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TABLE 24%

Thermal I'ropertics of Typical Building and
Insulating Materials

Design Buw/(Hr-fi%-°F)

RUSISIANCE: (R)

Dl!NSl‘SY PERLISITD
DIESCRIFTION L/l PER INCH TIHHCKNLESS
DUILDING BOARD
[3oards, Pancls, Subflooring, Sheathing
Woodboard Panel Products
Ashestoscement bOsrd......ereeececececnnrecennceennn 120 0.25 .
Asbestos-cement board 0.12S in. 120 - 0.01
Ashestos-cement board...........oeieeeeniccnns 0.25 in. 120 : 006
Gypsum or plaster board ... 0378 in. S0 = 0.12
Gypsum or plaster board - 05 in. 50 - 018
Gy psum or plaster hoard 3 0.62S in. S0 0.56
I'ywood (Douglas I1r) k4 1.25 -
Plywood (Douglag Fir) ..., .25 i, M s NN
Plywood (Douglas Iir) 0.378 in. M - 047
Plywood (Douglas Fir) ... ccenneseninenes 0.5in, M = 062
Plywood (Douglas Fir) 0.62S in. k?) < 0.77
Plywood or wood panels 0.78 in. M ss 093
Vegetable Fiber Board
Sheathing, regular density 0Sin. 18 . 132
0.78125 in. 18 = 206
Sheathing, intermediate density ........coocucvnconeen e 0.8 0. 2 - 1.22
Nail-bage shesthing 05 in. 28 - IRE]
Shingle backer 0.37S in. 18 = 094
Shingle backer 0.3128 in. 18 - 0.78
Sound desdening board 05 in. 18 o 1.38
‘Tile and Isy-in pancls, plain or acoustic...... v 18 250 -
0Sin. 18 - 1.25
0.78 in. 18 - 1.89
1 aminsted peperboard 0 2.00 .
Homogeneous board from repulped paper ......eecieeneeees X 2.00 .
1lardbosrd
Medivm density 0 137 .
ligh density, service temp. service underiay ...ecunecee. = ss 1.22 .
High density, std. tempered 63 1.00
Particleboard )
1 ow density 7 188 -
Medium density 50 1.06 R
1ligh density 628 08S s
Underlayment 0.628 in. 40 5 0R2
Woud subfloor 0.78 in. et 0.94
BUILDING MEMBRANE
Vapor - permesble felt = 0.06
Vapor - seal, 2 isyers of mopped 15-h. felt ... = - = 0.12
Vapor - sesl, plastic film - e Negl.
FINISII FLOORING MATLRIALS
Csrpet and fibrous pad - - 208
Carpet and rubber pad - o 123
Cork tile 0.125 in. - - 028
Terrazzo 1in. - s V.08
Tile asphalt, linoleum, vinyl, rubber - s 005
vinyl ashestos
ceramic
Wond, hardwood (inish 0.75 in. 0.8

*Excerpted from the ASIHIRAT 11andbook of I'undamentals 19RS




DIENSI R\'

RESISEANCE: (R.)

PERLISITD

DESCRIFTTON Hver PERINCH TTHCKNISS
INSUL ATING MATERIALS
Manket and Nant
Mineral Fiber, fibrous form processed from rock,
slag or plass
ApProw. -4 i n3.20 - 1"
APPIOT 35 1 s e e 0320 - 13
approx. $.5-6 S in. 0320 - 19
APPIOT. 6-7.8 10 03.20 - 22
approx. 9-100n. 0320 . 30
approx. 12-13in ny.20 K}
Board and Slabs :
CRIINY QIAKS! o i sanain oo s oar s sa s A A RS 2RO -
“Gilass fiber, arganic bonded 4.9 4.00 -
Fiypanded perlite, organic bonded. 1.0 27
Lixpanded pabbher (Figoind Voo st 48 4S8 E
Fixpanded polystyrene extrnded
s T IR 40
1818 S 1) 5
(R} RS
1.2§ 400 -
1.5 417 2
...... )78 117
20 41§ --
Cellular polyurethane (R-11 exp ) (unfaced) ... LS 628 -
Cellular polyisocyanurate (R-11 exp ) (foil faced,
glass fiber-reinforced core) S 20 7.20 -
Nominal 0.Sin.............. T -- 36
Nominal 1.0 500 o s - 1.2
Nominal 2.0in. . - 144
Mincral fiber with resin binder 15 348 s
Mincral fiberbaard, wet felied
Core or roof insulation 16:17 2N -
Acoustical tile. IR 286 -
Acvustical file... 21 2.7 e
Mincral fibethoari, wel molded
ANCOUSEICRY 1. icsisronc oo oo ss i esies mernniininiaioisseirinssarsins 23 2R -
Woxxt or cane fiberboard
Acoustical tile ..0Sin. - - 1.28
Acoustical tile e 0.7 in. .- - 18
Fnterior finish (plank, Gl ) et sssceeee 18 2.R0 =
Cement fiber slabs (shredded wood with Portland
cement binder)........... 25-27.0 2.0-1.89 55
Cement fiber stabs (shredded wond with magncesia
ory<ulfied binder).................. 220 1.78 -
1OOSE P, '
Cellulosic insulation (milled paper or wood pulp)...nnees 23.32 RERE R =
Sawdust or shavings R80-150 222 W
Wood fiber, softwoods 2038 333 .
Pertite, expanded ... . uuunssisssis o issusnisisssmisississisnisins 20-1.1 37.33 .
; 4174 3328 .-
...... 74-110 28-2.1 .
Mineral fiber (rock, slag or glass)
approx. 3.75-S in e 06-20 = 1
approx. 6.5-8.75 in. 0.6-20 - 19
approx. 75-10in....... 0620 - 22
approx. 10.25.13.75 in... 0.6-2.0 w 0
Mincral fiber (rock, slag or glass)
approx. 3.8 in. (closed sidewall application)......occoocoevvecrrnne.e. 2038 = 120.116
Vermiculite, exfoliated ... S 70.R2 211 .




RESISTANCE (R)

FERTISIED

DIENSI L"f
DESCRIMTTON e FERINCH THICRNIESS
FIELD APPLICD
Polyurethane fOBM o 15-25 6.25-5.26
Ureaformaldehyde foam ... 0.7-1.6 3574588 e
Spray cellulosic fiber base 206.0 333417 -
MASONRY MATERIALS
Concretes
CEMENE MOMIAT .ottt sesceseassreasserssessens s sesssssrassarssssaseses 116 0.20
Gypsum fiber concrete 87.5% gypsum,
12.5% wood chips Si 0.60
Lightweight aggregates included expanded 120 0.19
shale, clay or slate; expanded slags; ... 100 0.28
cinders, pumice, vermiculite; 8lS0........cocvveeeeinirieennene 80 0.40
cellular concretces 60 0.59 .
.............. 40 0.RC -
0 BN B
T R SRS S R NSRS R TSR PSSR T 20 1.43
Perlite, expanded 40 1.08
.................. 30 1.1
20 2.00
Sand snd gravel or stone sggregate
(OVENIIEH) ..c.covisnaenenemteincusmsensusvennniicisssminionsns 140 0.11
Sand snd gravel or stone aggregaie
(NOUAREA) e 140 0.08
Stucco 116 0.20
MASONRY UNTIS
Rrick, common 120 - 0.20 -
Brick, face.... 130 0.11 .-
Clay tile, hollow:
1 cell deep Jin. - - 0.80
1 cell deep 4in. - - 1.11
2 celis deep 6 in. - - 152
2 cells deep 8 in. - - 188
2 cells deep 10 in. - - 222
3 cells deep 12in. - s 250
Concrete blocks, three oval core:
Sand and gravel sggregate 4in. - = 0.7t
8 in. - - L1t
- 12in. - P 1.28
Cinder aggregate Jin. - - 0.6
4in. - - I
8in. - - 1.7
12in. - = 189
Lightweight aggregate Jin. - - 1.7
(espanded shale, clay, siate 4in. - - 1.50
or slag: pumice) 8 in. - - 200
12in. - e 227
Concrete blocks, rectangular core
Sand and gravel sggregate
2core,B8in. 36 1h. - as K
Same with filled cores. - o 193
Lightweight aggregate (expanded shale, clay,
slate or siag. pumice):
3core,6in. 191b........ = - 168
Same with filled cores. - - 29
2core,Bin. A4 Ib. = - 218
Same with filed cores. = - $.03
3core, 12in. 28 [b. - s 248
Same with filled cores. - - SR2
Stone, lime or gand........cecericneccccnincnne - 0.08 .
Gypsum partition tile:
3x12x 30 in. eolid . 1.26
x12x 30 in. 4-cell - . 1.3¢
4x12x30in. 3cell : - . 167

CoRRUGATEY) CreDBDBeD

(a") =184
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TABLE B — Continued
THERMAL RESISTANCES OF BUILDING MATERIALS
Per inch For
Description of Material of Thickness
Thickness Listed
ROOFING
ASbestos-cement ShINBIES . ..ointuiii ettt te et 21
AspPhalt Shingles .........oiiiniie e 44
WOOD ShINGIES .....cccvnuececronmmmmmnenrnsessnsessasoessssnesssnmnmsssssssiamsssntosssannsssnsss 94
ASPHAIE TOR TOOMMNE . .vvvovoe o coeimsininiaisaisis o2 5 5 Masisirn 8 54 5 5 » suSmialsimane & 4 & 5 SHoisinie 4 4 o 4 3 3 sisioiaimsaiaiaisss 1s
BUI-UP TOOMING, 7 - .vveeneternnntaonnreieee st e tittsstartranttaaaantasssnesssatsesannens 33
S B, A i utres e monmpmiets e s o s o oo i GUREEE § § 5 8 SIS ¥ 5 6 5 ¥ & 6 SIS ¥ § 8 S MO £ 8 8§ 8 H RIS 05
SHEeUMNETAl ... ... oo io e e b aais 5 5 6 5 SEEFRANES ¥ 8 85 &5 WuBIGESE § & ¢ SEMEES £ 0 § 55 3 3 SRR Negligible
VAPOE DATHIET .. ......0 ¢ecciieinn o oo oo o SBRGERERRE o s 5 GRS 5 6 o 8 3 ST ooRoIels 3 3 % STHITAI FS & 5 § 5 5 MITERERR 4 Negligibie
MASONRY MATERIALS Thickness
1" 4” 8” 12"
Concrete, Sand and Gravel or stone aggregate, or Stone ....................... .08
Cement Morar and STUCCO . .....oviiiitiiniieciiiiiiieeeieerraaaeiiieeanns. .20
Brick:
Common brick, assumed 4”7 thick ........... ..o .80
Face Brick, assumed 4" thick ...... ..ot 44
Concrete Block:
Three oval core, Sand and Gravel Aggregate ................c..oieviiniin.n. 1 111 1.28
Three oval core, cinder aggregate ............ooieuiiniiiiiiiiienaruneenannne. 1.11 1.72 1.89
Three oval core, light weight aggregate .................coiiiiiiiiiiian... 1.50 200 2.27
Light weight aggregate with insulationincores ................ooooiiia. 5.03 582
INSULATING MATERIALS Thickness
_ 1" | 34" 5% | 8 | 10° ] 12" | 147 | 16°
Blanket and Bat Type
Glass FIBET ...coovi s o ssmmmnni s smammammnin o o sioision s » ssiesmiisg s 4 31 11 19 26 32 38 44 50
ROCKWOON 5ii...icois 3 35 umnmna s s 55 smmimemios § s8A@R@as § § 6 SBiRTTH04 32 13 20 29 kY 4 51 58
Loose fill type
Cellulose (Macerated paper or pulp products) ................... 370 | 13 20 29 Ky 4 St 58
Wood fiber, redwood hemlock or fir .................ccoeuiul.l 333 | 12 19 27 KX} 40 46 52
Mineral wool (glass, slagorrock) ..............iccooiiiaa, 2.2 8 12 18 2 26 32 37
Vermiculite (expanded) ............ccceiiiiiiiiiiiai i, 2.3 8 12 18 23 27 33 38
Perlite (expanded) ... ccciniisiisisonimumnngssosasmassss et svimy 2.7 9 15 2 |, 27 32 37 42
Board Type
Glass fiber .........oouiiiiiiiiiii e 40
Polystyrene (styrofoam) .................. S SN 45
Polyurethane ........... .. .. 6.25
Urea-Formaldehyde ................cooiiiiiiiiiiiiiiin 5.0

The Resistance (R) factors shown in the columns above will vary slightly for the various manufacturers.
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TABLEB
THERMAL RESISTANCES OF BUILDING MATERIALS
Per inch For
Description of Material of Thickness
Thickness Listed
AIR SPACES
Bounded by ordinary materials — Vertical, %" or moreinwidth ......... ... 97
Bounded by reflective materials — Vertical, %~ ormoreinwidth ............................... 20
SURFACES
Still air, ordinary non-reflective materials, vertical ... 68
15 M.P.H. wind velocity, ordinary non-reflective materials, vertical .............................. 17
EXTERIOR FINISHES
(Frame Walls)
Brick Veneer, 4” thick (nOminal) .........coouiiniuiiiiir et ti et ieeirearnanaanes .44
Shingles, on flat surface, including building paper:
Wood, 167 With 7147 @XPOSUI .. ... ..ti ittt ettt ettt eeenteeeenaaeaneaannns 93
Wood, double, 167, 127 @XPOSUIE . ... ...ttt ittt 1.2§
F T o T T TP 27
Siding, on flat surface, including building paper:
Drop, I x Binches ... ... o e .85
Bevel, Yo x Binches, lapped .. ... e e .87
Bevel, % x 10inches, lapped ..ot 1.1
Plywood, K%, 1apped ... e .68
Asbestos-cement, Y47, lapped .. ... e 27
B 1T 1S T 1T Negligible
wOoO0DS
Maple; 0ak, and SIMIAr hATAWOOAS: ...ovivss s summmnsss s onswmmmin s s s sn o sonmmaass o s swesonsss 91
Fir, pine, and similar softwoods ..... A o BT  § hBaeES RSO o einiateteintaiels o 3 sTateceiaipe 1.25
PI)’WOOd ............................................... L T T T 1.28
SHEATHING
Insulating board, 25 “(wood orcane fiber) ...t e 2.06
Plywood, S8 inch ..o e e e aa e, .78
Fir or pine,-1 inch (80tual 20" oo covvovin s oo s & snmmesme so wmsmaaes 3 Suemires s s sesihios <5 98
Styrofosm Boand, VIneI . . .. ..oieisiansimonsss smemins s oRsminiesssss o amioing s ossmintbie b o mamasan o s 4.00
Styrofoam Board, 2inch .........ccoiiiiiiiiiiiiiii e 8.00
INTERIOR FINISHES
Gypsum plaster: .
SANA ARBTERBIE ... .. ciiiiaiiinosssossinmesss oi oo e ssnsosine s s s aeaiss s iniinemenaemosenes .18
Vermiculite 8gETERAE ... ...ttt i e i e e e aaas .59
L R T T < L O 67
Cement plaster, sand aggregate ........................ TSR S NSNE OO .20
Gypsum Board, %”, plain or decorated (drywall or sheet rock) ..............coovviieiiiiiin.... 3
Gypsum Board, 4", plain or decorated (dry wall or sheetrock) ........c.covvvvvivivviiiinnnn.... A4S
Gypsum Board and plaster, 34" board, '4” plaster (sand aggregdte) ..................... Py A4l
Insulating Board, 4", plain ordecorated ............ ..ottt e 1.43
Insulating Board and plaster, 4" board, 14" plaster (sand aggregate) ............................. 1.52
Plvwood, Y% inch, plain ordecorated ..............ooiiiiiiiiiiiie e 3l
il Lath and plaster (gypsum, sand aggregate), % inch plaster ................................ A3
Carpet with Fibrous Pad ................................. o v 2 AN & 8RR s e P 2.08
Carpet with Rubber Pad ....................coovviiiinnnnnn, SPTTI TR 1.23




Introduction

Table H-1

Procedure

CLASSROOM ACTIVITY H

Thermal Insulation

The need for energy conservation is clear, since fossil fuel resources are
finite and are being rapidly depleted. Blanket-type fiberglass and mineral
wool insulation are commonly tised to reduce heat lnéses in the home, and
they not only make economic sense a$ the cost of fuel increases, but con-
stitute good environmental stewardship as well. This activity shows quan-
titatively 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 also 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 insulating ¢ffect of the material. The reciprocal of
R is called thermal conductancé C, and this value is the rate of heat loss in
BTU/hr-ft*-F* for the thickness of insulation in the package.

R VALUES FOR VARIOUS THICKNESSES OF BLANKET-
TYPE FIBERGLASS INSULATION

Thickness . e :

(inches) " R Value
1 3.70
2 7.40
3 1i.10
4 '14.80
5 18.50
6 22.20
7 25,90
8 .29.60
9 84.%0
10 - $7.00
1 © 30.90
12

4440

Table H-1 shows the R values for various thicknesses of blanket-type
insulation. From this information compute the C value for each thickness




Air Spaces

Surfaces

Exterior
Finishes

Masonry
Materials

Wood

Windows

Building Board
and Paper
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APPENDIX E

Thermal Resistances of
Building Materials

R
for thickness
listed

Air bounded by ordinary materials, 0.97

vertical and 34" or wider
Still air, vertical, inside 0.68
15-mph wind speed, outside 0.17
Still air, horizontal, inside 0.61
Still air, 45° slope, inside 0.62
Brick veneer, 4" thick (nominal) 0.44
Wood shingles, 16” with 714" exposure 0.93
Asbestos-cement shingles 0.27
Wood siding, bevel 14" x 87, lapped 0.81
Aluminum, hollow-backed over sheathing 0.61°
Building paper, permeable felt 0.06

*This is the resistance of the air film only. Aluminum has

negligible resistance.

Brick, common, 4" thick 0.80
Concrete block, 8-oval core, $and and gravel aggregate, 8~ 1.11
Concrete, $and, and gravel or stone aggregate, per inch of

thickness 0.08
Stone, per inch of thickness 0.08
Hardwoods, per inch of thickness 0.91
Softwoods and plywood, per inch of thickness 1.25
(Treat doors, with or without glass, the same as windows.)
Single (no storm sash) 0.89
With storm sash 1.89
Double glazed with 14” air space’ 1.64
Gypsum or plasterboard, 34" thick 0.32
Gypsum or plasterboard, 14" thick 0.45
Vapor-permeable felt paper 0.06
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v
Appendix E

To adjust the U value for wall area occupied by studs, compute U for wall at
studs. Find 159, of U for stud area and 85%, of U for wall area. Add these values
for net U for the wall.

Construction of 45° pitched roof Resistance
(heat flow up) R
1. Outside surface (15-mph wind) 0.17
2. Wood shingles 0.94
3. Roof boards, nominal 1” fir x 6” with 3” space between 0.70(approx.)
4. Fiberglass insulation, 6" bats 22.20
5. Gypsum wallboard, 14" 0.45
6. Inside surface (still air) 0.62
Total R 25.08
v=1 -1 004 BTU/r) ) CF
“R 92508 /(hr)(f)(°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:
1. ASHRAE Handbook of Fundamentals, 1972.
2. Heat Loss Calculation Guide H-21, Institute of Boiler and Radiator Manu-
facturers.

Reprinted by permission from ASHRAE Handbook of Fundamentals, 1972.




