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PREFACE

There is a cont inuing requireinent in the work of archi tects,
engineers, and others concerned with heat ing, vent i lat ing, and air-
condit ioning of bui ldings for tabulated information on the heat
t ransmiss ion  coef f i c ien ts  o f  bu i ld ing  mater ia ls  and bu i ld ing  sec t ions .
The ASHRAE Handbook 1977 Fundamentals Volume is the most authoritative
and the nost widely used reference source in this connect ion. The
Division is indebted to the Society for perrnission to reproduce
Chapter 22 in ful l  for the assistance and convenience of Canadians
requir ing such infornat ion.

Chapter 22 is based upon the best information avai lable and is kept
up to date through frequent revisions. I t  is appl icable to Canadian as
wel l  as to United States condit ions and i t  is recommended for use in the
est imation of heat ing and cool ing loads and in other heat transfer
problems in bui ldings. Any reservat ions to be observed in i ts use are
given in the text and in the footnotes to the var ious tables. I t  is
inpossible to guarantee that the values given wi l l  apply to a part icular
product.  They are considered to be the most representat ive values that
can be establ ished for use in design. For conduct iv i ty of a part icular
product the user may obtain the value suppl ied by the manufacturer or
secure  the  resr rJ ts  o f  r - rnb iased tes ts .

As this ASHME Chapter is f requent ly revised, successive pr int ings
as a DBR paper can be based on the most recent version. Chapter 9 of
the 1960 ASHRAE Guide and Data Book (as i t  was then cal led) was f i rst
used to replace a DBR conpi lat ion issued in 1951 as DBR Technical  Paper
No.  7 .  I t  in  tu rn  was rep laced by  the  1963 rev is ion  wh ich  was issued as
Technical  Paper 168 in view of the change in Chapter t i t le and replaced
again by the 1965 version. This present repr int ,  f rom the 1977
Fundamentals Handbook, is the nost up-to-date information on this subject.

0ttawa
Novenber 1978

C.B.  Crawford
Director
Division of Building Research, NRC



CHAPTER 22

DESTGN HEAT TRANSMISSION COEFFICIENTS
Heal Transfer Detinitions and Symbols; Surface Conductance; Calculating Overoll Coefficients; Overall Coefficients

and Their Practical Use; Insulating Constructions; Adjustment for Fralning; Curtain lYoils; Ventilated Attics;
Foundalion Coefficiena; Gloss'and Door Coefficients; Wind Effects; Heat Loss Due to Infiltration; Calculating

Surface Temperatures; Conductivity of Indu.strial Insulotions; Bare Surface Heal Losses; Heat Flow Calculations;
Buried Pipe Lines: Thermal Charocteristics ond Response Factorsfor Floors, Walls, and Roofs

rn 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 wil l usually
determine the heat transfer rate under steady state conditions.
For a eiven part under standard conditions, this rate is a
specific vafue, U, the overall coeflicient of heat transmission
or thermal transmittance.

This chapter is concerned with the concepts and procedures
for determining such coefficients, and includes a brief
discussion of factors that may affect the values of these coef-
ficients and performance of thermal insulations. Coefficients
may be determined by testing, or computed from known
values of thermal conductance of the various components.
Procedures for calculating coeflficients are illustrated by
examples and, because it is impracticable to test all com-
binations of materials, tables of computed design values for
the more common constructions are given.

Units in this chapter are in the customary (i.e., U.S.,
E - ^ l : - | .  ^ - l  ^ - - \  t - . L -  r - l l ^ - - , : - -  l - c : - - ' . : - . . .  - a t .  ,
- i i E , i i s r r ,  a a i u  L E J , ,  J y ) . r r r i ) .  l r r  r r r !  r u r r u w l r r t ,  u g t i r t r t t u l l s  u t  f l t r d t

transfer, the customary unit, followed by the SI unit, is given.
Note that although the SI unit of temperature is the 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 l8 and in Chapter 35.

HEAT TRANSFER DEFINITIONS AND SYMBOLS

e = thermal lronsmission or rate of heat flow: the quantity
of heat flowing due to all mechanisms in unit time under the
conditions prevail ing at that t ime; in Btu/hr or (W).

Nore: Mechanisms relate to modes of heat transfer by solid eon-
duction, mass transfer, gas conduction, convection, and radiation.
These may occur separately or in combination, partially or rolnliy
depend ing upon specific circumstances.

rt or I = thermal conductivity: the tFermal transmisri: -:,
by conduction only, in unit t ime through unit area of ar. . :-
f inite slab in a direction perpendicular to the surface, \A it.;! l
unit difference in temperature is established between the sur-
faces; in (Btu . in.)/(hr . ft2 . F) or W/(m . K).

Nole I: A body is considered homogeneous wherr the above propcr-
ty is lound by measurement to be independent of sample dimcnsions.

Nole 2i The property nrust be identified with a specific mean rem-
perature, which varies with temperature'. and a direction and orien-
tation of thermal transmission, since sonre bodics are not isotropic
with respect to the property.

Note 3: F'or many therrnal insulation materials, thermal trans-
mission occurs by a combination of modes of heat transfer. The
measured property should be referred to as an effectivr. or apparent
thernral conducrivi ty for the specif ic tcst condit ions (sample thickncss
and orientat ion, environment, environrncntal pressurc, and tem-
perature difference).

r or w = thermol resistivity; the reciprocal of thermal con-
ductivi ty;1hr .  f t2 .  F)/(Btu . in.) or (m . K)/W.

C = thermal conductance; the thermal transmission in unit
time through unit area of a particular body or assembly
having defined surfaces, when unit average temperalure dif-
ference is established between the surfaces; Btu/(hr . ft2 . F)
or  W/ (m2 .  K) .

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

Note 2: When the two defined surfaces of a mass-type thermal in-
sulation are not of equal areas, as in the case of thermal transmission
in a radial direction (see Chapter 2, Table 2), or are not of uniform
separation (thickness), an appropriate averag,e area and averag,c
thickness must be given.

Note 3: When heat transler is by conduction alone, the average
thermal conductivi ty is the product of the thermal conductance per
unit area and the thickness. The average thermal resist ivi ty is the
reciprocal of the average thermal conductivi ty. When conduction is
supplemented by any or al l  of the other modes of hcat transfer, the ap-
parent or efJective thermal conductivity is obtained by multiplying the
thermal conductance by the thickness. Thc apparent or effect ive
resistivity is the reciprocal of thc apparenr or effecrive therrnal
conductivi ty.

ir;ole 4: Where there rs alr passage through the body, the effectire
thermal 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 properties or shading coefficient of the
body must be given.

Note 5: The thermal conductance of some bodies is related to their
thickness. In such cases, the apparent thernral conductivity is a I'unc-
tion of thickness. For this reason, it is preferable to express results as
effective thermal conductances (resistances) rather than eifective ther-
mal conductivi t ies (resist ivi t ies).

Note 6: "Total" and "areal" lhermal conduclance are often uscd
as synonyms for thermal cotrductance.

Nole 7: Values of thermal conductance {referred to as cor-
duclances) and their inverses (resislances\ of the more common
building matcrials are tabulated later in this chapter.

R : thermal resistance; the reciprocal of thermal con-
ductance; (hr .  f t2 .  F)/Btu or (rn2 . K)/W.

U: thermal transmittance; the thermal transmission in
unit t ime through unit area of a part icular body or assembly,
including i ts boundary f i lms, divided by the dif ference be-
tween the environmental temperatures on either side of the
body or assembly; Btu/(hr '  f t2 .  F) or W,z(m2 . K).

Note l: This is often relerred to as the overall coefficient ol heal
transfer.

Note 2: In practice, the f luid is air,  the boundary f i lm is rhin, and
the average tempcralure of the f luid is t l rat obtained by averaging over
a f ini te rcgion ol the f luid near this f i lm.

f i  = f i lm or surface conductance: the thermal transmission
in unit  t ime to or from unit area of a surface in contact with
its surroundings for unit  dif ference between the temperature
of the surface and the environmental fluid temperature;
B t u / ( h r .  f t 2  .  F ) o r W / ( m 2  .  K ) .

Note ,f : Tlrc surroundings must involve air or other fluids for radia-
t ion and convccrion to take place.Thc preparat ion of this chapler is arsigncd to TC 4.4, Insular ion and Moisturc Barr iet l

22.1



22.2 CHAPTER 22

Norc 2i Subscripls i and o are often used to denote inside and out-
side su r face conductances, respectively.

e = emiltance; the rat io of the radiant f lux emitted by a
specimen to that emitted by a blackbody at the same
temperature.

Note: The combined effect of the surface emittances of boundary
surfaces of an air space where lhe boundaries are assumed to be
parallel and of large dimensions, as compared to the distance between s
ihem, is often referred to as efJective emittance (E). Values for a range :
ofair spaces and conditions are tabulated later in this chapter. !

e: surface rcfkctunce; the ratio of the radiant flux . i
rcflected by an opaque surface to that falling upon it; dimen- ;
sionless. E

SURFACE CONDUCTANCE

The convectiofl part of surface conductance is affected by
air mov€ment. Fig, I shows results of testsr made on l2-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/(hr . ft2 . F). More recent
tests2 on s -ooth 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 rnagnitude of low temperature radiant energy
received from outdoor surroundings show that only under
certain condtions may the outdoors be treated as a blackbody
radiating at air tcmperature.

CALCUL{.TING OVERALL COEFFICIENTS

Using the principles of heat transfer in Chapter 2, it is
possible to calculate overall coefficients with the resistance
method. The total reistance to heat flow through a flat ceiling,
floor, or wall (or a curved surface if the curvature is small) is
eoua! numeriqnllrr 14 the surn of the resistatces ig series.

R7 = R,*Rr*R3+R4+.. .+Rn ( l )

where R1, R2, Gtc., are the individual resistances of the wall
components, and Rl is total resistance.

For a wall of a single homogeneous material of conductivity
k and thickness,L with surface coefficients l, and ho:
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Fig. I Surface Conductance for Different l2-in.
Sluare Surfaces as Affected by Air Movementr

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

Hence, the temperature at the interface between Rr and Rt
is:

tp2:  t i -At ,  (5)

For types of building materials having nonuniform or ir-
regular sections such as hollow clay tile or concrete blocks, it
is necessary to uselhe conductance C of the section unit as
manufactured. The resistance R of the section l,/C would be
used as one of r,he reslstances in en equ3ticn si:n!!ar to Eq 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
nonhomogeneous 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-
{ividual 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, R7. First, the mean operating
temperature for each layer is estimated and conductivities k or
conductances C selected. The total resistance Rr is then
calculated as in Eq 3 and then the temperature at each inter-
face is calculated from Eq 4 and 5.

The mean temperature of each component (arithmetic mean
of its surface temperatures) can then be used to obtain con-
ductivit ies k or conductances C. For nonlinear relationships,
see Chapter 19, Fig. 2. This procedure can then be repeated
until the conductivities or conductances have been correctly
selected for the resulting mean temperatures. Generally, this
can be done in two or three trial calculations.

Series and Parallel ltreat 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-
mittance of each path may be calculated using Eq I or 3' The
average transmittance is then:

^ ' =  
;  

* * * (2'I

h

l -  * t -* l
C k 2 h o

Then, by definition:

U = l /Rr

For a wall with air space construction, consisting of two
homogeneous materials of conductivities k' and k2 and
thicknesses L, and /.2, respectively, separated by an air space
ofconductance C:

n,= I  +L]+- n i K r

and

(3)

U =  l /R r

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 Al1
t h r o u g h R l i n E q l i s :

Al r  = R1( l ; - t ) /Rr (4)
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U6"t = a(U") + b(U) +...+ n(U,l (6)

where a, b," ' ,n are respective fractions of a typical basic
area composed of several different paths whose trans-
mittances are Uo. Uo,- Un.

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

The calculated transmittance, assuming parallel heat f low
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.
Generally, 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
Iayer of high lateral conductance, a value closer to the parallel
heat flow calculation should be used, as illustrated in Example
I .

Exomple I: Consider a construction consisting of:
l. Insidesurface having film coefficient ft, = 2.
2. Acontinuouslayerof material of resistanceRr = l.
3. A parallcl combination containing two heat flow paths of pro-
portionate areas, a = 0.1, and b : 0.9, with resistances Ro, = I and
Raz : 8'
4. A continuous layer of material of resistance Rt = 0.5.
5. Ouisidesur izrcc i 'a" irrg i i i r i r  voci i ic icir i  i i  o - 1.

Solution: lf parallel heat flow paths are assumed from air to air, the
total resistance through area a will be:

R o 7 = l / h ,  + R r  +  R o z + R t + l / h o

= 0 . 5  +  I  +  I  + 0 . 5  + 0 . 2 5  =  3 . 2 5

and

Uo =  l /Ro7= l /3 .25

The resistance and transmittance through area D will be:

R 6 7 = l / h ;  + R l  +  R b 2 + R ! + l / h o

=0.5  +  I  +  E  +  0 .5  +  0 .25  =  10 .25

and

U 6  = l / R 6 7 = l / 1 0 ' 2 5

Then the average calculated transmittances will be:

I )1a1=a( I rot+ b(u)= # 
-+;  :o . l te

lf, however, isothermal planes are assunted to occur at both surfaces
of  R r  and of  R,  ,  the tota l  calculated resistance wi l l  be:

( R o 2 ) ( R p 2 )  
+ R 1  + l / h nR 7 = l / h ; + R r +  

i R o r * b n o ,

(E"zXflz) 
= combined resistanceof R o2andR62 = 4.71

aR6r*bRo2

22.3

T l h e n ,  R 1 = 0 . 5 +  t  + 4 . 7 1  + 0 . . 5 + 0 . 2 5 = 6 . 9 6

arid Ui^", = l /6.96 = O.lM

If ltr and Rl ar€ values for homogeneous materials, a value of
about 0.125 might be selected; whereas, i f  they contain a highly con-
ductinglayer. a valueof 0.135 might beselected.

When the construction contains on€ or more paths of small
area having a high conductance compared to the conductance
of the remaining area, the fol lowing method is suggested.

Heat Flow Through Panels Contair; ing Metal

The transmittance of a panel which rrcludes metal or other
highly conductive material extending w holly or partly through
insuiation should, if possible, be determined by test in the
grrarded hot box. When a calculation is requiredt a good ap-
proximation can be made by a Zone Melhod. This involves
two separate computations-one for a chosen limited portion,
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 overali area is calculated.
The basic laws of heat transfer are applied, by adding area
conductances C'A of elements in parallel, and ailding area
resistances R' A of elements in series.

The surface shape of Zone.,4 is determined by the metal ele-
ment. For a metal beam (Fig. 2 and 3), the Zane A surface is a
strip of width L|z, centered on the beam. For a rod perpen-
dicular to panel surfaces, it is a circle of diameter W. The
value of I/is calculated from Eq 7, which is empirical.

W : m + 2 d

where
m = width or diameter of the metal heat path terminal, in-

ches.
t/ - tiistaiice iroiii liaiiei surface io iiieiai, irtuiies. TIic valus

of d should not be taken less than 0.5 in. (for sti l l  air).
In general, the value of I/ should be calculated by Eq 7 for
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each end of the metal heat path, and the larger value, within
the limits of the basic area, should be used as illustrated in Ex-

' 
omple 2.

Example 2: Calculate transmittance of the roof deck shown in Fig. 2
' and 3. Tee-bars on 24-in. centers support glass fiber form boards, gyp-

sum concrete, and built-up roofing. Conductivities of components
are: steel 312: gypsum concrete 1.66; glass fiber 0.25. Conductance of
built-up roofing is 3.0.' 

Solution: The basic area is 2 ft2 (24 in.xl2 in.), with a tee-bar (12 in.
long) across the middle. This area is divided into Zons A and B.

Zone A is determined from Eq ? as follows:

TopSide W = m I 2d = 0.625 + 2 x 1.5 * 3.525 in.

BottomSide W = m * 2d = 2.0 + 2 x 0.5 = 3.0in.

Using the larger value of W, the ar ea of Zane A is (12 -x 3.625) / | U
= 0.30tft2. The ar ea of Zone B is 2.0 = 0.302 = I .698 ft2.

To determine area transmittance for Zone.4, the structure within
the zone is divided into five sections parallel to the top and bottom
surfaces as shown in Fig. 3. The area conductance C' A of each
section is calculated by adding the area conductances of its metal
and nonmetal paths. Area conduclances of the sections are con-
verted to area resistances l/(R . Al and added, to obtain total
rcsistance of Zone A .

Caution

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

Series Heat Flow through Unequal Areas

A consFuction may be made up of two or more layers (flat
or of small curvature) of unequal area, separated by an air
space and arranged so that heat flows through the layers in
series. The most common such constructio:i is a ceiling and
roof combination where the attic space is unheated and
unventilated. A combined coefficient based on the most con-
venient area from air inside to air outside can be calculated
from Eq 8.

r  |  *  * . . .+ _+ (8)R' = 
d, 

* 
,u, 

* ,ru, nou,

The combined coefficient U is the reciprocal of R7, or
U  =  l /R7

where

U = combined coefficient to be used with.4 ' .
Rr = total resistance to all elements in series.

U t, U2,...,Up = coefficient of transmission of .d 1,
Az,' '  ' ,Ar, resPectivelY.

frz, frt, '  '  '  ,np = area ratios d2 /At, Ar/At, ' '  '  , Ap/At,
respectivelY.

Note that the overall coefficient should be multiplied by the
arca A1 to determine the heat loss. Values of Uy. U2. Ur.' '  ' ,

U, should be calculated using Eq l, 2, or 3; if any layer con-
tains parallel heat flow paths (i.e., windows or <lorm-ers 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 ap-
propriate air space resistance to each of the layers, rather than
the conductance of the surface.

U, Concept

In section 4.0 of ASHRAE Stondord 9O-75, Energy Con-
semalion in New Building Design, requirements are stated in
terms of Uo, where Uo is the combined thermal transmittance
ofthe respective areas ofgross exterior wall, roof/ceiling, and
floor assemblies. The U" equation for a wall is as follows:

,, - U*oilA.ott* U*iraon'4window* Ua*Aaoo,

^ "

where
Uo = the average thermal transnlittance of the gross

wall area, Btu/h . ft2 . F
Ao = the gross area of exterior walls, ft2 (m2)

U,ot! = the thermal transmittance of all elements of the
opaque wall area, Btu/h ' ft2 'F

A,ort = oPaque wall area, ft2
U*indow = the thermal transmittance of the window area,

B t u / h . f t 2 . F
A vindo* = window area (including sash) ft2

Udoor= the thermal transmittance of the door area,
B t u / h . f t 2  .  F

Ud*, = door area, ft2

NOTE: Where more than one lype of wall, window and/or

Section Area x Conduclrnce
r/(c . Al

C . A  = R / A

Air (outside, l5
. m p h )

No. I, Roofing
No.2, Gypsum

concrete
No. 3, Steel
No. 3, Gypsum

concrele
No.4, Steel
No.4, Glass

fiber
No. 5, Steel
Air (inside)

0.302 x 6.0

0.302 x 3.0
0.302 x 1.66/1.125

0.052 x 312.0/0.623
0.250 x 1.66/0.625

0.01(x x 312./1.00

0.292 x 0.25/1.00
0.167 x 312/0.125
0.302 x 1.63

1.8 t2 0.552

0.906 r.104
0.446 2.242

'3.U )o'o3E

3'24 
)0.302

0.073
416.83 0.002

0.492 2.031

TolalR/A = 6.271

Area transmiuanceof Zone A = l(R/A') = 1/6.271 = 0.159.
For Zone B, the unit resistances are added and then converted to

area transmittance, as shown in the following table.

Secllon Resistrnce.f

Air (outside, 15 mph)
Rooting
Gypsum concrete
Glass fiber
Air (inside)

Total resistance = 6.167

Unit transmittance = l/R = 0.162
Area transmittance U.A

forZoneB = 1.698x0.162 *0.275
for ZoneA 0.159

Total area transmittance of Dasrb area = O.434
Transmittance per ft2 = 0.414/2.0 = O.2l'7

In tests on similar constructionr made by the guarded hot-
box method, one laboratory reported a U-value of 0.219
Btu/(hr . ft2 .'F), and another laboratory reported a u-value
of 0.206Btu/(hr . ft2 . F).

When the steel is a large proportion of the heat path, as in
Example 2, detailed calculations of resistance in sections 3,4,
and 5 of Zone A are not justif ied. If only the steel were con-
sidered, the final result of Example 2 would be unchanged.

If the steel path is small, as for a tie rod, detailed calcula-
tions for section 3, 4, and 5 are necessary (see Table 4H).

l /6 .0 :0.167
l / t .O :  0 .333
r .1S / t . 6  : 1 .054
t.O0/0.25 = 4.000
l /1.63 = 0.613
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door is used, the U x A term for that exposure shall be ex-
panded into ils sub-elements, os:

UvottlA.ol\ I U.at2 A*o4'EIc'

OVERALL COEFFICIENTS A N D THEIR
PRACTICALUSE

The values in Tables 1,2,2C,3A, and 38 for component
elements and materials were selected by ASHRAE Technical
Cornmittee 4.4, as representative, They are based on available
published data obtained by the guarded hot plate method
(ASTM Cl77), heat flow meter method ASTM C5l8), or by
the guarded hot box method ({STM C236). Because of
variations in commercially available materials of the same
type, not all of these selected represeiltative 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 coefficieint for a given combination of building
materirls assenrbled as a building section is to test a
representative section in a guarded hot box. However, it is not
practicable 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
there are no free air cavities within the construction.

Simplified Procedure for Deterrnining U- Values

Tables 4^A 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
. . - : - - . . 1 ^ . - J  ^ ^ - - . - . . ^ . : ^ -  ! . - ^  r - L l - ^  ,  a  . L - ^ . - ^ L  , r ,  f L -
a i i i l i i S r i r a a e u  t v r r ) r r  ( r L r t v r r ,  i t J !  l  d v r ! )  t n  t r r r  v u S l l  { 4 .  I  l t E

benefit derived from addition of insulation materials is shown
in Tables 5A and 58. The average U-value is then determined
by Eq 9. Additional summer values for ventilated and
nonventilated attics are given in Table 6.

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

Special attention must be given to vapor barriers, outlined
in Chapters 19 and 20. 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 3,{. The following conditions have been used to
calculate the U-value by including framing members or other
areas of through conduction.

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

Surrounding surfaces at ambient air temperatures.
Exterior wind velocity of l5 mph for winter (surfacerR = 0.17) and

7.5 mph for summer (surface R : 0.25).
Surface emittance of ordinary building matcrials c = 0.90.

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

+" = ,fitu,r*(t- ,fi)tu,,
where

Uo" = average Uvalue for building section.
Ut = Uvalue for area between framing members.
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U, = lJ vaiue for arca backed by framing members.
g = percentage of area backed by framing members.

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

Exanple 3: Parallel heat flow through framing (studs, joists, plates,
furring, etc.) and insulated areas is calculatcd by Eq 9. Consider a
frame wall with R-l I insulation, a Ur-value across the insulated space
of 0.069 (ft = l . 3), and a U"-value across the framing of 0.128
(R = ?.81). Assuming a 2090 framing (typlcal for lGin. in o.c. fram-
ing including mult iple studs, plates, headers, si t ls, band joists, etc.),
the average U-value of this wall can bc calculated.

Ui = 0.069; Us =0.128; S = 20

IJ ," : (a.21 (0. I 28) + (0.8) (0.069) : 0.026 + 0.055 = 0.081

For a frame wall with 24-in. o.c. stud space, the framing factor is
estimated at 1590. In this case, thi average U-value betomes 0.078.
Depending on the care and installation of the insulation, U-values ob-
tained in practice may be higher than those calculated here.

ln 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 nrade for this effect.

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

Actual thicknesses oJ lumber assumed to be as follows:

Nominal Aclual Nominal Actual
I in. (S-2-S) .  .0.75 in. 3 in. (S-2-S). .  .  2.5 in.
l . 5 i n . ( S - 2 - S )  . . . . . . . 1 . 2 5 i n .  4 i n . ( S - 2 - S ) .  . . 3 . 5 i n .
2 in. (S-2-S). .  .  1.5 in. Finish f looring
2 . 5 i n . ( S - 2 - S ) . . . . . . . . . .  2 i n . (map leoroak) .  .  .  .  .  0 .75  in .

Note that the effects of poor workmanship in construction and in-
stallation have an increasingly greater percentage effect on heat trans-
mission as the U-value becomes numerically smaller. Failure to meet
design estimates may be caused by lack of attention to exact com-
pliance with specifications. A factor of safety may be employed as a
precaution 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 available'a It is em-
phasized that the calculated values in Tables 3A' 3B' 4A
through 4K, 5, and 6 are given 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 norninal thickness and con-
ductivity, air spaces are of uniform thickness and suriace
temperatures, effects due to moisture are not involved, and
installation details are in accordance with design). Some ev!-
dence of departures of measured from calculated values for
certain insulated constructions is given in Building lv{aterials
and Structures Report BMS l5l, National Bureau of Stan-
dards. To provide a factor of safety to account for departures
of constructions ft 'oru requirements and practices' some lnay
wish to moderately increase the calculated U-values of the in-
sulated walls, floors, and ceiling sections obtained from
Tables 4A through 4K before making adjustments for fram-
ing (at indicated in Eq 9). Where reflective air spaces are in-
volved in builcl ing construction, and their thermal resistance
values constitute a niajor share of the installed resistance of
the insulation, increases of U-values up to l09o for applica-
tions where heat flow is horizontal or upward, and up fi ZAs/o

(e)



where heat f low is downward, appear reasonable, on the basis
of present information, However, to accurately determine

. thermal resistance values of multiple air spaces, tests on the
actual construcrion should be conducted,a

I NSULATED CONSTRUCTIONS_HOW.  
TOUSETABLESSAANDSB

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 construclions that contain an air space,
the tabulated (/-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 wherc the construction utilizes a reflective air space
under winter and summer heat f low conditions. Considerable
benefit in reducing the heat transmission coefficient of a con-
struction can be effected by application of thermal insulating
materials in theair space.

Table 5A provides a means of determining, without calcula-
tion, the U-value of the between-framing, area of various types
of construcrr.rn with added insulation installed in the air
space. The left column of Table 5A relers to the U- or
R-values of designed building sections. The right-hand por-
tion of the table consists of a tabulation of U-values resulting
from the combination of U- or R-values shown in the left col-
umn with the addition of the R-values heading each column.
ln order to use Table 5,A,, the designer enters the left column
with a known U- or R-value of a designed building section.
Procieding horizontally across the righl-hand portion of the
table, he will tind U-values showing improved performance
resulting from addition of thermal resistances as shown at the
head of each colurnn.

Any and atl U-values are based on a series of assumptions
as to nominal characteristics. Common varia.tions in cond!-
tions, materials" workmanship, etc., can introduce much
greater variations in U-values than the variations resulting
from the assumd 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 4,4 shows a wood frame construction without in-
sulation and a Ur{.206 with adjustment for framing. Refer to Table
5A, left-hand colurnn. Enter table at U=0.20. For improvement of
thermal performance of the designed section to U=0.0'7, move hori-
zontally to (U:0-O8) or (U=0.06). Read verrically to top of columns,
finding that R:8 and R=12 respectively. Interpolating to the desired
U=0.07, it is seen lhat material having an R-value of l0 or ll will
satis fy the requirernent.

Table 58 is constructed and used similar to Table 5A.
However, after having selected the desired U-value for a roof
deck insulation" the values are shown in conductance C of
roof deck insulation. This facilitates specification of
matcrials, since roof deck insulations are available by con-
ductance values (O.

ADJUSTMENT FOR FRAMTNG

Adjustment for parallel heat flow through framing and in-
sulated areas nlay be made by using Eq 9. (see Example 3.)

CURTAIN WALLS

Curtain wall constructions present a combination of metals
and insulating materials. Few panels are of true sandwich con-
struction for which the thermal characteristics can be com-
puted by combining thc thermal resistances of the several
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layers. Many panels have ribs and stiffencrs which may create
complicated heat f low paths for which it is virtually impossi-
ble to calculate the heat transfer coefficients with reliabil i ty.
Coefficients for the assembled sections must 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.

VENTILATED ATTICS: SUMMER CONDITIONS

. 
(HOWTO USETABLE6)

Table 6 is intended to be used with Table 4K (fieat flow
down), Table 5A, and Eq 9, or when ceil ing resistance is
known. Its purpose is to determine heat f low resistance of the
attic space under varying conditions of venti lating air
temperatures and rates, ceiling resistance, roof or sol-air
temperatures, and surface emittances.5 Ventilating air
temperalure is the outdoor design temperature.

The total resistance, R: l/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
footnote d, Table 6.)

Table 6 may be used for both pitched and flar 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, BASEMEI{T WALL. AND
CONCRETE SLAB FLOOR COEFFICIENTS

The heat transfer through basement walls and floors to the
ground depends on: (l) temperaturc difference between the air
within the room and that of the ground; (2) material con-
stitutine the wall or f loor: and (3) condtrctivitv of the srlr-
rounding earth. Conductivity of the earth wil l vary with local
conditions, and is usually unknown. Laboratory tests6 in-
dicate a heat flow of approximately 2.0 Btu/(hr . ftz)
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. For more detailed procedures, see Ref 7.

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, tests? indicate that, for smallfloor oreas (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,z(hr)(l inear ft of exposed edge)
(deg F difference between the indoor air temperature and the
average outdoor air temperature). Note that this may be ap-
preciably reduced by insulating under the ground slab and
along the edges between the floor and abutting walls. (Also
see Chapter 24.) ln most calculations, if the perimeter loss is
calculated accurately, no other floor loss need be considered.

GLASS AND DOOR COEFFICIENTS

The U-values given in Table 8 for flat glass, glass block,
and plastic panels were obtained from ASHRAE Research
Reportss in cases where the panels have been tcsted. ln other
instances, values were computed using procedures outl ined in
Chapter 26. Values in Table 9 for doors were calculated or
taken from available published papers. For winter conditions,

22.6
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an outdoor surface conductance of 6'0 Btu/(ht ' ftz ' F) was
used; for summer conditions, 4'0 Btu/(hr ' ft2 ' F). The in-
door sur face conductance was taken as 1.46
Btu/(hr. ft2. F) for vertical surfaces, 1.63 for horizontal
surfaces with heat flow uP, and 1.08 for horizontal surfaces
with heat f low down. The outdoor surfaces conductances are
for wind velocities of 15 and 7.5 mph, respectively. Ad-
justments for other wind velocities may be made using factors
in Table 10.

All values are approximate, since some parameters which
'may have important effects were not considered' For exam-
ple, in an actual installation, the indoor surface of a glazing
panel may be exposed to nearby radiating surfaces, such as
radiant-heating panels or exposed windows in adjacent or op-
posite walls having much higher or lower temperature than
the indoor air. Use of the l isted U-value assumes that the sur-
face temperature of surrounding bodies is equal to the am-
bient air temperature. Air movement across the indoor sur-
face 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 ir .lley fit

WIND VELOCITY EFFECT ON U.VALUES

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

CALCULATING SURFACE TEMPERATURES

pressed as:

22.7

R z = l / U = l / 0 . 2 5 - 4 . f i )

Then,  by Eq l0:

0.685 _ 10- tx

4.000 ?0 - (-20)

'r : 54'6 F

Example 6: Determine the temperature of the bottom of a 4-in' in-
sulated concrete roof slab to which has been glued 0.5-in. acoustical
tile (C = 0.80) as the interior finish. The roof-ceiling ovcrall coeffi-
cient o[ heat transmission, U, is 0.14 for heat flow up. The indoor air
ternperature is assumed to be 70 F, and the outdoor air temperature,
-  20F.

Solution:

R,  = ( t /h ; )  + ( t /C)  = ( r /1.63)  + ( l /0 .80) :  l '863

R2 = ( /A = ( l /0 .14)  = 7. t43

Then, by Eq l0:

1.863 _ 70-  tx

7.t43 70 - ( - 20)

lx = 46'5 F

The concrete surface temperature is of interest since
reference to a psychrometric chart or table will show that
moisture condensation can occur on this surface under the
above conditions (46.5 F) if the relative humidity in the room
exceeds about 4490. Additional roof insulation should be con-
sidered above the slab to avoid condensation at this point if
higher relative humidities in the room are anticipated.

The sa-me procedr.rre can be rrsed. for determining the
temperature at any point within the structure.

A chart for determining inside wall surface temperature is
given in Fig. 8, Chapter 8, 1976 ASHRAE HnNosoor & Pro-
duct Directory.

CONDUCTIVITY OF INDUSTRIAL INSULATIONS

The conductivities of various materials used as industrial
insulations are given in Table 38. They are given as functions
of the mean temperatures of 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 I l. 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 l inear ft of pipe is given in rhe second col-
umn of Table I l.

Heat losses from tarnished copper pipe and tubee are given

in Table 12. Thc surface per linear ft of tube is given in Table

13. Table l, Section A, also gives surface conductances for

flat surfaces of different emittances and orientations in con-

tact with sti l l  air. Table 14 gives area, in ft2, of f langes and

Rr ( i  -  t ' )

Rz ( i  -  to)

where

Rr = the resistance from the indoor air to any point in the struc-
trtre at which the temperature is to be determined'

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

/i = indoor air temperature.
tr = temperature to be determined.
to : outdoor air temPerature.

Example J: Determine the inside surface temperature for a wall

having an overall coef ficient of heat transmission U = 0.25, indoor air

temperature 70 F, and outdoor air temperature -20 F'

Solution:

(10)

Rr =  l /h i=  l / l ' 46  =  0 '685
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2-in. bare pipe in service 4000 hr/yr. The pipc
steam at l0 psi pressure and is exposed to an
temperature of 80 F.

Solution: The pipe temperature is taken as the steam
temperature, which is 239.4F, obtained by interpolation from
Steam Tables. The temperature difference between the pipe
and air : ?39.a-80: 159.4 F. By interpolation in Table I t
between temperature differences of 150 and 200 F, heat loss
from a 2-in. pipe at a temperature difference of 159.4 F is
found to be 2.615 Btu/(hr. ft2 . F). Total annual heat loss
from the entire l ine = 2.615 x 159.4 xO.622 (l inear ft factor; x
165 ( l inear  f t )x  4000 (hr)  = 171, tggMB (MB = 1000 Btu) .

HEAT FLOW CALCULATIONS

In calculating heat f low, Eq tl and 12 are generally used.
Eq l l is used for flat surfaces (Fig. a), and Eq 12 is used for
cylindrical surfaces (Fie. 5).

- t
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is carrying tr = temperature of outer surface of insulation,
average air Fahrenheit.

ro = inner radius of insulation, inches.
rr.r2.. . '  = outer radius of intermediate layers of insulation,

inches.
Rs = surface resistance = l/h= (hour) (square foot)

(degree Fahrenheit) per Btu.
i = surface conductance coefficient, Btu per (hour)

(square foot). (degree Fahrenheit).
log" = natural or Napierian logarithm.

To calculate heat flow per ft2 of pipe surface, use:

Qo:  Qs  Q t / r o ) (13)

4 t =

fr"lag"(r, / r ))/ k | + fr "log"(r, 
/r 1)l/ k 2 + R,

qr = rate of heat transfer per square foot of outer sur-
face of insulation, Btu per (hour) (square foot).

* = thermal conductivity of insulation at mean tem-
perature, Btu per (hour) (square foot) (degree
Fahrenheit per inch thickness).

L : thickness of insulation, inches.
,s = temperature of ambient air, Fahrenheit.
to = temperature of inner surface of insulation,

Fahrenheit.

R r .  l / l r

h

Fig.4 Heat Flow through Flat Surfaces

where

qo = rate of heat transfer per square foot of pipe surface,
Btu per (hour) (square foot).

For steady state conditions, heat flow through each suc-
cessive material is the same. However, the temperature drop
through each material is proportional to its thermal resis-
tance. The terms which appear in the denominators of Eq I I
and 12 represent the resistances to heat flow.

The heat translerred is inversely proportional to the sum of
the resistances (R, + R2 + '..* R") of the system. The
various temperature drops in the system are proportional to
the resistances.

The assumptions used for calculations of heat loss are
usually:

to = temperature at inner surface of insulation equal to the
temperature of fluid in the pipe or container.

lo = still air ambient temperature = 80 Fahrenheit.
ro = inner radius of insulation = outside radius of iron

pipe.
4 = outerradiusof  insulat ion:  ro*  L.

Example 8: Compute heat loss from a boiler wall if the interior in-
sulation surface temperature is I100 F and ambient still air
temperature is 80 F. The wall is insulated with 4.5 in. of mineral fiber
block and 0.5 in. of mineral fiber insulating and finishing cement.

Solution: Assume that mean temperature of the mineral fiber block
is 700 F, mean temperature of the insulating cement is 2fi) F, and
R" = 0'60'

From Table 38 , k t = 0.62 and kt = 0.80. Then:

ll00 - 80 1020
c"=(m *8,

= 120.2 Btu/(hr . ft2)

Asacheck ,  f romFig .  6 ,^ r l zo .zBtu l (h r '  f t2 ) ,  R"  =  0 .56 .  Themean
temperature of the mineral fiber block is:

l l00 - (3.63/8.44) (1020) = l l00 - 439 = 661 F

The mean temp€rature of thc insulating cement is:

l l0O-  (7 .5718.44)  (1020)  =  l l00  -  915 =  185 F

From Table 38, at 661 F, ftr = 0.60, and at 185 F, kz = 0.79.
Recalculating q" with these adjusted values:

1020 1020
q"- (4slo.attilo-r/oJe)+oJ6 

= 
Bi,

= 117,4  Btu / (h r  '  f t l )

From Fig. 6, at |  17.4 Btu/(hr '  f t2), R" = 0.56.

( t  t )

(12)

( L t / k t ) + ( L 2 / k ) + R E

to - lo
4 r =

where

b ll b,

Lr

t

Fig.5 Heat Flow lhrough Cylindrical Surfsces
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Fig. 6 Heat Tre nsrnission vs Surfece Resislance for
Flst and Cylindrical Surfaces

The mean temperature of the mineral fiber block is:

l l00 - (3.7518.69) (1020) = l l00 - 440:660 F

The mean temperature of the insulating cement is:

I  100 - (7.81/8.69) (1020) = l  r00 - 917 = 183 F

From Table 38, at 661 F, k, = 0.60, and at I  83 F , k, = 9.79.
Since R",-/r,, and k, do not change at these vllues, q, = 117.4

Btu,/(hr .  f tr) .
Example 9: Compute heat loss per ft2 of outer surface of insulation

if pipe temperature is 1200 F and 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 the outer layer.

Solut ion: From Table 15. r = 111 in, A nomina,! 3-in. thlck
diatomaceous silica insulation to fit a nominal 6-in. iron pipe is 3.02
in. thick. A nominal 2-in. thick calcium silicate insulation ro fit over
the 3.02-in. diatomaceous silica is 2.08 in. thick. Therefore, ri = 6.33
in . ;  r "  =  8 .41  in .

Assume that the mcan temperature of the diatomaceous silica is 600
F, the mean temperature of the calcium silicate is 250 F, and R" =
0.50.

From Table 38, kt = 0.66 and kz = 0.42:

1200 - 80
4t= ([8.4 I log.(6.3 3 / 3.3 t)l/ o.66+[8.4 I log, (8.4 l /6. 33)]/0.40)+0. 50

I r20 = 76.0 Bru,/(hr . ft2)
(5.45 /0.66) + (2.39,/0.40) + 0.50

From Fig. 6, at 76.0 Btu/(hr . fr2), R" : 0.60.

The mean temperature of the diatomaceous silica is:

tzco - (4.t3/14.83) (1120) = 1200 - 312 = 88E F

The mean temperature of the calcium silicate is:

1200 - (1t.24/t4.83)(1120) = 1200 - 849 = 351 F

FromTable38,kr = 0. ' l2andkz = 0.q6. Recalculat ing:

' il20
c '=  ( f f i =  83 ' 8  B tu / (h r '  f t 2 )

From Fig. 6, at 83.8 Bru/(hr .  fr2;,  R, = 6.59.
Mean temperature of the diatomaceous silica is:

tz00 - (3.78/t3.36) ( l  120): 12s0 - 3t7 - 883 F

Mean temperature of the calcium silicate is:

. 22.9

f200 - (t0.t7/13.36) ( l  120) = 12(X) - 853 = 347 F

From Table 38, /<1 = 0.72and kz = 0.q6. Recalculat ing:

|  120q r=  
f f i oss  

=83 '8  B tu / (h r ' f t 2 )

Since R;, k;,  and k, wi l l  not change a! 83.6oC tstu/(hr .  fr2), rhis
is the f inal q".

The heat fllow per square foot of the inner surface of the insulation
wil l  be:

qo = qs(ro/r) = 83.8(8.41l3.31) - 213 i l tu/(hr .  f t2)
. 

HEAT FLOW CALCULATIONS INVOLVING
BURIED PIPE I,INES

In calculating heat flow from or to buried pipe lines, it is
necessary to make an assumption as to the thermal properties
of the earth. Because rnost soil or earth contains moisture, it is
technically incorrect to report thermal conductivity. 'I'able l7
gives the apparent thermal cnnductivity values of various
soils. These values may be used as a guide when making heat
flow caiculations involving buried lines. See Ref. l0 for
discussion of therma! properties of soil. Ref. I I gives methods
for calculating the heat flow that takes place between one or
more buried cylinders and the surroundings.

THERMAL CHARACTERISTICS AND RESPONSE
FACTORS F'OR FLOORS,

WAI,LS,  ANDROOFS

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
@quivalent lemperature Dil ' ference 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, competit ive 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 h.eating and cool-
ing systems for a given building, including init ial costs as well
as short- and long-term operating and maintenance costs. The
degree of sophistication required for costs may make ir
necessary to calculate the heating and cooling load for
estimating energy requirements in hourly increments for a
year's t ime for given buildings at known geograplric 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 f low
or steady periodic heat f low concept, do not account for the
heat storage effects of the buildii lg 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
energy use schedules, such as l ighting, is necessary. A tech-
nique called the response factor method evaluates the heat
conducted through multi iayer building elements under tran-
sient (nonsteady and nonsteady periodic) exposure conditions.
According to this method, the heat f lux (Bru,z(hr . ft2) at a
given time t at the outer as well as the inner surfaces of
building elements exposed to the outdoors (expressed q.,., and
q,., respectively) can bc calculated as follows:

G

G
5

t^  -s
4o, t  

-  
L
t - o

T r , , - i X j  - Tt,,- . lYi (l 4a)
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(r.{b)

In these expressions, To,, - , and 7,,, -, are outdoor and in-
door temperatures [F] (or outside surface and inside surface
temperatures depending upon the heat conduction system) at
time 11 hr. The response factors are three sets of numbers ex-
pressed as X;, Yi, and Z, (forl = 1,2, -) in above equations
and have units oi Btu/(hr . ft2 . F), the same as the unit for
overall heat transfer coefficient U. Application of the re-
sponse factor relations to a steady state heat conduction situa-
tion where

Q o J = Q i J = U ( T o - T ; )

To = To., for all /

Ti = Ti., for all l,

would result in:

x i=  2  Y i= Zj = U (15)

Wall Response Factors

The tabulation at the end of this section illustrates response
factors calcalated for a typical wall. In this particular wall,
the response factors forj ) 28 can be obtained by a geometric
progression using the common ratio R such that:

(Xj+ /Xj ,  = (Yi*  r lY)  = (Z i*  1/Z)  = R

In typical wall heat transfer calculations, the summation
terms in Eq t4,t and l48 may be truncated ati = 48.In other
words, if the value of heat flux at time / is needed, it is
neccssary to have the hourly temperature history covering the
previous 48-hr period as well as the values of Xi, Yi, and Z,
for j=0,2,"'47. By rnaking use of the hourly heat f lux
history in addition to the temperature history, the maximum
numbgr of I could be decreased considerably. This aspect is
discussed in detail in Chapter 2. The temperature and heat
flux data need not be steady or steady periodic at all.

Unlike the overall heat transfer coefficient, or U-value,
calculation' of the response factor requires complex
mathematical treatment. Computer programs are available at
both the National Research Council of Canada and the Na-
tional Bureau ofStandards to calculate response factors from
known data, such as the number of composite layers, and for
each layer, the thermal conductivity, thermal diffusivity, and
thickness. (In the case of an air cavity or air space, only the
thermal resistance value is required.) The NBS program can
also be used to calculate response factors for constructions of
cylindrical and spherical shape.

As is the case when applying U-values, many building
elements are so constructed that parallel heat paths of dif-
ferent thermal characteristics result. If there is appreciable
lateral heat transfer between paths, for example, when metal
skins are used, theoretical calculation of response factors is
not yet possible. For such constructions, experimental deter'
mination of transient heat transfer characteristics is necessary
to determine the response factors. ASHRAE currently is
sponsoring experirnental research (RP-102).
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q,,, = i. T'., -,Y, - i, 7,,, - izi
j ' o  J - o Thermrl SPtclllc

Thhtness Conduc- Dcnslty Hcrl
I Ul) tlYlly L(l) o(l), c(l)

(fi) Btu/ 0b/lr3) [Btu/(!b)
(h r ' f r 2 'F )  G ) ]

Roslstrncr
of Alr Wrll

Lrycr Rcs (l) Comporlllon
(h r . f i . F )

/Dlu

5.7 0.3

78 0.26

90 0.2

I

3

4

{

6

7

0.3333 0.77

o.t667 0.025

0.03r3 0.24

0.27
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0.75-in. air
space
2- in.  in-
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Overall halt rransfcr coefficient U = 0. I 06O Btu/16r' fr2 ' F;

0
I
2
3
4
5
6
7
E
9

t 0
t l
l 2
t 3
l4
t 5
t 6
l 7
I E
t9
20
2 l
22
23
24
25
26
27
2E

r .982863 il 84
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x i + t  -  
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uommon rauo ror Xi yi Zi
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Table I Surface Conductsnces and Resistsnces for Air
All conductance values expressed in Btu/(hr'ft2 ' F).

A surface cannor take credit for both an air spacc resistance value and a surface resistance value, No credit for an air space value can be taken for any
surface facinc an air sDace of less than 0.5 in.

SECTION A. Surfacc Conductances and
Resistancesr.bJ

SECTTON B. Reflectivity and Emittance Values of Various Surfrcesc and
Effectiye Emittances of Air Spaces

Position of
Surface

Direction
of Heat

Flow

Surface Emittance

Non- ReflectiveReflective
re{lect ive e =0.20 e:0,05
e = 0.90

Surfrce

E,tteclive Emittance E
of Air Space

Reflectivity Average One Both
fn Percent Entittance e surface surfaces

emit. emit-
tance€; lancesI

lhe other
0.90h r R h r R h r R

STILLAIR
Hor izonta l  . . , . .  Upward
Sloping-45 deg UpwarC
Vertical . Horizontal
Sloping-45deg Downward
Hor izonta l  . . , . .  Downward

1.63 0.61 o.9r  1.10 0.76 L32
1.60 0.62 0.88 t.t4 0.71 1.37
t.46 0.68 0.74 1.35 0.39 1.70
t.t2 0.76 0.6a 1.67 0.45 2.22
l.oE 0.92 0.37 2.70 0.224.55

Aluminum foil, bright. . . .
A l u m i n u m s h e e t  . . . . . . . .
Aluminum coated paper,

polished
Steel, galvanized, bright. . .
A l u m i n u m p a i n t  . . . . . . . .
Building materials: wood,

paper, masonry,
nonmetal l icpaints .  .  .  . ,

Regular glass

92to97
80 to 95

75 to 84
70 to 80
30 to 70

5 t o  l 5
5 r o i 5

0.05
o . t2

0.20
0.25
0.s0

0.90
0.84

0.05
0.  t2

0.20
0.24
0.47

0.82
0-7'1

0 . 1  I
0 . r 5
0.35

0.82
0.'r2

0.03
0.06

MOVINGAIR
(Any Position)
l5-mph Wind

(for winter)
7.5-mph Wind

h n R h n R h o R

Any

Any

6.00 0. t?

4.00 0.25
(for summer)

SFor venrilarcd attics or spaces abovc ccilings undcr summcr conditions (hc8t flow down) sec Table 6.
bConductanccs are for surfaces of the stat€d emittancc facing virtual btackbody surroundings at thc samc tcmperaturc as lhe ambient air' Values are based on a

surface-air temp€raturc difference of I 0 deg F and for surface tcmperature of 70 F.
c,Scc also Chapter 2, Tablc 4.
'See Fig. I for additionel dara.
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Tsble 2 Thcrmcl Reslstances of Planer Air Spacesd''*
All rcsistance valucs cxpresscd in (hourXsquarc foot)(dclrce Fahrenhcit tempcrarure differcnce) per Btu

Vrhe euly onlv rl qir snscas of ,:nifcr:n thickn:ss ta,-:ndrd by Flrra, srnaath, paral!:! surfaces -i:h ne !:gklg: cf gi! !c 3r frcn! !h? 9p3ca-
Thcrmal rcsistanct valucs for multiple air spaccs must be based on careful estimates of mcan tcmpctature diffcrences for cach air space.

Sec the Caution section. undcr Ovcrall Cocfficicnts and Their Practical Use.

Dlrcctloa Alr Sgrce 0.5.1n. Alr Sprcrd 0.?5-ln. Alr Speccd
of ol Mern TemP
Atr Hcrr T;;:b txit,t Yrlueof Eb'c

Sorcc Flow (F) (dcr F) 0.03 0.05 O.2 0.5 0.t2 0.03
Vrlue of EDr

0.05 0.2 0.5

Horiz. Up

Up
450

Slopc

2.22
r .66
2.21
t .79
2. t6
t .74
2 . l l

2.78
r.92
2.75
2.O7
2.62
2.01
2.47

1.65
t . 56
l .E3
t .76
2.Ot
1 .78
2 . t 7

| .67
t . t 4
r .8E
2 . t 4
2.20
2.35
2.54

2.4t 2.14 r.67
2.66 2.54 1.88
2.67 2.55 l .Eg
2.94 2.E3 2.20
2.96 2.85 2.22
t .25  3 . r5  2 .58
3.2t 3.rt  2.60

2 . t ,
t .62
2 . 1 3
r .7 t
2 .10
|.69
2.4

t0
30
t0
m
t0
20
t0

t0
30
t0
N
t0
m
t0

t0
30
l0
20
r0
n
t0

t0
30
t0
n
l0
N
t0

r0
30
t0
m
t0
m
t0

90
50
50
0
0

-50
-50
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30
0
o

-50
-50
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50
50
0
0

-t0
-J0

90
50
50
0
0

-50
-50

90
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50
0
0

-50
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2.03 r .5 |
r . s1  t .29
2.O5 r.60
t.70 r .45
2.U r.70
1.66 1.49
2-O0 t.1S

2.14 z.tr
2.06 t.9t
2.55 2.4
2.20 2.t4
2.6t 2.54
2,08 2.04
2.62 2.56
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2.57 2.46
2.66 2.54
2.t2 2.72
2.93 2.E2
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| . 7 t
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r . t3
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| .77
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2 . t t
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4. t2  3 .91  2 .81
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4.35  4 . l t  3 .22
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r .70  r . t6  0 .87
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t.E4 t.46 1.20

r . 8 E  t . r 5  o . E l
L52 1.08 0.82
2.00 r.29 0.94
1.72 t.28 t.00
2.08 t.47 I . t  2
t .76  t .4 t  r .16
2.10 1.62 r.30

3.50 3.24 z.OE r.22 0.E4
2.9t  2.77 2.Ol  l .30 0.94
t .70 3.46 2.35 1.43 l .0 l
3 . t 4  3 .O2  2 .32  1 .58  l . l 8
t .77 3.59 2.64 l .7t  |  .26
2.90 2. t1 2.36 r .17 |  .39
J.72 3.60 2.87 2.U t .56
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1.39 0.99
1.45 t .02
1 .72  1 .26
l . to 1.30
2.45 1.57
2.2t  t .66

3.55 1.29
t .77 3.32
3.84 3.59
4 .18  1 .96
4.25 4.O2
4.60 4.41
4 .7 t  4 .51

2. r0 1.22 0.8J
2.38 1.44 I .02
2.4 t  | ,45  1 .02
2.83  l .8 r  l . l0
7.E7 I.E2 LI l
3.36 2.2E 1.69
1.42 2.30 | .71

0.99 0.73
0.96 0.75
t . l r  0 .E4
t . l z  0 .91
t.27 t.00
t.zt r.04
1.40  t . t6

r.06 0.76
r . to  0 .E3
t.22 0.90
1.30 1.02
1.44 Llo
1 .42  l  l?
r.66 t.33

t.06 0.77
1.23 0.90
t.24 0.9t
t . 5 0  r . l 3
I  .53  l .  15
|.76 I .39
t.87 1.46

t.06 0.77
t.24 0.91
t.25 0.92
t .52  l . l s
r . 5 3  l . t  5
l .E6 I .45
LE9 1.47

r.06 0.77
t.24 0.9t
t.25 0.92
r . 5 3  I .  r  5
t . 5 3  I . 1 6
| .69 t.47
1.90 t.47

450
Slope Down
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Teble 2 Thermd Resistrnces of Plane' Alr Sprcesd''*
Posltlon

o l
Alr

Sprc?

Dlrcc{od
o l

Hcrl
Flor

Al? Sprc.
Mcln Tcmo

Tcnp.b Dlft.b
(F) (dc1 Fl

l.S.ln. Alr Sprcd 3.5.1n. Alr Sprccd

0.03
Vdue o f fDf ,

0.0J 0.2 0.5 0.t2 0.0t
Vrlut of f.t.c

0.05 0.2 0.5 0. t2

Horiz

Vertical

Horiz.

Horiz.

Down

Down

90
JO
50
0
0

-50
-50

90
50
to
0
0

-50
-50

90
50
50
0
0

-50
-50

90
50
50
0
0

-50
-50

90
50
50
0
0

-50
-50

J.07
3.Jt
5 .  to
3.E5
1,92
t.52
4.67

t0
3C
t0
m
t0
m
t0

t0
30
IO
m
l0
n
t0

t0
30
t0
m
t0
m
l 0

t0
30
t0
m
l 0
m
t0

t0
30
t0
m
t0
m
r0

Up

Up
15"

Slope

45"
Slopc

2.55 2.1t |  .7 |
l .E7  t . t t  1 .45
2.50 2.40 t.8l
2.0t r.95 t.6J
2.43 2.35 r.90
t .94  t .9 t  t .68
2.t7 2.3t r.99

2.92 2.7! r.86
2.t4 2.06 t.5l
2.8E 2.74 t.99
230 2.2t t .82
2.19 2.69 2.r2
2.22 2.17 r.88
2.7t 2.U 2.23

3.99 3.66 2.25
z.St 2.46 t. t4
3.79 3.55 2.39
2.76 2.66 2.tO
3.5  |  3 .35  2 .51
2.64 2.s8 2. lE
3.3 r t .2t 2.62

4.55 2.56
3.36  z . t l
4.66 2.85
3.66 2.68
4.62 3. | 5
3.50 2.80
1.47 3.40

6.09 5.35 2.79 r.43
5.27 J.63 3. r 8 I .70
6.6f t .90 t.27 1.73
7.03 6.43 3.9t 2.19
7.31 6.66 4.00 2.22
7.73 7.20 4.77 2.t5
8.09 7.52 4.9t 2.89

l.ot 0.77
t.04 0.80
t.zt.  0.89
t.23 0.97
I .3t 1.06
t . 3 5  r . t 3
r .55  t .26

l . t4  0 , t0
t . t2  0 . t4
t.29 0.94
I .34 t.04
|  .49  r  .13
r .49  | .21
l .69 t.35

r.27 0.87
t.zt 0.90
t.45 r .02
r . 4 E  l . t z
1.67 l  .23
t.66 L33
t .9 t  t .48

r.36 0.9r
t.42 1,00
I.60 1.09
| .74  | .27
r .94 r. t1
2.Or t.54
2.29 t.70

0.94
t . l 4
t . t 5
t .49
1 .5  |
t .99
2,Ol

2.84 2.66 l . t3
2.09 2.Ot r 58
2.80 2.66 t.95
2.25  2 . t8  1 .79
2.11 2.62 2.07
2. t9  2 . t4  t .E6
2.6s 2.58 z.tE

3.1 t  2 .96  t .97
2.26 2.r7 1.67
t . tz  2 .95  2 .10
2.42 2.35 r.90
2.9E 2.t7 2.2t
2.34 2.29 t.97
2.t7 2.79 z. l t

3.69 3.40 2.t5
2.67 2.55 r.89
3.63 3.40 2.32
2.Et 2.78 2.t7
3.49 3.33 2.50
2.82 2.75 2.30
3.40 3.30 2.67

4.8r 4.33 2.49
3.5t 3.30 2.28
4.74 4.36 2.7t
3.81 3.63 2.66
4.59 4.32 3.02
t.77 3.64 2.90
4.50 4.12 3.3 t

|0.07 t. t9 3.4t
9.50 8.t? 3.86

I r.  r  5 9.27 4.09
t0.90 9.s2 4.87
r l .97 t0.32 5.08
l 1.64 10.49 6.02
t2.9E 1t.56 6.36

I  .  13  0 . t0
l . t0  0 . t4
l.2t 0.93
| . t2  t .03
t .17  t . l2
1.47 t.20
r .67  t .33

l . l8  0 .82
I . l  5 0.85
1.34 0.96
|.3t r.06
t . 5 4  t . l 6
t.54 | .25
t .75  1 .39

t.24 0.85
r.zs 0.9r
t .12  t .o r
1 . 5 |  t . r 4
t .67  t .21
l .?3  r . t1
t.94 | .50

l.3rt 0.90
l .r() l.0O
l . s1  t .o t
1 .74  1 .27
t . tE  t .34
2.05 t.57
2.25 t.6t

t .s1 r.00
t .88  r .22
t.93 1.24
2.41 1.62
2.52 t.U
t .25  2 .18
t.34 2.22

rSee Chapter 20. scction on Faclors Affecting Heat Transfer across Air Spaces.
btnterpolation is permissible for other values of mean temperature, tcmpcraturc differenccs, and cffcctive emittancc E. tnterpolation and modcratc cxtrapolation

fot air siraces g,.ai€r iiritn 3.j irr. &r c airo ysr rriissibir.
cEffectivc cmirtance of the spacc E is givcn by l/ E - llet + l/ez - I, where cl and e2 are the cmittances of the surfaces of the air space (Scc section B of Tablc

r.)
dCrcdit for an air space resistance valuc cannot bc taken morc than once and only for the boundary conditions established.
cResistances of horizonial spaces with heat flow downward arc substandally indepcndcnt oftempcraturc diffcrence.
fThermal resistance vatues were determined from the relation R - | /C, wherc C - ,rc + Ehp hc is the conductiontonvcction coefficienl,E/r, is thc rediation coef-

f ic icnr*0.00686 El , /@+ r-) / l0ol3,andtaisrhemeanrempcratureof theairspace.For interpretat ionfromTablc2toairspaccthicknesseslessthan0.5in.(asin
insulating window glass), assumc /r" = 0.795 (l * 0.O016) and compute R-values from the above relations for an air space thickness of 0.2 in.

eBascd on National Bureau of Standards data prcsentcd in Housing Rcscarch Papcr No, 32, Housing and Home Finance ASency I954, U. S. Governmcnt Prinling
Office, Washington 20402.

Table 3A Thermal Properties of Typlcal Buildlng snd Insuhtlng Msterlsls-(Deslgn Yslues)r
(For Industrial Insulation Design Values, see Table 3B). These constants are expressed in Btu per (hour) (square foot) (degree

Fahrenheit temperature difference). Conductivities /kl are per inch thickness, and conductances fC,, are for thickness or construction stated,
not per inch thickness. All vclues are for I mein lemperature of 75 F, except ss noted by rn ssterlsk (t) whlch hgve becn reporled .1

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

and I /C (R) for the appropriate conversion factor in Table | 8.

Unll

Rcslslgnceb

r . H i

w

BUI!"DING BOART}
Boerds, Prnels, Subfl oorlng, Sheathlng

Woodhosrd Panel Products
Asbestos-cement board
Asbestos-cement board. .  .0.125 in.
Asbestos-cement board. . . .0.25 in.
Gypsum or plaster board . 0.37J in.
G y p s u m o r p l a s t e r b o a r d  . . . . .  . . . . . 0 . 5 i n .
Gyprum or plaster board .0.625 in.
Ply*ood (Douglas Fir). . . .
F l ; r -wood(Doug lasF i r ) . . .  .0 .25 in .
Pl} ',rpo4 (Douglas Fir) . , . 0.375 in.
Pi. ,r iod (Douglas Fir).  .  .  .  .0.5 in.
Pi; "' 1o6 (Douglas Fir)

120
120
t20
50
50
50
34
34
34
34
14

.j

0.80

0 2 5

:
,:

33.00
t6.50
3 .  l 0
2.22
t .78

3.20
2 . t 3
t .@
t.29

0.03
0.06
0.32
0.45
0.56

0.3r
0.17
0.62
0.77

0.Nt
a.0r
0.46
0,08
0.r0

0.05
0.08
O.I  I
0.t9

1.73
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Table 3A Thermal Fropertles of Typlcsl Buildlnc and Insulrling Materials-(Design Values)l

SI Unlt

Reslslanceb

2 . K )

w

Plywood or wood panel;. . .0,75 in.
Vegetable Fiber Board

Sheathing, regulardensity .0.5 in.

BUILDING MEMBRANE
Vapor-permeable felt, . . ,
v;ffi-;eal, t iav"rs orrnoppJ

INSULATING MATERIAI,s
Bleurnr rxo Brrr

Mineral Fiber, fibrous form processed
from rock, slag, or glass

approx.c 2-2.75in.
approx.G 3-3.5 in.
approx.c 5.5G6.5
approx.. 6-7 in. .
aoorox.d 8.5 in. .

0.22
0.33

0. t6

0.2i
0.36
0.21
0.20
0.17
0.t4
0.24

0.14
0. 17

0.0r

0.02

0.37
0.22
0.05
0.01
0.0r

0. t2

1.23
1.94
-r.35
3.87
5.28

5.00

5.26
3.57
6.25

t .5
+9
4.5

l . t

2.2

3.5
t . 0
t . 5
2.5

2.63
4AO
4.55

4.00

0.24
0.23
0.40

0.29

0.29

0.29
0.38

1E.23
27.72
3 t.s3

27.72

34.65

36.45
24.74
4i.82

34

I E
IE
22
25
l 8
t 8
t 5

30

50

55
63

37
50
62.5
40

0.50

0.73

0.82
1.00

0.54
0.94
t .  t 8

|.07

0.76
0.49
o.82
0.88
1.06
t .28
0.74

0.80
0J3

1.22

:

2 5 0

2.U)

2.00

1.37

r.22
I.N

I.E5
1.06
,jt

0.93

L 3 2
2.06
t.22
I . I4
0.94
0.7E
L35

1.25ry

o"az
0.94

0.29

0.31

0.31
0.31
0.3r

0.30

0.  l4

0.33

0.28

0.3 |

0.t2
0.32

0.31
0.3 r
0.31
0.29
0.33

17.33

13.86

I  3 .86

9.49

8.46
6.93

t2.82
7.35
5.89

2.08 | 0.34
r.23 | 0.33
0.28 | 0.48
0.08 | 0.r9
0.05 I o.ro

7d
IF
I9d
22d
30d
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Tgble 3A Thermal Froperties of Typical Buildlng and Insulating Materials-(Design Vqlues)'
Uni SI Unil

Densily
( lb/frr)

Conduc-
tivity
lkl

Conduc:
lance
(c)

Resistancet(R) Specific
Herl.

Btu/( lb)
(dcg F)

Resislanceb (fr)

Per inch
lhickiless

(r /  k)

For lhick-
ness listed

(r/c,

( m ' K ) i m 2 . K )

ww

Mineral fibcr with resin binder
Mineral fibcrboard, wer felted

Core or roof insulation '
Acous t ica l t i l c . . . .
Acous t ica l t i le . . . .

Mineral fiberboard, wet molded
Acoustical tile8. . .

Wood or cane fiberboard
A c o u s t i c a l t i l e c . . .  . . . . . . 0 . 5 i n
A c o u s t i c a l t i l e e . . .  . . . . . 0 . 7 5 i n

Interior finish (plank, tile) . . .
Wood shredded (cemented in

oreformed slabs). .

t 5

to - . l 7
t 8
2 l

2t

;

22

0.29

0.34
0.35
0.37

0.42

0.35

0.60

0.80
0.53

3.45

2.94
2.86
2.70

2.38

2.86

1.67

1.25
t.89

0 .17

0 . 1 9

0 . 1 4

,  0 .31

0.32

0 . 3 1

23.91

20.38
19.82
t  8 .71

16.49

t9.82

i l . 5 1

0.22
0.33

LOOSEFTLL
Cellulosic insulation (milled paper or

wood pulp).
Sawdust or shavings.
Wood fiber, softwoods
Perl i te, expanded., .  .  .
Mineral fiber {rock, slag or glass)

approx.c 3.75-5 in..
approx.c 6.5-8.75 in. .  .  .  .
approx,c 7.5- l0 in..
approx.s 10.25-13.75in. .  .  .  .

Vermiculite, exfoliated.

2.3-t.2
8.0- | 5.0
2.0-3.5
5,0-8.0

0.6-2.0
0.G2.0
0.6-2.0
o.6-2.0
7.0-8.2
4.G6.0

0.27-0.32
0.45
0.30
0.3'l

0.41
0.44

3.r 3-3.70
2.22
3.33
2.70

2.r3
2.27

I I
l 9
22
30

0.33
0.33
0.33
0.26

o . r7

3.20

"69-25.6c
I5.39
23.08
/,8.71

11.76
r 5.73

L 9 4
3.35
3.E7
5.28

Roorlxsurrrroxh
Preformed, for use above deck

Different roof insulations are available in different
thicknesses to provide the design Cvalues listed.tt
Consult individual manufacturers for actual
thicknes of their material.

0.72
to

o . t2

t.39
to

8 .? i

0.24
to

1 4 7

Perlite, expanded .

Sand and gravel or ston€ aggregate
(oven dried)

Sand and gravel or stone aggregate
(not dried)

Stucco .

t , l6

5 t
t20
t00
80
60
N
30
20
&
30
20

1,10

140
l l 6

5.0

1.66
3.2
3.6
2.5
1 .7
t . l 5
0.90
0.70
0.93
0.71
0.50

9.0

12.0
5.0

0.20

0.60
0. t9
0.28
0.40
0.s9
0.86
I . I  I
L 4 3
r.08
I .4t
2.AO

O,I I

0.08
0.20

0.21

0.32

0.22

1.39

4. t6
r.32
1.94
2.77
4.09
5.96
7.69
9.91
7.48
9.77

13.86

0.76

0.55
1.39

MASONRYUNITS
Brick, comrnon
Brick, facei

t20
r30

5.0
9.0

t . 25
0.90
0.66
0.54
0.45
0.40

0.20
0. t  I

0.80
I . I  I
1.52
L85
2.22
2.50

0 . l 9

0 .21

r.39
0.76

0.14
0.20
0.27
0.33
0.39
0.44
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12.50

1.40
0.90
0.78
t .  t 6
0.90
0.58
0.53
0.79
0.67
0.50
0.44

0.96
0.52

0.61
0.33
o.46
o.20
0.40
o . l 7

0.79
0.74
0.@

0.08

0.7t
I . I  I
I.2E
0.86
I . I I
1.72
1.89
1.27
L50
2.00
2.27

I.M
1.93

1.65
2.99
2.IE
5.03
2.48
5.E2

t.26
1.35
1.67

0.22

o.2l

o.2r

o.22
0.22

0.21

|  3 .3
6.66

3 . 1 2
2.67
2J3

I  t . l 0
9 . 1 0
7.70

t . 5
5.6

1 .7

I v.vo
| o.ts

| 0.32
| 0.3e
| 0.47

0.67 I -
o.tE | -

| 0.09I v.vt
I  O. I I
| 0.r3

0.59 | -

0.2c
0.20
0.20

0.32
0.20

45
45

45
r05
t05
t05

45

r20
70
70
70

22.16

Concrete blocks, three oval core:
S a n d a n d g r a v e l a g g r e g a t e  . . . . . . . . . 4 i n .

. . . . . . . . . 8 i n .

C i n d e r a g g r e g a t e . . . , .  . . . . 3 i n .

::::: : . ::::::::::: :::: i t i l :
L i g h t w e i g h t a g g r e g a t e  . . . . . . . 3 i n .

( e x p a n d e d s h a l e , c l a y , s l a t e  . . . . . . , . 4 i n .
o r s l a g ; p u r n i c e ) . . . . . ,  . . . . 8 i n .

concrete utocts, reciang,irii i,"i..;i 
' ' 12 in'

Sand and gravel aggregate
2core ,  8 in .  36 lb .k '  . ' .  .  .  .  .  .
Same with filled corest'

Lightweight aggregate (expanded share,
clay, slate or slag, pumice):
3  core ,  6  in .  l9 lb . r+
Same with filled coreslr
2 c o r e . 8 i n . 2 4 l b . r *  .  .  .  .  .
Same with filled coreslr
3 c o r e ,  l 2 i n . 3 8 l b . r r
Same with filled coresl'

Stone, lime or sand. . . .
Cypsum partition tile:

3 x l2 x 30 in. solid
3 x 1 2 x 3 0 i n . 4 < e l l
4 x 12 x 30 in. 3-cell

METALS
(S€e

PLASTERINC MATERTALS
Cement plaster. sand aggregate

Sand aggregate 0.375 in
Sand aggregate .0.75 in

Gypsum plaster:
Lightweightaggregate. . , .0.5in
Lightweight aggregate . . 0.625 i
L i g h t w e i g h t a g g . o n m e t a l l a t h  . . . . . . . . . . 0 . 7 5 i n
Perlite aggregate. . . . .
Sand aggregate
Sand aggregate . . 0.5 in
S a n d a g g r e g a t e  . . . . . . 0 . 6 2 5 i n
Sand aggregate on metal lath. , . . .0.75 in
Vermiculite aggreqate . .

CHAPTER 22 1977 Fundamentals Handbook

Sl Unit

Ilesisl[nceb (R)

0.13
0.20
0.23
0.I5
0.20
0.30
0.33
0.22
0.26
o.35
0.40

0.29
0.53
0.38
0.89
0.44
1.02

t  2 d

0.02
0.02
0.02

4.09

0.u
0.03
0.08
4.06
0.0t
0 . t 7

0.21
0-87
t . I9
1.40

0.21
0. t5
1.46

0.79
0.81
1.05
0.59

0.3 t
0.28
0.3 r

0.24
0.35
0.35
0.28
0.28
0.28
0.28
0.29

0.4
0. t5
0.21
0.25

0.u
0.03
0.26

0. t4
0.14
0.18
0. t0

( m 2 . K )

w
.x)

w

0.18
0.34

0.22
0.24
0.29

0.01
0.03

0.M
0.07
0.08

t .49

4.75
l . t 5
0.84
0.7 |

4.76
6.50
0.69

t .27
t .23
0.95
1.59

0.67
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Table 3A Thermsl Bropert ies of Typical I lui lding and Insulat ing Matt 'rials-(lr(

arv Unit Sl Uni l

Densily
( lb l f t3)

Conduc-
t ivi ty
w)

(irnduc-
lance
(c)

Resistanccb(R) Specific
Heal,

Btu/( lb)
(deg F)

Resislanceb (Il)

Per inch
lhickness

0/kl

For thick-
ness Iisled

(/cl

( m 2 ' K )

w

,  over sheathing
t .6 l

0.55

0.34
10.00

0.61

1.82

2.96
0.10

0.29

0.32

0.20

0 . t I

0.32

0.52
0.02

DODS
rple, oak, and similar hardwoods
, pine, and similar softwoods. .  .  .  .' o'"'' ""::'l'ii:lilT : : : : : : :, '', liiit,

. . . . . . 3 . 5 i n .

45
32
32

t . l 0
0.80

t .06
0.53
0.32
o.2!

0.91
1.25

o.co
1.89
3.r2
4.35

0.30
0.33
0.33

6.3 t
8.66

0. t7
0.33
0.60
0.7s

Archit

woo
Maple
Fir, pi
Fir. ni

Notes lor Trble 3A
aReplcr-ntative valucs for dry materials were selected by ASHRAE TC4.4, Insulation and Moisture Barriers. 

'l 'hey 
are intended as desiSn (not specification) values

for materials in normal use. For properties of a particular product, use the valuc supplied by the manufacturcr or by unbiased tests
bResistance values are the reciprocals of C before rounding off C to two decimal places.
cAlso see lnsulating Materials, tsoard.
d Does nor inciude paper backing and facing, if any. Where insulation forms a boundary (reflective or otherwise) of an air space, see Tables I and 2 for the in-

sulating value of air space for the appropriate effective emittance and temperature conditions of the space.
cConductivity varies wirh fiber diameter. (See Chaptcr 20, Thermal Conductivity section, and Fig. l) Insulation is produced by different densities; therefore, ihere

is a wide variation in thickness for lhe same R-value among manufacturers. No effort slrould be made to relate any specific R-value to any specific thickness.
Commercial thicknesses generally available range frcm 2 to 8.5.

fValues are for aged board stock. For change in conducrivity with age of expanded urethane, see Chapter I 9, Factors Affecting Thermal Conductivity.
Slnsulating values of acoustical tile vary, depending on density of the board and on typc, size. and depth of perforations.
hThe U. S. Department of Commerce, Simplified Practice Recommendation for Thermal Conduclance Focton Jor Preformed A bove-Deck Roof Insulgtion, No.

R 257-55, recognizes the specification of roof insulation on the basis of the C-values shown. Roof insulation is made in thicknesses to meet these valus-
iFace brick and common brick do not always have these specific densities. When density is differenr from that shown, there will be a change in thcrmal con-

ductivity.
jData on rcctangular core concrete blocks differ from the above data on oval core blocks, due to core configuration, different mean temperatures, and possibly dif-

ferences in unit weights. Weight data on the oval core blocks tested are not available,
i W€lghts ol untts approxim ately 7 .625 in. high and I 5.? 5 in. long. f hese weights are given as a means of describing lhe blocks tested. but conductance values are

all for I ftz of area-
lVermiculite, perlite, or mineral wool insulation. Where insulation is used, vapor barriers or other precautions must be considered to keep insulation dry.
mValues for metal siding applicd over flat surfaces vary widely, depending on amount of v€ntilation of air space beneath the siding; whether air space is reflective

or nonreflective; and on thickness, type, and application of insulating backing-board used. Values given are averages for use as desiSn guides, and were oblained
from several guarded horbox rests (ASTM C236) or calibrated hotbox (BSS 77) on hollow-backed types and types made using backing-boards of wood fiber, foamed
plastic, and glass fiber. Departures oft507e or more from the values given may occur.

BLA

Table 38 Thermal Conductivity (/<) of Industrial Insulation (Design Values). (For Mean Temperatures Indicated)
ln Btu Frhrenh€ll differencc

Form Material

Accept-
ted Max

Temp for
Use.,lr*

Typica
Densil!
{th,/fil'

Typical Conductivily /< at Mean Temp F

l0( -75 -50 -25 0 25 50 75 r00 200 300 500 700 900

INXETS & FELTS
MINi:RAL FIBER

(Rock, slag or glass)
Blankcr, metal reinforced

Mineral fiber, glass
Blanket, flexiblc. fine-fiber
organic bonded

Blanket, flcxible, textile-fiber
organic bonded

Fielt, scmirigid organic bonded

Laminar€d & felred
Without  b inder

VECETABL.E & ANlt \ , lAL FIBER
l{ai r  Fcl t  or  Hair  Fel t  Dlus Jute

1200
tmo

350

350

400
EJO

t200

r80

Gr2
2.5-6

0.65
0.?5
1 .0
1 . 5
2.0
3.0

0.65
0.75
1 .0
1 . 5
3.0

3-E
3

1 .5

t 0

0 . 1 6 l .  l 7 0 .  l 8

0.25
0.24
o.2J
0 .21
0.20
0 .  l 9

0.27
0.26
o.24
o .22
0.20

0 . t 9

o.26
0.2J
o.24
o.22
0 .2  |
0.20

0.28
0.21
0 .25
0.23
0 .2  t

0.20

0.28
o.27
0.25
0.23
0.22
0 .2 r

0.29
0.28
o.26
o.24
0.22

O.24
0 .2  r

0.26

0.30
0.29
0.27
0.25
0.23
o.22

0.30
0 2 9
o.27
0.25
o.2r

0.25
0.22

o.28

0 1 3
0 .32
o.29
o .27
0.25
0.23

0.3 t
0 . 1 |
o.z9
0 .27
o.24

0.26
0 .21

0.29

0.26
o.24

0.36
0 3 4
0.32
0.28
0.26
0.24

0.32
0 .3  |
o.z9
0.25

o.27
0.24

0.10

0.32
0 .31

0 .53
0.48
0.43
0 .37
0 .3 l
0 .31

0.50
0.48
0.45
0.39
0 .32

0.3 5
0.35

0.19
0.40

0.68
0.66
0.60
0 .5  r
0_4 t

0.44
0.5 5
0 .35

0.54
0 .61

0.45 0.60
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Trble 38 Thermrl Conductlvity (/r) of Industrlol Insuletion (Design Vrlues)' (For Mean Temperelures lndicoted)
ln Rtu Frhrcnhclt I dltf ircncc p.r in,)

Form Meterial Composition

Accepl-
led Max

Temp for
[Jsc, lrr

Typicnl
Density
f lb/f t l )

Typical Conduclivily * al Mesn Temp F

I -75 -50 -25 0 25 50 75 100 200 300 500 700 9{X)
BL(rcKS. BOARDS II PIPE INSULATION

ASBESTOS
Laminated asbestos PaPer
Corrug,ated & laminated asbestos

Paper
4-plv
6-plv
E-plv

MOLDED AMOSITE& BINDER
8570 MAGNESIA
CALCIUM SILICATE

CELLULAR GLASS
DIATOMACEOUS SILICA

MINERAL FIBER
Glass,
Organic bonded,block and boards

Nonpunking binder
Pipc insulation, slag or glass

lnorganic bonded-block

Pipe insulation slag or glass

MINERAL FIBER
Resin binder

RICID POLYSTYRENE
Extruded, Refrigerant l2 exp
Exrruded, Ref rigerant I 2 exp
Extruded
Molded beads

POLYURETHANE'I
Refrigerant I I exp

RUBBER, Rigid Foamed
VECETABLE & ANIMAL FIBER

Wool felt (DiDe insulation)

700

300
300
300

1500
600

I 200
l 800
E00

r600
1900

.mo
1000
350
500

t000
r 800
1000

170
170
t70
t70

2ro
150

lE0

30

i l - r  3
I 5 - t 7
t8-20
l5 -  l8
r  t - 1 2
I  l - t 3
t2 - l5

8 .5
2l-22
23-25

3-10
3- l0
1-4
3- r0

l0 - r5
t5-24
to-15

t 5

3.5
2.2
1 . 8
I

1.5-2.5
4.5

m

0 .16

0 .  l 6
0 . 1 6
0 . 1 7
0 . r8

0 .  l 6

l 7c.

c. r6
0.r6
0.1  I
0.20

c .  I7

o.32

0 .  l 8

0.23

0. r5
0 . t7
0 . r9
o .2 l

0 . 1 8

0.33

0 .19

0.24

0 .  16
0 .  l 6
0.20
o.23

0 . r8

0.35

0.20

0.20
0.20

0.25

0 .16
0 . 1 ?
o .2 l
0.24

0 . r 8

0.36

0.26

0 .1?
0 .1  8
0.23
o.25

0 .17
0.20

0.28

0.22

0 .21
0.22

0.24

0.22
0.24

0.38

0.28

0 . l 8
0 . t 9
0.24
0.26

0 . t 6
0.21

0.30

0.40

0.54
0.49
o.47

o.25

0.23
o.25

o.29

0.  r9
0.20
0.25
0.28

0.  l6
o.z2

0 .31

0.40

0.57
0 .5  r
o.49
0.32
0.35
0 .38

0.42

0.26
0.26
0.24
0.26
0.33
o.12
0.33

0.20

o.27

0 . 1 ?
o.23

0.33

0.45

0.68
0 .59
0.57
0.3?
0.38
0.4 t

0.48

0.33
0 .3  |
tr,29
0 .3  3
0.3E
0.37
0.38

0.50

0.42
0.42
0.44

0.55

0.40
0.38

0.40
0.45
o.4z
0.45

0.60

0.52

0.32
0.63

0.64
0.70

0.52

0 .55
o.s2
0.55

0.62

0.62
0.?4

0.68
0.75

0.62

o.7z

0.72
0.95

o.72
0.80

74

INSULATING CEMENTS
MINERAL FIBER

(Rock, sla8,, or glass)
With colloidal clay binder
With hvdraulic setting bindcr

l8m
| 200

24-30
30rl()

o.49
0.75

0.55
0.80

0.61
o 8 5

c.73
0.95

0.85

LOOSEFILL
Cellu lose insulation (milled pulverized

paper or wood pulp)
Mineral fiber, sla8, rock or glass
Perlite (cxpanded)
Silica aerogel
Vermiculite (expanded)

2.s-t
2-5
5-8
7.6
7-8.2
4-5

0.25 ) 1
0 . l 9
0.29
0 . r 3
0.39
0.34

) . z l
) .30
) .  l 4
1.40
1 .3  5

J.42
1.38

.32

. 1 5

0.25
0.14
0 . 1 5
0.44
0.40

).26
).26
) .35
). l6
).45
).42

0.21
0.28
0 .37
0 . 1 ?
0.41
o 4 4

0.29
0 .31
0 .39
0 .18
0.49
0.46

strucl ion for normal ur.  For ihcrmal t6istancc of a parl icular product,  us thc vt luc suppl icd by the manufacturer or by unbiased tests.
.ThGlcmperaturcsarcgoeral lyacceptedasmaximum whcnoperat ingtcmperaturcapproachesthesel imitsfol lowthcmanufactutct 'srccommendations.
.rValucs arc for aged borrd st@k. For ;hangc itr conductivity wirh age of refrigcranGblown cxpandcd urcthane se section on Thcrmal Conduclivity, C haptcr I 9.

Nore.. Somc polyuie(hanc foams arc formcd by mans which produce a slable product (vilh respct to t), but mosl are blown with refrigcrant and will change with time.

Table 4A Coefficients of Transmission (U) of Frame Walls'
Tbese coefficicnts arc expressed in Btu per (hour) (square foot) (degree Fahrenheit) difference in tempetaturCbctwccn lhe air on the two sides),

and are based on an outside wind velocity of l5 mph

Replacc Air Space with 3.5-in. R-ll Blanket Insuhtion (New ltem 4)
I

AI
FramConstluction

L Outside surface ( l5 mph wind)
2. Siding, wood,0.5 in.x 8 in. lapped (average)
3. Sheathing, 0.5-in. asphalt impregnated
4. Nonreflect iveair space, 3.5 in. (50 Fmean; l0deg F

temperature difference)
5. Nominal 2-1n. x 4-in. wood stud
6. Gypsurn wallboard,0.5 in.

1 t  6 ' 7. lnside surface (st i l l  air

Total Thernal Resistance (R) R i=4,44

0 . 1 7
0.81
| . 3 2

l . 0 l

0.45
0.68

0 . 1 7
0.8 l
t . 3 2

4.38
0.45
0.68

0 . r7  0 .17
0.8t  0.81
1.32 1.32

I t.00
4.38
0.45
0.68

0.45
0.68

= 14 .43  R =7.81

Construction No. l :  U; = l /4.44=0.225; U.=l/7.81 :0.128. With
(0.225) + 0.2 (0. I 28) = 0.206 (See Eq 9)

ZOs/oframing (typical of 2-in. x 4-in. studs @ l6-in. o.c.),  Usv = 0.8

Construction No. 2: U; = l /14.43 = 0.069; U. :  0.128. With framing unchanged, U

I

{ Scr lert section Calculating Overall Coefficicnts for basis of calculalions.

= 0.8(0.069) + 0.2(0.128) = 0.081
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Tabfe 4B Coefficients of Transmission (Il) of Solid Masonry Walls.

outside wind velocitv of | 5 m

I
Resistance

Conshuction Between

I .  Outside surface (15 mph wind)
2. Common brick. 8 in.
3. Nominal l  - in. x3-in. vert ical furr ing
4. Nonreflect ive air space,0.75 in. (50 F mean;l0 deg F

temperature dif ference)
5. Cypsum wallboard,0,5 in.
6. lnside surface (still air
Total Thermal Resktance (R) R . = 3.84 = 7 . 9 0 = R

2OVo framing (typical of l-in. x 3-in. vertical furring on masonry @ l6-in. o.c.)

0 . t?'3
t .0 l
0.45
0.68

0.45
0.68

o . t7
t.60

5.00
0.45
0.68

0.  t7
t.60
0.94

Construction No.

Construction No. u " = u - . , = t / 1 . % = 0 . t 2 7

l : U ,  =
Uou =

2 : U t =

| / 3.9 | =0.256; U,= | / 3.81=o.260. with
0.8 (0.256) + 0.2(0.260)= 0.2s7

Cocfficicntsare cxpresscd in Blu per (hour) (square foot) (degree h-ahrenheit difference in temperarure betwe€n thcair on the Iwosides), and are based on an

Replace l'urring Strips and Air Sprce with l-in. Flxtruded Polysryrene (New ltem 4)

aScc text section Calculating Overall Coefficients for basis of calculations.

Table 4C Coefficients of Transmission (U) of Frame Partitions or lnterior Wallsr
Coefficients are expressed in Btu per (hour) (square foot) (degrec Fahrenheit diffcrence in iemperatuie between thc air on rhe two sides),

and are based on still air (no wind) conditions on both sides

Replace Air Space with 3.5-in. R-l1 Blankel Insulation (New ltem 3)
I

Between
Cortstruction

l. Inside surface (still air)
2. Cypsum wallboard,0.5 in.
3. Nonreflective air space, 3.5 in. (50 F mean; | 0 deg F

temperature difference)
4. Nominal 2-in. x 4-in. wood stud
5. Cyp:urrr waiibuarri0.5 in.
6. Inside surface (still air

Belween At

0.68
0.45

l .0t

0.45

0.68

0.68
0.45

4.38
0.45
0.68

0.68 0.68
0.45 0.45

r 1.00
4.36

0,45 0.45
0.68 0.68

Total Thermal Resistance (R) = 3.27 R.= 6.64 =13.26 R = 6.64
ConstructionNo. l :  U-.= 173,21 7p.1$: Ur7l16.fA =0.151. With l0q0 framing (typical of 2-in.x4-in. studs @ 24-in. o.c.),  Uru=0.9

(0.306) + 0.1 (0.151) = 0.290
C o n s t r u c t i o n N o . 2 :  U j = l / 1 3 . 2 6 = 0 . 0 7 5 . U s = 1 , / 6 . 9 : 0 . l 5 l . W i t h f r a m i n g u n c h a n g e d , u o v = 0 . 9 ( 0 . 0 7 5 ) + O . l ( 0 . 1 5 1 ) = 0 . 0 8 3
aSee text section Calculating Overall Coefficients for basis of calculations.

Table 4D Coefficients of Transmission ({4 of Masonry Walls'
Cocfficients are expressed in Btu per (hour) (square foot) (degree Fahrenheir difference in tempcrature between the air on the two sides).

and are based on an ouride wind velocity of | 5 mph
Replace Cinder Aggregate Block with 6.in. Light-weight Aggregrte Block with Cores Filled (New ltem 4)

l 2
Resistsnce (R)

Between Between AI
Conslruction

l.  Outside surface ( l5 mph wind)
2. Face brick, 4 in.
3. Cement mortar,0.5 in.
4. Concrete block, cinder aggregate, 8 in.
5. Reflect ive air space,0.75 in. (50 F mean; 30 deg F
temperature difference)
6. Nominal l  - in. x 3-1n. verr ical furr ing
7. Gypsum wallboard,0.5 in.,  foi l  backed
8. lnside surface (st i l l  air)
Tola! Thcrmal Resktance (R) = 6.33 '  R-=4.50  R

o. t?
0.44
0 . t 0
1 .12

2.71

0.45
0.68

0 .17
o.44
0 . r0
t .72

0.94
0.45
0.68

o, l7
0.u
0.  t0
2.99

2.77

0.45
0.68

0 . 1 ?
o.44
0.  t0
2.99

0.94
0.45
0.68

Resistance (R)

= 7.60 = 5. '17
Const ruc t ionNo.  l :  U ,=  l /6 .33= 0 .  158;  U,  =  l /4 .50=0.222.  Wi th20gof raming( typ iea lo f  l - in .  x  3 - in .

o .c . ) ,  U" ,  =  0 .8 (0 .158)  +  0 .2 (0 .222,  =  0 .171
Construction No. 2: U, = |  /7.60 = 0. I  32.Us : |  /  5.77 = 0. l  73. With framing unchanged, Uo" =
escc lext section Calcularing Overalt Coefficients for basis of calculations.

vertical furring on masonry @ l6-in.

+ 0.2(0. 173) = 1 .40

nl' '  l  r"" -

0.8(0. r 32)
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Table 4E Coef ficients of Transmission (U) o? Masonry Cavity Walls.
'Cocfficients are expressed in 8tu pcr (hour) (square foot) (degree Fahrenheit differcnce in remperature b€rwecn the air on the two sidcs), and are based on an ourside

wind veloci ry of  l5 moh

Replace Furring l!1i-p1qnd Gypsum Wallboard wilh 0.625-in. Ptsster (Sand Aggregate) Applied Direclly to
concrete Block-Fill 2.5-in. Air space wirh vermiculite tnsulalion (New Items 3 i'id 7.

I
Resistance (R)

Conslruclion

l.  Outside surface (15 mph wind)
2. Common brick, 8 in.
3. Nonrel lect ive air space, 2.5 in. (30 F mean; l0 deg F

temperatu re dif ference)

l. Inside surface (still air)
2. Plaster, lightweight aggregate, 0.625 in.
1  C n n e r e i e  h l n r l r  e i n d a r  o d d r a d o t a  /  ; n

4. Plaster, l ightweight aggregate,0.625 in.
5. Inside surface (st i l l  air

Total Thermal Resistance(R) .

Between

0.  l7
0.80

l . l 0 r
o.7l

t . 0 l

0.45
0.68

0 . t7
0.80

o . l 7
0.80

s.32.r
0.71

0 . 1 l
0.68

0.94
0.45
0.68

Totol Thermal Resktance (R) = 4.92 = 4.85 = R = ' 1  . 7 9

Const ruc t ionNo.  l :U ,= l /4 .92=0.203;U,= l /4 .85=0.206.Wi th20q0f raming( ryp ica l  o f  l - in .x  3 - in .ver r i ca l fu r r ingonmasonry@16- in .
o.c.),  Uo" = 0.8(0.203) + 0.2(0.206) = 0.204

Construction No.2: U; = U. = U-,.  = 1.19 = 0.128
N Sce texr scction CalculatinS Overall Ccfficients for basis of calculations

Int€rpolalcd value from Table 2.
"Calculated valuc from Tablc J.

Table 4F Coef ficients of Transmission (U) of Masonry Partitionsl
Coefficients are expressed in Btu per (hour) (square foot) (degree Fahrenheit differencein temperature between the air on the rwo sides),

Replace Concrete Block with 4-in. Gypsum Tile (New ltem 3)
Conslruction

0.68
0.39
t . t  I

0.39
0.68

3.2s

0.68
0.39
l . o  /

0.39
0.68

Consrruction No. l : U = l /1.25 = 0.308
Construction No. 2: U : l /3.81= 0.262

and are based on still air (no wind) conditions on both sides

lll
3 a  t

a Sc€ tcxt section Calculating Ovclall Cocfficienrs for basis ofcalculations.

Table 4G Coefficients of Transmission (t/) of Frame Construction Ceilings and Floorst
Coefficients are expressed in Btu per (hour) (square foot) (degree Fahrenheit difference between the air on the rwo sides), and are

based on still air

Conslruciion
(Heat Flow

l .  Bottom surface (st i l l  air)
2. Metal lath and l ightweight aggregate,

p las te r ,0 .75  in .
3. Nominal 2-in. x 8-in. f loor joist
4. Nonreflectivc airspace, 'l .25-in.
5. Wood subfloor.0.75 in.
6 .  P lywood,0 .625 in .
7. Felt bui lding membrane
8. Resi l ient t i le
9-r_Igglurface (srill air)

on both sides

4ssume Unhealed Attic Spoce above Heated Room wilh Heal Flow Up-Remove Tile, Felt, Plywood, Sub-
floor and Air Space-Replace with R.l9 Blanket Insulstion (New ltem 4)

Healed Room Relow
Unheated Space

I
Resislance (R

8 9

Between
Floor
Joists

0 .61

0.47

0.93r
0.94
0.78
0.06
0.05
0.6 t

At
F'loor
Joist

Between
floor
Joists

At
Floor
Jolsts

0 .61

0.47
9.06

0.94
0.78
0.06
0.05
0.61

0.61 0.6t

o.47
9.06

0.6

o.47

r9.00

0.6r
Ttttal Thernal Rcsistance (R) =  4 .45 = |  2 .58 = 20.69 = | 0.75

Construction No. I  Ur= 1/4.45=.0.225; lJ,= |  /  l ) .J$= 0.079. Wit h |  090 framing (rypical of 2-in. joists @ l6-in. o.c.),  IJo, = O.9 (0.225) + 0. l
(0'079)= 6'216

!q:!t". t t .r t  N..r4 = I/
r See t€rt secrion Calcularing Overall Coefficients for basis of calculations.
'Use largest air space (3.5 in.) valuc shown in Table 2.

6
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Table 4H Coefficients of Transrnission(U) of l- lat Masonry Roofs with Bullt-up Roofing, with and without

rhcsc cocrricients arc crp.esscd in ;,:t""1ffj'i.lltl,:i.:,1[#flf Llfjl'l,l;].Y.Hi:jl|ffi,. berwcen rhe air on rhe rwo sides).
and are based upon an outside wind velocity of I 5

Add Rigid Roof Deck lnsulation, C = O.24(R = l/C) (New ltem ?)
Conslruction

(Heai l'low Up)

22.21

l .  Inside surface (st i l l  air)
l .  Metal lath and l ightweighr aggregate plaster, 0.75 in.
3. Nonreflcctive air space, greater than 3.5 in. (50 F mean;

l0 dcg F temperature difference)
4. lvletal ceiling suspension system with metal hanger rods
5. Corrugated metal deck
6. Concrete slab, lightweight aggregate, 2 in.
7. Rigid roof deck insulation (none)
8. Bui l t-up roofing,0.375 in.
9. Outside surface (15

Totol Thermal Resistance (R). 4.13

0.61
o.4'l

0.93r
0r*
0

2.22

0.33
0 . r?

0.61
0.47

0.93'
0rr

0
2.22
4 . 1 7
0.33
0 . t 7

2 3 4

Construction No. l :  Uo, = t /a .73 = o.2t l
l /8 .90= 0.1 l2

8.90

Construction No. 2: U-,, =

5

lSce text section Calculating Overall Coefficients for basis ofcalculations.
o To adjust U values for the effect of added insulation between framing members. see Table 5 or 6.'Use largest  a i r  space (3.5 in. )  value shown in Table 2.

r'Area of hanger rods is negligible in relarion to ceiling area.

Table 4I Coefficients of Transmission (t/) of Wood Construction Flat Roofs and Ceilingsr
(Winter Conditions, Upward Flow)

Coefficients are expressed in Btu per (hourXsquarefoouO (desreeuFahreffil 
f:[:;il:;tn 

rempcrature between rhe air on rhe two sides),

Replac.eXoof Deck Insulgtion and 7,25-in. Air Space with 6-in. R-19 Blanket Insulation and 1.25-in. Air
Space (New ltems 5 rnd 7)

I
Resistance (R)

Between At
Joisls Joisls

2

Belween At
Joisls Joists

5 6 7 8 9

Construction
(Heat Flow

|. Inside surface (st i l l  air)
2. Acoustical t i le, f iberboard, glued,0.5 in.
3. Gypsum wallboard,0.5 in.
4. Nominal 2-in. x 8-in. ceiling joists
5. Nonreflect ive qir space, 7.25 in. (50F mean; l0degF

ternperature difference)
6. Plywood deck, O.625 in.
7. Rigid roof deck insulation, c = 0.72,(fi = l/Cl
8. Bui l t-up roof
9. Outside surface ( | 5 rnph wind

0.61
1.25
0.45

0.93*
0.78
r .39
0.33
0 .17

0.6t
t . 25
0.45
9.06

0.78
t .39
0.33
0.  t?

0.61
1.25
o.:

1.05*+
0.78

t9.00
0.3-1
0 . 1 7

0.61
r .25
0.45
9.06

0.33
o . l 7

Construcl ionNo. lU1 = l /5.91 = 0.t69; U" =
(0 .169)  +  0 .1  (0 .071)  =  0 .159

C.rsf.ti"" t!".2U, = t/23 :

Total Thermal Resistance (R) =5.91 =H.44 R i=23.64 R.= 12.65

l/14.M = 0.071. With l09o framing (typical of 2-in. joisrs @ l6-in. o.c.),

l /12.65 = 0.079. With framingunchanged, U"u = 0.9(0.M2) + 0.t (0.0?9) = 6.6a6

Uo, = O.9

rsee text section Catculating Overall Coefficients for basis ofcalculations.'Use largcst air spacc (,1.5 in.) value shown in Table 2.r'lnlerpolated value (0 F mean; l0 deg F tcmperature differcnce).
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Table 4J Coefficients of Transmission (U) of Metal Construction Flat Roofs and Ceilings'
(Winter Conditions, Upward Flow)

Coefficients are expressed in Btu per (hour) (square foot) (de8T€e Fahrenheit diffcrence in tcmperature bctween the air on the two sides),
and are based on upon outside wind velocily of | 5 mph

Replace Rigid Roof Deck Insulation (C = 0,24) and Sand Aggregate Plasler with Rigid
sulat ion,  C = 0.36 and Lighlweight  Aggregale Plasler  (Ncw l lcms 2 and 6)
Conslruction
Heat Flow U

I  .  I  nside surface (st i l l  air)
2. Metal lath and sand aggregate plaster,0.75 in
3. Struclural beam
4. Nonreflective air space (50 F mean; l0 deg F

temperature dif ference
5. Metal deck
6. Rigid roof deck insulation, C = 0.24(R = l/c)
? .  Bu i l t -up  roo f ing ,0 .3?5 in .
8. Outside surface ( I  5 mnh wind

Roof Deck In-

t

0.6r
0. r3
0.00'

0.93r.
0.00t
4 . 1 7
0.33
0 .  1 ?

0.61
0.47
0.00*

0.93rr
0.00r
2.78
0.33
0 .  l 77 g

Construction No. l :  U =

Construction No. 2: U =

Total Thermal Resistonce (R) 6.34 5.29
l /6.3a = 0.1s8
t/5.29 = o.t89

a See text section Calculating Overall Coefficients for basis of calculations.'!f 
strucrural beams and metal deck are ro be considered, the lechnique shown in Examples I and 2, and Fig. 3 may be used to estima(e total R. Full scale lesting

of a suitable portion of the construction is, however, preferable.
" Usc largest air space (J.5 in.) value shown in Table 2.

Table 4K Coefficients of Transmission ({/) of Pitched Roofs"'b
Cocfficients are expressed in Bru per (hour) (square foot) (degree Fahrenheit difference in temgrrature between the air on the two sides), and are based

on an outside wind velocity of l5 mph for heat flow upward and 7.5 mph forheatlew downward

1

Find Uou for sarne Conslruction 2 with Heat Flow Down (Summer Conditions)
I

Construction I
(Hent Flow U

l. Inside surface (st i l l  air)
2. Gypsum wallboard 0.5 in.,  foi l  backed
3. Nominal 2-in. x 4-in. cei l ing rafter
4. 45 deg slope reflective air space, 3.5 in. (50 F mean,

30 deg F temperature difference)
5. Plywood sheathing,0.625 in.
6. Felt building membrane
7. Asphalt shingle roofing
8. Outside surface (15 mph wind

Between At
Rafters Rafters

Between At
Raflers Rafters

0-'l(l
0.45

4.33
0.78 0.78
0.06 0.06
0.44 0.44
0.25+1 0.25t*

o.62
0.45

2 . 1 7
0.78
0.06
o.M
0 . t7

0.78
0.06
0.44
0.  t7

o.?6
0.45
4.38

0.62
0.45
4.38

5 6 7 8

Tota lThermal  Res is tance(R)  . . . . . . .  R =6.90 :7.07 R = 7 . t 2

Consrruction No. t :U;=l/4.69= 0.213; U" = l /6.90 = 0.145. With l09o framing (typical of 2-in. rafters @16-in. o.c.),  Ucy= 0.9 (0.213) + 0.1
(0' la5) = s'2s6

Const ruc t ionNo.2 :U, : l /7 .91  =  0 .14 t ;  I l "  =  l /1  .12  =  0 .140.  Wi th  f ramingunchanged,  Uo"=  0 .9  (0 .141)  +  0 ' l  (0 '140)  =  0 .141

Find Uou for same Construction 2 with Heat Flow Down (Summer Conditions)

Construction t Beiween At
Rafters Raf ters

Between At
Rafters RaftersFlow Up) (Non-Reflective Air

=4.69

l. lnside surface (still air)
2. Gypsum wallboard,0.5 in.
3. Nominal 2-in. x 4-in. cei l ing rafter
4.45 deg slope, nonreflect ivc air space, 3.5 in.

(50 F mean; l0 deg F temperature difference)
5. Plywood sheathing,0.625 in.
6. Felt building membrane
7. Asphalt shingle roofing
8. Outside surface ( I  5

0.62 0.62
0.45 0.45

4.38

0.76
0.45

0.76
0.45
4.38

0.96
0.78
0.06
0.44
0 . t 7

;
0.06
0.44
0 . 1 7

0.90t
0.78 0.78
0.06 0.06
0.44 0.44
0.25{1  0 .25 ' *

Total Thermal Resistance(R) .. . . . . .  R =3.48 R =6.90 =3.64  R : 7 . 1 2

Construction *" ,,6iolft:T. =10.287; Us = t/6.90 = 0.145. With l09o framing typical of 2-in' rafters @ l6-in. o.c'), Uo"= 0.9 (0.287)+ 0.1

C o n s t r u c t i o n N o . 4 : 4 =  l / 3 . 6 4 = 0 . 2 7 5 ; U "  =  l , z 7 . l 2 = 0 . t r l 0 . W i t h f r a m i n g u n c h a n g e d , U , " = 0 . 9 ( 0 . 2 7 5 ) + 0 . 1 ( 0 . 1 4 0 ) = 0 . 2 6 2

a Sce text section Calculating Overall Cocfficients for basis of calculations.
D Pitch of roof-45 d€g,.
'Air spacc value al 90 F meann, l0 F dif. tempcralure diff€rencc.

"?.5-mph wind.
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Table 5A Determlnatlon of U-Vslue Resulting
from Addition of Insulatlon to (he Total

Area' of sny Given Building Section
Added /tcd,c

Table 5B Determinalion of U-Yalue Resulting from
Addition of Insulation to Uninsuleted Roof Deck

22.23
t

U-Value of Roof
without

Roof-Dcck

Insulrtionr

Conduclance C of Roof-Deck Insulalion

0. r2 0. t5 0. r9 0.24 0.36 0.72Given
Building
Section
Prooertyt.b R = 4

UUUUUU

r.00 r.00 0.20
0.90 1.i l 0.20
0.80 r .25 0. t9
0.70 r .43 0.18
0.60 t .67 0. t8
0.50 2.00 0. t7
0.40 2.50 0.15
0.30 3.33 0. l4
0.20 5.00 0.1I
0.r0 t0.00 0.07
0.08 12.50 0.06

0. r4 0.1 | 0.08
0. 14 0.I I 0.08
0. t4 0. i l  0 .08
0 .13  0 . l r  o .o7
0.13 0.10 0.07
0.13 0.  l0  0.07
0. t2 0.10 0.07
0. t I  0 .09 0.07
0.09 0.08 0.06
0.06 0.06 0.05
0.05 0.05 0.04

0.06 0.05
0.06 0.05
0.06 0.05
0.06 0.05
0.06 0.05
0.06 0.05
0.05 0.M
0.05 0.04
0.05 0.04
0.04 0.03
0.04 0.03

0.06 0.07
0.08 0.08
0.09 0. r0
0.09 0.1 |
0 . t 0  0 . t 2

0 . t  I  o . t 2
0 . r  I  0 . t 3
o . t 2  0 . l 4
0 .12  0 . t 4
o . t2  0 .  r  5

0.07 0.08 0.09
0 .09  0 . t I  o . t z
0 . r  |  0 . t 3  0 . t 6
0 . t 2  0 . t 5  0 . t 9
0 . f3  0 . r6  0 . z l

0. t4 0. t8 0.24
0.15 0.  19 0.26
0.16 0.2r  0.30
0.17 0.23 0.13
0.18 0.24 0.35

R = 6  R = t  R = t 2 R = t 6 R = 2 0 R = 2 4

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.03

0.  r0
0 . t5
0.20
0.25
0.30

0.35
0.40
0.50
0.60
0.70

0.05
0.07
0.08
0.08
0.09

0.09
0.09
0.  t0
0 .10
0 . t 0

UUUUUURU U

a lnterpolation or mitd extrapolation may be used.

I For U- or R-values not shown in the table, interpolate as necessary.
bEnter column I with Uor R of the design building section.
cUnder appropriate column heading for added R, find U-value of resulting

des,ign section.
"lf the insulation occupies previously considered air space, an adjustment

must be made in the given building section R-value.
clf insulation is applied between framing members, use Eq 9 to determine

average U-value.

Table 6 Effective Resistsnce of Ventilated Atticst-(Summer Condition)5
P A. NONREFLECTIVE SURFACES

Venlilatlon
Air Temp., F Sol-Aird Temp., F

No Ventilation Nalural Venlilalion Power Venlilationc

Venlilation Rale. cfm/fl2

o , t  rb
l . J

l/U Ceilins Resistance, Rc

l0 20 l0 20 t0 20 t0 20 l0 20

EO

90

100

t20
t40
t60

t20
140
l@

t20
t4
l@

1 . 9  1 . 9
t . 9  r . 9
1 . 9  1 . 9

1 . 9  1 . 9
t . 9  1 . 9
t . 9  1 . 9

1 . 9  1 . 9
1 . 9  t . 9
1 . 9  1 . 9

2.8 3.4
2.8 3.5
2.8 3.6

2.5 2.8
2.6 3.1
2.7 3.4

2.2 2.3
2.4 2.7
2.6 3.2

6.3 9.3
6.5 l0
6 .7  l l

4.6
s.2
5.8

6.7
7.9
9.0

4.4
6 .1
7.6

3.3
4.2
5.0

9.6 t6
9 .8  t1

t 0  t 8

6 . 1
7 .6
8 .5

l 0
t 2
l4

4.0
J.E
7.2

6.0
8.7

l l

il
t 2
t 3

20
2 l
22

6.9 13
8.6 15

t0 t7

4.r
6.5
8.3

6.9
t0
t 3

ACESI

NThe tcrm e//ective rcsistance is used when there is attic vcntilation, A value for no ventilation is also included. The effective resistance of the attic may bc added to
the resislance ( I /(, of the ceilin8 (Table 4C) to obtain ihe effective resisaancc of the combinatioo based on sol-air (Chapter 2E) and room temperature. These valucs
appty to wood framc construction rvit h a roof deck and r oofing havin8 a conductancc of t .0 Btu/(hr ' ft 2 ' F).

bWhen artic ventilation mccts the rcquiremcnts of Table 3 in Chapter 2l , 0.1 cfm/ft2 may be assumed as the natural summer ventilation rate for dcsign purposes.
cRes i s tonce i sonc (h r . f t 2 . I j ) /B ru .Dc rc rm in€ce i l i ng res i s t ancc f romTab l cs4GandSA,andad jus t f o r f r am ingbyEqg .Dono tadd thcc f f cc to fa r c f l ec t i ve

surfacc facing the attic to the ceiling resistance from Table 4C, as it is accounted for in Table 6, Part B.
dRoofsurface temperaturc rather than sol-air temperaturc (see Chapter 2E) may bc used if0.25 is subtracted from theatlic resistance shown.
cBased on air discharging outward from attic.
fSurfaccs wirh effecrivc eminance E of 0.05 bctwecn ceiling joists facing the attic space.

1''i'- r"l

PART B. R SURF

80

90

t00

t20
t40
r@

120
140
160

120
lt()
160

6.5 6.5
6.5 6.5
6.5 6.5

6.5 6.5
6.5 6.5
6.5 6.5

6.5 6.5
6.5 6.5
6.5 6.5

8 .1
8.2
8.3

7.5
1.1
1.9

7.0 7.4
7 .3  7 .8
7.6 8.2

8.8
9.0
9.2

8.0
8.3
8.6

l 3
l 4
t 5

t0
t2
t 3

E.0
l0
il

t 7
l 8
r8

t 3
l 5
t 6

l0
l 2
l 4

l7 25
l8 26
19 27

12 t7
14 20
t6 22

8.5 r2
l l  t 5
13  l 8

t9
20
2l

t 3
l 6
l 8

8 .8
l 2
t 5

30
3 l
t2

t9
22
25

l 2
t 6
20
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Room
or

'Bui lding

T

No. of
Walls
wi lh

Windows

Difference
lloom

or
Building

No. of
Walls
wi(h

Windows

Any
Any
Any
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Table 7 Estimated lfeat Losl from Building by Infi ltrationrJ
rhe rabulared factors' when murtip":o"lro::3T,?il"'iii::'iilfl';Il;$l:|j;''lfHtil;,:lilared heat ross (Btu/hr) due to inf'rrarion

Temp. Difference, deg F

t00100755025

B
c
D
E

None
I

A 2
3 o r 4

0.23
0.34
0.6E
0.90

0.45
0.68
r .35
1.80

0.68
l .oz
2.02
2.t0

0.90
1.36
2.70
3.60

1.35 2.70
0.90-1.35 r .80-2.70
0.45-0.68 0.90-r.35
0.68-r .35 t.35-2.',70

4.05 5.40
2.704.05 3.60-5.40
l .J5-2.02 t .80-2.70
2.03-4.05 2.'tO-5.40

A = Offices, apartments, hotels, multistory buildings in general.
B = Entrance halls or vestibules.
C = Industrial buildings.
D = Houses, all types, all toomsexcept v€stibules.
E = Public or institutional buildings.

Table E Coefficients of Transmission (U) of Windows, Skylighis, and Light Transmitting partitions
Thesevalucsareforheat t ransfer f romair toair ,Btu/(hr ' f t2.F) ,Tocalculaterotalheargainincludingsolar t ransmission,secChapter2S.

PART A_VERTICAL PANEI,,S (EXTERIOR WINDOWS,
SLIDING PATIO DOORS, AND PARTITIONS)_

FLAT GLASS. GLASS BLOCK. AND PLASTIC SHEET

PART B_HORIZONTAL PANELS (SKYLIGHTS)_
FLATGLASS, GLASS BLOCK. AND

PLASTIC DOMES

Exteriorr

Description Winter Summer Interior Description

Exleriorr

Winterl Summerj Interiorr
Flat Glassb

single glass

insulating glass-doublec
0. I 875-in. air spaced
0.25-in. air spaced
0.5-in. air spacec
0.5-in. air space, low

emittance coatingf
e = O.2O
e = 0.40
e = 0.60

insulating glass-triplec
0.25-in. air spacesd
0.5-in. air spacesr

storm windows
l-in. to 4-in. air spaced

Plastic Sheet
single glazed

0. 125-in. thick
0.25-in. thick
0.5-in. thick

insulating unit-doublec
0.25-in. air spaced
0.5-in. air spacec

Glass Blocktt
6 x 6 x 4 i n . t h i c k
8 x 8 x 4 i n . t h i c k

-with cavity divider
l2x  l2x  4 in .  th ick

-with cavity divider
l 2 x 1 2 x 2 i n . t h i c k

0.5 t
0.49
0.46

0.32
0.38
0.42

0.38
0.30

0.?3t.04

0.65
0.61
0.56

0.38
0.45
0.51

0.32
0.38
0.43

t . l 0

0.62
0.58
0.49

0.39
0.3t

0.50

1.06
0.96
0.8t

0.60
0.56
0.48
0.52
0.44
0.60

0.44
0.39

0.50

0.98
0.89
0.76

0.56
0.45

0.57
o.s4
0.46
0.50
0.42
0.57

0.44

0.46
0.44
0.38
0.4t
0.36
0.46

Flat Glassc
single glass

insulating glass-doublec
0.1875-in. air spaced
0.25-in. air spaced
0.5-in. air space"
0.5-in. air space, low

emittance coatingr
e = 0.20
e = O.4O
e = 0.6{)

Glass Blocktt
l l x l l x 3 i n . t h i c k w i t h

cavity divider
12 x l2 x 4 in. rhick with

cavity divider

Plastic Domesr
single-walled
double-walled

1.23

0.70
0.65
0.59

0.53 0.35

0.5 r

I  . 1 5
0.70

0.34

0.83

0.57
0.54
0.49

0.96

0.62
0.59
0.56

0.39
0.45
0.50

o.M

4.42

0.48 0.36
0.52 0.42
0-56 0.45

0.E0
0.46

0.55
0.43

PART C_ADJUSTMENT FACTORS FOR VARIOUS WINDOW
AND SLIDING PATTO DOOR TYPES (MULTIPLY U VALUES

IN PARTS A AND N BY THESE FACTORS)

Description

Double
Single or Triple
Glass Glsss

Slorm
Windows

Windows
,4// Glasst
Wood Sash-8070 Glass
Wood Sash-6070 Glass
Metal Sash-8070 Glass

Sliding Patio Doors
Wood Frame
Metal Frame

t.00
0.90
0.80
!.00

0.95
t .00

1.00
0.95
0.85
1.20m

t.00
l . l 0 m

t.00
0.90
0.80
1.20m

tsee Part C for adjustment for various window and sliding patio door types.
bEmittance of uncoolcd glass surface - 0,84.
c.Double and triplc refer to the number of lights of glass.
do. l25- in.  gtass.
c0.25- in.  g lass.
tCoating on either glass surfacc facing air space; all other glass surfaces uncoatcd.
EWindow design: 0.25-in. glass-0. I 25-in. glass-0.25-in. glass.
n Dimcnsions are nominal.
tFor hcat flow up.
jFor hcat flow down.
lBascd on arca ofopcning, not lotal surfacc are&.
I Refers to windows with negligiblc opaque area.
m Valucs will bc less than these whcn mctal sash and frame incorporate thcrmal brcaks. ln some thermal break dcsigns, U-values will be equal ro or less than those

for thc glass. Window manufaclurers should bc consulted for specific data.
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Table 9 Coefficients of Transmission (t4 for Slab Doors
Blu per (hr flz F)

Winler Summer

solid wood, slorm Doorb

No Slorm Door Wood Metal No Storm Door

l - in.
1 .25- in .
L5- in .
2-in.

Sleel Doorla

1 . 7 5  i n .
Ac
gd

cc

0.050
0.060
0.070
0.080
0.090

0.r00
0 . t  l 0
0.1 30
0 , t50
0.1 70

0. t90
0.210
0.230
0.250
0.270

0.049 0.050 0.050
0.059 0.059 0.060
0.068 0.069 0.070
0.078 4.079 0.080
0.087 0.089 0.090

0.096 0.099 0.100
0.105 0.108 0.109
0. | 23 0.127 0.t29
0. l4 l  0 .147 0.149
0.158 0. t66 0. t69

0.t15 0. r 84 0. 188
0.t92 0.203 0.208
0.209 0.222 0.227
0.226 0.24t 0.247
0.241 0.259 0.266

0.0s0 0.050
0.060 0.060
0.070 0.070
0.080 0.080
0.090 0.091

0.100 0.101
0 .110  0 .1 i l
0 .13 t  0 . r3 t
0 . t 5 t  0 . t 5 1
0.r71 0. t72

0.r9t 0.t92
0.2t2 0.213
0.212 0.233
0.2s2 0.253
0.27t 0.214

22.25

Thicknessr

0.64
0.55
0.49
0.43

0.61
0.53
4.47
0.42

0.30 0.39
0.28 0.34
0.27 0.33
0.24 0.29

aNominal  th ickness.
bValues for wood storm doors are for approximately 5090 glass; for metal

storm door values apply for any perccnt ofglass.
cA = Mineral fiber core (2 lblft3).
oB = Solid urethane foam core with thermal break.
cC = Solid polystyrene core with thermal break.

Table I Conversion Table for Wsll Coefficient U for

U for
l5 mPhr

0.59
0. r9
0.47

0.5E
0 . t 8
0.46

30252010302520

Wind Velocities

U for 0 to 30 mph Wind Yelocities

0.050
0.060
0.0?0
0.080
0.091

0 .10 r
0 . l l l
0 . t 3 1
0.1 52
o.l '12

0. t93
0.2t3
0.214
0.254
o.2'15

0.290
0 .310
0.330
0.350
0.370

0.390
0.410
0.430
0.450
0.500

0.600
0.700
0.800
0.900
1.000

o.257
0.2'73
0.288
0.303
0.3 t8

0.333
0.347
0.362
0.376
0.410

0.474
0.535
0.592
0.645
0.695

0.278 0.286
0.296 0.305
0.3 t4 0.324
0.332 0.144
0.350 0.363

0.368 0.382
0.3E5 0.442
0.403 0.421
a.420 0.439
0.464 0.487

0.548 0.5E1
0.631 0.6?5
0.71 l 0.766
0.789 0.858
0.865 0.949

a.293 0.29s 0.296
0 .3 t3  0 .315  0 .317
0.333 0.336 0.338
0.3-s4 0.357 0.359
0.375 0.378 0.380

0.395 0.399 0.401
0.416 0.420 0.422
0.436 0.441 O.4M
0.45'1 0.462 0.465
0.509 0.514 0.518

0.612 0.620 0.626
0.?16 0.728 0.736
0.821 0.836 Ct.B47
0.92'1 0.946 0.960
1.034 1.058 1.075

U for 0 to 30 mph Wind Velocities

3U in first colunrn is from previous tables or as calculated for I 5 mph wind velocity.



ln Btu

Pipe
Size
(in.)

Linear
F'oot

l'aclorb

Tempernlure Difference Degree Fahrenheit between Pipe Surface and Surrounding Air (Air rt t0 F)

5{t I00 150 200 250 300 350 400 450 500 550 600 650 700 750 800 t50 9fi) 95(

0.5
0.75
I
t . 25

t 0
l 2
t 4
l6

t 8
20
24

Vertical Surface
Horizontal Surface

Facing Upward
Horizontal Surface

Facing Downwar

t . 5
2
2.5
3

3 .5
4
4.5
5

6

8
9

0.220
0.275
0.344
0.435

0.497
0.622
0.753
0 .9 r6

t.047
r . r 7 8
r .309
l.456

1.734
1.996
2.258
2.520

2.814
3.338
3.665
4 . r89

4.7 l7
5.236
6.283

.80

.79

.11

.76

t .69
t .68
t.66
1.84

t.03

t . 6 t

z . t2
2.08
2.04
2.00

.98

.95

.92

.89

.87

.85

.84

.83

; 1 5
.73
.72
.70

2 .  r0
2.08
2.06
2.05

1 . 8 6

2.3

2.48
L . q J

2.38
2.34

2 .31
2.2'l
2.23
2.20

2 . 1 8
2 .16
z . t4
2 . t 3

2.O3
2.Ol
2.00
1 . 9 8

t .96
t . 9 5
r .93
2 . 1 4

2.80
2.74
2.69
2.64

2.61
2.56
2.52
2.49

2.46
2.44
2.42
2.40

2.17
2.35
2.33
2 .31

2.30
2.2'1
2.26
2.24

2.22
2 .21
2 . t 9
2.42

2.67

2 . t l

9't2.

3.  r0
3.04
2.99
2.93

2.90
2.85
2 . 8 1
2.77

2.74
2. ' t2
2.70
2.68

2.49
2.47
7.45
2.70

z-5'l
2 .54
2.53
2 .51

2.65
2.63
2.60
2.59

2.36

3.42
3 .35
3.30
1.24

3.20
3 . r 5
3 . r  I
3.0'l

3.04
3.01
2.99
2.97

2.7'1
2.75
2.73
3.00

3.28

2.64

2.94
z.9 l
2.89
2.87

2.85
2.83
2 .81
2.79

3 .7  4
3.67
3 .61
3 .55

3.52
3.46
3.42
3.37

3.34
t . t2
3.30
3.28

1.24
3 .21
3 .  r9
3 . 1 7

3 . t 5
3 . t 2
3. i l
3.08

3.07
3.05
3.02
3.30

3.59

2.93

4.07
4.00
3.94
3 . 8 8

3.84
3.78
3.74
3.69

3.66
t.64
3 . 6 1
3.59

3 . 5 5
3.s3
3.50
3.48

3.46
3.43
3 .41
3.39

3.3'l
3 .36
3 .33
3.62

3.92

3.23

4.47
4.40
4.33
4.21

4.23
4 . 1 7
4 . t 2
4.08

3.94
3.9 r
3.88
3.86

t .75
3.73
3.'10
4.00

4 .31

3.60

4.05
4.02
4.00
3.97

.84

. 8 1

.79
1 A

4.86
4.79
4.72
4.66

4.62
4.56
4.J  I
4.46

+.32
+.29
+.26
4.24

4 . 1 2
4 . l l
4.07
4.38

4.43
4.40
4.38
4. t5

.22

. t 9

.l '7

. 1 4

t.?0

3.91

5.28
5 .21
5 . 1 4
5.0'7

5.03
4.9'1
4.92
4.87

4.84
4 . 8 1
4.79
4.76

4.72
4.69
4.6'l
4 .65

4.62
4.59
4.5' l
4 .55

4 . 5 3
4 . 5 1
4.48
4.79

. t 25

4.37

5.72
5.65
5 . 5 8
5 . 5  l

5 .47
5 . 4 1
s . 3 6
5 . 3 1

5.27
5.25
5.22
5.20

5 .  l 6
5 .  l 3
5 . 1 0
5.08

5.05
5.02
5.00
4.98

4.96
4.94
4.90
5.22

56

4.80

6 .  l 9
6 . 1 2
6.05
5.97

5.93
5.87
5.82
5. '77

5.73
5.7  |
5.68
5.65

5 . 6 1
5 . 5 8
5.56
5.53

5 . 5 1
5.48
5.46
5.43

5 . 4 1
5.39
5.36
5.68

6.02

5 2:

6.69
6.61
6.54
6.47

6.43
6.37
6 . 3 1
6.26

6.23
6.20
6.1' l
6 . 1 5

6.00
5.96
5.94
s.92
5.90
5 . 8 8
5.84
6 . 1 7

6.  l0
6.O'1
6.05
6.O2

526.

5.73

't.22
' t . i 5
't.07

7.00

6.96
6.89
6.84
6.79

6.'15
6.72
6.69
6.68

6.63
6.60
6.5'7
6 .54

6.52
6.48
6.47
6.44

6.42
6.40
6.36
6.70

.05

6.2:

7.'79
7  . 7 1
7.64
7.56

7.52
7.45
7.40
't .35

7 . 3 l
1 .28
7.25
7.23

7 . 1 9
| . 1 5
7 . 1 2
7 .  l 0

7.08
1.04
7.O2
6.99

6.9'l
6.95
6.92
1.26

.61

6.8(

8 .39
8 . 3 1
8.23
8 .  t 6

8 . r 2
8.05
7.99
7.94

.78

.75
' .12
'.69

'.67
'.63
' .61
' .59

' .56
' .54
' . 5  I
r .85

i .2 l

7 .3 t

. 9 1

.87

.85

.82

9.03
8.9 i
8 .87
8.79

8.75
8.63
8.6.;
8 . 5 ;

8 .54
8.5  I
8.48
8.45

t .4  I
3 .38
3 . 3  5
s .32
.30
.26
.24
.21

. t 9

. 1 7

. t 4

.48

.85

8.02

9.70
9.62
9 . 5 5
9.4'7

9 .43
9.36
9.30
9.25

9 . 2 1
9 .  l 8
9 . t 5
9 . t 2

9.08
9.05
9.02
8.99

8.97
8.93
8.9  |
8 . 8 8

8.86
8.84
8.80
9 . t 5

9 .52

I
t 8 . 6 t

t0.42
10.34
10.26
1 0 .  r 8

1 0 .  l 4
10.07
t0 .01
9.96

9.92
9.89.
9 .86
9.83

9.'19
9.?6
9.73
9.70

9.68
9.64
9.62
9.59

9.5'l
9 .55
9.5 r
9.86

9.39

10.

l l . l 8
I  I . 09
l 1 . 0 2
10.94

l 0.89
10.32
10.11
10.7 t

10.67
10.64
10.61
r  0.58

t0.54
r0 .51
r0.48
t0.45

t0.43
10.39
10.37
I 0.34

t0.32
t0.29
t0.26
t0.62

t0.99

10 .14
aValues are for Flat Surfaces 4 ft2 or more rn area.
bTo u".ur. losses per linear fr, multiply ft2 losses in table by this factor. Losses per fi2 of pipe surface for pipes larger than 24 in. can be considercd lhe same as

losses for 24-in. pipe.

Tarnished Tuber

of Tube

Nominal
Diameler
of Tube

(in.)

Tube to Air

Heat Loss Llnear Foot of Tube. Btu/hr

CHAPTER 22

Trble II Hert Losses lrom Horizontal Bare Steel Pipes and

66
85

t04
t2l
139

173
207
241
305
36'1

428
490
550
669
716

r0 t0
t22'7
1446

1977 Fundamentals Handbook

Flal Surfacesr

260

0.25
0.375
0.5
0.625
0.75

I
t .25
t . 5
2
2.5

3
3.5
4
5
6

Table 13 External Surface per
Linear Foot of Copper Tubing

8
t0
t 2

Table 12 Heat Losses from Bare

aExtracted from Ref 9. Uscd by pcrmission.

I
t 0
l 3
t 5
17

2 l
25
29
37
u

5 t
59
66
80
93

t4
t 8
22
26
30

37
45
52
66
l 6

29

45
53
6 l

75
90

r05
132
r60

t86
212
238
288
3-16

435
527
621

5 l

48
59
68
79

97
il7
r35
t7 l
206

240
2'14
307
3'13
432

562
68r
802

46
60
72
85
97

120
145
t67
2t2
255

297
340
3 8 1
4g
541

699
848
999

Outsidc diameter 0. | 25

ube SizeSurface A
( in.) ( f t :)

2 0.556
2.5 0.687
3  0 . 8 1 8
3.5 0.949
4 |.080

' 
_' I iFlYrrrrs'
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rble 14 o t f sq$rgl_cs!
Nominal
llipe Slze

( ln.)

l"langed Coupling 90 lleg [Jll krng Radius t)ll Tee Cross

Slandsad Exlra Ileavy Strndard Exlra Heav Standard Extra Standerd Extra H Standard Extra

I
| . 25
1 . 5
2
2.5

3
3 .5
4
4.5
5

6
8

l 0
t 2

0.320 0.438
0.383 0.5t0
0.477 0.727
0.672 0.848
0.84t  t .  r07

0.945 t.484
t . t22 t .6M
t .3u  t . 914
t.474 2.O4
1.622 2. l8

|.Ez 2.78
2,41 3.77
3.43 5.20
4.41 6.11

0.795 I .0r 5
0.957 t.098
t .174 1.332
r.65 2.Ol
2.@ 2.57

2.38 3.49
2.98 3.96
3.53 4.&
3.95 5.02
4.44 5.47

s.l3 6.99
6.98 9.76

10 .18  13 .58
r 3.08 l7 .73

0.892 r.08J
1.084 1.3,10
I .337 1.874
| . 8 4  2 . 1 6
2.32 2.76

2.68 3.74
3.28 4.28
3.96 4.99
4.43 5.46
5.00 6.02

5.99 7;t6
8 .56  r  l .09

t2.3s 15.60
16.35  18 .76

1.235 | .5?5
l .4Er  1 .925
1.815 2 .68
2.54 3.09
3.21  4 .05

3.66 5.31
4.48 6.04
5.41 7.07
6.07 7.12
6.81  8 .52

7.84 10.64
10.55 14.74
15.41 20.41
t9.61 26.65

t.622 2.0'I
t .943 2 .53
2.38  t .54
J.32 4.06
4 . 1 9  5 .  t  7

4;17 6.95
5.83  7 .89
7.O3 9.24
1.87 t0.07
8.82 t0.91

10.08 t3.75
1t.44 18.97
19.58 26.26
24.87 34.1 l

alncluding areas ofaccompanying flanges bolted to the fittinB

Tabte l5 Approximate Wall Thickness (Z) of Insulation for Pipesrs

Insulation. Nominal Thickness

Nominal
Size

t n .

mm

Outer Diameter

I 1.5 , 2.5 3 3.5 4

25 3E 5l 6 76 t9 102

Wall Thickness

tn. ln. mm ln .  mm tn. mm ln .  mm ln.  mm tn. mm in. mm tn. mm

0.5
0.75
I
1.25
t .5
2
2.5
3
3.5
4
4.5
J
6
7
E
9

t0
il
l 2
l4e

0.84
t .05
1 . 3 2
t.66
t .90
2.38
2.88
3.50
4.00
4.50
5.00
5.56
6.62
7.62
E.62
9.62

10.75
I  t . 7 5
12.75
t4.00

2 l
27
33
42
48
60

B9
102
l 1 4
r27
l 4 l
168
194
2t9
244
273
298
324
356

t .0 l  26
0.90 23
1.08 27
0.9r 23
1.04 26
1.04 26
t.oA 26
t.oz 26
1.30 33
r.04 26
r .30 33
0.99 25
0.96 24

1.57 40
1.46  37
L58 40
t.66 42
1.54  39
t.58 40
1.86 47
1.54  39
r .80  46
t .54  39
f.80 46
1.49 38
t.46 3't
t .52  39
t .52  39
r.52 39
1.58 ,10
1.58 40
f .58  40
1.46 37

2.07 53
1.96 50
2.12 54
t.94 49
2.35 60
2 . to  53
2.36 60
2.M 52
2.30 58
2.O4 52
2.30 58
|  .99 5 l
2.02 5r
2.02 sr
2.02 5l
2 .15  55
2.08 53
2.08 53
2.08 53
|.96 50

2.88 ',B

2 .78  7 l
2.64 67
2.4',1 63
2.85 72
2.60 66
2.86 73
2.54 65
2.80  7 l
2.54 65
2.86 13
2.s6 65
2.52  @
2.52 g
2.65 67
2.65 6'l
2.s8 66
2.58 66
2.58  6
2.46 62

3.38 86
3.28 83
3 . 1 4  8 0
2.9't 75
3.35  85
3. t0  79
3.36 85
3.04 '1'1

3.36 85
3. t  I  79
3.36  85
3.06 78
3.02 7'l
3 . r 5  8 0
3 . t 5  8 0
3.15  80
3.08 78
3.08 78
3.08 78
2.96 7s

3.88 99
3.78 96
3.& 92
t.47 88
3.85 98
3.60 9l
1.92 t00
3.61 92
3.86 98
3.61 92
3.86 98
3.56 90
3.65 93
3.65 93
3.65 93
3.6s 93
3.58  9r
3 . 5 8  9 l
3 .58  9 l
3.46 88

4 . 3 8  l l l
4.28 t09
4 . 1 4  1 0 5
3.9't  lOt
4.42 lr2
4 .17  t06
4.42  n2
4.1 I 104
4.36 i l  l
4 . t  I  t04
4 .48  I  t4
4 .18  t06
4 . 1 5  1 0 5
4.  l5  105
4.  15  t05
4 . 1 5  1 0 5
4.08 r04
4.08 104
4.08 rM
3.96 l0 l

alarger sizes t hrough 36 in., same as for l 4 in.

Tube

l6 Approximste Wall Thickness of Insu
Insulation, l

lation for I ubes I

r,lominal Thickness

Nominal
Outer Diameler

ln .

mm

I 1.5 2 2.5 3 3.5 4

25 38 5r 64 76 t9 r02

ate Wall Thickness

in. ln . mm in. mm l n .  mm i n .  mm in .  mm in .  mm In. mm in. mm

0.3?5
0.J
0.?5
I
1 .25
t . J
2
2.5
3
3 .5
4
5
6

0.50
0.62
0.88
l . t 2
r . 38
t .62
2 . t 2
2.62
3 .  l 2
t.62
4 . t 2
5 . t 2
6 . t 2

t 3
t 6
22
28
35
4 l
54
6'I
19
92

105
t30
155

0.93 24
| . 1 2  2 8
t.00 25
0.87 22
f .06 27
0.93 24
o.92 23
o.92 2l
o.92 23
0.95 24
1 .23  3 l
1 .23  3 l
t . z l  3 l

.49 38

.43 36

.56 40

.43 36

.56 40

.4 !  36

.42 36

.45 37

.71 44

.48 38

.73 44

.71 44

. 7 1  4 3

l . 99  5 r
1.93 49
2.06 52
t .93 49
2.08 53
t .96 50
2.23 5'l
r .98 50
2.2t 5't
1 .98 50
2.23 5'7
2.2t  5?
2.28 58

2.52 64
2.46 62
2.86  73
2.'r4 

'lo

2.62 67
2.49 63
2.73 69
2.48 63
2.7f 69
2.48 6l
2.7t 69
2.80 

' t l

2. '18 7 |

3.05 17
2.99 76
3.36 85
3.24 82
3. t2 '19

2.99 76
3.2t  82
2.98 '16

3.23 82
2.98 '16

3.30 84
3.30 84
3.28 83

3.87 98
1.t4 95
3.62 92
3.49 89
3.1 t  95
3.48 88
3.80 9'l
3.54 90
3.80 97
3.80 97
3.90 99

i l l
108
t05
l 0 l
109
t03
109
r03
109
n 2
l t2

4.3' l
4 .24
4 . t 2
3.99
4.30
4.04
4.30
4.04
4.30
4.42
4.40
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Table l? Apparent Thermnt Conductivity (*) Values of Soils in Approximale Order of t lecreasing Values"

Moislure Conlcnl, 7tMechanical Anrlysis 7e by Welthl

l0

10090l t 090120

20

Soil Deslgnation Dry Density.lblftj

0ver 0.5 to
2.0mm 2.f i)mm

0.fi)S to Under
0.05 mm0.005 mm 100 l r0

Fine Crushed Quartz .
Crushed Quartz .
Graded Ottawa Sand . .
Fairbanks Sand . .
Lowell Sand

0.0 rm.o
15.5 79.0
0.0 99-9

27.5 70.0
0.0 100.0

0.0

0.0

0.0

0.0

5.5
0 .1
2.5

12.0
I  t . 5
t0.0
8 .5+
8.5

16.0
r6.0
t4.0
10.5

22.0

t  3.5 l5 .0
l  r . 0  13 .5

Chena RiverGravel .  ,
Crushed Feldspar
Crushed Granite.
Dakota Sandy Loam.
Crushed Trap Rock

80.0 19.4
25.5 70.3
t6.2 ',17.0

f 0.9 57.9
27.0 63.0

0.6
4.2
6.8

9.0r 13.0

21.2 10.0

6.0
5.5

5.0

1.3
7.5
6.5
6.0

9.5
10.0
9.5
1.O

l 3 +
r0.0

Ramsey Sandy Loam .
Northway Fine Sand.
Northway Sand
Healy Clay'.
Fairbanks Si l t  Loam. .

0.4
0.0
3.0
0.0
0.0

53.6
97.0
97.O

1 . 9
7.6

27.5
3.0
0.0

20.1
80.9

I  E.5
0.0
0.0

78.0
I  1 . 5

4.5
4.5
4.5
4.G! 5.5

5.0

6.5
5.5
6.0

r0.0
8.5
7.5+
9.0r 8.0 10.0
9.0t '7.5 10.0

Fairbanks Si l ty Clay Loam. . .  .  .  .
Northwav Sil t  Loam.

0.0
1 .0

9.2
21 .0

63.8
u.4

27.0
I3 .6

5.0
4.0t

9.tu 7.5
7.0t 6,0r

9.5
7.01

ak = Btu per (square foot)(hour)(Fahrenheit degree per inch).

Table lE Conversion Fgctors to SI Metric Units
(See ChaDter 3 | for a more cornplete list of factors.)

Physicnl To Converi MultiplY
Qusntily Symbol from To bY

Lcngrh

Tcmpsature

Pressurc

Mass

Mas/unil
alca

Moistule
conlenl late

Density

Thermal
conductivity

Thermal
conductancc

U-valuc

Thermal
tcstslance

Thcrmal
r6tsUYil y

Hcat now

Watc( vapor
pcrmcabil ity
(23"C)

pcrmcrncc
(23'C)

F
F

in Hg(6OF)

tb

lt,tfi?

lb/(f l2xwck) kgl(m2.s)

b/fr3 kg/n3

(Bru in.)/(hf f l2 . F) w/(m . K)

Bru/(hr . fr2 F) w/(m2 K)

Bru/(hr fr2 . F) w/(m2 . K)

{h| fr2 F)/Bru (m2 x)zw

(hr . fr2 . F)/(Bru . in.) (m KYw

Bru/(hr ' ft2) wzm2

Srarn - tgl(Ps s.m)
(hrxfr2Xin. HE/in.)

S t a r n  _ k g l ( p a . s  m 2 )
(hrXfr2Xin HE)

2.5,0 m0'842
3.04t 0@. E4l

6.45t 600. E{4
9.290 304.842

1.638 706 E{5
2.t3r 685 842

tC-  l tF -  !21 / t .8
,K= QF+ 459.671/1.8

1 . 3 7 6 8 5 E + 0 3

4.5t5 924 E- 0l

4 . E 8 2 4 2 t E + m

t . 0 7 2 7 9 t E - 0 6

1 6 0 t 8 4 6 E + 0 1

t .442279E-01

5 . 6 7 t 2 6 3 E + O 0

5 . 6 7 t 2 6 3 E + 0 0

I  76 t  t02E -  0 l

6 9 1 ! 4 ? l E + 0 0

l . l 5 4 5 9 l E + 0 0

t .459 29E -  12

5 7 4 t 2 J E -  l l

m
m

.3
m3
m3
.c
K

Pa

kg

tg/n2

tn,
fr

'i,rl
in.3

ftl

c
U

R

t/ in-

.I

P

p,P

'Exact factor.


