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CHAPTER 23 

DESIGN HEAT TRANSMISSION COEFFICIENTS 

Heat Transfer Definitions andSymbols; Surface Conductance; Calculatin~ Overcrll CoeU1cients;Alternate Method of 
~ a l c u l ~ i o n ;  overall ~odf i f ients  and Their ~ract ica l  Ure; Insulating ~onsrmcrions~~djuslmenlfor ~raming; 

Curtain Walls; Ventilated Anics; Foundarion Coefficients; Class andDoor Coefficients; EsrimatedHeat 
Loss Due to Injltration; Calculating Surface &peratures: Conductiviry ofidustrial insu/at~ons; 

Bare Surface Heat Losses; Heat Flow Calnrlationr; Buried Pipe Lines; Thermal 
Chamcteristics andResponse Factors for F i o o r    all^, andRoof3 

T HE design of a heating, refrigerating, or air-conditioning 
system, including selection of building insulation, sizing 

of piping and ducts, or evaluation of thermal performance of 
system parts is based on the principles of heat transfer given in 
Chapter 2. The equations most widely used to estimate heat 
transfer loads chargeable to the various parts will usually 
determlne the heat transfer rate under steady state conditions. 
For r piven part under standard conditions, this rate is a 
speclflc value, U, the overall codficient of heat transmission 
or thermal trmsmlttmnce, 

This ahapter 11 concerned with the concepts and procedures 
for dstermlnlng luch co~fficisnts, and includes a brief 
discussion of frctora that may affect the values of these 
coefflclenta and performance of thermal insulations. 
Coefflcients may be determlncd by testing, or computed from 
known values of thermal conductance of the various com- 
ponents. Procedures for calculrtlnp coefficients are illustrated 
by examples and, because It Is impracticable to test all 
combinations of materials, tables of comouted design values - 
for themore common constructions are given. 

Units in this chaoter are in the customary (i.e.. U.S.. 
English, and cgs) systems. In the following defiiitibnsof heat 
transfer. the customary unit, followed by the S1 unit, is given. 
Note that although the SI unit of temperature is ihe kelvin 
(K), the degree Celsius (formerly centigrade) is properly used 
with SI units. The temperature interval one degree Celsius 
equals one kelvin exactly. Factors for converting to SI are 
given in Table 18 and in Chapter 37. 

HEAT TRANSFER DEFINITIONS AND SYMBOLS 

q = thermal lransmission or rate of heat fiow; the quantity 
of heat flowing due to all mechanisms in unit time under the 
conditions prevailing at that time; in Btu/h or W. 

Note: Mechanisms relate to modes of heat transfer by solid con- 
duction, mass transfer, gas conduction, ,co"vection, and radiation. 
These may occur separately or in combtnatton, partially or totally 
depending upon spectfic circumstances. 

k or A = thermal conductivity; the thermal transmission, 
by conduction only, in unit time through unit area of an 
infinite slab in a direction perpendicular to the surface, when 
unit difference in temperature is established between the 
surfaces; in Btu . in./h . ft2 . F o r  W/m . K. 

Note I: A body is considered homogeneous when the above 
property is found by measurement to be independent of sample 
dimensions. 

Note 2: The property must be identified with a specific mean 
temperature. Thermal conductivity varies with temperature; and 
direction and orientation of thermal transmission, since some bodies 
arenot isotropic with respect to the property. 

Note 3: For many thermal insulation materials, thermal trans- 
mission occurs by a combination of modes of heat transfer. The 

Tho preparation of this chapter is assigncd to TC 4.4. Thermal Insulation 
and Moisture Retarders (Total Thermal Performance Design Criteria). 

2 

measured property should be referred to as an effective or apparent 
thermal conductivity for the specific test conditions (sample thickness 
and orientation, environment, environmental pressure, and tem- 
oerature difference). 

r or w = thermal resistivity; the reciprocal of thermal 
conductivity; ft2 . F . h/Btu . in. or m . K/W. 

C - thermalconductance; the thermal transmission in unit 
time through unit area of a particular body or assembly 
having defined surfaces, when unit average temperature dif- 
ference is established between the surfaces; Btu/h ft2 . F o r  
W/m2 . K. 

Note I :  The average temperature of a surface is one that adequately 
approximates that obtained by integrating the temperature over the 
body. 

Note 2: When the two defined surtaces of a mass-type thermal 
insulation are not of equal areas, as m the case of thermal trans- 
mission in a radial direction (see Chapter 2, Table Z), or are not of 
uniform se aration (thickness), an appropriate average area and 
average thiciness must be given. 

Note 3: When heat transfer is by conduction alone, the average 
thermal conductivity is the product of the thermal conductance per 
unit area and the thickness. The average thermal resistivity is the 
reciprocal of the average thermal conductivity. When conduction is 
supplemented by any or ail of the other modes of heat transfer, the 
apparent or effective thermal conductivlly is obtained by multi lying 
the thermal conductance by the thickness. The apparent or efLtive 
resistivity is the reciprocal of the apparent or effective thermal 
conductivity. 

Note 4: Where there is air passage through the body, the effective 
thermai conductance (resistance) must include details of the pressure 
difference across the body. For a body which is transparent to light, 
the effective thermal conductance (resistance) may include 
fenestration, but the optical propetties or shading coefficient of the 
body must be given. 

Note 5: The thermal conductance of some bodies is related to their 

Note 6: "Total" and "arerrlfi thermal conductance are often used 
as synonyms for thermal conductance. 

Note 7: Values of thermai conductance (referred to as con- 
ductances) and their inverses (resistances) of the more common 
buildina materials are tabulated later in this chaoter. - 

R - thermal reslstance; the reciprocal of thermal con- 
ductance; ft2 . F . h/Btu or m2 . K/W. 

U e  thermal transmittance: the thermal transmission in 
unit time through unit area of a particular body or assembly, 
includia its boundary films, divided by the difference be- 
tween the environmental temperatures on either side of the 
body or assembly; Btu/h . ft2 . F o r  W/m2 . K. 

Note 1: This is often referred to as the overall coe&ient of h a t  
rmnrf.., .." .--. . 

Note 2: In practice, thc fluid is air. the boundary film is thin, and 
the average temperature ofthc fluid is that obtained by avcraging ovcr 
afinilereaion of the fluid near this film. - 

h - film or surface conductance; the thermal transmission 
in unit time to or from unit area of a surface in contact with 
its surroundings for unit difference between the temperature 
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of the surface and the environmental fluid temperature; IS 

Btu/h . ft2 . Fof  W/m2 . K. l l l l l l l l l l l l l l I  
Note 1: The surroundings must involve air or other fluids for radia- 

tion and convection to take place. 
Nole 2: Subscripts i and o are often used to denote inside and out- 

side surface conductances, respectively. 
r = emittmce; the ratio of the radiant flux emitted by a 

specimen to that emitted by a blackbody at the same 
temperature. 

Note: The combined effect of the surface emittances of boundarv 
surfaces of an air soace where the boundaries are assumed to bk 
parallel and of large d~nension*, ar compared to the distance bctu.ccn 
them, is of!en referrcd to as effecrivee~n~~ronce (0. Values for a range 
ofair spaces and condit~ons are tabulated later in this chapter. 
Q - surface rq7ectance; the ratio of the radiant flux re- 

flected by an opaque surface to that falling upon it; dimen- 
sionless. 

SURFACE CONDUCTANCE 

The convection part of surface conductance is affected by 
air movement. Fig. 1 shows results of testsi made on 12-in. 
square samples of different materials at a mean temperature 
of 20 F for wind velocities up to 40 mph. These conductances 
include the radiation portion of the coefficient which, for the 
test conditions, was about 0.7 Btu/h . ft2 . F. More recent 
t e s t s b n  smooth surfaces show surface length also signifi- 
cantly affects the convection part of conductance; the average 
value decreases as surface length increases. Moreover, obser- 
vations3 of the magnitude of low temperature radiant energy 
received from outdoor surroundings show that only under 
certain conditions may the outdoors he treated as a blackbody 
radiating at air temperature. 

CALCULATING OVERALL COEFFICIENTS 

Using the principles of heat transfer in Chapter 2, it is 
possible to calculate overall coefficients with the resistance 
method. The total resistance to heat flow through a flat ceil- 
ing, floor, or wall (or a curved surface if the curvature is 
small) is equal numerically to the sum of the resistances in 
series. 

where R I ,  Rz ,  etc., are the individual resistances of the wall 
components, and RT is total resistance. 

For a wall of a single homogeneous material of conductivity 
kand thickness L with surface coefficients h, and h,: 

Then, by definition: 

For a wall with air space construction, consisting of two 
homogeneous materials of conductivities k, and k2 and 
thicknesses L l  and L2, respectively, separated by an air space 
of conductance C: 

and 

u= l /RT 

The temperature at any interface can be calculated, since 
the temperature drop through any component of the wall is 
proportional to its resistance. Thus, the temperature drop Atl 
through R, in Eq 1 is: 

Fig. 1 Surface Conductance for Different D i n .  
Square Surfaces as Affected by Air Movement1 

where ti and to are the indoor and outdoor temperatures, 
respectively. 

Hence, the temperature at the interface between Rl and R2 
is: 

For types of building materials having nonuniform 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. The resistance R of the section 1/C would be 
used as one of the resistances in an equation similar to Eqs 2 
and 3. 

Note that in order to compute the U-value of a construc- 
tion, it is first necessary to know the conductivity and 
thickness of homogeneous materials, conductance of non- 
homogeneous materials (such as concrete blocks), surface 
conductances of both sides of the construction, and con- 
ductances of any air spaces or the thermal resistances of in- 
dividual elements. 

If the conductivities of materials in a wall are highly depen- 
dent on temperature, the mean temperature must be known to 
assign the correct value. In such cases, it is perhaps most con- 
venient to use a trial and error procedure for the calculation 
of the total resistance. RT. First, the mean operating 
temperature for each layer is estimated and conductivities k or 
conductances C are selected. The total resistance R T  is then 
calculated as in Eq 3 and then the temperature at each inter- 
face is calculated from Eqs 4 and 5 .  

The mean temverature of each comoonent (arithmetic mean a, 

of its surface temperatures) can the" he used to obtain con- 
ductivities k or conductances C. For nonlinear relationshius. 
see Chapter 20, Fig. 2. This procedure can then be repeaied 
until the conductivities or conductances have been correctly a 

selected for the resulting mean temperatures. Generally, thk 
can be done in two or three trial calculations. 

Series and Parallel Heat Flow Paths 

In many installations, components are arranged so that 
parallel heat flow paths of different conductances result. If 
there is no lateral heat flow between paths, each path may be 
considered to extend from inside to outside, and trans- 
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I mittance of each path may he calculated using Eq 1 or 3. The 

1 
average transmittance is then: 

where a, b , . .  ., n are respective fractions of a typical basic 
area composed of several different paths wjlose trans- 
mittances are U ,  Ub, , * * U.. 

If heat can flow laterally in any continuous layer so that 
transverse isothermal planes result, total average resistance 
R,, will be the sum of the resistances of the layers between 
such planea, each layer being calculated by the appropriate Bq 
1 or a modification of Eq 6, udng the resiatance values. This is 
a series combination of layers, of which one (or more) pro- 
vides parallel paths. 

The calculated transmittance, assuming parallel heat flow 
only, is usually considerably lower than that calculated with 
the assumption of combined series-parallel heat flow. The ac- 
tual transmittance will be some value between the two 
calculated values. In the absence of test values for the com- 
bination, an intermediate value should be used; examination 
of the construction will usually reveal whether a value closer 
to the higher or lower calculated value should be used. 
Oenerally, if the construction contains any highly conducting 
layer in which lateral conduction is very high compared to . . 
transmittance through the wall, a value closer to the series 
parallel calculation should be used. If, however, there is no 
layer of high lateral conductance, a value closer to the parallel 
heat flow calculation should be used, as illustrated in Exomple 
I. 

fiample 1: Consider a construction consisting of: 
1. Inside surface having fllm coefficient hi = 2. 
2. A continuous layer of material of resistanceR, = 1. 
3. A parallel combination containing .two heat flow paths of pro- 
portionate areas, a = 0.1, and b = 0.9, with resistances RO2 - 1 and 
R.. = 8. 
- "L 

4. A continuouslayer of material of resistanceR, = 0.5. 
5. Outside surface having film coefficient h. = 4. 

Solurion: Lf parailcl heat flow paths are aasumcd from air to air, the 
total resistance through area a will be: 

Rar - I/h, + R, + RS2 + R3 + l/h, 

= 0.5 + l + 1 + 0.5 + 0.25 = 3.25 

and 

U, = 1/ROT = 1/3.25 

The resistance and transmittance through area bwill be: 

RbT = I/hl + R, + Rbl + Rl + l/ho 

- 0.5 + 1 + 8 + 0.5 + 0.25 = 10.25 

and 

M Uh = l / R l r T  = 1/10.25 

Thcn the average calculated transmittances will be: 

0.1 0.9 
v u,,, =a(%) +Nub) = +- = 0.119 

If, however, isothermal planes are assumed to occur at both surfaces 
of R I  andol R,, the told cdcula~ed resistance will be: 

RT = l/hl + R, + R a 2 R b 2  + R3 + l/h, 
aRb2 + bRn 

(Rd)(Rb2) = combinedresistanceof Rd andRb2 - 4.71 
&bz+*Ra 

Then, RT = 0.5 + 1 + 4.71 + 0.5 t 0.25 = 6.96 

and U(,, - 1/6.96 = 0.144 

If RI and R3 are values for homogeneous materials, a value of 
about 0.125 m~ght be selected; whereas, if they contain a highly con- 
ducting layer, a value of 0.135 might be selected. 

When the construction contains one or more paths of small 
area having a high conductance compared to the conductance 
of the remaining area, the following method is suggested. 

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, he determined by test in the 
guarded hot box. When a calculation is reauired, a eood ao- 
proximation can be made by a Zone ~ e r h o d .  ~his-invol&s 
two Separate computations-one for a chosen limited oortion. 
Zone A, containing the highly conductive element; 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, by adding area 
conductances C , A  of elements in parallel, and adding area 
resistances R, A of elements in series. 

The surface shape of ZoneA is determined by the metal ele- 
ment. For a metal beam (Figs. 2 and 3). the Zone A surface is 
a strip of width W, centered on the beam. For a rod perpen- 
dicular to panel surfaces, it is a circle of diameter W. The 
value of Wis calculated from Eq 7, which is empirical. 

where 
m = width or diameter of themetal heat path terminal, inches. 
d = distance from panel surface to metal. inches. The value of d 

should not be taken as less than0.5 in. (for still air). 

In general, the value of Wshould be calculated by Eq 7 for 

ELEVATION 

For enlarged section of Zone A, srr Pig. 3 

FIg. 2 Gypsum Roof Deck on Bulb Tees 

SECT STEEL 

3 NO AREA 

ROOFING 

-ZONE A d  PART OF AIR FlLM 

Fig. 3 Enlarged Section of Zone A o t  Fig. 2 
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each end of the metal heat path, and the larger value, within Caution 
the limits of the baskarea, should be used as  illustrated in EX- A panel with internal metallic structure, on one or 
ample 2. both sides to a metal skin or  covering, presents special prob- 

h m p l e 2 :  Calculate transmittance ofthe roof deck shown in Figs, lems of lateral heat flow not covered in the foregoing Zone 
2 and 3. ~ee-bars on 24-in. centers support glass fiber form boards, Method. Other methods in greater detail are available, such as 
gypsum concrete, and built-up roofing. Conductivities of components the Unified Code of Practice (Rules Th-K77)-rules for 
are: steel 312: rrmsum concrete alass fiber 0.25. Conductance of calculating oractical thermal ~ r o ~ e r t i e s  of structural w m -  - . . 
built-up roofingis 3.0. ponents b j  C. S.T. B. 

Solution: The basic area is 2 it' (24 in.xl2 in.), with a tee-bar (I2 in. 
long) across the middle. This area is divided into Zones A and B. Series Heat Flow through Unequal Areas 

Zone A is determined from Bq 7 as follows: A construction may be made UD of two or more layers (flat 
Topside W - m + 2d= 0.625 + 2 x 1.5 - 3.625 in. or of small curvaturk) of unequal area, separated by an ail 

Bottom Side W = m + 2d = 2.0 + 2 x 0.5 = 3.0 in. 

Using the larger value of W, the area of ZoneA is (12 x 3.625) / 144 
-0.302 ft'. The area of ZoneBis 2.0 -0.302 = 1.698 ft'. 

To determine area transmittance for Zone A, the structure within 
the zone is divided into five sections parallel to the top and bottom 
surfaces as shown in Fig. 3. The area wnductance C .  A of each 
section is calculated by adding the area conductances of its metal and 
nonmetal paths. Area conductances of the sections are converted to 
area resistances I/R .A and added, to obtain totai resistance of Zone 
A. 

1/C. A 
Sectlon Aren x Conductance C . A = R/A 

Air (outside, 15 0.302 x 6.0 1.812 0.552 
mph) 

No. 1. Roofin* 0.302 x 3.0 0.906 1.104 
No. 2; Gypsui 0.302 x i.66/1.125 0.446 2.242 

concrete 
No. 3, Steel 0.052 x 312.0/0.625 26.0 
No. 3, Gypsum 0.250 x 1.66/0.625 0 ,  j'J.038 

wncrete 
No. 4, Steel 0.0104 x 312/1.00 
No. 4. Glass 3'24 j0.302 

fiber 0.292 x 0.25/I.W 0.073 
No. 5, Steel 0.167 x 312/0.125 416.83 0.002 
Air (inside) 0.302 x 1.63 0.492 2.031 

Total R/A = 6.271 

Area transmittanceof ZoneA = I(R/A) = U6.271 - 0.159. 
For Zone B, the unit resistances are added and then converted to 

area transmittance, as shownin the following table. 

mace and arranged so that heat flows through the layers in 
series. The mostcommon such wnstruction 7s a ceiling and 
roof wmbination where the attic soace is unheated and un- 
ventilated. A combined coefficient'based on the most wn- 
venient area from air inside to air outside can be calculated 
from Eq 8. 

The combined coefficient U is the reciprocal of  R,, or 
U P  l / R T  

where 

U = combined coefficient to be used with A ,. 
R, - totai resistance to ail elements in series. 

u,, U2, ..., Up = coefficient of transmission ofAl, 
A,, . . . . A ,  respectively. 

nl, n3;...nD = arearatiosA2/AI, A3/A1;..,AD/A~, 
respectively. 

Note that the overall coefficient should be multiplied by the 
area A, to  determine the heat loss. Values of Ul, U2, U3, . . ., 
Up should be calculated using Eq 1 ,  2, or 3; if any layer 
contains parallel heat flow paths (i.e., windows or dormers on 
roofs), Eq 6 may be used. 

In the calculation, the resistance of the air spaces between 
layers should be accounted for by assigning one-half of an  
appropriate air space resistance to each of the layers, rather 
than the conductance of the surface. 

Section Resistance, R 

Air (outside, 15 mph) V6.0 = 0.167 A L T E R N A T E  METHOD OF CALCULATION 

Roofing 1/3.0 = 0.333 Another method for empirical calculations based on known 
Gypsum wncrete 1.7Y1.66 = 1.054 thermal resistance of  component material is given below. 
Glass fiber 1.00/0.25 = 4.W 
Air (inside) M.63 = 0.613 U. Concept  

Total resistance = 6.167 In section 4.0 of ASHRAE Standard 90-80, Energy 

Unit transmittance = 1/R = 0.162 Conservation in New Building Design, requirements are 
Area transmittance U.A stated in terms of U,, where U, is the wmbined thermal 

for ZoneB = 1.698 x 0.162 = 0.275 transmittance of the respective areas of gross exterior wall, 
for ZoneA 0.159 roof/ceilinz, and floor assemblies. The U, eauation for a waU - - 

Total area transmittanceof basicarea = 0.434 is as  follo&: 
Transmittance per ft2 = 0.434/2.0 - 0.217 

In tests on similar construction, made by the guarded hot- uo - UW8iiAwo~t + UwndovAw~ndow + UdoarAdoor 

box method, one laboratory reported a U-value of 0.219 A, 
Btu/h . ft2 . F, and another laboratory reported a U-value where 
of 0.206 Btu/h . ft2 . F. 

When the steel is a large proportion of the heat path, as in 
U, - the average thermal transmittance of the gross wall 

area, Btu/h. ft' . F. 
Example2, detailed calculations of resistance in sections 3.4, A, = thegross areaofexterior walls, ft2. 
and 5 of Zone A are not justified. If only the steel were U,, = the thermal transmittance of all elements of the opaque 
considered, the final result of Example 2 would be un- wall area, Btu/h . ft2 . F. 
changed. A w.N - opaque wall area, ftz. 

If the steel path is small, as for a tie rod, detailed U,do, =the thermal transmittance of the window area, 
calculations for sections 3, 4, and 5 are necessary (see Table Btu/h . it' . F. 

4H). Awindow = window area (including sash) ft'. 
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Equilibrium or steady state heat transfer, disregarding effects of Udw, =the thermal transmittance of the door area, 
Btu/h . ft" F. 

Udwr = door area, ft2. 

NOTE: Where more than one type of wall, window and/or 
door is used, the U x A term for that exposure shall be ex- 
jmnded into its sub-elements, as: 

OVERALL COEFFICIENTS AND THEIR 
PRACTICAL USE 

The values in Tables 1, 2, 2C, 3A, and 3B for component 
elements and materials were selected by ASHRAE Technical 
Committee 4.4, as representative. They are based on available 
published data obtained by the guarded hot plate method 
(ASTM C177). heat flow meter method ASTM C518), or by 
the guarded hot box method (ASTM C236). Because of 
variations in commercially available materials of the same 
type, not all of these selected representative values will be in 
exact agreement with data for individual products. The value 
for a particular manufacturer's material can be secured from 
unbiased tests or from guaranteed manufacturer's data. 

The most exact method of determining the heat trans- 
mission coefficient for a given combination of building 
materials assembled as a building section is to test a represen- 
tative section in a guarded hot box. However, it is not prac- 
ticable to test all the combinations of interest. Experience has 
indicated that U-values for many constructions, when 
calculated by the methods given in this chapter, using accurate 
values for component materials, and with corrections for 
framing member heat loss, are in good agreement with the 
values determined by guarded hot box measurements, when 
thereare no freeair cavities within theconstruction. 

Remember, the values shown for materials used in calcu- 
lating overall heat transmission are representative of 
laboratory specimens tested under idealized conditions. In ac- 
tual practice, if insulation is improperly installed (for exam- 
ple), shrinkage, settling, insulation compression, and similar 
factors may have a significant effect on the overall U-value 
numbers. Materials that are field fabricated, and consequent- 
ly especially sensitive to the skills of the mechanic, are 
especially prone to variations resulting in performance less 
than the idealized numbers. 

Simplified Procedure fo r  Determining U- Values 

Tables 4A through 4K illustrate the procedure which 
enables the engineer to determine and compare values for 
many types of construction. To determine the U-value for 
uninsulated construction, use Tables 4A through 4K; for pre- 
engineered metal buildings use Table 4L. The benefit derived 
from addition of insulation materials is shown in Tables 5A 
and 5B. The average U-value is then determined by Eq 9. Ad- 
ditional summer values for ventilated and nonventilated attics 
are given in Table 6. 

This simplified wocedure provides a means of evaluating 
economic ionsideiations involved in selection of insulating 
material, as adapted to various building constructions. 

Special attention must be given to vapor retarders, outlined 
in Chapters 20 and 21. Moisture from condensation or other 
sources reduces the heat flow resistance of insulation. 

Values Used in Calculation of U-value Tables 

Tables 4A through 4K are based on values given in Tables 
1, 2, and 3A. The following conditions have been used to 
calculate the U-value by including framing members or  other 
areas of through conduction. 

heat storage. 
Surrounding surfaces at ambient air temperatures. 
Exterior wind velocity of I5 mph for winter (surface R - 0.17) and 

1.5 mph for summer (surfaceR = 0.25). 
Surface emittance of ordinary building materials r - 0.90. 

Eq 9 is used to correct for the effect of framing members. 

where 
U... = average U-value for buildinn section. 
6 = ~-v&e for area betwccn framing members. 
U, = U-value for aea backed by framing members. 

S = percentage of area backed by framing members. 

For those systems with complicated geometry, U., should 
be measured by laboratory tests on a large, representative area 
of the building section including the framing system. 

Example3: Parallel heat flow through framing (studs, joists, plates, 
furring, etc.) and insulated areas is calculated by Eq 9. Consider a 
frame wall with R-11 insulation, a U,-value across the insulated space 
of 0.069 (R - 14.43), and a Us-value across the framing of 0.128 
(R = 1.81). Assuming a 20% framing (typical for 16-in. in O.C. fram- 
ing including multiple studs, plates, headers, sills, band joists, etc.), 
the average U-value of this wall can becalculated. 

For a frame wall with %in. O.C. stud space, the framing factor is 
estimated at 15%. In this case. the average U-value becomes 0.018. 
Depending on the care and installation of the insulation, U-values ob- 
tained in practice may be higher than those calculated here. 

In construction involving air spaces, the U-values shown are 
calculated for areas between framing. See examples in Table 4 if an 
allowance is to be made for this effect. 

To condense the tables. an average resistance value (avg R) has been 
used in some tables for iypes of materials having approximately the 
pamc thermal resistance values. The difference bnwm the average 
value and the exact value for any given material usually causes no 
significant change in the resulting U-value. 

Actual thicknesses of lumber wumedto bem/ollows: 

Nominal Actual Nominal Actual 
............. ........ 1 in. (S-2-S) .0.75 in. 8 in.. .1.25 in. 
............ .......... 2 in. (S-2-S) 1.5 in. 10 in.. .9.25 in. 

.............. . . . . . . . . .  3 in. (S-2-S) .2.5 in. 12in 11.25in. 
......... 4 in. (S-2-S) .3.5 in Finish flooring 

. . . . . . . . . . . . .  6in.. ..5.5in. (maple or oak) . . . .  .0.75 in. 

Note that the effects of poor workmanship in construction and 
installation have an increasingly greater percentage effect on heat 
transmission as the U-value becomes numerically smaller. Failure to 
meet design estimates may be caused by lack of attention to exact 
compliance with specifications. A factor of safetf may beemployedas 
aprecaution when desirable. 

Caution 

Although the validity of calculating U-values for all the 
types of constructions in Tables 4A through 4K, 5A, 5B, 6, 
and 7 has not been fully demonstrated, calculated values are 
given because measured values are not a~a i l ab le .~  It is em- 
phasized where calculated values are shown in this chapter 
they are for the convenience of the reader. 

In calculating U-values, exemplary conditions of com- 
ponents and installations are assumed (i.e., that insulating 
materials are uniformly of the nominal thickness and con- 
ductivity, air spaces are of uniform thickness and surface 
temperatures, effects due to moisture are not involved, and 
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installation details are in accordance with design). Some evi- sulation and a U, = 0.206 with adjustment for framing. Refer to 
dence of departures of measured from calculated values for Table 5.4, left-hand column. Enter table at U - 0.20. For improve 
certain insulated censtructions is given in Building Materials mat  of thermal performance of the designed section to V - 0.07, 

and R~~~~~ BMS 151, ~ ~ ~ i ~ ~ a l  B~~~~~ of stan- move horizontally to (U- 0.08) or (U = 0.06). Read vertically to top 
of columns, finding that R = 8 andR = IZrespectively. Interpolating 

dards. To provide a factor of safety to account for departures to the desired u= 0,07, it is seen that material having an R.value 
of constructions from requirements and practices, some may loor satisfy therequirement, 
wish to moderately increase the calculated U-values of the in- Table 5B is constructed and used to Table 5A. 
"Iated walls* and ceiling Obtained from 

However, after having selected the desired &value for a roof 
Tables 4A through 4K before making adjustments for fram- 

deck insulation, the values are shown in conductance of 
ing (as indicated in Eq 9). roof deck insulation. This facilitates specification of 

Where reflective air spaces are involved in building con- 
materials, since roof deck insulations are available by con- 

struction, caution should be exercised in use of values found ductance values (". 
in Table 2. The resistance values shown are achievable under 
ideal conditions but are not normally achieved in standard 
building construction because of surface irregularities, air 

ADJUSTMENT FOR FRAMING 

leakage, etc. Air spaces created by lapped metal siding should Adjustment for parallel heat flow through framing and in- 

be treated as nonreflective space. Even where an air space is ~ulated areas may be made by using Eq 9. (See Example 3.) g 

purposely created as with furring strips or bdck veneer, tests 
show that the resulting air space resistance is less than values CURTAIN WALLS 
found in Table 2. Where reflective air spaces constitute a ma- 

Cufiain wall constructions present a of 
jor share of the installed resistance of the insulation, increases 

metals, insulating materials, and thermal bridges. Few panels 
of U-values UP to 25% for applications where heat flow is ,, of true sandwich construction for which the thermal 

Or upward' and up to 'OVo where heat flow, is 
characteristics can be computed by combining the thermal 

downward' appear reasonable' On the basis Of present In- 
resistances of the several layers. Many panels have ribs and 

formation. However, to accurately determine thermal stiffeners which may complicated heat flow paths for 
resistance values of multiple air spaces, tests on the actual which it is very difficult to calculate the heat transfer coeffi- construction should be conducted.' 

cients with reliability. Coefficients for the assembled sections 

INSULATED CONSTRUCTIONS-HOW 
TO USE TABLES 5A AND 5B 

In Tables 4A through 4K, U-values are given for many 
common types of building wall, floor, and ceiling construc- 
tions. For any of these constructions that contain an air space, 
the tabulated U-value is based on the assumption that the air 
space is empty, and its surfaces are of ordinary building 
materials of high thermal emittance, such as wood, masonry, 
plaster, or paper. The exception is the example shown in 
Table 4K where the construction utilizes a reflective air space 
under winter and summer heat flow conditions. Considerable 
benefit in reducing the heat transmission coefficient of acon- 
struction can be effected by application of thermal insulating 
materials in the air space. 

Table 5A provides a means of determining, without calcula- 
tion, the U-value of the between-framing area of various types 
of construction with added insulation installed in the air 
space. The left column of Table 5A refers to the U- or 
R-values of designed building sections. The right-hand  or- 
tion of the table consists of aiabulation of U-values resuiting 
from the combination of U- or R-values shown in the left col- 
umn with the addition of the R-values heading each column. 
In order to use Table SA, the designer enters the left column 
with a known U- or R-value of a designed building section. 
Proceeding horizontally across the right-band portion of the 
table, he will find U-values showing improved performance 
resulting from addition of thermal resistances as shown at the 
head of each column. 

Any and all U-values are based on a series of assumptions 
as to nominal characteristics. Common variations in condi- 
tions, materials, workmanship, etc., cat1 illlruduce much 
greater variations in U-values than the vnriations rcsulting 
f m  the assumed mean temperatures and temperature dif- 
ferences described. From this, it is also clear that the use of 
more than two significant figures in stating a U-value may 
assume more precision than can possibly exist. 

Example of the Use of Table 5A 

Example 4: Table 4A shows a wood frame construction without in- 

should be determined on a representative sample by the 
guarded hot box method (ASTM C236) for sections which 
have no free air cavities within the construction. In lieu of an 
ASTM 236 test for these complex sections, a heat transfer 
coefficient may be estimated by techniques shown in Ref 16. 

VENTILATED ATTICS: SUMMER CONDITIONS 
(HOW TO USE TABLE 6) 

Table 6 is intended to be used with Table 4K (heat flow 
down), Table 5A, and Eq 9, or when ceiling resistance is 
known. Its purpose is to determine heat flow resistance of the 
attic space under varying conditions of ventilating air temper- 
atures and rates, ceiling resistance, roof or sol-air tempera- 
tures, and surface emittances.' Ventilating air temperature is 
the outdoor design temperature. 

The total resistance, R = 1/U, obtained by adding the ceil- 
ing and attic resistances, can be converted to a U-value so that 
the heat gain may be calculated. The applicable temperature 
difference is that difference between room air and sol-air 
temperature or between room air and roof temperatures. (See 
footnoted, Table 6.) 

Table 6 may be used for both pitched and flat residential 
roofs over attic spaces. When there is an attic floor, the ceiling 
resistance should be that which applies to the complete 
ceiling-floor construction. 

BASEMENT FLOOR, BASEMENT WALL, AND 
CONCRETE SLAB FLOOR COEFFICIENTS 

. 
The heat transfer through basement walls and floors to the 

ground depends on: ( I )  temperature difference between the air 
wilhin thr room and thatof the ground: (2) material con- 
stituting thc wall or floor; and (3) conductivily of Urw aur- 
rounding earth. Conductivity of the earth will vary with local 
conditions, and is usually unknown. Laboratory tests6 in- 
dicate a heat flow of approximately 2.0 Btu/h . ft2 through 
an uninsulated concrete basement floor, with a temperature 
difference of 20 deg F between basement floor and the air 
temperature 6 in. above the floors. The U-value 0.10 is 
sometimes used for concrete basement floors on the ground. 
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For more detailed procedures, see Chapter 25 (text and Tables 
2 and 3), and Refs 7, 17, and 18. 

For basement walls below grade only, the temperature dif- 
ference for winter design conditions will be greater than for 
the floor. Test results indicate a unit area heat loss, at 
midheight of the basement wall portion below grade, of ap- 
proximately twice that of the same floor area. 

For concrete slab floors laid in contact with the ground at 
grade level, tests7 indicate that, for smallfloorar&(equal to 
that of a house 25 ft square). the heat loss may be calculated 
as proportional to the length of exposed edge rather than total 
area. This amounts to 0.81 Btu/lh)llinear ft of exposed edge) 
(deg F difference between the indoor air temperakre and the 
average outdoor air temperature). Note that this may be ap- 
preciably reduced by insulating under the ground slab and 
alona the edges between the floor and abutting walls. In most - calc2ations;if the perimeter loss is calculated accurately, no 
other floor loss need be considered. Chapter 25 contains data 
for load calculations and gradient valuebf below grade walls 
and floors. 

filtration. Additional information is available in Chapters 22 
and25. 

CALCULATING SURFACE TEMPERATURES 

In many heating and cooling load calculations, it is 
necessary to determine the inside surface temperature or the 
temperature of the surfaces within the structure. The resis- 
tances through any two paths of heat flow are proportional to 
the temperature drops through these paths, and can be ex- 
pressed as: 

R 1,- (tl - 18) (10) 
R, (11 - to) 

where 

R, =the resistance from the indoor air to any point in the 
structure at which the temperature is to be determined, 

R2 - the overall resistance of the wall from indoor air to outdoor 
air. 

f, = indoor air temperature. 
r- = temaeratureto be determined. 
1: = outdoor air temperature. 

GLASS AND DOOR COEFFICIENTS 
Example J: Determine the inside surface temperature for a w d  

The U-values given in Table 8 for flat glass, glass block, having an overall coefficient of heat transmission U= 0.25, indoor air 
and plastic panels were obtained from ASHRAE Research temperature = 70 F. outdoor air temperature = - 20 F, and hi - 1.46 
Reportss in cases where the panels have been tested. In other (seeTable I). 

insiances, values were comp;ted using procedures outlined in 
Chapter 27. Values in Table 9 for doors were calculated or Solution: 

taken from availabie published papers. For winter conditions, R, = l/h, - V1.46 = 0.68 
an outdoor surface conductance of 6.0 Btu/h. ftz . F was 
used; for summer conditions, 4.0 Btu/h . ft' . F. The indoor R, = 1 /U  = I/O.25 = 4.00 

surface conductance was taken as 1.46 Btu/h . ft' . F for 
vertical surfaces, 1.63 for horizontal surfaces with heat flow Then, byEq 10: 
up, and 1.08 for horizontal surfaces with heat flow down. The 
outdoor surfaces conductances are for wind velocities of 15 - =  0.685 & 
and 7.5 mph, respectively. Adjustments for other wind 4.000 70 - (-20) 
velocities may bemade using factors in Table 10. 

All values are approximate, since some parameters which I* = 54.6 F 

may have effects were not -considered' For 
Example 6: Determine the temperature of the bottom of a 4-in, in. 

acamples in an actual installation, Ihe indoor surface a sulated concrete roof slab to which has been glued 0.5-in. acoustical 
glazing panel may be exposed to nearby radiating surfaces, tile (C- 0.80) as the interior finish. The roof-ceiling overall coeffi- 
such as radiant-heating panels or exposed windows in ad- cient of heat transmission, U, is 0.14 for heat flow up. The indoor air 
jacent or opposite walls having much higher or lower tem- temperature is assumed to be 70 F, and the outdoor air temperature, 
perature than the indoor air. Use of the listed U-value - ZOF. 
assumes that the surface temperature of surrounding bodies is 
equal to the ambient air temperature. Air movement across Solu'ion: 

the indoor surface of a panel, such as caused by outlet grilles 
in the sill, will increase the U-value. 

Shading devices such as venetian blinds, draperies, and 
roller shades will reduce the U-value substantially if they fit 
tightly to the window jambs, head, and sill, and are made of a 
nonporous material. As a rough approximation, tight-fitting 
shading devices may be considered to reduce the U-value of 
vertical exterior single glazing by 25% and of vertical exterior 
double glazing and glass block by 15%. These adjustments 

rn should not be considered in choosing heating equipment, hut 
may be used for calculating design cooling loads. 

For panels not vertical or horizontal, such as sloped glass in 
some types of skylights, calculation procedures outlined in . Chapter 27 should be followed. Since data are presented for 
only vertical, horizontal, and 45-degree sloped surfaces and 
air spaces, an orientation which most closely approximates 
the application condition could be used (see Chapter 27). 

ESTIMATED HEAT LOSS DUE TO INIlLTRATION 

Table 7 lists factors which, when multiplied by the room or 
building volume, will give the estimated heat loss due to in- 

Then, by Eq 10: 

The concrete surface temperature is of interest since 
reference to a osychrometric chart or table will show that 
moisture cond&&tion can occur on this surface under the 
above conditions (46.5 0 if the relative humidity in the room 
exceeds about 44%. Additional roof insulation should be con- 
sidered above the slab to avoid condensation at this point if 
lugher relative humidities in the room are anticipated. 

The same procedure can be used for determining the temp- 
erature at any point within the structure. 

- 

A chart for determining inside wall surface temperature is 
given in Figs. 7 and 8, Chapter 8,1980 SYSTBM~VOLIJM~. 
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CONDUCTIVITY OF INDUSTRIAL INSULATIONS 

The conductivities of various materials used as industrial 
insulations are given in Table 3B. They are given as functions 
of the mean temperatures o f  the arithmetic mean of the inner 
and outer surface temperature of the insulations. 

BARE SURFACE HEAT LOSSES-FLAT 
SURFACES AND PIPE 

Heat losses from horizontal bare steel pipes, based on tests 
at Mellon Institute and calculated from the fundamental 
radiation and convection equations (Chapter 2), are given in 
Table 11. This table also gives the heat losses or surface con- 
ductances for flat, vertical, and horizontal surfaces for  sur- 
face temperatures up to  1080 F with the surrounding air at 80 
F. The surface per linear f t  of pipe is given in the second col- Fig. 5 Heat Flow through Cylindrical Surfaces 
umn of  Table 11. . 

Heat losses from tarnished copper pipe and tube9 are given 
in Table 12. The surface per linear ft of tube is given in Table 

k = thermal conductivity of insulation at mean temperature, 

13. Table 1, Section A, also gives surface conductances for 
Btu . in./h . ft" F. 

L = thickness of insulation, in. 
flat surfaces of different emittances and orientations in con- I, = temperature of ambient air, F. 
tact with still air. Table 14 gives area, in ft2, of flanges and to = temperature of inner surface of insulation, F. 
fittings for various standard pipe sizes. These tables can be I, = temperature of outer surface of insulation, F. 
used in estimating the amount o f  insulation reauired. r. = inner radius of insulation. in. - 

Example 7 shows how the annual heat loss from uncovered rl.r2.. : = outer radius of intermedi~telayers of insulation, in. 

pipemay be computed from the data in Table I I. R, = surfaceresistance - 1/h = ftz . F . h/Btu. 
h - surfaceconductancecoefficient, Btu/h . ft' . F. 

Example 7: Compute total annual heat loss from 165 ft of 2.in. log, = natural or Napierian logarithm. 
bare pipe in service 4000 h/y.  The pipe is carrying steam at 10 psi 
pressure and is exposed to an average air temperature of 80 F. 

Solution: The pipe temperature is taken as the steam temperature, heat flow per f t2  of pipe surface, use: 

which is 239.4 F, obtained by interpolation from Steam Tables. The 
temperature difference between the pipe and air - 239.4 - 80 = 159.4 40 ' 4~ (rs/ro) (13) 
F. BY interpolation in Table 11 between temperature differences of 
150 and 7.03 F, heat loss from a 2-in. pipe at a temperature difference where 
of 159.4 F is found to be 2.615 Btu/h . ft2 . F. Total annual heat loss = rate of heat transfer per square foot of pipe surface, 
from the entire line = 2.615 x 159.4 x 0.622 (linear ft factor) x 165 ~ ~ ~ / h  . f tz ,  
(linear ft)x4000(h) = 171 millionBtu. For steady state conditions, heat flow throuah each successive 

HEAT FLOW CALCULATIONS 
material is the same. However, the temperature drop through each 
material is proportional to its thermal resistance. The terms which 
appear in the denominators of Eqs 11 and I2 represent the resistances 

In calculating heat flow, Eqs 11 and 12 a re  generally used. to heat flow, 
Eq l1 is for flat surfaces (Fig. 4), and Eq l2 is for The heat transferred is inversely proportional to the sum of the 
cylindrical surfaces (Fig. 5). resistances (R, + R2 + . ..+ R.) of the system. The various tem- 

perature dropiin thesystem are proportional to the resistances. 

t o  - to Theassumptions used for calculations of heat loss areusually: 

'' ' ( L ~ / k l )  + ( L ~ / k z )  + R8 
(I1) I, -temperature at inner surface of insulation equal to the tem- 

perature of fluid in the pipeor container. 
to - t .  

9 s  - 1. - still air ambient temperature = 80F. 

lrslog.(r~/ro)l/kl + [r,log,(r,/r,)l/k2 + R, (I2) ro - inner radius of insulation = outside radius of iron pipe. 
r, = outer radius of insulation - r,+ L. 

where Example 8: Compute heat loss from a boiler wall if the interior in- 
q, = rate of heat transfer per square foot of outer surface of sulation surface temperature is 1100 F and ambient still air 

insulation, Btu/h . ft2. temperature is 80 F. The wall is insulated with 4.5 in. of mineral fiber 
block aqd0.5 in. of mineral fiber insulating and finishingcement. 

Solullon: Assume that mean temperature of the mineral fiber block 
Is 700 F, mcan tcmporature of rl l t  irr~ulalirlg cement is 200 F, and 
R, = 0.60. . 

From Table 3B, kl  = 0.62 and k2 = 0.80. Then: 

1100 - 80 IOU) = -  " = (4.5/0.62) + (0.5/0.80) + 0.60 8.48 

R, .  I l h  
= 120.2 Btu/h . ft2 

As a check, from Fig. 6, at 120.2 Btu/h . ft2, R, = 0.56. The mean 
temperature of the mineral fiber block is: 

(4.W0.62 = 7.26/2 - 3.63) 

Fig. 4 Hen! Flow through Flat Surfaces I100 - (3.63/8.48) (1020) = 1100 - 437= 663 F 
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The mean temperatureof the mineral fiber block is: 

1100 - (3.75/8.69) (1020) = 1100 - 440 - 660 F 

Themean temperature of theinsulating cement is: 

From Table 3B, at 661 F, kI - 0.60, and at 183 F, k2 = 0.79. 
Since R kt ,  and k2 do not change at these values, q, = 117.4 

Btu/h . fti). 
Example 9: Compute heat loss per ft2 of outer surface of insulation 

if pipe temperature is I200 Fand ambient still air temperature is 80 F. 
The pipe is nominal 6-in. iron pipe, insulated with a nominal 3 in, of 
diatomaceous silica as the inner layer and a nominal 2 in. of calcium 
silicate as theouter layer. 

Solution: From Tabie 15. r, = 3.31 in. A nominal 3-in. thick 
diatomaceous silica insulation to fit a nominal 6-in. iron pipe is 3.02 
in. thick. A nominal 2-in. thick calcium silicate insulation to fit over 
the 3.02-in. diatomaceous silica is 2.08 in. thick. Therefore, r, = 6.33 
in.; r, = 8.41 in. 

Assume that the mean temperature of the diatomaceous silica is MXI 
F, the mean temperature of the calcium silicate is 250 F, and R, = 
n 5n ..... 

From Table 3B. k, - 0.66 and k2 = 0.42: 

From Fig. 6, at 76.0 Btdh . ft2, R, = 0.60. 

The mean temperature of the diatomaceous silica is: 

The mean temperature of the calcium silicate is: 

FromTable 3B, kl = 0.72and k2 - 0.46. Recalculating: 

From Fig. 6, at 83.8 Btu/h . ft', R. = 0.59. 
Mean temperature of the diatomaceous silica is: 

I200 - (3.78/13.36) (1120) = 1200 - 317 = 883 F 

Mean temperature of the calcium silicate is: 

I200 - (10.17/13.36) (1120) = 1200 - 853 = 347 F 

From Table 3B, k, = 0.72 and k2 - 0.46. Recalculating: 

Since R,, k,,  and k2 will not change at 83.8 Btu/h . ft2, th~s is 
the final 9,. 

The heat flow per square foot of the inner surface of the insulation 
will be: 

HEAT FLOW CALCULATIONS INVOLVING 
BURIED PIPE LINES 

Incalculatinn heat flow from or to buried nine lines. it is 
necessary to mLke an assumption as to the thermal properties 
of the earth. Because most soil or earth contains moisture. it is 
technically incorrect to report thermal conductivity.   able 17 
gives the amarent thermal conductivity values of various 
;oils. ~hescia lues  may be used as a guide when making heat 
flow calculations involving buried lines. See Ref 10 for discus- 
sion of thermal properties of soil. Ref 11 gives methods for 
calculating the heat flow that takes place between one or more 
buried cylinders and the surroundi&s. 

THERMAL CHARACTERISTICS AND RESPONSE 
FACTORS FOR FLOORS, WALLS, AND ROOFS 

Current methods for estimating the heat transferred 
through floors, walls, and roofs of buildings are largely based 
on a steady state or steady periodic heat flow concept 
(Equivalent Temperature Difference Concept). The engineer- 
ing application of these concepts is not complicated and has 
served well for many years in the process of design and selec- 
tion of heating and cooling equipment for buildings. 
However, competitive practices of the building industry 
sometimes require more than the selection or design of a 
single heating or cooling system. Consultants are requested to 
present a detailed comparison of alternative heating and cool- 
ing systems for a given building, including initial wsts as well 
as short- and long-term operating and maintenance costs. The 
degree of sophistication required for costs may make it 
necessary to calculate the heating and cooling load for 
estimating energy requirements in hourly increments for a 
year's time for given buildings at known geographic locations. 
Because of the number of calculations involved, computer 
processing becomes necessary. The hour-by-hour heating and 
cooling load calculations, when based upon a steady heat flow 
or steady periodic heat flow concept, do not account for the 
heat storage effects of the building structure, especially with 
regard to net heat gain to the air-conditioned spaces. 

A heat transfer calculation to better account for randomly 
fluctuating hourly outdoor climatic conditions and indoor 
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C. 0. Pedersen and E. D. Mouen: Application of  system iden- T a b l e  1 Surhce Conductances and Resistances f o r  Airsasc 
tification technniques to the determination of  thermal response fac- All conductancevalves expressed in Btu/h. ft2.F. 
tors from experimentation data (ASHRAE TRANSACTIONS, Vol. 79, A surface cannot takeersd~t for both an air space reaiatance value anda surface 
Part 11, 1973, p. 127). rcslstaneevaluc. No cr~dit for an air ~ p a c e ~ a l ~ e e a n  be taken for any 

C. D. Pedersen and E. D. Mouen: The Thermal Response Factor aurfacc facing an air space of lcsr than 0.5 in. 

MethodandBuNding Elements Containing A i r  Cavities (Second Sym- 
posium on the Use of  Computers for Environmental Enginwing 

SurhceEmittance 

Related t o  Buildings, Paris, France, June 13-15.1974). Posllion of Dlreclion Non- Reflective Reflective 
Surface ofHea1 reflective r - 0.20 r - 0.05 

Flow a - 0.90 

hl R hl R hl R 

STILL AIR 
Horizontal . . . . .Upward 1.63 0.61 0.91 1.10 0.76 1.32 
S l o p i n g 4 5  deg Upward l.M) 0.62 0.88 1.14 0.73 1.37 
Vertical.. . . . ... Horizontal 1.46 0.68 0.74 1.35 0.59 1.70 
Sloping-45 deg Downward 1.32 0.76 0.60 1.67 0.45 2.22 
Horizontal . . . . .Downward 1.08 0.92 0.37 2.70 0.224.55 

MOVING AIR ho R ho R ho R 
(Any Position) 
15-mph Wind Any 6.00 0.17 

(for winter) 
7.5-mph Wind Any 4.W 0.25 

(for summer) 

aFor ventilated allies or spaces above ceilings under summa conditions (heat 
flow down) see Table 6. 

bconductanee~ are for surfaces of the staled emittance facing virtual 
blackbody surroundings at the same temperature as the ambient air. Valuer are 
based on a surface-air temverawre difference of 10 deg F and for rvrfacc 
temperatureof 70 F. 

Wee Fig. 1 for additional data. 

T a b l e  2 Thermal Resistances o f  P l a n e a  Air Spacesd*'* 
SECTION A 

Ail resistance values eioressed in ft2 . F . h/Btu 
Values apply only to air spaces of uniform thickness bounded by blane, smooth, parallel surfaces with no leakage of air to or from the 
spscc. Thrrc conditionr arc no! normally prcrcnl In rlandard building constructton. When accurate vslucr are required, uv  a\erall U. 

fscrori determined for your psrlieular con9lruetion throudhcallbraled hat box (RSS.771 or guarded hat box lASTM.C.236) Icnmg. 
Thermal rcsirlancc values for muhtolr alr snaco must be baredan ;aref~I enmates of mesnremaerarurediffercn;es for each air soace. 

See tie c a u t i n  seotion, under Overall Coefficients and Their ~ r a a l c a l  Use. 

Posltion Dirsllon Alr Space 0.61n. Air Spaced 0.75.1.. Alr Spaced 
of of Moan Temg 

AIF HISI ~ ~ m p , ~  olrf, valve O I E ~ ~ C  V S I U ~ O ~ E ~ . ~  
Span Flow (F) (degF) 0.03 0.05 0.2 0.5 0.82 0.03 0.05 0.2 0.5 0.82 

90 10 2.44 2.31 1.65 1.06 0.76 2.96 2.18 1.88 1.15 0.81 
50 30 2.06 1.98 1.56 1.10 0.83 1.99 1.92 1.52 1.08 0.82 

45' 
UP f 10 2.55 2.44 1.83 1.22 0.90 2.90 2.75 2.W 1.29 0.94 

Slope 20 2.20 2.14 1.76 1.30 1.02 2.13 2.07 1.72 1.28 1.03 
10 2.63 2.54 2.03 1.44 1.10 2.72 2.62 2.08 1.47 1.12 

-50 20 2.08 2.04 1.78 1.42 1.17 2.05 2.01 1.76 1.41 1.16 
-50 10 2.62 2.56 2.17 1.66 1.33 2.53 2.47 2.10 1.62 1.30 

90 10 2.47 2.34 1.67 1.06 0.77 3.50 3.24 2.08 122 0.84 
50 30 2.57 2.46 1.84 1.23 0.90 2.91 2.77 2.01 1.30 0.94 
50 10 2.66 2.54 1.88 1.24 0.91 3.70 3.46 2.35 1.43 1.01 

Vertical Horir. --) 0 20 2.82 2.72 2.14 1.50 1.13 3.14 3.02 2.32 1.58 1.18 
0 10 2.93 2.82 2.20 1.53 1.15 3.77 3.59 2.64 1.73 1.26 

-50 20 2.90 2.82 2.35 1.76 1.39 2.90 2.83 2.36 1.77 1.39 " 
-50 10 3.20 3.10 2.54 1.87 1.46 3.72 3.60 2.87 2.04 1.56 
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Table 2 Thermal Resistances of Planea Air Spacesd8'* (Concluded) 
SECTION A 

PosItI~m Dlreetlon Air Spscc 1.54.. Alr Spaced 
01 of Mean Telng 3.5.1n. Air Spaced 

Alr Hest Temp,b Dllf, V a l u e ~ l E ~ ~ ~  
Spnre Flow (P) 

Vllue o l ~ ~ f e  
(dcgF) 0.03 0.05 0.1 0.5 0.81 0.03 0.05 0.1 0.5 0.82 

90 10 255 2.41 1.71 1.08 0.77 2.84 2.66 1.83 1.13 0.80 
50 30 1.87 1.81 1.45 1.04 0.80 2.09 2.01 5 1.10 0.84 

2.50 2.40 1.81 1.21 0.89 2.80 2.66 9 1.28 0,93 
Horiz 20 lo 2.01 1.95 1.63 1.23 0.97 2.25 2.18 1.79 1.32 1.03 

10 2.43 2.35 1.90 1.38 1.06 2.71 2.62 2.07 1.47 1.12 
-50 20 1.94 1.91 1.68 1.36 1.13 2.19 2.14 1.86 1.47 1.20 
-50 10 2.37 2.31 1.99 1.55 1.26 2.65 2.58 2.18 1.67 1.33 

90 2.92 2.73 1.86 1.14 0.80 3.18 2.96 1.97 1.18 0.82 - 50 30 lo 2.14 2.06 1.61 1.12 0.84 2.26 2.17 1.67 1.15 0.86 
45O 

Up f 10 
2.88 2.74 1.99 1.29 0.94 3.12 2.95 2.10 1.34 0.96 

Slope 20 2.30 2.23 1.82 1.34 1.04 2.42 2.35 1.90 1.38 1.06 
0 2.79 2.69 2.12 1.49 1.13 2.98 2.87 2.23 1.54 1.16 

-50 20 lo 2.22 2.17 1.88 1.49 1.21 2.34 2.29 1.97 1.54 1.25 
-50 10 2.71 2.64 2.23 1.69 3 5  2.87 2.79 2.33 7 1.39 

e 

90 10 3.99 3.66 225 1.27 0.87 3.69 3.40 2.15 1.24 0.85 
50 30 2.58 2.46 1.84 1.23 0.90 2.67 2.55 1.89 1.25 0.91 
50 10 3.79 3.55 2.39 145 1.02 3.63 3.40 2.32 1.42 1.01 

Vertical Horir. 0 M 2.76 2.66 2.10 1.48 1.12 2.88 2.78 2.17 1.51 1.14 
0 3.51 3.35 2.51 1.67 1.23 3.49 3.33 2.50 1.67 1.23 

-50 20 lo 2.64 2.58 2.18 1.66 1.33 2.82 2.75 2.30 1.73 1.37 
-50 10 3.31 3.21 2.62 1.91 1.48 3.40 3.30 2.67 1.94 1.50 

90 5.07 4.55 2.56 1.36 0.91 4.81 4.33 2.49 1.34 0.90 
50 30 358 3.36 2.31 4 1.W 3 5  3.30 2.28 1.40 1.00 

45* 10 5.10 4.66 2.85 1.60 1.09 4.74 4.36 2.73 1.57 1.08 
Slopc 20 3.85 3.66 2.68 1.74 1.27 3.81 3.63 2.66 1.74 1.27 

0 10 4.92 4.62 3.16 1.94 1.37 4.59 4.32 3.02 1.88 1.34 
-50 20 3.62 3.50 2.80 2.01 1.54 3.77 3.64 2.90 2.05 1.57 
-50 10 4.67 4.47 3.40 2.29 1.70 4.50 4.32 3.31 2.25 1.68 

90 10 6.09 5.35 2.79 1.43 0.94 10.07 8.19 3.41 7 1.00 
50 30 6.27 5.63 3.18 1.70 1.14 9.60 8.17 3.86 1.88 1.22 
50 6.61 5.90 3.27 1.73 1.15 11.15 9.27 4.09 1.93 1.24 

Horiz. 20 lo 7.03 6.43 3.91 2 . 9  1.49 10.90 9.52 4.87 2.47 1.62 
10 7.31 6.66 4.W 2.22 1.51 11.97 10.32 5.08 2.52 1.64 
20 7.73 7.20 4.77 2.85 1.99 11.64 10.49 6.02 3.25 2.18 

-50 10 8.09 7.52 4.91 2.89 2.01 12.98 11.56 6.36 3.34 2.22 

SECTION B. Rcneerivity and Emitlance Values of Various Surfsces and 

Effective Emittanccs of Air Spaces 

Effectlve Emiflance E 
of Air Space 

Surface Reflectivity Average One Both 

in Percenl Emirtance r surface surfaces 
emit- emit- 

tancer: lancesr 
theolher  

Aluminum foil, bright. . . . 92 to 97 0.05 0.05 0.03 
Aluminum sheet . . . . . . . . 80 to  95 0.12 0.12 0.06 
Aluminum coated paper, 

polished.. . . . . . . . . . . . 75 t o 8 4  0.20 0.20 0.11 
Steel, gaivantzed, bright. . . 70 to  80 0.25 0.24 0.15 
Aluminum paint . . . . . . . . 30 to 70 0.50 0.47 0.35 
Building materials: wood, 

paper, masonry, 
nonmetallic paints . . . . . 5 to I5 0.90 0.82 0.82 

Regular $lass S t 0  I5 0.84 0.77 0.72 

Vcc  Chaptcr 20, section on Factors Affecting Heat Transfer across 'Interpolation Is pcrmlssible for o t h s  values of mean temperature, 
Air Spaces. Thermal resistance values were determined from the temperature differences, and effective mittance E. Interpolation and 
relation. R - 1/C, where C-  h, + Eh,, h, is the conduction moderate extrapolation for air spaces greater than 3.5 in, arc also 

convection coefficient, Eh, is the radiation coefficient i 0.00686E prrmiaSibie. 
cEffe~tive cmittance of the s p a t  B is given by l / E  - l/cl + l l e ~  [(In +460N1WI3, and is the mewtempsrature of the air space. - 1, ,A,, ande the emitraneesofthe surfaccs oftheairspace. 

Valuca for h, were determined from research data (National Bureau of of 1,) 
Standards), such as those prescnicd in HRP No. 32.. For intcrpolatlon (SbCredlt for an air space resistan= value cannot be takcn more thm 
from l'sble 2 to air space rhlcknebses less than 0.5 in. (as In insulating onceandonly for the boundaryeonditionsestabiishcd. 
window glass), assume 'Rcsistaneea of horizontai spaces with heat flow dawnward are 

ouboronticll independent of tempsrature difference, 
h, = o.lJo(1, + 0.00161,)/1, 9eealna~h;lap~r 2. Tables3 a~ id4 .  and Chapter 19. 

where I is the thickness in inches, and h, is assumed to represent hmt 
transfer by conduction alone through sir. 

-.. .. 
'Based on Natlonal Bureau OfStsndards data presented in Housing Research Papn No. 32. Hou~ingsnd HomcFinanee Agency. 1954. V. S. Oovmmmt Printing 

Offico, Washington, DC. 204Oi. 
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Table 3A Thermd Properties of Typical BuUding and Insulallng Materials.. (Design Values)' 
(For Industrial Insulation Design Values. see Table 3B) . These constants are expressed in Btu per (hour) (square foot) (degree 

Fahrenheit temperature difference) . Conductivities (k) are per inch thickness. and conductances (C) are for thickness or construction stated. 
not per inch thickness . All values are for a mean temperature of 75 F. except as noted by an asteria 1") which have bean reported at 

45 F.The SI units for Resistance (last two columns) were calculated by taking the 
values from the two Resistance columns under Customary Unit. and multiplying by the factor l/k (r/in.) 

and 1/C (R) for the appropriate conversion factor in Table 18 . 

Dearriptlon Customary Unlt SI Unlt 

Density Conduc . Conduc- Reslstanceb(R) Specific Reslstaneeb(R) 
Ob/ft') tivity tance Heat. 

(k) (C) Per Inch For thick- Btu/(ib) (m.K) (ma.K) 
thiekness ness listed (deg F) 

( l / k )  (1/0 
W 

BUILDING BOARD 
Boards. Panels. Subflooring. SheaUling 

Woodboard Panel Produeta 
Asbestos-cement board ....................... 120 4.0 - 0.25 - 0.24 1.73 
Asbestos-cement board ................. 0.125 in . 120 - 33.00 - 0.03 0.005 
Asbestos-cement board .................. 0.25 in . 120 - 16.50 - 0.06 0.01 
Gypsum or plester board ............... 0.375 in . 50 - 3.10 - 0.32 0.26 0.06 
Oypsum or plaster board ................. 0.5 in . 50 - 2.22 - 0.45 0.08 
Gypsum or plaster board ............... 0.625 in . 50 - 1.78 - 0.56 0.10 
Plywood (Douglas Fi)o ....................... 34 0.80 - 1.25 - 0.29 8.66 
Plywood (Douglas Fir ............ 0.25 in . 34 - 3.20 - 0.31 0.03 
Plywood (Douglas Fid : : : : : : ........... 0.375 in . 34 - 2.13 - 0.47 0.08 
Plywood (Douglas Fir) ................... 0.5 in . 34 - l.M) - 0.62 0.11 
Plywood (Douglas Fir) ................. 0.625 in . 34 - 1.29 - 0.77 0.19 
Plywood or wood panels ................. 0.75 in . 34 - 1.07 - 0.93 0.29 0.16 
Vegetable Fiber Board 

Sheathing. regular density ............... 0.5 in . 18 - 0.76 - 1.32 0.31 0.23 
.0.78125i n. 18 - 0.49 - 2.06 0.36 .......... 

Sheathing intermediatedensity ........... 0.5 in . 22 - 0.82 - 1.22 0.31 0.21 
Nail-base sheathing .................... 0.5 in . 25 - 0.88 - 1.14 0.31 0.20 
Shingle backer ...................... 0.375 in . I8 - 1 . 06 - 0.94 0.31 0.17 
Shingle backer ..................... 0.3125 in . I8 - 1.28 - 0.78 0.14 
Sound deadening board ................ 0.5 in . IS - 0.74 - 1.33 0.30 0.24 
Tile and lay-in panels. plain or 

acoustic ............................... 18 0.40 - 2.50 - 0.14 17.33 
.0.5i n. 18 - 0.80 - 1.25 0.22 ........................... 

.0.75i n. I8 - 0.53 - ........................... 1.89 0.33 
Laminated paperboard ...................... 30 0.50 - 2 . 00 - 0.33 13.86 
Homogeneous board from 

repulpedpaper .......................... 30 0.50 - 2.00 - 0.28 13.86 
Hardboard 

Medium density ........................... 50 0.73 - 1.37 - 0.31 9.49 
H~gh  density. service temp . service 

underlay ............................... 55 0.82 - 1.22 - 0.32 8.46 
High density. std . tempered .................. 63 1.00 - 1.00 - 0.32 6.93 

Particleboard 
Low density .............................. 37 0.54 - 1.85 - 0.31 12.82 
Medium density ........................... 50 0.94 - 1.06 - 0.31 7.35 
Highdensity .............................. 62.5 1.18 - 0.85 - 0.31 5.89 
Underla ent ................... 0.625 in . 40 - 1.22 - 0.82 0.29 0.14 

Wood subl%?or . : : : .................... 0.75 in . - 1.06 - 0.94 0.33 0.17 

BUILDING MEMBRANE 
Vapor-permeable felt ........................ - - 16.70 - 0.06 0.01 
Vapor-seal. 2 layers of mopped 

15-lb felt ................................. - - 8.35 - 0.12 0.02 
Vapor-seal. plastic film ...................... - - - - Negl . 
FINISH FLOORING MATERIALS 
Carpet and fibrous pad ....................... - - 0.48 - 2.08 0.34 0.37 
Carpet and rubber pad ........................ - - 0.81 - 1.23 0.33 0.22 
Cork tile ............................ 0.125 in . - - 3.M) - 0.28 0.48 0.03 
Terrazzo ............................... 1 in . - - 12.50 - 0.08 0.19 0.01 
Tile-asphalt. linoleum. vinyl. rubber ............ - - 20.00 - 0.03 0.30 0.01 

vinyl asbestos ............................. 0.24 
ceramlc .................................. 0.19 

Wood. hardwood finish ................. 0.75 in . 1.47 0.68 0.12 

INSULATING MATERIAIA 
BLANKUTANDBA~~ 

Mineral Fiber. fibrous form processed 
frum ruck . slag. or glass 

approx.q.3.5in ......................... 0.3.2.0 - 0.091 - Ild 1.94 
approx.0 5.50-6.5 ........................ 0.3.2.0 - 0.053 - 19d 3.35 
appr0x.e 6-7 in .......................... 0.3.2.0 0.045 22d 3.87 
appr0x.e 8.5.9 in ......................... 0.3.2.0 0.033 3Gd 5.28 
apptv~ . 12111 ............................ 0.3.2.0 - U.Ub 3Xd -- . 6.69 
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Table 3A Thermal Properties of Typleai Building and Insulatinp. Materials-(Design Values)' 

Descrlptlon Cuslomsry Unit SI Unit 

Density Couduc- Conduc- ResistanceblJZ) Specific 
(ib/ftl) tivity lance Heat, 

(k) ( 0  Per inch For thkk- Btu/Ob) 
thickness ness listed (deg F) 

(Ilk) ( 1 / 0  

&ARDANDSLABS 
Cellular glass ............................... 8.5 0.35 - 2.86 - 0.18 
Olass fiber, organic bonded .................... 4-9 0.25 - 4.00 - 0.23 
Expanded perlite, organic bonded . . . . . . . . . . . . . . .  1.0 0.36 - 2.78 - 0.30 
Expanded rubber (rigid). . . . . . . . . . . . . . . . . . . . . . .  4.5 0.22 - 4.55 - 0.40 
Expanded polystyrene extruded 

Cut cell surface. ........................... 1.8 0.25 - 4.W - 0.29 
Smooth skin surface. ....................... 1.8-3.5 0.20 - 5.00 - 0.29 

Expanded polystyrene, molded beads. ............ 1.0 0.20 - - - - 
1.25 0.25 - - - - - 
1.5 0.24 - - - 
1.75 0.24 - - - - 
2.0 0.23 - - - - 

. . . . . . .  Cellular polyurethanef (R-li exp.)(unfaced) 1.5 0.16 - 6.25 - 0.38 
(Thickness 1 in. or greater) . . . . . . . . . . . . . . . . . . .  2.5 
(Thickness 1 in, or greater-h~gh 
resistance to gas permeation facing) ............ 1.5 0.14 

. . . . . . . . . .  Foil-faced, glass fiber-reinforced cellular 
Polyisocyanurate (R-ll exp.)" . . . . . . . . . . . . . . . . . .  2 0.14 - 7.04 - 0.22 

Nominal 0.5 in. ........................... - 0.278 - 3.6 
Nominal l .O in. . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 0.139 - 7.2 
Nominal 2.0 in. . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 0.069 - 14.4 

Mineral fiber with resin binder. . . . . . . . . . . . . . . . . .  15 0.29 - 3.45 - 0.17 

Mineral fiberboard, wet felted 
Core or roof insulation. . . . . . . . . . . . . . . . . . . . . .  16-17 0.34 - 2.94 - 
Acoustical tile. ............................ 18 0.35 - 2.86 - 0.19 
Acoustical tile. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 0.37 - 2.70 - 

Mineral fiberboard, wet molded 
Acoustical tiles. ........................... 23 0.42 - 2.38 - 0.14 

Wood or cane fiberboard 
Acoustical tiles. ..................... .0.5 in. - - 0.80 - 1.25 0.31 
Acoustical tiien . . . . . . . . . . . . . . . . . . . . .  .0.75 in. - - 0.53 - 1.89 

Interior finish (plank, tile) ..................... 15 0.35 2.86 - 0.32 
Cement fiber siabs (shredded wood 

with Portland cement binder. . . . . . . . . . . . . . . . . .  25-27 0.50-0.53 - 2.C-1.89 - - 
Cement fiber siabs (shredded wood 

with magnesia oxysulfide binder) . . . . . . . . . . . . . .  22 0.57 - 1.75 - 0.31 

LOOSE FILL 
Cellulosic insulation (milled paper or 

wood pulp). .............................. 2.3-3.2 0.27-0.32 - 3.13-3.70 - 0.33 21.69-25.64 
Sawdust or shavings. . . . . . . . . . . . . . . . . . . . . . . . . .  8.0-15.0 0.45 - 2.22 - 0.33 15.39 
Wood fiber, softwoods ....................... 2.0-3.5 0.30 - 3.33 - 0.33 23.08 
Perlite, expanded. ........................... 5.0-8.0 0.37 - 2.70 - 0.26 18.71 

2.0-4.1 0.27-0.31 3.7-3.3 
4.1-7.4 0.31-0.36 3.3-2.8 
7.4-11.0 0.36-0.42 2.8-2.4 

Mineral fiber (rock, slag or giass) 
a p ~ r o x . ~  3.75-Sin.. . . . . . . . . . . . . . . . . . . . . . . . .  0.6-2.0 - - i l 0.17 1.94 
a p ~ r o x . ~  6.5-8.75 in. ....................... 0.6-2.0 - - 19 3.35 
a p ~ r o x . ~  7.5-loin.. ........................ 0.6-2.0 - - 22 3.87 
approx.' 10.25-13.75 in. .................... 0.6-2.0 - - 30 5.28 

Vermiculite, exfoliated. . . . . . . . . . . . . . . . . . . . . . . .  7.0-8.2 0.47 - 2.13 - 3.20 14.76 
4.0-6.0 0.44 - 2.27 - 15.73 

ROOFIN~ULATION~ 
Preformed, for use above deck 

Different roof insulations are available ln different 0.36 2.7 - 0.49 
thicknesses to provide the design Cvalues 1isted.h to to - fo 
Consult individual manufacturers for actual 0.05 20 3.52 
thickness of their material. . . . . . . . . . . . . . . . . . . .  

MASONRY MATERIALS 
C O N C R G F ~  

Cementmortar.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 5.0 - 0.20 - 1.39 
Oypaum-fiber conoreto 87.S% gypsum, 

12.5% woodchipn . . . . . . . . . . . . . . . . . . . . . . .  51 1.66 - 0.60 - 0.21 4.16 
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Table 3A Thermal Properties of Typical BnUdine and Insulating Materials-@eslen Values)' 

Description Customary Unit SI Unlt 

Density Conduc- Conduc- Rrjistanceb(R) Speclflc Reslstsnceb (R) 
(Ib/fts) Uvlw lance Heat, 

(k) (O Per Inch Forthick- Btu/(lb) (m.K) (ma.K) 
thickness ness listed (deg F) 

(I/&) (1/0 
W 

Lightweight aggregates including ex- 120 5.2 - 0.19 - 1.32 

panded shale, clay or slate; expanded 100 3 . 6 ,  - 0.28 - 
- 1.94 

slags; cinders; pumice; vermiculite; 80 2.5 0.40 - 
also cellular concretes €4 1.7 - 0.59 - 4.09 2.77 

40 1.15 - 0.86 - 5.96 
30 0.90 - 1.11 - 7.69 
20 0.70 1.43 9.91 

Perlite, expanded. ........................... 40 0.93 1.08 7.48 
30 0.71 1.41 9.77 

20 0.50 2.W 0.32 13.86 
Sand and gravel or stone aggregate 

(ovendried) .............................. 140 9.0 - 0.11 0.22 0.76 
Sand and gravel or stone aggregate 

(notdried) ............................... 140 12.0 - 0.08 0.55 
Stucco.. .................................. 116 5.0 - 0.20 1.39 

MASONRY UNITS 
Brick, commoni.. ........................... 120 5.0 - 0.20 - 0.19 1.39 
Brick, facei ................................ 130 9.0 - 0.11 - 
Clay tile, hollow: 

0.76 

I cell deep ........................... . 3  in. - - 1.25 - 0.80 - 0.21 - 0.14 
1 cell deep ........................... . 4  in. - 0.90 - 1.11 0.20 
2 cells deep. .......................... . 6  in. - 0.66 - 1.52 - ........................... - 0.27 
2 cells deep. Bin. - 0.54 

- - .......................... 1.85 0.33 
2 cells deep. 10 in. - 0.45 2.22 

- - 0.39 
3 cells deep. . . . . . . . . . . . . . . . . . . . . . . . . .  . I 2  in. - 0.40 2.50 0.44 

Concrete blocks, three oval core: 
Sand and gravel aggregate . . . . . . . . . . . . . . .  . 4  in. - - 1.40 - 0.71 0.22 0. N 

Sin. - . . . . . . . . . . . . . . . .  - 0.90 - 1.11 0.20 
12in. - - ............... 0.78 - 1.28 0.23 

Cinder aggregate ...................... . 3  in. - - 1.16 - 0.86 0.21 0.15 
4in. - - ....................... 0.90 - 1.11 0.20 
Bin. - - ....................... 0.58 - 1.72 0.30 

12in. - - ...................... 0.53 - 1.89 0.33 
Lightweight aggregate. .................... 3 in. - - 0.79 - 1.27 0.21 0.22 

(expanded shale, clay, slate .............. . 4  In. - - 0.67 - 1.50 0.26 
or slag; pumice). ...................... . 8  in. - - 0.50 - 2.00 0.35 

12in. - - 0.44 - 2.27 ....................... 0.40 
Concrete blocks, rectangular core.*i 

Sand and gravel aggregate 
2core,8in.361b.k*. ..................... - - 0.96 - 1.04 0.22 0.18 

Same with filled coresl* ................... - - 0.52 - 1.93 0.22 0.34 

Lightweight aggregate (expanded shale, 
clay, slate or slag, pumice): 
3wre,6in. 191b.k'. . . . . . . . . . . . . . . . . . . . . . . .  - - 0.61 - 1.65 

- - 0.21 
..................... 0.29 

Same with filled coresl* - 0.33 2.99 
- - 0.53 

2core,8in.24lb.k* ........................ - 0.46 2.18 - - . . . . . . . . . . . . . . . . . . . . .  0.38 
Same with filled cores" - 0.20 5.03 

- - 0.89 
3 core, 12in. 381b.k* ....................... - 2.48 

- 0.40 - 0.44 
Same with filled corcsl* ..................... - 0.17 5.82 1.02 

Stone, limeor sand. .......................... - 12.50 - 0.08 - 
Gypsum partition tile: 

0.19 0.55 

3 x l 2 ~ 3 O i n . s o l i d  ........................ - - 0.79 - 1.26 - - ........................ 0.19 0.22 
3xl2x3Oin.4-cell - 0.74 1.35 0.24 

- 4 x 12 x 30 in. 3-cell. ....................... - 0.64 - 1.67 0.29 

METALS 
(See Chapter 39, Table 3) 

PLASTERING MATERIALS 
Cement plaster, sand aggregate ................. 116 5 .O - 0.20 - 0.20 1.39 

- Sand aggregate .................... .0.375 in. - 13.3 - - 0.08 - 0.20 0.01 
Sand aggregate ..................... .0.75 in. - 6.66 0.15 0.20 

Gypsum plaster: 
0.03 

Lightweight aggregate. ................ .0.5 in. 45 - 3.12 - - 0.32 - 0.06 
Lightweight aggregate. .............. .0.625 in. 45 2.67 0.39 - - 0.07 
Lightweight agg. onmetal lath ......... .0.75 in. - 2.13 0.47 

.......................... - - 0.08 
Perlite aggregate. 45 1.5 0.67 

- - ........................... 
0.32 4.64 

Sand aggregate. 103 5.6 0.18 0.20 1.25 
- Sand aggregate. ..................... .O.5 in. 105 11.10 - 0.09 
- 0.02 

Sand aggregate .................... .0.625 in. 105 9.10 - 
- 0.11 - 0.02 

Sand aggregate on metal lath. .......... .0.75 in. - 7.70 0.13 0.02 
Vumiculile aggronate. ...................... 45 0.59 . - -. "., 1:' . - 4. OP 
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Table 3A T h e r m a l  P r o p e r t i e s  of T y p i c a l  BuUdiug a n d  Insu la t ing  Materiak-(Design Values)' 

Description Cuslomary Unit SI Unlt 

Density Conduc- Conduc- Resistanceb(R) Speclflc Reslstanceb (R) 

(Ib/fts) tlvity tanee Heat, 
(k) (0 Perinch Forthick- Btu/(lb) (m.K) (m',K) 

lhickness ness listed (deg F) 
( l / k )  (1 /0  

W 

ROOFING 
Asbestos-cement shingles. ..................... 120 - 4.76 - 0.21 0.24 0.04 
Asphalt roll roofing. .  . . . . . . . . . . . . . . . . . . . . . . . .  70  - 6.50 - 0. I5 0.36 0.03 

- Asphalt shingles. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 2.27 - 0.44 0.30 0.08 
Built-up roofing ..................... , 0 3 7 5  in. 70 - 3.W - 0.33 0.35 0.06 
Slate. ............................... .0.5 in. - - 20.00 - 0.05 0.30 

- - 0.01 
Wood shingles, plain and plastic film faced . . . . . . . .  1.06 - 0.94 0.31 0.17 

SIDING MATERIALS (ON FLAT SURFACE) 
Shingles 

... 
Wood, 16in., 7.5 exposure.. . . . . . . . . . . . . . . . . .  - - 1.15 - 0.87 0.31 

- ........ Wood,  double, 16-in., 12-in, exposure . .  - 0.84 - 1.19 0.28 
Wood, plus insul. backer board, 0.3125 in.. . . . . . .  - - 0.71 - 1.40 0.31 

Sidinn 
~ d e s t o s - c e m e n t .  0.25 in.. l amed .  . . . . . . . . . . . . .  - - 4.76 - 0.21 0.24 0.04 . . .  ~ .- 
Asphalt roll siding . . . . . . . . . . . . . . . . . . . . . . . . .  - - 6.50 - 0.15 0.35 0.03 
Asphalt insulating siding (0.5 in. bed.) . . . . . . . . . .  - - 0.69 - 1.46 0.35 0.26 
Hardboard siding, 0.4375 in. . . . . . . . . . . . . . . . . .  40 1.49 - 0.67 

- 0.28 4.65 
W o o d , d r o p , l x 8 i n  ........................ - 1.27 - 0.79 0.28 0.14 
Wood, bevel, 0.5 x 8 in., lapped. . . . . . . . . . . . . . .  - - 1.23 - 0.81 0.28 

- 0.14 
Wood, bevel, 0.75 x loin.,  lapped. .  . . . . . . . . . . .  - 0.95 - 1.05 0.28 0.18 
Wood, plywood, 0.375 in., lapped . . . . . . . . . . . . .  - - 1.59 - 0.59 0.29 0.10 

Aluminum o r  Steelm, over sheathing 
Hollow-backed . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 1.61 - 0.61 0.29 0.11 
Insulating-board backed nominal 

0.375 in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 0.55 - 1.82 0.32 0.32 
Insulating-board backed nominal 

0.375 in., foil backed. . . . . . . . . . . . . . . . . . . .  0.34 2.96 0.52 
Architectural glass . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 1O.W - 0.10 0.20 0.02 

WOODS*.P 
Maple, oak, and  similar hardwoods . . . . . . . . . . . . . .  45 1.10 - 0.91 - 0.30 6.31 - 
Fir, pine, etc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 0.80 - 1.25 - 0.33 8.66 - 

.0.75 in. 32 - . . . . . . . . . . . . . . . . . . . . .  1.06 - 0.94 - 0.17 
1.5in. - . . . . . . . . . . . . . . .  0.53 - 1.88 - 

- - 0.33 . . . . . . . . . . . . . .  .2.5in. 0.32 - 3.12 0.55 
3.5in. - 0.23 . . . . . . . . . . . . . . .  - 4.38 - 0.77 
5.5in. - . . . . . . . . . . . . . . .  0.14 - 7.14 - 1.26 

.7.25 in. - . . . . . . . . . . . . .  -.I1 - 9.09 - 1.60 
.9.25 in. - . . . . . . . . . . . . .  0.09 - 11.11 - 1.96 
11.25in. - ............. 0.07 - 14.28 - 2.15 

Nolss for Table 3A 
sRcprcscntative values for dry materials were selected by ASHRAE TC 4.4, Thnmal Insulation and Moisture Retarders (Total Thermal Performance Design 

Criteria). They are intended as design (not specification) values far maleriais in normal use. insulation materials in actual service may have thermai values which vary 
from design values depending on their in-silu properties such as density and moisture content. For properties of a particular. product, use thevalue supplied by the 
manufacturer or by unbiased teats. 

b~erislancevalues are thereci~roealsaf Cbefors rounding off C to  twodecimsiolaces. 
cAlso aec Inrulating ~ater ials ;  Board 
d ~ o e s  not include Paper backing and facing, if any. Where insulation farms a boundary (reflective or otherwise) of an air space, see Tables I and 2 for the in- 

luiaring relueof air spare ior the appropnuc cfftctnccmitlan;c snJ!mperature ;unditionr of iltr ,pare. 

'Conducti~io varier ulth Itbcr dlamercr. (See Chapter 21. Thermal Conduai\try 5rcttan. and Flg. I, Insulations produ:cd by different dcns:t.rs; :hc?cfore, lherc 
is a uldr sanatlon in thickncrr for ihc same R-$aluc among manufa.~turcrr. Yo effort should hc made :o rclare an, ror;ific R-value !a an, soccifrr rhsrkncrr. ~~. ~r~~ ............... 
Commercial thicknesses generally available range from 2 to 8.j. 

'Values arc for aged, unfaced, board stock. For change in conductivity with ageof expanded urethane, see Chapter 20. Factors Affecling Thermal Conductivity. 
*lnrularlng %alurr of aeovrtical l~ le  vary, depcndic~on dccrity oithe board and on type. sue. and depth of pcrfora$ions. 
h ~ ~ T M  C-855-77 reeognlzcr thcrpecificallon of roof insulation on thc balir of ihcC-balurs ~ho*n  Roof inruiallonlrmadcin thtrkncrrcr !a meet thae\alucr. 
'Fa;c buck and common brick do not alvavr ha\c ihmc aoecift; dcnritir, Whcn dcnratr 13 dillerect front that shoun. [here ulll be a ;handc in thermal ion- 

.......... 
)Data on rectangular fore conrrctc blacks dlffcr from the abmr data on o\al care blocks, due to care configuration. dlffcrcnt mran temperatures. and parr~bl) 

diffrrcnccs m unit welghro. Weight dataon the u\al core bio:ks rcrtcd are not svallabic. 
k ~ n g h u a f  unit5 approxlmacly 7.625 in. h>gh and 15.15 in. long. Thcrc ucighls are given as a means of orlrrib8ng ihc blockr :crted, bur conducrance\alucs are 

.,I,". I f,2 "f .re. -. ............. 
lVermiculitc, perlite, or mineral wool insulation. Where insulation is used, vapor barriers or other precautions must becansidered to keep insulation dry. 
"'Values for mnai %ding appllcd a v o  flat sllrfaccr vary uidcl), depending on amount of \,cntllalion of air rpacc bmcoth the nding: whuhcr sir spaciis rcflecrh.c 

or nanreflcclivr: and an th~knesr .  ope, and application of inrulsl~ng baekiwboard used. Vsiucl glvcn are a\crager for urc ar derlgn guidcg, and ucrc obtained 
from swcral guarded hotbox lcprr (ASTM C236) or calibrated hotbox IBSS 77) on hollou-backed 1 , ~ ~ s  and lvoer made urmp backina.boardr of vood fiber. foamed . . . . " - 
plastic, andglass fiber. Departures of*50% ormore from thcvalues given may occur. 

"Time-aped %nluc$ fur buurd stock vlth 83-hariicr .188nlit) (0 MI ill thicknv.. or gr rno)  alurnlnum fall f8:el5otrtuv mljur rvrfucci 
"Porcsl Products Laboratory Wood Handbook, L.S. Dept. of Agriculuurc t72 .  1974, Tables 3 and 4. 
DL. Adamr: Supporrlngeryogcnlecqu!pmcnz wlth uoao (Chcm#rolEn~ngmpertng. May 17. 1971). 
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Table 3B Thermal Conductivity (k) of Industrial Insulation (Deslgn Values). (For Mean Temperatures Indlcafed) 
Expresard in Btu per (hour)(spuarc loal)(dqlm Fahrenhril temperature dlfferaace per in.) 

Accept- 
ed Max Typical Typkal Conductivity k at Mean TempF 

Temp for Density 
Form Material Composition Use,F* (lb/fP) -100 -75 -50 -25 0 25 50 75 100 200 300 500 700 900 

BLANKETS & FELTS 
MINERALFIBER 

(Rock, slag or glass) 
Blanket, metal reinforced 1200 6-12 0.26 0.32 0.39 0.54 

1WO 2.5-6 0.24 0.31 0.40 0.61 

Mineral fiber, lass 
Blanket, flexibfe, fine-fib" 
organic bonded 

Blanket, nexible, textile-fiber 
organic bonded 

Felt, semirigid organic banded 

Laminated& felted 
Without binder 

VEGETABLE& ANIMAL FIBER 
Hair Felt or Hair Felt plus lute 

BLOCKS, BOARDS & PIPE INSULATION 
ASBESTOS 

Laminated asbestos paper 
Corrugated & laminated asbeator 

CELLULAR GLASS 
DlATOMACEOUSSiLLCA 

MINERAL FIBER 
Olass, 
Organic bonded,block and boards 

Nonpunking binder 
Pipe insulation, slag or glass 

Inorganic bondcd-bioek 

Pipe insulation slag or glass 

MINERAL FIBER 
Resin binder I5 0.23 0.24 0.25 0.26 0.28 0.29 

RIGID POLYSTYRENE 
Extruded, Refrigerant 12 erp, smooth 

skinsurface 170 2.2 0 .160 .160 .170 .160 .170 .180 .190 .20  

Extruded cut cell surface 170 1.8 0.17 0.18 0.19 0.20 0.21 0.23 0.24 0.25 0.27 
Molded beads 170 1 0.17 0.19 0.20 0.21 0.22 0.24 0.25 0.26 0.28 

1.2J 0.17 0.18 0.19 0.20 0.22 0.23 0.24 0.25 0.27 
1.5 0.16 0.17 0.19 0.20 0.21 0.72 0.23 0.24 0.26 
7 5  0.16 0.17 0.18 0.19 0.20 0.22 0.23 0.24 0.25 
2.0 0.15 0.16 0.18 0.19 0.20 0.21 0.22 0.23 0.24 

RlOlD POLYISOCYANDRATE** 
Cellular, foil-faced glaar fiber 
rdnforced. Refrigerant I1 exp 250 2 0.12 0.13 0.14 0.15 

POLYURETHANE..' 
Refrigerant 11 exp (unfaced) 210 1.5-2.5 0.16 0.17 0.18 0.18 0.18 0.17 0.16 0.16 0.17 

RUBBER, Rigid Foamed 150 4.5 0.20 0.21 0.22 0.23 
VEGETABLE & ANIMAL FIBER 

Wool felt (pipeinsulation) 180 20 0.28 0.30 0.31 0.33 

INSULATING CEMENTS 
MINERALFIBER 

(Rock, slag, or glass) 
With c~ii~idal clay binder 18W 28-30 0.49 0.55 0.61 0.73 0.85 
With hydraulic setting binder_ 12W 30-40 0.75 0.80 0.85 0.95 
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LOOSE FILL 
Cellulose insulation lmilied oulverired 

paper or wood puip) . 
Mineral fiber, slag, rock or glass 
Pcrlitc(expanded) 
Silica aeronel 
~ e r m i c u l i ~  (expanded) 7-8.2 0.39 0.40 0.G 0.44 0.45 0.47 0.49 

4-6 0.34 0.35 0.38 0.40 0.42 0.44 0.46 

aRcprcnentative values for dry materials as selected by ASHRAE TC 4.4. Thermal Insul~lion ond Motrrure Relarders /Told Thermal Performance Deign 
Crileria). They arc intended as design (not specification) values for materials of building consmudion for normal use. Insulation materials in sslual service may have 
Ulcrmal values which vary Rom design values depending on their in.situ properties such as density and moisture content. For thermal rrsistance of a particular 
product, use thevaluesupplied by the manufacturer or by unbiased tests. 

'These temperatures ere generally ~ccepted as maximum. When operating temperature spproachcr these limits follow the manufacturer's recommendatians. 
..Time-aged values for board stock with gas-barrier quality (0.001 in. or greater) aluminum foil facers on two major surfaces. . ***Values are for aged, unfaced, board stock. For change in conductivity with age of refrigerant-blown expanded urethane see section on Thermal Conductivity, 

Chapter 20. 
Notc:Somepolyurethane foams arc formed by means which produce a stable product (with respect to k), but most are blown with refrigerant and willchange with 

time. 

-. 
Table 3C Insulation Materials Manufactured In-situ 

Exprosred in Btu per (hour) (square foot) (dqree Fanrenhdt temperalure per In.) 

Aceepl. 
r d M u  Typicsl Typiesl Conduetivlty k at Mean TempP 

Temp for Density 
Form Msterlsl Compaslllon Use,F* (lb/ft)) -100 -75 -50 -25 0 1 50 75 100 200 300 500 700 900 

FOAMED IN PLACE 0.16- 
Polyurethane 110 1.5.2.5 ( 0.18 

Phenol formaldehyde 

SPRAYED ON SUBSTRATE 
Cslluiosic fiber base 120 2.6 

Csmsntitioua/fiber 
and perlite or 1 l W  24.36 
vermiculite base 

Mineral fiber base 
1 

2MX) 12-14 0.30 

~ T h ~ c t s m p ~ r a l u r c ~ r r c g r n c r a l l y ~ c ~ ~ p t ~ d  a8 maximum. When operating tcmporatuicapproachar therelimits lollow thcmanuhcfurrr'a iceommondaflons. 

N",.. ,".T.hbt" . . . . . . - . . - - .. . - 
mcrnalrr#al ihlco .ba%carr 'ab!.cacw . n i  8umdarcr%pcr.aliy i n r ~ : ~ ~ c ~ ~  .nna la, on and fab.;rc#on:c.?r~~dr Tlc) rrr.b~r:c lo .d:lsttun%.nJcnl cy.a.ncn,#onal r!aoi.ly.anJmol%rd8r 

ivnlcnl. Thrrmaldata.~a:ularcnol lo  bc r l d a r  sh~oluie vade3sndarcfor tljasr;.:un.) Dc~rsdaunni ior .rilal.ra rerfurrndnrcof LPIJ 50% ui  lncd saI>essrcpolrb:c CAL TIUH: For di 
mscrr..llinanufs;lurrd m i n e  lir:d.iollou ihr msnuD;cum'sprrn.? onlano :ccoarnrnda!.~n~ 

Table 3D Abbreviated Reference of Previously Listed Insulating Materials - 
This tablc ia included as a guide for determining the thermal performance of existing constructionn. Mast of the materials below are no 
longer commercially available. The table was abstracted from Heating, Ventilating, Air Conditioning Guide, 1939, pp. 95,97,98. 

ExprossrdlnBtu per (hour)(squsrofoat)(dqrer Fahrenhelttemperstwre difference per in.) 

Mean k l / k  Re1 
Dons11 temp. or or 
Ib/PtJ' 

(See 

Mstrrlal Deserlptlon F C 1/C below) 

INSULATION-BLANKET 
OR FLEXIBLE TYPES 
Fiber Typical - - 0.27' 3.70 - 

Chemically lreated wood fibera held between 
layers of strong paper8* 3.62 70 0.25 4.00 3 

Be1 grass between strong paper" 4.60 90 0.26 3.85 
,, r, 

1 
rr tr 3.40 90 0.25 4.00 1 

Flax fibers between stronn oaocr.' 4.90 90 0.28 3.57 1 
Chemically treated hog-hai; between kraft 

Paper 5.76 71 0.26 3.85 3 
Chemically treated hog hair between kraft 

paper and asbestos paper*' 7.70 71 0.28 3.57 3 
Hair felt between layers of paper*' 11.00 75 0.25 4.00 3 
Kapok between burlap or paper*' 1.00 90 0.24 4.17 1 
Jute fiber'. 6.70 75 0.25 4.03 3 
Ground paper betweentwo layers, each 3/8- 

in. thickmade up of two layersaf kraft 
paper (sample 314-in. thick) 12.1 75 0.40t 2.50 4 

INSULATION-SEMI- 
RIGID TYPE 
Fiber Felted eattie hair*' 

" ,, 
Fla*.. 
Flax and rye'. 
Fdted hair and asbestos** 
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Table 3D Abbreviated Reference of Previously Listed insulating Materials (Concluded) 

75% hairand25% jute** 6.30 90 0.27 3.70 I 
50% hair and 50% jute*. 6.10 90 0.26 3.85 I 
Jute*' 6.70 75 0.25 4.00 3 
Feltedjvtcandasbestos8. 10.W 90 0.37 2.70 1 
Compressed peat moss I1.W 70 0.26 3.84 3 

INSULATION-LOOSE 
FILLOR BATTYPE 
Fiber Made from ceiba fibers'. 

,, ,, 1, ,, .... . . .~ 
Fibrous material made from dolomite and 

silica 1.50 75 0.27 3.70 3 
Fibrow material made from slag 9.40 103 0.27 3.70 I 

Glass wool 

Orsnvlar 

Fibrous material 25 to 30 microns in dia- 
meter, made fromvirgin bottleglass 1.50 75 0.27 3.70 3 

Made from combined silicate of lime and 
alumina 

Made from expanded aluminum-magnesium 

Gypsum 
silicate 

Cellular dry 
8, ,, 
,, ,, 
!, " 

Flaked, dry and fluffy.. 
,, ,, ,, ,, 
,! ,, r, !, 
,, ,, ,, ,, 
,I ,, ,, ,, 

Mineral wool Ali forms typical 
Regranulated cork About 3/16-in. particles 
Rock wool Fibrous material made from rock 

1, ,, 1, ,, 
8, ,, ,, ,, 
,, ,, ,, ,, 

Rock wool with a binding agent 
Rock wool with flax. straw pulp, and binder 
Rock wool with vegetable fibers 

Sawdust Various 
Shavings Various from planer 

From maple, beech and birch (coaise) 
Redwood bark 
Redwood bark 

INSULATION-RIGID 
Corkboard Typical 

NO added binder 
,, ,, ,, 
0 " ,, 
1, ,, ,, 

Fiber 
Asphaltic binder 
Typical 
Chemically treated hog hair covered with film 

of asphalt 
Made fromeorn stalks 

" "exploded wood fibers 
" "hard wood fibers 

ln~ulating plester 9/10-in. thick applied to 
3/8-in. plaster board base 

Made from licorice roots 
" " 85% magnesiaand 15% asbestos 
" " shredded wood and cement 
" " suasr cane fiber 

Sugar cane fiber insulation blocks encased in 
asphalt membrane 

Made from wheal straw 
* " wood fiber 

,, r, ,, 8, 16.90 90 0.34 2.94 1 

BUILDINGBOARDS 
Asbestos Compressed cement and asbestos shens 123.W 86 2.70 0.37 1 

Corrugated asbestos board 20.40 110 0.48 2.08 2 

!US. Bureau ofstanduds. tests baaed on samolcs submitled by manvfaelvrwa 
2 ~ . C .  WtIIBrd L C  Lirhcy, anc LA. Hardlnp. trnscond~:!edaf thcUn $ e r v t )  of il.#na.r 
'J C. Pnbhs. lrsl. ronllur:cJ .I Armu~r l n a t i l ~ t c  o l  Tcchnolagy, bar2 on inmplri r~bm~ltrd by manufatlure,. 
'P 1) Ru*lr~.  icrl,rundlrlrdst :het:n.~~ri!lvnf Ulnne.n!a 
lRccommmdrd condvcfivities snd~onductancra for camputinp heat lrsnrmiarioncoeffleirnts 
"Notcompnlltd. 
~~rfhl~kncsssfatcdor urcd oncanrtruction, not pr 14". thickncn. 
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Table 4A Coefficients of Transmission (U) of  Frame Walls' 
Thcac coefficients are expressed in Blu per (hour) (aquare foot) (degree Fahrenheit difference in temperature belwecn the air on thetwo sides). 

and are based onan outside wind velocity of I5 mph 

Replace Alr Spaee with 3.5411. R-11 Blanket InsulaUon (New ltem 4) 
1 2 

Resistance (R) 

Between At Between At 
Construcllon Framlng Framing Framing Framing 

1. Outside surface(l5 mph wind) 0.17 0.17 0.17 0.17 
2. Siding, wood, 0.5 in.x 8 in. lapped (average) 0.81 0.81 0.81 0.81 
3. Sheathing, 0.5-in. vegetable fiber board 1.32 1.32 1.32 1.32 
4.  onr reflective air space, 3.5 in. (50F mean; 10dcg F 

temperature difference) 1.01 - 11.00 - 
5. Nominal 2.in. x 4-in. wood stud - 4.35 - 4.35 
6. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 0.45 

1 2 3 4 5 6 7 7. Insidesurface (still air) 0.68 0.68 0.68 0.68 

Total ThermalResislance(R) ..................... R1=4.44 R,=7.78 R1=14.43 R,=7.78 

ConstructionNo. 1: Ul = 1/4.44=0.225; U,=l/7.81 =0.128. With 15% framing (typical of 24". x 4-in. studs @ 16-in. o.c.), U,, = 0.8 
(0.225) + 0.15 (0.128) = 0.199 (See Eq9) 

ConstructionNo. 2: Ui = V14.43 = 0.069: U, = 0.128. With framingunchanged, U,, = 0.8(0.069) + 0.2(0.128) = 0.081 

'See text section Calculating Overall Coefficients for basis of caieuiations. 

Table 4B Coefficients of Transmlsslon (U)of Solid Masonry Walls' 
Coefflcicnta arc expressed in Btu per (hour) (square foot) (degree Fahrenheit difference in temperature between the air on the two sides), and are basedon an 

outside wind velocity of IS mph 

Replace Furrlng Strtps and Air Space with 1-In. Expanded Polystyrene Extruded, Smooth Skin Surface, 2.2 
Ib/ft3 (New ltem 4) 

1 2 
Resistance fR) 

Conslruction Between At 
Furrlng Furring 

I. Outside surface (15 mph wind) 0.17 0.17 0.17 
1 2. Common brick, 8 in. 1.60 1.60 1.60 

3. Nominal l-in. x3-in, vertical furring - 0.94 - 
4. Nonreflective air space, 0.75 in. (50 F mean; lodes F 

temperature difference) 1.01 - 5.00 
5. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 

1 2 3  4 5 6 6, Inside surface (still air) 0.68 0.68 0.68 

Tolal ThermalResistunce (R) ..................... Ri = 3.91 R, = 3.84 Rl = 7.90 = R E  

Construction No. I:U = 1/3.91=0.256; U =1/3.84=0.260. With 20% framing (typical of 1-in. X 34". vertical furring on masonry @ 16411. o.c.) 
d ,  = 0.8 (0.256) + 0.1(0.260) = 0.257 

ConstructionNo. 2: 4 = U* = u,, = 1/7.90 = 0.127 

'See text section Calculating Oveiaii Coefficients for basis of calculations. 

Table 4C Coefficients of Transmission (U) of Frame Partltions or Interior Wallsm 
Cosffidcnts arc crprcarcd in Btu per (hour) (square foot) (degree Fahrenheit difference in temperalure between thesir on the two aides), 

and arc baredonsllil air (no wmd) ccnd8llanr on bolh sldcr 

Replace Alr Space with 3.5-In. R-I1 Blankel Insulation (Sew ltem 3) 
I 2 

Reslstnnee (R) 

Between At Between At 
Construction Framlng Framing Framing Framlug 

1. Inside surface (still air) 0.68 0.68 0.68 0.68 
2. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 0.45 
3. Nonreflectiveair space, 3.5 in. (50Fmean; 10 deg F 

temperature difference) 1.01 - 11.00 - 
4. Nominal 2411. x 4-in. wood stud - 4.38 - 4.38 
5. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 0.45 

1 2 3 4 5 6 6.  Inside surface (still air) 0.68 0.68 0.68 0.68 

..................... Tofu1 ThermalResistunce (R) Ri= 3.27 R,= 6.64 Rf-13.26 R,= 6.64 

ConstructionNo. I: Ul= 1/3.27 = 0.306; Us= 1/6.64 = 0.151. With 12% framing (typical of 2-in. x 4-in. studs @ %-in. o.c.), U,,= 0.9 
(0.306) + 0.12(0.151) = 0.293 

ConstructionNo. 2: Ui - 1/13.26 - 0.075, U, = l/6.64 = 0.151. With framingunchanged, U,, = 0.9(0.07$) + O.I(O.15l) = 0.083 

  SF^ text~enion Cal~ulatinp Overall Cnrfficienl~ fnr hsris nf cal~ulationa. 
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Tabie 4 6  Coefficients of Transmission (.!.I) of Frame Conslruction Ceilings and  Floorse 
Coefficients arcexpressed in Btu per (hour) (square foot) (degret Fahrenheit difference between thcair on the two sides), and are 

based on still air (no wind) an both sides 

Assume Unheated Alllc Space above Heated Room wilh Heat Flow Up-Remove Tile, Fell, Plywood, Sub- 
floor and Alr Space-Replace with R-19 Blanket lnsulatlon (New llem 4) 

Healed Room Below L'nhealed Snace 1 2 
Redstance (R) , 

Between At Between At 
Construetion Floor Floor Floor Floor 
(Heat Flow Up) Joists Joists Joists Joists 

1. Bottom surface (still air) 0.61 0.61 0.61 0.61 
2. Metal lath and lightweight aggregate, 

plaster, 0.75 in. 0.47 0.47 0.47 0.47 
3. Nominal2.in. x 8-in. floor joist - 9.06 - 9.06 
4. Nonreflectiveairspaoe, 7.25-in. (50 F 

mean; 10 deg F temperature difference) 0.93' - 19.00 - 
5. Wood subfloor, 0.75 in. 0.94 0.94 - - 
6. Plywood, 0.625 in. 0.77 0.77 - - 
7. Felt building membrane 0.06 0.06 - - 
8. Tile 0.05 0.05 - - 
9. Top surface (still air) 0.61 0.61 0.61 0.61 

) 

ConstructionNo. 1: Ui- 1/4.45= 0.225; Us= L/12.58= 0.079. With 10% framing(typicaiof 2-in. joists@ 16-in. o.c.), U,, = 0.9(0.225) + 0.1 
(0.079\= 0.210 .-.- -, 

ConstructionNo. 2: U, = 1/20.69 = 0.048; U, = 1/10.75 = 0.093. With framingunchanged, U,, - 0.9(0.048) + 0.1 (0.093) - 0.053 

S e e  text section Calculating Overall Coeffisicnta for baris of calcuiationa. 
'Uselargest sir apace (3.5 in,) value shown in Tablc2. 

Tabie 4H Coefficients of TransmissionfU) o f  Fis t  Masonry Roofs with Built-up Roofing, with and  without 

Suspended (Winter Conditions, Upward Flow) 
These Coefficients are expressed in Btu per (hour) (square foot) (degree Fahrenheit difference in temperature between the air an the two sides). 

and are bared upon an outside wind velocity of I5 mph 

Add Rlgid Roof Deck Insulallon, C - 0.24 (R = 1/C = 4.17) (New Item 7) 
Construction 1 2 

(Heat Flow Up) 

I. Inside surface (still air) 0.61 0.61 

1. Metal lath and lightweight aggregate plaster, 0.75 in. 0.47 0.47 

3. Nonreflectiveair space, greater than 3.5 in. (50 P mean; 
10 deg F temperature difference) 0.93' 0.93' 

4. Metal ceiling suspension system with metal hanger rods 0" 0" 

5. Corrugatedmetal deck 0 0 

6. Concrete slab, lightweight aggregate, 2 in. (30lb/ft3) 2.22 2.22 

7. Rigid roof deck insulation (none) - 4.17 
1 2  3 4  5 ' 8 8. Built-up roofing, 0.375 in. 0.33 0.33 

9. Outside surface (IS mph wind) 0.17 0.17 

Total ThermalResisfance (R). . . . . . . . . . . . . . . . . . . . . . . . . . 4.73 8.W 

Construction No. I: U,, = 1/4.73 = 0.211 
Construction No. 2: U,, = 1/8.W- 0.112 

?a tmt asstlon Caisulatlng Ovsrail Cocfficlcnta for basis of calculations. 
To nrlitlat Uvnlttrv for ihrtifeci uf added insulation betwen framing membcrr, see Table 5 ur 6. 

'Use largest air space (3.S in.) vslueahawn in Tsblc 2. 
"Areaof hanger rods is ncgilgiblelnrclation to ceiling area. 
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Table 41 Coefflclents of Transmlsslon (U) of Wood Constructlon Flat Roofs and  Ceilings' 
(Wlnter Condltlons, Upward Flow) 

Coefficienta arc expressed in Btu Per (hour) (square foot) (degree Fahrenheit difference in temperature between thrair on the two sides), 
and are based upan an outside wind velocity of I5 mph 

Replace Roof Deck Insulation and Partially Flll the 7.25-In. Air Space with 6-in. R-19 Blanket lnsnlalion and 
1.25-In. Air Space (New Items5 and7) 

1 2 
Resistance (R) 

Conslruellon Between At Between At 
(Heat Flow Up) Jolsts Joists Joists Joists 

1. Inside surface (still air) 0.61 0.61 0.61 0.61 
2. Acoustical tile, fiberboard, 0.5 in. 1.25 1.25 1.25 1.25 
3. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 0.45 
4. Nominal 2-in. x 8-in. ceiling joists - 9.06 - 9.06 
5. Nonreflective air space, 7.25 in. (50 Fmean; 10 deg F 

temperature difference) 0.93' - I.05** - 
1 2  3 4  6 Plywood deck, 0.625 in. 0.78 0.78 0.78 0.78 

7. Rigid roof deck insulation, c = 0.72, (R = I/C) 1.39 1.39 19.00 - 
8. Built-up roof 0.33 0.33 0.33 0.33 
9. Outside surface (15 mph wind) 0.17 0.17 0.17 0.17 

Total ThermalResislance (R) ..................... Ri=5.91 R,=14.04 Ri=23.64 R,=12.65 

ConstructionNo. 1: U, = 1/5.91 = 0.169; U, = 1114.04 0.071. With 10% framing (typical of 2-in. joists O 16-in. o.c.), U,, = 0.9 
(0.169) + 0.1 (0.071) = 0.159 

Construction No. 2: U, = 1/23.64 = 0.042; Ua = 1A2.65 = 0.079. With framing unchanged, U, = 0.9(O.M2) + 0.1 (0.079) = 0.046 

'SKICXI I K I ~ O ~  Calcu.al~ngO~crall Cocff~cicnls for barlsaf calcuiarlons. 
'Urciar err alr rpacc(3.J in )ualucinovninTabic2. 

..lntsp&lcd vslue(0 Fmean: 10 drg F iemprraturcd~ffcrcncc). 

Table 4J Coefficients o f  Transmlsslon(U) of Metal Constructlon Flat Roofs and Ceilings' 

(Winter Conditions, Upward Flow) 
Cocff~c.mtr arecrprc5scd in BIU pcr [hour) (square fool) (degree Fshrcnhct! diffrr~nccin remprra'urr bauoen !heal, on lhctuo rldcr), 

-- and arc bmrd on up0noutt~de~lnli~doc:l) of I S  mph 

Replace Rigid Roof Deck Xnsnlation (C = 0.24) and Sand Ag regate Plaster with Rigld Roof Deck Insula- 
tion, C = 0.36and Llghtwelght Aggregate Plaster 0.75 in. on &tal Lath (New ,terns2 and6) 

/' h Construction 1 z - - 
(Heal Flow Up) 

I. Inside surface (still air) 0.61 0.61 

2. Metal lath and sand aggregate plaster, 0.75 in 0.13 0.47 
, I I 1 3. Structural beam 

4. Nonreflective air space (SO F mean; 10 deg F 
temperature difference) thickness 

5. Metal deck 
6. Rigid roof deck insulation, C = 0.24 (R = l/c) 

1 2 3 4  5 6 7 8 7. Built-up roofing, 0.375 in. 
8.Outsidesurface(l5 mph wind) 0.17 0.17 

Total ThermalResistance (RI ..................... 6.34 5.29 
ConstructionNo. 1: U = 1/6.34 = 0.158 
ConstructionNo. 2: U =  1/5.29 = 0.189 

:See text section Calculatins Overall Coefficients for basis of calculations. 
'If structural beams and metal deck arelo beconridend, the teehnlqus ahown a~fiurtdple~ I und.?, and Plg. 3 may be used to sstlrnate total R. Full scsie testing 

~ft~suitabie portion of the contlruction is, however, preferable. 
Use largest air space (3.5 m.) value shown in Table 2. 
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Table 4K Coefflclents of Transmlsslon (U) of Pitched Roofs'*b 

1 Coefficients arc expressed in Btu per (hour) (square foot) (degree Pahrcnhdt differencein temperatun belween theair on the two sides), and are based 
; on an outside wind velocity of 15 mph far heat flow upward and 7.5 mph forheat flow downward 

1 Flnd U,, for same Construetlon 2 wfih Heat Flow Down (Summer Conditions) 
1 2 

Construction 1 Between At Between At 
I (Heat Flow Up) (Refleetlve Alr Space) Rafters Rafters Rafters R d t e n  

1. Insidesurface (still air) 0.62 0.62 0.76 0.76 
2. Gypsum wallboard0.5 in., foil backed 0.45 0.45 0.45 0.45 
3. Nominal 2-in. x4-in, ceiling rafter - 4.35 - 4.35 
4.45 deg slope reflective air space, 3.5 in. (50Fmean, 

30 deg F temperature difference) E = 0.05 2.17 - 4.33 - 
5. Plywood sheathing,0.625 in. 0.77 0.77 0.77 0.77 
6. Permeable felt building membrane 0.06 0.06 0.06 0.06 

1 2 3 4  5 6 7 8 7. Asphalt shingle roofing 0.44 0.44 0.44 0.44 

8. Outside surface (15 mph wind) 0.17 0.17 0.25" 0.25'' 

Total ThermaIResisfance (R) ..................... Rl-4.68 R,=6.86 R1=7.06 R,=7.08 

Construction No. 1: U1=1/4.69= 0.213: Us = 1/6.90 = 0.145. With 10% framing (typical of 2-in. rafters @16-in. o.c.), U,,= 0.9 (0.213) + 0.1 
(0.145) = 0.206 

Construction No. 2: U,=i/7.07 = 0.141: U, = l/7.12 = 0.140. With framing unchanged, U,,= 0.9 (0.141) + 0.1 (0.140) = 0.141 

Find U,," for ssmeConstruetlon 2 with Heat Flow Down (Summer Conditions) 
3 4 

Construction 1 Between At Between At 
(Heat Flow Up) (Non-Reflective Air Space) Rafters Rafters Rafters Rafters 

1. Inside surface (dill air) 0.62 0.62 0.76 0.76 

2. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 0.45 

3. Nominal 2-in. x 4-in, ceiling rafter - 4.35 - 4.35 
4.45 deg slope, nonreflective air space, 3.5 in. 

(SOF mean, 10deg F temperature difference) 0.96 - 0.90' - 
5. Plywood sheathing, 0.625 in. 0.77 0.77 0.77 0.77 

6. Permeable felt building membrane 0.06 0.06 0.06 0.06 

7. Asphalt shingle roofing 0.44 0.44 0.44 0.44 

8. Outside surface (IS-mph wind) 0.17 0.17 0.25'' 0.25" 

Total ThermalResisfance(R) . . . . . . . . . . . . . . . . . . . . .  R1=3.47 R,=6.86 Ri=3.63 R,=7.08 

ConstructionNo. 3:Ul= 1/3.48 = 0.287: U, = 1/6.90 = 0.145. With 10% framing (typical of 2-in. rafters @ 16-in. o.c.), U,,= 0.9(0.287)+ 0.1 
(0.145) = 0.273 

ConstructionNo. 4:Ui= V3.64 = 0.275; Us = 1/7.12 = 0.140. With framingunchanged, U,,= 0.9(0.275) + 0.1 (0.140) = 0.262 

'See text section Calculating Overall Coefficients for basis of calculations. 
of roof-45 dsg. 

'Air space value at 90 F mean, 10 F dif. temperature difference. 
'*7.5-mph wind. 
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Table 4L Tested Coeffidents of Transmission (0 fo r  Pre-Englneered Metal Buildings 
C a l ~ e l e n t ~ ~ ~ o i ~ r ~ m d  InBlu p r  (hour) (SQusrrlaol)(d@reeF8hnnhdtdllferencr in lanmrrun between Iheslr oa lhatroddu) 

Blanket Insulation thickness, In.. 
Construction Details 2 3 4 

Construction 1 
Roof Seelloe 
Wlnter Conditions, Upward Flow 

1. Inside surface (still air) 0.61 0.61 0.61 
2. Structural support (purlin) 
3. Blanket insulation 

(4.22 
TestedRb (= 1/CJ = 

4. Corrugated metal panel 6.37 7.91 
5. Panel fastener 
6. Outside surface (I5 mph wind) 0.17 0.17 0.17 

Thermal resistance (R) 5.00 7.15 7.97 
U(= 1/R) 0.20 0.14 0.13 

Construction 2 
Roof Seelion 
Winter Conditions, Upward Flow 
I. Inside surface (still air) 0.61 0.61 0.61 
2. Structural support (purlin) 
3. Spacer block 

(7.52 
TestedRb (= 1 1 0  = 

4. Blanket insulation 9.90 11.36 
5. Panel fastener clip 
6. Corrugated metal panel 
7. Outside surface (I5 mph wind) 

1 2 3  
0.17 

4 5 8 7  
0.17 0.17 

Thermal resistance (R) 8.30 10.68 12.14 
U(= 1/R) 0.12 0.09 0.08 

Conslruclion 1 
Wall Section 
Winter Conditions, Outward Flow 
1. Outside surface (I5 mph wind) 0.17 0.17 0.17 
2. Panel fastener 
3. Corrugated metal panel 

{5.08 
TestedRb (= I/C'j= 

4. Blanket insulation 5.78 7.94 
5. Structural support (girt) 
6. Inside surface (still air) 0.68 0.68 0.68 

4 5 8 Thermal resistance (R )  5.93 6.63 8.79 
U(=I/R) 0.17 0.15 0.11 

aBlanketinaulationi%0.6ib/f13denrily(k- 0.31 B7SW wichan lnfegralvspar rctsrdcr. 
bl'uced~valucisd~fermincd by tutinp for Cualueofthe roofor wali asrenlbly in aguaidd hot box in sccoidsnce with ASTM C.236, 

Table 5 A  Determination uf U-value Resulting 
from Addition of lnsulation lo  the Total 

Areae of any Given Building Section 

A.1.1.A D F . ~ . *  

Given 
Building 
Section 
~ r o ~ e r t ~ ' ~ ~  R - 4 R - 6 R = 8 R = l l  R = 16 R = M R - 24 

'For U-oiR-valuer no1 shounin the table, inarpolslcsr nrccrrary. 
b r n t c r  column I uith Uor R o f  ihr design bu~ldingsecrion. 
'Under aDoroaiur column hcsdln~ for added R. find U.valuc of r t l u l l l n ~  .. . - - 

design scctian. 
"If ihr tnrulalion oaupicr prcviou$ly cons~dered atr .pace, an adlllrlmrnl 

murl bcmadcinthrpivcn budding rcflionR.%aluc. 
'If inrulatlan ir aoolicd bcl~een framinc members. urc Eo 9 to detcrminc 

Table 5 B  Determination of U-value Resulting f rom 
Addition of Insulation to  Uninsulated Roof Deck 

U-value of Roof 
without ConductanceC of Roof-Decklnsulation 

Roof-Deck 0.12 0.15 0.19 0.24 0.36 0.72 

Insulation' U U U U U U  

. . - ~~~~~~~~, ~~~ 

average U-value. slntsrpolation or mild extrapolationmay be used. 
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Table 6 Effec t ive  Resis tance o f  Venti la ted Atticsa-(Summer Condit ion) '  
P A R T  A. NONREFLECTIVE SURFACES 

No Venlliation Natural Ventilation Power VentilaUone 

Ventilation Rate, efm/ftz 

0 O.lb 0.5 1.0 1.5 

Ventilation 1/U Ceiling Resistance, Re 
Air Temp., F Sol-Aird Temp., F 10 20 10 20 10 20 10 20 10 20 

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 9.8 17 12 21 

160 1.9 1.9 2.8 3.6 10 18 13 22 6.7 1 1  

120 1.9 1.9 2.2 2.3 3.3 4.4 4.0 6.0 4.1 6.9 
1W 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 1 1  8.3 13 

P A R T  B. REFLECTIVE SURFACES' 

I20 6.5 6.5 8.1 8.8 13 17 17 25 I9 30 
80 140 6.5 6.5 8.2 9.0 14 18 18 26 20 31 

160 6.5 6.5 8.3 9.2 I5 18 19 27 21 32 

'The term dfective resistance ir used whm there is attic ventilation. A value for noventilation is also included. The effective resistance ofthe attic may be added to 
the resistance (I /@ of thcceiiina (Table 4 Q  to obtain the effective resistance of the combination based on sol-air (Cha~ter 261 and room tcmoeralure. Thssevaluss 
apply to wood framceonstructio~ witharoof deckandroofing havingaconductaneeaf 1.0 Btvlh . ftL . F. 

bWhcn alllc vrnliia1lonmcr:a the requtrempnhof Tablc 3 !n chap!;, 22,  O i  cfm ft2 may bca9rcme.l ar the nal~ral  summer \cntilaion ralc for deoignpurposer. 
'Re$trronnir I h . ft2 . PIBlu Determine telling rertrtancc from Tabln 4G and SA, and adjust for fram~ng hs Eq 9. Do no! add the rffcn of a rcflrc!i\c surface 

fa;ina [he alriclo thccc~l in~  rennanr.e fromTabic4G. as I! i s  accounted form Tablc 6. Pact B ~~~ ~~~~~ ~~~~~~~ ~ ~ , ~~~ 

d ~ G o f  surface tem~eratire rather than sol-air 1mo;rsture (see Chaoter 26) may be used if 0.25 is subtracted from the attic resistance shown. . . .  
eBased onair dischargingoutward from attic. 
f S ~ r f a ~ e ~  with effective emittanceEof 0.05 between cdiing joists facing theattie space. 

Table 7 Estimated Heat Lost from Building by In f i l t r a t iong  

Thetabulated factors, when muitidied by room or buildinsvolume (ft'), will result in estimated heat loss (Btu/h) dueto infiltration 
and does not include the heat needed to warm ventilating air 

Room No.of  Room No. of 
or Walls Temp. Difference, deg F or Wails Temp. Difference, deg F 

Building with Building with 
Type Wlndows 25 50 75 100 Type Windows 25 50 75 100 

None 0.23 0.45 0.68 0.90 B Any 1.35 2.70 4.05 5.40 
I 0.34 0.68 1.02 1.36 C Any 0.90-1.35 1.80-270 2.70-4.05 3.60-5.40 

A 2 0.68 1.35 2.02 2.70 D Any 0.45-0.68 0.90-1.35 1.35-2.02 1.80-2.70 
3014 0.90 1.80 2.70 3.60 E Any 0.68-1.35 1.35-2.70 2.03-4.05 2.70-5.40 

A - Offices. apartments, hotels, multistory buildings in general. 
B = Entrance halls or vestibules. 
C = lndustri~l bulldinga. 
D - Ibusca, all types, all moms except vestibules. 
E - Public or institutional buildings. 

aSceCha~t~lJ .  section cnfificdCalcvlating Heal Low Due to mfiltrarion. 
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Example: Find the winter U-factor for uncoated double insulating glass [13.mm (0.5-in.) air space] when (1) external miniature louvered sun screens are used; and 
(2) 8shtiy woven drapes arcadded. 

Solution: Winter R for 13-mm (0.J.in.) air space double insulating glass - 1l2.8 = .36 (2.04): added resistance far the miniature louvered sun screen -0.04 (0.24); 
so total R = 0.40 (2.28) and U.factar = 2.5 w/mz .'C (0.44 Btuh/ft2 . deg F). Adding the tightly woven drape R = 0.05 (0.29), ratai R = .45 (2.571, so U -  2.2 
W/m2 .'C(.39 Btuh/ft2 . deg F). 

Table 9A Coefficients of Transmission (U) fo r  Wood Doors,' Btn/h . ft' . F 

Wlnterb S= 

Door No Wood Metal No 
Thickness, Storm Storm Storm Storm 

1n.d Description Door Door' Door1 Door 

1-3/8 Hollow core flush door 0.47 0.30 0.32 0.45 
1-3/8 Solid core flushdoor 0.39 0.26 0.28 0.38 
1-3/8 Panel door with 7/16-in. panels 0.57 0.33 0.37 0.54 
1-3/4 Hollow core flush door 0.46 0.29 0.32 0.44 

with single glazings 0.56 0.33 0.36 0.54 
1-3/4 Solid core flush door 0.33 0.28 0.25 0.32 

With single glazing8 0.46 0.29 0.32 0.44 
With insulating glass8 0.37 0.25 0.27 0.36 

l-3/4 Panel door with 7/16.in. aanelsh 0.54 0.32 0.36 0.52 ~~~~ ~ ~~~ r~~ ~ 

With singleglazingi 
With insulating glassi 

Panel door with l-I/8-in. panelsh 
With single glazing1 
With insulating glass' 

Solid core flush door 
With single glazinge 0.41 0.27 0.29 0.40 
With insulating glass8 0.33 0.23 0.25 0.32 

tVdues  lor doorsare basedonnomind 3'8" x 6'0"dooi airc. lnlnpoiation and moderatrsxlrapotsfion are permitled far giadne areas snddaarthicknasses ofherthan those apsified. 
15 mph owldoor air vdoiityiOFavtdoorair; 7OFinsido sir tcmpnatvralconvedion. 

<7.5 mph outdoor air vcloeity; 89Foufdoorair; 75 Finride aii natuialeonv~don.  
dNominal thickness. 
*Vdun for umd storm d w r  arcapwoxim~te~y soso ~ I ~ s d i l ~ a ,  

' V ~ Y U  formclal storm door arc for any preento1 $ l e a  srea. 
11 1779 rxpoaedglaaaaica; inrvtatingglasr containa0.25 inch air apace. 

pand sres. 
'33% dacr are:  22% pan4 area: inrutsling glaaa~ontains0.25 inch airspace. 

Table 9B Coeffieients of Transmission (LII for  Steel Doors 
stu/? . rt' . F 

'Ihicknerr Steel Iloort* _ . NU Storm Dw~r  

1.75 in. 
As 0.59 - - 0.58 
Bb 0.40 - - 0.39 
Cc 0.47 - - 0.46 

Table 10 Conversion Table for  Wail Coefficient U for  Various Wind Velocities 

Ufor U for 0 to 30 mph Wind VeloelUes Ufor Ufor 0 to 30 mph Wind Velodlies 
15mph' 5 10 20 25 5 10 20 23 30 30 15mph. 

0.190 0.175 0.184 0.188 0.191 0.192 0.193 0 . W  0.474 0.548 0.581 0.612 0.620 0.626 
0.210 0.192 0.203 0.208 0.212 0.213 0.213 0.700 0.535 0.631 0.675 0.716 0.728 0.736 
0.230 0.209 0.222 0.227 0.232 0.233 0.234 0.800 0.592 0.711 0.766 0.821 0.836 0.847 
0.250 0.226 0,241 0.247 0.252 0.253 0.254 0.900 0.615 0.789 0.858 0.927 0.946 0,960 

..... 0.270 0.241 0.259 0.266 0.273 0.274 0.275 1.000 0.695 0.865 0.949 1.034 1.058 1.075 
aUm first column ia from previous tables or as calculated for IS mph wind veiodty. 
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Table 11 Heat  Losses f rom Horizontal Bare Steel Plpes and Flat Surfaces' 
In Blu p r  (Square foot of pips aurfac)(houd(dsrrs Fahrenheit temgrature difference bclwern p i p  and air) 

Plpe Linear Temperature Difference Degree Fahrenheit between Pipe Surface and Surrounding Air (Air at 80 F) 
Size Foot 
(in.) Factorb 50 100 150 200 250 300 350 400 450 500 550 MH) 650 700 750 800 850 900 950 1000 

0.5 0.220 2.12 2.48 2.80 3.10 3.42 3.74 4.07 4.47 4.86 5.28 5.72 6.19 6.69 7.22 7.79 8.39 9.03 9.70 10.42 11.18 
0.75 0.275 2.08 2.43 2.74 3.04 3.35 3.67 4.00 4.40 4.79 5.21 5.65 6.12 6.61 7.15 7.71 8.31 8.95 9.62 10.34 11.09 
1 0.344 2.04 2.38 2.69 2.99 3.30 3.61 3.94 4.33 4.72 5.14 5.58 6.05 6.54 7.07 7.64 8.23 8.87 9.55 10.26 11.02 
1.25 0.435 2.00 2.34 2.64 2.93 3.24 3.55 3.88 4.27 4.66 5.07 5.51 5.97 6.47 7.00 7.56 8.16 8.79 9.47 10.18 10.94 

18 4.717 1.69 1.96 2.22 2.49 2.77 3.07 3.37 3.75 4.12 4.53 4.96 5.41 5.90 6.42 6.97 7.56 8.19 8.86 9.57 10.32 
20 5.236 1.68 1.95 2.21 2.47 2.75 3.05 3.36 3.73 4.11 4.51 4.94 5.39 5.88 6.40 6.95 7.54 8.17 8.84 9.55 10.29 
24 6.283 1.66 1.93 2.19 2.45 2.73 3.02 3.33 3.70 4.07 4.48 4.90 5.36 5.84 6.36 6.92 7.51 8.14 8.80 9.51 10.26 

Vertical Surface . 1.84 2.14 2.42 2.70 3.M) 3.30 3.62 4.00 4.38 4.79 5.22 5.68 6.17 6.70 7.26 7.85 8.48 9.15 9.86 10.62 
Horizontal Surface 

Facing Upward 2.03 2.37 2.67 2.97 3.28 3.59 3.92 4.31 4.70 5.12 5.56 6.02 6.52 7.05 7.61 8.21 8.85 9.52 10.24 10.99 
~orizontal  surface 

Facing Downward 1.61 1.86 2.11 2.36 2.64 2.93 3.23 3.60 3.97 4.37 4.80 5.25 5.73 6.25 6.80 7.39 8.02 8.69 9.39 10.14 

aValuesarcfor Fiat Surfaces4 ft20r morcin ares. 
b ~ o  secure bases per linear fl, multiply ft2 losses in table by this factor. Losses per ft20f pipe surface for pipes larger than 24 in. can be considered the same as 

lasses for 24-in, pipe. 

Table 1% Heal Losses from Bare 
Tarnished Copper Tube* 

Temperature of Tube, F 

Nomlnal 120 150 180 210 240 270 300 330 

Diameter Temperature Difference, Tube to Air, Dee F 
of Tube 

(in.) 50 80 110 140 170 200 230 260 

Heat Loss per Linear Foot of Tube, Btu/h 

0.25 8 14 21 29 37 46 56 66 
0.375 10 18 28 37 48 60 72 85 
0.5 13 22 33 45 59 72 88 104 
0.625 15 26 39 53 68 85 102 121 
0.75 17 30 45 61 79 97 117 139 

~~~ ~ ~ -.. . -. 

Table 13 External Surfaee per 
3 51 92 136 186 240 297 360 428 Linear Font  of Copper Tubing 
3.5 59 104 156 212 274 340 412 490 Outside diameter0.125 in. greaterthannominsl drc 
4 66 118 174 238 307 381 462 550 
5 80 142 212 288 373 4&2 561 669 Tube SizeSurface AreaTube SlzeSurface AreaTubeSizeSurhce Area 
6 93 166 246 336 432 541 656 776 (in.) (ft2) (In.) (a') (In.) (ft') 

0.5 0.164 2 0.556 5 1.342 
8 120 215 317 435 562 699 848 1010 0.75 0.229 2.5 0.687 6 1 .AM 

10 146 260 387 527 681 848 1031 1227 1 0.295 3 0.818 8 2.128 
12 172 304 447 621 802 999 1214 1446 1.25 0.360 3.5 0.949 . . . .... 

aExtracfed from Ref9. Used by permianinn. 1.5 0.426 4 1 .080 . . . .... 
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Table 14 Area of Flanged Flttlngs, Square Feet* 

Nomlnal Flanged Coupling 90 Deg Ell Long Radius Ell Tee Cross 
Pipe Slze 

(in.) Standard Extra Heavy Standard Extra Heavy Standard Extra Heavy Standard Extra Heavy Standard Extra Heavy 

alnduding areas of accompanying flanges bolted to the fitting. 

Table 15 Approximate Wall Thickness (2.) of Insulation fo r  Pipests 

Pipe Insulation, Nominal Thickness 

in. 1 1.5 2 2.5 3 3.5 4 

Nominal mm 25 38 51 64 76 89 102 

Size Outer Diameter Approximate Wall Thickness 

in. In. mm In. mm in. mm in. mm in. mm in. mm in. mm in. mm 

0.5 0.84 21 1.01 26 1.57 40 2.07 53 2.88 73 3.38 86 3.88 99 4.38 111 
0.75 1.05 27 0.90 23 1.46 37 1.96 50 2.78 71 3.28 83 3.78 96 4.28 109 
1 1.32 33 1.08 27 1.58 40 2.12 54 2.64 67 3.14 80 3.64 92 4.14 105 
1.25 1.66 42 0.91 23 1.66 42 1.94 49 2.47 63 2.97 75 3.47 88 3.97 101 
1.5 1 .90 48 1.04 26 1.54 39 2.35 60 2.85 72 3.35 85 3.85 98 4.42 112 
2 2.38 60 1.04 26 1.58 40 2.10 53 2.60 66 3.10 79 3.60 91 4.17 106 - 00 2.5 A ,  73 l,0~6---17864L2.36d02.8b1R.36 85 3.92 100 4.42 112 
3 3.50 89 1.02 26 1.54 39 2.04 52 2.54 65 3.04 77 3.61 92 4.11 I04 
3.5 4.00 102 1.30 33 1.80 46 2.30 58 2.80 71 3.36 85 3.86 98 4.36 111 
4 4.50 114 1.04 26 1.54 39 2.04 52 2.54 65 3.11 79 3.61 92 4.11 104 
4.5 5.00 127 1.30 33 1.80 46 2.30 58 2.86 73 3.36 85 3.86 98 4.48 I14 
5 5.56 I41 0.99 25 1.49, 38 1.99 51 2.56 65 3.06 78 3.56 90 4.18 106 
6 6.62 168 0.96 24 1.46 37 2.02 51 2.52 64 3.02 77 3.65 93 4.15 I05 
7 7.62 194 - - 5 39 2.02 51 2.52 64 3.15 80 3.65 93 4.15 105 
8 8.62 219 - - 1.52 39 2.02 51 2.65 67 3.15 80 3.65 93 4.15 105 
9 9.62 244 - - 1.52 39 2.15 55 2.65 67 3.15 80 3.65 93 4.15 105 

I0 10.75 273 - - 1.58 40 2.08 53 2.58 66 3.08 78 3.58 91 4.08 104 
11 11.75 298 - - 1.58 40 2.08 53 2.58 66 3.08 78 3.58 91 4.08 104 
12 12.75 324 - - 1.58 40 2.08 53 2.58 66 3.08 78 3.58 91 4.08 104 
148 14.00 356 - - 1.46 37 1.96 50 2.46 62 2.96 75 3.46 88 3.96 101 

aL~rger Size8 threugh 36in.. sameas for 14in. 

Table 16 Approximate Wall Thickness of  Iusnlation fo r  Tubes" 

Tube Insulation, Nominal Thickness 

in. 1 1.5 2 2.5 3 3.5 4 

Nominal mm 25 38 51 64 16 89 102 

Siae Outw Diameter Approxtmate Wall Thickness 
C.. 

in. in. mm in, mm in. mm in. mm in. mm In. mm in. mm in. mm 
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Table 17 Apparent Thermal Conduetivlty (k) Values of Soils in Approldmate Order of Decreasing Values. 
Mean Temperstore-40 P 

M s h a n l c a l  Analyala % by Welpht Molslure Canlent, % 

C n v r l  Sand Sllt Clay 4 10 20 

SOH D&gn*ion D r y  Dmsl t r ,  lb/rt3 

Over 0.5 to 0.005 to Under 
2.0;nm 2.00 mm 0.05 mm0.005 mm 100 110 120 90 110 90 100 

Finecrushed Quartz .......... 0.0 100.0 0.0 0.0 12.0 16.0 
CrushedQuartz .............. 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 .............. 27.5 70.0 2.5 8.5f 0 13.5 15.0 
LowellSand.. ............... 0.0 100.0 0.0 0.0 8.5 11.0 13.5 ,I 

Chena R i v e r  Gravel ........... 80.0 19.4 0.6 9 . h  13.0 
Crushed Feldspar ............. 25.5 70.3 4.2 6.0 7.5 9.5 

6.8 5.5 7.5 10.0 Crushed Granite. ............. 16.2 77.0 
Dakota S a n d y  Loam. .......... 10.9 57.9 21.2 10.0 6.5 9.5 l 3 f  
Crushed Trap R o c k  . . . . . . . . . . .  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 6.3 10.0 
N o r t h w a y  Finesand.. ......... 0.0 97.0 3.0 0.0 4.5 5.5 8.5 
Northway Sand .............. 3.0 97.0 0.0 0.0 4.5 6.0 7.3f 
Healy Clay.. ................ 0.0 1.9 20.1 78.0 4 . h  5.5 9 8.0 10.0 
Fairbanks Silt Loam. . . . . . . . . . .  0.0 7.6 80.9 11.5 5.0 9 . h  7.5 10.0 

Fairbanks Si l ty  Clay Loam. . . . . .  0.0 9.2 63.8 27.0 5.0 9 . h  7.5 9.5 
NorthwaySilt Loam.. . . . . . . . . .  1.0 21.0 64.4 13.6 4 . h  7 . k  6 . h  7 . h  

ak - Btu per (square loot)(hour)(Fshrenheit desrac per inch). 

Table 18 Conversion Factors to SI Metric Units 
(See Chapter 37 for a rnorceomplelelisl o f  factors.) 

P h y s i c a l  To Convert Mult lp ly  

Quantity Symbol from To by 

Length x In. m 2.540 OM. E d 1  
n m 3.048 OM*E.OI 

Arcs in 2 m1 6.451 6m.E-Cd 
(12 ml 9.292 wr E-01 

Volvmc m3 1.638 706E.05 
1t3 m3 1.831 605 E M  

Tcmprstur~ P OC lc- ItF- 32)/1.8 
F K I K -  (IF+ 459.611/1.8 

Prtblrure in. Hg (€0 F) Pa 3.376 S5E + 03 

M a s  Ib k8 4.535 924E- 01 

Mnar/unit 
UCB M ib/ft2 kg/m2 4.881 428 E + W 
Moilturr 
mntrnlratc lb/n2.wrrk ~ g / m ~ , s  8.071 793 E - 06 

Iknrity P ib/lt3 k81m3 I.MI 8468 + 01 

m m a i  
mnduclivily k Bru.in.lh . ft2 . F W/m . K 1.442 2798 - 01 

Thmnai 
mnductnnc~ C Btulh , l12. F w/m2 . K 5.678 263 E t W 

U~yaIuc U !3tu/h . ft2 . P w/m2 . K J.678263E + W 

m n m a l  
reistsnee R h . 112 . F/Btu m2 . K/W 1.761 10ZE - 01 

mermsl 
lrrlrtivily 1 .  h . l12. f /Btu .  In. m,K/W 6.933 471 E + W 

Heal flaw V Btulh . 113 w/m2 3.154 591 E + W 

*Exact factor. 


