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CHAPTER ¢

HEAT TRANSMISSION COEFFICIENTS OF
BUILDING MATERIALS

Heat Transfer Symbols; Calculating Overall Coefficients; Conductivity of Homogeneous Materials; Soil Conductivity and
Specific Heat; Surface and Air Space Conductance; Overall Coefficients and Their Practical Use; Computed
Coefficients of Walls, Roofs, Ceilings, ond Floors; Effect of Insulation; Combined Ceiling, Roof,
and Floor Coefficients; Glass Coefficients; Calculating Surface Temperatures

HE design of air-conditioning or heating systems for

buildings requires a knowledge of the thermal properties
of the walls enclosing the space. (The term walls in this case,
includes windows, doors, ceilings, floors, roofs, and skylights.)
The rate of heat flow through the walls under steady-state
conditions at design temperatures is usually the basis for cal-
culating the heat required. For a given wall under standard
conditions the rate is a specific value designated as U, the
overall coeffictent of heat transmission or thermal transmittance.
It may be determined by test in a guarded hot box apparatus,
or it may be computed from known values of the thermal
conductance of the various components. Because it is imprac-
ticable to test all combinations of building materials, the pro-
cedure and necessary data for caleulation of the value of U
are given in this chapter, together with convenient tables of
computed values for a large number of the more common
constructions.

HEAT TRANSFER SYMBOLS

U = overall coefficient of heat transmission or thermal trans-
mittance (air-to-air); the time rate of heat flow expressed in
Btu per (hour) (square foot) (Fahrenheit degree temperature
difference between air on the inside and air on the outside of a
wall, floor, roof, or ceiling). The term ix applied to the usual
combinations of materials, and also to single materials, such as
window glass, and includes the surface conductance on both
sides. This term is frequently ealled the U value

k = thermal conductivity; the time rate of heat flow through
a homogeneous material under steady conditions per unit tem-
perature gradient through unit area perpendicular to the tem-
perature gradient. Its value is expressed in Btu per (hour)
(square foot) (Fahreuheit degree per ineh of thickness). Mate-
rials are considered homogeneous when the value of k is not af-
fected by variation in thickness or size of sample within the
range normally used in construction.

C = thermal conductance; the time rate of heat flow through
a unit area of a material from one of its surfaces to the other per
unit temperature difference betwceen the two surfaces. Its value
1s expressed in Btu per (hour) (square foot) (Fahrenheit de-
gree). The term is applied to specific materials as used, either
homogeneous or heterogeneous, for the thickness or construe-
tion stated, not per inch of thickness.

f = film or surface conductance; the time rate of heat ex-
change by radiation conduction and convection of a unit area
of a surface with the surroundings and the surrounding air or
other fluid. Its value is expressed in Btu per (hour) (square
foot of surface) (Fahrenheit degree temperature difference).
Subseripts 1 and o are usually used to denote inside and outside
surface conductances, respectively.

a = thermal conductance of an air space; the time rate of
heat flow through a unit area of an air space per unit tempera-
ture difference between the boundary surfaces. Its value is ex-
pressed in Btu per (hour) (square foot of area) (Fahrenheit
degree). The conduetance of an air space is dependent on the
temperature difference, the height, the depth, the position,

103
(5)

character, and temperature of the boundary surfaces. Since
the relationships are not linear, accurate values must be ob-
tained by test and not by computation.

¢ = emissivity; the ratio of the total radiant flux emitted by
a surface to that emitted by an ideal black body at the same
temperature.

E = effective emissivity; the combined effect of the surface
emissivities ¢ of the boundary surfaces of an air space; the
boundaries assumed to be parallel and of large dimensions as
compared to the distance between them.

r = surface reflectivity; the ratio of the radiant flux reflected
by an opaque surface to that falling upon it.

R = thermal resistance. Its value is obtained from the re-
ciproeal of heat transfer as expressed by U, C, f, or a. It
may be expressed in (Fahrenheit degrees per Btu)/(hour)
(square foot). For example, a wall with a U value of 0.25 would
have a resistance value of # = 1/0.25 = 4.0 ru. The word ru
has been suggested as an abbreviation for resistance unit.

CALCULATING OVERALL COEFFICIENTS
From Chapter 5, Equation 7, the total resistance to heat
flow through a wall is equal numerically to the sum of the
resistances in series.

where By, R, , ete., are the individual resistances of the wall
components, and Ry is total resistance.

For a wall of a single homogeneous material of conduct-
ivity k& and thickness x with surface cocflicients f; and f, |

(2)
Then by definition, U = 1/R;

For a wall with air space construction and consisting of two
homogencous materials of conductivities & and k., thick-
nesses 7y and o, respeetively, and separated by an air space
of conductance a,
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and U = 1/Ry

For types of building materials having non-uniform or ir-
regular sections such as hollow clay tile or concrete blocks, it
is necessary to use the conductance C of the section unit as
manufactured instead of a conductivity k. The resistance of
the seetion 1/C is therefore substituted for z/k in Equations
2 and 3.

It will be noted that in order to compute the U value of a
construction it is first necessary to know the conductivity
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and thickness of the homogeneous material, the conductance
of non-homogeneous materials (such as concrete blocks), the
surface conductances of both sides of the construction, and
the conductances of any contained air spaces. These items are
discussed in the pages that follow.

Conductivities and Conductances

The method of calculating the overall coefficient of heat
transmission for a given construction is comparatively simple,
but accurate values of conductivities and conductances must
be used to obtain satisfactory results. In addition, there are
sometimes parallel heat-flow paths of different resistances in
the same wall, and these may necessitate modification of the
formula. In such cases calculated results should be checked by
test.

The determination of the fundamental conductivities and
conductances requires considerable skill and experience to ob-
tain accurate results. It is recommended that thermal con-
ductivities of homogeneous materials be determined by means
of the Guarded Hot Plate.! For determination of conduc-
tances, a Guarded Hot Box method? is generally used.

Conductivity of Homogeneous Materials

Thermal conductivity is a property of a homogeneous ma-
terial and of types of building materials such as lumber,
brick, and stone, which may be considered homogeneous.
Most insulating materials, except reflective types, are of a
porous nature and consist of combinations of solid matter
with small voids. Such materials including fibrous, cellular,
or granular matter are generally known as mass or bulk in-
sulations. The thermal conductivity of these materials will
vary with density; mean temperature; size of voids, fibers, or
particles; degree and extent of bond between particles; mois-
ture present; and the arrangement of fibers or particles within
the material.

The effect of density upon conductivity (at constant mean
temperature) is illustrated for two fibrous materials in Fig. 1.
Typical variation of conductivity with mean temperature is
shown in Fig. 2.

Thermal Conductivity of Soil

The following statements are based largely on results of a
study® made in the Engincering Experiment Station, Uni-
versity of Minnesota, and published in Bulletin No. 28.
Tests were made on nineteen different soils which represented
a wide textural variety, including gravel, sand, sandy loam.
silt loam, and clay, as well as some crushed rocks and a fibrous
peat. Moisture contents in tests varied from air-dried values
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Fig. 2. ... Typical Variation of Thermal Conductivity
with Mean Temperature

to those greater than the optimum moisture content; densi-
ties varied from a loosely-poured condition to the maximum
density obtainable by heavy ramming. The general findings
of the investigation are as follows:

Effect of Temperature. Soils were tested at several mean
temperatures. The degree of influence of temperature depends
upon whether it is above or below freezing. For increases of
moisture content exceeding about 6 to 12 percent, the conduc-
tivity of frozen soil becomes progressively greater than that
of the unfrozen soil.

Effect of Density. Density affects the thermal conductivity
of a soil in about the same manner for all soils, at any moisture
content, and for either the frozen or unfrozen condition. On
the average, each one pound per cubie foot increase in dry
density increases the thermal conductivity by about 3 per-
cent.

Effect of Motsture. An increase in moisture content, up to
the point of saturation, causes an increase in thermal con-
ductivity. The rate of inerease in typical soils was as follows:
average conductivities, in Btu per (square foot) (hour)
(Fahrenheit degree per inch), of four sands at a density of
110 1b per cu ft were: 6.8 at 2.5 percent moisture, 8.9 at 5
percent moisture, 11.2 at 10 percent moisture. Five soils of a
fine texture at a density of 100 lb per cu ft, gave average con-
ductivities of 6.7 at 10 percent moisture, and 9.5 at 20 per-
cent. Thus, the doubling of moisture content within the ranges
cited increascs the conductivity by approximately 30 or 40
percent. At higher moisture contents the percentage increase
would be less.

Effect of Soil Characteristics. The thermal conductivity of
the soil, at a given density and moisture content, varies in
general with the texture of a soil, being relatively high for
coarse-textured soils and relatively low for fine-textured soils.
The mineral composition of the soils also affects the condue-
tivity. Quartz tends to give high values, whereas minerals such
as plagioclase-feldspar and pyroxene, which are constituents
of basic rocks tend to give low values of thermal conductivity.
These points are illustrated by the values in Table 1 which
lists seventecn soils in approximate order of their magnitude
of thermal conduetivity from greatest to least for seven dif-
ferent density-moisture content conditions. Some of the values
in this table have been determined by extrapolation and are
conscquently approximate. Blank spaces in the table indicate
that the density or moisture content, or both, are such that
no tests were possible for that condition or that no tests were
sufficiently close to permit a reasonable extrapolation of the
data. Granular soils, particularly those with high quartz con-
tents, head the tabulation or have the greatest conductivity
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Table 1. ... Thermal Conductivity (k) Values of Soils in Approximate Order of Decreasing Values®
Meon Temperoture—40 F
Mechonical Analysis Fp by Weight Moisture Content—F,
ch;v_cl | S;d o Siit Cluy 4 ~ i T 10 | 20
Soil Designation | ‘ !
| Dry Density-lb per cv ft
Over | 0.5to 0.005 to Under
2.0 mm 2.00 mm 0.05 mm | 0.005 mm 100 110 | 120 90 no | %o 100
Fine Crushed Quartz . .. ... 0.0 | 100.0 0.0 0.0 12.0 | 16.0
Crushed Quartz. . 15.5 | 79.0 5.5 11.5 | 16.0 | 22.0
Graded Ottawa Sand . . .. .. . 0.0 99.9 0.1 10.0 | 14.0
Fairbanks Sand................. | 275 70.0 2.5 8.5+ 10.5 | 13.5 15.0
Lowell Sand. ... .. e . 0.0 | 100.0 | 0.0 | 0.0 8.5 11.0 13.5
Chena River Gravel. .. . .. 80.0 | 19.4 0.6 9.0+| 13.0
Crushed Feldspar..... ..... 25.5 70.3 4.2 6.0 7.5 9.5
Crushed Granite........ : 16.2 77.0 6.8 5.5 7.5 | 10.0
Dakota Sandy Loam . .... 109 | 57.9 21.2 | 10.0 6.5 9.5 13+
Crushed Trap Rock 27.0 ‘ 63.0 10.0 5.0 6.0 7.0 |
Ramsey Sandy Loam..... 0.4 53.6 27.5 18.5 4.5 6.5 10.0
Northway Fine Sand. 0.0 | 97.0 3.0 0.0 4.5 5.5 8.5
Northway Sand.... .. ... ide 3.0 97.0 0.0 0.0 4.5 6.0 7.5+
Healy Clay. . ... L 0.0 1.9 20.1 78.0 4.0+ 5.5 9.04| 8.0 10.0
Fairbanks Silt Loam... ... ... .. 0.0 7.6 80.9 11.5 5.0 0.04] 7.5 10.0
Fairbanks Silty Clay Loam. 0.0 1 9.2 63.8 27.0 5.0 9.04| 7.5 9.5
Northway Silt Loam...... ... 1.0 21.0 64.4 13.6 4.04 7.0+ 6.04] 7.04

8 k = Btu per (square foot) (hour) (Fnhrenhelt degree per inch).
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. Determining Thermal Conductivity of Soils

Moisture Content

7

at a given eondition. Sandy loam soils are midway in the table
and fine grained soils such as clay and silt loam are last.
Estimating Thermal Conductivity. The four diagrams of Fig.
3 are presented to aid in the estimate of the thermal con-
ductivity of any soil. Two of the charts are for sands or sandy
soils, and two for silt and clay soils. One of the diagrams for
each type of soils is for the frozen, and the other for the un-
frozen condition. It is expected that these charts will give
conductivity values with a precision of 25 percent. The effect
of such factors as density, moisture content, freezing, or tex-
ture may be easily approximated by use of these graphs.

Specific Heat of Soils

Tests to determine specific heat were run on twelve soils.
On five of the soils, tests were made at three or four mean
temperatures varying from about 10 to 140 F. The specific
heat values of all twelve soils varied by only a small amount
(about 0.01), and averaged 0.19 at 140 F. The specific heat
values of the soils decreased with a decrease in temperature.
The average value at zero F would be about 0.16. Values at
temperatures between zero and 140 F can be estimated by
considering a straight-line relationship between the two values
given.

Surface Conductance

The surface conductance o1 a wall is the combined heat
transfer to or from the wall by radiation, convection, and con-
duction. Each of the three portions making up the total may
vary, independently of the others, thus affecting the total
conductance. The heat transfer by radiation between two
surfaces is controlled by the character of the surfaces (emis-
sivity), the temperature difference between them, and the
solid angle through which they see each other. The heat
transfer by convection and conduction is controlled by the
roughness of the surface, by air movement, and temperature
difference between the air and the surface.

The importance of the effect of temperature of surrounding
surfaces on the surface conductance, due to the effect on radia-
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Table 2.... Variation in Surface Conductance Coefficient
for Vertical Surfaces with Different Temperatures
of Surrounding Surface

Surrounding Surface Temperature l 75F | 70 F ! 69 F !
H i ) ! |
: ——— =y
Convection—Btu per (hr) (sq ft).‘ 666666 i 6.6 & 6.6
Radiation—Btu per (hr) (sq ft)..! 4.4 | 8.6 |9.6117.0 f24.9
1.0 15.2 162 |23.6 31.5

Total—Btu per (hr) (sq ft)

tion, 1s illustrated in Table 2, which applies to a vertical sur-
face at 80 I, with ambient air at 70 I’ and with radiation
exchange corresponding to an effective emissivity of 0.83.4

In many cases, because the heat resistance of the internal
parts of the wall is high compared with the surface resistance,
the surface factors are of minor importance. In other cases,
e.g., single glass windows, the surface resistances constitute
almost the entire resistance and are therefore very important.
An analysis of various factors affecting surface conductance
and the difference between surface and air temperatures will
be found in Reference 5. (Sce also Chapter 30.)

The conveetion part of the surface conductance is affected
markedly by air movement. This is illustrated by Fig. 4, which
shows the results of tests® made on 12-in. square samples of
different materials at a mean temperature of 20 F, and for
wind veloceities up to 40 mph. These conductances include the
radiation portion of the coefficient which, for the conditions
of the tests, was about 0.7 Btu per (hr) (sq ft) (F deg). More
recent tests” on smooth surfaces show that surface length also
affects significantly the conveetion part of conductance; the
average value decreases as the surface length increases. More-
over, observations® of the magnitude of low temperature radi-
ant energy received from outdoor surroundings show that
only under certain conditions may the out-of-doors be treated
as a black body radiating at air temperature.

Beeause of these factors, the selection of surface conduc-
tance cocflicients for a practical building becomes a matter
of judgment. Surface conductances are shown in Tables 3 and
4. In calculating the overall heat transmission coefficients for the
walls, elc., of Tables 5 through 15, the appropriate tndoor and
outdoor surface coefficients given in Table 4 for Air Surfaces
have been used. Both values combine the effects of convection
and radiation, and arc applicable to ordinary building ma-
terials. They should not be used for low emissivity surfaces
such as bright metal. For exposed reflective surfaces refer to
Table 3, Section A, and to footnotes under Table 16.

In special cases, where surface conductances become im-
portant factors in the overall rates of heat transfer, more se-
lective coefficients may be required. Prineiples and data given
in Chapter 5, Heat Transfer, may be applied in such cases.

Air Space Conductance

The transfer of heat across an air space involves the bound-
ary surfaces as well as the intervening air, and depends mark-
edly on the orientation of the air space and the direction of
heat flow. The coefficients given for air space conductance
represent the total conductance from one surface bounding
the air space to the other. The total conduetance is the sum
of a ecomponent due to radiation and a component due to con-
veetion and conduction combined. These components may
vary independently of each other.

The radiation portion of the coefficient is affected by the
temperature of the two boundary surfaces, and by their re-

CHAPTER 9
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spective surface emissivities €, the combined effect of which is
expressed by means of the effective emissivity E of the air space.
The radiation component is not affected by the thickness of
the space or by its orientation or dircction of heat flow. The
heat transfer by convection and conduction combined, how-
ever, is markedly affected by the orientation of the air space
and the direction of heat flow, is significantly affected by the
temperature difference across the space and in some cases by
the thickness of the space, and is affected to only a small
extent by the mean temperature of its surfaces. For air spaces
usually emploved in building construction, the radiation and
convection-conduction components may vary independently
of cach other.

Table 3, Section C, gives the thermal conductances and
resistances of air spaces of uniform thickness and moderately
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smooth surfaces, based on experimental measurements con-
ducted at the National Bureau of Standards.? Although the
conductances of air spaces vary to some extent with thick-
ness in the range over 33 in,, average values are tabulated for
the range from 31 in. to 4 in., for all except horizontal spaces
with heat flow downward. The error involved by averaging is
less than 10 percent in the extreme case and less than 5 per-
cent in most. For more exact values Reference 9 may be con-
sulted,

For narrow air spaces, which may be defined as those for
which the product of the cube of the thickness of the space
in inches times the temperature difference (Fahrenhieit de-
grees) across the space is less than 3 for heat flow horizontally
or downward, or less than 1 for heat flow upward, the con-
ductance is the sum of the radiative heat transfer coefficient
and that for conduction alone through air, since convection
is practically suppressed. The radiation component can be
computed by means of Equation 4 and Table 4 of Chapter 5;
the conduction component can be computed using the con-
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ductivity of air at the appropriate mean temperature (sce
Table 1, Chapter 5).

The effects of different mean temperatures, temperature
differences, and effective emissivities are indicated in Table 3
of this chapter, Section C. As indicated, use may be made of
interpolation and moderate extrapolation of conductance
values in the table to obtain conductances for conditions
moderately different from those given. Interpolation of re-
sistance values is not recommended, especially in relation to
emissivity values.

Table 3, Section B, gives values for the surface reflectivities
and emissivities of materials used as boundaries of air spaces
in building construction, for total radiation at ordinary build-
ing temperatures. Effective emissivities for various combina-
tions of these materials, for use in conjunction with Section
C of Table 3, are given in the last two columns of Section B.

When considering heat transfer across air spaces in building
construction, the emissivitics of the boundary gurfaces must
be known. The possibility of change in emissivity of highly
reflective surfaces due to exposure to conditions promoting
chemical action, deposition of dust, soiling of the surface, or
the application of coatings, even though transparent to the
eye, must be considered in selecting a material for use.l®
Surface emissivity values should be obtained by tests.

OVERALL COEFFICIENTS AND THEIR
PRACTICAL USE

The values in Tables 3 and 4 for component elements and
materials were selected by the ASHAE Technical Advisory
Committee on Insulation as representative for dry materials
at 75 F mean temperature. They are based on available pub-
lished data obtained by the guarded hot plate method (4STM
C177-45) or by the guarded hot box method (4STM C236-
54T). Because there are variations in commercially available
materials of the same type, not all of these selected represen-
tative values will be in exact agreement with data for indi-
vidual products. The exact value for a certain manufacturer’s
material can be secured from unbiased tests or from guaran-
teed data of the manufacturer.

The most exact method of determining the heat transmis-
sion coefficient for a given combination of building materials
assembled as a building section is to test a represcntative
section in a guarded hot box. However, it is not practicable to
test all the combinations which may be of interest in building
construction. Experience has indicated that U values for many
constructions, when calculated by the methods given in this
chapter, using accurate values for the component materials,
are in good agreement with values determined by guarded
hot box measurements.

Caution

Although the validity of calculating U values for all of the
types of constructions in Tables 5 through 16 has not been
fully demonstrated, calculated values are given because
measured values are not available. It is emphasized that the
calculated values in Tables 5 through 16 are given for the
convenience of the user.

In calculating U valfiés, exemplary conditions of compo-
nents and installations are assumed, i.c., that insulating ma-
terials are uniformly of the nominal thickness and conduc-
tivity, that air spaces are of uniform thickness and surface
temperatures, that effects due to moisture are not involved,
and that installation details are in accordance with design.
Some evidence of departures of measured values from cal-
culated values for certain insulated constructions is given in

(9}
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Building Materials and Structures Report BMS 151, National
Bureau of Standards. In order to provide a reasonable factor
of safety to account for departures of constructions from
exemplary conditions, in part due to field construction re-
quirements and practices, some may wish, before making
corrections for framing (as indicated in Fig. 6), to increase
moderately the calculated U values of the insulated walls,
floors and ceiling sections obtained from Table 16. Where
reflective air spaces are involved, increases of U values up to
10 percent for applications where heat flow is horizontal or
upward, and up to 20 percent where heat flow is downward,
appear reasonable on the basis of present information,

Heat Flow Through Panels Containing Metal

The transmittance of a panel which includes metal or other
highly conductive material extending wholly or partly through
insulation should, if possible, be determined by test in the
guarded hot box. When a calculation is required, a good ap-
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Fig. 5.... Gypsum Roof Deck on Bulb Tees

proximation can be made by a Zone Method. This involves
two separate computations—one for a chosen limited portion,
Zone A, containing the highly conductive element, and the
other for the remaining portion of simpler construction, called
Zone B. The two computations are then combined, and the
average transmittance per unit of overall area is calculated.
The basic laws of heat transfer are applied, i.e., adding area
conductances C-#4 of elements in parallel, and adding area, re-
sistances 1/C- A of elements in series

The surface shape of Zone A is determined by the metal
element. For a metal beam (Fig. 5) the Zone A surface is a
strip of width W, centered on the beam. For a rod perpendicu-
lar to panel surfaces it is a circle of diameter W. The value of
W is calculated from Equation 4, which is empirical.

W=m+2d 4)
where
m = width or diameter of the metal heat path terminal,
inches.
d = distance from panel surface to metal, inches. The value

of d should not be taken less than 0.5 in. (for still air).

In general, the value of W should be calculated by Equa-
tion 4 for each end of the metal heat path, and the larger
value, within the limits of the basic area, used as illugtrated
in Example 1.

Ezample 1: Calculate the transmittance of the roof deck
shown in Figs. 5 and 6. Tee-bars on 24 in. centers support glass
fiber form boards, gvpsum concrete and built-up roofing. The
conductivities of components are: steel 312; gypsum concrete
1.66; glass fiber 0.25. The conductance of built-up roofing is 3.0.

{Continued on p. 113)
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Table 3.... Surface Conductances and Resistances for Still Air
All conductance values expressed in Btu per (hr) (sq f1) (F deg temp diff)

SECTION A. Surfoce Conductances for Stilt Air*: P | SECTION B. Refiectivity and Emissivity Values of Various Surfaces® and
) Effective Emissivities of Air Spaces

= - — —

L. Effective Emissivity E

Surface Emissivity .| of Air Space
o | Average
- Direction of Non- Reflectivity | . .~ . % With
Position of Surface Heat Flow refe gi;e Reflective | Refle ‘fg; Surface [ in percent Em:s:nnfy surfq'“o}:‘:u. —
¢ = 0.90 e = 0.20 |¢ = 0. ing emis- | surfaces of
| e sivity € and | emissivity e
C | R c R C | R other 0.90
Horizontal. .. .. | Upward  [1.6300.6110.91/1.10/0.76/1.32] Aluminum foil, bright. .../ 92to 97| 0.05 | 0.05 0.03
Sloping—45 deg. . .| Upward 1.60[0.62 l}.SS‘l.H 0.73(1.37| Aluminum sheet. ... ... ../80to 95! 0.12 0.12 0.06
[ |
Vertical ........... Horizontal [1.46/0.68/0.74'1.35/0,59/1.70| Aluminum coated paper,

polished. ...... .......75t0o 84| 0.20 0.20 0.11

SBloping—45 deg. | Downward 1.32i0,7ii 0.60/1.67[0.452.22| Steel, galvanized, bright. .| 70 to 80 | 0.25 0.24 0.15

Horizontal. .......| Downward I,(]S'.l).'.l:!(i.:i?".-!.?ﬂ 0.22'4.55 Aluminum paint.......... 30to 70| 0.50 0.47 0.35

| | Building materials: wood, | |
| . paper, glass, masonry,
| | - nonmetallic ‘paints. ... ‘ 5to15) 0.90 | 0.82 0.82

a For ventilated attics or spaces above ceilings under summer conditions (heat flow down) see Table 17.

b Conductances are for surfaces of the stated emissivity facing surroundings having an emissivity equal to 0.9 and at the same temperature as the ambient air. Values
are based on a surface-air temperature difference of 10 deg and for surface temperature of 70 F. (See Table 4 for surface conductances for moving air.)

¢ See also Chapter 5, Table 3.

SECTION C. Thermal Conductances and Resistances of a Planed: ¢ Air Space™®

Air S Thermal Conduciance-C Thermal Resistonce-R
ir space Valve of Ef- & Valve of E#
Position of Air Space Heat Flow - = i == —
Thickness | ean temp,’ F Temp diffl deg| 0.05 | 0.2 | 0.5 | 082 | 0.05 | 02 | 05 | 082
Horiz, Up 34 to 4 50 " 10 04110.55|082|1.11|244|1.83|1.22]0.9
50 30 | 0.54 | 0.68|0.95| 1.24 [ 1.84 | 1.47 | 1.05 | 0.80
90 10 D41 | 0.58 | 0.92 128 |2.47 | 1.73 | 1.09 | 0.78
45° Slope Up 3 to 4 50 10 0.35]0.49 | 0.76 | 1.05 | 2.84 | 2.05 | 1.31 [ 0.95
50 30 048 | 0.6210.80 | 1.18 | 2.08 | 1.62 | 1.13 | 0.85
90 10 0.35 | 0.52 1 0.86 11.23 | 2.85 | 1.92 | 1 16 | 0.81
Vert. Hariz. i to 4 50 10 0.28 | 0.42 ‘ 0.60 | 0.99 | 3.522.37|1.44]1.02
50 30 0.38 1 0.52 | 0.79 | 1.08 | 2.64 | 1.94 | 1.27 | 0.92
] 10 0.20 0,46 | 0.80 ] 1.16 | 3.49 | 2.19 | 1.25 | 0.86
45° Slope Down 3 to 4 0 | 10 0.24 | 0.38 | 0.65 | 0.94 | 4.14 | 2.65 | 1.54 | 1.06
50 30 030 | 0.43 | 0.71 1.00 | 3.36 | 2,30 | 1.41 | 1.00
90 10 0.25 | 0.42 | 0.76 | 1.12 | 4.07 ‘ 2.40 | 1.32 | 0.89
Horiz. Downb y 5 | 20 028042069 098|357 |2.38| 145 1.02
114 50 20 | 0.18 | 0.31 {0.58 10.87 | 5.56 | 3.23 | 1.73 | 1.15
4 50 ' 20 10.11]0.250.52 | 0.81 | 8.94 | 4.03 | 1.92 | 1.23
il H
34 90 20 0.31 | 0.48 1 0.82 | 1.18 | 3.23 | 2.08 | 1.22 | 0.85
113 90 20 0.20 1 037 | 0.71  1.07 | 5.00 | 2.70 | 1.41 | 0.93
| 4 90 20 0.13 030 1 064 1.01 |7.8213.35|1.56 | 0.99
i | ,

Notes: 4 Spaces of uniform thic:l;e;s-:-l;onnded by moderately sln()o;.i; surfaces.

© Where a range of thickness is given, the given conductance i3 the average over the range; extreme values within thie range differ therefrom by less thun 10
percent.

f Interpolation, and moderate extrapolation, of conductance values are permissible for other values of mean temperature, temperature difference and effective
emissivity E.

" . pa—— . o 1 1 : T R .
& Effective emiasivity of space, E, is given by P 5 + -~ — 1 where &1 and e ure the emissivities of the surfaces of the air space. (See Section B, above.)
A El 2
h The conductances of horizontal spuces with heat flow downward sre substantially independent of temperature difference.

* Based on National Bureau of Stundurds duta presented in Housing Research Faper Nu. 32, Housing and Home Finnnee Agencv. 1954 (U. 8. Government Printing
Office. Wushington, D. C.).

1
€

(10)
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Table 4 . ... Conductivities (k), Conductances (C), and Resistances (R} of Building and Insulating Materials

{Design Volves)*

109

These consiants are expressed in Biv per (hour) (square foot) (Fahrenheit degree temperature difference). Conductivities (k) are per inch thickness and,

conductances (C) ore for fhickness or construction stated, not per inch thickness

Conductivity or Resistance®
Conductance (R)
Density
Material Description {Lb per Per inch "‘i:l:"e”
Cv Fi) " (© ﬂuzﬁn)oss listed
- 1
. (C)
AIR SPACESP See Table 3—Section B
PosiTion Hear Frow THICKNESS
Horizontal....... Up (winter) .................3%4-4in — —_ 1.18 — 0.85
Horizontal...... . Up (summer) ... ............ 344 in — L 1.28 — 0.78
Horizontal ... .. Down (winter) ................ 37 in — - 0.98 — 1.02
Horizontal. ... ... Down (winter) ................ 134 in — — 0.87 — 1.15
Horizontal.... .. Down (winter).................. 4 in - - 0.81 — 1.23
Horizontal. ... .. Down (winter) . ................ 8 in — — 0.80 -— 1.25
Horizontal ... ... Down (summer)................ 34 in — _ 1.18 — 0.85
Horizontal.. ... Down (summer)...... ......... 114 in —_ — 1.07 - 0.93
Horizontal, ... .. Down (summer)............._ ... 4 in - — 1.01 — 0.99
Sloping, 45°, ... .Up (winter). .. .............. 34-4 in — — 1.11 — 0.90
Sloping, 45°. ... . Down (summer). 344 in — — 1.12 — 0.89
Vertical . Horiz. (winter). .. ............ 344 in — — 1.03 — 0.97
Vertical . ... .. Horiz. (summer)..... 344 in — - - 1.16 - 0.86
AIR SURFACESe See Table 3—Section A
STiLL AR PositioN HeaT Frow
Horizontal, cooresmessmmnsm=as arsm seisss s Up — — 1.63 — 0.61
Up Sloping (45°) ................................... — - 1.60 — 0.62
Vertical . .......... . ... ... ... .......... Horizontal — - 1.46 — 0.68
Sloping(45°). . csirmavinm SRR TR ST AR Down — - 1.32 - 0.76
Horizontal.uii. come. commanpecmms. g s, o . g Down — 1.08 — 0.92
15 mpH WIND Any position—any direction (for winter). ....... ... ... — 6.00 — 0.17
714 mrr WIND Any position—any direction (for summer)... . . — = 4.00 — 0.25
BUILDING BOARDY | Asbestos-cement board.. .. | 120 4.0 — 0.25 -
BoARDS, PaxeLs, | Asbestos-cement board . ... ..., .. ... ... ... ... 1¢ in. 33. 0.03
SHEATHING, Erc. Gypsum or plaster board. . ... ... ...... .. 3% in. 50 — 3.10 — 0.32
Gypsum or plaster board. 13 in. 50 —_ 2.25 == 0.45
Plywood . . . . T —— — 34 0.80 — 1.25 -
Plywood . 14 in. 34 — 3.20 — 0.31
Plywoods o aw . s - comsmsssnteionm . matss 5 - Fafe - - « - 34 in. 34 — 2.12 — 0.47
Plywood 14 in. 34 — 1.60 - 0.63
Plywood or wood panels .. .. ........... ... .. 3¢ in. — — 1.07 — 0.94
Wood fiber board, laminated or homogeneous. ... . .. { %? 845‘2) . ggﬁ _
Wood fiber—hardboard type. ... ... .. ... . ... .. i 65 1.40 — 0.72 —
| Wood fiber—hardboard type.. . ............... {in. 65 — 5.60 e 0.18
| Wood—fir or pine sheathing ................... 2544 in. - — 1.02 — 0.98
Wood—firorpine.. ... ... .. . ... ... ... .. .... 19§ in. — — 0.49 —_ 2.03
BUILD[\I(J P‘\l’]‘ l{ V‘tpor —permeable felt — | — 16.70 = 0.06
| Vapor—seal, 2 layers of mopped 15 b felt — | — 8.35 — 0.12
| Vapor—seal, plastie film = (I = — — Negl
FLO()I{I\'(‘ Asphalt tile ; 15 in 120 — 24.80 —— 0.04
MATERIALS Carpet and fibrous pad. . aras — - 0.48 2.08
Carpet and rubber pqd dreasE — — 0.81 — 1.23
Ceramic tile. ... .. . 1in. — - 12.50 - 0.08
Cork tilesiame, waaild . W Pewou. - ... 0.7 . = 25 0.45 - 2,22 —
Cork tilemauiceswimmenisd . - . .. s . . GRS, . ... . 38 1¢ in. - - 3.60 — 0.28
Felt, flooring .. ... .. . . ... ... s — 16.70 - 0.06
Floor tile or linoleum—av. value . ... ... .. . ...1 ¢ in. .- — 20.00 - 0.05
Linolenm........ .. ... ... ... ... .. 0 g in. 80 — 12.00 — 0.08
Plywood subfloor .. . ... . . ... . ... ... . ... 3¢ in. .- — 1.28 - 0.78
Rubber or plastic tile. ... ... ... . ... ... ..... 14 in. 110 - 42.40 — 0.02
Terrazzo. ... ... . 1in. — — 12.50 — 0.08
Wood subfloor. . ... 25345 in. — - 1.02 — 0.98
Wood, hardwood finish ..., . ....... ... 34 in. — - 1.47 - 0.68
INSULATING Cotton fibere. . . 0.8-2.0 0.26 - 3.85 -
MATERIALS | Mineral wool, fibrous form proce%sed from rock, slag, or
BLankET AND BarT glasse. B T R TR A 1.54.0 0.27 3.70 -
Wood fiber. 3.2-3.6 0.25 — 4.00 -
Wood fiber, multllmer stitched e‘<pancllnge ........... 1.5~2.0 | 0.27 3.70 —
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Table 4 . ... Conductivities (k), Conductances (C), and Resistances (R) of Building and Insulating Materials (Continued)

{Design Values)*

Conduchvity or Resistance”
Conductance {R)
Density For
Material Description (Lb per Per inch
Cu F) thickness 'hi.dme”
(k) {c) (‘ ) hs:ed
, (C)
o B |
BoArp Glass fiber 9.5 0.25 -— | +4.00 —
Wood or cane fiber
Acoustical tilef, ... . .... S ARG gwwsam il s — — 0.84 — 1.19
Acoustical tilef, . . ... SRR 3y in. — 0.56 — 1.78
Interior finish (plank, tile, lath) ... ..... i 5o 15.0 0.35 — 2.86 —
Interior finish (plank, tile, lath) .. ........... 1g in. 15.0 — 0.70 — 1.43
Roof deck slab
Approx. R BT N SR Mg A5 in. — — 0.24 — 4.17
A PP ION i i o S5 s Sl Ry e R e el 8 1 o 3 = — 0.18 = 5.56
Approx............. ... .. . Ty« 3in. — — 0.12 e 8.33
Sheathing (impreg. or coated) .......... ... .. ....... ... 20.0 0.35 — 2.83 ==
Sheathing (impreg. or coated) . ............ ... .1 in. 20.0 —= 0.76 = 1.32
Sheathing (impreg. or coated) ... ...... 2544 in. 20.0 = 0.49 - 2.06
Boarb AND SLaBS Cellular glass. .. .. o 9.0 0.40 — 2.50
Corkboard (without added binder).. ... 6.5-8.0 0.27 — 3.70
Hog hair (with asphalt binder)... .. ... 8.5 0.33 - 3.00
Plastic (foamed) e s sais A 1.62 0.29 — 3.45 —
Wood shredded (cemented in preformed slabs).. .. 22.0 0.55 — 1.82~ -
LooseE FiLL Macerated paper or pulp produets. . 2.5-3.5 0.28 = 3.57 ==
Mineral wool (glass, slag, or rock) . .. 2.0-5.0 0.30 — 3.33 —
Sawdust or shavings. . oo Los s 8.0-15.0 | 0.45 — 2.22 —
Vermiculite (expanded). .. SR S atas A 7.0 0.48 — 2.08 —
Wood fiber: redwood, hemloek, or fir ... .. . 2.0-3.5 0.30 — 3.33 —
ROOF INSULATION | All typess ‘
Preformed, for use above deck
ADDTOX. . e 14 in = — 0.72 1.39
ADPIOX... . ot lin — — 0.36 — 2.78
ADDTOX. . -5 s3ime - - - ¥350H - SREREEE - - « - - OB « - - 115 in - — 0.24 — 4.17
ADDIOX. o cia « o5 ¢ s wiaie e ~are oid - + v 2in — 0.19 5.26
ADDIOX s i ioremsmss Bimas s s T 214 in — — 0.15 — 6.67
ADDIOX.. it 55 sath « i1 w0 oaie Toin e+ 55 0 o ESETR 3 in - 0.12 — 8.33
MASONRY Cement mortar. ... ... .. ... ....... : 116 5.0 — 0.20 —
MATERIALS Gypsum-fiber concrete 8714% gypsum, 1215% wood chips 51 1.66 — 0.60 ~—
CONCRETES Lightweight aggregates including expanded shale, clay 120 5.2 - 0.19 —
or slate; expanded slags; cinders; pumice; perlite; 100 3.6 — 0.28 —
vermiculite; also cellular concretes 80 2.5 - 0.40 —
60 1.7 —_ 0.5 —
40 1.15 === 0.86 ==
30 0.90 — 1.11 —
20 0.70 1.43 —
Sand and gravel or stone aggregate (oven dried) 140 9.0 — 0.11 —
Sand and gravel or stone aggregate (not dried)... 140 12.0 0.08
SUUCEO sy 53 mrwiazs s wassmieemmers &g ; ; 116 5.0 0.20 =
MASONRY UNITS Brick, common . ... ... .. .. ... ... . 120 5.0 - (.20 —
Brick, face S . Hee e B OEEESS ... . R 130 9.0 — 0.11 —
Clay tile, hollow:
Teelldeep.......... .. ... .. .. .............. 3in. | — 1.25 - 0.80
Teelldeep.......... ... .. ... ... ........ 4 in. — | — 0.90 — 1.11
2cellsdeep. . ..... ... 6 in. — 0.66 - 1.52
2eellsdeep. .............. .. ... .. . ... ... .. 8 in. | 0.54 — 1.85
2 cells deep........... P 11 I § 1 = 0.45 — 2.22
Beellsdeep. ..... ... ... ... ... coooeo J120m, — — 0.40 — 2.50
Concrete blocks, three oval core:
Sand and gravel aggregate. ... .. ... 4 in. — 1.40 — 0.71
; R R 8in | = 0.90 — .1
12 in - — 0.78 - 1.28
Cinder aggregate. ... .. ... .. ..... .. ... 3in — 1.16 - 0.86
4 in - — 0.90 — 1.11
8in ‘ — 0.58 | — 1.72
; 12 in — — 0.53 — 1.89
Gypsum partition tile:
3% 12 x 30 in. solidss . mmamm i it S e S - | = 0.79 | — 1.26
3x12x301in, 4-cell ... | 0. | = .25
4 x 12 x 30 in. 3-cell . — | 0.60 | — 1.67

(12)
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Table 4 . ... Conductivities (k), Conductances (C), and Resistances {R) of Building and Insulating Materials {Concluded)
{Design Values):

Conductivity or Resistance®
Conductance (R}
Density F
Material Description (b per Per inch thic:;ﬂs
Cu Fi) ) © ﬂud:ness listed
- 1
® | ¢)
MASONRY UNITS Lightweight aggregate (e\:pandcd shale, clay, 3in. — — 0.79 — 1.27
(Continued) slait —_— 4 in, — — 0.67 — 1.50
slate or slag; pumice) . .................. 83 o N 0.50 N 2.00
12 in. — — 0.44 — 2.27
Stone, limeorsand .......... ... ... ... ... ..., o — 12,50 - - 0.08 —=
METALS (See Chapter 5, Table 1)
PLASTERING Cement plaster, sand aggregate Sy 116 5.0 — 0.20 =
MATERIALS Sand aggregate. . .. o g in. — — 10.00 — 0.10
Sand aggregate sirmisin s an e alis i = 33 in. - — 6.66 — 0.15
Gypsum plaster:
Lightweight aggregate. . ... ... .. ... ... ... 15 in. 45 — 3.12 — 0.32
Lightweight aggregate.. 3% in. 45 — 2.67 - 0.39
Lightweight agg. on metal lath 34 in. — —- 2.13 — 0.47
Perlite dtrgrcgate ........... 45 1.5 — 0.67 —
Sand aggregate . 105 5.6 = 0.18 ==
Sand aggregate. .. 15 in. 105 - 11.10 - 0.09
Sand aggregate. ... ... ..., g in. 105 — 9.10 - 0.11
Sand aggregate on metal lath. . & in. — — 7.70 — 0.13
Sand aggregate on wood lath. — — 2.50 0.40
Vermiculate aggregate 45 — 0.59 —
ROOKFING Ashestos-cement shingles 120 — +.76 - 0.21
Asphalt roll roofing. ... ... .. ... 70 P 6.50 — 0.15
Asphalt shinglesyu ssissmibeidviddnS Gy RS 70 = 2.27 = 0.4
Built-up roofing. ... ... ... 3¢ in. 70 — 3.00 — 0.33
Slate. ... . 15 in. e 20.00 - 0.05
Sheet metal - 1004 Negl
| Wood =hingles — - 1.06 — 0.04
SIDING shingles
MATERIALS Wood, 16-1n. 7}4-in. exposure = 1.14 — 0,87
(ON Frat SURFACE) Wood, double, 16-in., 12-in. exposure, : — — .84 — 1.19
W oo(l, plu~ insul. backer l)r).lrd g in. - - .71 — 1.40
| hl(hn" )
| Asbestos- cement, 'y in., lapperd — — +.76 — 0.21
| Asphalt roll ~1dm;. Tt — — 6.50 — 0.15
Asphalt insulating =<iding (!5 in. bd.) ... = — (.69 — 1.45
Wood, drop, 1 X 8In. — -— 1.27 — 0.79
Wood, bevel, 2’ x N in., Japped | = — 1.23 — 0.81
W 00(1 bevel, 3, x 10n., lapped .. — — 0.95 — 1.05
W()od, plyw ()()(l, 35 in., lapped — 1.59 — 0.59
Structural glass . — 10.00 0.10
WOODS Maple, oak, md \lnlll ar hardwoods ... .. 15 1.10 — (3.1 —
Fir, pine, and similar softwoods . 32 0.80 — 1.25 a

" Representative values for dry materials at 75 F mean temperature, selected by the ASTIAE Technieal Advisory Committee on Insulation, They are intended as

design (not specification) values for materials of building construction in normal use. For conductivity of a particular product, the user may obtain the value supplied
by the manufacturer or secure the results of unbinsed tests.

b Air space resistance values shown here are for spuces fuced both sides with ordinary nonreflective materials (e = 0.90and £ = 082) and ure based on following con-
ditions: Winter—>50 F mean temperature and 20 deg temperature difference, Summer—90 F mean temperature and 10 deg temperature difference except for horizontal
air spuce with heut flow downward which is based on 20 deg temperature difference

¢ Surfuce resistance values shown here ave for ordinary nonreflective materials (e = 0.90).
4 See also Insulating Materials, Board.

€ Imcludes paper backing and facing if any, In cases where the insulation forms a boundary (highly reflective or otherwise) of an air space, refer to Table 3, Sections
B and C, to obtain the insulating value of the air space for the approprinte efleetive emissivity and temperature conditions of the space.

Mnsulating values of acoustical tile vary depending on density of the board and on the type, size, and depth of the perforations. An average conductivity & value
is 0.42,

¥ The U. 8. Department of Commerce, Simplified Practice Recommendation for Thermal Conduclance Fautors for Preformed Above-Deck Root Insulation, No.
R 257-55, recognizes the speeification of root insulation on the basis of the € values shown. Roof insulation is inade in thicknesses to meet these values. Therefore, thick-
ness supplied by different manufacturers may vary depending on the conductivity k value of the particular material,

I Resistanee values are the reciprocals of C before rounding € off to two decimal places,

(13)
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Table 5. ... Coefficients of Transmission (U) of Frame Walls*
These coefficients are expressed in Btu per (hour) (square foot) (Fohrenheit degree difference in temperaiure between the air on the two
sides), and are based on an ouiside wind velocity of 15 mph
Example—Wall D 4 Example of Substitution
Resistances used are given below in this Resistances used are given below in
table or in Table 3 or 4 this table or in Table 3 or /
Construction Resistance (R) eplace items 3 and 4 with insul. bd.
1. Outside surface (15 mph wind)............ .. 0.17 sheathing (2332 in.) and items 6 and 7
2. Siding, wood, 14 in. x 8 in. lapped (av. R).... 0.85 xuth gypsum wall board (}4 in. )
3. Bmldmg paper... .. ... ... ..., 0.06 | Total resistance. ........... .. . RS 4.12
4. Wood sheathing (2V2 |31 7% 0.98 | Deduct 3. Building Paper. .. ... 0.06
5. Air space®. .. ... ........ 0.97 4. Wood sheathing (25 ﬁz in.).. 0.98
6. Gypsum lath (% in. ). e 0.82 6 Gypsum lath (3¢ in.) . 0.32
7. Plaster (sand agg.) 34 in). ... ... ... ... 0.09 | . Plaster (sand agg.) (V m) 0.09 1.45
8. Inside surface (still air) ....... . . 0.68 | Semscir
1244 sa% | Difference. . ... ...... ... ... .. _........ 2.67
678 5otal resistance. ........... ... .. ... . 4.12 | Add 4 Insul. bd. sheathing (2345 in.)... £.06
= 1/R = 1/4.12 = 0.24 } 1,
See value 0.24 in boldface tvpe in table below. 7. Gypsum bd. (¢ in.).... .. ) 0'45 2.51
Total resistance . . .. 5.18
=1/R = 1/5.18 = 0.19
To Adjust U Values f;r_C.o.n:fru:ﬁon with Added Insulotion between Framing Members, See Table_76-._
Type of Sheathing® ‘
; | Insulation i
o None, | Gyp- | Wood, Boord
— Interior Finish | Buitd- | sum | Ply-d 254, in. | Sheathing |
{ | ing | Board | wlzoin landBuild- —
7 g i
I Paper i 15 in. | ing PaperIlé - "5‘;{2| _§
I . B S S z§
Resistance l—) 0.06 i 0.45 | 0.39 | 104 1.32 ‘ 2.06
- o |
Av 1w u vl uj|u
Material R | R. Material | R || —— | —
| A B | C o | E | F
.' NOBE. ..ot | — |0.57 | 0.47 |0.48 | 0.36 |0.33 0.27 1
Gypsum bd. {3 T T 0.82 0.33 | 0.20 | 0.30 | 0.25 | 0.23 0.20, 2
Gypsum lath (34 in.) and 14 in. p]aq (1t. wt. ' |
o T O R R TN o e P AT AR Py I P 0.64 0.30 | 0.27 | 0.27 0.23 0.22) 0.19] 3
Wood siding | Gypsum lath (3% in.) and 14 in. plas. (sand | |
Drop—(l in. x 8 ‘: TSR SO SO 0411032 028|020 0.24 |0.23 0.1 4
0.79
Bevel (13 in.x 8 | Metal lath and 31 in. plas. (It. wt. agg) 0.47] 0.31 | 0.28 l0.28| 0.24 | 0.22 D.]!I! 6
0.81| 0.854) Metal lath and 3 3 in. plas. (sand agg.). . L 0.18] 0.35 | 0.31 | 0.31 | 0.26 | 0.240.21 6
Wood shmgles [ | |
715 in. exposure  0.87| Insul. bd. (14 in) ............. 1.430.24 1 0.22 1 0.22 | 0.19 | 0.18/0.18| 7
Wood panels (34 Insul. bd. lath 1z in.) and 15 in. plas. (‘;and
in.) 0.94 ABE.) . et L. 1.8200.24 0,221 0.22 ] 0.19 | 0.18 0.16| 8
' Plywood (Y 80, oooei 1 0.9110.330.20 030 | 0.25 | 0.23 0.20 9
Woad [Hllloh (3/ in. ) ; oL 0,84 0,27 10.25 1 0.25 | 0.22 | 0.20] 0.18] 10
Wood lath and 13 in. plus f-suml ﬂ[-{i{ ) e 0.40| 0.32 i 0.28 i 0.29 | 0.24 | 0.23 0.19] 11
e R e | — |0.73 056058 | 0.42 |0.38 0.30| 12
Gypsum bd. (34 in. } ______________ | ©.32/ 0.37 | 0.33 | 0.33 0.27 0.25 0.21 13
Gypsum lath (3§ in.) and 4 in. plas. (It. wt. ‘ | ‘ [
P T S T i 0.64 0.33 1030 [ 0.30 | 0.25 |0.24 0.20] 14
: (.\'pmm lath ("’ in. ) and £ in. pl as, (sand | f ) |
|oagg.). . . e - | 0,410 0,36  0.32 | 0.32 | 0.27 | 0.25{ 0.21| 16
Face-brick veneer! 0.4 45"! Metal lath and 3 in. plas. (It. wt. agg.)...| 0.47/ 0.35 0.31 | 0.32 | 0.26 | 0.25 0.21] 18
Plywood (% in.) 0.47 I Metal lath and 37 in. plas. (sand agg.).. . .| 0.13) 040  0.35 | 0.36 | 0.29 | 0.27| 0.22| 17
| Insul. bd. (34 in.)...... e 1430026 0,24 1 0.24 | 0.21 | 0.20[0.17 18
) Insul. bd. lath ( 2 in.) and in. plas. (sand
[ 1 1) TR o 4.5200.26 0 0.23 1 0.24 0.21 0.19 0.17| 19
Plvwood (14 m) R sl R | 0.81 0,38 : 0.33 | 0.33 0.27 0.26] 0.21) 20
| Wood panels (9 in)o S 0094 0.30 0 0.27 1 0.28 | 0.23 | 0.22 0.19 21
Wood I.Lth and /é in. plas. (sand agg.) . .. 0.40 0,36 0.32 0.32| 0.27 |0.25 U.21i 22
|

(14)
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Table 5.... Coefﬁcuents of Transmission (U) of Frame Walls® {Concluded)
| Type of Sheathing*
i : Insulation I
, L. None, | Gyp- Wood, | Board
P Interior Finish Build- | som | “P;‘;'d 254, in, [ Sheathing
ing B]oord B g in. {and Buitd-|
Paper| 14 in. | |mg Poper. 15t 9-&2 _E
| | | | mn. E
| | = ==l z
Resistance i—) 0.06 | 0.45 | 0.39 : 1.04 1.32 |2.06
v vl v u vl ou|
Material R A;‘ i Material ! R - ~-! |
| A c ‘ ) E | F
B | _ | | _
N O, . e e — 10,43 1 0.37 | 0.38 | 0.30 0.28 0.2 "I! 23
Gypsum bd. (34 ln) ...................... 0.32/ 0.28 | 0.25 | 0.25 | 0.22 | 0.20 0.18 24
(,.ypsum lath (3§ in.) and }4 in, plas. (It. wt. | L
20 F S 0.64 0.25:0.23 [ 0.23 | 0.20 | 0,19 0.17| 25
va-um lath ("/ in.) and !4 in. plas. (sand |
Wood shingles over DEE.) . - o o o e e S - . ST B B W e (.41 0.27 1 0.24 | 0.25 | 0.21 | 0.20 0.18| 26
insul.: backer | |
bd. (3{¢ in.) 140, 1424 Metal Iath and 34 in. plas. (It. wt. ngg.). .. 0.4710.27 | 0.24 | 0.24 | 0.21 0.20, 0.17| 27
Asphalt nsul. sid- | Metal lath and *3 in. plas. (sund agg.) ... 0.18)0.29 1 0.26 | 0.27 | 0.23 | 0.21 0,18 28
ing 1.45 Insul, bd, (!5 i) . | 1.43,0.21 [ 0.20 | 0.20 0.18 0.17) 0.15| 29
| Insul. bd. Ittll (ta1m.) and '3 in. plas. (sand |
| g S it i s 1.52/0.2110.19 | 0.19 | 0.17 | 0.16) 0.15( 30
Plywood (14 in.) 0.31:0.28 1 0.25 | 0.25 | 0.22 | 0.20] 0.18| 31
Wood panels (37 in.)....... . ... ... .. 0.940.2410.220.22| 0.19 | 0.18 0.16| 32
| Wo()d :1th and 14 in. plas. (sand agg.) .. 0.40/0.27 10.24 | 0.25 | 0.21 0.20) 0.18] 33
| \onc ....... — 10.9110.67 | O. 0.70 0.48 0.42] 0.32] 34
| (‘)psum bd. (V ln) ..................... 1 0.32:0.42 1 0.36 | 0.37 | 0.30 [ 0.27/ 0.23 85
(;ypsum lath (3¢ in.) and }4 in. plas (It. wi. [ | |
€)oo 0.6510.37  0.32|0.33 | 0.27 |0.25 0.21] 36
Gyp.\'um Tath ( {5 in.) and 14 in. plas (\u d | |
agg.) . e 0.41; 0.40 | 0.35 | 0.36 | 0.29 | 0.27 0.22| 87
Asbestos-cement j | | ; |
siding 0.21 Metal lath and 34 in. plas. (It. wt. agg.) 047 0,39 0.3t 0.35 | 0.28 | 0.26] 0.22| 38
Stucco® 1 in. f.20) 0,19 Metal lath and 5/1 in. plas. (sand agg.) ... .| 0.43 0.45 0.30 | 0.40 | 0.31 | 0,200 0.24 39
Asphalt roll siding 0.15 Insul. bd. (13 1n.) . ; P43 0,280 0.26 | 0.26 | 0.22 | (.21 (.18 40
Insul. bd. lath ('/ in. ) and }4 in. plas. (sand [ i |
age.) % R 162 028 0.25 1 0.26 0.22 | (.21 0.15 41
|
| [
Plywood (14 in) | 0.81 0.42 ,0.36  0.37 | 0.30 | 0.27 {l.""’-. 42
Wood p’mels (31 4 m ) I [ 0.8 033 0.29 1 0.30 1 0.25 | .23 (0. 20/ 43
Wood lath and 13 in. pl‘m (sand age.) .. 040 040 0.35 0.36 | 0.20 | 0.27] 0.22 44

4 See text section Calculating Overall Coeficients for basis of calculations,

b I'o adjust U vulues for the effect of added insulation between framing members, see Table 16,

€ Note that although several types of exterior finish may be grouped because they have approximutely the same thermal resistance value, it is not immplied that all
types may be suitable for application over all types of sheathing listed.

d Average resistance of items listed. This average was used in computation of LU values shown.

€ Building paper is not included except where noted.

f Small air space between building paper and brick veneer neglected

€ Where stucco is applied over insulating bourd or gypsum sheathing, building paper is generally required, but the change in U7 value is negligible.

. SECT STEEL NON-STEEL
w:=3% — NO AREA AREA
ol . A SQ FT sQ FY
FOOF NG| Ve — Yo d=— o —= | WA 0302
NI, RS
///// / LA S o oo
° 6. g 0.y ‘o g ]
GVPSUM-"‘ l telielig g 0 o
CONCRETE | ~ o 0 °a,f§'- O B i 1R 2 0 0302
’ a P ﬂ_-._ '.rn-' o.a—l a L -L
STEEL 0 g0 ;’ ; ';. ""‘;_—. T =
BULE TEE -
/é » 3 0052 0 250
(1 =
GLASS - L \ 1
FIBER
INSULA- 5 .fn ES 0010 0292
TION .l L
Ll //J { FE—- 087 "
l__ : __| 1 AlR [ 0 302
=

p————ZONE A —

Fig: 6 .ses

® PAAT OF AR FILM

Enlarged Section of Zone A of Fig. §

(15)

Solution: The basic area is 2 sq ft (24in. x 121in.), with a tee-
bar (12 in. long) across the middle. This area is divided into
two zones, .1 and B.

Zone A is determined from liquation 4 as follows:

3.625 in.

3.0in.

Top Side W
Bottom Side W’

m + 2d
m + 2d

0625 +2 X 1.5
20+2X 05 =

Using the larger value of W, the area of Zone A 15 (12 X
3.625)/14% = 0.302 sq ft. The area of Zone B is 2.0 — 0.302 =
1.608 sq ft.

To determine the area transmittance for Zone A the struc-
ture within the zone is divided into five sections parallel to
the top and bottom surfaces as shown in Fig. 6. The area con-
duetance C-.1 of each section is calculated by adding the area
conductances of its metal and non-metal paths. The arca con-
ductances of the sections are converted to area resistances
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Table 6. ... Coefficients of Transmission (U) of Solid Masonry Walls®

Coefficients are expressed in Btu per (hour) {square foot) (Fahrenheit degree difference in femperature between the air on the two sides),
and are based on an outside wind velocity of 15 mph

Example—Wall G 2

Exomple of Substitution

Resistances used are given below in this
table or in Table 3 or 4

Construction Resistance (R)
1. Outside surface (15 mph wind)........... ... 0.17
2. Facebrick 4in.)........................... 0.44
3. Common brick (4in.)....... . .. - S 0.80
4. Airspaceb. ................ B 0.97
5. Gypsum lath (3¢ in.)....................... 0.32
6. Plas. (sand agg.) 3in).................... 0.09
7. Inside surface (still air)............... .. .. 0.68

Total resistance. . .......................... 3.47

U=1/R = 1/847 = \'irinninii, 0.29

See value 0.29 in boldface type in table below.

Resislances used are given below in
this table or in Table 3 or 4
Assume plain wall—no furring or plaster.

Total YEREtRIBE e s S T 3.47
Deduet 4. Airspace. .............o000. 0.97

5. Gypsum lath (38 in)......... 0.32

6. Plas. (sand agg.) (}4 in)...... 0.09 1.38
Total resistance . ............................. 1 2.08
U=1/R=1/209=......................... (.48

To Adjust U Volues for Constructionl with Added Insulation between Furring Strips, See Table 16

Interior Finish
I ] Wood
| | 50 Metal Lath ond Gypsum Lath Insui. Bd. Lath
Exterior Construction® | | Plas V{ipllln on 34 in. Plas. on (35 in.) and 14 in. (15 in.) and 15 in, Lnll/h :_:'d
| Furring Plas. on Furring Plas. on Furring Plzos..
| Noné | | Number
(Sand | (Lt wt. | (Sand [ (. wt.| No | (Sand | (tt. wr| No | (Sand | (Sand
agg.) | agg.) | agg) | agal | plas. agg.) | agg.) plas. | agg.) | agg.)
Resistance l-—) on 0.39 ] 013 | 0.47 0.32 o0.41 0.64 1.43 | 1.52 0.40
N I — | —
u u u u u | v | v u u
Mo'eriol | R . e e | || e —— _
A B C | D E F | G H I J K
Brick (face and common)d
6 in.) 0.61 | 068 | 0.64 | 0.54 | 0.39 | 0.31 | 0.36 A 0.35 | 0.33 | 0.26 | 0.25 | 0.35 1
(8 in.) 1.24| 0.48 | 0.45 | 0.41 | 0.31 | 0.28 | 0.30 | 0.29 | 0.27 | 0.22 | 0.22 | 0.29 9
(12 in.) 2.04 | 0.35 | 0.33 | 0.30 | 0.25 | 0.23 | 0.24 | 0.23 | 0.22 | 0.19 | 0.19 | 0.23 3
(16 in.) 2.8 0.27 | 0.26 | 0.25 | 0.21 | 0.19 | 0.20 | 0.20 | 0.19 | 0.16 | 0.16 | 0.20 4
Brick (common only) | [ [
(8 in.) 1.60 | 0.41 39 | 0.35 | 0.28 | 0.26 | 0.27 | 0.26 | 0.25 | 0.21 | 0.20 | 0.26 [}
(12 in.) 2.40| 0.31 | 0.30 | 0.27 | 0.23 | V.21 | 0.22 | 0.22 | 0.21 | 0.18 | 0.17 | 0.22 6
(16 in.) 3.20| 0.25 | 0 0.23 | 0.19 | 0.18 | 0.19 | 0.18 | 0.18 | 0.16 | 0.15 | 0.18 7
Stone (lime and sand) !
8 in.) 1 0.64| 0.67 | 0.63 | 0.55 | 0.39 | 0.34 | 0.36 | 0.35 | 0.32 | 0.26 | 0.25 | 0.35 8
(12 in.) 1 0.96 | 0.55 | 0.52 | 0.45 | 0.34 | 0.31 | 0.32 | 0.31 | 0.29 | 0.24 | 0.23 | 0.31 9
(16 in.) 1.28| 0.47 | 0.45 | 0.40 | 0.31 | 0.28 | 0.20 | 0.28 | 0.27 | 0.22 | 0.22 | 0.29 10
(24) in. | 1.92 36 | 0.35 | 0.32 | 0.26 | 0.24 | 0.25 | 0.24 | 0.23 | 0.19 | 0.19 | 0.24 11
Hollow clay tile
(8 in.) 1.85 | 0.36 | 0.36 | 0.32 | 0.26 | 0.24 | 0.25 | 0.25 | 0.23 | 0.20 | 0.19 | 0.25 12
(10 in.) 2.22) 0.33 | 0.31 | 0.29 | 0.24 | 0.22 | 0.23 | 0.22 | 0.21 | 0.18 | 0.18 | Q.23 13
(12 in.) 2.50 | 0.30 | 0.29 | 0.27 | 0.22 | 0.21 | 0.22 | 0.21 | 0.20 | 0.17 | 0.17 | 0.21 14
Poured concrete | 1 .:
30 b per cu ft |
4 m.) 4.441 0.19 | 0.19 | 0.18 | 0.16 | 0.15 | 0.15 | 0.15 | 0.14 | 0.13 | 0.13 | 0.15 15
6 in.) 6.66 | 0.13 | 0.13 | 0.13 | 0.12 | 0.11 | 0.11 | ©0.11 | 0.11 | ©0.10 | 0.10 | 0.11 16
(8 in.) 8.8 0.10 | 0.10 | 0.10 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.08 | 0.08 | 0.09 17
(10 in.) 11,10 | 0.08 | 0.08 | 0.08 | 0.08 | 0.07 | 0.08 | 0.08 | 0.07 | 0.07 | 0.07 | 0.08 18
80 Ib per cu ft
(6 in.) 2.40 | 031 | 0.30 | 0.27 | 0.23 | 0.21 | 0.22 | 0.22 | 0.21 | 0.18 | 0.17 | 0.22 19
(8 in.) 3.20) 0.25 | 0.24 | 0.23 | 0.19 | 0.18 [ 0,19 | 0.18 | 0.18 | 0.16 | 0.15 | 0.18 20
(10 in.) 4.001 0.21 | 0.20 | 0.19 | 0.17 | 0.16 | 0.16 | 0.16 | 0.15 | 0.14 | 0.14 | 0.16 21
(12 in.) 4.80| 0.18 | 0.17 | 0.17 | 0.15 | 0.14 | 0.14 | 0.14 | 0.14 | 0.12 | 0.12 | 0.14 22
140 b per cu ft
6 in.) 0.48) 075 | 0.69 | 0,58 | 0.41 | 0.36 | 0.38 | 0.37 | 0.34 | 0.27 | 0.26 | 0.37 23
@8 gn.) 0.65 | 0.67 0.63 0.53 0.39 0.34 0.36 0.35 0.32 0.26 0.25 0.35 24
(10 in.) 0.80 | 0.61 | 0.57 | 0.49 | 0.36  0.32 | 0.34 | 0.33 | 0.31 | 0.25 | 0.2¢ | 0.33 25
(12 in.) [0.96 | 0.55 | 0.52 | 0.45 | 0.34 | 0.31 | 0.32 | 0.31 | 0.29 | 0.2¢ | 0.23 | 0.31 26

(16}
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inlerior Finish
: Wood
Metal Lath and sum Lath Insul. Bd. Lath
Plas. 34in.on | '3 3 Y 1 Lath and
Exterior Construction® Wall % :“"::: on (Aﬁ::'_) :nm: /rr%am-g {;lén?:mwm:‘. }g?::-
= 1 Number
(Sond | (Lt. wt. | (Sand | (Lt wi. No {Sand | (Lt. wt. No (Sond | (Sand
ogo.) | agg) | cgg) | ege) | plas. | age) | agg) | plas. agg.) | agg.)
Resistance l—. on 0.39 0.13 0.47 0.32 0.41 0.64 1.43 1.52 0.40
u u u U u u u u u v
Moleriol [ 4 ————— et
A B [« D E F G H [} J K
Concrete block
(Gravel agg.) 8in.) | 1.11 | 0.52 0.48 | 0.43 | 0.33 | 0.29 | 0.31 | 0.30 | 0.28 | 0.23 0.2 | 0.30 27
(12in.) | 1.28 | 0.47 0.45 0.40 | 0.31 0.28 0.29 0.28 0.27 0.22 | 0.22 | 0.29 28
(Cinder agg.) (8in.) | 1.72 | 0.39 | 0.37 0.34 | 0.27 | 0.25 | 0.26 | 0.25 | 0.24 | 0.20 | 0.20 | 0.25 29
(12in.) | 1.89 | 0.36 | 0.35 | 0.32 0.26 | 0.24 | 0.25 | 0.24 | 0.23 | 0.19 | 0.19 | 0.24 30
(Lt. wt. agg.) (8in.) | 2.00 | 0.35 | 0.34 0.31 | 0.26 | 0.23 | 0.224 | 0.24 | 0.22 | 0.19 | 0.19 | 0.24 31
(12in.) | 2.27 | 0.32 0.31 0.28 0.24 0.22 | 0.23 0.22 0.21 0.18 0.18 0.22 2

& See text section Calculating Overall Coefficients for basis of calculations.

b T adjust U values for the effect of added insulation between framing members, see Table 16.
¢ If stucco or structural glass is applied to the exterior, the additional resistance value of 0.10 would have a negligible effect on the U value.
4 Brick, 6 in. (5}% in. actual) is assumed to have no backing. Walls 8, 12 and 16 in. have 4 in. of face brick and balance of common brick.

1/(C-A) and added to obtain the total resistance of Zone A.
These calculations are shown in the following tabulation.

Section Area X Conductance c-a | S /‘2
Air (outside, 15| 0.302 X 6.0 1.812 | 0.552
mph)
No. 1, Roofing 0.302 X 3.0 0.906 | 1.105
No. 2, Gypsum 0.302 X 1.66/1.125 ‘ 0.445 | 2.250
concrete
No. 3, Steel 0.052 X 312.0/0.625 | 26.0 }0 038
No. 3, Gypsum 0.250 X 1.66/0.625 | 0.664 | ’
concrete
No. 4, Steel 0.0104 X 312/1.00 3.24 }0 302
No. 4, Glass fiber| 0.292 X 0.25/1.00 0.073 :
No. 5, Steel 0.167 X 312/0.125 416.0 | 0.002
Air, (inside) 0.302 X 1.63 ! 0.493 | 2.030

Total R/A = 6.279

Area transmittance of Zone A = A/R = 1/6.279 = 0.159.

For Zone B the unit resistances areadded and then converted
to area transmittance as shown in the following tabulation.

Resistance, R

Section |
Air (outside, 15 mph) | 1/6.0 = 0.17
Roofing ( 1/3.0 = 0.33
Gypsum concrete [ 1.75/1.66 = 1.05
Glass fiber 1.00/0.25 = 4.00
Air (inside) 1/1.63 = (.61
Total resistance of a sq ft = 6.16

Unit transmittance = 1/R = 0.162
Area transmittance U-A

for Zone B = 1.698 X 0.162 = 0.276
for Zone A = (.159
Total area transmittance of basic area = 0.435

Transmittance per sq ft = 0.435/2.0 = 0.218

(7

In tests on similar construction, made by the guarded hot
box method, one laboratory reported a U value of 0.219 Btu
per (sq ft) (hr) (F deg) and another laboratory reported a U
value of 0.206 Btu per (sq ft) (hr) (F deg).

When the steel is a large proportion of the heat path as in
Ezample 1, the detailed calculations of resistance in sections
3, 4, and 5 of Zone A are not justified. If only the stcel were
considered, the final result of Example 1 would be unchanged.

If the steel path is small, such as for a tie rod, the detailed
calculations for sections 3, 4, and 5 are necessary.

Caution

A panel with internal metallic structure bonded on one or
both sides to a metal skin or covering presents special prob-
lems of lateral heat flow not covered in the foregoing Zone
Method.

Values Used in Calculation of U Value Tables

Tables 5 through 15 are based on values given in Table 4.
The following conditions have been used:

Equilibrium or steady-state heat transfer, eliminating effects
of heat capacity.

Surrounding surfaces at ambient air temperatures.

Exterior wind velocity of 15 mph for winter and 7.5 mph for
summer.

Surface emissivity of ordinary building materials ¢ = 0.90.

Stud space in frame construction not insulated. (See Table
16 for method of correcting for added insulation.)

In construction involving air spaces the U values shown are
caleulated for areas between framing. See Fig. 7 in section
Correction for Framing if an allowance is to be made for this
effect.

Air space resistance values used are those shown in Table 4
under Air Spaces.

Air spaces are 34 in. or more in width.
1

Variations of conductivity with mean temperature is neg-
lected.

Corrections for framing to be made on basis of parallel heat
(Continued on p. 118)
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Coefficients are expressed in Btu per (hour) (square fool) (Fahrenheit degree difference in temperature between the air on the two sides),

and are based on an outside wind velocny of 15 mph

Example— Wall G 1 Exampie of Substitution
Resistances used are given below in this Reststances used are given below in
table or in Table 3 or 4 this table or in Table 3 or 4
Construetion Resistance (1) Iif']vl ace items 6 and 7 with wood panels
1. Outside surface (15 mph wind) 0.17 (%4 in.} and vapor I} arrier applied over
2. Face brick (4 in,) (av. £.).. 0.39 furring strips
3. Cement mortar (13 in),. 0.1 | Totul resistance .. ... 3.83
. Conerete hlock (mndt'r agg.) (4 im). _t.11 | Deduct 6. (npsum lath (3 in.), .32
5. Air gpace | ; (.97 7. Plas. (sand agg.) (14 1n) 0.09 0.41
. Gypsum lath 3¢ in). . ... ... 0.32 —
. Plas. (sand '1gg) (Y4 in).. . 0.09 | Difference. o842
. Inside surface (still air) ... ... . . 0.68 | Add 6 Vapor barrier . 0.06
=== . Wood panel (34 in. ) 0.94 1.00
Total resistance 3.83 == "W 1~
/R =1/383 = ... .. .. ... ... . . .. 0.26 | Total resistance 4.42
bee w\lue 0.26 in boldface t\pe in table below. U =1/R=1/4.42 = 0.23
To Adjust U Values for Construction with Added Insulation between Furring Strips, See Table 16 -
Interior Finish |
| | Gypsum Lath Insul. Bd. Lath | Woed |
Plas. h_n:.e!f.il Lath and| (33 in} ond 1§ ||/2 in) and Y5 | Lath |
x %4 in. on #4 in. Plas. on Plas. on in. Plas. on Lain
. . Backing Wall Furring ingias: o ; o
Exterior Facing b | Furring Furrmg_ | Plas, 3‘:
| None {Sand [(Lt. wt. | {Sand |({Lt. wt. | No !(Sand [{Lt. wt. | No |(Sand | (Sand | E
' agg.) | agg) | cag) | ogg) | plas. | agg.) | cga.) | ples. | agg.) | aggq.) | 3
Resistance i o.n | 0.39 | 013 0.47 | 0.32 0.41 | 0.64 | 1.43 | 1.52 | 0.40 ‘
1 | b B | | . o I T I =
Material R Av. Material R _.U - _U u v .__U_ | u _ U__ v | v u | v
o 0 I O I S [ O E | F | 6| H | 1 [ 1| K
Conerete hlock | | I
(Cinder agg.) | |
(4 in.) Lo 0410059 1035 | 0028 | 0,26 | 0.27 | 0.26 1 0.25 | 0.21 | 0.20 | 0.26 | 1
(8 in.) 1.72) 0033 0.32 [ 0,29 | 0024 | .22 | 0,23 1 0.23 1 0.21 | 0.18 | 0.18 | 0.23 2
(12 in.) 1.89) 0,310 0.30 | 0.28 [0.23 | 0.21 | 0.22]0.22]0.2L | 0.18 | 0.17 | 0.22 3
(Lt. wt. agg.)
(4 1in.) 1500 O.nd (L34 [ 0031 ] 0,25 [ 0.23 | 0.24 1 0.24 | 0.220.19 | 0.19 | 0.2¢ 4
I*ace brick (8 in.) 2.000 0.30] 0.29 | 0.27 [ 0.23 | 0,21 | 0,22 ] 0.21 | 0.20 | 0.17 | 0.17 | 0.21 5
4 in. 0.44 (12 in.) 2.27) 00280 0027 | 0,25 | 0,21 [ 0.20 | 0.20 | 0.20 | 0.19 | 0.17 | 0.16 | 0.20 6
Stone i (Sand agg.) '
4 in. 0.32 (4 in.) | 0.711 0490 0.46 | 041 | 0,32 | 0,29 0.30 | 0.290 1 0.27 | 0.22 [ 0.22 |1 0.29 | T
Precast concrete i0.39 (8 in.) [ 1.l 0.410 030 [ 035|028 | 026 | 027 | 0.26 | 0.25 0.21 | 0.20 | 0.26 | 8
. ‘(sund agg.) P (12 in.) 280 088 0037 [ 0,33 1 0.27 | 0.25 | 0.26 | 0.25 | 0.24 | 0.20 1 0.20 | 0.25 9
in. .34 !
6 in. 0.48 Hollow clay tile
(4 in.) A0 410089 | 0,35 | 0,28 | 0.26 | 0.27 1 0.26 | 0.25 | 0.21 | 0.20 | 0.26 | 10
(8in.) 1.850 0,311 0.30 | 0.28 | 0,23 [ 0.22 1 0.22 1 0.22]0.21 [0.18 | 0.18 | .22 | 11
(12 in.) 2,500 0.26) 0.25 | 0.24 [ 0.20 | 0.19 | 0.19 | 0.19 [ 0.18 | 0.16 | 0.16 | 0.19 | 12
Concrete
(Sand agg.)
(4in.) 0.32| 0.60] 0.56 | 0.49 | 0.36 | 0.32 | 0.34 [ 0.33 [ 0.31 | 0.25 | 0.24 | 0.33 | 13
(6 in.) 0.48] 0,55 .52 | 045 | 0.34 1 0.31 | 0.32 [ 0.31 | 0.29 | 0.24 | 0.23 | 0.31 | 14
8 in.) 0.65 051 048 [ 0.42 | 0.32 | 0.29 | 0.31 | 0.30 | 0.28 | 0.23 | 0.22 | 0.30 | 16
| Concrete hlock |
| (Cinder agg.) |
| (+1n.) L0860 0035 | 0032 [ 0.26 | 0.24 | 0.25 1 0.24 [ 0.23(0.19 [ 0.10 | 0.24 | 16
: (8 in.} 1.72.0.200 0.29 | 0.26 | 0.22 [ 0.21 | 0.21 | 0.21 | 0.20 | 0.17 | 0.17 | 0.21 | 17
(12 in.} 1.89] 0.28 0.27 | 0.25 | 0.21 | 0.20 | 0,21 | 0.20 | 0.19 | 0.17 |-0.17 | 0.20 | 18
(L. wt. agg.)
(4 in,) 1500 0,320 0.30 [ o.28 | 0.23 | 0.22 | 0.22 | 0.22 ] 0.21 ] 0.18 0.18 | 0.22 | 19
(8 in.) 2.000 0,271 0.26 |1 0.25 1 0.21 | 0.20 | 0.20 | 0.20 | 0.19 | 0.16 | 0.16 | 0.20 | 20
(12 in.) 2,270,250 0,25 | 0.23 1 0.20 | 0.10 [ 0.19 [ 0.19 | 0.18 | 0.16 | 0.16 | 0.19 | 21
Common brick | (Hund agg.) |
4in, 0.86G| {4 in) 0.70) .42 0,40 | 036 | 0,29  0.26 | 0.27 | 0.27 1 0.25 | 0.21 | 0.21 | 0.927 | 22
Preenst conerete 0.72 (8in.) 1. 0360 0,35 032 1026 0,24 0,25 10.24 10.23[0.19(0.19 | 0.24 | 23
(sand ngg. ) | 121in.) .28 0,34 0,33 | 0,30 [ 0,25 | 0.25 ) 0.24 1 0.23 ] 0.22 | 0.19 | 0.18 | 0.23 | 24
8 in. 0.64| |
[ Hollow clay tile
| (4 1n.) L0560 0.35 | 0,32 [ 0.26 | .29 10,25 0.240.2310.19|0.19 | 0.24 | 26
(8 in.) 1.83| 0,280 0,28 | 0.26 | 0,22 | 0.20  0.21 [ 0.200.19 | 0.17 | 0.17 | 0.20 | 26
(12 in.) 2.500 0.24) 0.23 [ 0.22 [ 019 [ 008 | 018 [ 0.18 1 0.17 [ 0.15 ] 0.15 | 0.18 | 27
| Concrete |
(Sand agg.) | |
(4 1in.) 0.33 0.300 048 [ 0.42 | 0.52 | 0,29 | 0.30 | 0.30 | 0.28 | 0.23 | 0.22 | 0.30 | 28
(61n.) | 048 047 0,44 1030 [ 031 [ 028 | .29 | 0.25 10,27 10.2210.22|0.28 | 29
~ | (8 in.) 0 64 Il -H U -11 037 1029 0027 o281 0.2710.26 10,211 0.21 | 0.27 | 30
B ‘*m, text section Caleulating ()\erall Coeflicients for basis of Lal('ulutmns
bpgy adjust U values for the effect of added insulation between franming members, see Table 16
-e (18) =




Heat Transmission Coefficients of Building Materials 17

Table 8 . ... Coefficients of Transmission (U) of Masonry Cavity Walls*

Coefficients are expressed in Bfu per (hour) (square foot) (Fahrenheil degree difference in temperature between the air on the two sides),
and ore based on on outside wind velocity of 15 mph

Example—Woall H 6 | Exomple of Substitution

Resistances used are given below in this ‘ Resislances used are given below in
table or in Tuble 3 or 4 this table or in Table 8 or 4
Construction Resistance (R) | Replace item 4 with 8 in. concrete block
1. Outside surface (15 mph wind). .. ... ... .... 0.17 and items 6 and 7 with 3¢ in. plas. (sand
2. Common brick (4 in.) (av. R.). ... .. ... 0.76 agg.) applied directly te concrete block.
3. AirspaceP. ... 0.97 | Total resistance. ......... ... ... ... .. . .. ... 4.90
4. Concrete block (gravel agg.) 3 in.)......... 0.71 | Deduct 4. Concrete block (gravel agg.)
5. Airspace®. .. ... ... 0.97 T 0.71
6. Gypsum lath (3¢ in.). . ... ... ... ... ... ... 0.32 5. Airspace..................... 0.97
7. Plas. (Jt. wt. agg.) ()5 in). ... ... . ... ... 0.32 6. Gypsum lath (3¢ in.)..... .... 0.32
8. Inside surface (still air). .. ... st siwe o 2 0.68 7. Plas. (It. wt. agg.) 34 in.).... 0.82 2.32
LS Total resistance..... S e T ... . 4.90 | Difference. . ..... S A TS ... 2.58
U=1/R 1/4.90 = .. SR 0.20 | Add 4. Concrete block (gravel agg.)
See value 0.20 in boldface type in table below. 8 N | s BIE RIS, - . SN % 1.11
7. Plas. (sand agg.) (3¢ in). ... .. 0.11 1.22
Total resistance =, ... ... ... .......ioi0.... 3.80
U=1/R=1/880. . ..... ................... 0.26

To Adjust U Values for Construction with Added Insulation® between Inner and Outer Tiers or between Furring Strips, See Table 16

i Interior Finish
! | | Wood
. 'Metal Lath and] Gypsum Lath (34 in) | Insul. Bd. Lath | Lath
3, b
Inner Section ‘ le'@é ;In. on % in. Plas. on | and % in. Plas. on |ond }% in. Plos.| and
Exterier Construction @ Furring Furring | on Furring 14 in.
‘ | Plas.
None |
' i (Sand |(u. wh. | (Sand :ll.s. wh.| Mo |(Sond [(Lt. wt. MNo | (Send | (Sand
| ogg.) | agg) | ogg) | ega) | plas. | ogg.) | egg.) ples. | agg) | cga.)
Resistonce —| 0N | 039 | 013 | 0.47 | 0.32 | 0.4] | 0.64 | 1.43 | 1.52 | 0.40
1A u U u u ] u | u u ] U U
Material R ; Malerial 3| N— I L
| A& | B c | D e | F | o H [ ) K
Conerete block (4 | |
in.) [ | _
(Gravel agg.) . 0.71 11.34! 0,32 10,301 0.25 10,23 [0.23 0.2 | 0.22 | 0.19 | 0.18 | 0.23
. (Cinder agg.) o 00300 0,29 | 0,27 0,22 0,21 | 0.21 | 0.21 0.20 | 0,17 | 0.17 | 0.21
Fuce brick 0.44 (Lt wt, age.) . 1,80 0.27 0,206 | 0.24 | 0.2] | 0.19 | 0,20 | 0,191 0.19  0.16 | 0.16 | 0.19
4 in.) R
 Common  brick (4 | | | | ' '
| ). ... 0,80 0.33 0321 0.20 | 0.24 | 0.22 | 0.23|0.23]0.21  0.18 0.18 | 0.23 |
| .
! - | _ :
Clay tile (4 in.) I.HI 0.30] 0.29 | 0,27 i 0.22 | 0.21 | 0.21 | 0,21 | .20 | 0,17 | 0.17  0.2] 4
i Conerete block (4 | ! ‘ i : | l
in.) | | |
“ =L ((_:!':lvf'l nEg. ! 0.7 0.30 0.20 | 0.27 1 0,28 | 0.21 | 0.22 | 0.21 | 0,20 | .28 | 017 | 0.21
Sopman bek & 5 (Cinder agg.) ... 1.11) 0.2 0.26 | 0.25 | 0.21 | 0.19 | 0,30 | 0.30 | 0.19 | 0,16 | 0.16  0.20
Conerate Waek: -~ 1078 (Li.wt. age)..... 1.500 0.25 0.24 | 0.22 | 0.18 | 0.18 | 0.19 | 0.18 [ 018 10,151 015 0.18
Fra | .
(4 (il';lr'lﬁml u.gg.]o " Common  brick (4 | [ |
2 * in o 0.80 0,30 0.20 | 0.27  0.22 | 0.21 [0.21 0.21 ‘ 0.20  0.17 | 0.17 | 0.21
| Clay tile (4 in.) £10 0.27 0,26 0,25 0.21 | 0.19 | 0.20 [ 0,20 | 0.19 | 0.16 | 0.16 | 0.20
e ol i . - e 2l el R
Conerete bloek (4 | | [ | | |
in.) - | ' | .
(Giravel nge) 0.74] .27 0.27 | 0.25 I 0,21 1 0.20 1 020 00220 1001 017 | 0016 | 0.20
 CAKs - (Chinder age.) A 0.2a) 024 28 [ 019 1018 | 019 0.18 1018 10,16 1015 | 018
(:nut:ri.»:‘r:h!:rl::;:} €. §i (Lt. wioagge) L0 1800 02280 0.22 | 0,21 | 0018 | 0017 0017 1 0017 0,17 iS5 | 0.14 ! 0.17
Y | |
) Common brick (4 | | I l
i) ) U B0 II_‘.?:I 0:26 | 024 + 0.21 ! 010 | 0,20 0 0.20 | 0.19 | 0,16 i 0.16 | 0.20
Clay tile (4in). . 1,01, 0.25 0.21 [ 0.23 0,19 018 ‘ 0.19 1 0.18 | 0.18 | 0.16 | 0.15 | 0.18

# See text section Calculating Overnll Coeflicients for basis of caleulations,
b To adjust U values for the effect of added insulation between framing members, see Table 16.
¢ If insulntion is to be used in the cavity it should be & water resistant type.

(19)
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Table 9 .. .. Coefficients of Transmission {(U) of Frame Partitions or Interior Walls®

Coefficients are expressed in Bty per (hour) (square foot) (Fahrenheit degree difference in temperature between the air on the two sides),
and are based on still air (no wind) conditions on both sides

Example—Woalil B 1 Example of Substitution

Resistances used are given below in this
table or in Table 3 or 4
Replace item 2 with wood fiber hardboard (1 { in.).

table or in Table 3 or 4

Resistance (I2)

Resistances used are given below in this ‘
Construction |
]
|

1. Surface (still air)... 0.68 | Total resistance. .. L. 2.97
2. Gypsum bd. (3¢ in.). 0.32 | Deduct 2. Gypsum wall bos ard | 3¢ in.). 0.32
3. Airspace® .. ... 0.97 | —
4. Gypsum wall board ( m.) ............... 0.32 | Difference 2.65
| 5. Surface (still air) - . 0.68 ‘ Add 2. Hardboard (11 m) 0.18
t232a5 'Iotal resistance.  .......... 2.97 | Total resistance AR . 2.83
/R = 1/2.97 ... .. 034 | U =1/R=1/283=.......... 0.35
ch value 0.34 in boldface tvpe in table below. |
To Adjust U Values for Construction with Added Insulation between Members, See Table 16
Single Partition (Finish | Double Partition
Type of Interior Finish | on Only One Side (Finish on Both
g of Studs) Sides of Studs) s
— - -
u | u |z
Material R

| A | B

o ) ~ .
Gypsum bd. Ggin)....... ... A 0.32 0.60 0.34 1
Gypsum lath (3¢ in.) and é m plas. (It. wt agg) ....... 0.64 0.50 0.28 2
Gypsum lath (34 in.) and 1§ in. plas. (sand agg.) 0.41 0.56 0.32 | 3
Metal lath and 3 4 in. plas. (It. wt. agg). ... ... | 0.47 0.55 0.31 | 4
Metal lath and 37 in. plas. (sand agg.) | 0.13 0.67 0.39 i 5
Insul. bd. (}4 in.) — - 1.43 0.36 0.19 6
Insul. bd. lath (¥5 in. ) and 13 plm ( sand agg.). ... 1.52 0.35 0.19 7
Plywood: (14 in.). . 0.31 0.60 0.34 8
(€ DN Yot sy s i S S R T SR A 0.47 0.55 0.31 9
(g I ) TS B S e e T T o R T N o 0.63 0.50 0.28 10
Wood panels (34 in.) . . . 0.94 0.43 0.24 11
Wood-lath and ¥4 in. plas. (sand agg.).......... .. . .. ... .. .. | 0.40 .57 0.32 12
Sheet-metual panels 0 .74 0.43 13

Glass and glass bloeks ... ... ... See Table 21

2 See text section Caleulating Overall Coefficients for basia of calculations.
b T udjust U values for the effect of added inaulation hetween framing members, see Table 16

flow through 2 x 4 in. (nominal) studs, 16 in. on centers, the
framing covering 15 percent of wall area, as shown in Fig. 7.

Thermal resistance for gypsum board and insulating board
apply equally to plain material and to those which may be
decorated at the factory or on the job.

In order to condense the tables an average resistance value
(Av.R%) has been used in some tables for tvpes of materials hav-
ing approximately the same thermal resistance values. The dif-
ference between the average value and the exact value for any
given material usually causes no significant change in the re-

percentage effect on heat transmission as the coefficient be-
comes numerically smaller. Failure to meet design estimates
may be eaused by lack of proper attention to exact compliance
with specifications. A factor of safety may be employed as a
precaution when it is judged desirable.

Insulating Materials

In order to determine the benefit derived from the addition

sulting U value.

Actual thicknesses of lumber assumed to be as follows:

Nominal Actual Nominal
1in. (8-2-8) 2545 in. 3 in. (8-2-S)
115 in. (8-2-8) 13 in. 4in, (8-2-8). .
2in. (8-2-8) 13¢  in. Finish flooring,
2'4 in. (S 2.8y . 2l in. (maple or oak)

It should be noted that the effects of poor workmanship in
construction and installation have

#n inereasingly

of msulating materials to a given construction, the overall
cocflicient of heat transmission U; of the insulated construc-
tion mav be compared with the corresponding coefficient U7

detual without insulation. Table 16 (Part A to Part E) and Fig. 7
. 2% in may be used for determining the coeflicients of transmission
33§ n. of constructiong with any combination of fibrous, bulk, or
mass insalation and air spaces of various effective emissivities.
373
in. - . - v . o N
& Fxawe »ie : Pind the coefficient of transmission of a frime

widl can ooy ol Ty x 8- bevel tap wood siding, bailding pa-

areater Continued on p.121)

(20)
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Table 10 .. .. Coefficients of Transmission (U) of Masonry Partitions®

Coefficients are expressed in By per (hour) (square foot) (Fohrenheit degree difference in temperciure between the gir on the two sides),
ond are based on sfill air (no wind) conditions on both sides

Example— Wall C 2 Example of Svbstitution
Resistances used are given below in this Resistances used are given below in this
) table or in Table 3 or 4 [ table or in Table 3 or 4
Construetion Resistanee (1) | Replace item 3 with gypsum tile (4 in.)
1. Inside surface (still air) ... ... . . e 0.68 | Total resistance. .................... ... .. .. 3.25
2. Plas. (. owtoagg) 38 i oo iivivneionnnon .39 | Deduct 3. Cement block (cinder agg.) (4 in.).. 1.11
3. Cement block (cinder ngg.) 4in.). .. .. ... 5 ¢ —_—
4. Plas. (It. wt. agg) 36in. ..., .. ... . 0.39 | Difference......... ... ... .. ... . ... . ... .. ... 2.14
5. Inside surfuce (still air) .. ... ... ceiivveo... 0,68 | Add 3. Gypsum tile (4in) ... ... 1.67
Total resistance......... e . 8.25 | Total resistance. .. ._............. .. .. ... ... 8.81
U= 1/R =1/8.25 =.. ... .............. 031 | U=1/R=1/8.81 =........................ 0.26
See value 0.31 in boldface type in table below.
Surface Finish
Type of Partition Plas. {it. wt. agg.) 3% in.| Plas. sand agg.) 55 in.
MNone )
One side | Two sides | One side | Two sides Number
Resistance i 0.39 0.78 on 0.22
| u u u u u
Material R -
A B C D E
Hollow conecrete block
(Cinder agg.)
BGiny. ... . . 0.86 0.45 0.38 0.33 0.43 0.41 1
Hing ... R N — 1.11 0.40 0.35 0.31 0.39 0.37 2
Bin). oo ) 1.72 0.32 0.29 0.26 0.31 0.30 3
A2in). : T 1.89 0.31 | 0.27 0.25 0.30 0.29 4
(Lt. wt. agg.) ! |
Biny) S R 1.27 0.38 0.33 0.30 0.36 0.35 | 5
(bs), oo . E— 1.50 0.35 0.31 0.27 0.34 0.32 6
®ing) oo e 2.00 0.30 0.27 0.24 0.29 0.28 7
200y oo L . . g . - 2.27 0.28 0.25 0.23 0.27 | 0.26 8
(Gravel agg.)
(8 in Vacazs : 1.1 0.40 0.35 0.31 0.39 0.37 9
(I28900) . 1.38 0.38 0.33 0.29 0.36 0.35 10
Haolliw ¢lay tile -
T T 0.80 0.46 | 0.39 0.34 | 0.4 0.42 | 11
o e e e g S 1.11 0.40 0.35 0.31 0.39 0.3 12
L M o e S R T e el e 1.52 0.35 : 0.31 0.27 | 0.33 0.32 13
S an.) 1.85 0.31 0.28 0.25 | 0.30 i 0.29 14
Hollow gypsum tile | T o
BT eereans s i i s S B I 1.85 0.37 0.32 | 0.2 0.35 0.34 16
¢ in.) - yea— 1.67 033 | 0.2 0.26 032 | 031 16
Solid plaster walls ! R [ [ o
Gypsum lath (13 in.) and plas. | | |
3, 1n. each side | |
(Lt. wt. agg) ... .. 1.39 (=11 - — } | — 17
(Sand agg) ot i TE R 0.71 o8| — — | - | - 18
t in. each side y f i i |
(Lt wt.oagg) oL AU . . s | 1.73 | 0.32 | —- — 19
(Sand agg.) ... ... S - e s o | .81 0.46 - — — — 20
Metal Jath and plas.b ‘ !
2 in. total thickness | |
(T, wt. age.) i 1.28 | 0.38 | — i — — 21
(Sand agg.) | 0.36 038 ! - |r — ! — [ 22
2'; in. total thickness : ' |
(L. wi. nggd. ... | 1.60 | 034 | — — 23
(Sand agg) . 0.45 [0.85 — I ! === 24

Glass ned glass blocks. |

* Bee text section Caleulating Overall Coetlicients for basis of calenlatiins
D Aletat core nnd supports disregarded. Plaster troweled smooth both sides

{21)
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Table 11 ... . Coefficients of Transmission (U} of Frame Construction Ceilings and Floors*

Coefficients are expressed in Btu per (hour) {square foot) (Fahrenheit degree difference between the air on the two sides) and are based
on still air {no wind) conditions on both sides

Example—Floor E 5 |
|

Example of Substitution

Reststances used are given below in this
table or in Table 3 or 4
Heated room below unheated space

Resistances used are given below in this
tabic or in Table 8 or 4
Assume heated room is above unheated

Construction Resistance (R) space so heat flow is down
(Heat flow up) Total resistance. ...... ... ........... 4. 41
1. Top surface (still air)..... .. .. .o-ve.i-... 0.61 | Deduct 1. Topsurface (heat flow up)... 0.61
2. Linoleum or tile (av. R) . ... ............ .. 0.05 6. Air space (heat flow up) ... .. 0.85
iFelt @, ... ... ... P . a ... 0.06 8. Bottom surface (heat flow
4. Plywood (3§ in.) . ....._ ... ... ... ...... 0.78 | UPY s oo vnale i oo oialh e - satats 0.61 2.07
5. Wood subfloor (284qin.) .. ................. 0.98 S
6. Air space® (715 in.)........................ 0.85 | Difference ... . ... ... 2.8,
7. Metal lath and 37 in. plas. (It. wt. agg.)... 0.47 | Add 1. Top surface (he% flow down)... 0.92
8. Bottom surface (still air). ... ........... .. 0.61 6. Air space (heat flow down) . ... 1.25

_— 8. Bottom surface (heat flow down) 0.92 3.09

Total resistance. .................

U=1/R=1/441 = ..  ccvv..iniiiauinn.. 0.23 | Total reststance...... ... ... vireurn. . &. 43
See value 0.23 in boldface ty pe in table below.
U=1/R = 1/648 = ccoivuvuiiss ....,,.....0]8
To Adjust U Values for Construction with Added Insulation between Framing Members, See Table 16
Direction of Heat —>|. Heat Flow Upward {Winter Conditions} ‘ Heat Flow Downward {Summer Conditions) |
Type of Floor
| Wood subfloor (2544 in.), | Woed subfioor (2342 in.)
felt, and— felt, and—
[
- | — 5= |2 ~— ] [ &5 — -EE
£ | | €258 | < 7 [&22,
Type of Ceiling \wr: 'g.E N 'gé :E * P, eE 3 | 'g.:_f Eé""c‘-‘ w
= | o] T [ 2e %% £ 186 S |5 el
3 |€¢| 8 |€3/22% £ | § | €3 |£5=|3
E |x| € | P #28 3 we| € | =B xFel®
| 3 | =y ° EO o = i e [
| 2 - E 3 v 5 5= 5l - e o5 2
- | 58| 3 |82 B30 3 %5 8o |52
¢l 8 | E%| % |32 2E2 e| 8 |E§| D |:E|¥dy
2 3 o T s 2 é 3 S" = £ |2
Resistance l—e — | 0.98 | 1.38 1.72 | 1.87 F226 — | 0.98 | 138 1.72 1.87 | 2.26
ST |
u u u U U U u u u u u u
Material R |— —]
A B C D E F G H | J K L
NoOme s A R Ry 2 st rmnsacmgme. [ —|—(0.45|0.38|0.34 | 0.31 | 0.28 | —|0.35|0.31 | 0.28]|0.2 |0.24| 1
Gypsum bd. (3§ in.)............... ... ... 0.82 0.65 0.30 | 0.27 | 0.24 | 0.23 | 0.21 |0.46) 0.23 | 0.21 | 0.20 | 0.18 | 0.17 | 2
Gypsum lath (3¢ in.) and 15 in. plas. (it.
G wt. agg.). . 0.64 [0.54] 0.27 | 0.24 | 0.23 [ 0.21 | 0.20 |0.40| 0,21 | 0.20 | 0.18 | 0.17 | 0.16 | 3
y ¢
W 0.41 0.61| 0.29 1 0.26 | 0.24 | 0.22 | 0.21 [0.44]| 0.22 | 0.21 | 0.19 | 0.18 | 0.17 &
Metal lath and%m plas. (It. wt. agg.)..|0.47 |0.58] 0.28 | 0.26 | 0.23 | 0.22 | 0.20 |0.43| 0.22 | 0.20 | 0,19 | 0.18 | 0.17 | &
Metal lath and 37 in. plas. (sand agg.)....|0.13 |0.74) 0.31 | 0.28 | 0.26 | 0.24 | 0.22 [0.51| 0.24 | 0.22 | 0.20 | 0.19 | 0.18 | 6
Insul. bd. (34 in.). ........................ 1.43 0.38/ 0.22 | 0.20 | 0.19 | 0.18 1 0.17 |0.31) 0.18 | 0.17 | 0.16 | 0.15 | 0.15 7
Insul. bd. lath (}4 in.) and !5 in. plas. (sand [
BEE.) e e \1.52 U.36\ 0.2210.20 | 0.19 | 0.18 | 0.17 |0.30 0.18 | 0.17 | 0.16 | 0.15 | 0.14 8
Acoustical tile ‘ | |
(}é in.) on gypsum bd. (3¢ in.).........[1.5/70.37/ 0.22 | 0.20 | 0.19 | 0.18 | 0.17 [0.30] 0.18 | 0.17 | 0.16 | 0.15 | 0.1 9
ém)on furfing.......... ... . ........ [7.19 |0.41/ 0,24 1 0.22 | 0.20 | 0.19 | 0.18 [0.33) 0.19 [ 0.18 | 0.17 | 0.16 | 0.15 | 10
(32 in.) on gypsum bd. (3¢ in.).. ..ié‘.]O" 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
(B4in)onfurring...... ... ... . ... .. .. Ii‘.78 0.33/ 0.21 [ 0.19 | 0.18 | 0.17 | 0.16 (0.28| 0.17 | 0.16 | 0.15 | 0.15 | 0.14 | 12
Wood lath and 14 in. plas. (sand agg.)....‘().ﬂ) 0.62 0.29 ] 0.26 | 0.24 | 0.22 | 0.21 10‘45 0.22 | 0.21 | 0.19 | 0.18 | 0.17 | 13

* See text section Calculating Overall Coefficients for basis of calculations,

b To adjust U values fur the effect of added insulation between framing members, see Table 16.
¢ Includes asphalt, rubber, and plastic tile (14 in.), ceramic tile, or terrazzo (1 in.).

4 Includes thermal resistance of 3 in. gypsum wall board.
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per, 2349-in. wood sheathing, studs, gypsum lath, and sand
aggregate plaster, with 2-in. fibrous insulation bhetween studs.

Solution: According to the example caleulation in Table 5 n
wall of this construction with no insulation between studs has
a cocfficient U of 0.24. Referring to Table 16, Part A it will be
found that a wall of this value with 2-in. fibrous insulation be-
tween the studs has a coefficient {7 of 0.087.

Attention is called to the necessity of applying the insulat-
ing material in accordance with the manufacturer’s specifica-
tion. The engineer must evaluate carefully the economic con-
siderations involved in the sclection 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 13, U values are given for many com-
mon types of building wall, floor, and ceiling constructions.
For such of these constructions as contain an air space, the
tabulated 17 value is based on the assumption that the air
space s empty, and that its surfaces are of ordinary building
materials of low thermal reflectivity, such as wood, masonry,
plaster, or paper. Considerable benefit in reducing the heat
transmission coefficient 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 U7 value of the between-framing area of such con-
structions with the added insulation installed in the air space.
Column 1 of Tuble 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 eoefficients U, for the
constructions with various insulating applications in the be-
tween-framing air space, as 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.
Liach part is based on temperature conditions considered
generally appropriate for the case.

Any and all U values are based on a series of assumptions
as to nominal characteristics. Common variations in condi-
tions, materials, workmanship, cte., can introduce much
greater variations in U7 values than the variations resulting
from the assumed mean temperatures and temperature dif-
ferences deseribed. From this it is also clear that the use of
more than two significant figures in stating a [ 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 not be assumed that the figures
are accurate, overall, to three significant figures. Also, o re-
sult taken from Table 16 should alwayvs be rounded off to two
significant figures.

To use Table 16:

1. Find in Column 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 77 value, read the answer in
this column, opposite the Column 1 vulue, Interpolate if neces-
sary.

3. 1f there is no column which fully corresponds to the con-
dition for which von desire the U value, then obtain the answer
by means of two or more steps--cach time using the value ob-

(23)
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tained in one step to reenter the same table throngh Column
1. In this way U values may be obtained for combinations of
insulation in the framing space.

For combinations of fibrous insulations and air spaces, take
account of the fibrous component first and the air spaee second
as illustrated in xample 6. This is necessary to assure the ap-
proximately correct temperature difference across the air space.

Examples of the Use of Table 16

Ezample 3: Find the coefficient of transmission U; of the
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 gvpsum lath and when (b) alumi-
num-foil-backed gypsum lath 1s 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 1, the coefficient for conditions (a)
and (b) are: .

(2) In Column 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 Tuble 11, insulated with & sheot of
:t]llmim_lm_ foil, or paper fueed om hoth sides with foil, (effee-
tive emissivity E ol wir space = 0.05) placed between the joists
and dividing the air space into two equal spaces. From Table
11, the 7 value for the uninsulated construetion is 0.18 for
heat How down for summer, and 0.22 for heat flow up for win-
ter. Determine the coefficient I7; 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:

(@) Use Table 16, Part D, and corresponding to U7
in Column 1 find, in Column 11, I/; = 0.049. Use 0.05.

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

Special Uses of Table 16

Valaes of 17 for insulating applications or combinations
other thun those indieated by the headings of Columns 2

= 0.18

0.22

I

2 to
14 of Table 16 can be ascertained if the table is used APpro-
prisctely. For instance, going horizontally in the table from
Column 2 to Column 3 is equivalent to adding 15 in. of fibrous
insulation to the construgtion. Similarly, going from Column
2 to Column 4 adds 115 in. of Gbrous 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 construe-
tion, cte.

Fxamples 5 and 6 show the combinational use of Table 16.

Example 5: I')etcr.mine the coefficient U7, for the wall of
Ezample 3, with 113 in. of fibrous insulation added on one side
of the air space.

Solution: U; can be determined in several w ays, by using
Table 16, Part A, for example;

(a) By goi_ng from Column 1 to Column 2 three times, for a
total of 113 inches of insulation, ax follows; enter Column 1
at 0.24 and find U; = 0.166 in Column 2; enter Column 1 at
0.166 and find "; = 0.126 in Column 2; enter Column 1 at 0.126
and find U; = 0.102 in Column 2. Therefore, for a total of 113
in. of insulation, use 0.10.

_{b) More simply. by going from 0.21 in Column 2 to 0.103
in Column 4. Use 0.10.

Ezample 6: Considering again the wall of Example 3, assume

that one-inch blanket insulation is to be installed in mid-spuace,

(Continned on p 123)
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Table 12A . ... Coefficients of Transmission (U) of Concrete Floor-Ceiling Constructions® (Winter Conditions, Upward Flow)

Coefficients are expressed in Bl per (hour) {square foot }Fahrenheit degree difference in temperature between the air on the two sides),
and are based on still gir {no wind) conditions on both sides

Example—Floor J 4 Example of Substitution
Resistances used are given below in this Resistances used are given below in this
table or in Table 8 or 4 table or in Table 3 or 4
Heated room below unheated space Replace items 2, 3, and 4 with hard wood
Construction (heat flow up) Resistance (R) block (13{¢ in.) on slab
1. Top surface (still air)...................... 0.61 | Total resistance. ....................... 4.%4
2. Asphalt tileand felt........................ 0.11 | Deduct 2. Asphalt tile and felt.......... 0.11
3. Plywood (3¢ in.)............................ 0.78 3. Plywood (3§ in.})............. 0.78
4, AIT SPRCES . ... it 0.85 4. Airspace. ................... 0.85 1.7}
5. Concreteslab4in. (av. R) . ............. ... 0.40 _
6. Airspace® 8in.).................. .. ... 0.85 | Difference..... ... ... ... ... . iiaiiiaan 2.60
7. Metal lath and 34 plas. (sand agg.)......... 0.13 | Add 2. Wood block (}3{g in.).»..c....... 0.74
8. Bottom surface (still air)................... 0.61 —
—— | Total resistance. . .........ovoviennians 3.34
Total resistance. ..............cooviuennn.... 4834 | U=1/R=1/8.84 = ... coiiii i 0.30
U=1/R=1/4.84=.. . ... ............... .23
See value 0.23 in bold face type in table below.
To Adjust U Valuves for Construction with Added Insulation in Air Space above Suspended Ceiling, See Table 16
Type of Ceiling
Ceiling Applied — Susponded Celling
. Gypsum bd. Metal lath . q
Directly to Slab (3 in) and Plos. | ond plas. Acoustical file
T ¢ Finish Fl Acoustical On furring| On gyp-
ype of Fimish Floor Plas. tile— or sum bd. |
Type of Deck glved | No {Lr. wt.|{Sand |(Lt. wt.|(Sand channels | (3§in) | £
|| 5. | 099-) |aga.] agg.) | 0gg)|——— |- ——| g
] l:'-w']-ljun? |y Win {34 in.be in Bin | 12 | 34 | 15| 34 | 2
2 | 889l 0g9ad| o | ia, in. | in. | in. | in.
14 in. |14 in.
Resistance l_‘ — | 0,08 [*0.02 |1.19 |1.78|0.32| 0.64 | 0.41 | 0.47 | 0.13 |1.19 |1.78 | 1.51 | 2.10
; . o T T R R U R R R R R A D
Material R L Materiol __R_ x| ® €. '—q“ E F G H | x|t ™ N
None................... — |0.62| 0.50] 0.61/0.36/0.29/0.36| 0.32| 0.35 0.34| 0.38/0.27/0.24/0.25/0.22| 1
Floor tile® or linoleum
Bgin).. ...l 0.06/0.60) 0.57| 0.59(0.35/0.20/0.35/ 0.32) 0.34] 0.33| 0.38(0.27/0.23/0.25/0.22| 2
Wood block (33{¢g in.) on
Concreted (sand slab. ...... ... ... 0.74/0.42| 0.41| 0.42(0.28/0.24/0.28{ 0.26 0.28 0.27| 0.30/0.23/0.200.21/0.19| 3
2gg, 0.40| Floor on sleepers
g ;3'; gi‘g Plywood subfloor (3¢
: : n.), felt and floor
tile® or linoleum (14
in) oo 0.8910.30] 0.29] 0.30/0.22(0.19(0.22| 0.21| 0.22| 0.21] 0.23/0.19/0.17/0.17|0.16| 4
Wood subfloor (2349
in.), felt and hard-
wood (34 in.)....... 1.7210.24] 0.24] 0.24/0.19(0.170.19| 0.18| 0.18| 0.18| 0.19{0.16/0.15/0.150.14| B
NODE. .o veeornennn, — l0.52| 0.50| 0.51(0.32/0.27/0.32| 0.29] 0.31| 0.31] 0.34/0.25/0.22{0.23)0.20| &
Floor tiles or linoleum L]
Ggin)..........L 0.0510.50) 0.48| 0.50(0.31[0.2610.32] 0.29 0.31| 0.30( 0.34/0.25(0.22/0.23|0.20( 7
Wood block (33{¢in.) on
Conereted (sand slab. ............... 0.7410.37| 0.36| 0.37/0,26(0.22/0.26| 0.24| 0.25 0.25 0.27/0.21{0.19/0.20[0.18| 8
agg.) '
8 in.) 0.640.72| Flooron sleepers
(10 in.) 0.80 Plywood subfloor (34
in.), felt and floor
tiles or linoleum (1§
in). 0.890.27| 0.27] 0.2710.210.18/0.21| 0.19| 0.20 0.20| 0.21{0.17/0.16/0.17|0.15| 9
Wood subfloor (254,
in.), felt and hard-
wood (34 in.). . .....'1.720.22] 0.22! 0,22/0.18/0.16'0.18' 0.17 0.17! 0.17| 0.18/0.16!0.14'0.15'0.13/ 10

» See text section Calculating Overall Coefficients for basis of caleulations.
b T adjust U values for the effect of added insulation between framing members, see Table 18.

¢ Table 16 can be used only if sleeper space is non

flective. The sl

4 Concrete is assumed to have & thermal conductivity k of 12.0 as given in Table 4.
¢ Includes asphalt, rubber, and plastic tile (}4 in.), ceramie tile on terrazzo (1 in.).

124)

sir apace is not to be counted in using Table 16.
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Toble 12B .. .. Coefficients of Transmission (U) of Concrete Floor-Ceiling Constructions® {Summer Conditions, Downward Flow)

Coefficients ore expressed in Btu per lhour) (square foot) (Fahrenheit degree difference in temperature between the air on the two sides),
and are based on still air {no wind) conditions on both sides

[ TYPE OF CEILING
|
| Suspended Ceiling
! Ceiling Applied
Directly to Slab Gypsum bd. | Metal lath .
(2§ in) and Plas. | and plas. Acoustical tile
. Acoustical On furringl On
Type of Deck Type of Finish Floor Plas. tile— r gygmm i
glved . (sond (Lt. {Sond channels |bd. (3§ in.) €
No | wh agg.) wt, agg.) T z
plos. | agg.)| 155, | 299.)13 50
g [hwiBond| yg [3g | paIn|T T Rain % (%4 | % |4
2 |92 1952 . | im in. | in. | in. | .
Resistonce—,| — | 0.08 | 0.02 |1.19 |1.78 |D.32 0.64 | 0.41 | 0.47 | 0.13 | 119 |1.781.51 | 2.10
Il vlulujululu]vlujujujulu|ulu
Matericl R | A% Material o v ujufuluJufululvfuly] g
olrlalr|siT|u | v]w]|x |y|z]|z]|z
None................ | — [0.45] 0.43 0.44{}.29{1.25?0.26 0.24| 0,26/ 0.25] 0.28/0.21(0.19/0.20/0. 18] 1
Floor tile® or linoleum ! | . l:
(L5 | T T 0.05-(].-“I 0,42} 0.43|0.29|0,250,26| 0.24] 0.25) 0.25) 0.27|0.2110.190.20/0.18] 2

. |
Wood block (13¢5 in.) on '

Concrete? (sand slab 0.740.34] 0.33] 0.330.240.210.22| 0.21| 0.22]| 0.21 U,‘BiiiU.lﬂ 0.17(0.170.16| 3
agg.) . | [
(4 in.) 0.32/0.40, Floor on sleepers ( I |
(6 1n.) 0.48 Plywood subfloor (g
in.), felt and floor . \
tile® ar linoleum (1§ ' |
in.) cee....|0.8910.23] 0.23] 0.23|0,180.170.17| 0.16] 0.17 0,17 (].13‘.0.15I0.140.]4ﬂ.13 4

i i Wood subfloor (2844 |
i - in.), felt and hard- . .
wood (g in.). ... .. 1. 720.200 0.19] 0.20/0.16/0.15/0.15 0.14] 0.15] 0.15| &1“‘0.130.12“.130.]2

1
Nome. ................. — 0.39 0.38 0.390.2700.23/0.24] 0.23 0.24] 0.23 0.26/0.20/0.18/0.19/0.17

Floor tile* or linoleum | [ ||

(L Ba=)acsnoaman 'U,Uéil_l.:{."{ 0.37 [?.Iiﬂlil_ﬁt'l-ll,?:}U.?—l} 0.22) 0.24| 0.23! 0.2550A2[“ﬂ.IB{J.IUO,IT ki

| |

0.210.17/0.16/0.17/0.15/ 8
| [

Conerete! (sand slab. .0 C..10.7410.30] 0.30] 0.300.22(0.20/0.21] 0.19) 0.20
age.) |
(8in.) 0.64)0.72|

(10 in.} 0.80|

1
=1

|
- | |
Floor on sleepers

|
‘ Wood bloek (*{gin.) on | ‘ |
|
| ! Plywood subfloor (35 | |
| ‘ .y, felt and floor | ‘ |
| tile® or linoleum (1§ | | | |
L —————— 0.880.22 0.21] 0.220.17:0.16,0.16| 0.15 0.16 0.16{ 0.17|0.14/0.13/0.140.13| 9
, .
I

Wood subfloor (254, | 1
in.), felt and hnrd- | | |
wood (%) in.). ... .. L T20010) 0. lH-i 0. IHlll'. lﬁill.]‘ll{}.l-l 0.14 H.I-li 0.14] 0.15/0.13 0.12'[0.12;0.11 10
— - — e | = ! e - — —— !
2 Bee text section Calculuting Overall Coefficients for basis of caleulations.
b To adjust U values for the effect of added insulation between framing members, sece Table 16.
¢ Table 16 can be used only if sleeper space is nonreflective, The sleeper air space is not to be counted in using Table 16.
4 Concrete is assumed to have a thermal conductivity k of 12.0 as given in Table 4.
€ Includes asphalt, rubber, and plastic tile (14 in.), cerumic tile on terrazzo (lin.).
leaving equal air spaces on the two sides. The coeflicient U is 0.24, U; for one inch of fibrous insulation and one non-reflec-
is desired for two cases in which tive air space, is 0.127 in Column 3. To add the seco_nd non-
(a) the blanket has non-reflective surfaces on hoth sides, so reflective air space, enter Column 6 at 0.127, and by interpo-

lating find U; = 0.112 in Column 9. Use 0.11.

) . . e " (b) U, for one inch of fibrous insulation and one non-reflec-
(b) the blanket has one highly reflective surface, so that tive air space is 0.127 as in (a). To add one E = 0.05 air space,

one of t'he air spaces is highly reflective (E = 0.05). enter Column 8 at 0.127 and by interpolating find U; = 0.092
Solution: in Column 11. Use 0.09. :

(a) In Table 16, Part A, when U without added insulation (Continued on p. 131)

that both air spaces are non-reflective (E = 0.82) and,

(25)
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CHAPTER 9

without Suspended Ceilings* (Winter Conditions, Upward Flow)

These Coefficients are expressed in Btu per (hour) {square foot) (Fahrenheit degree difference in femperature between the air on the two

Example—K 4

s:des) and are based on an oufside wind veloc:fy of 15 mph - o
Example of Substitution

Resistances used ar
table or in

Construction (heat flow up)

¢ given below in this
Table 3 or 4
Resistance () |

1960 Guide

. Coefficients of Transmission {U) of Flat Masonry Roofs with Built-up Roofing, with and

Resistances used are given bclow in this
table or in Table 3 or
Replace item 4 with 4 in. concrete sl 1h (gravel agg.)

Type of Deck

=a|1—]

Material

Conerete slab?
Gravel *lgg

(41 in.).. 0.32
(6 in.).. 0.48
(8 |n.)., 0.64
Lt. wt, agg.*
(2in.).. 2.22

(3 in.).. 8.38

(4 ). 444

Gypsum slab=
(2in.).. 1.20

(3in.).. 1.80

(4 in.).. 2.40

1. Outside surface (15 mph wind)....... ... ... 0.17 and roof insulation (C = 0.36) on top of slab.
2. Built-up roofing—3g in............ ... ... .. 0.83 | Total resistance. ... .......... ... : 4.65
3. Roof insulation (none)....... ... ........ .. — Deduct
4. Conerete slab (It. wt. agg.) (2 in.) 2.22 | 4. Conerete slab (lt. wt. agg.) (2 in.). ... .. 2.22
5. Corrugated metal. o 0 | —_—
6. Alr spaceP.. ... 0.85 | Difference . . .. L2048
7. Metal lath and 34 in. pl 15, (lt wt. ‘\g,g,) 0.47 | Add 3. Roof insulation (C = 0.36) . 2.7
8. Inside surface (sull air) . ; 0.61 | 4. Conecrete slab (gmvel agg.)din..  0.44 3.22
Total resistance ............ .. ...... 4.65 | Total resistance . ... . 5.65
T =1/R = 1/4.65 =. 0.22 | U = 1/R = 1/5.65 = 0.18
See value 0.22 in boldface type in table below.
To Adjust U Valves for Construction with Added [nsulation in Air Spuce, See Toble 16
| Type of Ceiling !
| Roof Insulation Mo Ceiling Suspended Ceiling" _ |
Gypsum bd
C valuve of roof insulation {15 in.) !Me:lul ot Acoustical tile
and plaos.
and plas. ! -
| | I On furring| On - | w
Type of Form [ '[ | i &= 4 I e [ . or ¢ wmglr: |3
| | b . 122 8 |2 |8 | chonnels | (f5in)
¢ 1072/0.36/0.24|0.190.15 .mz‘ B IRsiga B gl ——
? ' | | ST B 6 | 2| | M
| | Z |5 @ ‘; P in. | in. | in. | i
——Resistance — ¥ — |lagla. 78| 4.175.26 6.67 8.33/0.32/0.64 0.41!0.47 (013|119 |1.75 1.51 | 2.10
e nUUUUUUUUUU'UUUUU'_U_,
e AICDEFG‘H'IJEKLMNOP
i ! |
[ | |
Temporary . . — |0.70[0.35]0.24]0. ]h'{l 150,120, 10/0.380. 37/0.36/0.4110.29/0.25/0. 26 0. 23 1
Temporary . ... = 10,6310, 3410, 2310, 1710 150120100, ﬁbll 320.350.5340.30/0.27,0.24{00.25]0.22 2
Temporary . .............. [l.5?:_(].32'(l‘22[1 ].““ 10 120, 10(0,34/0.31 0.33/0.33/0.37/0.26,0.23.0.24 (1.21 3
Corrugated metale. ... |0 [0.300.21,0.160. l:]il}. 12!“ 1010, IFII ).220.210,220.22/0.23/0.190.17/0.18:0.16 4
Insulation bd. (1 in.) 2.780.16(0. 130,110,100, IM 00810, lh . 00130, 4 0.13/0.140,120.110.120.11/ 5
Insulation bd. (173 in) .. |4.17/0,130.1 110, 10.0,09[0. lN 0,070, {lh 0.12 [l. 1100 110.110.120.100,100.100.10 6
Glass fiber b, (1 in.). ... 4,000,140, 110, 1010, l)‘l|U llH 0.07 0. ﬁﬁ 0. l"ﬂ 110.1200.120.12:0.110. 10,0, 100,10 7
Corrugated metale . ... |0 0.23/0.17|0. 14'11 1210.10,0.09 0, []h 0150170180170, 180,150, 140,15 0. 14 8
Insulation bd. (1 in.) 2.78/0,14/0.12)0. ][Hl 090,08 ['I,II.T_II.U(']:U. 120.110.120.120.120.110.1010, ”Hl. 0 9
Insulation bd. (1'% in.) .. (4. 170. 12)0.10]0. ll‘l 0,080.070,.070.060.100.100, 1ufu.m;n. 10000 0, ﬂ‘l||l 00/0.00 10
Glass fiber bd. (1 in.). ... 4.000.12/0.10[0. [H_l} 080,07 0.070,060,100.10 (].I(l 0. 100,110,100, (Nlll 090,00 11
Corrugated metale. ... .. [.{1.130. 141012 0. 100,00 0,08 0.0710,150. 14 (].l.) (). lﬁil.!.’)i a0, ];.’lI) 130.1212
Insulation bd. (1 in.). ... 12.78/0.12)0. l!lU.l}'J!l}.(JS'U.IlT:ﬂ.{]T 0.060.110. lUll.lﬂ(l I{] 0.110.10 0,09 0. 0910, ({1 &
Insulation hd, (115 in.). . 4.17|0.10[0.09/0.08,0.07 0,07 0.060. nc.u_mu 090,06 0,000,000 0.090, 080, nhu (1s'14
Gilass fiber bd, (1 in.). ... 4.00[].[{}'_(]_(:'!] U,URU {h 0 “r {J.Uﬁ Il_ilb'!} (]‘Jﬂ 000,080, (NU 091009 0.08/0.08) U 08’15
l I ! 1 ‘ | | )
Gypsum bd., (' in.) ... .. 0.45/0.36/0.240, 18.0.14/0. 121’!.”[! 000,25 | ).24 ll.Eﬁ;l].-a(l ..f,ll.2l.i].I!};l].?ﬂﬂ.lﬁ 16
Insulation bd. (1 in.).. ... [2.780.20/0,.150.130,110. 10,0.09 0. 07,0.1 .lﬁu,lﬁi{}.!h[) ]l":ltl_]-; 0.130.130.1217
Insulation bd. (1's in.) ... |4.17(0.15/0.130.110. U‘Jlll 09, ll.I.'IH 0.070. 1'3.0. 130.130.130.130.120.110.11,0.11 18
Asbestas-cement  b.! [ [ ] =0 I B
LA 71 ) S — 0.06/0.40(0.26/0.19/0.150.130.110.090.270.25 l'l.26;0.2{‘:,‘1.2!!_(].22ili.]'J,II.EI’H'I 1519
Glass fiber hd. (] in... 4.0010.16/0.130.110. 1010, 000,050,070, 13;‘], 130.13,0.130.140.120.1110. lzl{l 1120
Gypsum bd. (15 in.) ... . 0.43'}0 30/0.21{0.16(0.1310. 120.100.090.220.210.220.2110.23 0.190.17/0. l:i{) 1621
Insulation bd. (I 11 T e - 1 73;(] 1810 14(0. 1210, 1010, 000,08 0.0710.150.14 0. 1410, 10,150.130.120. 12:0.!222
Insulation bd. (115 in.) .. [4.17.0.140.120.10/0.09(0.080.07 0.06 0. [2_tl.l2tl.l2ll.l‘2|| uu.u'n.mlﬂ.ll;n.!nzs
Asbestos-cement bd. (}4in. ]‘0 0610,340.23/10.17/0. ]-!.l} I’ﬂ 100, II‘Hl 240.220.240. % 5".5{!1. 150,19 0,17 24
Glass fiber bd. (1 in.).. .. |4.0000.14.0.12,0.10,0.09/0. 08 0.07 0.07 fl 120.120.120. l"l! Hﬂ.l].l].l!llli,llila. 10256
Gypsum bd, ('3 in.) ... J5IU 250.190.1 |U 120,11 0.090.08 0. 19.0.180.19 U.l‘ili 200,170,150, 16,0, 14 26
Insulation bd. (1 in.) ... _|2.780.16,0.13/0. 110, 10,000,008 0.07 U 130.130.130.130, II,U. 120.110.120.11 27
Insulation bd. (175 in.) ... 4,170.13511,11;(1 10/0.080,.080.070.060.110.110.11 0.1110.12/0. 100, 100.100.09/28
Aaheﬂm cement bd. (4 | | | | | | i | | | |
in. e [0,060.280.20 0. 16/0. 1310, 110,10 0.08 0,21 u.'zu[1_21:0.‘.21:.(1.2'.’t).m:n.16;0.I7-u.1528
(‘l-m fiber b, (1in.). £.00[0.130_110.100,0910,05 0,07 0, 060.120.110.11/0.110.120.100.10/0.100.10 30

* See text section Calculating Overall Coefficients for busis of calculalmmx

b To adjust U values for the effect of added insulation between fraiing members, see Table 16
¢ U values would also apply if slab were poured on metal luth, paper-bueked wire, fubrie, o1 asbestos cement board (14 in)).
4 Concrete assumed to have a thermal conductiy ity kof 12.0 and a density of 140 Ib per cu ft.

¢ Concrete assumed to have a therinal conductivity k of 0,90 and a density of 30 1b per cu {1

f Gypsum slab 2Y4 in. thick since this is recomended practice.

% (Gypsum fiber concrete with 1212 percent wood chips (thermal conduetivity & = 166

b See Table 16 E for U value of roof and eeiling construction with roof insnlation added to roof deck

(26)
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Table 13B. . .. Coefficients of transmission (U} of Flat Masonry Roofs with Built-up Roofing with and
without Suspended Ceiling® (Summer Conditions, Downward Flow)
These coefficients are expressed in Biu per (hour) (square foot) (Fahrenheit degree difference in temperature between the air on the two

sides), and are based on an outside wind wvelocity of 7.5 mph
Example—Roof ¥’ 2 Exemple of Substitution
Resistances used are given below in this Reststances used are given below in this
table or in T'able 8 or 4 table or in Table 8 or 4
Construction (heat flow down) Resistance (R)| Replace item 3 with roof insulation (C = 0.36) and
1. Outside surface (7.5 mph wind).......... . .. 0.26 remove suspended ceiling :
. Built-up roofing (3¢ in.) ... ... ... .. ... .. 0.33) Total resistance. . .......................... .. 3.87
. Roof insulation (none) . ... .......... ... ... .. 0.00| Deduct 6. Airspace................... ... .26
. Concrete slab (gravel agg.) (6in.). ... ... ... 0.48 7. Gypsum lath (34 in.) and 1§
. Temporary form bd. ... ... ... . .. ... .. ... 0.00 in. plas. (It. wt. agg.)............. 0.64 1.89
. Airspace® (81in.)....... ... ... ... .. ... ... 1.25 ——
. Gypsum lath (3¢ in.) and !5 in. plas. (It. wt. Difference. ................... ... ... ... ..., 1.98
ACE.) . . 0.64 Add 3. Roof insulation (C = 0.36)............ .. 2.78
. Inside surface (still air)...... ... .. . . . .. ... 0.92 ——
——| Total resistance =._ _........................ .. 4.76
Total resistance......... .. . .. . .. ., 3.8 U=1lR=1/4760=.......................... 0.21
U=1/R=1/88" =. . .. .. .. . . .. 0.26
See value 0.26 in boldface type in table below.
To Adjust U Valves for Construction with Added Insulation in Air Space, See Table 16
Type of Ceiling
Roof Insulation—MNo Ceiling Suspended Ceiling"
C value of roof insulation ( ?‘ﬁc :;Pr:': db:!;" ':::’lp::r Acoustical tile
| On furring| On gyp-
Type of Deck Type of Form & o i , or sum bd. j
g |Bg &7 e &7Z| channels (36 in) [E
|, |072/0.36/0.24/0.109 oa5j0a2| & |SE[e €% €15 sl = | B Tk
| § o (B PS R 35 | % M6 | % (2
| = zZ |5 |la |85 |8 in, |n. | in. | in.
. R T | — [1.39|2.78 | 4.17|5.26 |6.67 |8.33(0.32 |0.64 | 0.410.47| 013 | 1.19 |1.78 | 1.51 2,10
. . u u u u u u u u u u u u u u u|u
Material R Material R raArarararar o | W rErararararar
Concerete slubd |
(Gravel agp.) |
(4in... 0.82 | Temporary ............... — [0.55§ 10.220.17]0.14]0.12(0, 10{0.30(0.27(0. 20/0.28/0.31 0.24/0.210.220.19| 1
(6in.) . 0.48 | Temporary......_.. ... _. — [0.51/0.30.0.21 l).]ﬁ‘tl,1410‘]2U.]O0.280.26D.EH0.270.30[}.23|0.200.21; .19 2
g (8in.).. 0.64 | Temporary. . .. ... .. .. — |0.47]0.28 0.20(0.16/0.14/0. 110, 10/0.27]0.25/0. 2610, 26/0.29(0.22/0.19/0.20/0. 18| 3
A wtooagg.e | |
(2in.).. 2.22 | Corrugated metale, ... . 0 ﬂ.‘ZTfU.?ﬂU.]ﬁ(L]Zi,ll.l]?f).li]i[).mu.liiﬂ.]Rﬂ.19{}.18{1.2G(1.160.150.15|0.14 4
Insulation bd. (1in.). ... 12.780.15/0.1310.11/0,09/0.00/0.08/0.07/0.12/0.12[0.12/0.12/0.13/0.11}0. 110, 110,10, 6
Insulation bd, (1'3 in.). 4171013101110, 050,080, 0810070, 06/0. 11/0. 100, 100 100.11{0.100.09[0. 091009/ &
Glass fiber bhd, (1 in.).. ... 4-00 01310, 1110, 1010, 08/0.0810.07/0.06/0.11{0.10/0. 11]0. 1110, 1110. 1000910 10/0.09] 7
(3in.).. 3.33 | Corrugated metale .., ... 0 _0.21-‘(],15;(1.13!!.!] 0. 10[0.09]0. 08 {l.](il'i'.l:i!ﬂ.iﬁ;(].!SiU‘lﬁ 0.140.130.13/0.12| B
Insulation bd. (1 in.). ... 12.780.13(0.11(0, 101008 0. 0810.0710.06/0. 110,110,110, 11/0.11/0.10/0.09 O,III'IO.\'I‘.-F 9
Lnsulation bd. (115 in.). . 4.17/0.11/0.10/0.08/0.08/0.07]0.06/0.06/0.09/0.09/0.0910.09:0. 10/0.090.08/0.09/0.08/10
| Glass fiber bd. (1 1n.). .. .. .&.OU:H,lli(l.]U|Ii.t_l[l§t].lk"ﬁ 0.07]0.06G0.06/0.10/0.09/0.100.09(0, 10 [l.(N'ﬂ,OR.ﬂ.ﬂ‘.lil].mi 11
(Hin) . 4.44 | Corrugated metale. . ... |0 II). 1710, ]-1|l}.11 0. 10/0.090.050.0710.130.130.13.0.13/0.140.120.11/0.120. 1112
Insulation bd. (1 in).. .. [2. 78/0.110.10/0.00 0.08/0.0710.06/0.06/0. 10:0.09/0. 10'0.10/0. 10/0.090.090.09/0.,08/18
Insulation bd. (175 in.) . |4.1700. ]U:II.I]'.I'I].US:U.IITiII.UTI(l,U[i 0.05/0.00 (].DH|I’).(?‘."U‘&Q!D.[}9 (’.lm'(l.[lﬁfﬂ,fl‘i.tl.(ﬂ 14
Glass fiber bd. (1 in.), . . 4_nm|.1n!¢|,m {]‘llxi(}.l!?ﬁl.(l}'.’tl.ﬂﬁil].l)ﬁ ﬂ.ﬂ‘{):(l.(L“iin,{ﬁi:ﬂ.lmF!.{l‘!l lI.I!R:[l.IL‘i"(LILREI L0815
Givpsum shib# [ | ! ‘ i |
2in).. 1.20 | Gypsum hd. (15 in.) S 0.4510.3210.2210. 1710 140, 1210 1010.0910. 2110, 20(0. 21 0.210.2210.18(0.16(0.17(0.15(16
Insulation bd, (1 in.). . .. |2, 7810 18[0. 1510, 12,0). lUill.lI'.lili.'IiHil_l.U? 0. 140,140,140, 14/0.150.1310.120.120. 1117
Dlnsulation bd. (1% ingy. L [4027(0015/0.120. lf},(l,l)‘.l-ll.(lﬂill.{i'f 0.070.120,110.120.120.120.110.10/0. 1001018
| Ashestos-cement bhd.! (1, | | | | | | | |
in. ) 006031023015 0140120, 100.00/0.2210.21 0,220,220, 230,190,170, 180, 16/19
Glass fiber b, (1in.) . 5.000.150.120.110.000.08/0.07|0.07/0.12,0.12/0.120.12/0.120. 110, 100, 11/0. 1020
(Find, 1.80 | Gypsum bd. (1, in) .. 045 0,270,190, 1510130110 10:0.08/0. 1910, 1810, 1510, 18.0.20/0. 260 150, 1501 121
Insulation hd. 11 in.). J2. 780,16 0,130,110 100,000,058 0,07 /0. 130,13 0,13 0,13 0.13/0.120.11)0.1 10.1122
Insulation bd. (1'g i), . [4.17,0. 130,110, 100, 090.058/0.070.06/0. 110, 110,11 0.1 TOLTHO 100, 100, 100.00/23
| Asbestos-cement hd. (14 | | | | [ | | | | | |
in,) .. . 0,08 l‘-‘,fillﬂ.?lﬂ.Il'ul‘l_I.'{II.IZ'tl.ITIU,U‘.F_I).Q(HI.l!!:lL‘.’(l‘['l.‘...’fl'(l.'.’.l:ll.]T:U,lli!U.|6iU.|524
Glass fiber Inl. (1 in.) 4.000,140.120.100.08 0,080,070.06/0. 110,110,110 110,120,100, 10,0, 10/0.09/25
(Lin). . 2.40 | Gypsiin bd. (15 in.) 0.45 0230170, 14 0120, 100,00.0.08/0.17 0. 160,170 17 0.18/0. 1510 1410 14]0. 1:3(26
Insulation b, (1 in.) . 2.780.150.120.110.05.0,080.07 0.07/0.120.120.1210.120.120.110.100.110. 1027
Insulation bd. (1'g in.) o [4.070.120.110.08 0,08 n.lm'n‘u?il}.nﬁ|u.luu.m.n.mu_m'n.nln,1:1,0.00 (.00 0.09/28
Ashestos-cement bd.s (1 | | | | | | | | f |
| 13 18 [ EE— v 0.060.250, 190,150, ‘.JlLl[!{I.II'IHI.H.‘\':U.l.‘\‘i].IT;U.INU,IH'I)_I‘JH.1!3:(1.]4‘.1,15[).14 29
| Glass fiber b, (1 in) !.i.ii{l'l'l_ 30.110.000.050.080.07 00600 110,100, 100, 10:0.11 0. 10/0.07 0091 . 04 30

* Sece text section Caleulating Overall Coefficients for basis of ealculations.
by adjust U values for the effect of added insulation between framing members, see Tuble 16.
€ U values would also apply if slab were poured on metal lath, paper-backed wire fabrie, or asbestos-cement board (14 in ).
4 Concrete assumed to have a thermal conductivity k of 12.0 and a density of 140 1h per cu ft.
¢ Concrete assured to have a thermal conductivity k of 0.90 and u density of 30 Ib per cu ft.
'(‘-ypsum slab 214 in. thick since this is recommended practice.
B Gypsumn fiber conecrete with 1214 percent wood chips (thermal conductivity k = 1.66).

" Sce Tuble 16 E for U value of roof and ceiling construction with roof insulation added to roof deck
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Table 14A ..

CHAPTER 9

1960 Guide

. . Coefficients of Transmission (U) of Wood or Metal Construction Flat Roofs and

Ceilings® (Winter Conditions, Upward Flow)

Coefficients are expressed in Btu per lhour) (square foot) (Fohrenheit degree difference in temperature befween the air on the two sides),

and are based upon an outside wind velocity of 15 mph

Example—Roof § 2

Resistances used are given below in this
table or in Table 3 or 4

Example of Substitution

Resistances used are given below in this
table or in Table 3 or 4

Construction Resistance () | Replace item 4 with 2 in. wood deck (ex-
(Heat flow up) posed to inside) and omit items 5, 6,
1. Qutside surface (15 mph wind) . .. 017 and 7. -
2. Built-up roofing. 3¢ in.. . ... ..... . 0.33 | Total resistance.,........ .. . < vaevew 5.84
3. Roof insulation (C = 0.72) .. .. 1.39 | Deduct 4. Wood deck (1 in.) . 0.98
4. Wood deeck (1 in.). .. . 0.98 5. Airspace. ... ... 0.85
5. A‘ir spaceb. .. ... .. P EECREEERLERRRREREE 0.85 | 6. Gypsum wall board ()¢ in.).. 0.32
g. (A,:ypsutrp »\l‘atl]l bo(z}x;d' (,/)8 1ni). SRR ? .?{2) 7. Acoustical tile (!4 in.) glued.. 1.19 3.34
. Acoustical tile (14 in.)—glued . w 1. - —
8. Inside surface (still air).. . .. ... . 0.61 | Difference. ... ... .. .. . SR S SIS 2.50
Potal resist 5 84 | Add 4. Wood deck (21in.)... 2.08
otal resistance . ... . .............. ... .. 5.84 | e
U=1/R=1/584........... ........ .. 0.17 | Total resistance. ............. ... ...... 4.58
See value 0.17 in boldface type in table below. ==
I U=1/R=1/463=... .. 0.22
To Adjust U Values for Construction with Added Insulation in Air Space, See Table 16
| Insulation B o ~ TYPE OF CEILNG =
| Added on Top | Gypsum Bd. (! in. Metal Lath Insul. Bd. . .
T f Deck (Built Roof % of Deck? and Plas.) and Plos, (14 in.) | Acgusiical Tils I
ype of Deck (Built-up Roo PO — 2 - S
in All Caser) Con. | |ttt | send |t .| Sond | P 0430 'O Furing | S SeRm |
| duct- | Resis- | NO" None agg. | cgg. | agg ogg Svieam., | e 'E
| ance | tance Vi | Voo, b im | S |Plassand ooyl | g 3
"of insul ¢ Ll A 24 S $ 0 gg. (1.52) |72 00 Py i GG, | B e, | 2
Resisrancej—;——--—l—lf—n 0.32 0.64 | 041 | 047 | 013 147|119 178 151 | 230 |
‘ P S P .y | SR, S N -  (E—
; 1 | 1 v v U L A SR S R . B I
. R C TR e ¢ TE T TE G | 1| J K
~ - e B e e T B ] e ey = e == -
! None;, — 0.481 0.31: 0.28 1 0.30 | 0.29 ! 0.33 0.23 0.24 I).'.!li 0.22'| 0.20 1
i 24! BT ‘ 91 | 91 ! 2 - I a 1
G| pm|emumen pajbnicn) £n |aMEM b G
Wood® 1 in. 0.98  0.24 1 4.47 1 0.16/ 0.13 0.13 { 0.13 1 0.13 | 0.14 0.12 012 011 0121 0.11 4
10.19 1 5.26 | 0,14 0,12 011 | 0.12 1 012 | 0.12 010 [0 00 00 010 010 8
1015 1 6.67 | 011 010 010 | O .10 | 0,10 .04 000 0,00 0,09 | 009 8
F0.12 1 8.33 | 0.10] 0.09 0.08 | 0.09 0 0.09 | 0.09 .08 008 .08 008 | 007 | 7
| None, — | 0.32 0.23 0,22 | 0.23 | 0.22 1 0.24 | 0.18 L0190 017 018 1 0.16 | 8
D72 1839 ) 0.220 018 0,17 | 017 | 0017 ) D08 0.15 0.15 0,14 0005 | 0,13
ll,;]ﬁ 2.78 | 0.17] 0.14 l!.]:{i 'Il.l-ll [ 0.14 |10 14 | .12 013 0,12 lL]‘.; 0,11 1(9)
Wood*s 2 in. 2,08 0.24 | 407 0.1 0,12, 0011 | 0.12] 0.12 [ p.12 0.10 011 0,100 0,010 010 | 11
1019 | 526 | 0,12 0100 0,10 | 0,10 | 010 | 011 0. 0.10 .00 .09 | 000 12
| 0.15 | 6.67 lLI('II 0.09) 0,00 | 000 | 000 0.00 0.08 0,08 0,08 0,08 | 0,08 | 13
| 0,12 1 8.33 | 0.09 0.08 0.08 | 0.08 | 0.08 | 0.08 0.07 007 007 0,07 007 | 14
I None| — 0.23) 018 0,17 | 0,18 | 0.18 | .19 0,15 016 0,14 015 1 0.14 | 15
0.72 | 1.39 | 0,17 0. 14| 0.14 | 0.0 | 014 | 0215 (.12 0.8 0,120 012 | 0.1
| 0.36 | 2.78 | 0.14 il.]Zl 0,120 0.12 ] 0,12 | 0.12 .11 011 0,10/ 0,10 .10 }.g
Wood® 3 in. 3.28 | 0.4 | .07 1 0012 0,10 0,10 | 010 [ 010 | 0.10 (U] .00 II.'I]'.I! 0.09 | 0.00 | 18
| 019 | 5.26 | 0.10] 0.09 0.00 I:.IEJ I}.i:.\l i:.il!l :l::"\ |U.:l'..l ll.UHE :;.Ilﬂ 0.08 | 19
0.15 | #.87 | 0,09 0.08 0,08 | 0,08  0.08 | 0.08 1.07 .08 0,07 0.07 | 0.07 | 20
; 0.12 | 8.8% | 008 0.07 0,07 | 0.07 | 0.07 0.07 | 06.07 | 0.07 n.n?‘ 0.07 | 0.06 | 21
Preformed slabs—wood fiber ! 1 | | | . ‘
and cement binder | | | | |
2 in. 3.60 | None| — 0.21 017016 | 0.17 | 0,17 | 0.18 0. 14 [ 0.15 I!‘.]-II 0.14 | 0,13 | 22
3in. §.40 | None| — | 0,15 0.13) 0.13 | 0.13 | 0.13 | 0.13 (.11 0.12 0,11 011 | 0,11 | 23
i Nane| — 0.90 0.44] 0.38 [ 0.42 | 0.1 i 148 | 0.26 0.3%2 Il.;’?; 0.29 | 0.25 | 24
0.72 | 1.89 | 0.40 0.27| 0.25 | 0.27 | 0.26 | 0.29 0.21 0.22 0.19 0.21 | 0.18 | 25
| | 0.36 | 2.78 | 0,26/ 0.200 0,19 | 0,19 | 0.1 | 0,21 0. 16 0.17 0,15 0,16 | 0.15 | 26
Flat metal roof deck 7 0,24 | 4.07 | 0,19 0.16) 015 | 0015 0,15 | 0.16 0.13 0. 013 0,13 | 0,12 | 27
L0190 | 526 | 0.16] 0,13 0.13 | 0,13 | 0,13 | 0.4 012 0.12 0,11 011 | 0.11 | 28
[ 015 | 6.67 | 0.13] 0,11 0.11 | 0211 0.1 [ 0.1 | 010 L0100 0,100 0,10 009 | 29
i 0.12 | 8.3% U,Il! 0.00 0,09 | 0,00 | 0,09 010 ] 0.00 i 0,08 0.08 | 0.08 | 30

[I.l?Hi

2 See text section Culeulating Overall Coefficients for basia of ealculations.
b To adjust U values fur the effect of added insulation between framing members, see Table 16

¢ Wood deck 1, 2, and 3 in. in assutned to be 2342, 135, and 234 in. thick, respectively. The thermal condnetivity & is assumed to be 0.80.
4 If a vapor barrier is used bencath roof insulation it will Lave a negligible effect on the U valie: Por information on vapor barrier requirements see Chapter 10,

Moisture in Building Construction
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Heat Transmission Coefficients of Building Materials

Table 14B . ... Coefficients of Transmission (U) of Wood or Metal Construction Flat Roofs and
Ceilings® (Summer Conditions, Downward Flow)

Coefficients are expressed in Blu per {hour) (square foot) {Fohrenheit degree difference in tamperature between the air on the two sides),
and are bosed upon an outside wind velocity of 7.5 mph

127

Example—Roof F' 27

m

le of Substituti

Resistances used are given below in this Resistances used are given below in this
table or in Tables 3 or 4 table or in Tables 8 or 4
Construction Resistance (R) | Replace item 3 with roof insulation (C =
1. Outside surface (7.5 mph wind) .. .. . 0.26 0.36) and items 6 and 7 with metal lath
2. Built-up roofing (3¢ in.). .. ..., ... .. 0.33 and 37 in, plas. (It. wt. agg.). ... ..
3. Roof insulation (C = 0.24)9. . 4.17 | Total resistance. .. . ..., . ......... ... 7.08
4. Metal deck ... .. . e 0.00 | Deduct 3. Roof insulation (C = 0.24)... 4.17
5. Ajrspaced. ... 1.23 6. Metal lath and 0.18 4.80
6. I\}etal lzln,h a(nd ' )} 0.183 7. 3{ in. plas. (sand agg.)/" " 7 *
7. 3 in. plas. (sand agg)f e I Difference —
8. Inside surfice (still'air)ee ) Oﬂ Add 3. Roof insu}llat,io(;l (C=036) .... 2.78
12345678 : 6. Metal lath an o
’(Ij‘v()t__z.l.llrf;;ls.—t_,a?l/:;.os _ o B (7)?3 | 7. 34 in. plas. (It. wt. agg.) """" Oi &
See value 0.14 in boldface type in table below. Total resistance. .......... ...l ioiiieen.. 5.98
U=1/B=1/6.98 =...... .cccoviviiinanrs 0.17
To Adjust U Valves for Construction with Added Insulotion in Air Space See Table 16
tnsvlation | ) Type of Ceiling
Added on Top Gypsum Bd. (35 in.) | Metal Lath Insul. Bd. . "
of Deck? l‘ ! and Plas. and Plos. (L4 in.) Aelicsils
Type of Deck (Built-up Roof | —_ | : - On Gypsum
in All Cases) | Con- None | | Lt. wt. | Sand | Lt wt. | Sand lenli:l..lifi] On Furring | g (in“) s
duct- | Resis- | None ogg. | agg. | agg. | agg. 7;" Eal:d — |t 'é
[iomae |t | Yain. | Ygin | 34 in. | 3gin | DOS 0T W in 4 e | Yoin. | 3 in. | 2
Resistonce— | — ——| — — 0.32 | 0.64 | 0.41 0.47 | 0.3 1.47 1.19 | .78 | 1.51 2.0
. | u | u u u u u u u U u
Material R | € | r | e } Y ¢ 5 | & F ey | I K
| Nonel — | 040 0.25 0.23 | 0.2 0.2¢ | 0.26 | 0.19 n.200 0,18/ 0.19 [ 0.17 | 1
| 0.72 | 1.38 | (l.2ﬁ‘ 0,18 0.17 | 0.18 | 0.18 | 0.19 .15 0.16) 0,15 0.15 | 0.14 2
| 0.36 | 2.28 0,19 0,15 0,14 0.14 | 0.14 | 0.15 0.13 0.13) 0,120 0.13 | 0.12 3
Woode 1 in. 0.98 | 0.24 | 417 0,15 012/ 0012 [ 0.12 [ 0.12 | 0012 | 011 | 0.11{ 0,10, 0,11 | 0.10 | 4
| (019 [ 5,260 0,130 0.11) 0,10 | 0,11 | 0,11 | 0.11 0,10 n.lui 0,00, 0.10 [ 0.09 | b
[ 015 | 8.67 0 0,11 0,09 0.09 | 0.09 | 0,09 | 0.10 0,08 0,049 0,08 0.08 | 0.08 ]
| 0.12 | £33 0.0 (].tlh‘: 0.08 | 0,08 ' 0.08 | D08 0.07 O.08 (107 0.07 | 0.07 7
| p— - ——— | —_—
| Nonel - 0.28 0.200 0.19 [ 0.19 | 0.19 | 0.20 | 0.16 | 0. 170 0,15/ 0.16 | 0.15 | 8
0.72 (1.39 0,200 0.15 0.15 | 0.15 | 0.15 | 0.16 | 0.13 0,14 0.13] 0.13 | 0.12 9
0,86 | 2,78 0.16/ 0.13 0.12 | 0.13 | 0,12 | 0.13 .11 01 0011 0,11 10.10 | 10
Woode 2 in. 203024 447003 0000 0010 1011|011 | 0.11 108 (F A IUI 0,09 0.10 ‘ 0.09 | 11
|19 | a.26 0 0011 010 0,07 | 0.10 | 0,10 L0, 10 100 | il.ﬂ'.l; ”.”S| 0.09 | 0.08 | 12
0.1 1667 ) 010 009 0.08 | 0.08 1 0.08 | 0,00 008 008 0,08 008 | 0.07 | 13
0.12 ) 8.33 | 0.08 i].{l}'i 0.07 1007 | 0007 | 008 ‘ 0.07 | !I.tl?; 0.07] 0.07 1 0.07 | 14
[ Nomel — " 0.210 0,16 0.15 | 0.16 [ 015 06 0,13 [ 0014 0013 0.13 1 0.12 | 16
0.72 ] £.39 | 016 0.13] 0,12 | 0,13 | 0.13 | 0.13 | 0,11 [ o120 0.11 0,11 1 0.11 | 16
). 36 | 2,78 0,13 0.11] 0,11 | 010110118 10,11 0,10 0100 0,090 0.10 | 0.09 | 17
Woode 3 in. 3.23 | 024 | 407 L0011 0,100 0,00 L o.00 000 | 0.10 1,04 | 000 0,08 0.09 | 0.08 | 18
019 | &5.26 0100 0,09 0.08 ‘ 0.00 1 0.00 | 0,09 (.08 i 0,08 0.08) 0.08 | 0.07 | 19
0.5 | 6,67  0.00 0.08 008 [ 0,08 | 0.08 | 0,08 0.07 | I].I]Ti 007 0.07 | 0.07 | 20
0.12 | 8.33 .08 0.07 0,07 | 0,07 | 0.07 | 0.07 0. 00 006 0,06 0.06 | 0.06 | 21
Preformed slabs—wood fiber | |
and cement binder |
2 in. 3.60 | None| - 0200 0,15 .14 015 | 015 | 015 0,13 014 0,12/ 0.13 | 0.12 | 22
3 in, 5.40  None| — O, 01200001 002 002 o2 010 0,11 (.10 0.10 | 0.10 | 23
Num'; — 067 0,33 .30 | 0,82 | 0,31 | 0.35 24 [ 026 0.22 0.24 | 0.21 | 2¢
[ 0.72 1 .30 035 0.23) 0.2] | 0,22 0,22 1 0,24 | (LIS 0.1 0,17/ 0.18 | 0.16 | 25
Flat Metal [0.36 | 2,78 1023 017 016 | 017 017 | 0018 1 0L 0.15 0,14 0.14 | 0.13 | 26
Roof Deck 0 T2 | 40T OUIS LT 0008 | 004 014 0,14 012 0.12: 0,12/ 0.12 | 0.1L | 27
' 010 | 8260 0u1ls 0.12000,12 | 002 | .12 | 012 011 O 11 0.11 0.10 ‘ 0.10 | 28
005 | 6067 10,02 0,100,010 1 010 | 0t gu10 .08 0.09: 6,09/ 0.09 | 0.09 { 29
; 0.12 ] 8.33 0.10; 0.09 0.09 i 0.09 1 0.09 ; 0.0 ! 0.08 0 1)8i 0.08% 0.08 1 0.08 ' 30

A Bee text section Caleulating Overall Coefficients for basis of ealculations

P Lo adjust U vilues for the effect of added insulation between framing members, see Table 16,
© Wood deck 1, 2, and 3 in. is assumed to be 232, Py, and 274, in. thick, respectively. The therm:d conductivity k is assumed to be 0.80
LIf a vapor barrier is used beuenth roof insulation it will have a negligible effect on the U value Vor infocmation on vapor buarrier requirements see Chap-
ter 10, Moisture in Building Construction

(29)
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CHAPTER 9

1960 Guide

Table 15. ... Coefficients of Transmission (U) of Pitched Roofs®: ®

Coeflicients are expressed in Btu per (hour) (square foof) (Fohrenheit degree difference in femperature between the air on the two sides),
and are based on an outside wind velocity of 15 mph for heat flow vpward and 7.5 mph for heat flow downword

Example—Roof C 4

|| Example of Substitvtion

Resistances used are given below in this

Resistances used are given below in this
table or in Table 8 or 4 table or in Table 3 or 4 .
Construction Resistanee (K) | Find U value for same construction with
(Heat flow up) heat flow down (summer conditions)
1. Qutside surface (15 mph wind). ... .. .. ... 0.17 | Total resistance. .. o...oivveininminnaninanns 3.19
2. Slate shingles (14 in.)............... . 0.05 | Deduet 1. OQutside surface (15 mph
3. Building paper.... .. .. e i 0.06 wind), ..., o 0.17
4. Wood sheathing (2342 in.). . ... ..... . . 0.98 5. Air space. ....... R—— .80
R ) T e e 0.90 8. Inside surface (still air)... .. 0.62 1.69
6. Gypsum lath (3¢ in.)... .. ... ... ... ... .. 0.32 —_—
y 7. Plas. (sand agg.) (34 in.). ... ... 0.09 | Difference....................... B s 1.50
12343678 8. Inside surface (still air) ... ... ... ... ... 0.62 | Add 1. Outside surface (7.5 mph wind).. 0.25
— 5. Airspace................. ... 0.89
Total resistance......................... .. 3.19 8. Inside surface (still air)...... 0.76 1.90
U=1/R=1/319........................ 0.31 . s Al
See value 0.31 in boldface type in table below. Total resistance............................. 3.40
U=1YR=1/3.40.. ........................ 0.29
To Adjust U Values for Construction with Added Insulation between Framing Members, See Table 16
Direction of Heat Flow — Upward Flow Winter Conditions Downward Flow Summer Conditions |
Rafter Spoce Rafter Space
Unventilated, Not to be Further |Insula- Unventilated, Not to be Further | Insula-
Insvlated ted Insulated ted
Asphalt ® !i - -—5- : Asphalt ;;; - - : o
e : . shingles 22385~ shingles 548 8f5|~ o -
Type of Ceiling (Applied Directly to Roof Rafters) building papet 2 ‘; g\: e i Jé:-, building poper | = : ;\._-: 5 g :E-u -E
€585 gfx B §38%gs | 83| 2
ES =255 g ES.S|g5 . 28 z
o o 23|82 5002 "2 §7 (B o =<l 6E s @@ °
sEl_cE|/YSac|E® 6 (8= o£/0% £3 S %
§Ell3Eilse3s 538 23 3233853585538 22
SN RTRHE N B TN
e R RN SR R S R L
o o < 2 | == |0 (o] < 2
Resistance —l—' 0.95 | 1.48 1.09 0.87 =S 0.95 | 1.48 1.09 0.87 ==
R u u v u u u u u u 7]
Material — — —_—
A B C D E F G H I J
None......... ... ... .. .. — | 0.57 | 0.44 0.53 0.60 | 0.66 | 0.51 | 0.40 | 0.48 | 0.53 | 0.56 1
Gypsum bd. (34 im).o.o 0.32 | (0,34 | 0.29 0.32 0.35 1 0.54 (030 (0.26 | 0.29 | 0.31|0.47 2
Gypsum lath (34 in.} & 4 in. plas. (It wt.agg.).| 0.64 | 0.30 | 0.26 | 0.29 | 0.31 |0.46 | 0.28 | 0.24 | 0.27 0.28 10.41| 3
Gypsum lath in.) and 14 in. plas. (sand
agg.). . ... .. b 0.41 {033 | 0.28 | 0.31 [0.34|0.52]/0.20(0.25| 0.28 | 0.30|0.45| 4
Metal lath and 34 in. plas. (It. wt. agg.).. ... 0.47 | 0.32 [ 0.27 | 0.31 |0.33  0.50| 0.29 | 0.25| 0.28 [0.30 | 0.44| &
Metal lath and 34 in. plas. (sand agg.)....... 0.13 1 0.36 | 0.30 | 0.34 |0.37 | 0.61|0.32/0.27| 0.31 |0.33/0.52| ¢
Insul. bd. (¢ in). . ... ... ... ... . .. . ... .. 1.48 1 0.25 | 0,22 0.24 0.250.34|0.23 | 0.20 | 0.22 | 0.23 | 0.31 7
Insul. bd. lath and Y5 in. plas. (sand agg.)...| 1.62 | 0.24 | 0.21 | 0.23 |0 25 0.3310.22/0.20| 0.22 (0.23/0.30| 8
Acoustical tile
(!¢ in.) on gypsum bd. (3¢ in.)....... ... .. 1.61 | 0.24 | (.21 0.23 0.250.330.22|0.20| 0.22 [0.23/0.30| 9
(!4 in.) on furring....... ... ... ... . .. . ... 1.19 10,26 | 0.23 | 0.25 |0.27 1 0.37 | 0.24 |0.21| 0.23 |0.24|0.3¢4 | 10
(34 in.) on gypsum bd. (3§ in.)....... .. .. 2,10 | 0.21 | 0.19 | 0.20 | 0.21 | 0.26 | 0.20 | 0.18 | 0.19 | 0.20 | 0.26 | 11
(3¢in)onfurring........ ... . ... . ... .. 1.78 | 0.23 | 0.20 0.22 10.230.30{0.21 1 0.19| 0.20 |[0.21 | 0.28 | 13
Wood lath and }$ in. plas. (sand agg.).......[0.40 | 0.33 | 0.28 | 0.31 |0.31 | 0.52|0.20 | 0.26| 0.28 |0.30 | 0.46 | 13

b Pitch of roof—45 deg.

® Bee text section Calculating Overall Coefficients for basis of calculations.

¢ To adjust U values for the effect of added insulation between framing members, see Table 16,
4 When insulation is installed between rafters, the space above should be ventilated and in this ense the roof construction is disregarded in caleulation of U values.
To adjust U vatues for pitched roof construction with added insulation between framing menibers, use the average of values for horizontal and vertical heat flow in

Table 16A and either 16C or 16D depending on direction of heat flow.
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Table 16 ... . Determination of U Value Resulting from Addition of Insulation or Air Spaces to Uninsulated Building Sections®

PART A. WALLS®

U Valve® Fibrous Insulation® Thickness—Inches Ovie AI’; ’::::?';Lf é"“ﬁ" Twe Aigm:?;y: fEﬂhd‘" Three Mrf:r::?;y:flsﬁ“ﬁ"
Without Added | —
Insulation = = == =
14 1 2 3 | 0.82° 0.20 l 0.05 0.82 0.20 0.05 0.82 0.20 0.05
——__Col:I o ‘2 3 4 5 I_ 6_ 7 T _-8 - 9 10 n 12 13 14
0.70 0.304 0.194 0.113 0.080 0.752 0.463 0.380 0.437 0.240 0.189 0.298 0.150 0.112
0.60 0.284 | 0.186 0.110 0.078 0.630 0.412 0.341 0.392 0.225 0.177 0.276 0.144 0.108
0.45 0.246 0.168 0.104 0.075 0.460 0.331 0.280 0.318 | 0.195 | 0.158 0.237 0.130 0.098
0.40 0.230 0.161 0.101 0.074 0.409 0.299 0.258 0.291 ! 0.185 0.149 0.222 0.125 | 0.095
0.35 0.212 0.152 0.097 0.072 0.354 0.267 0.234 0.262 | 0.172 | 0.140 0.205 0.119 0.092
0.30 0.192 0.142 | 0.093 0.069 0.30 0.234 0.207 | 0.232 | 0.158 0.130 0.186 0.112 | 0.087
0.28 0.184 0.138 | 0.091 0.068 0.28 0.221 0.196 0.220 0.151 0.125 0.178 0.108 0.084
0.26 0.175 | 0.133 | 0.089 | 0.066 0.26 | 0.208 0.185 | 0.207 | 0.144 0.120 | 0.169 0.104 0.082
0.24 0.166 0.127 . 0.087 0.065 0.24 0.194 0.173 | 0.194 | 0.137 0.115 0.160 0.100 | 0.079
0.22 0.156 0.121 | 0.084 0.064 0.22 0.180 | 0.161 | 0.180 | 0.129 0.110 0.150 0.096 | 0.076
0.20 0.145 0.115 | 0.081 0.062 | 0.20 0.165 0.149 | 0.166 | 0.120 0.104 0.140 0.091 0.073
0.18 0.134 0.108 0.078 0.060 0.18 0.150 0.137 | 0.152 | 0.112 0.098 0.129 0.086 0.069
| |

0.16 ' 0.123 0.100 | 0.074 0.057 0.16 0.136 0.124 | 0.137 | 0.103 0.090 0.118 0.080 | 0.065
0.14 I 0.111 0.092 0.069 | 0.054 0.14 0.120 | 0.111 | 0.122 0.094 0.083 0.106 0.075 | 0.061
0.12 0.098 0.083 | 0.064 0.051 0.12 0.105 0.098 0.107 0.084 0.075 0.094 0.068 0.056
0.10 0.085 0.073 0.058 0.047 0.10 0.089 0.084 0.091 [ 0.074 0.066 0.082 0.061 0.051
0.08 0.070 0.062 0.050 | 0.042 | 0.08 0.073 0.068 | 0.074 I' 0.062 C.056 0.068 0.053 0.045

* For constructions with air spaces as insulation, coefficients are based on National Bureau of Standards dats in Housing Research Paper No. 32 (U. S. Government
Printing Office, Washington, D. C.).

® Based on an indoor-outdoor temperature difference of 70 ¥ deg, and a mean temperature of 50 F. Values are applicable conservatively to winter and summer condi-
tions.

b {7 value taken from Tables 5 to 15, based on one nonreflective 334-in. air space between framing members.

¢ Thermal conductivity of fibrous or bulk insulation taken us 0.27 Btu per (hr) (sq ft) (F deg perin.).

4 For values of effective emissivity E of air space, see Table 3, Section B.
© ¢ Certain U values in Column 6 differ from Column 1 because they are adjusted to the specific temperature drop aeross the air space in question as affected by the

U value of the construction,
PART B. _FLOORS'-—HEAT FL?W DOWN

U Valve® Emissivity! E Emissivity'! E Emissivity! E
Without Added
Insvlation o M, o T | | 1

15 1 2 | 3 082 | 020 | 005 | 082 | 020 | 005 | 082 | 020 | 005
cb1 | 2 | a s | 5 | & | 7 | 8 | 9 10 n ‘ 12 13 14
0,70 0,305 | 0.195 | 0.113 | 0,080 | 0.70 0.240 | 0.114 | 0.377 ‘ 0.122 | 0.057 | 0.262 | 0.086 | 0.042
.60 | 0L284 | 0186 T 00110 | 0078 | 0.60 0.236 | 0.111 | 0.346 | 0.118 | 0.056 | 0.246 | 0.084 | 0.041
.50 0.260 | 0,175 | 0.106 | 0.076  0.50 0.210 | 0.106 | 0.310 | 0.114 | 0.055 | 0.228 | 0.082 | 0.041
0.45 0.246 | (L1685 0 0104 | 0075 0,45 0.200 | 0.103 ‘ 0.290 | 0.111 | 0.055 | 0.217 | 0.081 | 0.040
0.40 0.230 | 0161 0 0101 0 0.074 0.400 | 0.189 | 0,100 | 0.268 | 0.107 | 0.051 | 0.205 | 0.079 | 0.040
0,45 0.212 | 0.152 | 0.097 | 0.072 . 0.35 0176 | 0.096 | 0.244 | 0. 103 | 0.052 | 0.192 | 0.077 | 0.040
.30 0.192 | 0.142 1 0.093 | 0.069 ' 0.30 0.162 | 0.091 | 0.219 | 0.098 | 0.051 | 0.175 | 0.074 | 0.039
.28 0.184 | 0.138 | 0.091 | 0.068 ; 0.28 [ 0.156 | 0.08¢ | 0.208 | 0.096 | 0.050 | 0.168 | 0.073 | 0.039
(.26 0.175 | 0.133 | 0.080 | 0.066 , 0.26 0.150 | 0.087 | 0.197 | 0.09¢ | 0.049 | 0.161 | 0.072 | 0.038
0.2 0.166 | 0.127 | 0.087 | 0.065 . 0.24 0.143 | 0.084  0.185 | 0.091 | 0.043 | 0.153 | 0.070 | 0.038
0.22 0.156 | 0.121 | 0,084 | 0.064 0.22 0.136 | 0.081 = 0.173 = 0.088 | 0.047 | 0.145 | 0.068 | 0.037
.20 0.145 :’ 0.115 | 0.081 | 0.062 . 0.20 0,128 1 0.078  0.160 | 0.084 | 0.046 | 0.136 | 0.066 | 0.036
0,18 0.134 | 0.108 | 0.07% | 0.060 . 0.18 0.119 | 0.074 | 0.148 | 0,080 | 0.045 | 0.126 | 0.064 | 0.036
0. 16 0.123 | 0.100 | 0.074 | 0.057 . 0.16 0.109 1 0.070 | 0.133 | 0.076 | 0.044 | 0.116 | 0.061 | 0.035
0. 0111 1 0.092 | 0,069 0.0+ ¢ 0.4 0.099 0.065 0.118 0.071 | 0.042 0.105 0.058 0.034
0.12 0.098 © 0.083 | 0.064 | 0.051 @ 0.12 0.088 | 0,060 | 0.103 | 0.066 | 0.040 | 0.094 | 0.05¢ | 0.033
0.10 | 0,085 [ 0.073 | 0.058 | 0.047 0.10 | 0.076 | 0.054 | 0.089 | 0.058 | 0.037 ‘ 0.081 | 0.049 | 0.031
0.0 [ 0,070 [ 0.062 @ 0.050) i 0.042 0.08 0.063 | 0.047 | 0.072 | 0.050 | 0.033 | 0.068 | 0.044 | 0.028

Fibrous Insulation® Thickness—Inches

i
i
|
|

One Air Space of Effective ‘

Two Air Spaces of Effective

| Three Air Spaces of Effective

* I'or construction with air spaces as insulation, coefficients ure based on Nutional Bureau of Standards data in Housing Research Paper No. 32 (U. 8. Government
Printing Office, Wnshington, D. C)).

{ Based on a temperature difference of 50 I deg from air to air, and & mean temperature of 50 ¥

& U value taken from Tables 11 and 12, in which it is assumed that the air spuce between juists or above the suspended ceiling is nonreflective (E = 0.82), and is
3 in, thick,

B Thermal conductivity of fibrous or bulk insulation taken us 0 27 Btu per (hr) (sq it) (I deg per in).

! For values of effective emissivity E of air spuce, sce Table 3, Section B,
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Table 16... .. Determination of U Value Resulting from Addition of Insulation or Air Spaces
to Uninsulated Building Sections* (Continved)
PART C. CEILINGS—HEAT FLOW UP' (WINTER CONDITION)

0 . . One Air Space of Effective | Two Air Spaces of Effective | Three Air Spaces of Effective
U Valvek Fibrous Insulation! Thickness—Inches e m B . m L
Withoot Added Emissivity™ E i Emissivity™ E [ Emissivity™ E
Insulation i B S T o T o

13 1 2 3 0.82» 0.20 0.05 0.82 0.20 | 0.05 082 | 0.20 0.05
Col. 1 2 3 4 5 ) 7 8 ‘ 9 10 n 12 | 13 I 14
0.70 0.305 | 0.195 0.113 0.080 0.690 0.472 0.403 ‘ 0.427 0.262 | 0.216 0.307 0.180 | 0.146
0.60 0.284 0.186 0.110 0.078 | 0.588 0.417 0.362 0.385 0.244 | 0.204 0.284 0.171 0.139
0.50 0.260 0.175 | 0.106 0.076 0.488 0.361 0.318 | 0.339 0.224 0.189 | 0.258 0.160 0.131
0.45 0.246 0.168 0.104 0.075 | 0.438 0.331 0.295 | 0.316 0.212 | 0.180 | 0.243 | 0.154 0.126
0.40 0.230 | 0.161 0.101 0.074 0.389 | 0.300 0.270 | 0.288 0.199 0.170 | 0.227 | 0.146 | 0.121
0.35 0.212 0.152 0.097 0.072 0.340 | 0.269 0.244 0.2 0.185 | 0.158 | 0.209 | 0.138 0.115
0.30 0.192 0.142 0.093 0.069 0.292 | 0.237 0.215 0.230 0.168 0.145 0.189 | 0.129 0.108
0.28 0.184 0.138 0.091 0.068 | 0.272 | 0.224 0.203 0.217 0.161 0.140 | 0.181 0.125 | 0.104
0.26 0.175 0.133 0.089 0.066 0.253 0.211 | 0.191 0.204 0.154 0.134 | 0.17 ‘ 0.120 0.101
0.24 0.166 0.127 0.087 0.065 0.234 0.199 0.179 0.191 0.146 | 0.128 0.163 0.115 0.097
0.22 0.156 0.121 0.084 0.064 | 0.214 0.186 0.166 0.178 0.137 0.120 | 0.153 0.109 0.093
0.20 0.145 0.115 0.081 0.062 | 0.195 0.173 0.154 0.164 0.128 | 0.114 | 0.143 0.104 | 0.088
0.18 0.134 0.108 0.078 0.060 | 0.176 0.159 0.141 0.150 0.119 0.106 | 0.132 | 0.097 ‘ 0.084
0.16 0.123 0.100 0.074 0.057 0.156 0.146 0.128 0.136 0.109 0.098 0.121 0.090 0.079
0.14 0.111 0.092 0.069 0.054 0.137 0.132 0.115 0.120 | 0.099 | 0.090 | 0.109 | 0.083 0.073
0.12 0.098 0.083 0.064 0.051 0.118 0.118 0.101 0.105 0.088 0.080 | 0.096 0.075 | 0.068
G.10 0.085 0.073 0.058 0.047 0.099 0.105 0.088 0.090 | 0.076 0.071 0.082 | 0.067 0.062
0.08 0.070 0.062 0.050 0.042 | 0.079 0.091 0.074 | 0.073 0.064 0.061 0.067 0.058 0.056

* For construction with air spaces as insulation, coefficients are based on National Bureau of Standards data in Housing Research Paper No. 32 (U. 8. Government
Printing Office, Washington, D. C.).
i Based on a temperature difference of 75 deg F from air to air, and & mean temperature of 40 F.
k U7 value taken from Tables 11, 12, 13-A, 14-A, and 15, in which it is assumed that the air apace between joists or above the suspended ceiling is nonreflective (E =
0.82), and ia 8 in. thick. .
! Thermal conductivity of fibrous or bulk insulation taken as 0.27 Btu per (hr) (sq ft) (F deg per in.).
™ For values of effective emiasivity E of air space, see Table 3, Section B.
© Certain U values in Column 8 differ from Column 1 because they are adjusted to the specific temperature drop across the air space in question as affected by the

U value of the construction.

PART D. CEILINGS—HEAT FLOW DOWN° (SUMMER CONDITION)

" . . One Air Space of Effective Two Air Spaces of Effective | Three Air Spaces of Effective

U VolveP Fibrous Insulationd Thickness— Inches Emissivity® E Emissivity” E ' Emissivity” E

Without Added |

Insulation T -
14 1 2 3 0.82 .20 | 0.05 0.82 0.20 | 0.05 0.82 0.20 0.05

Col. 1 2 3 4 5 & 7 8 | 9 10 1 12 [ 13| 4
0.70 0.305 | 0.195 | 0.113 0.080 | 0.704 | 0.269 | 0.119 0.423 0.144 | 0.061 0.306 | 0.103 0.046
0.60 0.284 | 0.186 0.110 | 0.078 | 0.602 | 0.252 | 0.116 0.38¢ | 0.139 | 0.060 | 0.284 | 0.100 0.046
0.50 0.260 | 0.1756 | 0.106 | 0.076 | 0.501 0.231 0.112 | 0.340 | 0.133 0.059 | 0.260 | 0.097 | 0.045
0.45 0.246 | 0.168 | 0.104 0.075 | 0.450 | 0.220 | 0.108 0.316 | 0.128 | 0.058 | 0.246 | 0.095 | 0.044
0.40 0.230 | 0.161 0.101 0.074 0.400 | 0.206 | 0.105 0.291 0.123 | 0.057 0.230 | 0.092 | 0.044
0.35 0.212 | 0.152 | 0.097 0.072 | 0.350 | 0.192 | 0.100 | 0.264 0.118 | 0.056 | 0.213 0.090 | 0.043
0.30 0.192 | 0.142 | 0.093 0.060 | 0.300 | 0.175 | 0.095 | 0.234 | 0.112 | 0.055 | 0.193 | 0.086 | 0.042
0.28 0.184 0.138 | 0.091 0.068 | 0.280 | 0.168 | 0.093 | 0.222 | 0.109 | 0.05¢4 | 0.185 | 0.085 | 0.042
0.26 0.175 | 0.133 | 0.089 | 0.066 | 0.260 | 0.160 | 0.090 | 0.209 | 0.105 | 0.054 | 0.176 | 0.083 | 0.041
0.24 0.166 0.127 0.087 0.065 | 0.240 | 0.152 | 0.087 0.195 | 0.102 | 0.053 | 0.1i67 0.080 | 0.040
0.22 0.156 | 0.121 0.084 0.064 | 0.220 | 0.144 | 0.084 0.182 0.098 | 0.052 | 0.157 | 0.078 0.040
0.20 0.145 | 0.115 | 0.081 0.062 | 0.200 | 0.135 II 0.081 0.168 | 0.094 | 0.050 | 0.146 | 0.075 | 0.039
0.18 0.134 0.108 0.078 | 0.060 | 0.180 | 0.125 | 0.077 0.154 0.089 | 0.049 | 0.135 | 0.072 0.038
0.16 0.123 0.100 | 0.074 0.057 | 0.160 | 0.115 | 0.073 0.139 | 0.084 | 0.047 | 0.124 | 0.068 | 0.038
0.14 0.111 0.092 0.069 | 0.054 | 0.140 | 0.104 | 0.069 | 0.124 0.078 | 0.045 | 0.111 0.064 | 0.037
0.12 0.098 | 0.083 0.064 0.051 0.120 | 0.093 | 0.063 | 0.108 | 0.072 | 0.042 | 0.098 | 0.059 | 0.035
0.10 0.085 | 0.073 0.058 0.047 | 0.099 | 0.080 | 0.056 | 0.091°| 0.064 | 0.039 | 0.084 | 0.054 0.033
0.08 0.070 | 0.062 | 0.050 0.042 | 0.079 | 0.068 | 0.048 0.074 0.054 l 0.034 | 0.070 | 0.046 | 0.030

° Based on 8 temperature difference of 35 F deg from air to air, and 8 mean temperature of 100 F.
P U value taken from Tables 11, 12, 13-B, 14-B, and 15, in which it is assumed that the air apace between joists or above the suspended ceiling is nonreflective (E =
0.82), and is 8 in. thick.
9 Thermal conductivity of fibroua or bulk insulation taken as 0.27 Btu per (hr) (aq ft) (F deg perin ).
* For values of effective emissivity E of air space, see Table 3, Section B.
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Table 16....Determination of U Value Resulting from
Addition of Insulation to Uninsulated Building
Sections {Concluded)

(For use with Tables 13A and 138)

PART E. FLAT ROOFS AND CEILINGS WITH ROCF DECK

Conductance C of Roof-Deck Insulation
U Value of Roof without [T - L h
Roof-Deck Insvlafions | 012 | 0.15 | 019 | 0.24 | 036 | 072
e . S | .
u | 1] | U v v | v
0.10 0.05 | 0.06 | 0.07 | 0.07 | 0.08 ’ 0.09
0.15 0.07 ‘ 0.08 | 0.08 | 0.09 | 0.11 | 0.12
0.20 0.08 | 0.09 | 0.10 | 0.11 | 0.13 | 0.16
0.25 0,08 | 0.09 0. 0.12 ] 0.15{0.19
0.30 009 [ 010 012 1 0013 [ 016 | 0.21
|
0.35 0.09 | 0.10 | 0.12 | 0.14 | 0.18 | 0.24
0.40 0.00  0.11 [0.13 1 0.15 | 0.19 | 0.26
0.50 0.10 | 0.12 | 0.14 | 0.16 0._ 0.20
0.60 0.10 [ 0.12 | 0.14 | 0.17  0.22 | 0.33
0.70 0.10 | 0.12 | 0.15 [ 0.18 | 0.24 | 0.35

# Interpolation or mild extrapolation may be used

CORRECTION FOR FRAMING

Correction for parallel heat flow through framing and in-
sulated arcas may be made by use of Fig. 7. Correction for the
effect of framing should be applied after final U'; and U,
values have been obtained for a given construction. In many
cases this correction may be omitted.

Ezample 7: Consider a frame wall with 2-in. blanket insula-
tion which has a U; value of 0.08. By caleulation it 1s found

that heat loss from the area backed by framing members (I7,)
15 0.13. Uy/U; is 1.63. From Fig. 7if 15 percent of wall area is

backed by framing, the value Uga/U; = 1.1. U4 s therefore
1.1 X 0.08 = 0.088.
16
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Ug/UL
U,. = average U valve for building section.
U; = U volue for area between framing members.
U, = U value for areo backed by framing members.
S = percentage of area backed by framing members.
Fig. 7 .. .. Correction for Effect of Framing in

Insulated Building Sections

VENTILATED ATTICS—HOW TO USE TABLE 17

Table 17 is intended to be wsed with Table 11, Part D of
Table 16, and Fig. 7, or when ceiling resistance is known. Tts
purpose is to determine the resistance to heat flow of the attic
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space under various conditions of ventilating air temperatures
and rates, ceiling resistance, roof or sol-air temperatures, and
surface emissivities.! Ventilating air temperature is the out-
door design temperature.

The total resistance, 1/U, obtained by adding the ceiling
and attie resistances can be converted to a U value so that the
heat gain mayv be ealculated. The applicable temperature dif-
ference is that difference between room air and sol-air teme
perature or between room air and roof temperatures. (Sce
footnote d, Table 17.)

Table 17 may be used for both pitched and flat residential
roofs over attic spaces. When there is an attic floor, the ceil-
ing resistance should be that which applies to the complete
ceiling-floor eonstruction.

All values in Table 16, Part D, include the resistance of a
non-reflective surface facing the attic space. Therefore, if
separate calculations are made, include only the value of a
non-reflective surface and not the value of a reflective surface
in determining ceiling resistance. The use of Table 17, Part
B, will account for this reflection surface.

b:ample 8: Determine the heat gain for a 1000 sq ft ceiling
of 3¢-in. gypsum board and }4-in. light weight aggregate plas-
ter, with no flooring above, when insulated with a 2-in. foil-
enclosed fibrous blanket. The blanket is installed so as to form
a reflective air space between the ceiling and the blanket. The
attic has a gable roof which meets the ventilation requirements
in Table 3, Chapter 10. (Use ventilation rate of 0.1 ¢fm per sq
ft.)

Design temperatures are: indoor air
95 F, and sol-air = 160 F.

Solution: From Table 11, for heat flow down, the U value
for this eeiling G3 without insulation is 0.40. Referring to
Table 16, Part D, with the value 0.40 in Column 1, find U; =
0.101 in Column 4; enter Column 1 at 0.101 and find U; =
0.056 in Column 8. Correet for framing (8 in. joists on 16 in.
centers) from Fig. 7 and find corrected ceiling coefficient U, =
0.059; R. = 17.0.

By interpolation in Table 17, Part B, using 95 F ventilation
air and 160 I’ sol-air temperatures, the effective attic resistance
R, 15 8.2,

The overall coefficient for the combined ceiling and attic is:

75 F, outdoor air

1 1
U, = = = 0.04
R. + R, 17.0 + 8.2
Heat gain = U, A (¢, — ;) = 0.04 X 1000 X (160-75) = 3400

Btuh
COMBINED CEILING AND ROOF COEFFICIENTS

If the attie space between the ceiling and roof is unheated
and not ventilated, the combined cocflicient from room air be-
low the ceiling to exterior air can be ecaleulated from the fol-
lowing formula:

> 1 1 -
1\1‘ = -—— 4 (D)
Ue U,
The combined coeflicient U is the reciprocal of Rz, or
= 1/Rr ()
where
U = combined coeflicient to he used with ceiling area.
Ry = total resistance of ceiling and roof.
U.. = coeflicient of transmission of ceiling.
U7, = coeflicient of transmission of roof.
n = ratio of roof arca to ceiling area.

It should be noted that the overall coefficient U should be
multiplied by the ceiling area to determine heat loss, and not
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Table 17 . ... Effective Resistance of Ventilated Attics®—(Summer Condition)'!
PART A. NON-REFLECTIVE SURFACES

i | No Ventilation | MNatural Ventilation | Power Ventilation®
i IR R
I Ventilation rate, cfm/ sq ft
Veitilat — =
A;"ll::;:?!’ Sol-aird temp., F 0 | 0.b ' 0.5 | 1.0 1.5
1/U Ceiling resistonce, ru®
10 20 ‘ 10 | 20 0 | 20 [ 10 | 20 0 | 20
—_— | Ea——= | | — — = .
120 1.9 1.9 2.8 | 3.4 ‘ 6.3 9.3 9.6 16 11 20
80 140 1.9 1.9 2.8 3.5 6.5 10 i 9.8 17 12 21
160 L9 | 1.9 2.8 3.6 6.7 it 10 18 13 22
120 1.9 | 1.9 2.5 2.8 4.6 6.7 6.1 10 6.9 | 13
90 140 1.9 1.9 2.6 3.1 5.2 7.9 7.6 12 8.6 ‘ 15
160 1.9 1.9 2.7 3.4 5.8 | 9.0 8.5 14 10 17
120 1.9 1.9 2.2 2.3 3.3 4.4 | 4.0 6.0 4.1 | 6.9
100 140 1.9 1.9 2.4 2.7 | 4.2 6.1 5.8 8.7 6.5 10
160 | 1.9 1.9 | 2.6 | 3.2 | 5.0 7.6 7.2 11 ‘ 8.3 13
PART B. REFLECTIVE SURFACES!
120 6.5 | 6.5 8.1 | 8.8 13 17 17 ‘ 25 19 30
80 | 140 6.5 6.5 8.2 | 9.0 14 18 18 26 20 31
I 160 6.5 6.5 8.3 ‘ 9.2 15 18 19 |27 21 32
| |
[ 120 6.5 6.5 7.5 | 8.0 10 13 | 12 17 13 19
90 | 140 6.5 6.5 7.7 8.3 12 15 14 20 | 16 22
160 | 6.5 6.5 7.9 8.6 13 16 16 22 18 25
|
120 6.5 6.5 7.0 7.4 8.0 10 8.5 12 8.8 12
100 140 6.5 6.5 7.3 | 7.8 10 12 11 15 12 | 16
160 6.5 6.5 7.6 | 8.2 11 14 13 | 18 I 15 | 20

2 The term effective restatames is uned when-thes@#ittic ventilation. A value for no ventilation is also ineluded. The effective resistance of the attic may be added to
the resistance (1/U) of the ceiling (Table 16, Part D) to obtain the effective resistance of the combination based on sol-air (Chapter 13) and room temperature. These
values apply to wood frame construction with a roof deck and roofing having a conductanee of 1.0 Btu/(sq ft) (hr) (F deg).

b When attic ventilation meets the requirements of Table 3 in Chapter 10, 0.1 cfm/aq ft may be assumed as the natural summer ventilation rate for design purposes.

¢ Resistance Unit, abbreviated ru is one (hr) (sq ft) (F deg) per Btu. Determine ceiling resistance from Tables 11and 16, and correet for framing by Figure 7. Do not
add the effect of a reflective surface facing the attic to the ceiling resistance from Table 16, Part D, as it is accounted for in Table 17, Part B.

d Roof surface temperature rather than sol-air temperature (see Chapter 13) may be used if 0.25 is subtracted from the sttic resistance shown.

€ Based on air discharging outward from attic.

I Surfaces with effective emissivity E of 0.05 between ceiling joists facing the attic space.

by the roof area. Values of U, and Ul should be calculated
using a value of 2.5 (the reciprocal of one-half the air space
resistance, 0.80) rather than the conductances of surfaces
facing the attic, since the attic is assumed to be equivalent to
an air space. '

If the attic contains windows, dormers, and vertical wall
spaces, and if their area is small compared to that of the roof,
they may be considered part of the roof area. For accuracy,
the sum of the coecflicients of each individual section, multi-
plied by its percentage of the total area, should be used as
U. . Where attic wall areas are large or where louvers or vents
are used, it is preferable to estimate the attic temperature as
illustrated in Chapter 12, and calculate the heat loss through
the ceiling by multiplying the value of U.,. for the ceiling by
the difference in temperature above and below the ceiling.

BASEMENT FLOOR, BASEMENT WALL, AND
CONCRETE SLAB FLOOR COEFFICIENTS

The heat transfer through basement walls and floors to the
ground is dependent on the temperature difference between
the air within and that of the ground, on’the material con-
stituting the wall or floor, and on the conductivity of the sur-
rounding earth. The conductivity of the carth will vary with

(34}

local conditions, and is usually unknown. Tests'* at the
ASHAE Research Laboratory indicate a heat flow of approxi-
mately 2.0 Btu per (hr) (sq ft) through an uninsulated con-
crete basement floor, with a temperature difference of 20 deg
between ground temperature and the air temperature 6 in.
above the floor (see Table 18).

For basement walls below grade only, the temperature dif-
ference for winter design conditions will be greater than for
the floor. The test results indicate a unit area heat loss, at mid-
height of the basement wall portion below grade approxi-
mately twice that of the same floor area.

For concrete slab floors laid in contact with the ground at
grade level, tests®® indicate that for small floor areas (equal to

Table 18.... Coefficients of Transmission (U) of Concrete
Basement Floors on Ground with Various
Types of Finish Flooring

U = 0.10* Btu per (hr) (sq ft) (Fahrenheit degree temperature
difference between the ground and the air over the floor).

8 Since authentic data are not availuble, thia coefficient is sometimes used for
conerete floors on ground. For more recent procedurests refer to National Bureau
of Standards Keport RMS-13.
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that of a house 25 feet square) the heat loss may be caleulated
as proportional to the length of exposed edge rather than total
area. This amounts to 0.81 Btu per (hr) (linear foot of ex-
posed edge) (Fahrenheit degree difference between the indoor
air temperature and the average outdoor air temperature). It
should be noted that this may be appreciably reduced by in-
sulating under the ground slab, and also along the edges be-
tween the floor and the abutting walls. See also sections on
Basement Temperatures and Heat Loss, and on Floor Heat
Loss in Basementless Houses, in Chapter 12. In most calcula-~
tions if the perimeter loss is calculated accurately, no other
floor loss need be considered.

GLASS AND DOOR COEFFICIENTS

The U values for glass sheets and hollow glass block, given
in Sections A, B, and C of Table 19, have been computed by
methods ind data given in an ASHVE Research Paper.®
It is assumed that the surface conductance for convection
loss to the air is 4.0 Btu per (hr) (sq ft) (F deg). It is also as-
sumed that the glass loses heat by radiation to the ground
and to the clear sky, which together have an effective radiat-
ing temperature below the air temperature. It is therefore
necessary to determine, by trial and error, the temperature of
the outdoor glass surface such that the sum of the radiation
and convection losses equals the heat conducted through the
glass section, and equals the heat delivered to the glass from
the heated space. This heat flow, divided by the air-to-air
temperature difference, results in a U value that is used in
the usual manner. The equivalent surface conductance for
radiation and convection ecombined, based on air-te-surface
temperature difference, therefore varies from about 5.5 for
single glass to about 6.6 for double glass for exactly the same
environmental design conditions. Curtains, draperies, Vene-
tian blinds, ete., will result in lower glass surface temperatures
than when the windows are not covered.

It is assumed that the room air temperature equals the aver-
age temperature of the room surfaces seen by the glass. Special
consideration should be given to those cases where the glass
sees interior surfaces at temperatures differing greatly from
the room air temperature, i.e., such cases as in sun rooms,
greenhouses, and some panel heated rooms, or where there is
an unusual amount of air motion in the vicinity of the glass.
Although based on zero outdoor air, the values change only
slightly with different design temperatures, being about 5
percent greater for a 30 F outdoor design temperature.

In computing the Table 19 values, consideration of the de-
pendence of the indoor surface conductances upon tempera-
ture and direction of heat flow leads to surface conductances
averaging about 1.50 for block and vertical glass, and about
1.80 for horizontal glass, as compared to the value of 1.46
used in computing U values given in other tables in this
chapter. These values should therefore be used in estimating the
temperature at which condensation on glass surfaces will occur.

The application factors given in Section D of Table 19 are
based upon hot box tests summarized in a research bulletin,™
and are approximate only. In practice, some variation in heat
flow through windows having the same ratio of glass to sash
area, may be expected because of difference in construction
details and in air-space edge effects. The high conductance
of aluminum and steel sash must be taken into consideration
where excessive amounts of metal sash and frames are in-
volved. This is particularly important when they are in close
proximity to radiation heat sources and are consequently
subjeeted to high differential temperatures.

(35)
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Table 19 . ... Coefficients of Transmission (U) of Windows,

Skylights and Glass Block Walls

Coefliciants are expressed in Biv per (hour) {square fool} (Fahrenheit degres
difference in temperature between the air on the two sides). Those for oul-
door exposures are based vpon the following outdoor conditions:

O F air temperature, clear skies, no solar radiation,
aond 15 mph outdoor wind velocity

SECTION A—VERTICAL GLASS SHEETS

Number of Sheets........ o One Twe Three

Air space, inches. ... ... None |13 128 1= [ |35 12
Outdoor exposure. .. .. 1.13 |0.61(0.55/0.53|0.41{0.36/0.34
Indoor exposure.......| 0.75 O.50|0.46 0.450.38|0.33|0.32

SECTION B—HORIZONTAL GLASS SHEETS

Heat Flow Up Heat Flow Down
Number of Sheels......| One Twe One Two
Air space, inches. ..| None| 1§ | Yo | 1~ | None| 14 1=
Qutdoor exposure. | 1.40 0.70/0. 660 63 b <
Indoor exposure..| 0.96 [0.590. 5G|[J 36| 0.60 0.430. 390 '38

SECTION C—WALLS OF HOLLOW GLASS BLOCK

Ovutdoor | Indoor

Description Exposure | Partition

4 X aA x 374 in. thick................ ... 0.60 0.46

7*'} x 737 x 3% in. thick. .. ................ 0.56 0.44
1134 ¥ 1133 x 3%4 in. thick, . ............... 0.52¢ | 0.40
737 x 734 x 374 in. thick with glass fiber di-

viding the eavity. ....................... 0.48 0.38

1134 x 1134 x 3% in. thick with glass fiber
dividing the cavity . e 0.44 0.36

SECTION D—APPROXIMATE APPLICATION FACTORS FOR
WINDOWS—MULTIPLY FLAT GLASS U
VALUES BY THESE FACTORS

Windows with

Double Glass” Storm Sashf

! Single Glass

Window Description : | —

Percent| | Percent

Per:ent

| Glass* Factor ‘ Glass® Factor | Glas "l Factor

3 | —_— —
3] Tt o o | 100 | 1.00 ‘ 100 | 1.00
Wood sash.......... ! 80 | 0.90 , 80 | 0.95 80 | 0.9
Wood sash ....... .| 60 | 0.80 60 | 0.85| 60 | 0.80
Steel sash.......... | 80 | 1.00 80 [ 1.20 | 80 | 1.00k
Aluminum .| 0 |10 80 |1.30| 80 |1.10

% For 1 in, or greater.
b Qee Chapter 13, Tables 14 and 15, for summer load.
¢ See Chapter 13, Tables 14, 15, and 16, for summer load.

4 From unpublished data recomnmended by ASHAE Tech. Adv. Comm. on
Heat Flow Through Fenestration.

€ Unit type double glazing (two lights or panes in same opening).
[ Use with U values for two sheets with 1 in. air space.

€ Based on area of exposed portion of sash; does not include frame or portions
of sush concealed by frame

E For metal storm sash or metal sush with attached storm pane.
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Heat transmission cocfficients for wood doors, with and
without glass storm doors are given in Table 20.

WIND VELOCITY EFFECT ON U VALUES

Tables 5 through 8, 13-A, 14-A, 15, parts of Table 19, and
Table 20 show values of U for winter calculations, for an out-
door wind velocity of 15 mph. Tables 13-B and 14-B show
values of U for summer calculations and an outdoor wind
veloeity of 7.5 mph. Tables 11, 12, and 15 show values of U
for both winter and summer. Tables 9 through 12 are for in-
door U values and are based upon still air. All roof coefficient
tables also take into account the dircetion of heat flow. Care
must be exercised in selecting the table which applies to the
design conditions. Table 21 shows comparative values of U7
for other wind velocities. When this table is used for summer

Table 20 . ... Coefficients of Transmission (U) of
Solid Wood Doors

Coefficients are expressed in Btu per {hour}) (square foot) (Fahrenheit de-
gree difference in temperature between the air on the two sides), and are
based upon an outside wind velocity of 15 mph.

Nominal Thickness | Actual Thickness | yab ‘\ Ua-b With Glass

Inches Inches | Exposed Door ‘l Storm Door®
1 254, | 0.64 | 0.37

114 , 14g . 0.55 : 0.34

115 131{¢ | 0.49 | 0.32

134 134 5 0.48 0.31

|

2 134 : 0.43 0.28

214 | 214 0.36 0.26

3 | 234

031 0.23

& Computed using & = 1.10 for wood, f; = 1.46, f. = 6.0, and 1.03 for uir space.
b A U7 value of 0.85 may be used for single exposed doors containing thin wood

panels or single panes of glass, and 0.39 for the same with glaas storm doors.
€50 per cent glass and thin wood panels.

U values, it is necessary to enter the table at 7.5 mph which
can be interpolated between 5 and 10 mph. Any value taken
from this table should be rounded to two significant figures.

Ezample 8: Find the coefficient of transmission U of a frame
wall consisting of stucco, 2345-in. insulation board sheathing,
2 x 4-in. studs, gypsum lath and plaster, and with 2-in. blanket
insulation between studs, for 25 mph wind velocity.

Solution: From Table 5, this wall, ¥37, with no insulation
between studs has a value of U = 0.22. From Table 16, Part
A, Col. 4, this wall with 2-in. insulation added has a value of
U = 0.084. Entering Table 21 in the 15 mph column, interpolate
hetween 0.080 and 0.090 in 15 mph column and proceed hori-
zontally to the 25 mph column where the U value is found by
interpolation to he 0.085.

CALCULATING SURFACE TEMPERATURES

In many heating and cooling load calculations it is neces-
sary to determine the inside surface temperature or the tem-
perature of the surfaces within the structure. As the resistance
of any path of heat flow is expressed in Fahrenheit degrees
per (Btu)/(hour) (square foot), the resistances through any
two paths of heat flow would be proportional to the tempera-
ture drop through these paths, and can be expressed as fol-
lows:

Ry _ (lf — )

Ry (e — b 0
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Table 21 . ... Conversion Table for Wall Coefflcient U for
Various Wind Velocities

U for 0 to 30 mph Wind Velocities

U for ! B S
15 mph® ! , T

| o s 0 | 20 | 25 | 30
0.050 | 0.019  0.050 ' 0.050 | 0.050 | 0.050 | 0.050
0.060 | 0.059  0.059 | 0.060 | 0.060 | 0.060 | 0.060
0.070 | 0.068 = 0.069 = 0.070 | 0.070 | 0.070 | 0.070
0.080 | 0.078  0.079 ' 0.080 | 0.080 | 0.080 | 0.080
0.090 | 0.087 | 0.089 = 0.090 ‘ 0.090 ‘ 0.001 | 0.091

|

0.100 | 0.096 | 0.099 . 0.100 | 0.100 | 0.101 | 0.101
0.110 | 0.105 | 0.108 0.109 | 0.110 | 0.111 | 0.111
0.130 | 0.123 | 0.127 . 0.120 | 0.131 | 0.131 | 0.131
0.150 | 0.141  0.147 | 0.140 | 0.151 = 0.151 | 0.152
0.170  0.158  0.166 © 0.169 | 0.171 | 0,172 | 0.172
0.190  0.175 0,184 : 0.188 | 0.191 | 0.192 | 0.193
0.210  0.192  0.203 © 0.208 | 0.212 | 0.213 | 0.213
0.230  0.209  0.222 © 0.227 | 0.232 | 0.233 | 0.234
0.250 | 0.226  0.241 | 0.247 | 0.252 | 0.253 | 0.254
0.270 | 0.241 | 0.259 | 0.266 | 0.273 | 0.274 0.275
0.200 | 0.257  0.278 | 0.286 0,293  0.295  0.296
0.310 | 0.273  0.296 ' 0.305 | 0.313 | 0.315  0.317
0.330 | 0.288  0.314 ' 0.32¢ | 0.333 | 0.336 | 0.338
0.350 | 0.303  0.332 ; 0.344 | 0.354 | 0.357 | 0.359
0.370 | 0.318  0.350 © 0.363 | 0.375 | 0.378 = 0.380
0.390 | 0.333 | 0.368 0.382 | 0.395 | 0.399 | 0.401
0.410 | 0.347  0.385 , 0.402 | 0.416 | 0.420 | 0.422
0.430 | 0.362  0.403  0.421 | 0.436 | 0.441  0.44
0.450 | 0.376 | 0.420 : 0.430 | 0.457 | 0.462  0.465
0.500 | 0.410 = 0.464 : 0.487 | 0.500 | 0.514 0.518
0.600 | 0.474 | 0.518 | 0.581 | 0.612 | 0.620 | 0.626
0.700 | 0.535 0.631 ' 0.675 | 0.716 | 0.728 | 0.736
0.800 | 0.592 @ 0.711 | 0.766 | 0.82L | 0.836 | 0.847
0.900 | 0.645 | 0.789 | 0.858 | 0.927 | 0.946 | 0.960
1.000  0.695  0.865 | 0.949 | 1.03¢ | 1.058  1.075
1,100 | 0.742 | 0.939 { '1.039 | 1.142 | 1.170 | 1.192
1.200 | 0.786 | 1.010 | 1.120 | 1.250 | 1.285 | 1.318
1.300 | 0.828 | 1.080 | 1.217 | 1.359 | 1.400 | 1.430

8 [/ in first eolutnn is from previous tables or as calculated for 15 mph wind
velocity.

where

R: = the resistance from the indoor air to any point in the
structure at which the temperature is to be deter-
mined.

R, = the overall resistance of the wall from indoor air to
outdoor air.

{; = indoor air temperature.
{. = temperature to be determined.
{, = outdoor air temperature.

Ezample 9: Determine the inside surface temperature for a
wall having an overall coeflicient of heat transmission U =
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0.25, indoor air temperature 70 F, and outdoor air temperature
—-20 F.
Solution:
R = 1/f; = 1/1.46 = 0.684
Ry = 1/U = 1/0.25 = 4.00
Then, by liquation 7
0.684 _7() —
400 70 — (20

. = 546 F

Ezaple 10: Determine the temperature of the bottom of a
4-in. insulated conctete roof slab to which has been glued
15-in. acoustical tile (C = 0.84) as the interior finish. The
roof-ceiling overall coefficient of heat transmission U is 0.14
for heat flow up. The indoor air temperature is assumed to be
70 F and the outdoor air temperature —20 I,

Solution:
lt—5+1— 1 + LI
".[,. C 163 08
Re= oL 7.14
T U o U

Then, by liquation 7

l. =473 F

The concrete surface temperature is of interest since refer-
ence to a psychrometrie chart or table will show that moisture
condensation could occur on this surface under the above
conditions (47.3 F) if the relative humidity in the room cx-
ceeds 44 percent. Additional roof insulation should be con-
sidered above the slab to avoid condensation at this point if
higher relative humidities in the room are anticipated.

The same procedure can be used for determining the tem-
perature it any point within the structure.

A chart for determining inside wall surface temperature is
given in Fig. 13 of Chapter 30, Pancl Heating.
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