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CHAPTER 9

HEAT TRANSMISSION COEFFICIENTS OF 
BUILDING MATERIALS

Heat Transfer Symbol* Calculating Overall Coefficients,- Conductivity of Homogeneous Materials} Soil Conductivity and 
Specific Heat,- Surfoce and Air Space Conductance; Overall Coefficient* and Their Practical Use; Computed 

Coefficients of Walls, Roofs, Ceilings, and Floors; Effect of Insulation} Combined Ceiling, Roof, 
and Floor Coefficient* Glass Coefficient* CoJcufaring Surface Temperature*

T
HE design of air-conditioning or beating systems for 
buildings requires a knowledge of the thermal properties 
of the walls enclosing the space. (The term mafia in this case, 

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

HEAT TRANSFER SYMBOLS
U — overall coefficient of heat transmission or thermal trans­

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

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

C - thermal conductance; tbe time rate of beat flow through 
a unit area of a material from ODe of its surfaces to the other per 
unit temperature difference between the two surfaces. Its value 
is expressed in Btu per (hour) (square foot) (Fahrenheit de­
gree). The term is applied to specific materials as used, either 
homogeneous or heterogeneous, for the thickness or construc­
tion stated, not per inch of thickness.
/ “ film or surface conductance; the time rate of heat ex­

change by radiation conduction and convection of a unit area 
of a surface with the surroundings and the surrounding air or 
other fluid. Its value is expressed in Btu per (hour) (square 
foot of surface) (Fahrenheit degree temperature difference). 
Subscripts i and o are usually used to denote inside and outside 
surface conductances, respectively.

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

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

« »■ emissivity; the ratio of tbe total radiant flux emitted by 
a surface to that emitted by an ideal black body at the same 
temperature.

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

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

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

CALCULATING OVERALL COEFFICIENTS
From Chapter 5, Equation 7, the total resistance to heat 

flow through a wail is equal numerically to the sum of the 
resistances in series.

Rr *» Ri + Rx + Rt + R« + • • • + fi* (1)
where Rt, ft,, etc., are the individual resistances of the wall 
components, and Rr is total resistance.

For a wall of a single homogeneous material of conduct­
ivity k and thickness x with surface coefficients f< and /.,

Then by definition, U — 1 /Rr

' For a wall with air space construction and consisting of two 
homogeneous materials of conductivities hi and k\, thick­
nesses X\ and zi, respectively, and separated by an air space 
of conductance a.

Rt ■7 + I+-‘ + £^
/< *» a Jfcj

(3)

and U = 1/fir
For types of building materials having non-uniform or ir­

regular sections such as hollow clay tile or concrete blocks, it 
is necessary to use tbe conductance C of the section unit as 
manufactured instead of a conductivity k. The resistance of 
the section 1/C is therefore substituted for x/k in Equations 
2 and 3.

It will be noted that in order to compute the U value of a 
construction it is first necessary to know the conductivity
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