1o CHAPTER 9 1959 Guide Heat Transmission Coefficients of Building Materials m

Table 11. ... Coefficients of Transmission (U) of Frame Construction Ceilings and Hoors®

Coafficients cre axpressad in Bfu per lhour} {square foof) (Fohrenheit degree difference between the oir oa the two tides] and are based
on sl cir {no wind) conditions on both sides

Example —floor K 5 Exomple of Subsitution
Resistonces used are given below in this Rexistances used are given below in this
table or in Table Sor 4 ° table or in Table 3 or 4
Heated room above unheated space Assume heated room is below unheated
Construction Resistance (R) space 3o heat flow is up 5
(Heat flow down) - Total resistance......................- 43
1. Top surface (still air)... . Deduct 1. Top surface (heat flow down). 0.92
2. Linoleum or tile (av. R) . 0. 6. Airspace (heat flow down) ... 1.25
3. Felt............ . 0.06 8. Bottom surface (heat Bow o
4. Plywood (3¢ in.) . 0.78 down).........oo..iiiiiiinn .92 3.0
5. Wood subfloor (234sin. . 0.88 i —_ ;—‘u
6. Air space® (7% in.). . 1.25 | Difference B
7. Meu? lath and 3{ in. plas. (lt. wt. agg.. 0.47 | Add é {.op surfao(eb (h:? flow ;xp) zgz
A air)......o. 0.92 . Air gpace (beat flow up)... B
8. Bottom surface (stil air) — 8. Bot.ugm surface (heat gow up).. 0.61 2.07
. 3 hahdd
U=1/R=1/645 =. b 0.18 | Total resistance..............coceuriunamnnenen 441
i 1, in table below. —_
8See value 0.18 in boldface type in table belo U R = VAl oo om
To Adjust U Values for Construction with Added Innation between Froming Members, See Table 16
Direction of Heat Heot Flow Upword (Winter Conditions} Heat Flow D d (Sumawes Conditions)
Type of Foor
Wood subficor (2345 in), Wood subfloor (2543 in)
felt, and— fett, and— - °
v - s |22
: K < | 3218,z £ - | &2 251
) ) = £ o | £ 28 f
o o oo F1E5) = |y | T3] 3R 5
: IRERERE IS RESE
R : | =2
. =N § 35 55 2 § 25 ¥N2
s 3 28] 2 82328 - $ | §x|33:
R AEMERE IR 2|25 |2
Resistunce l—* — o098 | 128 | 172 | 187 | 226 1 — | 098 | 1.38 | 1.72 | 1.87 | 2.26
v u v v v v u v v u u
Material R
- A 3 C -] E F G 1 P K 1
— — 0.4510.38]0.34}0.31]0.28|—10.35}0.31{0.2810.26{0.24} 1
0.52 10.65 0.30 [ 0.27 { 0.24 { 0.23 | 0.21 [0.46/ 0.23 {0.21 | 0.20 | 0.18 | 0.17 | 2
Gyp:,\l"m::sth y iy 0.64 [0.54) 0.27 | 0.24 O:Zi 0.21 { 0.20 [0.40] 0.21 | 0.20 | 0.18 | 0.17 | 0.16 | 3
Gypi::‘)hm(%m)“dxmpm(sud lo.41 [0.61) 0.20 | 0.26 { 0.24 { 0.22 | 0.21 [p.44 0.22 ] 0.21 | 0.19 | 0.18 | 0.17 ) ¢
Metal lath and 3{ in. plas. (It. wt. ..10.47 10.59{ 0.28 | 0.26 [ 0.23 | 0.22 | 0.20 [0.43] 0.22 | 0.20 | 0.19 | 0.18 0.171 6
Mzul lath and ;’f in. glu. Eamd agg.)....|[0.13 10.74] 0.31 { 0.28 | 0.26 | 0.24 | 0.22 [0.51| 0.24 | 0.22 | 0.20 0.19|0.18| 6
Ipsul. bd. Oﬁin.) ........... . |t.4210.38} 0.22 | 0.20 | 0.19 [ 0.18 } 0.17 [0.31] 0.18 [ 0.17 | 0.16 | 0.15 0.15| 7
Ins“i‘g:‘.i)‘.lf':A.(A}?.l?...)<?(jl.}.‘.?‘.‘?yl:‘.st Gand ), o2 10.36) 0.22 | 0.20 | 0.19 | 0.18 | 0.17 fo.30 0.18 [ 0.17 { 0.16 { 0.15{ 0.14 | 8
Aco“’::.:;lo:ﬂe 1.614(0.37 0.22 | 0.20 | 0.19 | 0.18 | 0.17 }0.30{ 0.18 | 0.17 1 0.18 [ 0.15 | 0.14 | 9
(3¢ in.) on furring 1.19 10.41] 0.24 | 0.22 | 0.20 | 0.19 } 0.18 |0.33{ 0.19 | 0.18 | 0.17 [ 0.16 | 0.15 | 10
(3% in.) on %yps |2.104/0.30 0.19 | 0.18 [ 0.17 | 0.16 | 0.15 [0.25} 0.16 { 0.15 [ 0.15 | 0.14 | 0.13 | 11
3 in.; on turri 1.78 10.33/ 0.21 | 0.19 | 0.18 | 0.17 | 0.16 10.28 0.17-| 0.16 | 0.15 | 0.15 { 0.14 } 12
Wood lath and )4 in. plas. (sand agg.)....}0.40 [0.62] 0.29 | 0.26 [ 0.24 | 0.22 } 0.21 [0 45/ 0.22 1 0.21 (0.19 | 0.18 | 0.17 | 138

* See text section Calcututing Overall G for basis of

® To adjust I/ values for the effect of added insulution between framing members, sce Table 16.

* Includes wsphalt, rubber, and plastic tile (34 in.), ceramic tile, or terrasso (1 io.).
¢ Includes thermal resistance of 3 in. gypsum wall board.

per, 254;-in. wood sheathing, studs, gypsum lath, and sand
aggregate plaster, with 2-in. fibrous insulation between studs.

Sotution: According to the le calculation in Table 5 a
wall of this construction with no insulation between studs has
a coefficient U of 0.21. Referring to Table 16, Part A, it will be
found that a wall of this value with 2-in. fibrous insulation be-

tained in one step to reenter the same table through Column
1. In this way U values may be obtained for combinations of
insulation in the framing space.

tween the studs has a coefficient / of 0.087.
Attention is called to the necessity of applyiag the insulat-
ial i i ooty

ing material in d: with the ’s specifica~

For bi of fibrous insul and air spaces, take
account of the fibrous compouent first and the air space second
asg il din E: le 6. This is 'y to assure the ap-
proxil {y correct diffe across the air space.

Examples of the Use of Table 16

le 3: Find the coefficient of transmission U: of the

tion. The engineer must evaluate carefully the ic con-
siderations involved in the selection of an insulating material
as adapted to various building constructions. Lack of proper

" evaluation, or improper installation may lead to unsatis-
factory results. Special attention must be given to vapor
barriers as outlined in Chapter 10. Moisture from condensa-
tion or other sources materially reduces the heat-flow resist-
ance of insulation.

INSULATED CONSTRUCTIONS—HOW
TO USE TABLE 16

In Tables 5 through 15, U values are given for many com-
mon types of building wall, floor, and ceiling constructions.
For such of these constructions as contsin an air space, the
tabulated U value is based on the assumption that the air
space is empty, and that its surfaces are of ordinary building
“materials of low thermal reflectivity, such as wood, masonry,
plaster, or paper. Considerable benefit in red the heat

transmission eoefficient of a construction can be effected by

the application of thermal insulating materials in the air space.

Table 16 provides a means of determining, without caleu-
lation, the U value of the between-framing area of such con-
structions with the added insulation installed in the air space.
Column 1 of Table 16 refers to the U/ values of uninsulated
constructions as taken from Tables 5 through 15. Columns
2 to 14 of the table give corresponding coefficients U for the
constructions with various insulating applications in_the be-
tween-framing air space, a3 indicated by the column headings.
Table 16 is in 5 parts, (A, B, C, D, and E) corresponding to
the type of building element and the direction of heat flow.
Each part is based on temperature conditions idered
generaily appropriate for the case.

Any and ali U values are based on a series of assumptions
as to nominal characteristics. Common variations in condi-
tions, materials, workmanship, etc., can introduce much
greater variations in U values than the variations resulting
from the d mean temp and temp e dif-
ferences described. From this it is also clear that the use of
more than two significant figures in stating a U value is as-
suming more precision than can possibly exist. Three signifi-
cant figures are used in Table 16 merely as a means of reducing
cumulative errors when the table is used several times to ob-
tain a single result. It should ont be assumed that the figures
are accurate, overall, to three significant figures. Also, a re-
sult taken from Table 16 should 2lways be rounded off to two
significant figures. -

To use Table 16:

1. Find ia Columa 1 of the appropriate table the value for U
obtained from Tables 5 through 15 for the construction without
added insulation. :

2. 1f there is a column which exactly corresponds to the con-

" dition for which you desire the U value, read the answer in

this column, opposite the Column 1 value. Interpolate if neces-
sary. .
3. I there is no column which fully corresponds to the con-
- dition for which you desire the U value, then obtain the answer
- by means of two or more steps—esch time using the value ob-

frame wall shown as an example at the top of Table 5 when
{a) a 2-inch blanket fibrous insulation is added between the
studs and in contact with the gypsum lath and when (b) alumi-
num-foil-backed gypsum lath is added.

Solution: According to Table 5, the U value for this construe-
tion with no insulation in the air space is 0.24. Referring to
Table 16, Part A, for walls, it is found that corresponding to
the value 0.24 in Column I, the coefficient for conditions (a)
and (b) are:

{a) In Columa 4, find U; = 0.087. Use 0.09.

{b) From Table 3, Section C, the effective emissivity E of
aluminum foil is 0.05.

In Column 8 find U; = 0.173. Use 0.17.

Ezample 4: Consider the floor-ceiling construction shown in
the example at the top of Table 11, insulated with a sheet of
aluminum foil, or 1paper faced on both sides with foil, (effec-
tive emissivity E of air space = 0.05) placed between the joists
and dividing the air space into two equal spaces. From Table
11, the U value for the uninsulated construction is 0.18 for
heat flow down for summer, and 0.22 for heat flow up for win-
ter. Determine the coefficient U, for:

{a) Heat flowing downward from uncooled room above to
cooled space below (a summer condition) and,

(b) Heat flowing upward from heated room below to un-
heated space above (a winter condition).

Solution: .

(a) Use Table 16, Part D, and corresponding to U = 0.18
in Column 1 find, in Column 11, U; = 0.049. Use 0.05.

(b) Use Table 16, Part C, and corresponding to U = 0.22
in Column 1 find, in Column 11, U; = 0.12.

Special Uses of Table 16

Values of U, for insulating applications or combinations
other than those indicated by the headings of Columns 2 to
14 of Table 16 can be ascertained if the table is used appro-
priately. For instance, going horizontally in the table from
Coluran 2 to Column 3 is equivalent to adding 3¢ in. of fibrous
insulation to the construetion. Similarly, going from Coluran
2 to Column 4 adds 134 in. of fibrous insulation to the con-
struction. In the same way, going horizontally from Column
8 to Column 11 is equivalent to adding to a construction the

_ insulating value of one additional highly reflective (E = 0.05)

air space, and going from Column 6 to Column 12 in effect

. adds two non-reflective (E = 0.82) air spaces to the construc-

tion, ete.
Ezamples 5 and 6 show the combinational use of Table 16

Ezample §: Determine the coefficient U; for the wall of
Ezample 3, with 134 in. of fibrous insulation added on one side
of the air space.

Solution: U, can be d ined in several ways, by using
Table 16, Part A, for example;

(a) By going from Column 1 to Column 2 three times, for a
total of Ifﬂ inches of insulation, as follows; enter Column 1
8t 0.24 and find U; = 0.166 in Column 2; enter Column 1 at
0.166 and find U; = 0.126 in Column 2; enter Column ! at 0.126
and find U; = 0.102 in Column 2. Therefore, for a total of 134
in. of insulation, use 0.10.

{b) More simply, by going from 0.24 in Column 2 to 0.103
in Column 4.-Use 0.10. -

Ezample 6: Considering again the wall of Ezample 3, assume
that inch blanket insulation is to be i lled in mid

(Continucd on p. {13)
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