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DUILDING nOARD

IJoard~. rllnel••Subnoo,in~. Shc:llhil1J
Woodbo.rd rlnel rroduct.

A~"c~tOl<ement bo.rd .
A~bc~lns<Cment hOl'd O.I25 in.
"~I>c.IOI<Cment board O.25 in.
OYJ'lum or r'"~tcr board 0.)7.5 In.
G~um or rillster boud 0..5 in.
0) ~um or r'.~ter hoard 0.625 in.
rlywood (VouJ'a. I'Ir) .
rlpmod (!>oul' •• n,) ,..0.25 In.
r,~ (VouIIII 1'\,) 0.375 in.
rlywoocJ (Voull •• 1'1,) 0.5 In.
F'Y"'OOd (l)oul'lI I'Ir) 0.625 In.
M)""'OOd or "'OOd rancls _ ..0.7.5 In.
Vecellhloenbcr Ooard

ShUlhln&. tel"lar dcn~lt)' ......•. ; _ 0..5 In.
..............• _ .....................................•..... _ 0.71125 In.
Sheath'n&. Intermediate dcnsIl1 __ ..0..5 In.
N.iI-b.« .he8thlnl_ _ O..5In.
Shlnlle b.dtu __ _ _ _._ __ O.315 In.
Shlnp badEer _._ _._ _ 0.312:5 In.
Souftd deadeftlnl board _ 0..5 1ft.
·1l1e.1Id..,.-Ift panell. pI.ift 0' .couSlic _ _ •....__ ._.
_ __ ._ _ _ _ _ _ 0..5 In.
......... _ _ .•._ _ __ 0.1.5 ift.
l.amlftlted rererbMrd ..................................................•...... _
lIomCllefteous ~rd rrom rerul('CII r:'l('Cr _

IllrdboIrd
Medium deMI11 _ .
I/llh de",'". ~mre lemr. ~M« ""lIcrl"1 _
lliah deMlt1. ltd. ten'('Crcd ..........................................•...........

r."icleboft,d
1.0- ~n.lty _ _ ,. .
Medium denllty_ .
lliah deftslty .
Underlaymtftl 0.(.15 In.

Wood .uhrloor _ O.75 in.

nUIfl>INO Ml!MDRANE

V.ror· permeable fell _ ................•................ ..
Vlror· Ra~ 2 ~n or rnorred IS.n,. fell _ .
Vlror ••• ~ Jlltsde film _ _ __
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Carrel Ind fRtrovs rid .
Carpet Ind rubber p.'d .
Cork tile ..... __ .....................................•.................. 0.115 1ft.
1'e",,%%o .............•................................................................. 11".

lile Isrhal'. HftOIeum. vinyl. ruhher _ ..•......
vilt)1 asbestOl M ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• _ •• _ •••••

ceramic .
Woud. hardwood finish .•.•...................................................... 0.1S ift.

"I:1t U!'II'"
TIII<.:KNI~<;<;

""on
0(.2
0.77
0.9)

112
2.Of.
1.22
1.1·1
0.9-1
07'11
'.3.5

1.25
1.89

U~2
O.?·I
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0.12
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1.2.1
0.28
0.011
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'''"nLcl ~"J 1l~1I
Mi,,(r~1 nh"r. rihr" ••s f••rnll'nlCe~scd rrom roK"K.

~I~I! ••r ~I,,~s
ltrrrnr. :1-1 in .
lIrrr •••. J5 ill .
bl'r"". S.5·(, S in : .
"1'1'''''' 6.7.5 in .
"1'1'"".9.111 in .
:lrl'ror. 12·' J in .

ntl~r" In,l Sl~h.<
('"",,Inr gln~s .
(iI,,~~ (iher, nrg.,nic h ••"dc.I. .
I: I,n""ed pertite, I" I!:lnic I" 'n'/et!.. .
':.'I'~"'Ie" whher (,i,:;") .
':,!,an,Jet! /",I)"')'~"C ",',,10k"

( '". c.'elf sudan: . .
~'nf)fllh \lcin ~lIlr:1re .

,: .•,.amlc,' I'tll)~I)It:ne. n",I,led hcnt!~ .
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"rick. common __ _...... 120
Drick. f.~ __ _ _._ __ 130
a'ylile, hollow:

I cell deer __ __ _._ · · ·...........•. _.._.3 in.
Icell deer .............................................................................•• In.
2 cells deer _ _ 6 in.
2 cells deep._ __ __ _ _ 8In.
2 ~IIs deer ..........•. : _....•........................................ _.. IO in.
3 ~11s deep .._ _ _ .•..................................... _12 in.

Cenerete bloch, Ihree oval eere: '
Sand .nd Cn..cl'grcple __ _•......•• In.
.............................._._ _ _ __ 8 In.
.••......................••.•.••..••.••••.• _ ...•••••..• _ •....••.••......•.........••... _ •. I 2 in.
Cinder I"reple _._ _ 3 in.
..............•.................. __ ._ .•....•....•..•...................•...•............. _.4 In.
......................................_ _ 8 In.
.................•...•...........•.... __ ..••_._._ .••.....•.......••..................... I 2 In.
UChlweiChl ,,"reple •....... _••.•_._ _._._ .3 In.
(erpn6ed .hale, clay, .lIle .•._ _ _ _ _ .....• in.
Of .I'a: ""mice) ..__ ._ __ ._ __ _ ..8 In.
..... ._ •. _...•...•...................... _ •..__ 12 In.

Concrele blotu, reet.ncvllr eere
Sand Ind If'I"CI lureple
2 eere, 8 "•. 36 lb _ _ .
Same ";Ih filled mres .

1.1JhI_i&hl ."reple <CWJ'Inded shlle, day,
sl.le or 11"1. punli«):
3 core, 6 in. 19 Ib ~ .
Same ";Ih filled eeres .
2 eere, 8 In. 24 Ib _ .
Same ";Ih filed cores _ ; .
3 eere, 12 in. :\II lb : :: .
Same .ilh nlled rorcs .

510ne, lime or und .
G>1"um r:'r1ilion tile:

3112I)Oin.~lid .
I 12 130 in .••• cell .
••I 12 I )()in. 3<cll : _............•.........

615·5.26
).57 ..05
).)) .••. 11

ITn 1.1"1 I 11
·11I1('''Nrss

rnllureth3ne rn.m .
Ure.rormlldehyde roam .
SpflY cellulosic fibcr base .

rEn INCII

0.20

O.GO

O.I?
0.211
0.-10
0.5?
0.1\(
1.11
1-1)
I.~
t.-II
2.00

0.11

0.08
0.20

0.20
0.11

0.110
1.11
J.s2
l.ftS
2.22
BO
0.11
1.11
121\
U.II£,
III
172
III?
1.27
1.50
200
2.27

1O-t
193

16S
2.?Y
2.111
SO'}
2.·18
H2

0.08

1.2(,
I.J~
1(.7

MASONRY MAl'EIUt\LS

Concretes
<':enlenl mOr1ar .
UYJ"'um fiber eonerere 87oS'Yo cypsunl,

12.5% IO'OOd chips .

Uchtwei~hl "~rel"les induded exran<.le<.l .
shAle, eI.y or Ilate; urAn<.lcd ~I"cs; .
cin<.lel1. rumic'e, yermlculite; .I~o .
cellular eonereres .

re,lile. e."nn<.ted .

Sand .nd rlvel or Slone 'areptc
(oYC" dried) .

Sand .nd cravel or slone 'arel'le
(nol dried) _ .

51ueee .



9
\

TABLE B - Continued
THERMAL RESISTANCES OF BUILDING MATERIALS

Description or M.ttrial
Per inch

or
Thickness

For
Thickness

Listed

ROOFING
Asbestos<:ement shingles .
Asphalt shingles .
Wood shingles .
Asphalt roll roofing .
Built-up roofina, *. . .
Slate, ~" .
Sheet metal .
Vapor barrier .

.21

.44

.94

.15

.33

.05
Negligible
Negligible

I" 4" 8" Ir
Concrete, Sand and Gravel or stone aggregate, or Stone ....................... .08
Cement Monar and stucco .................................................... .20
Brick:

Common brick, assumed 4' thick ••••••••••••••••••••••••••••••••••••••• 0.·' .80
Face Brick. assumed 4' thick ................................................ .44

Concrete Block:
Three oval core, Sand and Gravel Aggregate ................................ .71 1.11 1.28
Three oval core, cinder aggregate ............................................ 1.11 1.72 1.89
Three oval core, light weight aggregate ...................................... 1..50 2.00 2.27
Light weight aggregate with insulation in cores .............................. 5.03 .5.82

MASONRY MATERIALS Thickness

INSULA TlNG MATERIALS Thickness

I' 3W S~' 8' 10" Ir 14" 16"
Blanket and Bat Type

Glass Fiber ..................................................... 3.1 11 19 26 32 38 44 50
Roclcwool ...................................................... 3.7 13 20 29 37 44 51 .58

loose fill type
Cellulose (Macerated paper'or pulp products) ................... 3.70 13 20 29 37 ~ 51 .58
WOod fiber, redwood hemlock or fir ........................... 3.33 12 19 21 33 4W 46 .52
Mineral wool (Blass, sla8 or rock) " 2.2 8 12 18 22 26 32 37...............................
Vermiculite (expanded) ......................................... 2.3 8 12 18 23 21 33 38
Perlite (expanded) ................................•.............. 2.1 9 IS 22 27 32 37 42

Board Type
Glass fiber ......................................................... 4.0
Polystyrene (styrofoam) ......................................... 4.5
Polyurethane .................................................... 6.25
Urea-Formaldehyde

••••••••••••••••••••••••••••• 0 ••••••••••••••• 5.0
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TABLE B
THERMAL RESISTANCES OF BUILDING MATERIALS

Description of Material
Per Inch

of
Thickness

EXTERIOR FINISHES
(Frame Walk)

Brick Veneer. 4- thick (nominal) .44
Shingles. on nat surface. including building paper:

Wood. 16- with 7~- exposure..................... .93
Wood. double. 16-, 12"'exposure.............................................................. 1.2S
Asbestos-cement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27

Siding. on nat surface. including building paper:
Drop, I It 8 inches .. '.' :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8~
~~I. ~ It 8 inches, lapped .87
~~I. ~ It 10 inches. lapped . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.11
Plywood, ~-.Iapped .6~
Asbestos-cement, ~-, lapped .27

•..tetal Siding Negligible

WOODS
Maple. oak. and similar hardwoods .
Fir. pine. and similar softwoods : .
Plywood ...............................................•.........................................

AIR SPACES
Bounded by ordinary materials - Vertical. ~- or more in width .
Bounded by reflective materials - Vertical. ~ - or more in width .

SURfACES
Still air, ordinary non-reflective materials. vertical .
IS M.P.H. wind velocity, ordinary non-reflective materials. vertical .

.91
1.25
1.25

SHEATHING
Insulating board. %. (wood or cane fiber) .
Plywood, ~ inch .
Fir or pine. I inch (actual,,",) .
Styrofoam Board. I inch .
Styrofoam Board, 2 inch .

INTEiUOR FINISHES
Gypsum plaster.

Sand auregate .
Vermiculite awegate .
Perlite &grepte .

Cement plaster, sand aggregate : .
Gypsum Board, ~., plain or decorated (drywall or sheet rock) .
Gypsum Board, ~., plain or decorated (dry wall or sheet rock) .
Gypsum Board and plaster, ~. board, ~. plaster (sand aweg_te) .
Insulating Board, ~., plain or decorated .
Insulating Board and plaster, ~. board, ~. plaster (sand aggregate) .
Ptvwood, ~ inch. plain or decorated .

" Lath and plaster (gypsum, sand aggregate), ~ inch plaster .
~o~t with Fibrous Pad ,' , .
Carpet with Rubber Pad : : .

.18

.S9

.67

.20

For
Thlcknn3

Ust~

.97
2.0

.68

.17

2.06
.78
.98

4.00
8.00

J2
.45
.41

1.43
1.52
JI
.13

2.08
1.23
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CLASSROOM ACTiVITY H
Thermal Insulation

The need for ehergyconservatioii -IS clear, since fossil fuel resources are
finite and are being rapidly depleted. Blanket-type fiberglass and mineral
wool insulation are commonly used to reduce heat lo-ses in the home. and
they not only make economic sense as the cost of fuel increases, but con-
stitute good environmental stewardship as well. This activity shows quan·
ritatively just how much energy is saved by various thicknesses of insulation
used. By obtaining the current costs of the insulation from your hardware
Store or building supplier, you 'could -ilso determine the total cost of in-
sulation that is appropriate for your own home.

The R value printed on the package of insulating material measures the
resistance of a material to heat transmission. Thus, the greater the R
value. the better the fn'sulatin8eff~ of the material. The reciprocal of
R is called thermal conductance C, lndthis value is the rate of heat loss in
BTU /hr· fti. P fot the thi4ness of insulation in the package.

It VALU~ FOR. VAJlIOUS THICKNE.SSU OF BLANKET·
TYPE flBEltGLASS INSULATION

Thickness
(inches) It Value

1 5.70
2 1.40
S 1i.10
4 14.80
5 18.50
6 22.20
1 25.90
8 .29.60
9 sBo

10 51.00
11 40.'0
12 44.40

Table H-l shows the R values for various thicknesses of blanket-type
insulation. From this information compute thee value for each thickness

,••r-'
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APPENDIX E
Thermal Resistances of
Building Materials

R
for thickness

listed

Air bounded by ordinary materials.
vertical and ¥4H or wider

Still air. vertical. inside
J 5-mph wind speed. outside
Still air. horizontal. inside
Still air. 45° slope. inside

Brick veneer •• " thick (nominal)
Wood shingles. 16" with 7y!" exposure
Asbestos-cement shingl~
Wood siding. bevel YI" x 8". lapped
Aluminum. hollow-backed over sheathing
Building pa~r. permeable felt

-This is the resistance of the air film only. Aluminum has
negligible resistance.

Brick. common. 4" thick
Concrete block, !-o"al core. land and gravel aggregate. 8"
Concrete. sand, and gravel or Stone aggregate. per inch

thickness
Stone. ~r inch of thickness

Hardwoods. per inch of thickness
Softwoods and plywood. per inch of thickness

(Treat doors, with or without gl:1SS. the same as windows.)
Single (no storm sash)
With storm sash
Double glazed with ~~" air space

Gypsum or plli.sterboard. 'Is" thick
Gypsum di'pJasterbo3rd. V!!" thick
Vapor-permeable felt paper

0.97

0.68
0.17
0.61
0.62

0.44
0.9!
0.27
0.81
0.6] -
0.06

0.80
l.ll

of
0.08
0.08

0.91
1.25

0.89
1.89
1.64

0.32
0.45
0.06
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/
If ppendix, 'E

To adjust the U value for wall area occupied by studs. compute U for wall <It

studs. Find 15% of U for stud area and 85% of U for wall area. Add these \ al ues
{or net U for the wall.

Construction of 45° pitched roof
(heat Row up)

Resistance
R

I. Outside surface (l5.mph wind)
2. Wood shingles
~. Roof boards. nomin~l I" fir x 6" with 5" space between
4. Fiberglass insulation. 6" bats
5. Gypsum wallboard. !,1"
6. Inside surface (still air)

Total R

0.17
0.94
0, iO(a pprox.)

22.20
0,45
0.62

25.08

I 1
U = R = 25.08 =0,04 BTU j(hr)(£t')("F).

Adjust U for roof area occupied by rafters in a manner similar to that for wall
studs.

Note: For more complete treatment of heat transfer situation involving build-
ings. refer to:

I. IfSHRIfE Handbook of Fundamentals, 1972.
2. Heat Loss Calculation Guide H·21, Institute of Boiler and Radiator Manu-
facture".

Reprinted by permission from ASHRIfE Handboolt of Fundamentals, 1972.


