the ratio of the
total uniform load at 20 psf and the total uniform load
at the reduced level (12 or 16 pst) . This is based on
Equation A.3 . 1-1 which is used to calculate the span
of a rafter based on the square root of the total
uniform load .

The E values are adjusted based on the modified
span as noted above and the uniform live load ratio .
Based on Equation A.3 .1-2 :

Ez Wa La 3
~ = t w )~ L) [Eq . A.3.3-1]

l

LL, LL1+DL,

l
srz

[Eq. A.3.3-2]
`LLl ~ ` LL_+DLZ

where subscript 1 denotes ' variables associated
with the 20 psf uniform live load and subscript 2
denotes variables associated with the uniform live
load at the reduced level . LL is the uniform live load
and DL is rhe unifor::: dead load . All other va.*'iables
are as previously defined in A .3 .

A.3.2 Rafters with L/180 Deflection Limitations A .4 Compression Perpendicular to Grain
Design Requirements

Tables R-13 through R-241ist spans for rafters
with deflection limitations of L/180, used over a Compression perpendicular to grain is also a
single span with calculations based on Fb values and design consideration for joists and rafters . Required
the required E values shown . Calculations for span compression perpendicular to grain design value s
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are tabulated in Table 9 .1. These values are
calculated assuming a bearing width of 1 .5", a total
load of 66 .67 plf, and the calculated span . The 66 .67
pif total load is based on a 40 psf live load and 10 psf
dead load on joists at 16" on center, which is atypical
condition of use . Alternate F,., values are possible
by adjusting the tabulated values in direct proportion
to the desired load . Adjustment factors for various
loads and spacings are tabulated in Table 9 .2 for
convenience. Required compression design values
perpendicular to grain are also applicable to bearing
plates .

A.5 Lumber Design Values

The spans for nominaI 2x5 joists or rafters are 82
percent of the spans tabulated for the same spacing
of nominal 2x6 joists or rafters . For each joist or
rafter spacing, the values of E for 2x5's are the same
as the tabulated E values for 2x6's . The values of Fb
for 2x5's shall be determined by multiplying the
tabulated Fb values for 2x6's by 1 .077 .

A.6 Load Requirements

Applicable design criteria for each condition of
use appear at the top of each table . While these
criteria are directed principally to residential con-
struction they are suitable for other occupancies
having similar conditions of loading . Examples
include, but are not limited to, assembly areas with
fixed seats, cornices, fire escapes for single family
residential buildings, cell blocks of penal institu-
tions, multiple family dwelling units and hotel guest
rooms . Check governing building code require-
ments for other applicable occupancies . Tabulated
spans for rafters also apply to other types of occu-
pancy, since the occupancy has little bearing on roof
loading .

A.7 Support Requirement s

Adequate suppo rt shall be provided for all joists
and rafters . Ridge beams shall be installed at roof
peaks, and rafters shall bear directly on the ridge
beam or be supported by hangers or framing an-
chors . Ceiling joists shall not be required when
properly designed ridge beams are used .

A ridge board shall be permitted to be substi-
tuted for a ridge beam when the roof slope equals or
exceeds 3 in 12, except that ridge beams shall be
required for cathedral ceilings. Ridge boards shall
be at least 1 inch nominal in thickness and not less
than the depth of the cut end of the rafter . Rafters
shall be placed directly opposite each other, and
ceiling joists shall be installed parallel with rafters to
provide a continuous tie between exterior walls .

A.8 Repetitive Member Us e

Repetitive member use is that condition where
framing members such as joists, rafters, studs,
planks, decking or similar members are in contact or
spaced not more than 24 inches on-center, are not
less th an 3 in number and are joined by floor, roof
or other'load-distributing elements adequate to sup-
port the design load . Bending design values (Fb) for
such use are 15 percent greater' than for single- ,
member use. Table W-1 of Design Values
for .Ioists and Rafters, a supplement to these tables,
provide bending design values for repetitive member
use of joists and rafters .

A.9 Load Duration

Forjoists and rafters, bending design values (Fe)
are adjusted for load duration by the following
factors :

1 110 F " I
n !_^_ ~. ,

I . ., wa .v yearS, ~uvimai~ uuY'ailGri, as for
occupancy live load,

1 .15 for 2 months duration, as for snow ,

1 .25 for 7 days duration, as for construction
loading .
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FLOOR JOISTS WITH L1360 DEFLECTION LIMITATIONS

Table Live Dead'
No. Load Load Material or Occupancy

(sf) (sf)
F-2 40 10 Decks and all rooms except those used for sleeping areas and attic floors

1 . Dead load includes the weight of the framing members

CEILING JOISTS WITH L/240 DEFLECTION LIMITATION S

Table Live Dead'
No. Load Load Material or Occupancy

(psfl (psf)
C• i i0 5 Drywali ceiiing attached no attic storage

C-2 20 10 Drywall ceiling attached, limited att ic storage where development of
future rooms is not possible

1 .. Dead load includes the weight of the framing member s

RAFTERS WITH L/240 DEFLECTION LIMITATIONS
(Drywall ceiling attached to underside of rafter)

Table Live Dead '
No . Load Load Material or Occupancy

( sf) (psf)
R-2 30 10 Light roof (up to 2 courses of asphalt shingles, or wood shakes/shingles)

R-3 40 10 Light roof (up to 2 courses of asphalt shingles, or wood shakes/shingles)

R-10 30 20 Heavy roof covering (3" clay book tile)

f 9R11 40 20 Heavy roof covertng{3 clay book ttle)

I Tl, ._ .t f__J ___t___]__ .f__ __ .___t . _ C .L_ L___~__ _ __ _ • . . . . . . . ..
• . .~w.e .va.~. . . .vau~~.a w.v rrva~,asa va aa . ....b a31Mlt1VGI J

RAFTERS WITH L/180 DEFLECTION LIMITATION S
( No drywall ceiling attached to underside of rafter)

Table Live Dead '
No. Load Load - Mate rial or Occupancy

( sf) ( sf)
R-14 30 10 Light roof (up to 2 courses of asphalt shingles, or wood shakesishingies )

R-15 40 10 Light roof (up to 2 courses of asphalt shingles, or wood shakes/shingles)

R-22 30 20 Heavy roof covering (3" clay book tile)

R-23 40 20 Heavy roof covering (3" clay book tile)

. 4aai IV4V l11\.IUUGJ U1G WG{'lll VI ulc ua1mng memoers
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TABLE F 2
FLOOR JOISTS WITH L/360 DEFLECTION LIMITS

DESIGN CRITERIA:
Dellection - For 40 psf live load .
Limited to span in inches divided by 360 .
Strength - Live load of 40 psf plus dead loa d
of 10 psf determines the required bending design value .

Joist Modulus of Eiasticity, E. in 1,000,000 psi
Size Spacing
(in) (in)

0.8 0.9 1 .0 1 .1 1 .2 1 .3 1 .4 1 .5 1 .6 1 .7 1 .8 1 .9 2 .0 2 .1 2 .2 2 .3 2 . 4

12 .0 8-6 8-10 9-2 9-6 9-9 10-0 10-3 10-6 10-9 10-11 11-2 11-4 11-7 11-9 11-11 12- 1 12- 316 .0 7-9 8-0 8-4 8-7 8-10 9-1 9-4 9-6 9-9 9-11 10-2, 1 0-4 10-6 10-8 10-10 11-0 11- 22x 6 19 .2 7-3 7-7 7-10 8-1 8-4 8-7 8-9 9-0 9-2 9-4 9-6 9-8 9-10 10-0 10-2 10-4 10- 624 .0 6-9 7-0 7-3 7-6 7•9 7-11 8-2 8-4 8-6 8-8 8-10 9-0 9-2 9-4 9-6 9-7 9- 9

12 .0 11-3 11-8 12- 1 12-6 12-10 13-2 13-6 13-10 14.2 14- 5 14-8 15- 0 15-3 15-6 15-9 13-11 16- 216 .0 10-2 10-7 11-0 11-4 11-8 12-0 12-3 12-7 12-10 13- 1 13-4 13-7 13-10 14- 1 14-3 14-6 14- 82x8 19.2 9-7 10-0 10-4 10-8 11-0 11-3 11-7 11-10 12-1 12-4 12-7 12-10 13-0 13-3 13-5 13-8 13-1024 .0 8-1 1 9-3 9-7 9-11 10-2 10-6 10-9 11-0 11-3 11-5 11-8 11-11 12-1 12- 3 12-6 12-8 12-1 0

12 .0 14-4 14-11 15- S 15-11 16- S 16-10 17-3 17- 8 18-0 18-5 18-9 19- 1 19-5 J19-.9 20- 1 20-4 20- 816 .0 13-0 13-6 14-0 14-6 14-11 15-3 15-8 16-0 16-5 16-9 17-0 17-4 17-8 1 7-11 18-3 18-6 18- 92x10 19 .2 12-3 12-9 13-2 13-7 14-0 145 14-9 15- 1 15•5 15-9 16-0 16-4 16-7 16-11 17-2 17-5 17- 824 .0 11-4 11-10 12-3 12-8 13-0 13-4 13-8 14-0 14-4 14-7 1411 15-2 15-5 115-8 15- 1 1 16-2 16- 5

12 .0 17-5 18- 1 18.9 19.4 19-1l 20-6 21-0 21-6 21-11 22-5 22-10 23-3 23-7 74 0 24-5 24-9 25- 116 .0 15-10 16-5 17-0 17-7 18- 1 18-7 19- 1 19-6 19-11 20-4 20-9 21- I 21-6 21-10 22-2 22-6 22-1 02x12 19 .2 14-11 15-6 16-0 16-7 17-0 17-6 17-11 18-4 18-9 19-2 19-6 19-10 20-2 20-6 20-10 21-2 21- 624 .0 13-10 14-4 :14-11 15-4 15-10 16-3 16-8 17-0 17- S 17.9 18- 1 18- S 18-9 119- 1 19-4 19-8 19-1 I

FD 12.0 718 777 833 888 941 993 1043 1092 1140 1187 1233 1278 1323 1367 1410 1452 1494
Fs 16.0 790 855 917 977 1036 1093 1148 1202 1255 1306 1357 1407 1456 1504 1551 1598 1644
Fe 19.2 840 909 975 1039 1101 1161 1220 1277 1333 1388 1442 149S 1547 1598 1649 1698 1747
F. 24.0 905 979 1050 1119 1 186 1251 1314 1376 1436 1496 1554 1611 1667 1722 1776 1829 1882

Note: The required bending design val ue, F', in pounds per square i nch is shown at the bottom of each table and is applicable to all lumber sizes shown . Spa ns are shown in feet-inches and are limited to 26' an dless. Check sou rc es of supply for availability of lumber in lengths greater than 20'-
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TABLE C- 1
CEILING JOISTS WITH L/240 DEFLECTION LIMITS

DESIGN CRITERIA:
Deflection - For 10 psf live load .
Umited to span in inches divided by 240.
Strength - Live Load of 10 paf plus
dead load of 5 psf detemunes the required fiber stress value .

Joist Modulus of Elasticity, E,in 1,000,000 pai
Size Spaciug
(in)

(in)

0.8 0.9 1 .0 1 .1 1 .2 1 .3 1 .4 1 .5 1 .6 1 .7 1 .8 1 .9 2 .0 2.1 2 .2 2 .3 2 . 4

12 .0 9-10 10-3 10-7 10- 1 1 11-3 11-7 -11-10 12-2 12-5 12-8 12-11 13-2 13-4 13-7 13-9 14-0 14- 216 .0 8- 1 1 9-4 9-8 9-11 10-3 10-6 10-9 11-0 11-3 11-6 11-9 11-11 12-2 12-4 12-6 12-9 12-1 12x4 19 .2 8- 3 8-9 9-1 9-4 9-8 9-11 10-2 10-4 10-7 10-10 11-0 11-3 11-5 11-7 11-9 12-0 12- 224 .0 7-10 8-1 8-5 8-8 9-1 1 9-2 9-5 9-8 9-10 10-0 10-3 10- S 10- 7 10-9 10-11 I 1- 1 11- 3

12 .0 15-6 16-1 16-8 17-2 17-8 18-2 18-8 19-1 19-6 19- 1 1 20-3 20-8 21-0 21-4 21-8 22-0 22- 416 .0 14-1 14-7 15-2 15-7 16-1 16-6 16-11 17-4 17-8 18-1 18 .5 18-9 19-1 19-5 19-8 20-0 20- 32x 6 19 .2 13-3 13-9 14.3 14.8 15-2 15- 7 15-11 16-4 16-8 17-0 17-4 17-8 17-11 118- 3 18-6 18-t0 19- 124 .0 12-3 12-9 13-3 13-8 14-1 14-5 14-9 15-2 15-6 15-9 16- 1 16-4 16-8 1 6-11 17-2 17-5 17- 8

12 .0 20-5 21-2 21-11 22-8 23-4 24-0 24-7 25-2 25- 8
16.0 18-6 19-3 19-11 20-7 21-2 21-9 22-4 22-10 23-4 23-10 24-3 24-8 25-2 25- 7 25-1 12x 8 19.2 17- S 18- 1 18- 9 19- S 19-11 20-6 21- 0 21-6 21-11 22- S 22-10 23-3 23-8 24-0 24-5 24-9 25- 224.0 16- 2 16-10 17- 5 18- 0 18- 6 19- 0 19- 6 19-1 l 20-5 20-10 21- 2 21- 7 21-11 22- 4 22- 8 23- 0 23- 4

12.0 26- 0
16 .0 23-8 24-7 7.5- 5

2x10 19 .2 22- 3 23- 1 23-11 24-9 25- S
24 .0 20-8 21-6 22-3 22-11 23-8 24-3 24-10 25-5 26- 0

F" 12 .0 711 769 825 880 932 983 1033 1082 1129 1176 1221 1266 1310 1354 1396 1438 1480
Fll 16 .0 783 847 909 968 1026 1082 1137 1191 1243 1294 1344 1394 1442 1490 1537 1583 1629111, 19 .2 832 900 96S 1029 1090 1150 1208 126S 1321 1375 1429 1481 1533 1583 1633 1682 173 1F, 24 .0 896 969 1A40 1108 1174 1239 1302 1363 1423 1481 1539 1595 1651 1706 1759 1812 186 4

Note : The required bending design value, Fy in pounds per square inch is shown at the bottom of each table and Is applicable to all lumber sizes shown . Spans are shown in feet-inches and are limited to 26' and
less . Check sources of supply for availability of lumber in lengths groater than 20' .
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TABLE C-2
CEILING JOISTS WITH L/240 DEFLECTION LIMITS

DESIGN CRITERIA :
Deflection - For 20 psf live load.
Limited to span in inches divided by 240 .
Strength - Live Load of 20 pef plu s
dead load of 10 psfdeterntines the required bending design value .

Joist Modulus of Etaeticity, E, in 1,000,000 psi
Size Spaciag

0 .8 0.9 1 .0 1 .1 1 .2 1 .3 1 .4 1 .5 1 .6 1 .7 1 .8 1 .9 2 .0 2.1 2 .2 2 .3 2 . 4

12.0 7-10 8-1 8-5 8-8 8-11 9-2 9- 5 9-8 9- 1 0 10-0 10-3 10-5 10-7 10.9 10-11 11-1 11- 316 .0 7-1 7-5 7-8 7-11 8-1 8-4 8-7 8-9 &11 9-1 9-4 9-6 9-8 9-9 9-11 10-1 10- 32x4 19 .2 6-8 6-1 1 7-2 7-5 7-8 7-10 8-1 8-3 8-5 8-7 8= 9 8-11 9-1 9-3 9-4 9-6 9- 824.0 6-2 6- S 6-8 6-11 7-1 7-3 7-6 7-8 7-10 8-0 8- 1 8-3 8-5 8-7 8-8 8-10 8-1 1

12 .0 12-3 12-9 13-3 13-8 141 14-5 14-9 15-2 15-6 15-9 16- 1 16-4 16-8 16-1 1 17-2 17-5 17- 816 .0 11-2 1 1-7 12-0 12-5 12-9 13- 1 13-5 13-9 14-1 14-4 14-7 14-11 15-2 15-5 15-7 . 15-10 16- 12x6 19 .2 10-6 10-11 11-4 11-8 12-0 12-4 12-8 12-11 13-3 13-6 13-9 14-0 14-3 14-6 14-8 14-11 15- 224 .0 9-9 10-2 10-6 10-10 11-2 11-5 11-9 12-0 12-3 12-6 12-9 13-0 13-3 13-5 13-8 13-10 14 1

12 .0 16-2 16-10 17-5 18-0 18-6 19-0 19-6 19-11 20-5 20-10 21- 2 21-7 21-11 22-4 22-8 23-0 23- 416 .0 14-8 15-3 15-10 16- 4 16-10 17-3 17-9 18- 1 18-6 18-11 19-3 19-7 19-11 20-3 20-7 20-11 21- 22x 8 19 .2 13-10 14.5 1411 15-5 15-10 16-3 16-8 17- 1 17-5 17-9 18- 1 18- 5 18-9 19- t 19-5 19-8 19-1 124.0 12-10 13-4 13-10 14-3 14-8 15-1 1 5-6 IS-10 16-2 16-6 16-10 17-2 17-5 17-9 18-0 18-3 18- 6

12.0 20-, 8 21-6 22- 3 22-11 23-8 24-3 24-10 25-5 26- 0
16.0 18- 9 19- 6 20-2 20-10 21- 6 22- l 22- 7 23- 1 23- 8 24- i 24-7 25- 0 25- 5 25-102x10 19.2 17- 8 18-4 19-0 19-7 20- 2 20-9 21-3 21-9 22-3 22-8 23- 1 23-7 23-11 24-4 24-9 25- 1 25. 524 .0 16-5 17-0 17-8 18-3 18-9 19-3 19-9 20.2 20.8 21-1 21-6 21-10 22-3 22-7 22-11 23-4 23- 8

Fe 12 .0 896 969 1040 1108 1174 1239 1302 1363 1423 1481 1539 1595 1651 1706 1759 1812 186 41 " 16 .0 986 1067 1145 1220 1293 1364 1433 1500 1566 1631 1694 1756 1817 1877 1936 1995 2052
F1. 19 .2 1048 1134 1216 1296 1374 1449 1522 1594 1664 1733 1800 1866 1931 1995 2058 2120 218 1
F1. 24 .0 1129 1221 1310 1396 1480 1561 1640 1717 1793 t866 1939 2010 2080 2149 2217 2283 2349

Note : The required bending design value, F, in pounds per square inch is shown at the bottom of each table and is applicable to all lumber sizes shown . Spans are shown in feet-inches and are limited to 26' andIess.Cheok sources of supply for availability of lumber in lengths greater than 20' :
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TABLE R-2
RAFTERS WITH L/240 DEFLECTION LIMITATIO N

DESIGN CRITERIA:
Strength - Live Load of 30 paf plu s
Dead Load of 10 psf determines the required bending design value.
Deflection - For 30 paf live load .
Limited to span in inches divided by 240 .

Rafter Bending Design Value, F, (psi )
Size Spnciug•(in1 (in)

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400

12 .0 6:2 7-1 7-11 8-8 9-5 10-0 10-8 11-3 11 .9 12.4 12-10 13-3 13-9 14-2 14-8 15-1 15-6 15-1 1
16 .0 5•4 6-2 6-10 7-6 8-2 8-8 9-3 9-9 10-2 10-8 11 - 1 71-6 11-11 12-4 12-8 13-1 13-5 134 14-1 14- 5

2x 6 19.2 4-10 5-7 6-3 6-10 7-5 7-11 8- S 8.11 9-4 9-9 10- i 10-6 10-10 11-3 11- 7 11-11 12-3 12-7 12-10 13-2 13- 6
24 .0 4-4 5-0 5-7 6-2 6 .8 7-1 7-6 7-11 8-4 8-8 9-1 9-5 9-9 10-0 10-4 10-8 10- 11 11-3 11-6 11-9 12-0 12- 4

12 .0 8-1 9-4 10-6 11-6 12-5 13-3 14-0 14-10 1 S- 6 16-3 16-10 17-6 18-1 18-9 19-4 19-10 20-5 20-1 1
16.0 7-0 8- 1 9 .1 9-11 10-9 11-6 12-2 12-10 13-5 14-0 147 15-2 15-8 16-3 16-9 17-2 17-8 18- 1 18-7 19- 0

2x8 19.2 6-5 7-S 8-3 9-1 9-9 10-6 11- 1 11-8 12-3 12-10 13-4 13-10 14-4 14-10 15-3 15-8 16=2 16-7 16-11 17-4 17- 9
24 .0 5-9 6-7 7- 5 8-1 8-9 9-4 9-11 10-6 11-0 11-6 11- 1 1 12-5 12-10 13-3 13-8 140 14-5 1410 15-2 15-6 15-10 16- 3

12.0 10-4 11-11 13- 4 14-8 15-10 16-11 17-11 18-11 19-10 20-8 21-6 22-4 23-1 23-11 24-7 25- 4 26- 0
16.0 8-11 10-4 11-7 12-8 13-8 148 15-6 16-4 17-2 17-1 1 18-8 19-4 20-0 20-8 21-4 21-11 22-6 23-1 23-8 24- 3

2x10 19 .2 8-2 9-5 10-7 11-7 12-6 13-4 14-2 1411 15-8 16-4 17-0 17-8 18-3 18- 1 1 19-6 20-0 20-7 21-1 21-8 22-2 22- 8
24.0 7-4 8-5 9-5 10- 4 11-2 11-11 12- 8 13 .4 14-0 14-8 15-3 15-10 16-4 16-11 17-5 17-11 18- 3 18-11 19- 4 19-10 20- 3 20- 8

12.0 12-7 14-6 16-3 17-9 19-3 20-6 21-9 23-0 241 25- 2
16.0 10•1 I 12-7 14 1 15.5 16-8 17-9 18-10 19-1 l 20-10 21-9 22- 8 23-6 24-4 25-2 25-1 1

2x12 19.2 9-11 11- 6 12-10 14 1 15- 2 16- 3 17- 3 18- 2 19- 0 19-11 20-8 21- 6 22- 3 23- 0 23- 8 24-4 25 - 0 2 5- 8
24.0 8• 1 1 10-3 11- 6 12- 7 13- 7 14-6 15- 5 16- 3 17- 0 17- 9 18- 6 19- 3 19-11 20-6 21- 2 21- 9 22- 5 23- 0 23- 6 24- 1 24- 8 25- 2

E 12.0 0.15 0.23 0.32 0.43 0 .54 0.66 0 .78 0.92 1 .06 1 .21 1 .36 1 .52 1 .69 1 .86 2.04 2 .22 2 .41 2.6 0
E 16.0 0 .13 0.20 0.28 0.37 0 .47 0.57 0 .68 - 0.80 0.92 1 .05 1 .18 1 .32 1 .46 1 .61 1 .76 1 .92 2 .08 2.25 2 .42 2 .60
E 19.2 0 .12 0.18 0.26 0.34 0 .43 0.52 0 .62 0.73 0.84 0.95 1 .08 1 .20 1 .33 1 .47 1 .61 1 .75 1 .90 2.05 2 .21 2 .37 2.5 3
E 24.0 0 . 11 0.16 0.23 0.30 0 .38 0.46 0 .55 0.65 0.75 0.85 0 .96 1 .08 1 .19 1 .31 1 .44 I .S7 1 .70 1 .84 1 .98 2 .12 2 .27 2.41

Note : The «quired modulus of elasticity, E, in 1,000,000 pounds per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and less, and I . applicable to all lumber alzea shown. Spans are
shown in feet-inches and are limited to 26' and less . Check sources of supply for availability of lumber in lengths greater than 20' .
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TABLE R-3
RAFfERS WITH L/240 DEFLECTION LIMTTATIO N

DESIGN CRITERIA:
Strength - Live Load of 40 paf piu s
Dead Load of 10 paf determinea the requited bending design value .
Deflection - For 40 psf live load.
Limited to span in inches divided by 240.

Rafter 13ending Design Value, F, (psi)
Size Spacing
(in) (in)

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400

12 .0 5-6 6-4 7-1 7-9 8-5 9-0 9-6 10-0 10-6 1 1-0 1 1-5 11-11 12-4 12-8 13-1 13-.6 13-10 14~ 2
16.0 4-9 5-6 6-2 6=9 7-3 7-9 8-3 8-8 9-1 9-6 9-11 10-3 10-8 11-0 11-4 11-8 12-0 12-4 12-7 12-1 1

2x6 19.2 4-4 5-0 5-7 6 .2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9-5 9-9 10-0 10-4 10-8 10-1 i 11-3 11-6 11-9 12-0 12- 4
24 .0 3- 1 1 4-6 5-0 5-6 5-11 6-4 6-9 7-1 7-5 7-9 8-1 8-5 8-8 9-0 9-3 9-6 9-9 10-0 10-3 10-6 10-9 11- 0

12 .0 7-3 1-4 9-4 10-3 11- 1 11-10 12-7 13-3 13-11 14-6 15- I 15-8 16•3 16-9 17-3 17-9 18-3 18- 9
16 .0 6-3 7-3 8-1 8-11 9-7 10-3 10-10 11-6 12-0 12-7 13-1 13-7 14-0 14-6 1411 15-5 15-10 16-3 16-7 17- 0

2x 8 19.2 5-9 6-7 7-5 8-1 8-9 9-4 9-11 10• 6 I 1- 0 11-6 11-11 12-5 12-10 13-3 13-8 14• 0 14-5 14-10 15-2 15-6 15-10 16- 3 "
24 .0 5-2 5-1 1 6-7 7.3 7-10 8-4 8-11 9-4 9-10 10-3 10- 8 1 1- 1 11- 6 11-10 12-2 12-7 12-11 13- 3 13-7 13-1 l 14-2 14- 6

12 .0 9-3 10-8 11-11 13- I 14-2 15- 1 16-0 16- 1 1 17-9 18-6 19-3 20-0 20-8 21-4 22-0 22-8 23 .3 23-1 1
16 .0 8-0 9-3 10-4 11- 4 12- 3 13- I 13-10 14• 8 15- 4 16- 0 16- 8 17.4 17-11 18- 6 19• 1 19- 7 20.2 20• 8 21- 2 21- 8

2x10 19 .2 7-4 8-5 9-5 10-4 11-2 11-11 12-8 13-4 14-0 14-8 15-3 15-10 16-4 16-11 17-5 17-11 18-5 18-11 19-4 19-10 20-3 20- 8
24 .0 6-6 7-7 8-5 9-3 10-0 10-8 11-4 1 1-11 12-6 13-1 13-7- 14-2 148 15-1 15-7 16-0 16-6 ' 164 1 17-4 17-9 18-1 18- 6

12 .0 11-3 13-0 14-6 15- 1 1 17-2 18-4 19-6 20-6 21-7 22-6 23-5 24-4 25-2 26- 0
16 .0 9-9 I 1- 3 12- 7 13- 9 1411 15- 1 1 16-10 17- 9 18- 8 19- 6 20- 3 21- 1 21- 9 22- 6 23- 2 23-10 24-6 25•. 2 25 . 9

2xI2 19.2 8 .11 10- 3 11-6 12- 7 13- 7 14-6 15- `5 16-3 17-0 17-9 18-6 19-3 19-11 20-6 21-2 21-9 22= 5 23- 0 23-6 24-1 24- 8 25- 2
24.0 7-1 1 9-2 10- 3 11-3 12-2 13-0 13-9 14-6 15-3 1 5- 11 16- 7 17-2 17-9 18-4 18-1 1 19- 6 20- 0 20, 6 21- 1 21-7 22-0 22- 6

E 12.0 0 .14 0.22 0 .31 0 .41 0.51 0 .63 0.75 0 .88 1 .01 1 .15 1 .30 1 .45 1 .61 1 .77 1 .94 2.12 2 .30 2.4 8
E 16.0 0 .12 0.19 0 .27 0 .35 0 .44 0 .54 0.65 0.76 0.88 1 .00 1 .12 1 .26 1 .39 1 .54 1 .68 1 .83 1 .99 2 .15 2.31 2 .48
E 19.2' 0.11 0.18 0.24 0.32 0 .41 0 .50 0.59 0 .69 0.80 0.91 1 .03 1 .15 1 .27 1 .40 1 .54 1 .67 1 .81 1 .96 2.11 2 .26 2.42 2 .58
E 24.0 0 .10 0.16 0 .22 0 .29 0 .36 0 .44 0.53 0 .62 0.71 0.81 0 .92 1 .03 1 .14 1 .25 1 .37 1 .50 1 .62 1 .75 1 .89 2 .02 2 .16 2 .3 0

Note: The required modulus of elasticity, E, in 1,000,000 pounda per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and less, and is applicable to all lumber sius shown . Spana are
shown in feet-inches and are limited to 26' and less . Check sources of supply for availability of lumber in ►engths greater than 20' .
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I TABLE R-10
RAFTERS WITH L/240 DEFLECTION LIMiTATION

DESIGN CRITERIA:
Strengih - Live Load of 30 paf plu s
Dead Load of 20 psf detemtines the required bending design value.
Dettection - For 30 psf live load .
Limited to span in inches divided by 240 .

Rafter Bead'wg Design Value, F, (psi)
Sue $pacing
(in) (in )

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700

12.0 5-6 6-4 7-1 7-9 8- 5 9-0 9-6 10-0 10-6 11-0 11-5' 11-11 12-4 12-8 13-1 13-6 13•10 14-2 14-7 14-11 15-3 15-7 15-1 1
1 6 .0 4-9 5-6 6-2 6-9 7-3 7-9 8-3 8-8 9-1 9-6 9-11 10-3 10-8 11-0 11-4 1 1-8 12-0 12-4 12-7 12-11 13-2 13-6 13-9 14-0 14- 32x6 19.2 4-4 5-0 5-7 6-2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9-5 9-9 10-0 10-4 10-8 10-11 11-3 11-6 11-9 12-0 12-4 12-7 12-10 13- 124 .0 3-11 4-6 5-0 5-6 5-11 6-4 6-9 7-1 7-5 7-9 8-1 8-5 8-8 9- 0 9-3 9-6 9-9 10-0 10-3 10- 6 10-9 11-0 11-3 11- S 11- 8

12 .0 7-3 8-4 9-4 10-3 11-1 11-10 12-7 13-3 13-11 14-6 15-1 15-8 16-3 16-9 17-3 17-9 18-3 18-9 19-2 19-8 20-1 20-6 20-1 116 .0 6-3 7-3 8-1 8-11 9-7 10-3 10-10 11-6 12-0 12-7 13-1 13-7 14-0 14-61411 15-5 15-10 16-3 16-7 17-41 17-5 17-9 18-1 18-6 18-1 02x8 19.2 5-9 6-7 7-5 8-1 8-9 9-4 9-11 10-6 11-0 11-6 11-11 12-5 12-10 13-3 13-8 14-0 14-5 14-10 15-2 15-6 15-10 16-3 16-7 16-10 17- 224 .0 5-2 5- 1 1 6-7 7-3 7-10 8-4 8• 11 9-4 9-10 10-3 10-8 11-1 11-6 11-10 12-2 12-7 12-11 13-3 13-7 13-11 14-2 146 14-10 15-1 15- 5

12 .0 9-3 10-8 11-11 13- 1 14 2 15- 1 16-0 16-11 17-9 18-6 19-3 20-0 20-8 21-4 22-0 22- 8 23-3 23-11 24-6 25- 1 25- 7
16 .0 8-0 9-3 10-4 11-4 12-3 13- 1 13-10 14-8 15-4 16-0 16-8 17- 4 17-11 18-6 19-1 19-7 20-2 20-8 21-2 21-8 22- 2 22- 8 23-1 23-7 24- 0

2x10 19 .2 7-4 8- S 9- S 10-4 11-2 11-11 12-8 13-4 14-0 14-8 15-3 15-10 16- 4 16-11 17- 5 17-1 l 18 .5 18-11 19.4 19-10 20.3 20-8 21- 1 21-6 21-1 1
24 .0 6-6 7-7 8-5 9-3 10-0 10-8 11-4 11-1 1 12-6 13-1 13=7 142 14-8 15-1 15-7 16-0 16-6 16-11 17-4 17-9 18-1 18-6 18-11 19-3 19- 7

12 .0 11-3 13-0 14-6 15 -11 17-2 18-4 19-6 20-6 21-7 22-6 23-5 24-4 25-2 26- 0
16 .0 9-9 11-3 12-7 13-9 1411 15-11 16-10 17-9 18- 8 19-6 20-3 21- 1 21-9 22-6 23• 2 23-10 24-6 25- 2 25- 9

2x12 19 .2 8-11 10-3 11-6 12-7 13-7 146 15-5 16-3 17-0 17-9 18-6 19-3 19-11 20-6 21-2 21-9 22-5 23-0 23-6 241 248 25-2 25- 8
24 .0 7-I l 9-2 10-3 11-3 12-2 13-0 13-9 14-6 15-3 15-11 16-7 17-2 17- 9 18-4 18-11 19-6 20-0 20-6 21-1 21-7 22-0 22-6 23-0 23-5 23-10

E 12.0 0.11 0 .17 0 .23 0.31 0 .38 0.47 0.56 0 .66 0.76 0 .86 0 .97 1 .09 1 .21 1 .33 1 .46 1 .59 1 .72 1 .86 2.00 2 .14 2.29 2 .44 2 .60
E 16.0 0.09 0.14 0 .20 0.26 0 .33 0 .41 0 .49 0 .57 0.66 0 .75 0 .84 0 .94 1 .05 1 .15 1 .26 1 .37 1 .49 1 .61 1 .73 1 .86 1 .99 2 .12 2 .25 2 .39 2 .5 3
E 19.2 0 .09 0 .13 0 .18 0.24 0 .30 0.37 0.44 0.52 0.60 0 .68 0 .77 0 .86 0 .95 1 .05 1 .15 1 .25 1 .36 1 .47 1 .58 1 .70 1 .81 1 .93 2 .05 2 .18 2.3 1
E 24.0 0.08 0 .12 0 .16 0.22 0.27 0.33 0 .40 0.46 0.54 0 .61 0.69 0.77 0.85 0.94 1.03 1.12 1 .22 1 .31 1:41 1 .52 1.62 1.73 1 .84 1 .95 2.0 6

Note : The required modulus of elasticity, E, in 1,000,000 pounds per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and less, and is applicable to all lumber sizes shown. Spans are
shown in feet-inches and are limited to 26' and less. Check sources of supply for availability of lumber in lengths greater than 20' .
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TABLE R-1 1
RAFfERS WITH L/240 DEFLECTION LIMITATION

DESIGN CRITERIA:
Strength - Live Load of 40 psf plu s
Dead Load of 20 psf determines the required bending de sign value .
Deilection - For 40 psf live load.
Limited to span in inches divided by 240.

Rafter Bedding Design Value, Fe, (psi )
Size spaciag

(in) (in)
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700

12 .0 5 -0 S-10 6-6 7- 1 7-8 8-2 8-8 9-2 9-7 10-0 10• 3 10-10 1 1-3 11 -7 11-11 12-4 12-8 .13-0 13-3 13- 7 13-11 14- 2
16 .0 4-4 5-0 5-7 6-2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9- .5 9-9 10-0 10-4 10-8 10-11 1 1-3 11-6 11.-9 12-0 12-4 12-7 12-10 13- 1

2x6 19.2 4-0 4-7 5- 1 5-7 6- 1 6-6 6-10 7-3 7-7 7-11 8-3 8-7 8- 11 9-2 9-5 9-9 10-0 10-3 10-6 10-9 11-0 11-3 11-5 11-8 11-1 1
24 .0 3-7 4.1 4-7 5-0 5-5 5-1 0 6.2 6-6 6 .10 7-1 7-5 7-8 7-1 1 8-2 8-5 8 .9 8-11 9-2 9-5 9- 7 9-10 10-0 10.3 10-5 10- 8

12 .0 6-7 7-8 8-7 9-4 1 0-1 10-10 11-6 12-1 12-8 13-3 13-9 14-4 14-10 15-3 15-9 16-3 16-8 17-1 17-6 17-11 18-4 18- 9
16 .0 5-9 6-7 7-5 8-1 8-9 9-4 9-11 10-6 11-0 11-6 11-11 12.5 12-10 13-3 13-8 14-0 14-S 14-10 15-2 15-6 15-10 16-3 16-7 16-10 17- 2

2x8 19.2 5-3 6-0 6-9 7-5 8-0 8-7 9-1 9-7 10-0 10-6 10-11 11-4 11-8 12-1 12-5 72-1073-2 13-6 13-10 14-2 14-6 1410 15- 1 7 5- 5 15- 8
24 .0 4-8 5-5 6-0 6-7 7-2 7-8 8-1 8-7 9-0 9-4 9-9 10-I 10-6 10-10 11-2 11 -6 11-9 12-1 12-5 12-8 12-11 13-3 13-6 13-9 14- 0

12 .0 8- 5 9-9 10-11 11-1 1 12-11 13-9 14- 8 15- S 16-2 16-11 17-7 18-3 18-11 19-6 20- 1 20-8 21-3 21-10 22-4 22-10 23-5 23-1 1
16 .0 7-4 8-5 9-5 10-4 11-2 1 1-11 12-8 13-4 14-0 14-8 15-3 15-10 16-4 16-11 17-5 17-11 18• 5 18-11 19-4 19-10 20-3 20-8 21-1 21-6 21-1 1

2x10 19 .2 6-8 7-8 8- 7 9- S 10-2 10-11 11-7 12-2 12-9 13-4 13-11 14 S 1411 15- S 15-1 I 16-4 16-10 17- 3]7- 8 18- 1 18. 6 18-11 19-3 19-8 20- 0
24 .0 6-0 6-11 7-8 8-5 9-1 9-9 10-4 10-11 11-5 11-1 l 12-5 12-11 13-4 13-9 14-3 14-8 15- 0 15- S 1 5-10 16- 2 16-6 16-11 17-3 17-7 17-1 1

12 .0 10-3 11-10 13-3 14-6 15- 8 16-9 17-9 18-9 19-8 20- 6 21- S 22-2 23-0 23-9 24-5 25-2 25-1 0
16 .0 8• 1 1 10-3 11-6 12-7 13-7 14-6 15- S 1 6- 3 17-0 17-9 18-6 19-3 19- 1 1 20-6 21-2 21-9 22-5 23-0 23-6 24-1 24-8 25-2 25- 8

2x12 19 .2 8-1 9-4 10- 6 (1- 6 12-S 13-3 14- t 14-10 15-7 16-3 16-11 17-6 18-2 18- 9 19-4 19-11 20-5 21-0 21-6 22- 0 22-6 23-0 23-5 23-11 24- 4
24 .0 7-3 8-5 9-4 10-3 11-1 11-10 12-7 13-3 13-11 14-6 15 -9 15-8 16-3 16-9 17-3 17-9 18-3 18-9 19-3 19-8 20-1 20-6 21-0 21-S 21- 9

E 12 .0 0.11 0.17 0 .24 0.31 0 .39 0 .48 0.57 0 .67 0.77 0 .88 0 .99 1 .10 1 .22 1 .3$ 1 .48 1 .61 1 .75 1 .89 2 .03 2 .18 2 .33 2 .48
E 16 .0 0.09 0.15 0 .20 0.27 0 .34 0:41 0.49 0.58 0.67 0.76 0 .86 0 .96 1 .06 1 .17 1 .28 1 .39 1 .51 1 .63 1 .76 1 .88 2 .01 2 .15 2 .28 2.42 2.5 6
E 19.2 0.09 0.13 0 .19 0.24 0.31 0 .38 0.45 0.53 0.61 0 .69 0 .78 0 .87 0.97 1 .07 1 .17 1 .27 1 .38 1 .49 1 .60 1 .72 1 .84 1 .96 2.08 2 .21 2.3 4
E 24.0 0.08 0.12 0 .17 0.22 0 .28 0 .34 0.40 0 .47 0.54 0 .62 0 .70 0 .78 0.87 0 .95 1 .04 1 .14 1 .23 1 .33 1 .43 1 .54 1 .64 1 .75 1 .86 1 .98 2.09

Note : The required modulus of elasGcity, E, in 1,000,000 pounds per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and less, and is applicable to all lumber sizes shown . Spans are
shown in feet-inches and are limited to 26' and less. Check sources of supply for availability of lumber in lengths greater than 20' .
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TABLE R-1 4
RAFTERS WITH L/180 DEFLECTION LIMITATIO N

DESIGN CRITERIA:
Strength - Live Load of 30 psf plus
Dead Load of 10 psf determines the required bending design value.
Deflection - For 30pef live load .
Linuted to span in inches divided by 180.

Rafter Bend ;ng Design Value, Fs, (psi)
Size Spacing
(in) (in)

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 300 0

12 .0 3-2 3-1 1 4-6 5= l 5-6 6-0 6-5 6-9 7-2 7-6 7-10 8-2 8-5 8-9 9-0 9-4 9-7 9-10 10- 1 10.4 10-7 10-10 11- 1
16 .0 2-9 3-5 3-11 4-4 4-10 5-2 S-6 5-10 6-2 6-6 6-9 7-1 7-4 7-7 7-10 8-1 8-4 8-6 8-9 9-0 9-2 9-5 9-7 9-9 10- 0

2x4 19.2 2-6 3-1 3-7 4-0 4-4 4-9 5- 1 5-4 5-8 5- 1 1 6-2 6-5 6-8 6-11 7-2 7-4 7-7 7-9 8-0 8•2 8-5 8-7 8-9 8-11 9-1 9-3 9• 3
24 .0 2-3 2=9 3-2 3-7 3-11 4-3 4-6 4-10 5- 1 5-4 5-6 5-9 6-0 6-2 6-5 6-7 6-9 7-0 7-2 7-4 7-6 7-8 7-10 8-0 8-2 8-4 8-5 8-7 8- 9

12 .0 5-0 6-2 7-1 7-11 8-8 9-5 10-0 10-8 11-3 11-9 12-4 12-1013-3 13-9 14-2 14-8 15-1 15-6 15-11 16-3 16-8 17-0 17- 5
16 .0 4-4 5-4 6-2 6-10 7-6 8-2 8-8 9-3 9-9 10-2 10-8 11-1 11-6 11- 1 1 12-4 12-8 13•1 13-5 1 3-9 14-1 14-5 14-9 15-1 15-4 15- 8

2x 6 19 .2 4-0 4-10 5-7 6-3 6-10 7-5 7-11 9-5 8-11 9-4 9-9 10- 1 10-6 10•10 11-3 11-7 11-11 12- 3 12-7 12-10 13-2 13-6 13-9 14-0 14-4 14-7 1410
24 .0 3-7 4-4 5-0 5-7 6-2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9-5 9-9' 1 0-0 10-4 10-8 10-1111-3 11-6 11-9 12-0 12-4 12-7 12-1013-1 13-3 13-6 13- 9

12.0 6-7 8- 1 9-4 10-6 11-6 12- S 13-3 14-0 14-10 15-6 16-3 16-10 17-6 18- l 18-9 19-4 19-10 20- S 20-11 21-5 21-11 22-5 22-1 1
16.0 5-9 7-0 8-1 9-1 9-11 10-9 11-6 12-2 12- 10 13- 5 14-0 14-7 15-2 15-8 16-3 16-9 17-2 17-8 18-1 18-7 19-0 19-5 19-10 20- 3 20- 8

2z 8 19.2 5-3 6-5 7-5 8-3 9-1 9-9 10-6 11- 1 11-8 12-3 12-10 13-4 13-10 14- 4 1410 15- 3 15-8 16-2 16-7 1641 17-4 17-9 18-1 18-6 18-10 19-3 19- 7
24.0 4-8 S- 9 6-7 7-3 8-1 8-9 9-4 9-11 10-6 11- 0 11- 6 11-11 12- 5 12-10 13- 3 13- 8 14-0 14 5 14-10 15- 2 13- 6 15-10 16- 3 16- 7 16-10 17- 2 17- 6 17-10 18- 1

12.0 8- S 10-4 11-11 13- 4,14- 8 15-10 16-11 17-11 1 8- 1 1 19-10 20- 8 21- 6 22- 4 23- 1 23-11 24-7 25-4 26- 0
16 .0 7> 4 8-11 10.4 11-7 12-8 13-8 14-8 15-6 16-4 17-2 17-11 18-8 19-4 20-0 20-8 21-4 21-11 22- 6 23- 1 23-8 24- 3 24-10 25- 4 25-1 0

2x10 19 .2 6-8 8-2 9-5 1 0- 7 11-7 12-6 13.4 14 2 14-11 15- 8 16- 4 17-0 17- 8 18-3 18- 1 1 19-6 20.0 20-7 21- 1 21-8 22- 2 22- 823- 1 23-7 24- 1 24-6 25- 0
24 .0 6-0 7-4 8-5 9- S 10-4 l 1- 2 11-11 12-8 13-4 14-0 14-8 15-3 15-10 16-4 16-11 17-5 17-11 18-5 18-11 19- 4 19-10 20- 3 20 .8 21-1 21-6 21-11 22- 4 22- 9 23- i

E 12.0 0 .06 0.11 0.17 0 .24 0.32 0 .40 0.49 0 .59 0.69 0 .79 0 .91 1 .02 1 .14 1 .27 1 .39 1 .53 1 .66 1 .80 1 .95 2.10 2.25 2 .40 2.5 6
E 16 .0 0 .05 0.10 0.15 0.21 0.28 0.35 0.43 0 .51 0.60 0.69 0.78 0 .88 0 .99 1 .10 1 .21 1 .32 1 .44 1 .56 1 .69 1 .82 1 .95 2.08 2.22 2.36 2.5 0
E 19.2 0 .05 0.09 0.14 0.19 0.25 0 .32 0.39 0.47 0.54 0 .63 0 .72 0 .81 0 .90 1 .00 1 .10 1 .21 1 .32 1 .43 1 .54 1 .66 1 .78 1 .90 2.03 2 .15 2.28 2 .42 2 .55
E 24.0 0 .04 0.08 0.12 0 .17 0.23 0 .29 0.35 0.42 0.49 0 .56 0 .64 0 .72 0 .81 0 .89 0.99 1 .08 1 .18 1 .28 1 .38 1 .48 1 .59 1 .70 1 .81 1 .93 2.04 2 .16 2 .28 2.41 2 .53

Note : The required modulus of elasticity, E, in 1,000,000 pounds per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and less, and is applicable to all lumber sizes shown . Spans are
shown in feet-inches and are limited to 26' and less. Cheek sources of supply for availability of lumber in lengths greater than 20'
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TABLE R-1S
RAFI'ERS WITH L/180 DEFLECTION LIIVIIT'ATION

DESIGN CRITERIA :
Strength - Live Load of 40 psf plue
Dead Load of 10 paf detemunes the requ ired bending design value .
Deflection - For 40 ppf live load .
Limited to span in inches divided by 180 .

Rafter Bending Design Value, F„ (pai)
size Spaciug
(in) ta)

200 300 400 500 600 700 800 900 1000, 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 300 0

12 .0 2-10 3-6 4-0 4-6 4-11 5-4 5-9 6-1 6-5 6-8 7-0 7-3 7-7 7-10 8-1 8-4 8-7 8-10 9-0 9-3 9-6 9-8 9-1 1 10- 116 .0 2-6 3-0 3-6 3-11 4-3 4-8 4-11 5-3 5-6 5-10 6-1 6-4 6-7 6-9 7-0 7-3 7-5 7-8 7-10 8-0 8-2 8-5 8-7 8-9 8-11 9- 12x4 19.2 2-3 2-9 3-2 3-7 3-11 4-3 4-6 4-10 5-.1 5-4 5-6 5-9 6-0 6-2 6- 5 6-7 6-9 7-0 7-2 7-4 7-6 7-8 7-10 8-0 8-2 8-4 8-5 8- 724 .0 2-0 . 2-6 2-10 3-2 3-6 3-9 4-0 4-3 4-6 4-9 4-11 3-2 5-4 5-6 5-9 5-11 6-1 6-3 6-5 6-7 6-8 6-10 7-0 7-2 7-3 7-5 7-7 7-8 7-10

12 .0 4-6 5-6 6-4 7-1 7-9 8-5 9-0 9-6 10-010-6 11-0 11-5 1 1•11 12-4 12-8 13-1 13-6 13-10 14-2 14-7 14-11 15-3 15-7 15-1 1
16 .0 3-11 4-9 5-6 6-2 6-9 7-3 7-9 8-3 8-8 9-1 9-6 9-11 10-3 10-8 11-0 11 .4 11-8 12-0 12-4 12-7 12-11 :13-2 13-6 13-9 14-0 14- 32x6 19.2 3-7 4-4 5 -0 5-7 6-2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9- 5 9-9 10-0 10-4 10-8 10-11 11-3 11-6 11-9 112-0 12-4 12-7 12-1013-1 13.3 13 . 624.0 3-2 3-11 4-6 5-0 5-6 5-11 6-4 6-9 7-1 7-5 7-9 8-1 8-5 8-8 9-0 9-3 9-6 9-9 10-0 10-3 10-6 1 0-9 11-0 11-3 11-5 11-8 11-1112-1 12- 4

12.0 5-11 7-3 8-4 9- 4 10-3 11- 1 11-10 12. 7 13- 3 13-11 14- 6 1 5- 1 15- 8 16- 3 16- 9 17- 3 17- 9 18- 3 18- 9 19- 2 19- 8 20- 1 20• 6 20-1 116.0 5-2 6-3 7-3 8- 1 8-11 9-7 10-3 10-10 11- 6 12-0 12-7 13-1 13-7 14-0 14-6 14-11 15- 5 15-10 16-3 16-7 17- 0 17-5 17- 9 18-1 18-6 18-1 02x8 19.2 4-8 5-9 6-7 7-5 8-1 8•9 9-4 9-11 10-6 11-0 11-6 11-11 12-5 12-10 13-3 13- 8 14-0 14-5 14-1015-2 15-6 15-10 16-3 16-7 16-10 17-2 17-6 17-1 024 .0 4-2 5-2 5-11 6-7 7-3 7-10 8-4 8-11" 9-4 9-10 10-3 10-8 1 l- 1 i i- 6 11-10 12- 2 12- 7 12-11 13-3 13-7 13-11 14-2 14-6 1410 15- 1 15- S 15- 8 15-11 16- 3

12 .0 7-7 9-3 10-8 11-1 i 13- 1 14-2 15- 1 16-0 16-11 17-9 18- 6 19-3 20.0 20-8 21-4 22-0 22-8 23-3 23-11 24 6 25- 1`25- 7
16 .0 6-6 8-0 9-3 10-4 11-4 12-3 13-1 13-10 14 8 15-4 16-0 16-8 17-4 17-11 18-6 19-1 19-7 20-2 20-8 21-2 21- 8 22- 2 22-8 23-1 23-7 24 02x10 19 .2 6 .0 7-4 8.5 9-5 -

10-4 11-2 l 1-11 12-8 13- 4. 14-0 14-8 15-3 15-10 16-4 16-11 17-5 17-11 18-5 18- 1 1 19-4 19-10 20- 3 20- 8 21-1 21-6 21-11 22-4 22- 924 .0 5-4 6-6 7-7 8- 5 9-3 10-0 10-8 11-4 11-11 12•6 13-1 13-7 14-2 14-8 15-1 15-7 16-0 16-6 16-11 17-4 17-9 18-1 18-6 18-11 19-3 19-7 20-0 20-4 20- 8

E 12.0 0.06 0.11 0.17 0 .23 0 .31 0 .38 0.47 0.56 0 .66 0.76 0 .86 0 .97 1 .09 1 .21 1 .33 1 .46 1 .59 1 .72 1 .86 2 .00 2 .14 2 .29 2.44 2 .6 0
E 16.0 0 .05 0.09 0.14 0.20 0.26 0 .33 0:41 0 .49 0 .57 0-66 0 .75 0 .84 0.94 1 .05 1 .15 1 .26 1 .37 1 .49 1 .61 1 .73 1 .86 1 .99 2.12 2 .25 2 .39 2.5 3
E 19.2 0.05 . 0.09 0.13 0.18 0.24 0.30 0.37 0.44 0 .52 0.60 0.68 0 .77 0.86 0 .95 1 .05 1 .15 1 .25 1 .36 1 .47 1 .58 1 .70 1 .81 1 .93 2.05 2 .18 2.31 2 .43 2 .57E 24.0 0.04 0.08 0.12 0.16 0.22 0.27 0.33 0.40 0 .46 0.54 0.61 0 .69 0.77 0.85 0 .94 1 .03 1 .12 1 .22 1 .31 1 .41 1 .52 1 .62 1 .73 1 .84 1 .95 2.06 2 .18 2 .30 2.41

Note : The required modulus of elesticity, E, in .1,000,000 pounds per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and less, and is applicable to all lumber sizes ahown . Spana are .
shown in feet-inches and are limited to 26' and less. Check sources of supply for availability of lumber in lengths greater than 20' :
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TABLE R-22
RAFTERS WITH L/180 DEFLECTION LIMITATION

DESIGN CRITERIA:
Strength - Live Load of 30 psf plu a
Dead Load of 20 psf determines the required be nding design value .
Detlection - For 30 pef live load.
lamited to span in inches divided by 180 .

Rafter 13endiag Design Value, F`, (psi)
Size Spacing
(~►) t~)

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 300 0

12 .0 2-10 3-6 4-0 4- 6 4• 11 5-4 5-9 6-1 6-5 6-8 7-0 7-3 7-7 7-10 8-1 8-4 8-7 8-10 9-0 9-3 9-6 9-8 9-1 1 10- l 10-4 10-6 10- 8 10-11 11- 1
16 .0 2-6 3-0 3-6 3-11 4-3 4-8 4-11 5-3 5-6 5-10 6-1 6-4 6-7 6-9 7-0 7-3 7-5 7-8 7-10 8-0 8-2 8-5 8-7 8-9 8-11 9- 1 9-3 9- 5 9- 7

2x 4 19.2 2-3 2-9 3-2 3-7 3-1 1 4-3 4-6 4-10 5-1 5 .4 5-6 5-9 6-0 6-2 6-5 6-7 6-9 7-0 7-2 7-4 7-6 7-8 7-10 8-0 8-2 8-4 8-5 8-7 8- 9
24 .0 2-0 2-6 2-10 3 -2 3-6 3-9 4,0 4-3 4-6 4-9 4-11 5-2 5-4 5-6 5-9 5-11 6-7 6-3 6-5 6-7 6-8 6-10 7-0 7-2 7-3 7-S 7-7 7-8 7-1 0

12 .0 4-6 5-6 6-4 7-1 7-9 8-5 9-0 9-6 10-0 10-6 11-0 1 1-5 11-11 12-4 12-8 13-1 13-6 13-10 14-2 14-7 14-11 15-3 1.5-7 15-11 16-2 16-6 16-10 17-1 17- 5
16 .0 3-11 4-9 5-6 6-2 6-9 7-3 7-9 8-3 8-8 9-1 9-6 9-11 10-3 10-8 11-0 11-4 1 1-8 12-0 12-4 12-7 12-11 13-2 13-6 13-9 14-0 14-3 14-7 141015- 1

2x6 19.2 3-7 4-4 5-0 5-7 6-2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9-5 9-9 10-0 10-4 10-8 10-1111-3 11-6 11-9 12-0 12-4 12-7 12-1013-1 13-3 13-6 13- 9
24 .0 3-2 3-1 1 4-6 5- 0 5-6 5-11 6-4 6- 9 7-1 7-5 7-9 8- 1 8-5 8-8 9-0 9-3 9-6 9-9 10-0 10-3 10-6 10-9 11-0 11-3 1 1- S 11-8 11-11 12- i 12- 4

12 .0 5-11 7-3 8-4 9-4 10- 3 11- 1 11-10 12- 7 13- 3 13-11 14- 6 15- 1 15- 8 16- 3 16- 9 17- 3 17- 9 18 .3 14- 9 19- 2 19- 8 20- 1 20- 6 20-1 l 21- 4 21- 9 22- 2 22- 6 22-1 1
16 .0 5-2 6-3 7-3 8- 1 8-11 9-7 10-3 10-10 1 l- 6 12-0 12-7 13- 1 13-7 14-0 14-6 1411 15- S 15-1 0 16- 3 16-7 17- 0 17-5 17-9 18-1 18-6 18-10 19-2 19- 6 19-1 0

2x 8 19.2, 4-8 5-9 6.7 7- 5 8-1 8-9 9-4 9-11 10-6 11- 0 11-6 1 l-l t 12-S 12-10 13-3 1 3- 8 14-0 14 S 14-10 15- 2 15-6 15-10 16-3 16-7 16-10 17-2 17-6 17-10 18- 1
24 .0 4-2 5-2 5-11 6- 7 7-3 7-10 8-4 8-11 9-4 9-10 10-3 10-8 11- 1 11-6 11-10 12-2 12- ? 12-11 13-3 13-7 13-11 14- 2 14-6 1410 15- 1 15- S 15- 8 15- 1 I 16- 3

12.0 7-7 9-3 10-8 11-11 13-1 14-2 15-1 16-0 16-11 17-9 18-6 19-3 20-0 20-8 21-4 22- 0 22-8 23-3 23-11 24-6 25-1 25- 7
16.0 6- 6 8-0 9-3 10-4 1 l- 4 12-3 13- l 13- 10 14- 8 15-4 16-0 16-8 17-4 17-11 18-6 19- 1 19- 7 20-2 20-8 21- 2 21-8 22-2 22-8 23-1 23-7 24-0 24-6 24-11 25- 4

2x10 19.2 6-0 7-4 8-5 9-5 10- 4 11- 2 11-11 12- 8 13- 4 14-0 14-8 15- 3 15-10 16- 4 16-11 17- S 17-11 18- S 18-11 19- 4 19-10 20- 3 20-8 21- 1 21- 6 21-11 22- 4 22- 9 23- 1
24.0 5 .4 6.6 7 - 7 8 • S 9.3 10.0 10-8 11- 4 11-11 12- 6 13 .1 13- 7 14-2 14-8 15- t 15- 7 16.0 16- 6 16- 1 1 17- 4 17- 9 18- I 18- 6 18-11 19- 3 19- 7 20 .0 20-4 20- 8

B 12.0 0.04 0 .08 0.12 0.17 0.23 0 .29 0.35 0.42 0.49 0.57 0 .65 0.73 0.82 0 .91 1 .00 1 .09 1 .19 1 .29 1 .39 1 .50 1 .61 1 .72 1 .83 1 .95 2.07 2 .19 2 .31 2 .43 2.56
H 16.0 0.04 0 .07 0.11 0.15 0.20 0.25 0.31 0.36 0.43 0.49 0.56 0.63 0.71 0.78 0.86 0.95 1 .03 1 .12 1 .21 1 .30 1 .39 1 .49 1 .59 1 .69 1 .79 1 .89 2.00 2.11 2.2 2
E 19.2 0.03 0 .06 0.10 0.14 0.18 0 :23 0.28 0 .33 0.39 0.45 0 .51 0.58 0.65 0 .72 0:79 0.86 0.94 1 .02 1 .10 1 .19 1 .27 1 .36 1 .45 1 .54 1 .63 1 .73 1 .83 1 .92 2.03
E 24.0 0.03 0 .06 0.09 0.12 0.16 0 .20 0.25 0.30 0.35 0.40 0 .46 0 .52 0.58 0 .64 0.71 .0.77 0.84 0.91 0 .99 1 .06 1 .14 1 .22 1 .30 1 .38 1 .46 1 .55 1 .63 1 .72 1 .8 1

Note : The required modulus of elasticity, H, in 1,000,000 pounds per square inch is shown at the bottom of each table, is limited to 2 .6 million psi and lees, and is applicable to all lumber s',zea shown . Spans are
shown in feet-inches and are limited to 26' and less . Check sources of supply for availability of lumber in lengths greater than 20',
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TABLE R-2 3
RAFTERS WITH L/180 DEFLECTION LIMITATIO N

DESIGN CRITERIA :
Strength - Live Load of 40 psf plus
Dead Load of 20 paf determines the required bending design value .
Deflection - For 40 paf live load .
Linuted to span in inches divided by 180 .

Rafter If-ding Design Value, F, (psi)
size spWing

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 300 0

12 .0 2-7 3-2 3-8 4-1 4-6 4-11 5-3 5-6 5-10 6-1 6• 5 6-8 6-1 1 7-2 7-5 74 7-10 8-0 8-3 8- S 8-8 8-10 9-0 9-3 9-5 9-7 9-9 9-11 10- 116 .0 2-3 2-9 3-2 3-7 3-11 4-3 4-6 4-10 5-1 5-4 5-6 5-9 6-0 6-2 6-5 6-7 6-9 7-0 7-2 7-4 7-6 7-8 7-10 8-0 8-2 8-4 8-5 8-7 8- 92x 4 19.2 2-1 2-6 2-11 3-3 3-7 3-10 4-1 4-4 4- 7- 4-10 5-1 5-3 5-5 5-8 5-10 6-0 6-2 6-4 6-6 6-8 6-10 7-0 7-2 7-3 7-5 7-7 7-9 7-10 8- 024 .0 1-10 2-3 2-7 2-11 3-2 3-5 3-8 3-11 4-1 4-4 4-6 4- 8 4-11 5-1 5-3 5-5 5-6 5-8 5-10 6-0 6-1 6-3 6-5 6-6 6-8 6-9 6-11 7-0 7- 2

12.0 4-1 5-0 5-10 6-6 7-1 7-8 8-2 8-8 9-2 9-7 10-0 10-3 10-1011-3 11-7 11-11 12-4 12-8 13-0 13-3 13-7 13-11142 14-6 14.9 15-1 13-4 15-7 15-I 116.0 3-7 4-4 5-0 5-7 6-2 6-8 7-1 7-6 7-11 8-4 8-8 9-1 9-5 9-9 10-0 10-4 10-8 10-11 11-3 11-6 11-9 12-0 12-4 12-7 12-1013-1 13-3 13-6 13- 92x6 19.2 3-3 4-0 4-7 5-1 5-7 6-1 6-6 6-10 7-3 7-7 7-11 8-3 8-7 8-11 9-2 9-5 9-9 10-0 10-3 10-6 10-9 11-0 11-3 1 1-5 11-811-11 12-2 12-4 12- 724.0 2-11 3-7 4-1 4-7 5-0 5-55-10 6-2 6-6 6-10 7-1 7-5 7-8 7-1 1 8-2 8-5 9-8 8-1 1 9-2 9-5 9- ? 9-10 10 .0 10-3 10-5 10-8 10-10 11-0 i l- 3

12.0 5-5 6-7 7-8 8-7 9-4 10-1 10-10 11- 6 12- 1 12-8 13-3 13-9 14-4 1410 15- 3 15-9 16-3 16-8 17-1 17-6 17-11 18-4 18-9 19-1 19-6 19-10 20- 3 20-7 20-1 116.0 4-8 5-9 6 .7 7-5 8- 1 8-9 9.4 9-11 10-6 11-0 11-6 11-11 12- S 12-10 13-3 13 .8 14-0 14 S 14-10 15-2 15-6 15-10 16- 3 16-7 16-10 17-2 17- 6 17-10 18 . 1
2x8 19.2 4-3 5-3 6-0 6-9 7-5 8-0 8-7 9-1 9-7 10-0 10-6 10-11 11-4 11-8 12-112-5 12-10 13-2 13-6 13-1014-2 14-6 141015-1 15-S 15-8 16-0 16-3 16- 7

24.0 3-10 4-8 5 -5 6-0 6-7 7-2 7-8 8-1 8-7 9=0 9-4 9-9 10-1 10-6 10-1011-2 11-6 11-9 12-1 12-5 12-8 12-11 13-3 13-6 13-9 14-0 144 14-7 141 0

12.0 6-11 8-5 9-9 10-1l 11-11 12-11 13-9 14-8 15- 5 16-2 16-11 17-7 18-3 18-1l 19- 6 20- 1 20- 8 21-3 21-10 22- 4 22-10 23- S 23-11 24 S 24-10 23- 4 25-1 0
16.0 6-0 7-4 8- 5 9-5 10-4 11-2 11-11 12-8 13-4 14-0 14-8 15-3 15-10 16-4 16-11 17- 5 17-1l 18- S 18-I l 19-4 19-10 20- 3 20 .8 21- 1 21-6 21-1l 22-4 22-9 23- l

2x10 19.2 5-5 6-8 7-8 8-7 9-5 10-2 10-11 11- 7 12-2 12-9 13-4 13-11 14-5 1411 15- S 15-11 16-4 16-10 17-3 17-8 18-1 18-6 18-11 19-3 19-8 20-0 20-S 20-9 21- 1
24 .0 4-11 6-0 6-1 1 7-9 8-5 9-1 9-9 10-4 10-11 11- S 11-11 12- S 12-11 13-4 13-9 14.3 14.8 15 .0 15- S 15-10 16-2 16 .6 16-11 17-3 17.7 17-11 18 .3 18- 7 18-1 1

E 12.0 0 .04 0 .08 0 .13 0.18 0 .23 0.29 0.36 0.43 0 .50 0.58 0 .66 0 .74 0 .83 0.92 1 .01 1 .11 1 .21 1 .31 1 .41 1 .52 1 .63 1 .74 1 .86 1 .98 2 .10 2 .22 2.34 2 .47 2 .60
E 16.0 0 .04 0 .07 0 .11 0.15 0 .20 0.25 0.31 0.37 0 .43 0 .50 0 .57 0 .64 0 .72 0.80 0 .88" 0.96 1 .05 1 .13 1 .22 1 .32 1 .41 1 .51 1 .61 1 .71 1 .82 1 .92 2 .03 2 .14 2 .25
E 19.2 0 .04 0.06 0 .10 0.14 0.18 0.23 0.28 0.34 0 .40 0 .46 0 .52 0 .59 0 .65 0.73 0 .80 0.88 0.95 1 .04 132 1 .20 1 .29 1 .38 1 .47 1 .56 1 .66 1 .75 1 .85 1 .95 2 .05
E 24.0 0 .03 0.06 0 .09 0.13 0.16 0 .21 0.25 0.30 0 .35 0 .41 0 .46 0 .52 0 .59 0.65 0 .72 0 .78 0.85 0 .93 1 .00 1 .08 1 .15 1 .23 1 .31 1 .40 1 .48 1 .57 1 .66 1 .75 1 .84

Note: The required modulus of elesticity, E, in 1,000,000pounds per square inch is shown at the bottom of each table, is limited to 2.6 million psi and less, and is applicable to all lumber aizes shown . Spans are
shown in feet-inches and are limoted to 26' and less. Check sources of supply for availability of lumber in lengths greater than 20' .

ro

~

0CZA

~
~

W



94 WISCONSIN ADMINISTRATIVE CODE
II.8& 20-2 5 Appendix

Table W-1 Design Values for Joists and Rafters - Visually Graded Lumbe r

Species or Species
Combination

Species That May Be
Included in Combinatio n

Aspen Big Tooth Aspen, Quaking Aspe n
Beech-Birch-Hickory . . . . American Beech, Bitternut Hickory, Mockernut Hickory, Nutme g

Hickory, Pecan Hickory, Pignut Hickory, Shagbark Hickory,
Shellbark Hickory, Sweet Birch, Water Hickory, Yellow Birc h

Cottonwood
Douglas Fir-Larch . . .. . Douglas Fir, Western Larc h
Douglas Fir-Larch (North) . . . .. . . . .. . . . . . Douglas Fir, Western Larc h
Douglas Fir-South
Eastern Hemlock-Tamarack Eastern Hemlock, Tamarack
Eastern Softwoods .. Balsam Fir, Black Spruce, Eastern Hemlock, Eastern White Pine ,

lark Pino , Nnrwav tRarll Pino , Pitrh Pinc , . Rcrl fnn src. Tarnm rmr U..__ . . . . .. . . .,.~ . . , . . . ._ . . . ..,. . .~ . . ..~ . .. . . ... . .. .. .

White Spruc e
Eastern White Pine
Hem-Fir,; . California Red Fir, Grand Fir, Noble Fir, Pacific Silver Fir ,

Western Hemlock, White Fi t
Hem-Fir (North) . .. . . . .. .. . . .. .. : . . . . . . . .. Amabilis Fir, Western Hemlock
Mixed Mapfe . .. . . . . .. . . .. . .. . .. . .. . .. .. . . .. Black Maple, Red Maple, Silver Maple, Sugar Mapl e
Mixed Oak„ . . . . . All Oak Species graded under NELMA rules
Mixed Southern Pine . . . .. .: . .. . . . .. . . . . Any species in the Southern Pine species combination, plus eithe r

or both of the following: Virginia Pine, Pond Pine
Northern Red Oak . . .. .: . . .. . . . . .. . . . . .: . Black Oak, Northern Red Oak, Pin Oak, Scarlet Oak
Northern Species . . . .. . . .. . . . . . .. . . .All softwood species graded under NLGA rules
Northern White Cedar
Red Mapl e
Red Oak . . . 8lack Oak, Cherrybark Oak, Laurel Oak, Northern Red Oak, Pin .

Oak, Scarlet Oak, Southern Red Oak, Water Oak, Willow Oa k
Redwood
Southern Pine .. . . . . Lobiolly Pine, Longleaf Pine, Shortleaf Pine, Slash Pine
Spruce- Pine-Fir . . . .. . . . .: . .. . . . . . . . .. . . .. .. ..Alpine Fir, Balsam Fir, Black Spruce, Engelmann Spruce, Jac k

Pine, Lodgepole Pine, Red Spruce, White Spruce
Spruce-Pine-Fir (South) .. . . Balsam Fir, Black Spruce, Engelmann Spruce, Jack Pine, Lodgepol e

Pine, Norway (Red) Pine, Red Spruce, Sitka Spruce,White Spruc e
Western Cedars .. . .. . . . ,. . .. .: ;,Alaska Cedar, Incense Cedar, Port Orford Cedar, Western Red Ceda r
Western Woods . . ., .. .. .. .Any species in the Douglas Fir-Larch, Douglas Fir-South, Hem-Fir,

and Spruce-Pine-Fir (South) species combinations, plus any or al l
of the following: Alpine Fir, Idaho White Pine, Mountain Hemlock,
Ponderosa Pine, Sugar Pin e

White Oak, .. . . . Bur Oak, ChestnutOak, Live Oak, Overcup Oak, Post Oak, Swamp
ChestnutOak, Swamp White Oak, White Oak

Yellow Popla r

Register, November, 1995, No, . 479
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

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

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

Design Valu e
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rule s
Species and Grade Duration Loading Loading "E" Agency

COTTONWOO D
Select Structural 1510 1735 1885 1,200,000
No.1 1080 1240 1350 1,200,000
No..2 1080 1240 1350 1,100,000
No.3 2x4 605 695 755 1,000,000
Stud 600 690 750 1,000,000
Construction 805 925 1005 1,000,000
Standard 460 530 575 900,000
Utility 200 230 250 900,000

Select Structural 1310 1505 1635 1,200,000
No .1 935 1075 1170 1,200,000
No.2 2x6 935 1075 1170 1,100,00 0
No.3 525 600 655 1,000,00 0
Stud 545 630 685 1,000,00 0

Select Structural 1210 1390 1510 1,200,000 NSLB
No.1 2x8 865 990 1080 1,200,000
No.2 865 990 1080 1,100,000
No.3 485 555 605 1,000,000
Select Structural 1105 1275 1385 1,200,000
No.1 2x1 0 790 910 990 1,200,000
No.2 790 910 990 1,100,000
No.3 445 510 555 1,000,000

Select Structural 1005 1155 1260 1,200,000
No .1 2x12 720 825 900 1,200,000
No.2 720 825 900 1,100,00 0
No.3 405 465 505 1,000,000

DOUGLAS FIR-LARC H
Select Structural 2500 2875 3125 1,900,00 0
No.1 & Btr 1985 2280 2480 1,800,00 0
No..1 1725 1985 2155 1,700,000
No.2 1510 1735 1885 1,600,00 0
No.3 2x4 865 990 1080 1,400,00 0
Stud 855 980 1065 1,400,000
Construction 1150 1325 1440 1,500,000
Standard 635 725 790 1,400,00 0
Utitity 315 365 395 1,300,000

Select Structural 2170 2495 2710 1,900,00 0
No.1 & Btr 1720 1975 2150 1,800,000
No.1 2x6 1495 1720 1870 1,700,000
No.2 1310 1505 1635 1,600,00 0
No.3 750 860 935 1,400,000
Stud 775 895 970 1,400,000

Select Structural 2000 2300 2500 1,900,000 WCLI B
N^.1 & Btr 1585 1825 1985 1,800,000 WWPA
No.1 2x8 1380 1585 1725 1,700,000
No.2 1210 1390 1510 1,600,00 0
No .3 690 795 865 1,400,000

Select Structural 1835 2110 2295 1,900,000
No .1 & Btr 1455 1675 1820 1,800,000
No.1 2x10 1265 1455 1580 1,700,000
No.2 1105 1275 1385 1,600,000
No .3 635 725 790 1,400,000

Select Structural 1670 1920 2085 1,900,000
No .1 & Btr 1325 1520 1655 1,800,000
No.1 2x12 1150 1325 1440 1,700,000
No .2 1005 1155 1260 1,600,000
No3 575 660 720 1,400,000

Register, November, 1995, No . 479
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

These "Fb" values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fe' values shall be reduced 13% .

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

Design Valu e
in Bending "Fb" Modulus of Gradin g

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

DOUGLAS FIR-LARCH ( NORTH )
Select Structural 2245 2580 2805 1,900,00 0
No .1 /No.2 1425 1635 1780 1,600,000
No .3 820 940 1025 1,400,000
Stud 2x4 820 945 1030 1,400,000
Construction 1095 1255 1365 1,500,000
Standard 605 695 755 1,400,000
Utility 290 330 360 1,300,000
Select Structural 1945 2235 2430 1,900,000
No.1 /No.2 2x6 1235 1420 1540 1,600,000
No..3 710 815 890 1,400,000
Stud 750 860 935 1,400,000 NLGA

Select Structural 1795 2065 2245 1,900,000
No.1 /No.2 2x8 1140 1310 1425 1,600,000
No.3 655 755 820 1,400,000

Select Structural 1645 1890 2055 1,900,000
No.1 /No ..2 2x1 0 1045 1200 1305 1,600,000
No.3 600 690 750 1,400,000
Select Structural 1495 1720 1870 1,900,000
No.1 /No.2 2x12 950 1090 1185 1,600,000
No.3 545 630 685 1,400,000

DOUGLAS FIR-SOUT H
Select Structural 2245 2580 2805 1,400,00 0
No.1 1555 1785 1940 1,300;000
No.2 1425 1635 1780 1,200,000
No.3 2x4 820 940 1025 1,100,000
Stud 820 945 1030 1,100,000
Construction 1065 1225 1330 1,200,000
Standard 605 695 755 1,100,000
Utiiity 290 330 360 1,000,00 0

Select Structural 1945 2235 2430 1,400,00 0
No.1 1345 1545 1680 1,300,00 0
No.2 2x6 1235 1420 1540 1,200,00 0
No..3 710 815 890 1,100,00 0
Stud 750 860 935 1,100,000 WWPA

Select Structural 1795 2065 2245 1,400,000
No.1 2x8 1240 1430 1555 1,300,00 0
No.2 1140 1310 ° 1425 1,200,000
No.3 655 755 820 1,100,00 0

Select Structural 1645 1890 2055 1,400,00 0
No.1 2x10 1140 1310 1425 1 ,300,000
No.2 1045 1200 1305 1,200,000
No.3 600 690 750 1,100,000

Select Structural 1495 172017w „'n.~ . .. t,400 n00

No..1 2x12 1035 1190 1295 1,300,000
No.,2 950 1090 1185 1,200,000
No.,3 545 630 685 1,100,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

These "Fb" values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fti' values shall be reduced 13%.

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

,EASTERN HEMLOCK-TAMARACK
Select Structural 2155 2480 2695 1,200,000
No.1 1335 1535 1670 1,100,000
No.2 990 1140 1240 1,100,000
No.3 2x4 605 695 755 900,000
Stud 570 655 710 900,000
Construction 775 895 970 1,000,000
Standard 430 495 540 900,000
Sit' ny 200 230 250 800,000

Select Structural 1870 2150 2335 1,200,000
No.1 1160 1330 1450 1,100,000
No.2 2x6 860 990 1075 1,100,000
No.3 525 600 655 900,000
Stud 520 595 645 900,000 N'ELMA

Select Structural 1725 1985 2155 1,200,000 NSLB
No .1 2x8 1070 1230 1335 1,100,000
No .2 795 915 990 1,100,00 0
No .3 485 555 605 900,000

Select Structural 1580 1820 1975 1,200,000
No .1 2x10 980 1125 1225 1,100,00 0
No.2 725 835 910 1,100,00 0
No.3 445 510 555 900,000

Select Structural 1440 1655 1795 1,200,000
No.1 2x12 890 1025 1115 1,100,00 0
No.2 660 760 825 1,100,000
No.3 405 465 505 900,000

EASTERN SOFTWOODS
Select Structural 2155 2480 2695 1,200,00 0
No..1 1335 1535 1670 1,100,000
No.2 990 1140 1240 1,100,00 0
No3 2x4 605 695 755 900,000
Stud 570 655 710 900,000
Construction 775 895 970 1,000,00 0
Standard 430 495 540 900,00 0
Utility 200 230 250 800,000

Select Structural 1870 2150 2335 1,200,00 0
No.1 1160 1330 1450 1,100,00 0
No.2 2x6 860 990 1075 1,100,00 0
No.3 525 600 655 900,000
Stud 520 595 645 900,000 NELMA

Select Structural 1725 1985 2155 1,200,000 NSLB

No.1 2x8 1070 1230 1335 1,100,00 0
No.2 795 915 990 1,100,00 0
No.3 485 555 605 900,00 0
Select Structural 1580 1820 1975 1,200,00 0
No.1 2x10 980 1125 1225 1,100,000
No..2 725 835 910 1,100,000
No.3 445 510 555 900,000

Select Structural 1440 1655 1795 1,200,000
No.1 2x12 890 1025 1115 1,4 00,000
No.2 660 760 825 1,100,000
No.3 405 465 505 900,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

These "Fe' values are for use where repetitive members are spaced not more than 24 inches. For wider
spacing, the "Fb" values shall be reduced 13% .

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

EASTERN WHITE PIN E
Select Structural 2155 2480 2695 1,200,000
No .1 1335 1535 1670 1,100,000
No .2 990 1140 1240 1,100,00 0
No .3 2x4 605 695 755 900,000
Stud S70 655 710 900,000
Construction 775 895 970 1,000,000
Standard 430 495 540 900.000
Utility 200 230 250 800,000

Select Structural 1870 2150 2335 1,200,000
No.1 1160 1330 1450 1,100,000
No.2 2x6 860 990 1075 1,100,000
No.3 525 600 655 900,000
Stud 520 595 645 900,000 NELM A

Select Structural 1725 1985 2155 1,200,000 NSLB

No.1 2x8 1070 1230 1335 1,100,000
No.2 795 915 990 1,100,000
No.3 485 555 605 900.000
Select Structural 1580 1820 1975 1,200,000
No .1 2x10 980 1125 1225 1,100,000
No.2 725 835 910 1,100,000
No.3 445 510 555 900,000

Select Structural 1440 1655 1795 1,200,00 0
No.1 2x12 890 1025 1115 1,100,00 0
No.2 660 760 825 1,100,00 0
No.3 405 465 505 900,000

HEM-FI R
Select Structural 2415 2775 3020 1,600,000
No.1 & Btr 1810 2085 2265 1,500,00 0
No ..1 1640 1885 2050 1,500,00 0
No.2 1465 1685 1835 1,300,00 0
No..3 2x4 865 990 1080 1,200,00 0
Stud 855 980 1065 1,200,00 0
Construction 1120 1290 1400 1,300,00 0
Standard 635 725 790 1,200,000
Utility 290 330 360 1,100,000

Select Structural 2095 2405 2615 1,600,00 0
No .1 & Btr 1570 1805 1960 1,500,00 0
No.1 2x6 1420 1635 1775 1,500,00 0
No.2 1270 1460 1590 1,300,00 0
No.3 750 860 935 1,200,000
Stud 775 895 970 1,200,00 0

Select Structural 1930 2220 2415 1,600,000 WCLI B
Nn,t & Btr 1450 ? 565 10,nv.v 1 tM M/~

,avv,vvv
U1 • tl1w
wlrrrr a

No.1 2x8 1310 1510 1640 1,500,000
No.2 1175 1350 1465 1,300,000
No.3 690 795 865 1,200,000

Select Structural 1770 2035 2215 1,600,000
No.1 & Btr 1330 1525 1660 1,500,000
No.1 2x10 1200 1380 1500 1,500,00 0
No.2 1075 1235 1345 1,300,000
No.3 635 725 790 1,200,000

Seled Structural 1610 1850 2015 1,600,00 0
No..1 & Btr 1210 1390 1510 1,500,000
No.1 2x12 1095 1255 1365 1,500,000
No.2 980 1125 1220 1,300,000
No.3 575 660 720 1,200,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

These "Fb" values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fb'vatues shal l be reduced 13%.

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

Design Valu e
in Bending "Fe' Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

HEM-FIR (NORTH )
Select Structural 2245 2580 2805 1,700,000
No,1 /No..2 1725 1985 2155 1,600,000
No.3 990 1140 1240 1,400,000
Stud 2x4 980 1125 1225 1,400,000
Construction 1325 1520 1655 1,500,000
Standard 720 825 900 1,400,00 0
Utility 345 395 430 1,300,000

Seieet Structural 1945 2235 2430 1,700,000
No .1 /No .2 2x6 1495 1720 1870 1,600,000
No.3 860 990 1075 1,400,00 0
Stud 890 1025 1115 1,400,000 NLGA

Select Structural 1795 2065 2245 1,700,000
No.,1 /No.2 2x8 1380 1585 1725 1,600,00 0
No3 795 915 990 1,400,000
Select Structural 1645 1890 2055 1,700,00 0
No.1 /No.2 2x10 1265 1455 1580 1,600,00 0
No3 725 835 910 1,400,000

Select Structural 1495 1720 1870 1,700,000
No.1 /No,2 2x12 1150 1325 1440 1,600,000
N6.3 660 760 825 1,400,000

MIXED MAPLE
Select Structural 1725 1985 2155 1,300,000
No.1 1250 1440 1565 1,200,000
No.2 1210 1390 1510 1,100,000
No.3 2x4 690 795 865 1,000,000
Stud 695 800 870 1,000,000
Construction 920 1060 1150 1,100,000
Standard 520 595 645 1,000,000
Utility 260 300 325 900,000

Select Structural 1495 1720 1870 1,300,000
No.1 1085 1245 1355 1,200,000
No.2 2x6 1045 1205 1310 1,100,000
No.3 600 690 750 1,000,000
Stud 635 725 790 1,000,000 NELMA

Select Structural 1380 1585 1725 1,300,000
No .1 2x8 1000 1150 1250 1,200,000
No .2 965 1110 1210 1,100,000
No .3 550 635 690 1,000,000

Select Structural 1265 1455 1580 1 1300,000
No .1 2x10 915 1055 1145 1,200,000
No.2 885 1020 1105 1,100,000
No.3 505 580 635 1,000,00 0

seiectStructura'i 115V 1325 1440 1,300,000
No.1 2x12 835 960 1040 1,200,000
No.2 805 925 1005 1,100,000
Na3 460 530 575 1,000,000
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TABLE W-9 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

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

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rule s
Species and Grade Duration Loading Loading "E" Agenc y

MIXED OA K
Select Structural 1985 2280 2480 1,100,00 0
No .1 1425 1635 1780 1,000,000
No .2 1380 1585 1725 900,000
No .3 2x4 820 940 1025 800,000
Stud 790 910 990 800,000
Construction 1065 1225 1330 900,000
Standard 605 695 755 800,000
Utility 290 330 360 800,000

Select Structural 1720 1975 2150 1,100,000
No .1 1235 1420 1540 1,000,000
No.2 2x6 1195 1375 1495 900,000
No..3 710 815 890 800,000
Stud 720 825 900 800,000 NELMA

Select Structural 1585 1825 1985 1,100,000
No..1 2x8 1140 1310 1425 1,000,000
No.2 1105 1270 1380 900,000
No.3 655 755 820 800,000

Select Structural 1455 1675 1820 1,100,000
No.1 2x10 1045 1200 1305 1,000,000
No.,2 1010 1165 1265 900,000
No.3 600 690 750 800,000

Select Structural 1325 1520 1655 1,100,000
No.1 2x1 2 950 1090 1185 1 ,000,000
No.2 920 1060 1150 900,000
No.3 545 630 685 800,000

MIXED SOUTHERN PIN E
Select Structural 2360 2710 2950 1,600,000
No.1 1670 1920 2080 1,500,000
No.2 1500 1720 1870 1,400,000
No.3 2x4 865 990 1080 1,200,000
Stud 890 1020 1110 1,200,000
Construction 1150 1320 1440 1,300,000
Standard 635 725 790 1,200,000
Utility 315 365 395 .1,100,000

Select Structural 2130 2450 2660 1,600,000
No.1 1490 1720 1870 1,500,000
No.2 2x6 1320 1520 1650 1,400,000
No.3 775 895 970 1,200,000
Stud 775 895 970 1,200,000 SPI B
Select Structural 2010 2310 2520 1,600,00 0
No.1 2x8 1380 1590 1720 1,500,000
No.2 1210 1390 1510 1,400,000
N~.3 720 825 900 1,200,00 0

Select Structural 1730 1980 2160 1,600,000
No.1 2x10 1210 1390 1510 1,500,00 0
No.2 1060 1220 1330 1,400,00 0
No.3 605 695 755 1,200,00 0

Select Structural 1610 1850 2010 1,600,000
No.1 2x12 1120 1290 1400 1,500,00 0
No.2 1010 1160 1260 1,400,000
No.3 575 660 720 1,200,00 0
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

These "Fb" values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fe" values shall be reduced 13% .

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

NORTHERN RED OAK
Select Structural 2415 2775 3020 1,400,000
No.1 1725 1985 2155 1,400,000
No.2 1680 1935 2100 1,300,000
No.3 2x4 950 1090 1185 1,200,000
Stud 950 1090 1185 1,200,000
Construction 1265 1455 1580 1,200,000
Standard 720 825 900 1,100,000
Utiiity 345 395 430 10.,~ 000

Select Structural 2095 2405 2615 1,400,000
No..1 1495 1720 1870 1,400,000
No.2 2x6 1460 1675 1820 1,300,000
No.,3 820 945 1030 1,200,000
Stud 865 990 1080 1,200,000 NELM A

Select Structural 1930 2220 2415 1,400,00 0
No.1 2x8 1380 1585 1725 1,400,00 0
No..2 1345 1545 1680 1,300,000
No.3 760 875 950 1,200,00 0

Select Structural 1770 2035 2215 1,400,00 0
No.1 2x10 1265 1455 1580 1,400,00 0
No.2 1235 1420 1540 1,300,00 0
No.3 695 800 870 1,200,00 0

Select Structural 1610 1850 2015 1,400,00 0
No.1 2x12 1150 1325 1440 1,400,00 0
No .2 1120 1290 1400 1,300,00 0
No.3 635 725 790 1,200,000

NORTHERN SPECIES
Select Structural 1640 1885 2050 1,100,00 0
No ..1 /No.2 990 1140 1240 1,100,00 0
No .3 605 695 755 1 1000,000
Stud 2x4 570 655 710 1,000,00 0
Construction 775 895 970 1,000,000
Standard 430 495 540 900,000
U tility 200 230 250 900,000

Select Structural 1420 1635 1775 1,100,000
No .1 /No .2 2x6 860 990 1075 1,100,000
No .3 525 600 655 1,000,00 0
Stud 520 595 645 1,000,000 NLGA

Select Structural 1310 1510 1640 1,100,000
No ..1/No.2 2x8 795 915 996 1,100,000
No.3 485 555 605 1,000,000
Select Structural 1200 1380 1500 1,100,000
No ..1 /No .2 2x10 725 835 910 1,100,000
No.3 445 510 555 1,000,000

Select Structural 1095 1255 1365 1,100,000
No .1 /No .2 2x12 660 760 825 1,100,000
No.3 405 465 505 1,000,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

These "Fb" values are for use where repetitive members are spaced not more than 24 inches. For wider
spacing, the "Fti'values shall be reduced 13% ..

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

Design Valu e
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

NORTHERN WHITE CEDA R
Select Structural 1335 1535 1670 800,000
No .1 990 1140 1240 700,000
No .2 950 1090 1185 700,000
No .3 2x4 560 645 700 600,000
Stud 540 620 670 600,000
Construction 720 825 900 700,000
Standard 405 465 505 600,00 0
iitiiity 200 230 250 600,000

Select Structural 1160 1330 1450 800,000
No.1 860 990 1075 700,000
No.2 2x6 820 945 1030 700,000
No.3 485 560 605 600,000
Stud 490 560 610 600,000 NELMA

Select Structural 1070 1230 1335 800,000
No.1 2x8 795 915 990 700,000
No.2 760 875 950 700,000
No.3 450 515 560 600,000

Select Structural 980 1125 1225 800,000
No .1 2x10 725 835 910 700,000
No .2 695 800 870 700,000
No .3 410 475 515 600,000

Select Structural 890 1025 1115 800,000
No.1 2x12 660 760 825 700,000
No.2 635 725 790 700,000
No3 375 430 465 600,000

RED MAPLE
Select Structural 2245 2580 2805 1,700,000
No,:1 1595 1835 1995 1,600,000
No,.2 1555 1785 1940 1,500,000
No.3 2x4 905 1040 1130 1,300,000
Stud 885 1020 1105 1 ,300,000
Construction 1210 1390 1510 1,400,000
Standard 660 760 825 1,300,00 0
utility 315 365 395 1,200,000

Select Structural 1945 2235 2430 1,700,00 0
No.1 1385 1590 1730 1,600,000
No.2 2x6 1345 1545 1680 1,500,000 -
No.3 785 905 980 1,300,00 0
Stud 805 925 1005 1,300,000 NELMA

Select Structural 1795 2065 2245 1,700,000
No.1 2x8 1275 1470 1595 1,600,00 0
No.2 1240 1430 1555 1,500,000
No.3 725 835 905 1°^^ ^^^,, ...,,v~..

Select Structural 1645 1890 2055 1,700,00 0
No.1 2x1 0 1170 1345 1465 1,600,000
No.2 1140 1310 1425 1,500,000
No3 665 765 830 1,300,000

Select Structural 1495 1720 1870 1,700,000
No.1 2x12 1065 1225 1330 1,600,000
No.2 1035 1190 1295 1,500,000
No..3 605 695 755 1,300,000
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{ TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

These "Fb" " values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fb" values shall be reduced 13%..

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rule s
Species and Grade Duration Loading Loading "E" Agenc y

RED OAK
Select Structural 1985 2280 2480 1,400,000
No .1 1425 1635 1780 1,300,000
No .2 1380 1585 1725 1,200,000
No .3 2x4 820 940 1025 1,100,000
Stud 790 910 990 1,100,000
Construction 1065 1225 1330 1,200,000
Standard 605 695 755 1,100,000

330 360 1,000,000

Select Structural 1720 1975 21 S0 1,400,000
No.1 1235 1420 1540 1,300,000
No.2 2x6 1195 1375 1495 1,200,000
No.3 710 815 890 1,100,000
Stud 720 825 900 1,100,000 NELMA

Select Structural 1585 1825 1985 1,400,000
No.1 2x8 1140 1310 1425 1,300,000
No.2 1105 1270 1380 1,200,000
No.3 655 755 820 1,100,00 0

Select Structural 1455 1675 1820 1,400,00 0
No„1 2x1 0 1045 1200 1305 1,300,000
No .2 1010 1165 1265 1,200,00 0
No.3 600 690 750 1,100,000

Select Structural 1325 1520 1655 1,400,00 0
No .1 2x12 950 1090 1185 1,300,000
No ..2 920 1060 1150 1,200,00 0
No .3 545 630 685 1,100,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

These "Fe" values are for use where repetitive members are spaced not more than 24 inches, For wider
spacing, the "Fe' values shall be reduced 13%..

Values for surfaced dry o r su rfaced green lumber apply at 19% maximum moisture content in use .

Design Value
in Bending "Fp" Modulus of Gradin g

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

REDWOOD
Clear Structural 3020 3470 3775 1,400,000
Select Structural 2330 2680 2910 1,400,000
Select Structural, open grain 1900 2180 2370 1,100,000
No .1 1680 1935 2100 1,300,000
No1, open grain 1335 1535 1670 1,100,000
No ..2 1595 1835 1995 1,200,00 0
No.2, open grain 2x4 1250 1440 1565 1,000,00 0
No3 905 1040 1130 1,100,00 0
No3, open grain 735 845 915 900,000
Stud 725 835 910 900,000
Construction 950 1090 1185 900,000
Standard 520 595 645 900,000
Utility 260 300 325 800,000

Clear Structural 2615 3010 3270 1,400,000
Select Structural 2020 2320 2525 1,400,000
Select Structural, open grain 1645 1890 2055 1,100,000
No .1 1460 1675 1820 1,300,000
No.J, open grain 2x6 1160 1330 1450 1,100,000
No.,2 1385 1590 1730 1,200,000
No.2, open grain 1085 1245 1355 1,000,00 0
No.3 785 905 980 1,100,00 0
No3, open grain 635 730 795 900,000
Stud 660 760 825 900,000
Clear Structural 2415 2775 3020 1,400,000
Select Structural 1865 2140 2330 1,400,000 RI S
Select Structural, open grain 1520 1745 1900 1,100,000
NoA 1345 1545 1680 1,300,000
No..1, open grain 2x8 1070 1230 1335 1,100,000
No.,2 1275 1470 1595 1,200,000
No.2, open grain 1000 1150 1250 1,000,000
No..3 725 835 905 1,100,000
No.3, open grain 585 675 735 900,000
Clear Structural 2215 2545 2765 1,400,000
Select Structural 1710 1965 2135 1,400,00 0
Select Structural, open grain 1390 1600 1740 1,100,000
NoA 1235 1420 1540 1,300,000
No..1, open grain 2x10 980 1125 1225 1,100,00 0
No,.2 1170 1345 1465 1,200,00 0
No.2, open grain 915 1055 1145 1,000,00 0
No.3 665 765 830 1,100,00 0
No.3, open grain 540 620 670 900,000
Clear Structural 2015 2315 2515 1,400,000
Select Structural 1555 1785 1940 1,400,000
Select Structural, open grain 1265 1455 1580 1,100,000
No .1 1120 1290 1400 1,300,000
No .1, open grain 2x12 890 1025 1115 1,100,000
No 2 1065 1225 1330 1,200,000
No..2, open grain 835 960 1040 1,000,000
No.3 605 695 755 1,100,000
No.3, open grain 490 560 610 900,000

ti
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

These "Fb" " values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fb" values shall be reduced 13%.

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

Design Value
in Bending "Fe' Modulus of Gradin g

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

SOUTHERN PIN E
Dense Select Structural 3510 4030 4380 1,900,000
Select Structural 3280 3770 4100 1,800,000
Non-Dense Select Structural 3050 3500 3810 1,700,000
No.1 Dense 2300 2650 2880 1,800,000
No.1 2130 2450 2660 1,700,000
No.1 Non-Dense 1950 2250 2440 1,600,000
No..2 Dense 2x4 1960 2250 2440 1,700,000
ivo.2 i 720 1980 2160 1,600,000
No.2 Non-Dense 1550 1790 1940 1,400,000
No .3 980 1120 1220 1,400,000
Stud 1010 1160 1260 1,400,000
Construction 1270 1450 1580 1,500,000
Standard 720 825 900 1,300,000
Utility 345 395 430 1,300,000

Dense Select Structural 3100 3570 3880 1,900,000
Select Structural 2930 3370 3670 1,800,00 0
Non-Dense Select Structural 2700 3110 3380 1,700,00 0
No.J Dense 2010 2310 2520 1,800,00 0
No.1 1900 2180 2370 1,700,00 0
No.1 Non - Dense 2x6 1720 1980 2160 1,600,00 0
No..2 Dense 1670 1920 2080 1,700,00 0
No.2 1440 1650 1800 1,600,00 0
No.2 Non-Dense 1320 T520 1650 1,400,00 0
No .3 865 990 1080 1,400,00 0
Stud 890 1020 1110 1,400,00 0

Dense Select Structural 2820 3240 3520 1,900,00 0
Select Structural 2650 3040 3310 1,800,00 0
Non-Dense Select Structural 2420 2780 3020 1,700,000 SPI B
No .1 Dense 1900 2180 2370 1,800,000
No .1 2x8 1730 1980 2160 1,700,00 0
No..1 Non-Dense 1550 1790 1940 1,600,000
No..2 Dense 1610 1850 2010 1,700,000
No.2 1380 1590 1720 1,600,000
No.2 Non-Dense 1260 1450 1580 1,400,000
No3 805 925 1010 1,400,000

Dense Select Structural 2470 2840 3090 1,900,000
Select Structural 2360 2710 2950 1,800,000
Non-Dense Select Structural 2130 2450 2660 1,700,000
No.1 Dense 1670 1920 2080 1,800,000
No.1 ' 2x10 1500 1720 1870 1,700,000
No..1 Non-Dense 1380 1590 1730 1,600,000
No.2 Dense 1380 1590 1730 1,700,000
No.2 1210 1390 1510 1,600,000
No.2 Non-Dense 1090 1260 1370 1,400,000
No.3 690 795 865 1,400,000

Dense Select Structural 2360 2710 2950 1,900,000
Select Structural 2190 2510 2730 1,800,000
Non-Dense Select Structural 2010 2310 2520 1,700,000
No.1 Dense 1550 1790 1940 1,800,000
No.1 2x1 2 1440 1650 1800 1,700,000
No.1 Non-Dense 1320 1520 1650 1,600,000
No.Z Dense 1320 1520 1650 1,700,000
No.2 1120 1290 1400 1,600,000
No.2 Non-Dense 1040 1190 1290 1,400,000
No.3 660 760 825 1,400,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

These "Fb" values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fb" values shafl be reduced 13%.

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

SPRUCE-PINE-FI R
Select Structural 2155 2480 2695 1,500,000
No„1 /No .2 1510 1735 1885 1,400,000
No.3 865 990 1080 1,200,000
Stud 2x4 855 980 1065 1,200,000
Construction 1120 1290 1400 1,300,000
Standard 635 725 790 1,200,000
Utility 290 330 360 1,100,000
Select Structural 1870 2150 2335 1,500,000
No.1 / No.2 2x6 1310 1505 1635 1,400,000
No .3 750 860 935 1,200,000
Stud 775 895 970 1,200,000 NLGA
Select Structural 1725 1985 2155 1,500,000
No.1 / No.2 2x8 1210 1390 1510 1,400,000
No.3 690 795 865 1,200,000
Select Structural 1580 1820 1975 1,500,000
No.1 / No.2 2x10 1105 1275 1385 1,400,000
No.3 635 725 790 1,200,000
Select Structural 1440 1655 1795 1,500,000
No.1 /No.2 2x12 1005 1155 1260 1,400,000
No .3 575 660 720 1,200,000

SPRUCE-PINE-FIR (SOUTH)
Select Structural 2245 2580 2805 1,300,000
No.1 1465 1685 1835 1,200,000
No.2 1295 1490 1615 1,100,000
No.3 2x4 735 845 915 1,000,00 0
Stud 725 835 910 1,000,00 0
Construction 980 1125 1220 1,000,00 0
Standard 545 630 685 900,00 0
Utifity 260 300 325 900,000

Select Structural 1945 2235 2430 1,300,000
No.1 1270 1460 1590 1,200,000
No.2 2x6 1120 1290 1400 1,100,000
No ..3 635 730 795 1 1000,000 NELMA
Stud 660 760 825 1,000,000 NSLB

Select Structural 1795 2065 2245 1,300,000 WCU B
No.1 2x8 1175 1350 1465 1,200,000 WWPA
No.2 1035 1190 1295 1,100,000
No.3 585 675 735 1,000,000
Select Structural 1645 1890 2055 1,300,000
No.1 2x10 1075 1235 1345 1,200,000
No.:2 950 1090 1185 1,100,000
No.3 540 620 670 1 1000,000

Select Structural 1495 720 1870 1,300,000
No.1 2x12 980 125 1220 1,200,000
No.2 865 990

L
1080 1,100,000

No .3 490 S60 610 1,000,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBER

These "Fb" values are for use where repetitive members are spaced not more than 24 inches . For wider
spacing, the "Fb" values shall be reduced 13%„

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

Design Valu e
in Bending "Fe" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agency

WESTERN CEDARS
Select Structural 1725 1985 2155 1,100,000
No.1 1250 1440 1565 1,000,000
No.2 1210 1390 1510 1,000,000
No.3 2x4 690 795 865 900,000
Stud 695 800 870 900,000
Construction 920 1060 1150 900,000
Standard 520 595 645 800,000
Utiiity 260 300 325 800,000
Select Structural 1495 1720 1870 1,100,000
No.1 1085 1245 1355 1,000,000
No.2 2x6 1045 1205 1310 1,000,00 0
No.3 600 690 750 900,000
Stud 635 725 790 900,000 WCLt B

Select Structural 1380 1585 1725 1,100,000 WVV pA
No .1 2x8 1000 1150 1250 1,000,00 0
No..2 965 1110 1210 1,000,00 0
No3 550 635 690 900,000

Select Structural 1265 1455 1580 1,100,000
No .1 2x10 915 1055 1145 1,000,00 0
No.2 885 1020 1105 1,000,000
No.3 505 580 635 900,000

Select Structural 1150 1325 1440 1,100,000
No .1 . 2x12 835 960 1040 1,000,000
No.2 805 925 1005 1,000,000
No..3 460 530 575 900,000

WESTERN WOODS
Select Structural 1510 1735 1885 1,200,00 0
No.1 1120 1290 1400 1,100,000
No.2 1120 1290 1400 1,000,000
No.3 2x4 645 745 810 900,000
Stud 635 725 790 900,000
Construction 835 960 1040 1,000,000
Standard 460 530 575 900,000
Utility 230 265 290 800,000

Select Structural 1310 1505 1635 1,200,000
No.1 970 1120 1215 1,100,000
No.2 2x6 970 1120 1215 1,000,000
No.3 560 645 700 900,000
Stud 575 660 720 900,000 WCLI B

Select Structural 1210 1390 1510 1,200,000 WWPA
No.1 2x8 895 1030 1120 1,100,000
No.2 895 1030 1120 1,000,000
No.3 520 595 645 900,000

Select Structural 1105 1275 1385 1,200,000
No.1 2x10 820 945 1030 1,100,000
No .2 820 945 1030 1,000,000
No.3 475 545 595 900,000

Select Structural 1005 1155 1260 1,200,000
No .1 2x12 750 860 935 1,100,000
No.,2 750 860 935 1,000,000
No..3 430 495 540 900,000
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TABLE W-1 DESIGN VALUES FOR JOISTS AND RAFTERS - VISUALLY GRADED LUMBE R

These "Fti" values are for use where repetitive members are spaced not more than 24 inches .. For wider
spacing, the "Fb" values shall be reduced 13%„

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

Design Value
in Bending "Fb" Modulus of Grading

Size Normal Snow 7-Day Elasticity Rules
Species and Grade Duration Loading Loading "E" Agenc y

WHITE OA K
Select Structural 2070 2380 2590 1,100,00 0
Na.1 1510 1735 1885 1,000,000
No.2 1465 1685 1835 900,000
No.3 2x4 820 940 1025 800,000
Stud 820 945 1030 800,000
Construction 1095 1255 1365 900,000
Standard 605 695 755 800,000
Utiiity 290 330 360 enn nnn

UVV,VVV

Select Structural ' 1795 2065 2245 1,100,000
No .1 1310 1505 1635 1,000,000
No .2 2x6 1270 1460 1590 900,000
No3 710 815 890 800,000
Stud 750 860 935 800,000 NELM A

Select Structural 1655 1905 2070 1,100,000
No .J 2x8 1210 1390 1510 1,000,000
No.2 1175 1350 1465 900,000
No.3 655 755 820 800,000

Select Structural 1520 1745 1900 1,100,000
No..1 2x10 1105 1275 1385 1,000,000
No..2 1075 1235 1345 900,000
No.3 600 690 750 800,000

Select Structural 1380 1585 1725 1,100,000
No.1 2x12 1005 1155 1260 1,000,000
No.,2 980 1125 1220 900,000
No.3 545 630 685 800,000

YELLOW POPLA R
Select Structural 1725 1985 2155 1,500,000
No .1 1250 1440 1565 1,400,000
No..2 1210 1390 1510 1,300,000
No.3 2x4 690 795 865 1,200,000
Stud 695 800 870 1,200,000
Construction 920 1060 1150 1,300,000
Standard 520 595 645 1,100,000
Utility 230 265 290 1,100,000

Select Structural 1495 1720 1870 1,500,000
No, .1 1085 1245 1355 1,400,000
No .2 2x6 1045 1205 1310 1,300,000
No .3 600 690 750 1,200,000
Stud 635 725 790 1,200,000 NSLB

Select Structural 1380 1585 1725 1,500,000
No . 1 2x8 1000 1150 1250 1,400,000
No . 2 965 1110 1210 7,300,000
No.3 550 635 690 1,200,000

Select Structural 1265 1455 1580 1,500,000
No .1 2x10 915 1055 1145 1,400,000
No. .2 885 1020 1105 1,300,000
No.3 505 580 635 1,200,000

Select Structural 1150 1325 1440 1,500,000
No.1 2x12 835 960 1040 1,400,000
No..2 805 925 1005 1,300,000
No.3 460 530 575 1,200,000
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TABLE FOOTNOTES

1 . When dimension lumber is used where moisture content will exceed 19% for an extended time
period, Fb shall be multiplied by 0„85 if Fb exceeds 1150 psi, and E shall be multiplied by 0.9.

2 . Following is a list of agencies certified by the AmericanLumberStandards Committee Board of
Review (as of 1991) for inspection and grading of untreated lumber under the rules indicated. For
the most up-to-date list of certified agencies write to :

American Lumber Standards Committe e
P.O..Box210
Germantown, Maryland 2087 4

Rules Writing Agencies Rules for which grading
is authorized

Northeastern Lumber Manufacturers Association (NELMA) . . . . .. . . ..,, . .. . . .. . . . NELMA,NLGA
272 Tuttle Road, P.O . Box 87A, Cumberland Center, Maine 0402 1

Northern Softwood Lumber Bureau (NSLB) . .,.,, . . . . .. . . . . . . . . . . .,, . . . ., . . . . . ., . . ..,. NSLB,WCLIB,WWPA,NLG A
272 Tuttle Road, P.O. Box 87A, Cumberland Center, Maine 0402 1

Redwood Inspection Service (RIS) . . . . . . . . .. .. . .. . .. . .. . . . . . . . . . . . . . . . . . . . .. .. .. .. .. . .. . . .. . RIS,WCLIB,WWPA
405 Enfrente Drive, Suite 200, Novato, California 94949

Southern Pine Inspection Bureau (SPIB) . . .. . .. . .,, . . . . . .. .,, . . . . . . . .. . .. .. .. .. . .. .. .. . . . .. . . SPlB,NELMA
4709 Scenic Highway, Pensacola, Florida 3250 4

West Coasttumber Inspection Bureau (WCLEB) . . . . .,,,. ..,, . . . .. . .. . .. .,,., . .. . ., . . .. . . .WCUB,RlS,WWPA,NLGA
6980 SW Varnes Road, PO Box 23145, Portland, Oregon 97223

Western Wood Products Association (WWPA) .,, . . . .. .. . . . . .. . . .,, . ., . . . . . . . .. .. .. .. .. .. .. WWPA,WCLIB,NLGA,RI S
522 S .W. 5th Avenue, Yeon Building, Portland, OR 9720 4

National Lumber Grades Authority (NLGA)
260-1055 W . Hastings Street, Vancouver, B.C., Canada V6E 2E 9

Non-Rules Writing Agencies
California Lumber Inspection Service .. . . .„ . . ., . . . . ., .. .,,. .. . . . . . . . .. . . . ., .„ . . . . . .. .. . . RIS,WCUB,WWPA,NLGA
Pacific Lumber Inspection Bureau, Inc .. .. .. .. .. .. .. . .. .. . . ..,. .. .,,, .. . . . ., . ,, . . ., .., .. .. .. . .. ., . .. . . .: RIS,WCLIB,WWPA,NLGA
Timber Products . . . . .,., . ., . .. .. . .. .o . . . .. .. . .., . .. . . . . . . . . . . . .. .. .. .. .. . . . . . . RIS,SPIB,WCLiB,WWPA

NELMA,NSLB,NLGA
Alberta Forest Products Association . . . . .. , . .. . ,. . .. . . . . . . .. ., ., ,. . . . . . . . . . . „ . ,. . . . .. . . . ., NLGA
Canadian Lumbermen's Association .,, .,, .. .. : . . . . . .,. . .. .. . . . . . .. .: . .. .. :: .. . . . . . . :. ., . . . . .NLGA
Cariboo Lumber Manufacturers Association . . . .. . .. .. .. . . . . : . „ . . . . . . ., .: :. . . . . . .. . .. .. ., NLGA
Central Forest Products Association . .. ., . .. .. . . , . . . . . .. . . .. .. .. . . . . : ., . . . .. .. ,. .. . . . .. : .. , . ., :, . NLGA
Council of Forest Industries of British Columbia N L GA
Interior Lumber Manufacturers Association . . .. .. . . . . . , . . . .. . . . . . ., . . . . . „ . . . . . . ., .. . . N LGA
Macdonald Inspection .. . . . . . . . . . . . . .. .. . . .. . . . . .. . . .. . . . .. . . . .. . . .. . . . ,,. .. . .. . . . . . .. .. . . . ., . .. .NLGA
Maritime Lumber Bureau . . ., . . . . . . .. . . .. .. . . . .. .. . . .. . . . . . . . ,, . . . . . . .. . . . ,. ,, . . . . . . . . ,, NLGA
Ontario Lumber Manufacturers Association . . . . . . . . .. „ . . . . .. . . . . ., . . . . . . ., . . „ . ., .. . . N LGA
Pacific Lumber Inspection Bureau ,. . . . . . .. . . .. .. , . . . . .. . . ., . . ., . . . . . . . .. . „ . . . . . . . . .. „ . . ,. NLGA
Quebec Lumber Manufacturers Association .. .. ,. , . . . . ,. , . ,. . . . ,, . . . . . . . .. .. . . . . . . ., ,, NLGA

Reaster, November, 1995, No .. 479



110 WISCONSIN ADMINISTRATIVE CODE
IIBR 20-25 Appeadiz

21 .03(1) . 21 .03(5)(b) . 21 .03(6)(b) Separation of Exits

Note that these sections require the two required exits to be
separated as far apart as practical . Any separation distance
of less than one-half the longest diagonal measurement of
that floor (see diagrams) should be closely scrutinized to
see if better separation is feasible .
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HANDRAILS
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APPENDIX
EROSION CONTROL PROCEDURES

EXAMPLES, ILLUSTRATIONS AND GUIDELINE S

The following examples and illustrations of some erosion control procedures are provided for
your information. Many of these examples and accompanying illustrations are excerpted from the
"Wisconsin Construction Site Best Management Practices Handbook", developed by the Wisconsin
department of natural resources . The illustrations, Figures E-I to E-10, depict the materials and installation
of some erosion control procedures .,

Note: The Handbook is available from Document sales, 202 South Thornton Avenue, P .O.. Box
7840, Madison, WI 53707-8480 ; phone (608) 266-3358 .

n t~ . :. .. t. .a of plans ~ .: _~w~ .. .,uued in appendix are exaiTiptes 'i Ytv~ ~uv}~i ,~~tug the best management practices that will
help meet the requirements of the performance standards in this code. Figure E-11 is an example of a site
with a simple slope (all slopes occurring in one general direction) . Downslope measures are required, to
reduce maintenance of these measures, the upslope diversion is recommended. Figure E- 12 is an example
of.a site with complex slopes (slopes occurring in more than one direction) . The location of the erosion
control procedures are clearly indicated on the plot plan .. Figure E-13 is an example of a large lot, greater
than 5 acres, with slopes greater than 12% and where the area of land disturbing activity is indicated . This
plan indicates the use of vegetative barriers ..

Guidelines for timing the implementation of the erosion control practices and procedures in order
to stabilize areas disturbed during construction of one and 2-family dwellings are included in this appendix .
Dormant seeding, the guidelines for the use of vegetative buffers and the recommended maintenance for
erosion control practices are also included„

For sites using either straw bales or silt fences as a perimeter control, Table E-1 is included as a
guide for determining the distance between parallel fences constructed on various slopes . Perimeter
measures should be installed at right angles to the direction of flow., Drainage area is to be,no more than
.25 acres (approx .. 10,000 square feet) per 100 feet of perimeter control .

TABLE E- 1
DISTANCE BETWEEN PARALLEL
STRAW BALES OR SILT FENCE S

Slope Slope
Percent Distance

(feet)

< 2% 100 feet
2 *..C°%

~V J IV 75 feet
5 to 10% 50 feet
10 to 20% 25 feet
> 20% 15 feet
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FIG. E-3. STONE & BLOCK DROP INLET PROTECTION
Source: New York Guidefines for Urban Erosion and Sediment Controt. Oct. 1991

CONSTRUCTION SPECIFICATIONS
I Lay one block on each side of the structure on its side for dewatering.

Foundation shall be 2 inches minimum below rest of inlet and blocks
sha ll be placed against inlet for support .

2 . Hardware cloth or 1/2" wire mesh shall be placed over block openings
to suppo rt stone.

3 . Use clean stone or gravel 1/2-3/4 inch in diameter placed 2 inches
below the top of the block on a 2 :1 slope or flatter..
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~ WOVEN WIRE FENCE
Min .,14 1/2 gauge, Max. 6" mesh spacing

(0 ft. MAX. C. TO C. 5' MIN,. FENCE POSTS
MIN . 12" IN GROUND

~ •

ir
. ,~~i , ~i ., , , ► f '`"'~-`- '

MZF.r
kv

~.y . ` ~;, , ---~-

~

~ 5 ' MIN„ FENCE POST

WOVEN WIRE FENCE WITH
FILTER FABRIC OVER

18" MIN.

FLOW UNDISTURBED GROUND

EMBED FILTER CLOTH
MIN,. 8" INTO GROUND , { f 12" MIN.

~ Fl ow ~

Plan
r .~

c'levation

po,Rt,- A snouTd be h

?qOPE R Pr_ACEwE :VT OF A FILTER

Source : Adapted 'From irt5 ta i 1 a ci on o

rttter 3aTrierS 7or Sedirnerrt

and w`Jc3nL

~ .W-R ,

i gher than point 8

BARRIER IN A ORA U;ACc 14AY

Straw and Fabri c
Control , Shereroo d

FIG. E-6
SUPPORTED FLLTER BARRIER FOR USE IN A DR.•aLNAGE WA Y
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:?nc:,or Slec : 3ury the up-channel end of t he

rl ow

~

net In _ o' deao r-rench . Tamp the soil
';rmly . 5taoie at 12" intervals across the
ne = .

_: 3 t ~..
Overlao : Overlap edees or che
sz :" 0s 3 r- least 4" . S taQl?

=---------eve*',! 3 ;"-eC t down the center
Of _:ie 5'r- "i J. ~

.
!

joi'I 4l nQ Stri7s : !nSerL the new ra 11 oi ne t
in a-r=_ncn, as with the Anchor Sie : . Over-
i ao c: ie uD-cnannel end of the previous ro i l
I3" and turn the end under 6" . Staple the
end c= the cr=vious roll ~us . below ~he
anchor s 1 o t and a c :he end a` 12" i nterva 1 s . ~

Chec'< On erodibi= soi ls or steep
s :coes, cneck slots snculd ~Ode made every

e3 I,nser- a foid of the net into a
6" -rencn and camo f i rm i v . 3 ~ad i e a c
T 2 " i„zarva! s across ~~Te- net . _c`/ ~ le net
smoocanly on the surT ac; or the soi - »o n ot
scr=-tch the net, and do not allow wrinkles .

ancnor end o f the net

. AnchorinGEnds At S`ructur=s :

ne : uo ~.ne channel . . . : .~,~ . .1 .. . .,.?la
r
_e s tapl a s at

ltlll~Ill. =T n .erva i s a i ong th e

?lace the end of :he net in
a 5" slot on the up-channel
s ' de V 1 the s t l u c ..u re .

Fi? i the trnnch ? nd
_amo firmly, Roi1 the

FIG. E-8(a) INSTALLATION OF NETTING OR MATTING
Note : ( f orovided, follow manufacturer's installation speciEcations
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On shallow slopes, strips
of netting may be applied
across the sloce .

Where ~Z_here is a 7e'"m, _~t. the zc-oo o fi the s i o0e , 3erRt
bring the ne ==i ng over .ie ber•n _nd anc`tor i_,I l

oenine the bern_
=lEls=-

3rinc ne.zinc down t_o a ievel area before
cer„tIna_'na the rns_ai iation ., ilrn tne
end under 5" ~nd s-oi- at 72" in_ervais

On, steep s topes, aooty
st;-ips o ; neT.ing parallei
co ~;ne direction or now
and anc ; .,o r• secsre i y .

--~: ~

- - - •

ditciles ; apply netting
rallel to the direction

11 1ow . Use check slots
ery IS ~ eet . Co no t
in strips in the center
the ditch .

FIG. E-8(b) ORIENTATION OF N'ETT1ZNG OR viATTLNG
Note : If provided . Poltow manutacturer's installation specifications
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2 ft.. min„

18 in .

Side slopes 2:1 or flatter Undisturbed
ground

Original Ground Elevation -- remove existing vegetation
before placing fill .

r 1V. E1 V. T1+171r OlnttliTCI Ll zi(~.7101V

PURPOSE
To divert runoff around disturbed areas to a location where the
clean water can be discharged to existing vegetation in such a
way as to prevent any negative offsite impacts .

CONDITIONS WHERE PRACTICE APPLIES
1 . Where drainage areas do not exceed 3 acres.
2. Upslope of disturbed areas where erosion is likely to occur.
3 . Upslope of soil piles.
4. Above steep cut or fill slopes .

STABILIZATION
Diversions side slopes, ridge, downslope side of the berm and
channel should be stabilized within 7 days of final grading by :
1 . Sodding;
2. seeding and mulching in combination with filter fabric
barriers or straw bale barriers ;
3 . covering with sui table geotextile;
4: covering with 6 mil polyethylene sheeting.
(vegetation should be used as the stabilization method if
diversion is to be in place 30 days or longer )

NOTE : Diversions are to be constructed so the channel area is
flat enough that an erosion problem is not created..
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x VEGETATIVEBARRIERS

Vegetative barriers may be used as a perimeter measure if
disturbed areas above consist of slopes no greater than 6% and
barriers are on a grade no steeper than 2% . Vegetative barriers
are to be a minimum of 10' wide for every 50 feet of open ground
draining to them . 'These barriers must be maintained, i .e. not
driven on or destroyed. If the barriers become covered with silt
or otherwise destroyed, additional perimeter measures may be
required ,

TEMPORARY STABILIZATION OR MULCH CRO P

It is much easier to control erosion than to control sediment ..
Temporary stabilization helps to minimize erosion and therefore
the need for long term maintenance of silt fences and straw bales .
Annual rye grass may be planted as a temporary cover between
April 1 and September 15 . If seeding is done in the spring or
summer seeding dates and slopes are 6% or less, mulch may not
be necessary ..
Winter rye may be planted between July 15 and October 15 .
These seedings should be mulched .,

LATE SEASON CONSTRUCTION
MULCHING/DORMANT SEEDING

If around is broken after September 15, mulch should be applied
as soon as a rough grade is established, unless final grade and

landscaping is to be completed before the next growing season .
Mulch will help to reduce the raindrop impact . Seeding should
not be done between September 15 - and November 1 as the
weather is warm enough for the seed to germinate but it will not
have an opportunity to establish a root system strong enough to
survive the winter . A dormant seeding may be done OVER the
mulch after November 1 . These seedings are risky. A split
application of seed may also be made, using half in November
and balance early in spring, .

WINTER CONSTRUCTIO N

In areas with course soils, (sands) if excavation is possible most
likely a trencher can be used to install the necessa ry silt fence . If
at all possible leave the perimeter of the site undisturbed (this is
assuming the site had vegetation present p rior to frost) ; th is may
be the easiest erosion control for flat sites (6% or less) ..
In areas that have heavy soils, (clays) close attention should be
paid to the try to g et perimeter measures installed prior to frost
penetrating greater than 6".. If ground is solidly frozen, perimeter
measures may have to wait to be installed when the frost first
starts to come out in the spring ..
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Maintenance of the most commonly used erosion control procedures in
the construction of one and two family dwellings .

SILT F i`1
Repair or replacement should be done within 24 hours if fencing is torn, sagging,
overtopped, blown over (laying down), shows a lack of integrity, or in any way is not
functioning as designed. Sediment deposits should be removed after each storm event.
Sediment deposits shall be removed when deposits reach 0 .5 the above ground height of
the fence. Silt fence should be removed after upland areas have been stabilized. Any
sediment deposits remaining in place a fter the silt fence is no longer required should be
dressed to conform to the existing grade, prepared and seeded

STRAwBr .s

Replacement of broken or torn bales should be done within 24 honrs . Sediment deposits
should be removed when deposits reach 0 .5 the height of the fence . Strawbales should be
removed after upland areas have been stabilized., Any sediment deposits remaining in
place after the straw bale barrier is no longer required should be dressed to conform to the
existing grade, prepared and seeded .

ML7LCHiNG

Additional mulch, netting or matting should be applied when rills develop . (riIl - smal l
eroded ditch measuring 1" wide) . ~

'I'ELv(pORA RY DIVERSIONS
Any breaks or eroded areas of a diversion should be repaired within 24 hours .

SEDIMENT TRA_P

Any structural de ficiencies should be repaired within 24 hours . Sediment should be
removed when it reaches half of the outlet height of the trap .

SODDING
Repair or replacement of sod that has been destroyed in an area of channelized flow
should be done within 24 hours after the rain event.

INT. T FRO TION BARRIER S
Sediment deposits should be removed when deposits reach 0 .5 the height of the fence .
Repair or replacement should be made to damaged barriers within 24 hours .

TEMPORARY GRAVELED ACCESS ROADS
Rock should be maintained to meet the design criteria of 2-3" aggregate stone; 7 feet
wide and 50 feet long or the distance to the foundation, whichever is less ; and maintained
at a depth of 6".
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ILHR 21 .27 (3)(a)1,. REFERENCE MATERIAL -- ROOFING SHINGLES

The Residential Asphalt Roofing Manual can be purchased from the Asphalt
Roofing Manufacturers Association at 6000 Executive Boulevard, Suite 201, Rockville,
Maryland 20852-3803 . This manual containsextensive information about how shingles
are manufactured; the impo rtance of adequate roof ventilation; slope limitations ;
selecting, estimating, and applying roo fing materials and accessories ; and inspecting and
maintaining the finished roof. It includes a recommendation that properly driven and
applied nails be utilized as the preferred fastening system for asphalt shingles.

Results of independent testing of various shingles may be indicated on shingle
packages, or may be available from either the shingle m anufacturer, or the Midwest
Roofing Contractors Association at 4840 West 15th S treet, Suite 1000, Lawrence,
Kansas 66049-3876.
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APPENDI% A

CHAPTER ILHR 22
DETERMINATION OF REQUIRED LEVELS OF INSULATION

USING THE ENERGY WORBSHEET

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 Practice Method) can be
used with a minimum of calculations and is recommended for standard designs. The System Design Method is more
complex and is used for alternate designs. Under the System Design Method, less insulation may be installed in one
building component if more insulation 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 v
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 illustration, although completion of only one
method is sufficient to show compliance with the insulation requirements of Ch . ILHR 22 .
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Sample dwelling : Electrically heated single-family dwelling located in Dane Coun ty (Zone 3). Has 1,50 0
square feet and 186 linear feet of perimeter building thermal envelope .. Garage is not heated . The 1,500-square
foot basement wIl be divided into a 575-square foot finished living space and a 925-square foot utility space .
The basement ceiling is fully drywalled .,

Gross above foundation wa11= 8 ..13 feet ( 8 feet + 3/4 -•inch flooring + 3/4-inch ceiling) x 1861inear feet
= 1,512 ..18 square feet

Wall window area = 150 ..33 square feet
Door area = 37.82 square feet
Box sill area = 0.81 feet (9-3/4 inches deep : sill, header, subfloor) x 186 linear feet = 150,66 square

feet
Foundation wall height = 8 feet
Gross exposed foundation wall area =,67 feet (8 inches) x 186 feet =124 .62 square feet
Foundation wall window area = 8 :30 square feet
Ceiling area = 1,500 square feet

Walls
Wood bevel 1/2-inch x 8-inch siding R = 0 .81
1-inch extruded polystrene sheathing . R= 5 .27
R19 Ba tt insulation R=19
2 x 6 framing, 24 inches O .C. R = 6:875
1/2-inchdrywall finish R = 0.45

Ceiling
2 x 6 framing, 24 inches O :C .. R = 6..875
Blown fiberglass insulation Rlinch = 2 .5
Insulation in 5.5-inch cavity R=13.,75
Insulation over both cavity and framing, 16 inches R= 40
1/2-inch drywall finish R = 0 .4 5

Foundatio n
8-inchmasonry block R= 1.72
2-inch extruded polystyrene R = 10.54

Windows
All triple glazed with 1/2-•inch air spaces, U= .36 R = 2.8

Doors
Insulated prime door R = 2.12
Storm Door R = l.,00
Total door R value R = 3 .12

65 '

12' ~ Lj_
28'

24' r
L

20' 45'
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PAGE 1
DiLH R
Safety and Buildings Division Submit completed worksheet
P.O Box 7969 with dwelling plans to local
Madison, WI 53707 enforcing municipality..

ENERG'! WOR K SHE ET
UNIFORM DWELLING CODE

PROlECT ADDRESS : SA ~IPLE - ZONE 3

BUILDER: OWNER:

WORKSHEET COMPLETED BY: DATE:

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

; YES (see below) " NO

If yes, then indicate infiltration control option, in addition to basic caulking :

Full sealing pers:. ILHR 22 ..13(3)(a)
X Infiltration barrier per s. ILHR 22 .,13(3)(b )

Blower door test per s . ILHR 22.13(2)(c) & (3)(c)

INSTRUCTIONS : This worksheet is a DILHR-approved method of showing compliance with the
energy conservation standards of Chapter ILHR 22 of the Uniform Dwelling Code (UDC) which
applies to one- and two-family dwellings and their additions built since December 1, 1978 . It may
be necessary for the user to purchase a copy of the UDC from State Document Sales, (608) 266-
3358. Additional information is printed in the UDC Commentary, which is available for $5 ..00
from DILHR at the address at the top of this page ..

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 may be rounded to the whole number ..

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

Single copies of this worksheet are available free from DILHR at the above address .. For multiple
copies, contact DILHR for fee information Earlier editions of this worksheet may be used, except
that electrically heated dwellings require a worksheet reflecting the higher required U values ..

Choice of Method

You have the choice of using the Accepted Practice Method or the System Design Method to show
code compliance .. For the simpler Acc epted Practice Method, which is recommended for standard
designs, complete Sections A., B ., E ., F ., and H . You will be first calculating component areas, then
your dwelling's code-allowed and other heat loss to determine your needed heating equipment
capacity, and then comparing your planned insulation levelsto the required insulation levels from
the Appendix of the UDC ..

For the System Desion Method , which is recommended for alternative designs in which more
insulation is installed in one componenfto offset less in another, complete Sections A . through F ..
You will be first calculating component areas, then the code-allowed heat loss, 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 heating equipment capacity ..

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. vou must also tomnlPtP Sartinn C; tn rqatormino tha ran v iirara marhaniral vantilatin n

SBD6 5518 (R 01i95)

'`-
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A. AREA CALCUL4T•IONS

Enter appropriate dimensions to obtain area values ., Some calculations will not be necessary depending on home design
and heating fuel .. These calculated areas are referenced elsewhere on this worksheet, for example, A..1 ., A1. ,

1 . GROSS (INSULATED) ABOVE-FOUNDATlON WALLAREA 4 . GROSS EXPOSED FOUNDATION WALL AREA

(Including doors, windows and box $ilJs )

8.13 x 186 = 1.512
0.81 x 186 = 151

1663 sqft

2.. WINDOW & PATIO DOOR AREA (sash/door area)
a .. In Above-Foundation bIn Foundation

Walls Walls

150 sq . ft . 8 sq,, ft, .

Total ( a.. + b.) = 158

3 . DOOR AREA IN ABOVE-FOUNDATION WALLS

0.67 x 186 = 125 sq ..ft .

Non-Electric Only :
b .IVlultiplyA.,11 ..X ..25 = sq.. ft..
c . lf A .4 . a.. is greater than A .4 .b .,

then subtract b.. from a .. = sq„ ft

5 FOUNDATION WALL AREA BETWEEN GRADE AND
THREE FEET BELOW GRAD E

3 x 186 = 558 sq ..ft ..

6 FOUNDATION WALL AREA MORE THAN THREE FEET

BELOW GRAD E

8' - 0.67' - 3.0' = 4.33 '

38 sq .ft .. 4.33' x 386 = 805 sq..ft..

7 . OPAQUE(1) ABOVE- 8 . GROSS WALLAREAABOVEGRADE 9.. OPAQUE (1) EXPOSED FOUNDA -

FOU NDATiON WALL AREA (A ..1 + A .4 .a .,) (Electric only) TION WALL AREA (A .4..a .- A_2 ..b . )

(A ..1 .-A2a-A ..3 . )

1663 1663 125
-173 +125 -16

=1452 sq . ft . =1788 sq.ft . =109 sq. ft ..

10 .. WALL AREA BELOW GRADE 11 . TOTAL FOUNDATION WALL. AREA 12 ..1NSULATED ROOF OR CEILIN G
(A 5 . + A ..6 ..) (A ..4.a. + A ..S .. + A..6 ,) (Non-Electric) ARE A

558 125 28 x 45 = 1260
+805 +558 12 x 20 = 240

= 1363 sq ft. = 1488 sq . ft. = 1500 sq . ft ..

13 FLOOR AREA OVER UNHEATED 14 SLAB ON GRADE 15 .. BASEMENT FLOOR AREA

SPACES (Less Than 50°)
1

sq ft.. lineal feet of slab perimeter 1500 sq ft.,
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B. CODE-ALLOWED HEAT LOSS PAGE 3

Enter area values from Section A as notated and temperature differences per footnote 2 into this table and then multiply
across by the electric or non-electric code-requi red U-value. Total the right column to find the total allowed heat loss.

COMPONENT

AREA REQUIRED U-VALUE TEMP HEA T
FROM X X DIFFERENCE - LOSS

SECT..A ❑ NON-ELEC ® ELECTRIC IZ) BTU/H R

1 . Gross Wall Above Grade (A .8.)(electric onzv) 1788 N/A .080 85 12 158
2 . Gross Above-Foundation Wall (A . 1 .)(non-elec) .12 N/A
3 . Gross Exposed Foundation Wall (non-elec )

a . Lesser of Area A .4.a: orA.4 .b . .25 N/A
b. Area A 4.c . (if any) .12 N/A

4. Foundation Wall Between Grade And 3
Feet Below Grade (A.S .) 558 .113 [3] .072 [3] 60 2,41 1

5 Foundation Wall More Than Three Feet
Below Grade (A .6 .) 805 .094 [3] .048 [3] 60 2,318

6 . Floors Over Unheated Soaces (A. 13 .) .09 .055
7 . Roof or Ceiiina (A .12 .) i 500 .029 .02v 85 2 550
8 . Slab On Grade (A .14 .) Lin . ft . .51 'F' [4] .51 'F' [4]
9 . B asement Floor (A.15.) 1500 .025 .025 60 2 2 0

TOTAL CO DE - ALLOWED HEAT LOSS 21, 68 7

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

C.1 . ABOVE-GRADE COMPONENTS - If applicable, check the appropriate typical component constructions listed below,
and use the pre-calculated U values If your wall construction is not listed, you may be able to obtain e .pre-calculated U
value from Table E-2 of the UDC Appendix, . If your component construction is not listed here or in Table E-2, you will need
to enter R-values for the different layers of building materials from Table A-4 of the UDC Appendix, ASHRAE
Fundamentals Manual or manufacturer's specifications . Total them across and then determine the U-value by taking the
reciprocal (1/R) of the total R-value ..

CAVITY EXT .. EXT. SHEA•• INSULA- FRAMING INSULA- INTERIOR INT. TOTAL 'U••VALUE '
COMPONENT ORSOLID AIR FINISH THING TION OR SOLID TION FINISH AIR 'R. •VALUE '

IF APPLI- FILM ° OVER WtTHIN FILM
CABLE FRAMING CAVIT Y

Above-Foundation Cavity .17 0.81 5 .27 19 0 .45 .68 26 .38 0 .038
Walls Solid .17 0.81 5.27 6.88 0.45 .68 14 .26 0 .070

❑ 2X4, 16" O. C ., R- tt batt, R- 1 board : U - 081 ❑ 2X4, 16" O ..C ., R-1 1 batt, R-S board : U- .060

Q 2X6, 16" O .C.., R-19 batt, R-i board : U-055 ❑ 2X6, 16" O . C ., R-19 batt, R-5 board : U- .044
Q Other - describe : U - from Table E- 2

ExposedFoundation Cavity_
---- -

_
- ------ ------ -- -- -Solid 17 5. .-------------- ------------- ----°-- -- 68 13.11_ 0 . 01 .72 76-

------ ------ ------- ------ ---- ------ -
❑ Masonry or concrete wall without insulation : U- 1 .

_

0 - ❑ Masonry or concrete wall with R-5 insulation : U- 167
❑ Masonry or concrete wall with R-1 0 insulation insulation board or R-1 1 insulation batt and 2X4s : U- ;09 1
❑ Other - describe : U - from Table E- 2

Roof or ceiling Cav 61it~ 1 61 ~_ _ _ --- -----
---------------- -Solid_~ 61-- ----- -----

_ _-_. .,--- ------ -----~- ------~ j
---°-- -- .. . - - ------- -----J=61_1_ ..---- ----- -

❑ 2X4 truss, 24" O :C, with Rr38 insulation : U- ..029 ® 2X4 truss, 24" 0C, ., with R-52 insulation : U - . 020
❑ 2X12 cathedral ceiling, 16" 0 C ., with R-38 insulation : U- ..02 7

Floor Over Cavity ,17 _.9 2- - - '-
_ _ _

Unneated Space --- •Soiid ° _i 7 -- -----
-- ------------------

----- -- _- -- ------ --- --°-
------ ------ ..-~------° --- -- _.92- --°---- ----- =

❑ 2X10 ioists, 16" O .C„ R-19 batt: U- .0d 5

* Air Film R-Values

s HEAT FLOW DIRECTION
LOCATION Upwards Horizontal Downward s

EXTERIOR 17 .17 1 7
INTERIOR .61 .68 .9 2
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C• .2.. BELOW-GRADE AND SLAB-ON-GRADE COMPONENTS - Check appropriate boxes for planned type of construction to
determine precalculated overall'U-vaiue' including air films, wall, insulation, soil and cavity/solid differences .Slab on grade
F-values are per lineal foot of slab perimete r

COMPONENT TYPE GRADE TO THREE FEE T
BELOW GRADE

MORE THAN THREE FT..
BELOW GRADE

❑ Masonry or concrete wall without insulation .288 .094
r_l Concrete block with insulated cores .113 .063
❑ Masonry or concrete wall with R-5 insulation board .113 .063
❑ Masonry or concrete wall with R-10 insulation board or R- 1 1

insulation battand 2x4's .072 .048
❑ Permanent wood #oundation wi th R-19 batt .043 .034
❑ Basement floorwithout insulation .025 .025
❑ Basement floor with R-5 insulation .022 .022
[] Other (describ e
SLAB-ON-GRADE (or within 2 feet of grade) UNHEATED SLAB HEATED SLAB
❑ Slab-on-grade without insulation 81 (F-value) 2.73'F-vaiu e
❑Slab-on-grade with R-5 insulation for 48" total horizontal and vertica l

3pplication .56 (F-value) .90 (F-value)_
❑Siab-on-Grade with R-10 insulation board for 48" total application .51 (f-value) _82 (F-value )

C .3•• WINDOWS AND DOORS - See Tables A••5 and A-6 of UDC Appendix for U-values . You may use manufacturer's
specifications for window and glazed door values if they are per NFRC Std 100 or Window 3 . 1

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

Enter values into table from elsewhere on this worksheet and multiply across to find the actual heat loss of each component .
If using precalculated component U-values, do not calculate cavity and solid figures or apply wood frame factors .. Total
component heat loss figures in right column to find total envelope heat loss .

CAVITY OR AREA WOOD ACTUAL TEMP HEA T

COMPONEN T

I

SOLIO IF FROM X FRAME X• E X DIFFERENCE a LOSS
APPLICABLE SECT..A .. FACTOR'• FROM 121 BTU/HR

E .

OpaqueAbove_Foundation ty___ SLQ'i$--_ 3658--___ _
Wall (A . 7.) Solid 1452 2_2 0 .070 85 1900

Opaque Exposed Foundation Cavity_ _----- --------- __ 9,975_.___ __JQ4L ...---_-
Wall (A . 9. Solid 109 8 9

Foundation Between Grade and Cavity_ _
----- ----------- 0 .072 _--- --- _ 2411 __--__

Three Feet Below Grade (A. 5 .) Solid 558 60
Foundation Wall More Than Cavity__ ____ _ _ __ 231_8______ _

Three Feet Below Grade (A. 6 .) Solid 805
_ _

60
Above-Foundation Windows A.2.a . 158 4834
Foundation Windows A .2 :b.
Doors(A .3 .) -------- 89 103 7
Roof orCeili ng

-

(A .12 .) 85
Flote
---- ----------- - --------

5 aces A. 13 .
Basement Floor Cavity _- 1500 a _0-05 - -----

60 _ 0
A. 5 . Solid

-

SlabOnGrade(A .14.) -- Lin .ft . F-Va L

TOTAL CALCULATED ENVELOPE HEAT LOSS - May not exceed Total{od e
ss :n Sect. B . b•• mcre than 1° oAllowed H eat L^ y t 121 .66 2

«« AdiuctmPnt Factnrc For Wood-Framed Comoonent s

SPACING OF FRA- STUD WALLS IOtSTS/RAFTER S

MING MEMBERS CAVITY SOLID CAVITY SOLI D

12" .70 30 86 .1 4
16" .75

_

5

_

90 .1 0
24" 78 2 93 .07

Also see Part C of UDC Appendix Table A-5 for window framing adjustment tactors, .
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E.. HEATLOSS BY AIR INFILTRATION (for furnace sizing )
Enter appropriate values . An air change rate of between 0 .25 and 1 00 per hour is recommended depending on tightness of
constructio n

fLOOR
TEMPERA-

TURE
AIR HEAT

LEVEL AREA X HEIGHT = XVOLUME X CONSTANT X DIFFERENCE
CHANGES = LOSS

(2)
PER HOUR BTU/H R

Basement 1500 8 12,000 .0 1 8 85 - PIR O
Level 1 _ 15 8 12,000 .018 85 9180
Lev e1 2 .01 8
Level 3 .01 8

Total Conditioned Dwelling Volume 24,000 INFILT RATION HEAT LOSS 18,360

F. HEATING EQUIPMENT SIZING

equipment capacity in 8TU's/HR . [5] M in i mum Maximum

System Design Method : Calculated Heat Loss from Sect . D . or
Accepted Practice Method : Code-Allowed Heat Loss from Sect . 8 . 21,662 ------ -

Code-•AllowedHeatLoss(fromSect.8 .) •,------- 21,687
infiltration Heat Loss (from Sect. E . ) + 18,360 + 18, 360
TOTAL DWELUNG HEAT LOSS ( total of above) = 40,022 = 40,047
Allowable Heating Equipment Size Margin Multiplier X 1 .0 X 1 .1 5
ALLOWABLE HEATING EQUIPMENT OUTPUTSIZE RANGE = 40,022 = 46 .054 [6 ]
Planned Furnace Output Or Boil er lBR Rating 50,000

G. MECHANICAL VENT/LATION SIZING
For electrically heated dwellings only, enter appropriate values to determine minimum cubic feet per minute (CFM) fan output
to meet one-half air exchange per hour requirement..

1 . Dwelling volume from Sect . E. 24-000
2 . Less volume of non-living area: area: ( 925 ) X height: ( -
3 . Less volume of dead air spaces cabinets, walls, etc- aD rox . 20% of living space volume)
4 . Net volume of living area (total of above) -
S . Minimum cubic feet of air changed per hour ( multi I line 4 b 0.5) -
6 . MINIMUM REQUIRED MECHANICAL VENTILATION IN CFM's(divide line 5 by 60) -

Footnotes:
[ 1} Opaque wal l area is wall area minus opening areas of doors and windows .
[2] Temperature Difference = Inside design temperature of 70° minus outside design temperature from Table 22 04-B of

the UDC. Basement inside temperature may be taken between 50° and 70° . Temperature difference for transmission
heat losses only (not infiltration losses) of below-grade spaces of basements is inside temperature minus 10°,
disregarding outside temperature . If the basement ceiling is insulated, then the basement is considered unheated and
the heat loss from the above heated space through the basement ceiling should be calculated using an outside
temperature of 45°.

[3] These below-grade U-valueshave the insulating value of the soil added to the code-required U-values which apply to
the building materials only . See sect.. C..2 .: for typical insulated component U-values.

[4] These slab-on-grade F-values are derived from the code-required U-values and include the heat loss through the edge
and body of the slab. See sect C..2 .. Temperature difference is the same as for above-grade spaces .

[5] For building additions, show that the existing heating equipment, if used to also heat the addition, is large enough
To do so, you must calculate the heat loss of the whole building ..

[6] If desired manufacturer does not have a furnace of this size, then a designer may select the manufacturer's next larger
size .
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H. ACCEPTED PRACTICE METHOD
For completion of the accepted practice method, please refer to the Appendix Tables A-I, 2 and 3 and E-I, 2 and 3 of the
Uniform Dwelling Code (UDC) ., Complete Subsection H ..t .. if your home is heated with other than electricity. Complete
Subsection H Z ;. if your home is electrically heated Area figures should be calculated in Section A. and are referenced below .

SUBSECTION H ..1 .. Non-Electrically Heated Homes Onl y

~

4VALLSABOVE MINIMUM ❑ Singlew/storm MINIMUM ❑ Insulated SIDING : ❑ Wood (R- 77)FOUNDATIO N
WALL INCLUDING ABOVE-FDTN Insulated lass DOORS :❑ 9 ❑ Solid Wood ❑ Aium . (R- 1 .82 )
BOXSILL, USE WINDOWS : ❑ Triple pane ❑ Uninsuiated w/storm 0 Other : R-
TABLEA-1 PLANNEDINSULATiON PERMITTED WINDOW

TYPE AND R••VALUE: AND DOOR AREA: %

- X100%= %
- ove ounoat i on Window ross ove- oun aUon o anne m ow

Door Area (A . 2 a„ + A .3. ) Wall Area (A.1 .) and Door Area

EXPOSED BASEMENT WINDOWS : ❑ Single-glazed OR ❑ Single w/storrn or insulated glass
FOUNDATIO N
WALL, USE PLANNED INSULATION TYPE AND R-VALUE :
TABLE A-2

If no number ente r ed in A ..4..c ., then enter Percent Permitted Window Area#rom

TableA-2, Uo = .25 : %
. . . . . . ., .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,, . ., .... . .,, .,. . . .,, . . . . . .. . . . .. . . . ,, . ,

If number entered in A 4 .c , then calculate :

X oio)+( X %)I= %
re o m ow rea ..c .. o reA a7a:3 .a, slo Permitted in o w

from Table A-2, from Table A-2, Area
U0 = ..25 U0 = .1 2

_
.JC 100 % = %

asement Window Area Exposed n tn .. a rea 07o Planned cnoo w
(A 2.b) (A..4 .a.J Area

ROOF OR CEILING ,
USE TABLE A-3 PLANNED INSULATION TYPE: R-VALUE PER 1NCH :

REQUIRED THICKNESS: Inches in cavity (R-38) lnches Over Framing (R-19)

FOUNDATION PLANNED INSULATION TYPE AND R-VALUE :
WALL, GRADE T O
3 FEET DOWN (MINIMUM R-•5 INSULATION )

Completed for demonstration purposes . Normally only
SUBSECTION H;2,. Electrically Heated Homes Only complete the system design method or accepted practic e

WALLS ABOVE ALLTHESE MEA- ❑ ALLWINDOWS ❑ EXPOSED FOUNDATION ❑ DOORS INSULATE D
FOUNDATION SURES REQUIRED : TRIPLE-GLAZED INSULATED TO R-14.54 TO R-8
INCLUDINGBOX-

TABLES E-1 AND 189 - 1788 X 100 %10 .6 %
E-2 ota m ovv rea Above ra e a rea % Window Area

(A.2 .a. + b.) (A..8. )

109 1788 X 100 %= 6 .1 %
Opaque xpose ove- ra e a ~ol paque xpose d

Foundation Area (A.,9 J Area (A.8) Foundation Wall

REQUIRED ABOVE FOUNDATION WALL U-VALUE ( FROM TABLE E-1) : _04 4

2 x 6 24" o.c. -
-

PLANNED WALL CONSTRUCTION : fo,amboar R-19 batt, RSU ±~ALUE FROM TABLE E-2 : "04 3

ROOF OR CEiLING, R-VALUE PER INCH : 2 . 5PLANNED INSULATION TYPE : blown fiberglass
USE TABLE E-3

R EQUIRED THICKNESS FROM TABLE E-3 : 20 .0 Inch es

FOUNDATION WALL
FOR FULLHEIGHT PLANNED INSULATION TYPE AND R-VALUE : 2" XEPS R10 . 5

(MINIMUM R-101NSULATION )
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TABLE A-1

WALL INSULATION GUIDE

(Based oa U.requirements above the foundation waII for non-electriaally, heated dweIIinge)

1YMASIM[JM PERCENT WINDOW AND DOOR AREA
ALLOWABLE FOR INSULATION TYPE

Uo=12

INSULATION TYPE Baoked Alumiaum
% inch Plywood Siding Siding

R-11 Batt 6„8 8„4
B-11 Batt, R-1.22 Fiberboard 8, .7 9., 9
R-il Batt, R-5„27 Eafsuded Polystyrene 12.4 13.,0
Br11 Batt, R-10..54 Extruded Polystyrene 14.9 152

R-13 Batt 8 3 9.8
B.13 Batt, R-1 .22 Fiberboard 10.3 11 2
R-13 Batt, R-5 .27 Extruded Polystyrene 131 13..6
R-13 R-10.54 e.-'" E.. .:ded P..̂.ystyrene i5.3 15.6

R-19 Batt 112 12 2
R-19 Batt, R-1.22 Fiberboard 123 13 .1
R-19 Batt, B.-5.27 Extruded Polystyrene 14.,7 15.1
R-19 BatL, R-10.54 Extruded Polystyrene 16..3 16,.6

Note The following assumptions were used to derive this table :
1. Door area = 2% of waII and box sill area,
2. Doors are used with a U-value of 0.,47.
3.. Wmdows are used with a U-value of 0 .56.
4. The insulatioa type is carried down tbrough the box sd1 .

TABLE A-2

FDU2OSED FOUNDATION INTSULATION NON ELE(TRICALLY HEATED DWELLING S

Maximum Percent Window
Area

Foundation Insulation Single Double
Exposure Requiremeat Type glazed glazed

Less than 25% of foundation exposed Uo = .25
R-5 .27 10.:4 24 ..8

R-11 batt 155 34„2

Multi<ell iasul. block (R-12.06) 16.0 35.0

More than 25% of foundation exposed Uo = ..13 R-11 batt 3.9 9.7

R-13 batt 4.8 10 .6

Multi-cell insuL . block
(&12.,06) 45 9.9

Uo = .12 Ii-11 batt 3.0 6.7

R-13 batt 3 .9 8.:5

Multi-cell insuL, block
(R-12..06) 3 5 7.8

TABLE A-3
lNSL7I.e1TION LEVELS REQUIRED TO MEET CEILING U VALUES

FOR NON-ELECTRICALLY HEATED DWELLINGS

R-Value Required

Uo Value Iasulatioa in Cavity Over Framing

.029 Fiber glass batt R-38 R.19
Fiber glass blown 13.6 in. (R-34) 81 in . (R-20)
Rock wool 10.9 in. at-33) 5.4 in.. (R-16)
Cellulose 9.5 in. (R-35) 4.0 in . (R-15)

Note The following assumptions are used

1 .. Fiber glass blown = R-2.5 per inch

2. Rock woo1= Rr3..0 per inch

3. Cellulose = R3..7 per inch

Register, November, 1995, Na. 479



DEPARTMENT OF IINDUSTRY, LABOR AND HUMAN RELATIONS 137
II.HR 20-25 Appendix

TABLE E-1 - DIRECTIONS FOR USE

Table E-1 was formulated with the following assumptions :

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

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

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 .

TABLE F,-1

MAXaKU1Vi ABOVE-FOUNDATION WALL U VALUES FOR ELECTRICALLY HEATED HOMES
PERCENT WITIDOW 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 .065 .061 .058 .055 .051 .048 .044 .041 .037 033 .A29 ..025
6 .064 .061 .058 .055 .051 .048 .044 .040 ,037 .033 ..029 025

PEBCENT 7 .064 .061 .058 .054 .051 .047 .044 .040 .036 .032 0298 ..064 .061 .057 .054 .050 .047 .043 .039 ..035 ..031 .027
9 „064 .061 .057 .054 .050 .046 .043 .039 .035 .031 :027

OPAQUE 10 .064 .060 .057 .053 .050 .046 .042 .038 ..034 ..030 .,026
11 .064 .060 ..057 .053 .049 .046 .042 .038 .034 ..030 02 5
12 .063 .060 .056 ..053 .049 .045 .041 .037 .033 .029 ..02 5

FOIINDA 13 .063 .060 .056 .052 .049 .045 .041 .037 .033 .028
14 .A63 ..059 .056 ..052 „048 .044 ..040 ..036 ..032 .027
15 .063 .059 ..055 .052 .048 .044 ,040 036 ..031 .,02?

TION 16 .A63 .059 .A55 .051 .047 .043 .,039 .035 .A31 .026
17 .062 .059 .055 .051 047 043 039 034 030 A25. . .. .
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 ,A61 .A57 .053 .049 .045 :041 . .036 .032 .02 7
22 .061 .057 .053 .049 .045 .A40 .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

TABLE E-2
FRAME WALL & BOX SILL U-VALUES FROM DIFFTRENT

BUILDING MATERIALS AND METHODS

Insulation 1`9pe
2 x 4 FRAMING

16'O.C .'

2x6
FRAMIIVG

16 1O.C .

2x6
FRAMING

24"O.C ?

Double2x4or
2 x 8 FRAMIIdG

24" O.C.

R•11 Batt 0 .091
R•11 Batt, R1.22 Fiberboard 0 108 1
R-11 Batt, R5.27 Polystyrene 01.060
R-11 Batt, R10.54 Polystyrene 0.045
R-11 Batt, R7.21 Lgocyanurate 0..054
R•11 Batt, R14„4 Esosqa.naratee O..i~

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, R7.211socyanurate 0 .050
R•13 Batt, R144 Isocyanurate 0 .036

R-19 Batt 0 .060 0.058 0..05 6
R-19 Batt, R1.22 Fiberboard 0.055 0.053 0.052
R-19 Batt, R5.27 Polystyrene 0,044 0.043 0..042
R-19 Batt, R10.54 Polystyrene 0..036 0. 035 0.034
R-19 Batt, R7.211socyanurate 0.040 0.039 0.039
R-19 Batt, R14.4 Isocyanurate 0.031 0. 030 0.030
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2x6 2x6 Doubie2x4or
2 x 4 FRAMIIdG FRAMIIJG FRANIING 2 x 8 FRAMIDTG

Insulatioa Type 16"O.C.1 161O.C. 24"O.C? 24" 0.C .

Two R•11 Batts 0.053
Two R•11 Batts, R1.22

Fib b d
0.049

er oar
Two R-11 Batts, R5.27 0.040
Polystyrene

Two R-11 Batts, R10..54 0.033
Polystyrene

Two R•11 Batts, R7.21 0.037
Isocyanurate

Two R-11 Batts, R14 4 0.029
Isocysa-te

Two R-13 Batts 0.048
Two R-13 Batts, R1.2 2

dFib b
0.045

oarer
Two R-13 Batts, R5.27 0.037
Polystyrene

Two R-13 Ratts, R10..54 0.1030
Polystyrene

Two R-13 Batts, Et72 i
L t

0.034
-yanura e

Two R-13 Batts, R14.4 0,.027
Isocyanurate

lAasumes 20% framing, 80% cavity.

2Assames 17% framing, 83% eavity..

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%

% Opaque wall & box sill area = 82 .25%

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

Uo-(Uwx%w)-(Udx%d)-(Ufx%fl =Uwsn

%waR

Where:

U0 = Required overall above grade wall U-value, use 0.080 for an electrically heated home

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

= The fraction of window area calculated in Step 1% w

Ud = The U-value of the doors (= 1/31-value )

%d = The fraction of door area calculated in Step 1

Uf = The U-value of the insulated foundation

%F = The fraction of eanosed foundation calculated in Sten 1

%WaIl = The fraction of opaque wall and box sill area as calculated in Step 1

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
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In this case, the maximum U-value of the opaque wall and box sill is 0 .045 Btu/hr. sq. ft. OF. 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 Uvaiues obtainable from different insulation materials and framing types .

TABLE E-3 DIRECTIONS FOR USE

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

Table B-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/'m
Mineral Fiber (rock, slag, or glass) R= 3.3/'m
Polystyrene beads R = 2.9/'m
Fiber glass, blown R= 2.51'm

- The insulated area is 90% cavity and 10% 2 x 6 framin g

- 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 CEII.IlNG Uo VALUE S

Dwelling Amount Required
Fuel In Cavity
Type U0 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 assemblies, use the following method.

Step 1: Calculate the required U-value for the attic floor, UF, with the following formula .

UF = UoAo - UsAs - Uh Ah
AF

Where:

UF = 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%iling area including the atticfloor, 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 pane l

Ah = The area of the attic hatch or access panel(If the hatch is to be insula.ted 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 . )

AF = The area of the insulated attic floor, equal to the overall atticJceiling area minus the attic hatch
and skylight areas, if any.
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Esample: For the attic of an electrically heated dwelling with an overall attic area of 1500 sq . ft. The attic hatch is
14"C24" and is to be insulated with two R-19 fiber glassbatts, the rest of the attic is to be insulated with blown mineral
fiber with an R-value of 3 .3-11/'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.

UF = _ (0.020X1500) - (0.56)(12) - (0.025X2.3) = 0.0156

1486

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

d = 1 _ (RW/'m) h - Rfin +h
U F (R/'m) (%CXRWin) + (%W)(R/'zn) (R1in)

Where :

d = depth of insulation at cavity in inches

UF required U-value of floor calculated in Step #1

R~'in - R. value per inch of insulating material obtained from manufacturer or Table A-4

h = height of $raming, 5-1/2" for 2 x 6 framing or
7-114"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)

RWfin = R-value per inch of wood framing (usually assume 1 .25 R/'inch)

R~ = R-value of interior ceiling finish materials, including air fi lms (usually assume R-
1 .2)

d 1 + 5 .5 - (125X5 .5) - 1.2 = 19.59 mohes

(0.0156X3.3) (0.9X125)+(0..1X3.3) 32

The floor of the attic is to be covered with insulation so that the depth in the cavities is equal to 19 .59 inches.

TABLE A-4

COMMON CONSTRUCTiON MATEBIAL R-VALUES'

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

ca ft) R-Value R-Value

BUILDIIQG .: . . .. .:s: .. .. . . .. .. . ., . ..,, .: :, . . . . . . . . . .Asbestos-cement board . .. .. . , . .. .. . . .. . 120 0.25 -
BOARD Boards, Asbestos-cement board .. .. .. . . .. .. .. .. .. .. .. . . .. .. . . .. ,. ~ ,. . . .. . .. .. .. ., .. ., „ .. . .. ,. ... . . . iG a.i 120

.pgIIP.18, - 043
SUbfloorID~is
sheathing, woodbaved Asbestos-cemeat board . . .. .. .. .. .. .. .. . .. . .. . . . . .. . .. .. .. . .. .. . . . . . . .. .: .. .. .. .. . . .. . ., ~ in.. 120 - 0.06
panel products Gypsum or plaster board . . . . .. . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 9, ia.. 50 - 0.32

Gypsum or plaster board ., . . . . . : .. . . . .. .. . . ., ., .. .. . .. . . . . . .. .. . .. , . . .. .. .. .. .. .. . i4 in.. 50 - 0.45
Plywood ..,.,. . .. .. .. . .. .. .. .. .. .. .. .. . . .. .. . .. . .. . ,. .. ., .. ., ., .. .. . . . .. ., . . .. .. .. .. .. . . ., ..,. ..,. ., .: . . . . . . 34 1.25 -
Plywood .. . .. . .,. .. .. .. . .. .. .. . ., .. .. .. .. .„, . .. .. ..„ .. .. .. .. .. .. .. .. .. . :. .. . ., .. .. . .. .. .. .. . ., .. .. ..„ ., 14 in, 34 - 0.3 1
Plywood ., ,. . . . . . . .. . . . .. . . . .. . . .. .. .. . .. . .. . .. .. .. . ., . .. .. .. .. .: . ,. .. .. ., .. .. . . ., . . .., .. .. .: '14 in, 34 - 0.47
Plywood ' ia. 34 - 0.62
Plywood or wood paaeLs .. .. . :. .. . . .. .. . . . . . .. .. ., .. . .. . .. .. .. . .. . . ~. in., 34 - 0..93
Insulating board

Sheathing, reg.. density .. . . .. . .. .. .. .. .. ,. . . . ., .. .. ., . , . . .. .. .. .. .._ . . .. . . . . . ,. . .. ., Y. in. 18 - 1,.32
. ., .: . _ : .. . .. . . .:, 25/32 in, 18 - 2:06

Sheathing, intermediate density .. .. ,. .. . .. .. .. , .. .. . . .. . . 'k in.. 22 - 1 .22
Nail-base
sheathing .. . .. .. .. . ., . .. .. .. . .. .. , . . .. .. .. .. .. .. .. .. . . .. .. .. .. .. _ .. .. .. . _ .. .. .. . .. . . .. .. .. .. . .. .. .. '{~ in. 25 - 1 .14
Shingle backer . .. . .. . . . .. . . . . .. .. .. . .. . ., .. .. .. .. .. . .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. % in. 18 - 0,94
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Density Per inch For thick-
Material Description Qb per thiclmeas ness listed

on &) R-Value R-Vaine

Shingle backer .„ .. . .. .. .. .. .. .. .. „ .. . . .. ., ;, „ ., .. .. ., .. „ . ., . .. ., .. .. . .. . ,. ., ., ., .. ., . . .. 5/16 in. 18 -- 0.78
Sound deadening board . ., . . . .. .. .. .. .. .. .. .. . ., .. „,. . .. .. .. .. . .. . .. .. .. ..,. .. . . . . ., .. ,. '~ in . 15 - 1.35
Tile and lay-in panels, plain or acoustic . . . . . . . . . . . . . . . . . „ .. .. .. .. . .. .. „ .. ., .. . „ . „ 18 2.50 -

. . . . . . .. .. . .. .. . . .. .,. ..„ .. .. .. .,. .. . .. .. .,. ..,. . .., : .. . .,. .. . .. . . .. .. .. .. .. .. .. . . . . Y. in . 18 - 1.25
in, 18 - 1.89

Lemissated paperboard . . . . . . . . .. . . . . . .. . . ., . . .,. .. . . . . . . ., . . . ., . ..,, . ., .. ., . ., .. . .. .. .. 30 2.00 -
Homogeneous board &mm~ repuiPed pape : . .„ . . .. ., . . .„ .. ., . ., . .. .. . .. . . .. . . ., . .
H db d

30 2. 00 -
ar oar

Medium density siding, . . .. .. ,. . .. . . .. .. .. .. .. .. .. .. .. .. .. .. . .. , . .. . .. . ., ,. .. . . ,. .. . . ,. 7/16 in. 40 - 0.67
Other medium deasity .: . .. . . . . ., .. . , . . „ .. .. . .. ., . . . .. .. . ,. . ., . . : . . .. :: :. .. :. . . .. .. . :. .. .. .. ., 50 1 .37 -
High density, underlay . .. . . . . .. ., ., .. „ ,. ., .. . .. ., „ ., .. .. . .. .. .. . „ . . . . .. . . . . .. . .. „ .. .. . . . . .. 55 122
High density atd. tempered . . . .. ., . . . . . . . . .. .. .. .., . . . .. .. . .. _ .. . . „ ., . .. .. .. .. .. .. .. .. . . .. 63 1 .00 -

Particleboard
Low density. . . . . . .. . ., . .. . . . .. ,. .. . . ., . .. .. .. . .. .. .. .. .. .. .. .. . .. . .. . .. . . .. ., ., , . . . . . ., . . ., .. . . . . . . 37 1 .85" -
Medium density . .. .. . . ., .. . . .. . .. . . . . .. . . . . .. . .. . . . . .. . .. . . . ., . . . . ,. .. .. ., .. . .. .. .. .. .. .. . . „ 50 1 .06 -
High density .. .. .. .. . ., .. .. . ., . .. . .. ., ,, . . ., . . .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. . .. . ., . . .. . . 62S 0 .,85 -
Underlayment . . .. .. .. . .. „ . . . .. . .. ., . ,, . .. .. .. .. .. .. .. .. . .. ., .. . . ., . .. . .. .. . .. . . . . .. in 40 - 0.82

waodsnbt3oor .. . .. .. .. .. . .. .. . . . . . . .. . ., . . .. . ., ., . .. .. . .. . . . ., . . .. ._ .. .. .. . ., . . .. .. .. . . in.~ - - 0..94

BUILDING Vapor-permeable felt . .. .. . „ .. ., .. .. . . . . . .. . . ., . ,. . .. .. .. .. . .. .. .. .. ..,. . ., . .. .. .. .. .. .. .. . . . .. . .. .. .. .. - - 0 .06
PAPER Vapor-seal, 2 layers of mopped 15 lb. felt . .. .. .. . .. . .. .. .. .. . _ . .. .. .. .. . .. .. . .. „ ., .. .. .. ,. .. .. .. - -- 0.12

Vapor-seal, plastic film . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - Negl.

ROOF Preformed, for use above deck
IN3ULATION Approximately . . .. . _ .. . . .. .. .. .. .. .. .. . .. ,. .. .. . .. .. .. .. .. .. , . . . .. . . .. . . .. . . . .. .. .. ., .. ,. K in. - - 1.39

Approximately ,. . . .. . . ., ,. .. ,. .. „ .. .. .. .. .. .. .. .. .. .. . , .. . .. . . .. .. .: .. . .. :,, . .. .. ., .. ., .. . .. .. .. 1 in., - - 2.78
Approximately .. . . .. . .. .. .. . . .. .. .. .. . . . . . . ., .. . . . .. . . .. .. .. . .. . . . . ., . .. .,. ., . .. .. . . 1% in - - 4.17
Approximately . . . . . .. .. .. ..'.. . .. .. .. . . . .. . .. .. .. . .. .. . .. .. .. . . .. . .. .. :,. . . .„ .. . ., .. .. ., 2 in.. - - 5.56
Approximately . . . . . . . . .. . .. . .. .. .. .. . .. . . .. ,. . .. .. .. .. . .. .. .. . . . . . . . .. . .. . ,. ., :. .. ,. .. 2% in, - - 6.67
Approximately . . . ,. . ., .. . . . . . . . .. . . . . . . . . .. .. . . . _ .. .. . .. . .. .. . .. . ,. ., ., ,. ., . .. . . .. .. 3 in., - - 8.33

Cellu]arglass .. .. . .,. . . .. . . . . ., .. . . .. .. .. .. . . . . .. .. . .. . :.. . . . . . . . .. . ..,. ., . . . .. :. .. .. . .. .. .. .. .. . .. 9 2.50 -

MASONRY Cemeatmortar .. : . . . .. . . .. . .. . .. . .. .. .. . .. .. .. .. .. .. .. .. ..„ . .. . . ., .. .. . . .. .. .. .. .. . . .. .. .. .. . .. . .. . .. . .. . 116 0.20 -
MATERIALS Gypsum-fiber concrete

Concrete 87 l,% gyps nm, 12% wood chips . .. . . .. .. . .. . .. .. . .. .. .. .. .. .. . .. . . .. .. .. .. .. .. . . .. . . .. .. .,. .., . ., .. . 51 0.60 -
Lightweight aggregates 120 0.19 -

including expanded shale, 100 0.28 -
clay or slate, expanded 80 0.40 -
slags; cnders ; pnmice; 60 0.59 -
vecmicnlitz; also celluiar 40 0.86 -
c oncretes 30 1.11 -

20 1.43 -
Perlite : . . ., .. . .. .. . .. . .. . . . .. ., .. . .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . ., .. . .. .. . .. .. :. :. . 40 1.108 -

. . .. . . ..,. .. . ., .. ., .. . .. .. . .. .. .. . ., . ., .. . .., .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. . .. .. ,,, .. .. 30 1.41 -
20 2.0 0

Sand and ~avel or stoae ag~egate (oven dried) .. . .. . .. .. . .. .. .. .. .. .. .. .. . .. ., . .. . . ..'.. .. .. 140 0.11 -
Sand and gravel or stone agg regate (not dried) .. .. . .. .. .. . ., .. ., .. .. ., . i : : : . .. . : .. : : . . 140 0..08 -
Stacco . :. ., .. . ..„ .. .. .,. .. .. .. . .. .. .. .. .. . .. .. .. .,. .. .. .. . .. ., .. ., ., : ., . ..,. .: ., .., . .. ., ..,. .. .. .. ., . .. .. .. . .. .. .. .. .. ., .. .. 116 0420

MASONRY Brick, common , . .. .. . .. . .. ..„ .. ., . ,. .. ., _ .. . .. : .. .. . . .,. . .. .. .. .. .. .. .. .. .. . .. . : .. . .. ., ., .. .. ., . .. .. ., .. „ .. , . .. ,, 120 0.20 -
UN1TS s:ick, face .. : . .. .. : . . . .. : ,. .. ., . ., , .. . . . . ., .. . . . ,. . .. . .: .: .. .. .. .. . .. . .. . : .. . .. : .. .. .. .. .. .. .. .. :. .. .. .. .. .. 130 04.11 -

Clay tile, hollow:
1ceIIdeep .. . . .. ., ..~, . . .. . . .. .. .. .. .. . .. . .. . . .. .. .. ..,. .. ..~„~ .., . .. .. .. .. .. : ..~~ .. .. .. .. .,. . .. .. 3m, - - 0.80
1 ceIIdeep . .. .. .. .. .. .. .. . :.,. . .,. . .. .. .. .. :,.,.,. ..,. .. ., ., . ., ., .. . . .. .: .: .. .. . .. . ., ., .. .: ., .. .. ., 4ia . - -- 111
2 ee]]a deep .. . . . . . .. . . .. :. . .. . ., . . . . . .. . .. .. . . . . .. . : . . . . . .. . . . . . . . . . . ., .. .. ., 6 in - = 1.52
2 cells deep .. .. .. . .. . . . . .. . . . . .. . . . . . . .. ., . .: : . . . .. . . . . . . . . . . . .. .. . . .. . .. ,. 8 in - _ 1.8 5
2 cellsdeep . . . . . .. . . .. .. .. .. .. .. .. . .. . . . . .. .:.. .., . ,, . .. . .: .. . .. . . . . . . . . .

.
., ., . ..,, l0in . - _ 2.22

3 ceDs deep . .. . . . . . . . . : .. .. ., . . .. . , : . .. .. ,. .. .. .. . .. .: .. .. .. .. .. . . .. . :, . .. : . .. ., .. . : . ., 12 in. - - 2.5 0
Concrete bloeks 3 oval core:,

Sand & gravel aggeegate . .. . .. .. . . .. .. .. .. .. .. .. .. . ,. ,. .. ., .. .. . .. .. . . .,, . .. ., .. . . . . . . . 4 in, -• - 0.71
8in, - - 1.11

12 in. - - 1.28
aggiegate .. .. .~ .. .. .. .. .. .. . . . . .. . . . .. . . . : .. . .. .. .. .. . . . ._ . .~ .,,,. .. .. .. .,. .:Cinder 3m. - - 0.8 6

4in. - - L11
:. . . .. . . . . . .. . . .. .. .. .. : :. .. . 8in. - - 1.72

12 in. - - 1.89
Ligbtweight 3 in. - - 1.27
aggregate(expanded 4in - - 1.50
shale,'c1ay, slate 8 in, - - 2.0 0
or siag ; pumice) 12 in. - - 2.27

Concrete blocks, rectangular core
Sand & gravel aggregate
2 core, 8" 361b - - 1.0 4
Same with SIIed cores - 1.93

Lightweight aggregate (expanded shale, clay, . .. . .. . .. .. . .. .. .. .. . .. . . . .. .. .. . .. .. .. .. .. .. .. .
slate or slag, pumice): . . .: .. .. .. .. .. .. .. .. .. .. . . . .. . .. ., .. . . . ., . ,. .. „ .. .. .. ., ., . .. .. . .. . ,. . , . .. . . .. . .. .
3 croee, 6" 191b . .. .. .. .. .. . . . .. . .. .. .. .. .. .. .. .. . .. .. .. . .,,. .. .. .. . .. „ .. .. . ., .. ., .. .. .. .. . .. . .. .. , . . .. .. .. .. .. .. - - 1.6 5
Same with filled cores . .. .. .. .. .. .. .. , .. .. ., .. ., ., . „ .. ., .. .. .. .. .. . .. .. .. .. .. .. .. .. .. ., .. . . .. .. . .. ., . .. , . .. .,., - - 2.99
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Density Per inch For thick- f
Material Description (lb per thickness ness listed

on ft) R-Value It-Value
2 core, 8" 24 Ib . . . . . . . .. ., ., . . .. . . . . . . . . . . . . .,. . . .. . . .. .,. .. .. . . . ., . .. .,. .. . .. . ., .. ., .. .. . . - -- 2.18
Same with filled cores .. . . . .. .. .. .. . . . .. . .. . . . . . . . .. . . . . .. . . . . .. . ., .. .. . . . .. ., . . ,. ., .. .. .. . - - 5.03
3coxe,l2"38lb . .. . . . . .. . . . . . . . . . . . . . . .. .. .. .. .. . . . . .. . . . . . .. . .. . . . . . . . . . . . . . . . . - - 2..48
Same with filled cores . . . . . .. .. .. .. .. .. .. . .. .. . . . ., . . . .. .. .. .. . .. . . .. . . . .. . .. . . . . .. . . .. . .. .. ,. - - 5.82

Stone, lime or sand . . . .. . .. . . .. . . . . . . . . . . .. . , . „ .. .. .. ., . . . . , . . .. .. .. .. ., . . . . . . . . . . . . . . .. - 0.A8 -
Gypsum partition file .. .. ., . .. . . . . .. .. .. . .. .. . . . ., . . . . . .. . .. . .. . .. .. . . . . . . . . . .. .. . .. . . . . .
3 a 12 z 30 in.. solid . . . .. . . . , . .. .. .. . . . .. . .. . . . . . . . . . .. .. .. . . . . . .. . . .. .. . .. .. . . .. .. . . . . .. ,. - - 126
3 a 12 a 30 in.. 4cell .. .. . . . . . . . ., . „ . ,. ., . . . . . .. . .. . „ .. .. .. .. . .. . . .. . .. .. .. .. . . .. . . ,. „ ., .. ., .. .. - - 1.35
4a12a30in.3-cell . . . . .. . ..,. .. . . . . . . . . . . .,„ .. .,, .,, . . . .. . ., .„ .. . . . . .. . . ., .., . .,. . .. . .. - - 1..67

PLASTERING Cement plaster, sand aggregate „ . .. ,. . . . . . . . . . . ., .. .. , . _ . .. .. .. . . . . .. .. . . . . .. .. . .. .. . . ., . 116
MATERIALS 0.20 -

Sandaggegate . . . .. ., . .. ..,. .. ..„ .. . .. . . . . ., . .. . . . .. .. .. .. . . . . . . . . . . .. . . . . .. .. % in . -• -- 0.08
Sand aggregate .. . .. .. .. .. .. .. .. .. . . . . . . . .. .. ,. .. . . ., ., . . . . . . .. . . . ,, .. .. .. . . .. . :. . .. -% in . •- - 0..15

GYpsam plaster.
Lightweight aggregate .. , . ..,. . .. . .. . . .. . . .. .. .. . . ., .. . ,. .. ., .. . . . .. . . . .. .. . .. .. .. .. .. .. x in, 45 - 0.32
Lightweight .. . . . .. . . .. .. . % in. 45 - 0.39
Lightweight aggregate on metal lath . .. . . . . . . . . .. .. .. .. .. .. .. . . . . . .. .. . .. '1. in . - - 0.47
Perlite aggregate . . . . . .. .. . . . .. .. . . . . . . . . . . . . . .. .. .. .. .. .. . . . . . . .. . .. : . . . .. .. . .. .. .. .. .. .. .. .. 45 0.67 -
Sand aggregate 105 018` -
SaadaggreBate . . . . . . .„ .. . .. .. .. .. . .. .. .. . . . . . . . . ., .. .. . . .. . .. . . . . . . .. . . .. .. .. .. % ia, 105 - 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 xnoEng . ., . .. . .. .. :. .. .. .. .. . . . .. .. : . . . . ., .. . . . .. .. . . .. . . . . ., . .. .. . . . . .. .. .. .. . :. .. 70 - 0.1 5
Asphalt shingles . . . . .. . .. .. . . . .. ,. .. . .. .. . .. . . . .. .. . . . . . ., . .. . . . . . . . . . .: .. .. .. .. .. .. .. .. .. . ,. .. 70 •- 0.44
Bu ilt-up roofing . . . . . . . .. .. ., . . ,. ., . .. . . .. . . . . .. . . . .. .. .. .. .. .. . .. . . . . . . . ., . . . ... 4. in 70 - 0.33
Slate . . . .. .. . ., .. .. . . .. . .. . . . . . . .. . . .. .. .. . .. .. : . . . . .. . . . . .. .. . .. . . . . ., .. . .. .. . ,. .. . .. . 'k in . - - 0.0 5
Wood shingles, plain plastic film faced .. .. .. .. .. .. .. .. .. . . . . . . . . .. .. ., .. .. .. . . . . : - - 0.9 4

SIDING Shingles :
MATERIALS . . . . . . . .. . .. . .. .. .. . . . . .. .. .. . .. . 120 - ~0.21 ~

(On flat surface) Wood,16', 75V eaposure .. : . . .. .. .. .. .. .. . . . . . . . .. . .. .. :. .. .. _ . . . : . . . . . .. . .. .. .. . .. . . . . - - 0.87 {
Wood, double, 16, 12' exposiu e .. .. . . .. .. ,. . „,. .. . . , . .. .. .. . . „ .. ., .. .. . .. . . . .. .. .. ., . . - - 119
Wood, plus insulating backer board . ., . .. . .. . .. . . . . . . . .. . .. .. .. .. .. . . .. .. . 5J16 in.. --• - 1.40

Siding:
Asbestas-oement,'li lapped - 0.2 1
Asphalt roll sidiag .. .. . . . .. .. . . . . . .. . . . .. . „ . . .. . . .. . ., .. . . . .. . , . .. . . .. .. . .. . . .. .. . . .. . . , .. . -

_
0.15

Asphaltinsulatimg siding (i4" bd) .. . .. .. .. .. . , . .. „ .. .. .. . .. .. . . . . . ., , . .. .. .. . . .. .. .. .. . ,. .. .. ,. „ . - - 1.46
Wood drop 1 z 8 . . . . . .. ., .. .. . . . .. .. . .. . . . .. : .. . , . .. ,. ., .. .. . . .. . . .. .. . ., ., . . .. ., . .. . . . .. . .. .. .. . .. - - 0.79
Wood bevel, 7." z 8" lapped . .. .. . . . :. . .. . . .. .. .. .. .. .. . . : .. .. . : . . . . .. .. .. . .. ,. . . . .. , . ,. ., ., .. .. -- - 0.81
Wood bevel, V :10"lapped,, .. . . . . . . . . .. . . . .. .. .. ., .. . .. . . . . . . . . . . .. .. . .. .. . . .. .. .. ..,, .. - - 1..05
Wood plywood V lapPed . „ . .. . . . . . .. . .. . . . . . ., .. . . .. .. ., .. .. . .. . . . . . . .. . .. .. .. .. . .. .. . .: .. .. - - 0.59
Aluminum or steel, over sheatbing, hoilow-backed - 0..61
Insulating-board backed nominal'1G" . .. . . ., . . . .. . . .. .. .. . .. .. .. . . . . ,. . : .. .. .. .. .. .. . .. .. .. - - 1.82
Insulating-board backed nominal V foil backed . . . . .. . .. . . . . . .. . . . . .. . . . .. . . . . - - 2.96
Amhit,ec:dualglass „ .. . ., .. ., . . . . .. .. .. .. . ..„ . .. .. . ., ., . . . .. .. . . .. . . . ., .. . .. . . .. . .. . . . . . . . . - - 0.10

FINISH Carpet and fibrous pad . , . .. .. . .. . . . .. .. .. .. .. .. .. .. .. .. .. .. .. . . . . . . . . . . .. .. , . .: .. .. . . . ,. . ., . . . . .. . - - 2.08
FLOORING Carpet and rubber pad„ ., . .. .. .. . . . . .. .. . .. .. . .„ . .. . . ., . . . . . .. .. . . .. .. .. .. .. .. .. .. .. . . ., . . . .._ .. - - L23
MATERIALS Cork tde .. .. .. . . .. .. .. . .. . . . .. .. .. . ., . .. . . . . .. .. .. . .. .. . , . . . ., .. .. .. . . : . . . .. . .. ,. . . .. . .. . .. . . .. i4 in. 0.28

Ter:arrA . . .. .„ . . ., . .. .. .. . . . .. . . . . . . . . . . .. . .., . .. .. . ., . . .. . . . . . . . . .. .. . . :. . .. .. . . . . . .. lia. - - 0.08
151e-asphalt,liaoleum, vinyl,zubber . .. . .. . . . . .. . . . .. . .. .. . . .. . . . . . . . . . . . . . - - 0.05
Wood, hardwood finish . .. . .. . . .. .. .. . . . .. .. : .. . . . . . . . ., . . .. . . . .. . . ,. .. : .. . . . . X in.. - - 0.08

INSULATING Mineral5ber, fibrous form processed from rock, slag or glas s
MATF.RT4TR

Blanket and batt
eipprtax. 2 to 2i.". . .. .. . . .. ., ., . . . .. .. . .. . . . . . .. . . .. . .. ., ., . .. .. .. . . . . .. . . . . . .. . . . .. . Note 1 - - 7
Appxroa 3 to 3~4". . . .. .. . . .: . . . . . ., . . : .. .. . .. . .. .. ., . .., . .. .. . . . . .. ., . . .. .. . . . . . . . .. Note 1 - - 11
Approx . 5% to 6V . .. . . . .. .. . . . . . . . . .. . .. . .. .. .. .. .. .. .. .. .. . . .. . . . ,. .. . . .. . . .. . .. . . . Note I - - 19

Board and Slabs . Ce11u1ar gleas . . . . . . . . . . . . .. .. .. .. .. .. . . . . . : .. . . .. . .. . ., .. . . .. . . .. . . . .. . . .. .. .. . .. ,. . , ... . . .. , . .. 9 2,50 -
Glass fiber, organic bonded, . .. ., .. .. . . .,. . . . .. .. . . .. ,. ., ,. .. .. . .. _ . .. .. . . .. . . . . . . . .. .. .. .. .. . . . . 4-9 4.00 -
Expanded rubber (ri8 d) . .. ., ., . .. . .. . . .. . .. .. .. .. .. .. .. .. .. . . . . . . . . . ., . . . . . . . . . . . .. . . .. .. . . . 4.5 455 -
Expanded polystyrene extruded, P1sia . . .. .. .. .. .. .. .. .. .. . .. . . . . . .. . . . . . . . . . .. . . .. .. .. .. .. 1 .8 4.00 -
Expanded polystyrene extruded (R.12 eap.) .. . .. ., . .. ,. .. . .. . . .. .. . . . .. .. .. .. .. .. . .. .. .. .. .. .. 2 .2 51.00 -
Expanded polystyrene extruded (R-12 exp..) (Thickness 1" and greater) .. .. ,. .. .. 3 .5 5.26 -
Fapaaded polystyrene, molded beads .. . . .. . . . . .. . .. .. . .. .. .. .. . . . .. . . . . . . . . .. . , . .. .. ., ., , . 1.0 3.5 7 -
Expanded polyurethane (R-11 exp.) . , .. .. . . , . . . , . ., .. .. . .. . . . . . . .. .. . . .. . . . . .. . .. ., .. .. ., .. 1.5 6.25 -
MineraI fiber with resin binder, . 15 3.45 -
Mineral fiberboard wet felted

C o r e o r roof insulation .. . .. .. . .. .. . .. .. . . . . . . . .. .. .. .. .. .. .. . ., . . .. ,. .. . . . .. . .. . .. .. .. .. .. .. .. .. .. ,. .. 16- 17 2..94 -
Acoustical tile .. . . . .. .. . .. .. .. .. .. .. .. .. . .. .. . . . . . .. . . . . .. .. ., , .. .. . .. .. ,. ., . . .. . .. . .. .. .. .. .. .. . .. .. .. .. 18 2,.86 -
Acoustical ti1e . .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. . . . . . .. .. . . .. .. . . .. . . .. .. .. .. . .. .. .. .. .. ..,. .. . .. .. .. .. .. .. .. ., . 21 2.70 -
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Density Per inch For thick-
Material Description Qb per thickness ness listed

Co. ft) R-Value R-Value
Mineral fiberboard wet molded
Acoustical tile 23 2,38 -

Wood or cane fiberboard
Acoustical h1e . . . .. . .. .. .. .. .. .. .. . . . .. .. . . . . .. .. .: .. . . . .. ., . ., . . . ., ,. .. .. . ,, .. . .. . . .. .. Y2 in, - - 1,25
lleousficait~le„ . .„ . . .. . . .. . . .. ..,. ., . . . . . . . . . ..„ .. . .. . .. . .. .„ .. .. . . .. . .. .. . . ... m - - 1 .189

Interior finish (plank, tile) .. .. .. . . . . .. .. .. .. .. .. .. . .. . .. . . . . . . . . .. . . . ., .. . . . ., .. „ . .. .. ., .. .. 15 2.86 -
Insulating roof deck

ProrimatelY . . ., .. .. .. . .. . .. .. .. .. . . . ,. . .. . .. .. ,. . . .. ., .. ,. . . . . ., .. . .. .. .. .. .. .. .. . . .. li4 in - - 4 .17
APProzimately . .. .. ., . .. ., .. .. . ,. . . . .. .. .. .. . . . . . . . .. .. . .. .. . . . . , . .. .. .. . .. . . . ,. ,. ... 2 in,

-
- 5.56

ApPraorimately . .. . .. . . . . . . . . . , . „ . ., . . . . . . ., .. . .. . .. 3 in - 8.33
Wood shredded (cemented in preformed slabs) . . . .. .. .. .. .. .. .. .. .. .. .. . .. .. . .. . , . .. . . . .. . .. 22 1.67 -
Foil faced, glass fiber - reinforced cellular polyisocyanurate .. .. .. . .. .. . . ,. .. „ .. .. .. .. 2 7.04 -

Nomiaa10,.5 ia, . . .. .. .. .. .. .. .. . . .. .. .. . .. .. . ,. ., .. .. . .. .. ., . . ., . . . . ., . ,. .. ., .. . ., .. .. ., ., .. . . . .. . .. 2 - 3.6
Nominal 1.0 in 2 - 7.2
Nomina12..0 in 2 - 14.4

Loose Fi11 Cellulose insulation (milled paper or wood pulp) 15-3 3.70 -
Sawdust or shavings 0..8-1.5 2.22 -
Wood fiber, softwoods 2.0-3.5 3.33 -
Perlite, expanded 5.0-8 .0 2.70 -_
Mineral fiber (rock, slag or glassr.
Approaumate]y 3 . . . . .. .. ., . .. .. .., . .. . . . . . .. .. .. .. .. . . .. . . .. .. .. .. . . . . . .. ., .. .. .., .. .. .. .. Note 1 8-15 - 9
Appxnadmately 4V . .. . . .. .. ., .. .. . . . _ .. .. .. ,. . ,. .. .. ,. ., _ . .. „ . . .. .. .. .. . .. . . .. .. .. .. .. . .. ., .. ,. Note 1 8-15 - 13
App;mdmately 6V .. . .. . .. . . .. .. .. .. .. .. . . Note1. .. ..~ .. .. ., .. . . ., . .. . ., .. .. .,_ . . 8-15 - 19
App'orimately 7i: .. . .. . . . . . .. .. ... Note1. . ., .. . .., . ..,. .. . .. . . . .. .. .. .. . . .. . .. . ., .. . .. .. .. . 8-15 - 24
Silica aerogel .. .. .. .. . .. .. . . . .. .. .. .. .. . .. . .. .. . .. .. ., ..,. .. . .. .. . .. .. .. .. .. . .. . .. .. .. 7 .6 5.88 -
Vermiculite (expanded) . . . . .. .. .. . . .. . . . .. .. .,, . .._ . .,. .. ., .. .. ., . . . . . .. . .. . .. . . . . 7.0-82 2.13 -

4.0-6 .0 2.27 -

WOODS Maples, oak and simlar hardwaads : . .. . .. . .. ,. ., .. _ . .. .. .. .. .. .. . . .. . .. . . . . .. . . . ., . . .. . . 45 0.91 -
Fir, pine, and similar softwoods .. .. .. „ ., . .. ,. .. ,. .. . . .. .. ., .. .. ., . . . . ,. .. . . .. „ . . . .. . . ., . . . . . ., 32 1.25 -
Fir, pine, and sim~7ar so8woods . . . .. .. . .. . .. ., .. . . .. . ., .. ,. . .. .. . . .. .. .. .. .. .. .. .. . Y. in, 32 - 0.94

1% in., 32 - 1.89
2% in., 32 - 3.1 2

. .. .. .. .. .. .. . .. .. . .. .. . .. ., . . .. .. .. . . .. . .. .. .. .. . . .. . ., ., .„ ..,. .. .. . ., . .. .. .. 3% in . 32 - 4,3 5

Note 1 : R-value varies with fiber diameter, Iasulatioa is praduced by different deasities; thezefore, there is a wide variation in thickness for the same R-
value between various manufacduexs,. (See Batt and Loose Fi ll IasulaLioaJ

*Reprinted with permission from ASHRAE Handbook of Fundamentals 1972..
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TABLE A- 5
COEFFICIENTS OF TRANSMISSION ( U) OF WINDOWS, SITYLIGHTS, AND LIGHT TRANSIIQTP ING PABTITdONS *

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

PART A
VERTICAL PANELS ( 1!3iTEBIOB. WINDOWS, SLIDING PATIO DOORS

AND PAR.TITIONS) - FLAT GLASS, GLASS BLOCK AND
PLASTIC SHEET

Fateriorl
Description Winter Summer interior

Flat Glass
single glass 1.13 1.06 0 .73
insulating Slass - double2

3/16 in.. air space 0.69 0.64 0.51
Y. in. air space 0.65 0 6 1 0.49
% in. air space 0.58 0.56 0 .46
V, in. air space, low

e ivit ti 3i ngm as y coa
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

iasulstin8 glass-Lriplez
'/a in .. air spaces 0.47 0.45 0.38
i4 in .. air spaces

d
0.36 0.35 0.30

storm win ows
1 in..-4 in.air space 0.56 0.54 0.44

Glass Bloch4

6 a 6 z 4 in, thiek 0 ,60 0.57 0.,46
8a8z4in.thick 0.56 0.54 0.44
-with cavity divider 0,48 0,46 0.38
12z12z4in.thick 0.52 0.50 0.41
-wifh cavity divider 0.44 0.42 0.36
12z12z2in.thick 0.60 0.57 0.A6

Single Plastic Sheet 1 .09 1 .00 0.70

ISee Part C for ac~juatment for various window aad stiding patio door types ..
2Doiibie and triple refer to the nnmber of lights of glass,.
3Coating on eitber glass sarface facing air space; all other glass surfaces uncoated .

.4D1n1en81ons are nominal . . . . . . . .

•Reprinted with permission from ASHRAE Handbook of FundamenteLg..

PART B
HORIZONTAL PANELS (SSYLIGHTS )

FLAT GLASS, GLASS BLOCS AND PLASTIC BUBBLES

Eateriorl
Description Winters Summers Interiors

Flat Glass
single glass 1.22 0..83 0.96
insulating glass - double2

3/16 in. air space 0.75 0 .49 0 ,62
Y. in. air space 0.70 0.46 0.59
Y, in. air space 0..66 0.44 0.56
'!s in. air space, low
emissivity coating3
emissivity = 0.20 0.46 021 0.39
emissivity = 0.40 0.53 0.36 0 .45

emissivity = 0.60 0..60 0.40 0.50
Glass Block4

11 z 11 a 3 in. thick with cavity divider 0.53 0.35 0.44
12 x 12 x 4 in .thiek with cavity divider 0.51 0.34 0.42

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

SFar heat flow up,.
sFor 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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PART C
ADJUSTMENT FACTORS FOR VARIOUS WINDOW AND SLIDING PATIO DOOR. TYPFS

(lYinitiply U values in Parts A and B by these factors)

Description Single Double or
Glass Triple Glass Storm Windows

Windows
A11 Glassa 1.00 1.00 1 .,00
Wood Sash-8096 Glass 0„90 0.95 0:,90
Wood Sash-60% Glass 0.80 0.85 0.80
Metal Sash-80% Glass 1.00 1.20 1.209

Sliding Patio Door s
Wood Frame 0.95 1.00 -
Metal Frame 1 .00 1 10 -

$Refers to windows with negligible opaque area ,

9Valne 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*
Has per (hr) (sq ft) (F Deg) '

Winter

Thi¢Imessl Solid Wood, With Storm Door Summer,
No Storm Door Wood Metal No Storm Door

1 ia. 0.64 0.30 0.29 01.61
1y, in.. 0.55 0 .28 0.34 0.53
% in.. 0..49 0 .27 0.33 0.47
2 in . 0.43 0.24 0,29 0.42

Steel Door

1'1: in,
As 0.59 - - 0.58
B4 0.19 - - 018
Cs 0.47 - - 0..46

'Nominai tiuclmess..
ZValaes for wood storm doors are for approrimately 50% glass ;,formetal storm doors values apply for any percent of glass.

3A = Mineral fiber core (21b/ca W.

4B = Solid urethane foam core with thermal bneak.

SC = Solid polystyrene core with thermal break.

Note HoIIow core doors 1'14 in. tbick - R= 217; U= 0.46
1% in.. thick - R= 222; U= 0.45

'Reprinte3 with permission from ASE3Rt1E Handbook of Fandamentals.

Register, November, 1995, No .. 479



146 WISCONSIN ADMIIVISTRATIVE CODE
II.BR 20-25 Appendix

INSULATION, EQUIPMENT AND CONDENSATION CONTRO

L This appendixis a guide for the proper installation of insulation. The preceding appendices indicated the required
amounts and types of insulation 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
includes 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 commonly used materials in residential construction
are batts and blankets, rigid insulation, reflective insulation, loose fiIl, and sprayed insulation . The following is a list of
types of materials and the federal specifications governing their characteristics .

Cork board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FS HH-I-561
Cellular glass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. FS HH-I-551
Duct insulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .•-- . . . FS HH-I-558b
Expanded polystyrene insulation board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FS H73 I-524
Fiberboard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FS LLL-I-535 or ASTM

C-208 Class C
Insulation board (ureth.ane)* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FS HIi I-530
Insulation, thermal (perlite) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FS HFi-•I-57

4 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 IB Spec. No. 1
Cellulose; vegetable or wood fiber . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FS HIi-I-515b-25
Vermiculite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . FS HH-I-585
Vermiculite, water repellent loose fitl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 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 manufacturers offer other products such as R-8, R-13 and R-22 . The specific
thickness of insulation required for a specific "R" value may vary from one manufacturer to another due to differences in
base materials and manufacturing processes.

General Guidelines

1 . Install insulation so the vapor barrier faces the interior of the 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). Insulation is not required for supply and return air
ducts in heated basements and cellars .

Ceilings

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

1. Fastening from below (Fig. 1b).

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

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

Register, November, 1995, No . 479



DEPARTMENT OF IIVDUSTRY, LABOR AND HUMAN RELATIONS 147
ILHR. 20.25 Appendi

x NNT
r.,wTE

Fig. la Fig., l

b Fasten flanges to the inside of ceiling joists as shown in Fig. 1b . Extend the insulation entirely across the top plate ,
keeping the blanket as close to the plate as possible. Fasten vapor barrier to plate . When eave vents are used, the
insulation should not block air movement from eave to space above insulation (Fig. 1a) .

Insert friction-fit blankets between ceiling joists (Fig . 2). Allow insulation 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.

~
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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.

E X'f'eRl OfZ

VA?oR
13ARRlER Fig . 4

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

.~!

FtL- ALL CRAcKg

AROtANt7 t7OO25 AND W tNGOW S
(covECC w MV vAPoK. p3,o,Rt21E.M)

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

avr 1•• WlvlM
TNAN ~yt'~ SpACE

~34

tl
It
i ►
i~l 1

Fig . 6a

I N01J-STANbqRp
StUP SPAC$ WIDT1}

Insulate nonstandard-width stud or joist spaces by cutting the insulation 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 .

fi
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' _.
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Fig .. 7a
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vApoK .

t~Ai:RteR

Fig, . 7b

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

Fig . 8

Rigid insulation in stress slun panels (Fig . 8) may also be used to insulate walls, ceilings and roofs. .

Floor and Crawl Spaces

i

_ • .

Fig . 8a

BAwuER

rF~sc~cK cp

Fig„ 8b

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

Dropped Sof j•"cts

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 applied, a"board" (plywood,
hardboard, gypsumboard, etc.) should be installed over the cavity to support insulation.

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

Rigid Insulation

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

In1_In -Aw-wedI.4s -ma

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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PIRa7N6 571UP5-

',
r'°" ~

I~t
w"

R161D
IN51nATpi

iM'ERIOR tX7ElUOR
WALL OR V8NE6R

funSN
Fig . 9a
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WAI..t„

: ( ►1TERtOR
FIN15t;

Fig . 9 c

Frame Construction: When rigid insulation is used with frame construction (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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Zloof Insulation: Roof insulation boards are usually installed with an approved adhesive, hot asphalt, or may be
nailed to the roof sheathing. The manufacturer's instructions should be followed .

Slab-on-Grade: Rigid insulation is frequently used as insulation around the perimeter of concrete slabs-on-grade (Fig.
11b, c, d) and also may be used on the inside of foundation walls adjacent to heated crawl spaces, basements or ce llars
(Fig.11a). Installation is usually accomplished with adhesive and/or mechanical fasteners . Perimeter insulation should
be installed against the foundation wall or extended into the interior of the building to a distance equal to the design
frost line (Fig.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 BLOC K

Concrete block manufacturers are currently producing several types of multi-celled block with improved insulating
values. The thermal resistance of the block will vary depending upon the types of insulation used and the configuration
of the cells . An example of a typical multi-celled 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 manufactured 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 depends on
thickness and weight of insulating material applied per square foot . Federal specification HH I-1030A for insulation
requires that each bag of insulation be labeled to show the m;n;.,,um thickness, the maximum net coverage, and the
m,ni**+um weight of (that particular) insulation 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 insulation is specified, and the
density or number of bags is not, the desired or assumed thermal resistance (R) value may not be achieved. The
important characteristic is weight per square foot . Thiclmess is the minimum thickness, not the average thickness
experienced in the field.

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

Three blown insulations that provide R-19 are :

Minimum Maximum Net Bags/1000
Material Thickness Coveraae/Bae Sq. Ft.

Cellulose 5" 59 sq. ft . (40 Ib. bag) 17
Glass fiber 8" 51 sq. ft . (24 lb. bag) 20
Rock wool 6V 26 sq. ft. (271b. bag) 38

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

(sased on 26-ponnd nominal weight bag)
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Mammum_

~ ~ ~t ~0 N ~~I~vatue Thicimess per gq. 1 U0 Sq. b`k. ~ Ba g

Number of bags per 1000
To obtain an insulation Installed ;w+,tAr.±,,,, should The weight per sq. ft. of installed sq. ft. of net area should Contents of this bag should not
resistance R oE not be less than : insulation should be not less than. not be less than: cover more than:

B 30 13% in . thick 0..7681bs . per sq„ &. 30 33 sq.. ft.
R-22 10 in ., thick 0.558 ]bs., per sq,. fft. 22 45 sq.. ft.
R-19 8% in. thick 0.489 Ibs„ per sq.. tk, 20 51 sq. &.
R-11 5 in . thick 0.279 Ibs„ per sq. R.. 11 90 sq.. ft.

Weight contents: not less than 24 lbs„

ILvalues are determined in accordance with ASTM C-687 and C-236

Fig. 12

REFLECTIVE INSULATION

Reflective insulation is composed of aluminum foil in one or more layers either plain or laminated to one or both sides
of kraft paper for structural strength. The insulation value for reflective air spaces, which this type of insulation
provides, varies widely depending on the direction of heat flow. They are much more efficient when the heat flow is
down . Reflective insulations which comply with the requirements when used in a floor, may not be satisfactory in
ceilings or walls, where the heat flow is upward and horizontal, respectively Reflective insulations a reffective in
controlling radiant heat energy when installed so that they face an air space. Insulation should be installed in such a
manner that it is continuous, 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 with binder, mineral wool with binder, and cellular foams . They may be sprayed directly on
concrete, masonry, wood, plastic, or metal paaels or may be sprayed between the framing members . Manufacturer's
recommended instructions should be followed . To determine that the proper thickness is installed, either refer to the
plans and specifications, or request a certification from the supplier that the insulation installed provides the required
"R" value.

TYPICAL INSULATION THICKNESSES AND VALUE S

Approximate
Insulation R-Value Thickness
Fiber gIass 11 3'h"
Fiber glass 13 3~
Fiber glass 19 g'
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. Vapor retarders are placed on the side of the wall, ceiling or floor that is warm in winter. For equal
vapor pressures, moisture vapor penetration through holes or tears in the insulation vapor retarder is proportional to
the size of the opening. Holes or tears should be repaired. A snug fit of blanket flanges against the fx'amiag 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 furaace 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 differential between duct air and outside air . This can amount to 40% of a furnace output under mild
conditions. Undersized ducting will reduce the amount of circulating air and will affect the capacity of the farnace, but
will normally have little effect upon its efficiency. Atmospheric combustion 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 recover from about 4% at 4500 F to 8% at 800 0 F.

The appliance manufacturer should be consulted when retrofitting the appliance with combustion air to assure that
the appliance warranty is not affected.
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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 limiting the size of equipment to 15% above the desiga losses would have .

Esample:

Total construction loss 27,760 Btu/hour

One air change per hour.

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

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

Ma3rimum fiirnace size:

47,504 Btu&our + 47,504 (.15) Btuhour = 54,630 Btu/hour

COMBUSTION AIRFOR 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 fireplace should be
equipped with a door and the combustion air duct with a damper and a louver to n+i*+i**>;ze air leakage during periods of
nonuse.

CONDENSATION CONTROL

Air Infiltration

The department will accept infiltration losses determined by the air crack method or an overall value of'h 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 cracldng, etc . However, from an energy standpoint, it is desirable to keep the relative humidity low;
the trade-off is at about 30%.

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

ILHIt 22.13 In5ltration Control for Electrically Heated Homes

=topplt-
exterior finish

window header
plate at window head
window frame

Roof/Wall

Wall/Window Head

Wall/Window Si llwindow siII

plate at window sill

A....

-- bottom plate
:« - sub floor

Floor/Foundation

floor joist header or band joist

sill plate
foundation wall
foundation insulation

• - Catilk, Gasket or Seal
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II.HIt 22.13 Infiltration Control for Electrically Heated Homes (continued)

a plate Wall/Intermediate Floor

subfloor

eader joist or band joist

ates

double bottom plates
Wall/Fottndation

foundation wail
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