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HIS CHAPTER presents thermal and water vapor transmission Fig. 1 Surface Conductance for Different Surfaces as

Tdata based on steady-state or equilibrium conditions. Chapter 3
covers heat transfer under transient or changing temperature condi-
tions. Chapter 23 discusses selection of insulation materials and
procedures for determining overall thermal resistances by simpli-
fied methods.

BUILDING ENVELOPES

Thermal Transmission Data for Building Components

The steady-state thermal resistances (R-values) of building com-
ponents (walls, floors, windows, roof systems, etc.) can be calcu-
lated from the thermal properties of the materials in the component;
or the heat flow through the assembled component can be measured
directly with laboratory equipment such as the guarded hot box
(ASTM Standard C 236) or the calibrated hot box (ASTM Standard
C 976).

Tables 1 through 6 list thermal values, which may be used to cal-
culate thermal resistances of building walls, floors, and ceilings.
The values shown in these tables were developed under ideal con-
ditions. In practice, overall thermal performance can be reduced sig-
nificantly by such factors as improper installation and shrinkage,
settling, or compression of the insulation (Tye and Desjarlais 1983;
Tye 1985, 1986).

Most values in these tables were obtained by accepted ASTM
test methods described in ASTM Standards C 177 and C 518 for
materials and ASTM Standards C 236 and C 976 for building enve-
lope components. Because commercially available materials vary,
not all values apply to specific products.

The most accurate method of determining the overall thermal
resistance for a combination of building materials assembled as a
building envelope component is to test a representative sample by a
hot box method. However, all combinations may not be conve-
niently or economically tested in this manner. For many simple con-
structions, calculated R-values agree reasonably well with values
determined by hot box measurement.

The performance of materials fabricated in the field is especially
subject to the quality of workmanship during construction and
installation. Good workmanship becomes increasingly important as
the insulation requirement becomes greater. Therefore, some engi-
neers include additional insulation or other safety factors based on
experience in their design.

Figure 1 shows how convection affects surface conductance of
several materials. Other tests on smooth surfaces show that the aver-
age value of the convection part of the surface conductance
decreases as the length of the surface increases.

Vapor retarders, which are discussed in Chapters 23 and 24,
require special attention. Moisture from condensation or other

The preparation of this chapter is assigned to TC 4.4, Thermal Insulation
and Moisture Retarders.
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sources may reduce the thermal resistance of insulation, but the
effect of moisture must be determined for each material. For exam-
ple, some materials with large air spaces are not affected signifi-
cantly if the moisture content is less than 10% by mass, while the
effect of moisture on other materials is approximately linear.

Ideal conditions of components and installations are assumed in
calculating overall R-values (i.e., insulating materials are of uni-
form nominal thickness and thermal resistance, air spaces are of
uniform thickness and surface temperature, moisture effects are not
involved, and installation details are in accordance with design).
The National Institute of Standards and Technology Building Mate-
rials and Structures Report BMS 151 shows that measured values
differ from calculated values for certain insulated constructions. For
this reason, some engineers decrease the calculated R-values a
moderate amount to account for departures of constructions from
requirements and practices.

Tables 3 and 2 give values for well-sealed systems constructed
with care. Field applications can differ substantially from laboratory
test conditions. Air gaps in these insulation systems can seriously
degrade thermal performance as a result of air movement due to
both natural and forced convection. Sabine et al. (1975) found that
the tabular values are not necessarily additive for multiple-layer,
low-emittance air spaces, and tests on actual constructions should
be conducted to accurately determine thermal resistance values.

Affected by Air Movement

Fig. 1 Surface Conductance for Different Surfaces as 
Affected by Air Movement
.
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Values for foil insulation products supplied by manufacturers
must also be used with caution because they apply only to sys-
tems that are identical to the configuration in which the product
was tested. In addition, surface oxidation, dust accumulation,
condensation, and other factors that change the condition of the
low-emittance surface can reduce the thermal effectiveness of
these insulation systems (Hooper and Moroz 1952). Deteriora-
tion results from contact with several types of solutions, either
acidic or basic (e.g., wet cement mortar or the preservatives
found in decay-resistant lumber). Polluted environments may
cause rapid and severe material degradation. However, site
inspections show a predominance of well-preserved installations
and only a small number of cases in which rapid and severe dete-
rioration has occurred. An extensive review of the reflective
building insulation system performance literature is provided by
Goss and Miller (1989).

CALCULATING OVERALL THERMAL 
RESISTANCES

Relatively small, highly conductive elements in an insulating
layer called thermal bridges can substantially reduce the average
thermal resistance of a component. Examples include wood and
metal studs in frame walls, concrete webs in concrete masonry
walls, and metal ties or other elements in insulated wall panels.
The following examples illustrate the calculation of R-values and
U-factors for components containing thermal bridges.

The following conditions are assumed in calculating the design
R-values:

• Equilibrium or steady-state heat transfer, disregarding effects 
of thermal storage

• Surrounding surfaces at ambient air temperature

• Exterior wind velocity of 6.7 m/s (24 km/h) for winter (surface 
with R = 0.03 m2 ·K/W) and 3.4 m/s (12 km/h) for summer 
(surface with R = 0.044 m2 ·K/W)

• Surface emittance of ordinary building materials is 0.90

Table 1 Surface Conductances and Resistances for Air

Position of 
Surface

Direction 
of Heat 

Flow

Surface Emittance, ε

Non-
reflective Reflective
ε = 0.90 ε = 0.20 ε = 0.05

Üá o Üá o Üá o

pqfii=^fo

eçêáòçåí~ä réï~êÇ VKOS MKNN RKNT MKNV QKPO MKOP

päçéáåÖÔQRø réï~êÇ VKMV MKNN RKMM MKOM QKNR MKOQ

sÉêíáÅ~ä eçêáòçåí~ä UKOV MKNO QKOM MKOQ PKPR MKPM

päçéáåÖÔQRø açïåï~êÇ TKRM MKNP PKQN MKOV OKRS MKPV

eçêáòçåí~ä açïåï~êÇ SKNP MKNS OKNM MKQU NKOR MKUM
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Wood Frame Walls

The average overall R-values and U-factors of wood frame
walls can be calculated by assuming either parallel heat flow paths
through areas with different thermal resistances or by assuming
isothermal planes. Equations (1) through (5) from Chapter 23 are
used.

The framing factor or fraction of the building component that is
framing depends on the specific type of construction, and it may
vary based on local construction practices—even for the same type
of construction. For stud walls 400 mm on center (OC), the fraction
of insulated cavity may be as low as 0.75, where the fraction of
studs, plates, and sills is 0.21 and the fraction of headers is 0.04. For
studs 600 mm OC, the respective values are 0.78, 0.18, and 0.04.

Table 2 Emittance Values of Various Surfaces and Effective 
Emittances of Air Spacesa

Surface

Average 
Emittance

ε

Effective Emittance
εÉÑÑ  of Air Space

One Surface 
Emittance ε; 

Other, 0.9

Both
Surfaces 

Emittance ε

^äìãáåìã=ÑçáäI=ÄêáÖÜí MKMR MKMR MKMP

^äìãáåìã=ÑçáäI=ïáíÜ=ÅçåÇÉåë~íÉ=
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Fig. 2 Insulated Wood Frame Wall (Example 1)

Fig. 2 Insulated Wood Frame Wall (Example 1)
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These fractions contain an allowance for multiple studs, plates, sills,
extra framing around windows, headers, and band joists. These
assumed framing fractions are used in the following example, to
illustrate the importance of including the effect of framing in deter-
mining the overall thermal conductance of a building. The actual
framing fraction should be calculated for each specific construction.

Example 1. Calculate the U-factor of the 38 mm by 90 mm stud wall
shown in Figure 2. The studs are at 400 mm OC. There is 90 mm min-
eral fiber batt insulation (R = 2.3 m2 ·K/W) in the stud space. The inside
finish is 13 mm gypsum wallboard; the outside is finished with rigid
foam insulating sheathing (R = 0.7 m2 ·K/W) and 13 mm by 200 mm
wood bevel lapped siding. The insulated cavity occupies approximately
75% of the transmission area; the studs, plates, and sills occupy 21%;
and the headers occupy 4%.

Solution: Obtain the R-values of the various building elements from
Tables 1 and 4. Assume R = 7.0 m2 ·K/W for the wood framing. Also,
assume the headers are solid wood, in this case, and group them with
the studs, plates, and sills.

Because the U-factor is the reciprocal of R-value, U1 = 0.297
W/(m2 ·K) and U2 = 0.588 W/(m2 ·K).

If the wood framing (thermal bridging) is not included, Equation
(3) from Chapter 23 may be used to calculate the U-factor of the wall as
follows:

If the wood framing is accounted for using the parallel-path flow
method, the U-factor of the wall is determined using Equation (5) from
Chapter 23 as follows:

If the wood framing is included using the isothermal planes
method, the U-factor of the wall is determined using Equations (2) and
(3) from Chapter 23 as follows:

For a frame wall with a 600 mm OC stud space, the average overall
R-value is 0.25 m2 ·K/W. Similar calculation procedures may be used to
evaluate other wall designs, except those with thermal bridges.

Masonry Walls

The average overall R-values of masonry walls can be estimated
by assuming a combination of layers in series, one or more of which
provides parallel paths. This method is used because heat flows lat-
erally through block face shells so that transverse isothermal planes
result. Average total resistance RT(av) is the sum of the resistances of
the layers between such planes, each layer calculated as shown in
Example 2.

Example 2. Calculate the overall thermal resistance and average U-factor
of the 194 mm thick insulated concrete block wall shown in Figure 3.
The two-core block has an average web thickness of 25 mm and a face

Element

R

(Insulated

Cavity)

R

(Studs, Plates, 

and Headers)

1. Outside surface, 24 km/h wind 0.03 0.03

2. Wood bevel lapped siding 0.14 0.14

3. Rigid foam insulating sheathing 0.70 0.70

4. Mineral fiber batt insulation 2.30 —

5. Wood stud — 0.63

6. Gypsum wallboard 0.08 0.08

7. Inside surface, still air  0.12  0.12

3.37 1.70

Uav U1

1

R1

------ 0.30 W/ m
2

K⋅( )Z Z Z

Uav 0.75 0.297×( ) 0.25 0.588×( )H 0.37 W m
2

K⋅( )⁄Z Z

RT av( ) 4.98 1 0.75 2.30⁄( ) 0.25 0.63⁄( )H[ ]⁄ 0.22H HZ

 2.47 K m
2

W⁄⋅Z

Uav 0.40 W m
2

K⋅( )⁄Z
shell thickness of 30 mm. Overall block dimensions are 194 mm by
194 mm by 395 mm. Measured thermal resistances of 1700 kg/m3

concrete and 110 kg/m3 expanded perlite insulation are 0.70 and 20
K·m2/2, respectively.

Solution: The equation used to determine the overall thermal resis-
tance of the insulated concrete block wall is derived from Equations (2)
and (5) from Chapter 23 and is given below:

where

RT(av) = overall thermal resistance based on assumption of isothermal 
planes

Ri = thermal resistance of inside air surface film (still air)

Ro = thermal resistance of outside air surface film (24 km/h wind)
Rf = total thermal resistance of face shells

Rc = thermal resistance of cores between face shells

Rw = thermal resistance of webs between face shells

aw = fraction of total area transverse to heat flow represented by 
webs of blocks

ac = fraction of total area transverse to heat flow represented by 
cores of blocks

From the information given and the data in Table 1, determine the val-
ues needed to compute the overall thermal resistance.

Ri = 0.12

Ro = 0.03

Rf = 2 × 0.032 × 0.70 = 0.045
Rc = (0.194 − 2 × 0.032)(20) = 2.60
Rw = (0.194 − 2 × 0.032)(0.70) = 0.091
aw = 3 × 25/395 = 0.190
ac = 1 − 0.190 = 0.810

Using the equation given, the overall thermal resistance and average
U-factor are calculated as follows:

Based on guarded hot box tests of this wall without mortar joints,
Tye and Spinney (1980) measured the average R-value for this insu-
lated concrete block wall as 0.551 m2 ·K/W.

Fig. 3 Insulated Concrete Block Wall (Example 2)

Fig. 3 Insulated Concrete Block Wall (Example 2)

RT av( ) Ri Rf

aw

Rw

------
ac

Rc

-----H 
 

1Ó

RoH H HZ

RT av( ) 0.12 0.045
0.091 2.60×( )

0.810 0.91×( ) 0.190 2.60×( )H
---------------------------------------------------------------------------- 0.03H H HZ

0.612 K m
2
/W⋅Z

Uav 1 0.612⁄ 1.63 W m
2

K⋅( )⁄Z Z
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Table 3 Thermal Resistances of Plane Air Spacesa,b,c, K·m2/W

Position of 
Air Space

Direction of 
Heat Flow

Air Space 13 mm Air Spacec 20 mm Air Spacec

Mean 
Temp.d, °C

Temp. 
Diff.d, °C

Effective Emittance εÉÑÑ
d,e Effective Emittance εÉÑÑ

d,e

0.03 0.05 0.2 0.5 0.82 0.03 0.05 0.2 0.5 0.82

eçêáòK Up

POKO RKS MKPT MKPS MKOT MKNT MKNP MKQN MKPV MKOU MKNU MKNP
NMKM NSKT MKOV MKOU MKOP MKNT MKNP MKPM MKOV MKOQ MKNT MKNQ
NMKM RKS MKPT MKPS MKOU MKOM MKNR MKQM MKPV MKPM MKOM MKNR

−NTKU NNKN MKPM MKPM MKOS MKOM MKNS MKPO MKPO MKOT MKOM MKNS
−NTKU RKS MKPT MKPS MKPM MKOO MKNU MKPV MKPU MKPN MKOP MKNU
−QRKS NNKN MKPM MKOV MKOS MKOO MKNU MKPN MKPN MKOT MKOO MKNV
−QRKS RKS MKPS MKPR MKPN MKOR MKOM MKPU MKPT MKPO MKOS MKON

QRø
päçéÉ Up

POKO RKS MKQP MKQN MKOV MKNV MKNP MKRO MKQV MKPP MKOM MKNQ
NMKM NSKT MKPS MKPR MKOT MKNV MKNR MKPR MKPQ MKOT MKNV MKNQ
NMKM RKS MKQR MKQP MKPO MKON MKNS MKRN MKQU MKPR MKOP MKNT

−NTKU NNKN MKPV MKPU MKPN MKOP MKNU MKPT MKPS MKPM MKOP MKNU
−NTKU RKS MKQS MKQR MKPS MKOR MKNV MKQU MKQS MKPT MKOS MKOM
−QRKS NNKN MKPT MKPS MKPN MKOR MKON MKPS MKPR MKPN MKOR MKOM
−QRKS RKS MKQS MKQR MKPU MKOV MKOP MKQR MKQP MKPT MKOV MKOP

sÉêíáÅ~ä Horiz.

POKO RKS MKQP MKQN MKOV MKNV MKNQ MKSO MKRT MKPT MKON MKNR
NMKM NSKT MKQR MKQP MKPO MKOO MKNS MKRN MKQV MKPR MKOP MKNT
NMKM RKS MKQT MKQR MKPP MKOO MKNS MKSR MKSN MKQN MKOR MKNU

−NTKU NNKN MKRM MKQU MKPU MKOS MKOM MKRR MKRP MKQN MKOU MKON
−NTKU RKS MKRO MKRM MKPV MKOT MKOM MKSS MKSP MKQS MKPM MKOO
−QRKS NNKN MKRN MKRM MKQN MKPN MKOQ MKRN MKRM MKQO MKPN MKOQ
−QRKS RKS MKRS MKRR MKQR MKPP MKOS MKSR MKSP MKRN MKPS MKOT

QRø
päçéÉ

Down

POKO RKS MKQQ MKQN MKOV MKNV MKNQ MKSO MKRU MKPT MKON MKNR
NMKM NSKT MKQS MKQQ MKPP MKOO MKNS MKSM MKRT MKPV MKOQ MKNT
NMKM RKS MKQT MKQR MKPP MKOO MKNS MKST MKSP MKQO MKOS MKNU

−NTKU NNKN MKRN MKQV MKPV MKOT MKOM MKSS MKSP MKQS MKPM MKOO
−NTKU RKS MKRO MKRM MKPV MKOT MKOM MKTP MKSV MKQV MKPO MKOP
−QRKS NNKN MKRS MKRQ MKQQ MKPP MKOR MKST MKSQ MKRN MKPS MKOU
−QRKS RKS MKRT MKRS MKQR MKPP MKOS MKTT MKTQ MKRT MKPV MKOV

eçêáòK Down

POKO RKS MKQQ MKQN MKOV MKNV MKNQ MKSO MKRU MKPT MKON MKNR
NMKM NSKT MKQT MKQR MKPP MKOO MKNS MKSS MKSO MKQO MKOR MKNU
NMKM RKS MKQT MKQR MKPP MKOO MKNS MKSU MKSP MKQO MKOS MKNU

−NTKU NNKN MKRO MKRM MKPV MKOT MKOM MKTQ MKTM MKRM MKPO MKOP
−NTKU RKS MKRO MKRM MKPV MKOT MKOM MKTR MKTN MKRN MKPO MKOP
−QRKS NNKN MKRT MKRR MKQR MKPP MKOS MKUN MKTU MKRV MKQM MKPM
−QRKS RKS MKRU MKRS MKQS MKPP MKOS MKUP MKTV MKSM MKQM MKPM

Air Space 40 mm Air Spacec 90 mm Air Spacec

eçêáòK Up

POKO RKS MKQR MKQO MKPM MKNV MKNQ MKRM MKQT MKPO MKOM MKNQ
NMKM NSKT MKPP MKPO MKOS MKNU MKNQ MKOT MKPR MKOU MKNV MKNR
NMKM RKS MKQQ MKQO MKPO MKON MKNS MKQV MKQT MKPQ MKOP MKNS

−NTKU NNKN MKPR MKPQ MKOV MKOO MKNT MKQM MKPU MKPO MKOP MKNU
−NTKU RKS MKQP MKQN MKPP MKOQ MKNV MKQU MKQS MKPS MKOS MKOM
−QRKS NNKN MKPQ MKPQ MKPM MKOQ MKOM MKPV MKPU MKPP MKOS MKON
−QRKS RKS MKQO MKQN MKPR MKOT MKOO MKQT MKQR MKPU MKOV MKOP

QRø
päçéÉ Up

POKO RKS MKRN MKQU MKPP MKOM MKNQ MKRS MKRO MKPR MKON MKNQ
NMKM NSKT MKPU MKPS MKOU MKOM MKNR MKQM MKPU MKOV MKOM MKNR
NMKM RKS MKRN MKQU MKPR MKOP MKNT MKRR MKRO MKPT MKOQ MKNT

−NTKU NNKN MKQM MKPV MKPO MKOQ MKNU MKQP MKQN MKPP MKOQ MKNV
−NTKU RKS MKQV MKQT MKPT MKOS MKOM MKRO MKRN MKPV MKOT MKOM
−QRKS NNKN MKPV MKPU MKPP MKOS MKON MKQN MKQM MKPR MKOT MKOO
−QRKS RKS MKQU MKQS MKPV MKPM MKOQ MKRN MKQV MKQN MKPN MKOQ

sÉêíáÅ~ä Horiz.

POKO RKS MKTM MKSQ MKQM MKOO MKNR MKSR MKSM MKPU MKOO MKNR
NMKM NSKT MKQR MKQP MKPO MKOO MKNS MKQT MKQR MKPP MKOO MKNS
NMKM RKS MKST MKSO MKQO MKOS MKNU MKSQ MKSM MKQN MKOR MKNU

−NTKU NNKN MKQV MKQT MKPT MKOS MKOM MKRN MKQV MKPU MKOT MKOM
−NTKU RKS MKSO MKRV MKQQ MKOV MKOO MKSN MKRV MKQQ MKOV MKOO
−QRKS NNKN MKQS MKQR MKPU MKOV MKOP MKRM MKQU MKQM MKPM MKOQ
−QRKS RKS MKRU MKRS MKQS MKPQ MKOS MKSM MKRU MKQT MKPQ MKOS

QRø
päçéÉ

Down

POKO RKS MKUV MKUM MKQR MKOQ MKNS MKUR MKTS MKQQ MKOQ MKNS
NMKM NSKT MKSP MKRV MKQN MKOR MKNU MKSO MKRU MKQM MKOR MKNU
NMKM RKS MKVM MKUO MKRM MKOU MKNV MKUP MKTT MKQU MKOU MKNV

−NTKU NNKN MKSU MKSQ MKQT MKPN MKOO MKST MKSQ MKQT MKPN MKOO
−NTKU RKS MKUT MKUN MKRS MKPQ MKOQ MKUN MKTS MKRP MKPP MKOQ
−QRKS NNKN MKSQ MKSO MKQV MKPR MKOT MKSS MKSQ MKRN MKPS MKOU
−QRKS RKS MKUO MKTV MKSM MKQM MKPM MKTV MKTS MKRU MKQM MKPM

eçêáòK Down

POKO RKS NKMT MKVQ MKQV MKOR MKNT NKTT NKQQ MKSM MKOU MKNU
NMKM NSKT NKNM MKVV MKRS MKPM MKOM NKSV NKQQ MKSU MKPP MKON
NMKM RKS NKNS NKMQ MKRU MKPM MKOM NKVS NKSP MKTO MKPQ MKOO

−NTKU NNKN NKOQ NKNP MKSV MKPV MKOS NKVO NKSU MKUS MKQP MKOV
−NTKU RKS NKOV NKNT MKTM MKPV MKOT OKNN NKUO MKUV MKQQ MKOV
−QRKS NNKN NKPS NKOT MKUQ MKRM MKPR OKMR NKUR NKMS MKRT MKPU
−QRKS RKS NKQO NKPO MKUS MKRN MKPR OKOU OKMP NKNO MKRV MKPV

~pÉÉ=`Ü~éíÉê=OPI=ëÉÅíáçå=c~Åíçêë=^ÑÑÉÅíáåÖ=eÉ~í=qê~åëÑÉê=^Åêçëë=^áê=pé~ÅÉëK=qÜÉêã~ä
êÉëáëí~åÅÉ=î~äìÉë=ïÉêÉ=ÇÉíÉêãáåÉÇ=Ñêçã=íÜÉ=êÉä~íáçåI=o=Z=NL`I=ïÜÉêÉ=`=Z=ÜÅ=H=εÉÑÑ ÜêI
ÜÅ= áë= íÜÉ= ÅçåÇìÅíáçåJÅçåîÉÅíáçå= ÅçÉÑÑáÅáÉåíI= εÉÑÑ Üê= áë= íÜÉ= ê~Çá~íáçå= ÅçÉÑÑáÅáÉåí= ≈
MKOOTεÉÑÑ xEíã=H=OTPFLNMMz
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Öä~ëëFI=~ëëìãÉ=ÜÅ=Z=ONKUEN=H=MKMMOTQ=íãFLä=ïÜÉêÉ=ä=áë=íÜÉ=~áê=ëé~ÅÉ=íÜáÅâåÉëë=áå=ããI
~åÇ=ÜÅ=áë=ÜÉ~í=íê~åëÑÉê=áå=tLEãO ˇhF=íÜêçìÖÜ=íÜÉ=~áê=ëé~ÅÉ=çåäóK

Äs~äìÉë=~êÉ=Ä~ëÉÇ=çå=Ç~í~=éêÉëÉåíÉÇ=Äó=oçÄáåëçå=Éí=~äK=ENVRQFK=E^äëç=ëÉÉ=`Ü~éíÉê=PI
q~ÄäÉë=P=~åÇ=QI=~åÇ=`Ü~éíÉê=PUFK=s~äìÉë=~ééäó=Ñçê=áÇÉ~ä=ÅçåÇáíáçåë=EáKÉKI=~áê=ëé~ÅÉë=çÑ
ìåáÑçêã=íÜáÅâåÉëë=ÄçìåÇÉÇ=Äó=éä~åÉI=ëãççíÜI=é~ê~ääÉä=ëìêÑ~ÅÉë=ïáíÜ=åç=~áê=äÉ~â~ÖÉ=íç
çê=Ñêçã=íÜÉ=ëé~ÅÉFK=tÜÉå=~ÅÅìê~íÉ=î~äìÉë=~êÉ=êÉèìáêÉÇI=ìëÉ=çîÉê~ää=rJÑ~Åíçêë=ÇÉíÉêJ

=ãáåÉÇ=íÜêçìÖÜ=Å~äáÄê~íÉÇ=Üçí=Äçñ=E^pqj=`=VTSF=çê=Öì~êÇÉÇ=Üçí=Äçñ=E^pqj=`=OPSF
íÉëíáåÖK=qÜÉêã~ä=êÉëáëí~åÅÉ=î~äìÉë=Ñçê=ãìäíáéäÉ=~áê=ëé~ÅÉë=ãìëí=ÄÉ=Ä~ëÉÇ=çå=Å~êÉÑìä
Éëíáã~íÉë=çÑ=ãÉ~å=íÉãéÉê~íìêÉ=ÇáÑÑÉêÉåÅÉë=Ñçê=É~ÅÜ=~áê=ëé~ÅÉK

Å^= ëáåÖäÉ= êÉëáëí~åÅÉ= î~äìÉ= Å~ååçí= ~ÅÅçìåí= Ñçê= ãìäíáéäÉ= ~áê= ëé~ÅÉëX= É~ÅÜ= ~áê= ëé~ÅÉ
êÉèìáêÉë=~=ëÉé~ê~íÉ=êÉëáëí~åÅÉ=Å~äÅìä~íáçå=íÜ~í=~ééäáÉë=çåäó=Ñçê=íÜÉ=Éëí~ÄäáëÜÉÇ=ÄçìåÇJ
~êó=ÅçåÇáíáçåëK=oÉëáëí~åÅÉë=çÑ=Üçêáòçåí~ä=ëé~ÅÉë=ïáíÜ=ÜÉ~í=Ñäçï=Ççïåï~êÇ=~êÉ=ëìÄJ
ëí~åíá~ääó=áåÇÉéÉåÇÉåí=çÑ=íÉãéÉê~íìêÉ=ÇáÑÑÉêÉåÅÉK

ÇfåíÉêéçä~íáçå=áë=éÉêãáëëáÄäÉ=Ñçê=çíÜÉê=î~äìÉë=çÑ=ãÉ~å=íÉãéÉê~íìêÉI=íÉãéÉê~íìêÉ=ÇáÑÑÉêJ
ÉåÅÉI= ~åÇ=ÉÑÑÉÅíáîÉ=Éãáíí~åÅÉ=εÉÑÑ K= fåíÉêéçä~íáçå=~åÇ=ãçÇÉê~íÉ=Éñíê~éçä~íáçå= Ñçê=~áê
ëé~ÅÉë=ÖêÉ~íÉê=íÜ~å=VM=ãã=~êÉ=~äëç=éÉêãáëëáÄäÉK

ÉbÑÑÉÅíáîÉ=Éãáíí~åÅÉ=εÉÑÑ =çÑ=íÜÉ=~áê=ëé~ÅÉ=áë=ÖáîÉå=Äó=NLεÉÑÑ =Z=NLεN=H=NLεO=−=NI=ïÜÉêÉ=εN
~åÇ=εO=~êÉ=íÜÉ=Éãáíí~åÅÉë=çÑ=íÜÉ=ëìêÑ~ÅÉë=çÑ=íÜÉ=~áê=ëé~ÅÉ=EëÉÉ=q~ÄäÉ=OFK
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Valuesa

Description
Density,
kg/m3

Conductivityb 
(â),

W/(m·K)

Conductance 
(`),

W/(m2·K)

Resistancec (o)

Specific
Heat,

kJ/(kg·K)
1/â,

K·m/W

For Thickness 
Listed (1/`), 

K·m2/W

BUILDING BOARD
^ëÄÉëíçëJÅÉãÉåí=Äç~êÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NVMM MKRU Ô NKTP Ô NKMM
^ëÄÉëíçëJÅÉãÉåí=Äç~êÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPKO=ãã NVMM Ô NUTKQ Ô MKMMR Ô
^ëÄÉëíçëJÅÉãÉåí=Äç~êÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSKQ=ãã NVMM Ô VPKT Ô MKMNN Ô
dóéëìã=çê=éä~ëíÉê=Äç~êÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVKR=ãã UMM Ô NTKS Ô MKMRS NKMV
dóéëìã=çê=éä~ëíÉê=Äç~êÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOKT=ãã UMM Ô NOKS Ô MKMTV Ô
dóéëìã=çê=éä~ëíÉê=Äç~êÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRKV=ãã UMM Ô NMKN Ô MKMVV Ô
mäóïççÇ=EaçìÖä~ë=ÑáêFÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RQM MKNO Ô UKSS Ô NKON
mäóïççÇ=EaçìÖä~ë=ÑáêFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSKQ=ãã RQM Ô NUKO Ô MKMRR Ô
mäóïççÇ=EaçìÖä~ë=ÑáêFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVKR=ãã RQM Ô NOKN Ô MKMUP Ô
mäóïççÇ=EaçìÖä~ë=ÑáêFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOKT=ãã RQM Ô VKN Ô MKNN Ô
mäóïççÇ=EaçìÖä~ë=ÑáêFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRKV=ãã RQM Ô TKP Ô MKNQ Ô
mäóïççÇ=çê=ïççÇ=é~åÉäë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNVKM=ãã RQM Ô SKN Ô MKNS NKON
sÉÖÉí~ÄäÉ=ÑáÄÉê=Äç~êÇ

pÜÉ~íÜáåÖI=êÉÖìä~ê=ÇÉåëáíóÉ KKKKKKKKKKKKKKKKKKKKKKKNOKT=ãã OVM Ô QKP Ô MKOP NKPM
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNVKU=ãã OVM Ô OKU Ô MKPS Ô
pÜÉ~íÜáåÖ=áåíÉêãÉÇá~íÉ=ÇÉåëáíóÉKKKKKKKKKKKKKKKKNOKT=ãã PRM Ô RKO Ô MKNV NKPM
k~áäJÄ~ëÉ=ëÜÉ~íÜáåÖÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOKT=ãã QMM Ô RKP Ô MKNV NKPM
pÜáåÖäÉ=Ä~ÅâÉêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVKR=ãã OVM Ô SKM Ô MKNT NKPM
pÜáåÖäÉ=Ä~ÅâÉêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTKV=ãã OVM Ô TKP Ô MKNQ Ô
pçìåÇ=ÇÉ~ÇÉåáåÖ=Äç~êÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOKT=ãã OQM Ô QKO Ô MKOQ NKOS
qáäÉ=~åÇ=ä~óJáå=é~åÉäëI=éä~áå=çê=~ÅçìëíáÅ KKKKKKKKKKKKKKKKK OVM MKMRU Ô NTK= Ô MKRV

KKKKNOKT=ãã OVM Ô QKR Ô MKOO Ô
KKKKNVKM=ãã OVM Ô PKM Ô MKPP Ô

i~ãáå~íÉÇ=é~éÉêÄç~êÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QUM MKMTO Ô NPKV Ô NKPU
eçãçÖÉåÉçìë=Äç~êÇ=Ñêçã=êÉéìäéÉÇ=é~éÉêKKKK QUM MKMTO Ô NPKV Ô NKNT

e~êÇÄç~êÇÉ

jÉÇáìã=ÇÉåëáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UMM MKNMR Ô VKRM Ô NKPM
eáÖÜ=ÇÉåëáíóI=ëÉêîáÅÉJíÉãéÉêÉÇ=Öê~ÇÉ=~åÇ=ëÉêîáÅÉ=
Öê~ÇÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UUM MKUO Ô UKQS Ô NKPQ

eáÖÜ=ÇÉåëáíóI=ëí~åÇ~êÇJíÉãéÉêÉÇ=Öê~ÇÉKKKKKKKKKKKKKKKKKKKK NMNM MKNQQ Ô SKVP Ô NKPQ

m~êíáÅäÉÄç~êÇÉ

içï=ÇÉåëáíóKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RVM MKNMO Ô VKTT Ô NKPM
jÉÇáìã=ÇÉåëáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UMM MKNPR Ô TKPR Ô NKPM
eáÖÜ=ÇÉåëáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NMMM MKNTM Ô RKVM Ô NKPM
råÇÉêä~óãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRKV=ãã SQM Ô SKV Ô MKNQ NKON

t~ÑÉêÄç~êÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RVM MKMVN Ô NNKM Ô Ô
tççÇ=ëìÄÑäççêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNVKM=ãã Ô Ô SKM Ô MKNT NKPU

BUILDING MEMBRANE
s~éçêÔéÉêãÉ~ÄäÉ=ÑÉäí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô VQKV Ô MKMNN
s~éçêÔëÉ~äI=O=ä~óÉêë=çÑ=ãçééÉÇ=MKTP=âÖLãO=ÑÉäí KKKKKKKKKK Ô Ô QTKQ Ô MKON
s~éçêÔëÉ~äI=éä~ëíáÅ=ÑáäãKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô Ô Ô kÉÖäK

FINISH FLOORING MATERIALS
`~êéÉí=~åÇ=ÑáÄêçìë=é~Ç KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô OKTP Ô MKPT NKQO
`~êéÉí=~åÇ=êìÄÄÉê=é~ÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô QKSM Ô MKOO NKPU
`çêâ=íáäÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPKO=ãã Ô Ô OMKQ= Ô MKMQV OKMN
qÉêê~òòçKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOR=ãã Ô Ô TNKM= Ô MKMNQ MKUM
qáäÉÔ~ëéÜ~äíI=äáåçäÉìãI=îáåóäI=êìÄÄÉê KKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NNPKS= Ô MKMMV NKOS

îáåóä=~ëÄÉëíçë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NKMN
ÅÉê~ãáÅKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK MKUM

tççÇI=Ü~êÇïççÇ=ÑáåáëÜ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNV=ãã Ô UKPR Ô MKNO

INSULATING MATERIALS
_ä~åâÉí=~åÇ=_~ííÑIÖ

jáåÉê~ä=ÑáÄÉêI=ÑáÄêçìë=Ñçêã=éêçÅÉëëÉÇ
Ñêçã=êçÅâI=ëä~ÖI=çê=Öä~ëë

~ééêçñK=TRJNMM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SKQJPO Ô MKRO Ô NKVQ
~ééêçñK=VM=ãã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SKQJPO Ô MKQQ Ô OKOV
~ééêçñK=VM=ãã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NVJOS Ô MKPU Ô OKSP
~ééêçñK=NQMJNSR=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SKQJPO Ô MKPM Ô PKPO
~ééêçñK=NQM=ãã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NMJNS Ô MKOT Ô PKST
~ééêçñK=NRMJNVM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SKQJPO Ô MKOS Ô PKVN
~ééêçñK=ONMJORM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SKQJPO Ô MKNV Ô RKPQ
~ééêçñK=ORMJPPM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SKQJPO Ô MKNR Ô SKTT

_ç~êÇ=~åÇ=pä~Äë
`Éääìä~ê=Öä~ëëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NPS MKMRM Ô NVKU Ô MKTR
dä~ëë=ÑáÄÉêI=çêÖ~åáÅ=ÄçåÇÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SQJNQM MKMPS Ô OTKT Ô MKVS
bñé~åÇÉÇ=éÉêäáíÉI=çêÖ~åáÅ=ÄçåÇÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NS MKMRO Ô NVKP Ô NKOS
bñé~åÇÉÇ=êìÄÄÉê=EêáÖáÇFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TO MKMPO Ô PNKS Ô NKSU
bñé~åÇÉÇ=éçäóëíóêÉåÉI=ÉñíêìÇÉÇ=EëãççíÜ=ëâáå=ëìêÑ~ÅÉF=
E`c`JNO=ÉñéKF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OVJRS
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bñé~åÇÉÇ=éçäóëíóêÉåÉI=ÉñíêìÇÉÇ=EëãççíÜ=ëâáå=ëìêÑ~ÅÉF=
Ee`c`JNQOÄ=ÉñéKFÜ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OVJRS MKMOV Ô PQKT Ô NKON

bñé~åÇÉÇ=éçäóëíóêÉåÉI=ãçäÇÉÇ=ÄÉ~ÇëKKKKKKKKKKKKKKKKKKKKKKKKKKKK NS MKMPT Ô OSKT Ô Ô

OM MKMPS Ô OTKT Ô Ô

OQ MKMPR Ô OUKV Ô Ô

OU MKMPR Ô OUKV Ô Ô

PO MKMPP Ô PMKO Ô Ô

`Éääìä~ê=éçäóìêÉíÜ~åÉLéçäóáëçÅó~åìê~íÉá

E`c`JNN=ÉñéKF=EìåÑ~ÅÉÇF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OQ MKMOPJMKMOS Ô QPKPJPUKR Ô NKRV

`Éääìä~ê=éçäóáëçÅó~åìê~íÉá=E`c`JNN=ÉñéKF=
EÖ~ëJéÉêãÉ~ÄäÉ=Ñ~ÅÉêëF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OQJQM MKMOPJMKMOS Ô QPKPJPUKR Ô MKVO

`Éääìä~ê=éçäóáëçÅó~åìê~íÉà=E`c`JNN=ÉñéKF=
EÖ~ëJáãéÉêãÉ~ÄäÉ=Ñ~ÅÉêëFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PO MKMOM Ô QUKU Ô MKVO

`Éääìä~ê=éÜÉåçäáÅ=EÅäçëÉÇ=ÅÉääF=E`c`JNNI=`c`JNNP=ÉñéKFâ PO MKMNT Ô RSKU Ô Ô

`Éääìä~ê=éÜÉåçäáÅ=EçéÉå=ÅÉääFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OVJPR MKMPP Ô PMKR Ô Ô

jáåÉê~ä=ÑáÄÉê=ïáíÜ=êÉëáå=ÄáåÇÉê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OQM MKMQO Ô OPKV Ô MKTN

jáåÉê~ä=ÑáÄÉêÄç~êÇI=ïÉí=ÑÉäíÉÇ

`çêÉ=çê=êççÑ=áåëìä~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OSMJOTM MKMQV Ô OMKQ Ô

^ÅçìëíáÅ~ä=íáäÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OVM MKMRM Ô NVKU Ô MKUM

^ÅçìëíáÅ~ä=íáäÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PQM MKMRP Ô NUKT Ô

jáåÉê~ä=ÑáÄÉêÄç~êÇI=ïÉí=ãçäÇÉÇ

^ÅçìëíáÅ~ä=íáäÉä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PTM MKMSM Ô NSKR Ô MKRV

tççÇ=çê=Å~åÉ=ÑáÄÉêÄç~êÇ

^ÅçìëíáÅ~ä=íáäÉä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOKT=ãã Ô Ô QKR Ô MKOO NKPM

^ÅçìëíáÅ~ä=íáäÉä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNVKM=ãã Ô Ô PKM Ô MKPP

fåíÉêáçê=ÑáåáëÜ=Eéä~åâI=íáäÉFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OQM MKMRM Ô NVKU Ô NKPQ

`ÉãÉåí=ÑáÄÉê=ëä~Äë=EëÜêÉÇÇÉÇ=ïççÇ=ïáíÜ=mçêíä~åÇ=
ÅÉãÉåí=ÄáåÇÉêF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QMMJQPM MKMTOJMKMTS Ô NPKVJNPKN Ô Ô

`ÉãÉåí=ÑáÄÉê=ëä~Äë=EëÜêÉÇÇÉÇ=ïççÇ=ïáíÜ=ã~ÖåÉëá~=
çñóëìäÑáÇÉ=ÄáåÇÉêF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PRM MKMUO Ô NOKN Ô NKPM

iççëÉ=cáää

`ÉääìäçëáÅ=áåëìä~íáçå=EãáääÉÇ=é~éÉê=çê=ïççÇ=éìäéF KKKKKKKK PTJRN MKMPVJMKMQS Ô ORKSJONKT Ô NKPU

mÉêäáíÉI=Éñé~åÇÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK POJSS MKMPVJMKMQR Ô ORKSJOOKV Ô NKMV

SSJNOM MKMQRJMKMRO Ô OOKVJNVKQ Ô Ô

NOMJNUM MKMROJMKMSM Ô NVKQJNSKS Ô Ô

jáåÉê~ä=ÑáÄÉê=EêçÅâI=ëä~ÖI=çê=Öä~ëëFÖ

~ééêçñK=VRJNPM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VKSJPO Ô Ô Ô NKVQ MKTN

~ééêçñK=NTMJOOM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VKSJPO Ô Ô Ô PKPR Ô

~ééêçñK=NVMJORM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VKSJPO Ô Ô Ô PKUT Ô

~ééêçñK=OSMJPRM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VKSJPO Ô Ô Ô RKOU Ô

jáåÉê~ä=ÑáÄÉê=EêçÅâI=ëä~ÖI=çê=Öä~ëëFÖ

~ééêçñK=VM=ãã=EÅäçëÉÇ=ëáÇÉï~ää=~ééäáÅ~íáçåF KKKKKKKKKK POJRS Ô Ô Ô OKNJOKR

sÉêãáÅìäáíÉI=ÉñÑçäá~íÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNMJNPM MKMSU Ô NQKU Ô NKPQ

SQJVS MKMSP Ô NRKT Ô Ô

péê~ó=^ééäáÉÇ

mçäóìêÉíÜ~åÉ=Ñç~ã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OQJQM MKMOPJMKMOS Ô QPKPJPUKR Ô Ô

rêÉ~Ñçêã~äÇÉÜóÇÉ=Ñç~ã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNJOS MKMPOJMKMQM Ô PNKRJOQKT Ô Ô

`ÉääìäçëáÅ=ÑáÄÉêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RSJVS MKMQOJMKMQV Ô OPKVJOMKQ Ô Ô

dä~ëë=ÑáÄÉê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RSJTO MKMPUJMKMPV Ô OSKTJORKS Ô Ô

oÉÑäÉÅíáîÉ=fåëìä~íáçå

oÉÑäÉÅíáîÉ=ã~íÉêá~ä=Eε=Y=MKRF=áå=ÅÉåíÉê=çÑ=OM=ãã=Å~îáíó=
Ñçêãë=íïç=NM=ãã=îÉêíáÅ~ä=~áê=ëé~ÅÉëã KKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKTS Ô MKRT Ô

METALS
EpÉÉ=`Ü~éíÉê=PUI=q~ÄäÉ=PF

ROOFING
^ëÄÉëíçëJÅÉãÉåí=ëÜáåÖäÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NVMM Ô =OTKM Ô MKMPT NKMM

^ëéÜ~äí=êçää=êççÑáåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNMM Ô PSKV Ô MKMOS NKRN

^ëéÜ~äí=ëÜáåÖäÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNMM Ô NOKV Ô MKMTT NKOS

_ìáäíJìé=êççÑáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNM=ãã NNMM Ô NTKM Ô MKMRU NKQS

pä~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNP=ãã Ô Ô NNQ Ô MKMMV NKOS

tççÇ=ëÜáåÖäÉëI=éä~áå=~åÇ=éä~ëíáÅ=Ñáäã=Ñ~ÅÉÇ KKKKKKKKKKKKKKKKKK Ô Ô SKM Ô MKNSS NKPM

PLASTERING MATERIALS
`ÉãÉåí=éä~ëíÉêI=ë~åÇ=~ÖÖêÉÖ~íÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NUSM MKTO Ô NKPV Ô MKUQ

p~åÇ=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNM=ãã Ô Ô TRKR Ô MKMNP MKUQ

p~åÇ=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOM=ãã Ô Ô PTKU Ô MKMOS MKUQ

Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Valuesa (`çåíáåìÉÇ)

Description
Density,
kg/m3

Conductivityb 
(â),

W/(m·K)

Conductance 
(`),

W/(m2·K)

Resistancec (o)

Specific
Heat,

kJ/(kg·K)
1/â,

K·m/W

For Thickness 
Listed (1/`), 

K·m2/W
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dóéëìã=éä~ëíÉêW
iáÖÜíïÉáÖÜí=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNP=ãã TOM Ô NTKT Ô MKMRS Ô
iáÖÜíïÉáÖÜí=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNS=ãã TOM Ô NRKO Ô MKMSS Ô
iáÖÜíïÉáÖÜí=~ÖÖêÉÖ~íÉ=çå=ãÉí~ä=ä~íÜKKKKKKKKKKKKKNV=ãã Ô Ô NOKN Ô MKMUP Ô

mÉêäáíÉ=~ÖÖêÉÖ~íÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TOM MKOO Ô QKSQ Ô NKPQ
p~åÇ=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NSUM MKUN Ô NKOR Ô MKUQ
p~åÇ=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNP=ãã NSUM Ô SPKM Ô MKMNS Ô
p~åÇ=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNS=ãã NSUM Ô RNKT Ô MKMNV Ô
p~åÇ=~ÖÖêÉÖ~íÉ=çå=ãÉí~ä=ä~íÜ KKKKKKKKKKKKKKKKKKKKKKKKNV=ãã Ô Ô QPKT Ô MKMOP Ô
sÉêãáÅìäáíÉ=~ÖÖêÉÖ~íÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TOM MKOQ Ô QKMV Ô Ô

MASONRY MATERIALS
j~ëçåêó=råáíë
_êáÅâI=ÑáêÉÇ=Åä~ó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OQMM NKONJNKQT Ô MKUPJMKSU Ô Ô

OOQM NKMTJNKPM Ô MKVQJMKTT Ô Ô

OMUM MKVOJNKNO Ô NKMUJMKUV Ô Ô

NVOM MKUNJMKVU Ô NKOQJNKMO Ô MKTV

NTSM MKTNJMKUR Ô NKQOJNKNU Ô Ô

NSMM MKSNJMKTQ Ô NKSRJNKPS Ô Ô

NQQM ÔMKROJMKSO Ô NKVPJNKSN Ô Ô

NOUM MKQPJMKRP Ô OKPNJNKUT Ô Ô

NNOM MKPSJMKQR Ô OKTTJOKOP Ô Ô
`ä~ó=íáäÉI=Üçääçï
N=ÅÉää=ÇÉÉé KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTR=ãã Ô Ô TKNM Ô MKNQ MKUU
N=ÅÉää=ÇÉÉé KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMM=ãã Ô Ô RKNN Ô MKOM Ô
O=ÅÉääë=ÇÉÉéKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRM=ãã Ô Ô PKTR Ô MKOT Ô
O=ÅÉääë=ÇÉÉéKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOMM=ãã Ô Ô PKMT Ô MKPP Ô
O=ÅÉääë=ÇÉÉéKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKORM=ãã Ô Ô OKRS Ô MKPV Ô
P=ÅÉääë=ÇÉÉéKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPMM=ãã Ô Ô OKOT Ô MKQQ Ô

`çåÅêÉíÉ=ÄäçÅâëåI=ç

iáãÉëíçåÉ=~ÖÖêÉÖ~íÉ
OMM=ããI=NSKP=âÖI=OONM=âÖLãP=ÅçåÅêÉíÉI=O=ÅçêÉëKKKKKK Ô Ô Ô Ô Ô Ô
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô OKTP Ô MKPT Ô

PMM=ããI=OR=âÖI=OONM=âÖLãP=ÅçåÅêÉíÉI=O=ÅçêÉëKKKKKKKKK Ô Ô Ô Ô Ô Ô
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKRP Ô MKSR Ô

kçêã~ä=ã~ëë=~ÖÖêÉÖ~íÉ=Eë~åÇ=~åÇ=Öê~îÉäF=OMM=ãã
NRJNS=âÖI=OMOMJONUM=âÖLãP=ÅçåÅêÉíÉI=O=çê=P=ÅçêÉë Ô Ô RKNJRKU Ô MKOMJMKNT MKVO
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô OKUQ Ô MKPR Ô
p~ãÉ=ïáíÜ=îÉêãáÅìäáíÉ=ÑáääÉÇ=ÅçêÉëKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô PKMJQKN Ô MKPQJMKOQ Ô

PMM=ããI=OOKT=âÖI=OMMM=âÖLãP=ÅçåÅêÉíÉI=O=ÅçêÉëKKKKKK Ô Ô QKSM Ô MKONT MKVO
jÉÇáìã=ã~ëë=~ÖÖêÉÖ~íÉ=EÅçãÄáå~íáçåë=çÑ=åçêã~ä=
~åÇ=äçï=ã~ëë=~ÖÖêÉÖ~íÉF=OMM=ããI=NOJNP=âÖI
NRRMJNTVM=âÖLãP=ÅçåÅêÉíÉI=O=çê=P=ÅçêÉë KKKKKKKKKKKKKKKKKK Ô Ô PKPJQKQ Ô MKPMJMKOO Ô
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKRJOKR Ô MKSRJMKQN Ô
p~ãÉ=ïáíÜ=îÉêãáÅìäáíÉ=ÑáääÉÇ=ÅçêÉëKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKTM Ô MKRU Ô
p~ãÉ=ïáíÜ=ãçäÇÉÇ=bmp=EÄÉ~ÇëF=ÑáääÉÇ=ÅçêÉë KKKKKKKKK Ô Ô NKUO Ô MKRS Ô
p~ãÉ=ïáíÜ=ãçäÇÉÇ=bmp=áåëÉêíë=áå=ÅçêÉëKKKKKKKKKKKKKKKK Ô Ô OKNM Ô MKQT Ô

içï=ã~ëë=~ÖÖêÉÖ~íÉ=EÉñé~åÇÉÇ=ëÜ~äÉI=Åä~óI=ëä~íÉ=çê=
ëä~ÖI=éìãáÅÉF=NRM=ãã
TKPJTKT=âÖI=NPSMJNPVM=âÖLãP=ÅçåÅêÉíÉI=O=çê=P=ÅçêÉë Ô Ô PKMJPKR Ô MKPQJMKOV Ô
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKPS Ô MKTQ Ô
p~ãÉ=ïáíÜ=îÉêãáÅìäáíÉ=ÑáääÉÇ=ÅçêÉëKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKUT Ô MKRP Ô

OMM=ããI=UKSJNMKM=ããI=NNRMJNPUM=âÖLãP=ÅçåÅêÉíÉI Ô Ô NKUJPKN Ô MKRSJMKPP MKUU
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô MKVJNKP Ô NKOMJMKTT Ô
p~ãÉ=ïáíÜ=îÉêãáÅìäáíÉ=ÑáääÉÇ=ÅçêÉëKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKNJNKR Ô MKVPJMKSV Ô
p~ãÉ=ïáíÜ=ãçäÇÉÇ=bmp=EÄÉ~ÇëF=ÑáääÉÇ=ÅçêÉë KKKKKKKKK Ô Ô NKNV Ô MKUR Ô
p~ãÉ=ïáíÜ=rc=Ñç~ã=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKOR Ô MKTV Ô
p~ãÉ=ïáíÜ=ãçäÇÉÇ=bmp=áåëÉêíë=áå=ÅçêÉëKKKKKKKKKKKKKKKK Ô Ô NKSR Ô MKSO Ô

PMM=ããI=NQKRJNSKP=âÖI=NOUMJNQQM=âÖLãP=ÅçåÅêÉíÉI=
O=çê=P=ÅçêÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô OKOJOKR Ô MKQSJMKQM Ô
p~ãÉ=ïáíÜ=éÉêäáíÉ=ÑáääÉÇ=ÅçêÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô MKSJMKV Ô NKSJNKN Ô
p~ãÉ=ïáíÜ=îÉêãáÅìäáíÉ=ÑáääÉÇ=ÅçêÉëKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô MKVT Ô NKM Ô

píçåÉI=äáãÉI=çê=ë~åÇ
=nì~êíòáíáÅ=~åÇ=ë~åÇëíçåÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OUUM NMKQ Ô MKNM Ô Ô

ORSM SKO Ô MKNS Ô Ô

OOQM PKR Ô MKOV Ô Ô

NVOM NKV Ô MKRP Ô MKTV
`~äÅáíáÅI=ÇçäçãáíáÅI=äáãÉëíçåÉI=ã~êÄäÉI=~åÇ=Öê~åáíÉ KKKK OUUM QKP Ô MKOP Ô Ô

ORSM PKO Ô MKPO Ô Ô

OOQM OKP Ô MKQP Ô Ô

NVOM NKS Ô MKSP Ô MKTV

NSMM NKN Ô MKVM Ô Ô

Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Valuesa (`çåíáåìÉÇ)

Description
Density,
kg/m3

Conductivityb 
(â),

W/(m·K)

Conductance 
(`),

W/(m2·K)

Resistancec (o)

Specific
Heat,

kJ/(kg·K)
1/â,

K·m/W

For Thickness 
Listed (1/`), 

K·m2/W
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dóéëìã=é~êíáíáçå=íáäÉ
TR=Äó=PMM=Äó=TSM=ããI=ëçäáÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô QKRM Ô MKOOO MKTV

TR=Äó=PMM=Äó=TSM=ããI=Q=ÅÉääë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô QKOM Ô MKOPU Ô

NMM=Äó=PMM=Äó=TSM=ããI=P=ÅÉääë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô PKQM Ô MKOVQ Ô

`çåÅêÉíÉëç

p~åÇ=~åÇ=Öê~îÉä=çê=ëíçåÉ=~ÖÖêÉÖ~íÉ=ÅçåÅêÉíÉë=EÅçåÅêÉíÉë=
ïáíÜ=ãçêÉ=íÜ~å=RMB=èì~êíò=çê=èì~êíòáíÉ=ë~åÇ=Ü~îÉ=
ÅçåÇìÅíáîáíáÉë=áå=íÜÉ=ÜáÖÜÉê=ÉåÇ=çÑ=íÜÉ=ê~åÖÉFKKKKKKKKKKKKK

OQMM NKQJOKV Ô MKSVJMKPR Ô Ô
OOQM NKPJOKS Ô MKTTJMKPV Ô MKUJNKM

OMUM NKMJNKV Ô MKVVJMRP Ô Ô

iáãÉëíçåÉ=ÅçåÅêÉíÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OOQM NKSM Ô MKSO Ô Ô

NVOM NKNQ Ô MKUU Ô Ô

NSMM MKTV Ô NKOS Ô Ô

dóéëìãJÑáÄÉê=ÅçåÅêÉíÉ=EUTKRB=ÖóéëìãI=NOKRB=
ïççÇ=ÅÜáéëF UNS MKOQ Ô QKNU Ô MKUU

`ÉãÉåíLäáãÉI=ãçêí~êI=~åÇ=ëíìÅÅç KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NVOM NKQM Ô MKTN Ô Ô

NSMM MKVT Ô NKMQ Ô Ô

NOUM MKSR Ô NKRQ Ô Ô

iáÖÜíïÉáÖÜí=~ÖÖêÉÖ~íÉ=ÅçåÅêÉíÉë
bñé~åÇÉÇ=ëÜ~äÉI=Åä~óI=çê=ëä~íÉX=Éñé~åÇÉÇ=ëä~ÖëX=
ÅáåÇÉêëX=éìãáÅÉ=EïáíÜ=ÇÉåëáíó=ìé=íç=NSMM=âÖLãPFX=
~åÇ=ëÅçêá~=Eë~åÇÉÇ=ÅçåÅêÉíÉë=Ü~îÉ=ÅçåÇìÅíáîáíáÉë=áå=
íÜÉ=ÜáÖÜÉê=ÉåÇ=çÑ=íÜÉ=ê~åÖÉF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

NVOM MKVJNKP Ô NKMUJMKTS Ô Ô
NSMM MKSUJMKUV Ô NKQUJNKNO Ô MKUQ
NOUM MKQUJMKRV Ô OKNMJNKSV Ô MKUQ
VSM MKPMJMKPS Ô PKPMJOKTT Ô Ô

SQM MKNU Ô RKQM Ô Ô

mÉêäáíÉI=îÉêãáÅìäáíÉI=~åÇ=éçäóëíóêÉåÉ=ÄÉ~Çë KKKKKKKKKKKKKKKK UMM MKOSJMKOT Ô PKUNJPKSU Ô

SQM MKOMJMKOO Ô QKVOJQKSR Ô MKSPJMKVS

QUM MKNS Ô SKPN Ô Ô

POM MKNO Ô UKST Ô Ô

cç~ã=ÅçåÅêÉíÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NVOM MKTR Ô NKPO Ô Ô

NSMM MKSM Ô NKSS Ô Ô

NOUM MKQQ Ô OKOV Ô Ô

NNOM MKPS Ô OKTT Ô Ô

cç~ã=ÅçåÅêÉíÉë=~åÇ=ÅÉääìä~ê=ÅçåÅêÉíÉë KKKKKKKKKKKKKKKKKKKKKKKKKK VSM MKPM Ô PKPP Ô Ô

SQM MKOM Ô QKVO Ô Ô

POM MKNO Ô UKST Ô Ô

SIDING MATERIALS (on flat surface)
pÜáåÖäÉë
^ëÄÉëíçëJÅÉãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NVMM Ô OTKM Ô MKMPT Ô

tççÇI=QMM=ããI=NVM=ãã=ÉñéçëìêÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô SKRP Ô MKNR NKPM

tççÇI=ÇçìÄäÉI=QMM=ããI=PMM=ãã=ÉñéçëìêÉ KKKKKKKKKKKKKKKK Ô Ô QKTT Ô MKON NKNT

tççÇI=éäìë=áåëìäK=Ä~ÅâÉê=Äç~êÇI=U=ããKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô QKMP Ô MKOR NKPM

páÇáåÖ
^ëÄÉëíçëJÅÉãÉåíI=SKQ=ããI=ä~ééÉÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô OTKM Ô MKMPT NKMN

^ëéÜ~äí=êçää=ëáÇáåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô PSKV Ô MKMOS NKQT

^ëéÜ~äí=áåëìä~íáåÖ=ëáÇáåÖ=ENOKT=ãã=ÄÉÇKFKKKKKKKKKKKKKKKKKKK Ô Ô PKVO Ô MKOS NKQT

e~êÇÄç~êÇ=ëáÇáåÖI=NN=ãã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô UKQS Ô MKNO NKNT

tççÇI=ÇêçéI=OM=Äó=OMM=ããKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô TKON Ô MKNQ NKNT

tççÇI=ÄÉîÉäI=NP=Äó=OMM=ããI=ä~ééÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô SKVU Ô MKNQ NKNT

tççÇI=ÄÉîÉäI=NV=Äó=ORM=ããI=ä~ééÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô RKQM Ô MKNU NKNT

tççÇI=éäóïççÇI=VKR=ããI=ä~ééÉÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô VKSM Ô MKNM NKOO

^äìãáåìãI=ëíÉÉäI=çê=îáåóäéI=èI=çîÉê=ëÜÉ~íÜáåÖ
eçääçïJÄ~ÅâÉÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô VKPN Ô MKNN NKOOè

fåëìä~íáåÖJÄç~êÇ=Ä~ÅâÉÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
VKR=ãã=åçãáå~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô PKNO Ô MKPO NKPQ

VKR=ãã=åçãáå~äI=Ñçáä=Ä~ÅâÉÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô NKVP Ô MKRO Ô

^êÅÜáíÉÅíìê~ä=EëçÇ~JäáãÉ=Ñäç~íF=Öä~ëëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Ô Ô RSKU Ô MKMNU MKUQ

WOODS (12% moisture content)e,r

e~êÇïççÇë NKSPë

l~âKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SRVJTQV MKNSJMKNU Ô SKOJRKR Ô

_áêÅÜKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SUOJTOS MKNSTJMKNTS Ô SKMJRKT Ô

j~éäÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SPTJTMQ MKNRTJMKNTN Ô SKQJRKU Ô

^ëÜ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SNQJSTM MKNRPJMKNSQ Ô SKRJSKN Ô

pçÑíïççÇë NKSPë

pçìíÜÉêå=éáåÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RTMJSRV MKNQQJMKNSN Ô SKVJSKO Ô

açìÖä~ë=ÑáêJi~êÅÜKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RPSJRUN MKNPTJMKNQR Ô TKPJSKV Ô

pçìíÜÉêå=ÅóéêÉëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RMOJRNQ MKNPMJMKNPO Ô TKTJTKS Ô

eÉãJcáêI=péêìÅÉJmáåÉJcáê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PVOJRMO MKNMTJMKNPM Ô VKPJTKT Ô

tÉëí=Åç~ëí=ïççÇëI=`ÉÇ~êëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PQTJRMO MKMVUJMKNPM Ô NMKPJTKT Ô

`~äáÑçêåá~=êÉÇïççÇ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PVOJQQU MKNMTJMKNNU Ô VKQJUKR Ô

Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Valuesa (`çåíáåìÉÇ)

Description
Density,
kg/m3

Conductivityb 
(â),

W/(m·K)

Conductance 
(`),

W/(m2·K)

Resistancec (o)

Specific
Heat,

kJ/(kg·K)
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K·m2/W
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Notes for Table 4

~s~äìÉë=~êÉ=Ñçê=~=ãÉ~å=íÉãéÉê~íìêÉ=çÑ=OQø K̀=oÉéêÉëÉåí~íáîÉ=î~äìÉë=Ñçê=Çêó
ã~íÉêá~äë=~êÉ=áåíÉåÇÉÇ=~ë=ÇÉëáÖå=Eåçí=ëéÉÅáÑáÅ~íáçåF=î~äìÉë=Ñçê=ã~íÉêá~äë=áå
åçêã~ä=ìëÉK=qÜÉêã~ä=î~äìÉë=çÑ=áåëìä~íáåÖ=ã~íÉêá~äë=ã~ó=ÇáÑÑÉê=Ñêçã=ÇÉëáÖå
î~äìÉë= ÇÉéÉåÇáåÖ= çå= íÜÉáê= áåJëáíì= éêçéÉêíáÉë= EÉKÖKI= ÇÉåëáíó= ~åÇ=ãçáëíìêÉ
ÅçåíÉåíI=çêáÉåí~íáçåI=ÉíÅKF=~åÇ=î~êá~Äáäáíó=ÉñéÉêáÉåÅÉÇ=ÇìêáåÖ=ã~åìÑ~ÅíìêÉK
cçê=éêçéÉêíáÉë=çÑ=~=é~êíáÅìä~ê=éêçÇìÅíI=ìëÉ=íÜÉ=î~äìÉ=ëìééäáÉÇ=Äó=íÜÉ=ã~åìJ
Ñ~ÅíìêÉê=çê=Äó=ìåÄá~ëÉÇ=íÉëíëK

Ä qÜÉ=ëóãÄçä=λ=áë=~äëç=ìëÉÇ=íç=êÉéêÉëÉåí=íÜÉêã~ä=ÅçåÇìÅíáîáíóK
Å oÉëáëí~åÅÉ=î~äìÉë=~êÉ=íÜÉ=êÉÅáéêçÅ~äë=çÑ=`=ÄÉÑçêÉ=êçìåÇáåÖ=çÑÑ=`= íç=íïç
ÇÉÅáã~ä=éä~ÅÉëK

Ç iÉïáë=ENVSTFK
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Assuming parallel heat flow only, the calculated resistance is
higher than that calculated on the assumption of isothermal planes.
The actual resistance generally is some value between the two cal-
culated values. In the absence of test values, examination of the con-
struction usually reveals whether a value closer to the higher or
lower calculated R-value should be used. Generally, if the construc-
tion contains a layer in which lateral conduction is high compared
with transmittance through the construction, the calculation with
isothermal planes should be used. If the construction has no layer of
high lateral conductance, the parallel heat flow calculation should
be used.

Hot box tests of insulated and uninsulated masonry walls con-
structed with block of conventional configuration show that thermal
resistances calculated using the isothermal planes heat flow method
agree well with measured values (Van Geem 1985, Valore 1980, Shu
et al. 1979). Neglecting horizontal mortar joints in conventional
block can result in thermal transmittance values up to 16% lower
than actual, depending on the density and thermal properties of the
masonry, and 1 to 6% lower, depending on the core insulation mate-
rial (Van Geem 1985, McIntyre 1984). For aerated concrete block
walls, other solid masonry, and multicore block walls with full mor-
tar joints, neglecting mortar joints can cause errors in R-values up to
40% (Valore 1988). Horizontal mortar joints usually found in con-
crete block wall construction are neglected in Example 2.

Constructions Containing Metal

Curtain and metal stud-wall constructions often include metallic
and other thermal bridges, which can significantly reduce the ther-
mal resistance. However, the capacity of the adjacent facing mate-
rials to transmit heat transversely to the metal is limited, and some
contact resistance between all materials in contact limits the reduc-
tion. Contact resistances in building structures are only 0.01 to 0.1
K·m2/W—too small to be of concern in many cases. However, the
contact resistances of steel framing members may be important.
Also, in many cases (as illustrated in Example 3), the area of metal
in contact with the facing greatly exceeds the thickness of the metal,
which mitigates the contact reistance effects.

Thermal characteristics for panels of sandwich construction can
be computed by combining the thermal resistances of the various
layers. R-values for the assembled sections should be determined on
a representative sample by using a hot box method. If the sample is
a wall section with air cavities on both sides of fibrous insulation,
the sample must be of representative height since convective air-
flow can contribute significantly to heat flow through the test sec-
tion. Computer modeling can also be useful, but all heat transfer
mechanisms must be considered.

In Example 3, the metal member is only 0.5 mm thick, but it is in
contact with adjacent facings over a 32 mm-wide area. The steel
member is 90 mm deep, has a thermal resistance of approximately
0.0019 K·m2/W, and is virtually isothermal. The calculation
involves careful selection of the appropriate thickness for the steel
member. If the member is assumed to be 0.5 mm thick, the fact that
the flange transmits heat to the adjacent facing is ignored, and the
heat flow through the steel is underestimated. If the member is
assumed to be 32 mm thick, the heat flow through the steel is over-
estimated. In Example 3, the steel member behaves in much the
same way as a rectangular member 32 mm thick and 90 mm deep
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with a thermal resistance of 0.0019 (32/0.5) = 0.12 K·m2/W does.
The Building Research Association of New Zealand (BRANZ)
commonly uses this approximation.

Example 3. Calculate the C-factor of the insulated steel frame wall shown
in Figure 4. Assume that the steel member has an R-value of 0.12
K·m2/W and that the framing behaves as though it occupies approxi-
mately 8% of the transmission area.

Solution. Obtain the R-values of the various building elements from
Table 4.

Therefore, C1 = 0.476; C2 = 3.57 W/(m2 ·K).

If the steel framing (thermal bridging) is not considered, the C-factor
of the wall is calculated using Equation (3) from Chapter 23 as follows:

If the steel framing is accounted for using the parallel flow method, the
C-factor of the wall is determined using Equation (5) from Chapter 23
as follows:

If the steel framing is included using the isothermal planes method, the
C-factor of the wall is determined using Equations (2) and (3) from
Chapter 23 as follows:

For this insulated steel frame wall, Farouk and Larson (1983) mea-
sured an average R-value of 1.16 m2 ·K/W.

In ASHRAE/IESNA Standard 90.1-1989, one method given for
determining the thermal resistance of wall assemblies containing
metal framing involves using a parallel path correction factor F

c
,

which is listed in Table 8C-2 of the standard. For 38 mm by 90 mm

Element R (Insul.) R (Framing)

1. 13 mm gypsum wallboard 0.08 0.08

2. 90 mm mineral fiber batt insulation 1.94 —

3. Steel framing member — 0.12

4. 13 mm gypsum wallboard 0.08 0.08

R1 = 2.10 R2 = 0.28

Fig. 4 Insulated Steel Frame Wall (Example 3)

Fig. 4 Insulated Steel Frame Wall (Example 3)
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steel framing, 400 mm OC, F
c
 = 0.50. Using the correction factor

method, an R-value of 1.13 m2 ·K/W (0.08 + 1.94 × 0.50 + 0.08) is
obtained for the wall described in Example 3.

Zone Method of Calculation

For structures with widely spaced metal members of substantial
cross-sectional area, calculation by the isothermal planes method
can result in thermal resistance values that are too low. For these
constructions, the zone method can be used. This method 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, Zone B. The two com-
putations are then combined using the parallel flow method, and the
average transmittance per unit overall area is calculated. The basic
laws of heat transfer are applied by adding the area conductances
CA of elements in parallel, and adding area resistances R/A of ele-
ments in series.

The surface shape of Zone A is determined by the metal element.
For a metal beam (see Figure 5), the Zone A surface is a strip of
width W that is centered on the beam. For a rod perpendicular to
panel surfaces, it is a circle of diameter W. The value of W is calcu-
lated from Equation (1), which is empirical. The value of d should
not be less than 13 mm for still air.

(1)

where

m = width or diameter of metal heat path terminal, mm

d = distance from panel surface to metal, mm

Generally, the value of W should be calculated using Equation
(1) for each end of the metal heat path; the larger value, within
the limits of the basic area, should be used as illustrated in
Example 4.

Example 4. Calculate transmittance of the roof deck shown in Figure 5.
Tee-bars at 600 mm OC support glass fiber form boards, gypsum con-
crete, and built-up roofing. Conductivities of components are: steel,
45 W/(m·K); gypsum concrete, 0.24 W/(m·K); and glass fiber form
board, 0.036 W/(m·K). Conductance of built-up roofing is 17 W/(m·K).

Fig. 5 Gypsum Roof Deck on Bulb Tees (Example 4)

Fig. 5 Gypsum Roof Deck on Bulb Tees (Example 4)

W m 2dHZ
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Solution: The basic area is 0.6 m2 with a tee-bar across the middle.
This area is divided into Zones A and B.

Zone A is determined from Equation (1) as follows:

Top side W = m + 2d = 15 + (2 × 40) = 95 mm

Bottom side W = m + 2d = 50 + (2 × 13) = 76 mm

Using the larger value of W, the area of Zone A is (1.0 × 95/1000) =
0.095 m2. The area of Zone B is 0.600 − 0.095 = 0.505 m2.

To determine area transmittance for Zone A, divide the structure
within the zone into five sections parallel to the top and bottom sur-
faces (Figure 5). The area conductance CA of each section is calculated
by adding the area conductances of its metal and nonmetal paths. Area
conductances of the sections are converted to area resistances R/A and
added to obtain the total resistance of Zone A.

Area transmittance of Zone A = 1/(R/A) = 1/3.59 = 0.279.

For Zone B, the unit resistances are added and then converted to
area transmittance, as shown in the following table.

Section Area × Conductance = CA

1
=

R

CA A

Air (outside, 24 km/h) 0.095 ×  34 3.23 0.31

No. 1, Roofing 0.095 ×  17 1.62 0.62

No. 2, Gypsum concrete 0.095 ×  0.24/0.030 0.76 1.32

No. 3, Steel 0.015 ×  45/0.015 45 } 0.022
No. 3, Gypsum concrete 0.080 ×  0.24/0.015 1.28

No. 4, Steel 0.003 ×  45/0.025 5.4 } 0.181
No. 4, Glass fiberboard 0.092 ×  0.036/0.025 0.13

No. 5, Steel 0.050 ×  45/0.005 450  0.002

Air (inside) 0.095 ×  9.26 0.88 1.14

Total R/A = 3.59 

Section Resistance, R

Air (outside, 24 km/h) 1/34 = 0.029

Roofing 1/17 = 0.059

Gypsum concrete 0.045/0.24 = 0.188

Glass fiberboard 0.025/0.036= 0.694

Air (inside) 1/9.26 = 0.108

Total resistance = 1.078
Because unit transmittance = 1/R = 0.927, the total area transmit-
tance UA is calculated as follows:

Overall R-values of 0.805 and 0.854 m2 ·K/W have been measured
in two guarded hot box tests of a similar construction.

When the steel member represents a relatively large proportion
of the total heat flow path, as in Example 4, detailed calculations of
resistance in sections 3, 4, and 5 of Zone A are unnecessary; if only
the steel member is considered, the final result of Example 4 is the
same. However, if the heat flow path represented by the steel mem-
ber is small, as for a tie rod, detailed calculations for sections 3, 4,
and 5 are necessary. A panel with an internal metallic structure and
bonded on one or both sides to a metal skin or covering presents spe-
cial problems of lateral heat flow not covered in the zone method.

Modified Zone Method for Metal Stud Walls with 

Insulated Cavities

The modified zone method is similar to the parallel path method
and the zone method. All three methods are based on parallel-path
calculations. Figure 6 shows the width w of the zone of thermal
anomalies around a metal stud. This zone can be assumed to equal
the length of the stud flange L (parallel path method), or can be cal-
culated as a sum of the length of stud flange and a distance double
that from wall surface to metal Σd

i
 (zone method). In the modified

zone method the width of the zone depends on the following three
parameters:

• Ratio between thermal resistivity of sheathing material and cavity 
insulation

• Size (depth) of stud

• Thickness of sheathing material

The modified zone method is explained in Figure 6 (which can
be copied and used as a calculation form). The wall cross section

Zone B = 0.505 × 0.927 = 0.468

Zone A = 0.279

Total area transmittance of basic area = 0.747

Transmittance = 0.747 W/(m2 ·K)

Resistance = 0.80 K·m2/W
Fig. 6 Modified Zone Method R-Value Calculation Form for Metal Stud Walls

Fig. 6 Modified Zone Method R-Value Calculation Form for Metal Stud Walls
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shown in Figure 6, is divided into two zones: the zone of thermal
anomalies around metal stud w and the cavity zone cav. Wall mate-
rial layers are grouped into an exterior and interior surface sec-
tions—A (sheathing, siding) and B (wallboard)—and interstitial
sections I and II (cavity insulation, metal stud flange).

Assuming that the layers or layer of wall materials in wall section
A are thicker than those in wall section B, as show by the cross sec-
tion in Figure 6, they can be described as follows:

(2)

where

n = number of material layer (of thickness di) between metal stud 
flange and wall surface for section A

m = number of material layer (of thickness dj) for section B

Then, the width of the zone of thermal anomalies around the
metal stud w can be estimated by

(3)

where

L = stud flange size

di = thickness of material layer in section A

zf = zone factor, which is shown in Figure 7 (zf = 2 for zone method)

di dj
j 1Z
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Fig. 7 Modified Zone Factor for Calculating R-Value of
Metal Stud Walls with Cavity Insulation

Fig. 7 Modified Zone Factor for Calculating R-Value of 
Metal Stud Walls with Cavity Insulation

Use zf = −0.5 for walls when total thickness 

of layer of materials attached to one side of 

metal frame ≤ 16 mm and thermal resistivity 

of sheathing ≤ 10.4 m·K/W.

Use zf = +0.5 for walls when total thickness 

of layer of materials attached to one side of 

metal frame ≤ 16 mm and thermal resistivity 

of sheathing > 10.4 m·K/W

.

Find zf in chart above for walls when total 

thickness of layer of materials attached to 

one side of metal frame > 16 mm.
Kosny and Christian (1995) verified the accuracy of the modi-
fied zone method for over 200 simulated cases of metal frame walls
with insulated cavities. For all configurations considered the dis-
crepancy between results were within ±2%. Hot box measured
R-values for 15 metal stud walls tested by Barbour et al. (1994)
were compared with results obtained by Kosny and Christian (1995)
and McGowan and Desjarlais (1997). The modified zone method
was found to be the most accurate simple method for estimating the
clear wall R-value of light-gage steel stud walls with insulated cav-
ities. However, this analysis does not apply to construction with
metal sheathing. Also, ASHRAE Standard 90.1 may require a differ-
ent method of analysis.

Ceilings and Roofs

The overall R-value for ceilings of wood frame flat roofs can be
calculated using Equations (1) through (5) from Chapter 23. Prop-
erties of the materials are found in Tables 1, 3, 2, and 4. The fraction
of framing is assumed to be 0.10 for joists at 400 mm OC and 0.07
for joists at 600 mm OC. The calculation procedure is similar to that
shown in Example l. Note that if the ceiling contains plane air
spaces (see Table 3), the resistance depends on the direction of heat
flow, i.e., whether the calculation is for a winter (heat flow up) or
summer (heat flow down) condition.

For ceilings of pitched roofs under winter conditions, calcu-
late the R-value of the ceiling using the procedure for flat roofs.
Table 5 can be used to determine the effective resistance of the
attic space under summer conditions for varying conditions of
ventilation air temperature, airflow direction and rates, ceiling
resistance, roof or sol-air temperatures, and surface emittances
(Joy 1958).

The R-value is the total resistance obtained by adding the
ceiling and effective attic resistances. The applicable tempera-
ture difference is that difference between room air and sol-air
temperatures or between room air and roof temperatures (see
Table 5, footnote f ). Table 5 can be used for pitched and flat res-
idential roofs over attic spaces. When an attic has a floor, the
ceiling resistance should account for the complete ceiling-floor
construction.

Windows and Doors

Table 4 of Chapter 30 lists U-factors for various fenestration
products. Table 6 lists U-factors for exterior wood and steel doors.
All U-factors are approximate, because a significant portion of the
resistance of a window or door is contained in the air film resis-
tances, and some parameters that may have important effects are not
considered. For example, the listed U-factors assume the surface
temperatures of surrounding bodies are equal to the ambient air tem-
perature. However, the indoor surface of a window or door in an
actual installation may be exposed to nearby radiating surfaces,
such as radiant heating panels, or opposite walls with much higher
or lower temperatures than the indoor air. Air movement across the
indoor surface of a window or door, such as that caused by nearby
heating and cooling outlet grilles, increases the U-factor; and air
movement (wind) across the outdoor surface of a window or door
also increases the U-factor.

U
o
 Concept

U
o
 is the combined thermal transmittance of the respective areas

of gross exterior wall, roof or ceiling or both, and floor assemblies.
The U

o
 equation for a wall is as follows:

(4)

where

Uo = average thermal transmittance of gross wall area

Ao = gross area of exterior walls

Uo UwallAwall UwindowAwindow UdoorAdoorH H( ) Ao⁄Z
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Table 5 Effective Thermal Resistance of Ventilated Atticsa (Summer Condition)

NONREFLECTIVE SURFACES

Ventilation Air 
Temperature,

°C

Sol-Airf

Temperature,
°C

No Ventilationb Natural Ventilation Power Ventilationc

Ventilation Rate per Square Metre of Ceiling, L/s

0 0.5d 2.5 5.1 7.6

Ceiling Resistance oe, K·m2/W

1.8 3.5 1.8 3.5 1.8 3.5 1.8 3.5 1.8 3.5

QV MKPP MKPP MKQV MKSM NKNN NKSQ NKSV OKUO NKVQ PKRO

OT SM MKPP MKPP MKQV MKSO NKNQ NKTS NKTO OKVV OKNN PKTM

TN MKPP MKPP MKQV MKSP NKNU NKVQ NKTS PKNT OKOV PKUT

QV MKPP MKPP MKQQ MKQV MKUN NKNU NKMT NKTS NKON OKOV

PO SM MKPP MKPP MKQS MKRR MKVO NKPV NKPQ OKNN NKRN OKSQ

TN MKPP MKPP MKQU MKSM NKMO NKRU NKRM OKQS NKTS OKVV

QV MKPP MKPP MKPV MKQM MKRU MKTT MKTM NKMS MKTO NKON

PU SM MKPP MKPP MKQO MKQU MKTQ NKMT NKMO NKRP NKNQ NKTS

TN MKPP MKPP MKQS MKRS MKUU NKPQ NKOT NKVQ NKQS OKOV

REFLECTIVE SURFACESg

QV NKNQ NKNQ NKQP NKRR OKOV OKVV OKVV QKQM PKPQ RKOU

OT SM NKNQ NKNQ NKQQ NKRU OKQS PKNT PKNT QKRU PKRO RKQS

TN NKNQ NKNQ NKQS NKSO OKSQ PKNT PKPQ QKTR PKTM RKSP

QV NKNQ NKNQ NKPO NKQN NKTS OKOV OKNN OKVV OKOV PKPQ

PO SM NKNQ NKNQ NKPS NKQS OKNN OKSQ OKQS PKRO OKUO PKUT

TN NKNQ NKNQ NKPV NKRN OKOV OKUO OKUO PKUT PKNT QKQM

QV NKNQ NKNQ NKOP NKPM NKQN NKTS NKRM OKNN NKRR OKNN

PU SM NKNQ NKNQ NKOU NKPT NKTS OKNN NKVQ OKSQ OKNN OKUO

TN NKNQ NKNQ NKPQ NKQQ NKVQ OKQS OKOV PKNT OKSQ PKRO
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Table 6 Transmission Coefficients r for Wood and Steel Doors, W/(m2·K)

Nominal Door 
Thickness, mm Description

No Storm
Door

Wood Storm 
Doorc

Metal Storm 
Doord

Wood Doorsa,b

PR m~åÉä=Çççê=ïáíÜ=NN=ãã=é~åÉäëÉ PKOQ NKUT OKNM

PR eçääçï=ÅçêÉ=ÑäìëÜ=Çççê OKST NKTM NKUO

PR pçäáÇ=ÅçêÉ=ÑäìëÜ=Çççê OKON NKQU NKRV

QR m~åÉä=Çççê=ïáíÜ=NN=ãã=é~åÉäëÉ PKMT NKUO OKMQ

QR eçääçï=ÅçêÉ=ÑäìëÜ=Çççê OKSN NKSR NKUO

QR m~åÉä=Çççê=ïáíÜ=OV=ãã=é~åÉäëÉ OKON NKQU NKRV

QR pçäáÇ=ÅçêÉ=ÑäìëÜ=Çççê OKOT Ô NKQU

RT pçäáÇ=ÅçêÉ=ÑäìëÜ=Çççê NKRP NKNQ NKNV

Steel Doorsb

QR cáÄÉêÖä~ëë=çê=ãáåÉê~ä=ïççä=ÅçêÉ=ïáíÜ=ëíÉÉä=ëíáÑÑÉåÉêëI=åç=íÜÉêã~ä=ÄêÉ~âÑ PKQN Ô Ô

QR m~éÉê=ÜçåÉóÅçãÄ=ÅçêÉ=ïáíÜçìí=íÜÉêã~ä=ÄêÉ~âÑ PKNU Ô Ô

QR pçäáÇ=ìêÉíÜ~åÉ=Ñç~ã=ÅçêÉ=ïáíÜçìí=íÜÉêã~ä=ÄêÉ~â~ OKOT Ô Ô

QR pçäáÇ=ÑáêÉ=ê~íÉÇ=ãáåÉê~ä=ÑáÄÉêÄç~êÇ=ÅçêÉ=ïáíÜçìí=íÜÉêã~ä=ÄêÉ~âÑ OKNS Ô Ô

QR mçäóëíóêÉåÉ=ÅçêÉ=ïáíÜçìí=íÜÉêã~ä=ÄêÉ~â=xNU=Ö~ÖÉ=ENKPN=ããF=ÅçããÉêÅá~ä=ëíÉÉäzÑ NKVV Ô Ô

QR mçäóìêÉíÜ~åÉ=ÅçêÉ=ïáíÜçìí=íÜÉêã~ä=ÄêÉ~â=ENU=Ö~ÖÉ=ÅçããÉêÅá~ä=ëíÉÉäFÑ NKSR Ô Ô

QR mçäóìêÉíÜ~åÉ=ÅçêÉ=ïáíÜçìí=íÜÉêã~ä=ÄêÉ~â=xOQ=Ö~ÖÉ=EMKTM=ããF=êÉëáÇÉåíá~ä=ëíÉÉäzÑ NKSR Ô Ô

QR mçäóìêÉíÜ~åÉ=ÅçêÉ=ïáíÜ=íÜÉêã~ä=ÄêÉ~â=~åÇ=ïççÇ=éÉêáãÉíÉê=EOQ=Ö~ÖÉ=êÉëáÇÉåíá~ä=ëíÉÉäFÑ NKNQ Ô Ô

QR pçäáÇ=ìêÉíÜ~åÉ=Ñç~ã=ÅçêÉ=ïáíÜ=íÜÉêã~ä=ÄêÉ~â~ NKNQ Ô MKVN

kçíÉW=^ää=rJÑ~Åíçêë=Ñçê=ÉñíÉêáçê=Çççêë=áå=íÜáë=í~ÄäÉ=~êÉ=Ñçê=Çççêë=ïáíÜ=åç=Öä~òáåÖI=ÉñÅÉéí
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Uwall = thermal transmittance of all elements of opaque wall area

Awall = opaque wall area

Uwindow = thermal transmittance of window area (including frame)

Awindow = window area (including frame)

Udoor = thermal transmittance of door area

Adoor = door area (including frame)

Where more than one type of wall, window, or door is used, the
UA term for that exposure should be expanded into its subelements,
as shown in Equation (3).

(5)

Example 5. Calculate Uo for a wall 10 m by 2.4 m, constructed as in
Example 1. The wall contains two double-glazed (12.7 mm airspace)
fixed windows with wood/vinyl frames. (From Table 4 in Chapter
30, U = 2.98 W/(m2 ·K).) One window is 1500 mm by 860 mm and the
second 900 mm by 760 mm. The wall also contains a 45 mm solid
core flush door with a metal storm door 860 mm by 2000 mm (U =
1.42 W/(m2 ·K) from Table 6).

Solution: The U-factor for the wall was obtained in Example 1. The
areas of the different components are

Therefore, the combined thermal transmittance for the wall is

Slab-on-Grade and Below-Grade Construction

Heat transfer through basement walls and floors to the ground
depends on the following factors: (1) the difference between the air
temperature within the room and that of the ground and outside air,
(2) the material of the walls or floor, and (3) the thermal conductivity
of the surrounding earth. The latter varies with local conditions and
is usually unknown. Because of the great thermal inertia of the sur-
rounding soil, ground temperature varies with depth, and there is a
substantial time lag between changes in outdoor air temperatures and
corresponding changes in ground temperatures. As a result, ground-
coupled heat transfer is less amenable to steady-state representation
than above-grade building elements. However, several simplified
procedures for estimating ground-coupled heat transfer have been
developed. These fall into two principal categories: (1) those that
reduce the ground heat transfer problem to a closed form solution,
and (2) those that use simple regression equations developed from
statistically reduced multidimensional transient analyses.

Closed form solutions, including the ASHRAE arc-length pro-
cedure discussed in Chapter 28 by Latta and Boileau (1969), gener-
ally reduce the problem to one-dimensional, steady-state heat
transfer. These procedures use simple, “effective” U-factors or
ground temperatures or both. Methods differ in the various param-
eters averaged or manipulated to obtain these effective values.
Closed form solutions provide acceptable results in climates that
have a single dominant season, because the dominant season per-
sists long enough to permit a reasonable approximation of steady-
state conditions at shallow depths. The large errors (percentage)
that are likely during transition seasons should not seriously affect
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building design decisions, since these heat flows are relatively
insignificant when compared with those of the principal season.

The ASHRAE arc-length procedure is a reliable method for wall
heat losses in cold winter climates. Chapter 28 discusses a slab-on-
grade floor model developed by one study. Although both procedures
give results comparable to transient computer solutions for cold cli-
mates, their results for warmer U.S. climates differ substantially.

Research conducted by Hougten et al. (1942) and Dill et al.
(1945) indicates a heat flow of approximately 6.3 W/m2 through an
uninsulated concrete basement floor with a temperature difference
of 11 K between the basement floor and the air 150 mm above it. A
U-factor of 5.7 W/(m2 ·K) is sometimes used for concrete basement
floors on the ground. For basement walls below grade, the temper-
ature difference for winter design conditions is greater than for the
floor. Test results indicate that at the midheight of the below-grade
portion of the basement wall, the unit area heat loss is approxi-
mately twice that of the floor.

For concrete slab floors in contact with the ground at grade level,
tests indicate that for small floor areas (equal to that of a 7.5 m by
7.5 m house) the heat loss can be calculated as proportional to the
length of exposed edge rather than total area. This amounts to
1.40 W per linear metre of exposed edge per degree Celcius differ-
ence between the indoor air temperature and the average outdoor air
temperature. This value can be reduced appreciably by installing
insulation under the ground slab and along the edge between the
floor and abutting walls. In most calculations, if the perimeter loss
is calculated accurately, no other floor losses need to be considered.
Chapter 28 contains data for load calculations and heat loss values
for below-grade walls and floors at different depths.

The second category of simplified procedures uses transient
two-dimensional computer models to generate the ground heat
transfer data that are then reduced to compact form by regression
analysis (Mitalas 1982, 1983; Shipp 1983). These are the most
accurate procedures available, but the database is very expensive to
generate. In addition, these methods are limited to the range of cli-
mates and constructions specifically examined. Extrapolating
beyond the outer bounds of the regression surfaces can produce
significant errors.

Apparent Thermal Conductivity of Soil

Effective or apparent soil thermal conductivity is difficult to esti-
mate precisely and may change substantially in the same soil at dif-
ferent times due to changed moisture conditions and the presence of
freezing temperatures in the soil. Figure 8 shows the typical appar-
ent soil thermal conductivity as a function of moisture content for
different general types of soil. The figure is based on data presented
in Salomone and Marlowe (1989) using envelopes of thermal
behavior coupled with field moisture content ranges for different
soil types. In Figure 8, the term well-graded applies to granular soils
with good representation of all particle sizes from largest to small-
est. The term poorly graded refers to granular soils with either a uni-
form gradation, in which most particles are about the same size, or
a skip (or gap) gradation, in which particles of one or more interme-
diate sizes are not present.

Although thermal conductivity varies greatly over the complete
range of possible moisture contents for a soil, this range can be nar-
rowed if it is assumed that the moisture contents of most field soils
lie between the “wilting point” of the soil (i.e., the moisture content
of a soil below which a plant cannot alleviate its wilting symptoms)
and the “field capacity” of the soil (i.e., the moisture content of a soil
that has been thoroughly wetted and then drained until the drainage
rate has become negligibly small). After a prolonged dry spell, the
moisture will be near the wilting point, and after a rainy period, the
soil will have a moisture content near its field capacity. The mois-
ture contents at these limits have been studied by many agricultural
researchers, and data for different types of soil are given by
Salomone and Marlowe (1989) and Kersten (1949). The shaded
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areas on Figure 8 approximate (1) the full range of moisture con-
tents for different soil types and (2) a range between average values
of each limit.

Table 7 gives a summary of design values for thermal conduc-
tivities of the basic soil classes. Table 8 gives ranges of thermal
conductivity for some basic classes of rock. The value chosen
depends on whether heat transfer is being calculated for minimum
heat loss through the soil, as in a ground heat exchange system, or
a maximum value, as in peak winter heat loss calculations for a
basement. Hence, a high and a low value are given for each soil
class.

As heat flows through the soil, the moisture tends to move away
from the source of heat. This moisture migration provides initial
mass transport of heat, but it also dries the soil adjacent to the heat
source, hence lowering the apparent thermal conductivity in that
zone of soil.

Trends typical in a soil when other factors are held constant are:

Table 7 Typical Apparent Thermal Conductivity Values
for Soils, W/(m2 · K)

Normal Range

Recommended Values for Designa

Lowb Highc

p~åÇë MKS=íç=OKR MKTU OKOR

páäíë MKV=íç=OKR NKSQ OKOR

`ä~óë MKV=íç=NKS NKNO NKRS

iç~ãë MKV=íç=OKR MKVR OKOR
~oÉ~ëçå~ÄäÉ=î~äìÉë=Ñçê=ìëÉ=ïÜÉå=åç=ëáíÉJ=çê=ëçáäJëéÉÅáÑáÅ=Ç~í~=~êÉ=~î~áä~ÄäÉK
ÄjçÇÉê~íÉäó=ÅçåëÉêî~íáîÉ=î~äìÉë=Ñçê=ãáåáãìã=ÜÉ~í=äçëë=íÜêçìÖÜ=ëçáä=EÉKÖKI=ìëÉ=áå=ëçáä

ÜÉ~í=ÉñÅÜ~åÖÉê=çê=É~êíÜJÅçåí~Åí=ÅççäáåÖ=Å~äÅìä~íáçåëFK=s~äìÉë=~êÉ=Ñêçã=p~äçãçåÉ=~åÇ

j~êäçïÉ=ENVUVFK
ÅjçÇÉê~íÉäó=ÅçåëÉêî~íáîÉ=î~äìÉë=Ñçê=ã~ñáãìã=ÜÉ~í=äçëë=íÜêçìÖÜ=ëçáä=EÉKÖKI=ìëÉ=áå=éÉ~â

ïáåíÉê=ÜÉ~í=äçëë=Å~äÅìä~íáçåëFK=s~äìÉë=~êÉ=Ñêçã=p~äçãçåÉ=~åÇ=j~êäçïÉ=ENVUVFK

Table 8 Typical Apparent Thermal Conductivity Values
for Rocks, W/(m2 · K)

Normal Range

mìãáÅÉI=íìÑÑI=çÄëáÇá~å MKR=íç=OKO

_~ë~äí MKR=íç=OKS

pÜ~äÉ =MKV=íç=QKM

dê~åáíÉ NKT=íç=QKP

iáãÉëíçåÉI=ÇçäçãáíÉI=ã~êÄäÉ NKO=íç=QKP

nì~êíòçëÉ=ë~åÇëíçåÉ NKQ=íç=TKU

Fig. 8 Trends of Apparent Thermal Conductivity of
Moist Soils

Fig. 8 Trends of Apparent Thermal Conductivity of 
Moist Soils
• k increases with moisture content

• k increases with increasing dry density of a soil

• k decreases with increasing organic content of a soil

• k tends to decrease for soils with uniform gradations and rounded 
soil grains (because the grain-to-grain contacts are reduced)

• k of a frozen soil may be higher or lower than that of the same 
unfrozen soil (because the conductivity of ice is higher than that 
of water but lower than that of the typical soil grains). Differences 
in k below moisture contents of 7 to 8% are quite small. At 
approximately 15% moisture content, differences in k-factors 
may vary up to 30% from unfrozen values.

When calculating annual energy use, values that represent typi-
cal site conditions as they vary during the year should be chosen. In
climates where ground freezing is significant, accurate heat transfer
simulations should include the effect of the latent heat of fusion of
water. The energy released during this phase change significantly
retards the progress of the frost front in moist soils.

Water Vapor Transmission Data for 
Building Components

Table 9 gives typical water vapor permeance and permeability
values for common building materials. These values can be used to
calculate water vapor flow through building components and
assemblies using equations in Chapter 23.

MECHANICAL AND INDUSTRIAL SYSTEMS

Thermal Transmission Data

Table 10 lists the thermal conductivities of various materials
used as industrial insulations. These values are functions of the
arithmetic mean of the temperatures of the inner and outer surfaces
for each insulation.

Heat Loss from Pipes and Flat Surfaces

Tables 11A, 11B, and 12 give heat losses from bare steel pipes
and flat surfaces and bare copper tubes. These tables were calcu-
lated using ASTM Standard C 680. User inputs for the programs
described in the standard include operating temperature, ambient
temperature, pipe size, insulation type, number of insulation layers,
and thickness for each layer. A program option allows the user to
input a surface coefficient or surface emittance, surface orientation,
and wind speed. The computer uses this information to calculate the
heat flow and the surface temperature. The programs calculate the
surface coefficients if the user has not already supplied them.

The equations used in ASTM C 680 are

(6)

where

hcv = convection surface coefficient, W/(m2 ·K)

d = diameter for cylinder, mm. For flat surfaces and large cylinders 
(d > 600 mm), use d = 600 mm.

Tavg = average temperature of air film = (Ta + Ts)/2, K

Ta = temperature of ambient air, K

Ts = temperature of surface, K

∆T = surface to air temperature difference, K

Wind = air speed, km/h

C = constant depending on shape and heat flow condition

 = 11.58 for horizontal cylinders

= 14.08 for longer vertical cylinders

= 15.89 for vertical plates

= 20.40 for horizontal plates, warmer than air, facing upward

= 10.15 for horizontal plates, warmer than air, facing downward

= 10.15 for horizontal plates, cooler than air, facing upward

= 20.40 for horizontal plates, cooler than air, facing downward

h
cv

C
1

d
---

 
  0.2 1

T
avg

-----------
 
  0.181 T

0.266
∆( )  1 0.7935 Wind( )HZ
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Table 9 Typical Water Vapor Permeance and Permeability Values for Common Building Materialsa

Material
Thickness,

mm
Permeance, 

ng/(s·m2·Pa)
Resistanceh, 
TPa·m2·s/kg

Permeability, 
ng/(s·m·Pa)

Resistance/mh, 
TPa·m·s/kg

Construction Materials
`çåÅêÉíÉ=ENWOWQ=ãáñF QKT MKON

_êáÅâ=ã~ëçåêó NMM QSÑ MKMOO

`çåÅêÉíÉ=ÄäçÅâ=EÅçêÉÇI=äáãÉëíçåÉ=~ÖÖêÉÖ~íÉF OMM NPTÑ MKMMTP

qáäÉ=ã~ëçåêóI=Öä~òÉÇ NMM SKVÑ MKNQ

^ëÄÉëíçë=ÅÉãÉåí=Äç~êÇ P OOMJQRUÇ MKMMNTJMKMMPR

táíÜ=çáäJÄ~ëÉ=ÑáåáëÜÉë NTJOVÇ MKMMPRJMKMRO

mä~ëíÉê=çå=ãÉí~ä=ä~íÜ NV USMÑ MKMMNO

mä~ëíÉê=çå=ïççÇ=ä~íÜ SPMÉ MKMMNS

mä~ëíÉê=çå=éä~áå=Öóéëìã=ä~íÜ=EïáíÜ=ëíìÇëF NNQMÑ MKMMMUU

dóéëìã=ï~ää=Äç~êÇ=Eéä~áåF VKR OUSMÑ MKMMMPR

dóéëìã=ëÜÉ~íÜáåÖ=E~ëéÜ~äí=áãéêÉÖå~íÉÇF NP OVÑ MKMPU

píêìÅíìê~ä=áåëìä~íáåÖ=Äç~êÇ=EëÜÉ~íÜáåÖ=èì~äáíóF OVJTPÑ MKMPUJMKMNQ

píêìÅíìê~ä=áåëìä~íáåÖ=Äç~êÇ=EáåíÉêáçêI=ìåÅç~íÉÇF NP OUSMJRNRMÑ MKMMMPRJMKMMMNV

e~êÇÄç~êÇ=Eëí~åÇ~êÇF PKO SPMÑ MKMMNS

e~êÇÄç~êÇ=EíÉãéÉêÉÇF PKO OVMÑ MKMMPQ

_ìáäíJìé=êççÑáåÖ=EÜçí=ãçééÉÇF MKM= ∞

tççÇI=ëìÖ~ê=éáåÉ MKRUJTKUÑIÄ NTOKMJNPN

mäóïççÇ=EÇçìÖä~ë=ÑáêI=ÉñíÉêáçê=ÖäìÉF SKQ QMÑ MKMOR

mäóïççÇ=EÇçìÖä~ë=ÑáêI=áåíÉêáçê=ÖäìÉF SKQ NMVÑ MKMMVO

^ÅêóäáÅI=Öä~ëë=ÑáÄÉê=êÉáåÑçêÅÉÇ=ëÜÉÉí NKQ SKVÑ* MKNQR

mçäóÉëíÉêI=Öä~ëë=ÑáÄÉê=êÉáåÑçêÅÉÇ=ëÜÉÉí NKO OKVÑ MKPQR

Thermal Insulations
^áê=EëíáääF NTQÑ MKMMRT

`Éääìä~ê=Öä~ëë MKMÇ* ∞

`çêâÄç~êÇ PKMJPKUÇ MKPPJMKOS

NQÉ MKMTS

jáåÉê~ä=ïççä=EìåéêçíÉÅíÉÇF OQRÉ MKMMRV

bñé~åÇÉÇ=éçäóìêÉíÜ~åÉ=xo=Z=NKVQ=tLEãO ˇhFz=Äç~êÇ=ëíçÅâ MKRUJOKPÇ NKTOJMKQP

bñé~åÇÉÇ=éçäóëíóêÉåÉÔÉñíêìÇÉÇ NKTÇ MKRT

bñé~åÇÉÇ=éçäóëíóêÉåÉÔÄÉ~Ç OKVJUKQÇ* MKPQJMKNO

mÜÉåçäáÅ=Ñç~ã=EÅçîÉêáåÖ=êÉãçîÉÇF PU MKMOS

råáÅÉääìä~ê=ëóåíÜÉíáÅ=ÑäÉñáÄäÉ=êìÄÄÉê=Ñç~ã MKMOVÇ PQJQKSN

Plastic and Metal Foils and Filmsc

^äìãáåìã=Ñçáä MKMOR MKMÇ ∞

^äìãáåìã=Ñçáä MKMMV OKVÇ MKPQR

mçäóÉíÜóäÉåÉ MKMRN VKNÇ MKNNM ONPP

mçäóÉíÜóäÉåÉ MKN QKSÇ MKONT ONPP

mçäóÉíÜóäÉåÉ MKNR PKQÇ* MKOVQ ONPP

mçäóÉíÜóäÉåÉ MKO OKPÇ* MKQPR ONPP

mçäóÉíÜóäÉåÉ MKOR NKTÇ MKRUU ONPP

mçäóîáåóäÅÜäçêáÇÉI=ìåéä~ëíáÅáòÉÇ MKMRN PVÇ* MKMOS

mçäóîáåóäÅÜäçêáÇÉI=éä~ëíáÅáòÉÇ MKN QSJUMÇ* MKMPO

mçäóÉëíÉê MKMOR QOÇ MKMQO

mçäóÉëíÉê MKMV NPÇ MKMTR

mçäóÉëíÉê MKNV QKSÇ MKOO

`ÉääìäçëÉ=~ÅÉí~íÉ MKOR OSPÇ MKMMPR

`ÉääìäçëÉ=~ÅÉí~íÉ PKO NUÇ MKMRQ

*Source: Lotz (1964).
(7)

where

hrad = radiation surface coefficient, W/(m2 ·K)
ε = surface emittance
σ = Stefan-Boltzmann constant = 5.4 × 10−8 W/(m2 ·K4)

Example 6. Compute the total annual heat loss from 50 m of nominal
50 mm bare steel pipe in service 4000 h per year. The pipe is carrying
steam at 70 kPa (gage) and is exposed to an average air temperature of
27°C.

h
rad

εσ T
a

4
T
s

4
Ó( )

T
a

T
s

Ó

----------------------------------Z
Solution: The pipe temperature is taken as the steam temperature,

which is 115.2°C, obtained by interpolation from Steam Tables. By

interpolation in Table 11A between  and 82 and 138°C, heat loss from a

nominal 50 mm pipe is 274 W/m. Total annual heat loss from the entire

line is 274 × 50 × 4000 × 3600 = 197 GJ.  

In calculating heat flow, Equations (8) and (9) from Chapter 23

generally are used. For dimensions of standard pipe and fitting

sizes, refer to the Piping Handbook. For insulation product

dimensions, refer to ASTM Standard C 585, or to the insulation

manufacturers’ literature.
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Table 9 Typical Water Vapor Permeance and Permeability Values for Common Building Materialsa (`çåÅäìÇÉÇ )

Material
Unit Mass, 

kg/m2

Permeance, ng/(s·m2·Pa) Resistanceh, TPa·m2·s/kg

Dry-Cup Wet-Cup Other Dry-Cup Wet-Cup Other

Building Paper, Felts, Roofing PapersÖ

aìéäÉñ=ëÜÉÉíI=~ëéÜ~äí=ä~ãáå~íÉÇI=~äìãáåìã=Ñçáä=çåÉ=ëáÇÉ MKQO MKN NM NM MKN

p~íìê~íÉÇ=~åÇ=Åç~íÉÇ=êçää=êççÑáåÖ PKNU OKV NQ MKPQ MKMTN

hê~Ñí=é~éÉê=~åÇ=~ëéÜ~äí=ä~ãáå~íÉÇI=êÉáåÑçêÅÉÇ= MKPP NT NMP MKMRV MKMMVT

_ä~åâÉí=íÜÉêã~ä=áåëìä~íáçå=Ä~Åâìé=é~éÉêI=~ëéÜ~äí=Åç~íÉÇ MKPM OP PQJOQM MKMQP MKMOVJMKMMQO

^ëéÜ~äíJë~íìê~íÉÇ=~åÇ=Åç~íÉÇ=î~éçê=êÉí~êÇÉê=é~éÉê MKQO NNJNT PQ MKMVNJMKMRV MKMOV

^ëéÜ~äíJë~íìê~íÉÇI=Äìí=åçí=Åç~íÉÇI=ëÜÉ~íÜáåÖ=é~éÉê MKON NVM NNSM MKMMRP MKMMMUS

MKTP=âÖLãO=~ëéÜ~äí=ÑÉäí MKSU RT POM MKMNT MKMMPN

MKTP=âÖLãO=í~ê=ÑÉäí MKSU OPM NMQM MKMMQP MKMMMVS

páåÖäÉJâê~ÑíI=ÇçìÄäÉ MKNS NNTM OQMM MKMMMRS MKMMMQO

Liquid-Applied Coating Materials Thickness,

`çããÉêÅá~ä=ä~íÉñ=é~áåíë=EÇêó=Ñáäã=íÜáÅâåÉëëFá  µm

s~éçê=êÉí~êÇÉê=é~áåí TM =OS MKMPU

mêáãÉêJëÉ~äÉê PM PSM MKMMOU

sáåóä=~ÅÉí~íÉL~ÅêóäáÅ=éêáãÉê RM QOQ MKMMOQ

sáåóäJ~ÅêóäáÅ=éêáãÉê QM QVN MKMMOM

pÉãáJÖäçëë=îáåóäJ~ÅêóäáÅ=Éå~ãÉä SM PTU MKMMOS

bñíÉêáçê=~ÅêóäáÅ=ÜçìëÉ=~åÇ=íêáã QM PNP MKMMPO

m~áåíÔO=Åç~íë

^ëéÜ~äí=é~áåí=çå=éäóïççÇ OP MKMQP

^äìãáåìã=î~êåáëÜ=çå=ïççÇ NTJOV MKMRVJMKMPQ

bå~ãÉäë=çå=ëãççíÜ=éä~ëíÉê OVJUS MKMPQJMKMNO

mêáãÉêë=~åÇ=ëÉ~äÉêë=çå=áåíÉêáçê=áåëìä~íáçå=Äç~êÇ RNJOM MKMOMJKMMUP

s~êáçìë=éêáãÉêë=éäìë=N=Åç~í=Ñä~í=çáä=é~áåí=çå=éä~ëíÉê VNJNTO MKMNNJMKMMRU

cä~í=é~áåí=çå=áåíÉêáçê=áåëìä~íáçå=Äç~êÇ OOV MKMMQQ

t~íÉê=Éãìäëáçå=çå=áåíÉêáçê=áåëìä~íáçå=Äç~êÇ NTNSJQUSP MKMMMRUJMKMMMON

Unit Mass,

m~áåíJP=Åç~íë kg/m2

bñíÉêáçê=é~áåíI=ïÜáíÉ=äÉ~Ç=~åÇ=çáä=çå=ïççÇ=ëáÇáåÖ NTJRT MKMMRVJMKMNT

bñíÉêáçê=é~áåíI=ïÜáíÉ=äÉ~ÇJòáåÅ=çñáÇÉ=~åÇ=çáä=çå=ïççÇ RN MKMOM

píóêÉåÉJÄìí~ÇáÉåÉ=ä~íÉñ=Åç~íáåÖ MKS SOV MKMMNS

mçäóîáåóä=~ÅÉí~íÉ=ä~íÉñ=Åç~íáåÖ NKO PNR MKMMPO

`ÜäçêçëìäÑçå~íÉÇ=éçäóÉíÜóäÉåÉ=ã~ëíáÅ NKN VT MKMNM

OKO PKQ MKOV

^ëéÜ~äí=ÅìíÄ~Åâ=ã~ëíáÅI=NKS=ããI=Çêó UKM MKNOR

QKU=ããI=Çêó M ∞

eçí=ãÉäí=~ëéÜ~äí MKS OV MKMPQ

NKN RKT MKNTR

~qÜáë=í~ÄäÉ=éÉêãáíë=Åçãé~êáëçåë=çÑ=ã~íÉêá~äëX=Äìí=áå=íÜÉ=ëÉäÉÅíáçå=çÑ=î~éçê

êÉí~êÇÉê=ã~íÉêá~äëI=Éñ~Åí=î~äìÉë=Ñçê=éÉêãÉ~åÅÉ=çê=éÉêãÉ~Äáäáíó=ëÜçìäÇ=ÄÉ

çÄí~áåÉÇ=Ñêçã=íÜÉ=ã~åìÑ~ÅíìêÉê=çê=Ñêçã=ä~Äçê~íçêó=íÉëíëK=qÜÉ=î~äìÉë=ëÜçïå

áåÇáÅ~íÉ=î~êá~íáçåë=~ãçåÖ=ãÉ~å=î~äìÉë=Ñçê=ã~íÉêá~äë=íÜ~í=~êÉ=ëáãáä~ê=Äìí=çÑ

ÇáÑÑÉêÉåí=ÇÉåëáíóI=çêáÉåí~íáçåI=äçíI=çê=ëçìêÅÉK=qÜÉ=î~äìÉë=ëÜçìäÇ=åçí=ÄÉ=ìëÉÇ

~ë=ÇÉëáÖå=çê=ëéÉÅáÑáÅ~íáçå=Ç~í~K=s~äìÉë=Ñêçã=ÇêóJÅìé=~åÇ=ïÉíJÅìé=ãÉíÜçÇë

ïÉêÉ=ìëì~ääó=çÄí~áåÉÇ=Ñêçã=áåîÉëíáÖ~íáçåë=ìëáåÖ=^pqj=b=VS=~åÇ=`=PRRX

î~äìÉë=ëÜçïå=ìåÇÉê=çíÜÉêë=ïÉêÉ=çÄí~áåÉÇ=Äó=íïçJíÉãéÉê~íìêÉI=ëéÉÅá~ä=ÅÉääI

~åÇ=~áê=îÉäçÅáíó=ãÉíÜçÇëK
ÄaÉéÉåÇáåÖ=çå=ÅçåëíêìÅíáçå=~åÇ=ÇáêÉÅíáçå=çÑ=î~éçê=ÑäçïK

Årëì~ääó=áåëí~ääÉÇ=~ë=î~éçê=êÉí~êÇÉêëI=~äíÜçìÖÜ=ëçãÉíáãÉë=ìëÉÇ=~ë=~å=ÉñíÉêáçê=ÑáåáëÜ=~åÇ=ÉäëÉïÜÉêÉ=åÉ~ê

íÜÉ=ÅçäÇ=ëáÇÉI=ïÜÉêÉ=ëéÉÅá~ä=ÅçåëáÇÉê~íáçåë=~êÉ=íÜÉå=êÉèìáêÉÇ=Ñçê=ï~êã=ëáÇÉ=Ä~êêáÉê=ÉÑÑÉÅíáîÉåÉëëK
ÇaêóJÅìé=ãÉíÜçÇK
ÉtÉíJÅìé=ãÉíÜçÇK
ÑlíÜÉê=íÜ~å=ÇêóJ=çê=ïÉíJÅìé=ãÉíÜçÇK
Öiçï=éÉêãÉ~åÅÉ=ëÜÉÉíë=ìëÉÇ=~ë=î~éçê=êÉí~êÇÉêëK=eáÖÜ=éÉêãÉ~åÅÉ=ìëÉÇ=ÉäëÉïÜÉêÉ=áå=ÅçåëíêìÅíáçåK
ÜoÉëáëí~åÅÉ=~åÇ=êÉëáëí~åÅÉLãã=î~äìÉë=Ü~îÉ=ÄÉÉå=Å~äÅìä~íÉÇ=~ë=íÜÉ=êÉÅáéêçÅ~ä=çÑ=íÜÉ=éÉêãÉ~åÅÉ=~åÇ

éÉêãÉ~Äáäáíó=î~äìÉëK
á`~ëí=~í=MKOR=ãã=ïÉí=Ñáäã=íÜáÅâåÉëëK
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Table 10 Typical Thermal Conductivity  for Industrial Insulations at Various Mean Temperatures—Design Valuesa

Material

Accepted Max. 
Temp. for Use, 

b °C

Typical 
Density, 
kg/m3

Typical Conductivity â in W/(m·K) at Mean Temperature, °C

−73 −59 −46 −32 −18 −4 10 24 38 93 150 200 370 480

BLANKETS AND FELTS
^irjfklpfif` q̂b=cf_bo VUM SQ MKMPR MKMQS MKMTU MKNQP MKNQU

T=íç=NM=µã=Çá~ãÉíÉê=ÑáÄÉê NNMM VSJNOU MKMPS MKMQP MKMSV MKNNO MKNPT

NOMM SQ MKMPO MKMQO MKMSR MKMUR MKNMT

P=µã=Çá~ãÉíÉê=ÑáÄÉê

jfkbo^i=cf_bo=EoçÅâI=ëä~ÖI=çê=Öä~ëëF SRM VSJNVM MKMPT MKMQS MKMRS MKMTU

_ä~åâÉíI=ãÉí~ä=êÉáåÑçêÅÉÇ RQM QMJVS= MKMPR MKMQR MKMRU MKMUU

NUM YNO MKMPS MKMPT MKMQM MKMQP MKMQU MKMRO MKMTS

_ä~åâÉíI=ÑäÉñáÄäÉI=ÑáåÉJÑáÄÉê NO MKMPR MKMPS MKMPV MKMQO MKMQS MKMQV MKMSV

çêÖ~åáÅ=ÄçåÇÉÇ NS MKMPP MKMPR MKMPS MKMPV MKMQO MKMQS MKMSO

OQ MKMPM MKMPO MKMPP MKMPS MKMPV MKMQM MKMRP

PO MKMOV MKMPM MKMPO MKMPP MKMPS MKMPT MKMQU

QU MKMOT MKMOV MKMPM MKMPO MKMPP MKMPR MKMQR

_ä~åâÉíI=ÑäÉñáÄäÉI=íÉñíáäÉ=ÑáÄÉêI NUM NM MKMPV MKMQM MKMQO MKMQP MKMQR MKMQS MKMTO MKMVU

çêÖ~åáÅ=ÄçåÇÉÇ NO MKMPT MKMPV MKMQM MKMQO MKMQR MKMQS MKMSV MKMVR

NS MKMPR MKMPS MKMPT MKMPV MKMQO MKMQR MKMSR MKMUS

OQ MKMPO MKMPP MKMPR MKMPS MKMPV MKMQO MKMRS MKMTP

QU MKMOV MKMPM MKMPO MKMPP MKMPR MKMPS MKMQS MKMRV

cÉäíI=ëÉãáêáÖáÇ=çêÖ~åáÅ=ÄçåÇÉÇ OMM QUJNPM MKMPR MKMPS MKMPT MKMPV MKMRM MKMSP

QRM QU MKMOP MKMOQ MKMOS MKMOT MKMOV MKMPM MKMPO MKMPP MKMPR MKMRM MKMTV

i~ãáå~íÉÇ=~åÇ=ÑÉäíÉÇ=ïáíÜçìí=ÄáåÇÉê SRM NOM MKMRM MKMSR MKMUS

BLOCKS, BOARDS, AND PIPE INSULATION
j^dkbpf^ POM NTSJNVO MKMRM MKMRR MKMSM

URB=`^i`frj=pfif` q̂b SRM NTSJOQM MKMRR MKMRV MKMSP MKMTR MKMUV MKNMQ

VUM NVOJOQM MKMVN MKNMT MKNPT

`biiri^o=di^pp QUM NORJNPN MKMPR MKMPS MKMPT MKMQM MKMQO MKMQP MKMQS MKMQU MKMQV MKMRV MKMTN MKNMN MKNQS

af q̂lj^`blrp=pfif`^ UTM PPSJPRO MKMVO MKMVU MKNMQ

NMQM PSUJQMM MKNMN MKNMU MKNNR

jfkbo^i=cf_bo=Edä~ëëF

lêÖ~åáÅ=ÄçåÇÉÇI=ÄäçÅâI=~åÇ=Äç~êÇë OMM QUJNSM MKMOP MKMOQ MKMOS MKMOT MKMOV MKMPO MKMPR MKMPS MKMPT MKMQU MKMRU

kçåéìåâáåÖ=ÄáåÇÉê RQM QUJNSM MKMPT MKMQR MKMRR MKMTR

máéÉ=áåëìä~íáçåI=ëä~ÖI=çê=Öä~ëë NUM QUJSQ = MKMOV MKMPM MKMPO MKMPP MKMPR MKMQO

OSM QUJNSM MKMPV MKMPO MKMPR MKMPS MKMPT MKMQU MKMRU

fåçêÖ~åáÅ=ÄçåÇÉÇ=ÄäçÅâ RQM NSMJOQM MKMQU MKMRR MKMSR MKMTV

VUM OQMJPUQ MKMQS MKMRP MKMSM MKMTR MKMUV MKNMT

máéÉ=áåëìä~íáçåI=ëä~ÖI=çê=Öä~ëë RQM NSMJOQM MKMQU MKMRR MKMSR MKMTV

oÉëáå=ÄáåÇÉê OQM MKMPP MKMPR MKMPS MKMPT MKMQM MKMQO

ofdfa=mlivpqvobkb

bñíêìÇÉÇ=EoJNO=ÉñéKFEëãççíÜ=ëâáå=ëìêJ
Ñ~ÅÉF

UM OVJRS MKMOP MKMOP MKMOQ MKMOP MKMOQ MKMOS MKMOT MKMOV

jçäÇÉÇ=ÄÉ~Çë UM NS MKMOQ MKMOT MKMOV MKMPM MKMPO MKMPR MKMPS MKMPT MKMQM

OM MKMOQ MKMOS MKMOT MKMOV MKMPO MKMPP MKMPR MKMPS MKMQM

OQ MKMOP MKMOQ MKMOT MKMOV MKMPM MKMPO MKMPP MKMPR MKMPT

OU MKMOP MKMOQ MKMOS MKMOT MKMOV MKMPO MKMPP MKMPR MKMPS

ofdfa=mlivrobqe^kbLmlivfpl`v̂ kro q̂bÅIÇ

råÑ~ÅÉÇ=EoJNN=ÉñéKF NOM OQJQM MKMOP MKMOR MKMOS MKMOS MKMOS MKMOR MKMOP MKMOR MKMOR

ofdfa=mlivfpl`v̂ kro q̂b

d~ëJáãéÉêãK=Ñ~ÅÉêë=EoJNN=ÉñéKF NMM PO MKMNT MKMNV MKMOM MKMOO

ofdfa=mebklif`

`äçëÉÇ=ÅÉää=EoJNNI=oJNNP=ÉñéKF QU MKMNS MKMNT MKMNT MKMNU

or__boI=oáÖáÇ=Ñç~ãÉÇ TM TO MKMOV MKMPM MKMPO MKMPP

sbdbq̂ _ib=^ka=^kfj^i=cf_bo

tççä=ÑÉäí=EéáéÉ=áåëìä~íáçåF UM POM MKMQM MKMQP MKMQR MKMQU

INSULATING CEMENTS
jfkbo^i=cf_bo=EoçÅâI=ëä~ÖI=çê=Öä~ëëF

táíÜ=ÅçääçáÇ~ä=Åä~ó=ÄáåÇÉê VUM PUMJQUM MKMTN MKMTV MKMUU MKNMR MKNOO

táíÜ=ÜóÇê~ìäáÅ=ëÉííáåÖ=ÄáåÇÉê SRM QUMJSQM MKNMU MKNNR MKNOO MKNPT

LOOSE FILL
`ÉääìäçëÉ=áåëìä~íáçå=EãáääÉÇ=éìäîÉêáòÉÇ=
é~éÉê=çê=ïççÇ=éìäéF QMJQU MKMPT MKMPV MKMQO

jáåÉê~ä=ÑáÄÉêI=ëä~ÖI=êçÅâI=çê=Öä~ëë POJUM MKMOT MKMPM MKMPP MKMPS MKMPT MKMQM MKMQR

mÉêäáíÉ=EÉñé~åÇÉÇF QUJUM MKMPO MKMPR MKMPS MKMPV MKMQM MKMQP MKMQR MKMQU MKMRM

páäáÅ~=~ÉêçÖÉä NOM MKMNV MKMOM MKMOO MKMOO MKMOP MKMOQ MKMOS

sÉêãáÅìäáíÉ=EÉñé~åÇÉÇF NNMJNPM MKMRS MKMRU MKMSM MKMSP MKMSR MKMSU MKMTN

SQJVS MKMQV MKMRM MKMRR MKMRU MKMSM MKMSP MKMSS

~oÉéêÉëÉåí~íáîÉ= î~äìÉë= Ñçê= Çêó= ã~íÉêá~äëI= ïÜáÅÜ= ~êÉ= áåíÉåÇÉÇ= ~ë

ÇÉëáÖå=Eåçí=ëéÉÅáÑáÅ~íáçåF=î~äìÉë=Ñçê=ã~íÉêá~äë=áå=åçêã~ä=ìëÉK=fåëìä~J

íáçå=ã~íÉêá~äë= áå=~Åíì~ä=ëÉêîáÅÉ=ã~ó=Ü~îÉ= íÜÉêã~ä=î~äìÉë= íÜ~í=î~êó

Ñêçã=ÇÉëáÖå=î~äìÉë=ÇÉéÉåÇáåÖ=çå=íÜÉáê=áåJëáíì=éêçéÉêíáÉë=EÉKÖKI=ÇÉåJ

ëáíó=~åÇ=ãçáëíìêÉ=ÅçåíÉåíFK=cçê=éêçéÉêíáÉë=çÑ=~=é~êíáÅìä~ê=éêçÇìÅíI=ìëÉ

íÜÉ=î~äìÉ=ëìééäáÉÇ=Äó=íÜÉ=ã~åìÑ~ÅíìêÉê=çê=Äó=ìåÄá~ëÉÇ=íÉëíëK

ÄqÜÉëÉ=íÉãéÉê~íìêÉë=~êÉ=ÖÉåÉê~ääó=~ÅÅÉéíÉÇ=~ë=ã~ñáãìãK=tÜÉå=çéÉê~íáåÖ=íÉãéÉê~íìêÉ=

~ééêç~ÅÜÉë=íÜÉëÉ=äáãáíëI=Ñçääçï=íÜÉ=ã~åìÑ~ÅíìêÉêëÛ=êÉÅçããÉåÇ~íáçåëK
ÅpçãÉ=éçäóìêÉíÜ~åÉ=Ñç~ãë=~êÉ=ÑçêãÉÇ=Äó=ãÉ~åë=íÜ~í=éêçÇìÅÉ=~=ëí~ÄäÉ=éêçÇìÅí=EïáíÜ=

êÉëéÉÅí=íç=âFI=Äìí=ãçëí=~êÉ=Ääçïå=ïáíÜ=êÉÑêáÖÉê~åí=~åÇ=ïáää=ÅÜ~åÖÉ=ïáíÜ=íáãÉK
ÇpÉÉ=q~ÄäÉ=QI=ÑççíåçíÉ=áK
ÉpÉÉ=q~ÄäÉ=QI=ÑççíåçíÉ=àK
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Examples 7 and 8 illustrate how Equations (8) and (9) from
Chapter 23 can be used to determine heat loss from both flat and
cylindrical surfaces. Figure 9 shows surface resistance as a function
of heat transmission for both flat and cylindrical surfaces. The sur-
face emittance is assumed to be 0.85 to 0.90 in still air at 27°C.

Example 7. Compute the heat loss from a boiler wall if the interior insula-
tion surface temperature is 600°C and ambient still air temperature is
27°C. The wall is insulated with 115 mm of mineral fiber block and
13 mm of mineral fiber insulating and finishing cement.

Solution: Assume that the mean temperature of the mineral fiber block
is 370°C, the mean temperature of the insulating cement is 93°C, and
the surface resistance R

s
 is 0.11 m2 ·K/W.

From Table 10, k1 = 0.089 and k2 = 0.115. Using Equation (8) from
Chapter 23,

As a check, from Figure 9, at 378 W/m2, R
s
 ≅ 0.10. The mean tempera-

ture of the mineral fiber block is

and the mean temperature of the insulating cement is 

From Table 10, at 354°C, k1 = 0.087; at 87°C, k2 = 0.114.

Using these adjusted values to recalculate q
s
,

From Figure 9, at 373 W/m2, R
s
 = 0.10. The mean temperature of the

mineral fiber block is

and the mean temperature of the insulating cement is

From Table 10, at353°C, k1 = 0.087; at 86°C, k2 = 0.114.

Because R
s
, k1, and k2 do not change at these values, qs = 373.1

W/m2.

Example 8. Compute heat loss per square foot of outer surface of insula-
tion if pipe temperature is 650ºC and ambient still air temperature is
27°C. The pipe is nominal 150 mm steel pipe, insulated with a nominal
75 mm thick diatomaceous silica as the inner layer and a nominal
50 mm thick calcium silicate as the outer layer.

Solution: From Chapter 41 of the  ASHRAE Handbook—Systems and
Equipment, r

o
 = 84.1 mm. A nominal 75 mm thick diatomaceous silica

insulation to fit a nominal 150 mm steel pipe is 76.7 mm thick. A nom-
inal 50 mm thick calcium silicate insulation to fit over the 52.8 mm
diatomaceous silica is 52.8 mm thick. Therefore, r

i
 = 160.8 mm and r

s

= 213.6 mm.

Assume that the mean temperature of the diatomaceous silica is
315°C, the mean temperature of the calcium silicate is 120°C and the
surface resistance R

s
 is 0.09. From Table 10, k1 = 0.095; k2 = 0.060. By

Equation (9) from Chapter 23,

q
s

600 27Ó

0.115 0.089⁄( ) 0.013 0.115⁄( ) 0.11H H
----------------------------------------------------------------------------------------------- 378 W m

2
⁄Z Z

0.115 0.089⁄ 1.292; 1.292 2⁄ 0.646Z Z

600
0.646

1.505
------------- 600 27Ó( )Ó 354°CZ

0.013 0.115⁄ 0.113; 0.113 2⁄ 0.057; 1.292 0.057Ó 1.349ZZ Z

600
1.349

1.505
------------- 600 27Ó( )Ó 87°CZ

q
s

573

0.115 0.087⁄( ) 0.013 0.114⁄( ) 0.10H H
-----------------------------------------------------------------------------------------------Z

372.1 W m
2

⁄Z

0.115 0.087⁄ 1.322; 1.322 2⁄ 0.661Z Z

600
0.661

1.536
-------------573Ó 353°CZ

0.013 0.114⁄ 0.1140; 0.1140 2⁄ 0.057; 1.322 0.057H 1.379Z Z Z

600
1.379

1.536
-------------573Ó 86°CZ
From Figure 9, at 2.43 W/m2, R
s
 = 0.11. The mean temperature of the

diatomaceous silica is

and the mean temperature of the calcium silicate is

From Table 10, k1 = 0.104; k2 = 0.066. Recalculating, 

From Figure 9 at 264 W/m2, R
s
 = 0.11. The mean temperature of the

diatomaceous silica is

and the mean temperature of the calcium silicate is

Fig. 9 Surface Resistance as Function of Heat Transmission
for Flat Surfaces and Cylindrical Surfaces Greater than
600 mm in Diameter

Fig. 9 Surface Resistance as Function of Heat Transmission 
for Flat Surfaces and Cylindrical Surfaces Greater than

600 mm in Diameter

q
s

650 27Ó

0.2136 160.8 84.1⁄( )ln

0.095
-------------------------------------------------------

0.2136 213.6 160.8⁄( )ln

0.060
---------------------------------------------------------- 0.09H H

-----------------------------------------------------------------------------------------------------------------------------------------Z

623

1.457 1.011 0.09H H( )
------------------------------------------------------- 243 W m

2
⁄ZZ

0.2136 ln 160.8 84.1⁄( ) 0.095⁄ 1.46; 1.46 2⁄ 0.73Z Z

650
650 27Ó( )0.73

1.457 1.011 0.11H H
--------------------------------------------------Ó 474°CZ

0.2136 ln 213.6 160.8⁄( )

0.060
------------------------------------------------------------- 1.01; 

1.01

2
---------- 0.51; 1.46 0.51H 1.97ZZ Z

650
650 27Ó( )1.97

1.457 1.011 0.11H H
--------------------------------------------------Ó 174°CZ

q
s

623

0.2136 ln 160.8 84.1⁄( )

0.104
---------------------------------------------------------

0.2136 ln 213.6 160.8⁄( )

0.066
------------------------------------------------------------- 0.11H H

----------------------------------------------------------------------------------------------------------------------------------------------Z

264 W m
2

⁄Z

0.2136 ln 160.8 84.1⁄( )

0.104
--------------------------------------------------------- 1.33; 

1.33

2
---------- 0.665ZZ

650
0.665 2.360⁄

623
-------------------------------Ó 474°CZ

0.2136 ln 213.6 160.8⁄( )

0.066
------------------------------------------------------------- 0.919; 

0.919

2
------------- 0.46; 1.33 0.46H 1.79ZZZ

650
1.79

2.360
-------------623Ó 177°CZ
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Table 11A Heat Loss from Bare Steel Pipe to Still Air at 27°Ca, W/m

Nominal Pipe
Sizeb, mm

Pipe Inside Temperature, °C

82 138 194 249 305 360 416 471 527 582

NR RTKM NQNKR OROKV PVSKO RTTKR UMQKO NMUQKS NQOTKT NUQPKO OPQNKU

OM SVKT NTPKN PNMKM QUSKR TNMKQ VVNKM NPPUKS NTSQKQ OOUMKV OVMNKN

OR URKP ONOKO PUMKT RVUKQ UTRKQ NOOPKM NSRQKN ONUOKV OUOQKU PRVRKT

PO NMRKQ OSOKO QTNKP TQOKO NMVTKS NROOKM OMSNKV OTOQKU PRPMKN QQVUKP

QM NNVKN OVSKR RPPKR UQNKM NOPPKT NTOUKO OPQPKN PMVUKU QMNTKR RNOOKN

RM NQRKV PSPKQ SRQKU NMPQKP NRNVKU ONPOKQ OUVRKN PUPPKS QVTRKP SPQVKN

UM OMTKR RNTKU VPRKR NQUNKT ONUOKU PMSVKQ QNTRKQ RRPTKR TNVQKV VNUVKQ

NMM OSNKM SROKN NNUMKP NUTOKT OTSPKT PUVOKR RPMOKP TMQMKP VNRSKR NNTMPKV

NRM PTOKM VPMKV NSUVKO OSUTKT PVTTKU RSNPKS TSSNKU NMNUVKS NPOSVKT NSVTUKS

OMM QTQKN NNUTKR ONRUKR PQQMKQ RMVUKS TOMTKR VUQUKT NPNNMKO NTMUQKV ONUTMKQ

ORM RUMKT NQRRKT OSQVKT QOOVKN SOTRKQ UUUMKT NONQRKT NSNTUKR ONMVPKO OTMMUKU

PMM STSKR NSVPKS PMTUKV QVMRKU TOSOKS NMOQSKM NPVRUKQ NURMRKT OPVVPKV PMROTKV

QMM UPUKO ONMPKS PUPTKR SNPUKP VNORKS NOVPPKN NTTMSKO OPRVUKV PMTTOKP PVPVOKN

RMM NMPMKP ORUTKQ QTORKM TRSSKN NNORUKO NRVSRKR ONUSRKO OVNQQKN PTVVRKS QUSNTKM

SMM NONVKU PMSQKR RSMNKM UVTRKS NPPSPKO NUVRTKS ORVSSKM PQSMRKT QRNMMKM RTSTQKN

Table 11B Heat Loss from Flat Surfaces to Still Air at 27°C, W/m

Surface Inside Temperature, °C

82 138 194 249 305 360 416 471 527 582

sÉêíáÅ~ä=ëìêÑ~ÅÉ SSUKQ NSTVKP PMSRKV QVMVKS TPNNKU NMPUUKT NQOSVKU NVMVTKU ORMOUKP POOOVKO

eçêáòçåí~ä=ëìêÑ~ÅÉ

c~ÅáåÖ=ìé TPVKP NUQTKO PPQOKR RPMPKM TUOTKQ NNMPMKM NRMQOKR OMMMPKU OSMTMKP PPQMVKO

c~ÅáåÖ=Ççïå RTUKP NQSRKT OTNPKQ QQMUKT SSRRKP VRTNKM NPOUSKN NTVQQKS OPTMOKO PMTOTKP

~`~äÅìä~íáçåë=Ñêçã=^pqj=`SUMX=ëíÉÉäW=â=Z=QRKP=tLEãO ˇ hFX=

ε=Z=MKVQK

ÄiçëëÉë=éÉê=ëèì~êÉ=ãÉíêÉ=çÑ=éáéÉ=Ñçê=éáéÉë=ä~êÖÉê=íÜ~å=SMM=ãã=Å~å=ÄÉ=ÅçåëáÇÉêÉÇ=íÜÉ

ë~ãÉ=~ë=äçëëÉë=éÉê=ëèì~êÉ=ãÉíêÉ=Ñçê=SMM=ãã=éáéÉK
From Table 10, at 474°C, k1 = 0.104; at 177°C, k2 = 0.066. Since Rs
, k1,

and k2 do not change at 264 W/m2, this value is q
s
. The heat flow per

square metre of the inner surface of the insulation is

Because trial-and-error techniques are tedious, the computer
programs previously described should be used to estimate heat
flows per unit area of flat surfaces or per unit length of piping, and
interface temperatures including surface temperatures.

Several methods can be used to determine the most effective
thickness of insulation for piping and equipment. Table 13 shows
the recommended insulation thicknesses for three different pipe
and equipment insulations. Installed cost data can be developed
using procedures described by the Federal Energy Administra-
tion (1976). Computer programs capable of calculating thickness
information are available from several sources. Also, manufac-
turers of insulations offer computerized analysis programs for
designers and owners to evaluate insulation requirements. For
more information on determining economic insulation thickness,
see Chapter 23.

q
o

q
s
r
s
r
o

⁄( ) 264 213.6 84.1⁄( ) 6701 W/m
2

Z Z Z
Chapters 3 and 23 give guidance concerning process control,

personnel protection, condensation control, and economics. For

specific information on sizes of commercially available pipe

insulation, see ASTM Standard C 585 and consult with the North

American Insulation Manufacturers Association (NAIMA) and

its member companies.

CALCULATING HEAT FLOW 

FOR BURIED PIPELINES

In calculating heat flow to or from buried pipelines, the ther-

mal properties of the soil must be assumed. Table 7 gives the

apparent thermal conductivity values of various soil types, and

Figure 8 shows the typical trends of apparent soil thermal con-

ductivity with moisture content for various soil types. Table 8

provides ranges of apparent thermal conductivity for various

types of rock. Kernsten (1949) also discusses thermal properties

of soils. Carslaw and Jaeger (1959) give methods for calculating

the heat flow taking place between one or more buried cylinders

and the surroundings.
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Table 12 Heat Loss from Bare Copper Tube to Still Air at 27°Ca, W/m

Nominal Tube
Size, mm

Tube Inside Temperature, °C

120 150 180 210 240 270 300 330

U SKU NPKS ONKM OVKQ PUKP QUKM RUKO SVKN

NR NMKS OMKV POKT QRKS RVKR TQKR VMKQ NMTKQ

OM NQKN OUKM QPKS SMKU TVKR VVKS NONKN NQQKM

OR NTKS PQKU RQKO TRKS VUKU NOPKV NRMKS NTVKO

PO OMKV QNKQ SQKS UVKV NNTKS NQTKQ NTVKQ ONPKR

QM OQKO QTKV TQKS NMQKN NPSKM NTMKR OMTKS OQTKN

RM PMKS SMKQ VQKO NPNKQ NTNKU ONRKS OSOKQ PNOKT aìää=ε=Z=MKQQ

UM QOKV UQKT NPNKU NUQKM OQMKT PMOKN PSUKP QPVKN

NMM RQKU NMTKV NSUKO OPQKT PMTKO PURKT QTMKP RSNKN

NRM TTKS NROKU OPUKM PPOKO QPRKN RQSKT SSTKN TVSKT

OMM VVKT NVSKN PMRKQ QOSKQ RRUKS TMOKO URTKP NMOQKQ

ORM NONKO OPUKO PTNKM RNUKN STUKV URPKU NMQOKV NOQSKU

PMM NQOKO OTVKS QPRKP SMTKU TVSKV NMMOKQ NOOQKV NQSQKV

U RKO NMKQ NSKO OOKS OVKP PSKQ QPKT RNKQ

NR TKV NRKU OQKT PQKP QQKR RRKO SSKQ TUKM

OM NMKP OMKU POKR QRKN RUKR TOKT UTKQ NMOKS

OR NOKT ORKR PVKU RRKQ TNKU UVKO NMTKO NOSKN

PO NQKV PMKN QSKV SRKO UQKS NMRKM NOSKR NQUKT

QM NTKN PQKQ RPKU TQKU VTKM NOMKQ NQQKV NTMKR

RM ONKP QOKV STKM VPKM NOMKU NRMKM NUMKS ONOKR
_êáÖÜí=ε=Z=MKMU

UM OVKP RUKU VNKV NOTKS NSRKT OMRKU OQTKU OVNKT

NMM PSKU TPKU NNRKP NSMKP OMUKO ORUKS PNNKR PSSKR

NRM RMKV NMOKO NRVKR OONKT OUUKM PRUKM QPNKO RMTKT

OMM SQKO NOUKV OMNKO OTVKT PSPKR QRNKU RQQKQ SQNKO

ORM TTKN NRQKR OQNKO PPRKQ QPRKT RQNKT SRPKM TSVKO

PMM UVKQ NTVKO OTVKV PUVKN RMRKS SOUKT TRTKV UVPKN

~`~äÅìä~íáçåë=Ñêçã=^pqj=`SUMX=Ñçê=ÅçééÉêW=â=Z=QMNKR=tLEãˇhFK
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ASTM. 1990. Standard practice for inner and outer diameters of rigid ther-
mal insulation for nominal sizes of pipe and tubing. Standard C585-90.
American Society for Testing and Materials, West Conshohocken, PA.

ASTM. 1991. Standard test method for steady-state heat flux measurements
and thermal transmission properties by means of the heat flow meter
apparatus. Standard C 518-91.

ASTM. 1993. Standard test method for steady-state heat flux measurements
and thermal transmission properties by means of the guarded-hot-plate
apparatus. Standard C 177-85 (Revised 1993). 

ASTM. 1993. Standard test method for steady-state thermal performance of
building assemblies by means of a guarded hot box. Standard C 236-89
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ASTM. 1995. Standard practice for determination of heat gain or loss and
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Table 13 Recommended Thicknesses for Pipe and Equipment Insulation

Nom.
Dia., 
mm

MINERAL FIBER (Fiberglass and Rock Wool) CALCIUM

Process Temperature, °C Process Temp., °C

65 120 175 225 300 350 400 450 500 550 65 120 175

qÜáÅâåÉëë OR PU RM SP TR UU NMM NMM NNP NOR OR PU RM

NR eÉ~í=äçëë U NR OP PO QN RO SP UN VS NNM NO OP PP

pìêÑ~ÅÉ=íÉãéK OO OQ OQ OS OS OT OU PM PN PN OQ OS OT

qÜáÅâåÉëë OR PU RM SP UU NMM NMM NNP NOR NPU OR RM SP

OR eÉ~í=äçëë NN OM OV OV QT RV TS VO NNM NPM NR OR PT

pìêÑ~ÅÉ=íÉãéK OP OQ OS OT OS OT OV PM PN PO OQ OQ OS

qÜáÅâåÉëë OR RM SP TR NMM NMM NMM NPU NPU NRM PU SR TR

QM eÉ~í=äçëë NP ON PO QP RO TM VM VV NOP NQS NS OU QM

pìêÑ~ÅÉ=íÉãéK TP TQ TT TV TV UO US UQ UU VM TP TR TU

qÜáÅâåÉëë PU RM TR UU NMM NMM NMM NPU NRM OMM PU SP TR

RM eÉ~í=äçëë NO OQ PP QR RV TU NMN NNM NPO NSN NU PN QR

pìêÑ~ÅÉ=íÉãéK OO OQ OQ OR OS OU PN OV PN PP OP OQ OS

qÜáÅâåÉëë PU SP UU NMM NMM NNP NNP NRM NSP NTR RM TR UU

UM eÉ~í=äçëë NR OT PT RO TO VM NNT NOU NQU NTT OM PS RO

pìêÑ~ÅÉ=íÉãéK OO OP OQ OR OT OU PN PN PN PO OP OQ OS

qÜáÅâåÉëë PU TR NMM NMM NMM NOR NPU NRM NTR NUU RM TR NMM

NMM eÉ~í=äçëë NU OU QM SN UR VU NON NQS NST NVU OQ QN RS

pìêÑ~ÅÉ=íÉãéK OO OP OP OS OU PM OV PN PN PO ON OQ OR

qÜáÅâåÉëë RM TR NMM NMM NNP NOR NPU NSP NUU OMM RM UU NMM

NRM eÉ~í=äçëë OM PT RO TU NMM NOR NRP NTQ OMM OPS PO QV TO

pìêÑ~ÅÉ=íÉãéK OO OP OQ OS OU OV PN PN PO PP OP OQ OS

qÜáÅâåÉëë RM UU NMM NMM NOR NOR NPU NTR OMM ONP SP UU NMM

OMM eÉ~í=äçëë OR QM UO VP NNN NQV NUO NVS OOR OSS PQ SM US

pìêÑ~ÅÉ=íÉãéK OO OP OQ OT OT PM PO PN PO PP OP OQ OS

qÜáÅâåÉëë RM UU NMM NMM NOR NPU NPU NUU ONP OOR SP NMM NMM

ORM eÉ~í=äçëë PN QU TQ NNN NPN NSP ONN ONT OQV OVR PV SP NMO

pìêÑ~ÅÉ=íÉãéK OO OP OR OT OU OV PO PN PO PP OP OQ OT

qÜáÅâåÉëë RM UU NMM NMM NOR NPU NPU NUU ONP OQN SP NMM NMM

PMM eÉ~í=äçëë PR RR UQ NOS NQU NUR OPV OQP OTV PNU QR TO NNS

pìêÑ~ÅÉ=íÉãéK OO OP OR OU OU PM PP PN PO PP OP OQ OT

qÜáÅâåÉëë RM UU NMM NMM NOR NPU NSP NUU OOR OQN SP NMM NMM

PRM eÉ~í=äçëë PU RV VM NPS NRV NVU OOT OSM OUR PPU QV TU NOR

pìêÑ~ÅÉ=íÉãéK OO OP OR OU OU PM PN PO PO PP OP OQ OT

qÜáÅâåÉëë SP UU NMM NMM NPU NPU NTR OMM OOR ORM TR NMM NMM

QMM eÉ~í=äçëë PS SR NMN NRN NSQ ONV OPT OTP PNP PRT QU US NPU

pìêÑ~ÅÉ=íÉãéK OO OP OS OU OU PN PM PN PO PP OO OQ OU

qÜáÅâåÉëë SP UU NMM NMM NPU NPU NTR OMM OOR ORM TR NMM NMM

QRM eÉ~í=äçëë PV TO NNN NSS NUM OQM ORV OVU PQM PUU RP VR NRP

pìêÑ~ÅÉ=íÉãéK OO OP OS OU OU PN PN PN PO PP OP OQ OU

qÜáÅâåÉëë SP UU NMM NMM NPU NPU NTR OMM OOR ORM TR NMM NMM

RMM eÉ~í=äçëë QP TV NON NUO NVS OSN OUN POO PSU QNV RU NMQ NST

pìêÑ~ÅÉ=íÉãéK OO OQ OS OU OU PN PN PO PO PP OP OR OU

qÜáÅâåÉëë SP NMM NMM NMM NPU NRM NUU OMM OOR ORM TR NMM NMM

SMM eÉ~í=äçëë RN UP NQN ONO OOU OUP PMU PTN QOO QTV SU NOO NVR

pìêÑ~ÅÉ=íÉãéK OO OP OS OU OU PM PM PO PP PQ OP OR OU

qÜáÅâåÉëë SP NMM NMM NMM NPU NSP NUU ONP ORM ORM TR NMM NMM

TRM eÉ~í=äçëë SO NMN NTO ORU OTR PNV PSU QOO QSO RSU UP NQU OPT

pìêÑ~ÅÉ=íÉãéK OO OP OS OV OV OV PN PO PO PQ OP OR OU

qÜáÅâåÉëë SP NMM NMM NMM NPU NTR OMM OOR ORM ORM SP NMM NMM

VMM eÉ~í=äçëë TQ NNU OMP PMQ POO PRM QMS QST RPQ SRS NNQ NTQ OUM

pìêÑ~ÅÉ=íÉãéK OO OP OS OV OV OV PM PN PO PQ OP OR OU

qÜáÅâåÉëë RM UU NMM NNP NPU ONP OQN ORM ORM ORM SP UU NMM

cä~í eÉ~í=äçëë NM NP NV OS PM OS PM PT QR RS NO NV OT

pìêÑ~ÅÉ=íÉãéK OO OP OR OT OU OT OU OV PO PQ OP OR OT

`çåëìäí=ã~åìÑ~ÅíìêÉêÛë=äáíÉê~íìêÉ=Ñçê=éêçÇìÅí=íÉãéÉê~íìêÉ=äáãáí~íáçåëK=q~ÄäÉ=áë=Ä~ëÉÇ=çå=íóéáÅ~ä=çéÉê~íáåÖ=ÅçåÇáíáçåëI=ÉKÖKI=NUø =̀~ãÄáÉåí=íÉãéÉê~íìêÉ=~åÇ=NO=âãLÜ=ïáåÇ=ëéÉÉÇI=~åÇ=ã~ó

åçí=êÉéêÉëÉåí=~Åíì~ä=ÅçåÇáíáçåë=çÑ=ìëÉK=råáíë=Ñçê=íÜáÅâåÉëëI=ÜÉ~í=äçëëI=~åÇ=ëìêÑ~ÅÉ=íÉãéÉê~íìêÉ=~êÉ=áå=ããI=tLã=EtLãO=Ñçê=Ñä~í=ëìêÑ~ÅÉëFI=~åÇ=ø Ì=êÉëéÉÅíáîÉäóK
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Table 13 Recommended Thicknesses for Pipe and Equipment Insulation (`çåÅäìÇÉÇ)

Nom.
Dia., 
mm

SILICATE CELLULAR GLASS

Process Temperature, °C Process Temperature, °C

225 300 350 400 450 500 550 65 120 175 225 300 350 400

qÜáÅâåÉëë SP TR UU NMM NMM NMM NMM PU PU RM SP TR UU NMM

NR eÉ~í=äçëë QM RN SN TO US NMQ NOP V OO PP QS SM TR UU

pìêÑ~ÅÉ=íÉãéK OT OU OU OV PN PP PQ ON OQ OS OU OU OV OV

qÜáÅâåÉëë TR UU NMM NMM NMM NMM NMM PU RM SP TR UU NMM NMM

OR eÉ~í=äçëë QT RU SV US NMR NOR NQU NO OQ PT RM SR UP NMU

pìêÑ~ÅÉ=íÉãéK OT OU OU PM PO PQ PT OO OQ OR OS OT OU PN

qÜáÅâåÉëë UU NMM NMM NMM NMM NOR NOR PU SP TR NMM NMM NMM NMM

QM eÉ~í=äçëë RO SR UP NMO NOP NPQ NRU NQ OT QO RQ TS NMN NPO

pìêÑ~ÅÉ=íÉãéK OT OT OV PN PP PP PQ OO OQ OR OS OU PN PP

qÜáÅâåÉëë UU NMM NNP NOR NPU NRM NRM PU SP TR NMM NMM NMM NNP

RM eÉ~í=äçëë RV TO US NMO NNU NPS NSM NS PM QR RV UN NMV NPR

pìêÑ~ÅÉ=íÉãéK OT OU OV OV PN PN PP OO OP OR OS OU PM PO

qÜáÅâåÉëë NMM NNP NOR NPU NRM NRM NRM PU TR UU NMM NMM NNP NOR

UM eÉ~í=äçëë SU UQ NMN NNU NPT SU NVQ ON PQ RO TO NMN NOT NRR

pìêÑ~ÅÉ=íÉãéK OT OU OV OV PN PO PQ OP OP OR OS OV PM PO

qÜáÅâåÉëë NMM NNP NOR NPU NRM NSP NTR RM TR NMM NMM NMM NNP NOR

NMM eÉ~í=äçëë TV VT NNS NPS NRU NUM OMR ON PV RT UQ NNT NQQ NTU

pìêÑ~ÅÉ=íÉãéK OT OU OV PN PO PO PP OO OP OQ OT OV PN PO

qÜáÅâåÉëë NMM NNP NOR NPU NRM NTR OMM RM UU NMM NMM NNP NPU NRM

NRM eÉ~í=äçëë NMN NOQ NQT NTN NVT ONR OPR OV QS TN NMT NPU NSQ OMQ

pìêÑ~ÅÉ=íÉãéK OU OV PN PO PP PP PP OO OP OR OU OV PM PO

qÜáÅâåÉëë NNP NOR NOR NRM NTR OMM ONP SP UU NMM NMM NOR NPU NSP

OMM eÉ~í=äçëë NNO NPU NTS NVO ONN OPQ OSS OV RS UT NOV NRR NVR OOV

pìêÑ~ÅÉ=íÉãéK OU OV PO PO PO PO PP OO OP OS OU OV PN PO

qÜáÅâåÉëë NMM NOR NPU NRM NUU NUU OOR SP NMM NMM NMM NPU NPU NTR

ORM eÉ~í=äçëë NQP NSN NVO OOQ OPQ ORV OVQ PS SN NMO NRP NTN OOV ORQ

pìêÑ~ÅÉ=íÉãéK OV PM PM PO PO PO PP OO OP OS OV OV PN PN

qÜáÅâåÉëë NMM NOR NPU NTR OMM ONP OQN SP NMM NMM NMM NPU NPU NUU

PMM eÉ~í=äçëë NSP NUQ ORS OOT ORO OUU PNT QM SU NNS NTQ NVP ORV OTP

pìêÑ~ÅÉ=íÉãéK PM PM PO PN PN PO PP OO OP OS OV OV PO PN

qÜáÅâåÉëë NMM NOR NPU NTR OMM OOR OQN SP NMM NMM NMM NPU NPU OMM

PRM eÉ~í=äçëë NTS NVT OPP OQO ORO OVS PPU QR TS NOV NVN ONN OUO OUO

pìêÑ~ÅÉ=íÉãéK PM PN PO PN PN PO PP OO OP OT OV OV PP PN

qÜáÅâåÉëë NMM NPU NSP NUU OMM OOR ORM SP NMM NMM NMM NPU NPU OMM

QMM eÉ~í=äçëë NVS OMP OOU ORR OVR POR PRT RN UR NQP ONP OPP PNO PNM

pìêÑ~ÅÉ=íÉãéK PN OV PM PN PO PO PP OO OQ OT PM PM PP PN

qÜáÅâåÉëë NMM NPU NSP NUU ONP OOR ORM SP NMM NMM NMM NPU NPU OMM

QRM eÉ~í=äçëë ONS OOP OQV OTU PMU PRP PUT RT VO NRU OPS ORS PQO PPT

pìêÑ~ÅÉ=íÉãéK PN PM PN PN PN PO PP OO OQ OT PM PM PP PN

qÜáÅâåÉëë NMM NPU NSP NUU ONP OQN ORM SP NMM NMM NNP NPU NPU OMM

RMM eÉ~í=äçëë OPR OQO OTM PMM PPP PSS QNU SO NMN NTO OPQ OTU PTO PSQ

pìêÑ~ÅÉ=íÉãéK PN PM PN PN PO PO PP OO OQ OT OV PM PP PN

qÜáÅâåÉëë NMM NPU NSP NUU ONP OQN ORM SP NMM NMM NOR NPU NPU OMM

SMM eÉ~í=äçëë OTS OUO PNO PQS PUO QOM QTU TP NNU OMN ORM POP QPO QNV

pìêÑ~ÅÉ=íÉãéK PN PN PN PN PO PO PQ OO OQ OT OU PN PQ PO

qÜáÅâåÉëë NMM NPU NTR OMM OOR ORM ORM SP NMM NMM NPU NPU NPU OMM

TRM eÉ~í=äçëë PPR PPV PRQ PVP QPQ QTV RSS UV NQQ OQQ OTV PUV RON RMN

pìêÑ~ÅÉ=íÉãéK PN PN PN PN PO PO PQ OO OQ OT OU PN PQ PO

qÜáÅâåÉëë NMM NSP NUU OMM OOR ORM ORM SP NMM NMM NPU NPU NPU OMM

VMM eÉ~í=äçëë PVQ PQR PVM QRS RMQ RRQ SRQ NMS NSV OUT POT QRS SNN RUP

pìêÑ~ÅÉ=íÉãéK PO OV PM PN PO PP PQ OP OQ OT OU PN PQ PO

qÜáÅâåÉëë NPU NSP NUU ONP OQN ORM ORM SP NMM NMM NPU NPU NUU ONP

cä~í eÉ~í=äçëë OU PO PR PT QN QT RS NN NS OU PM QO QN QU

pìêÑ~ÅÉ=íÉãéK OT OU OV OV PN PO PQ OP OQ OU OV PO PO PQ

`çåëìäí=ã~åìÑ~ÅíìêÉêÛë=äáíÉê~íìêÉ=Ñçê=éêçÇìÅí=íÉãéÉê~íìêÉ=äáãáí~íáçåëK=q~ÄäÉ=áë=Ä~ëÉÇ=çå=íóéáÅ~ä=çéÉê~íáåÖ=ÅçåÇáíáçåëI=ÉKÖKI=NUø =̀~ãÄáÉåí=íÉãéÉê~íìêÉ=~åÇ=NO=âãLÜ=ïáåÇ=ëéÉÉÇI=~åÇ

ã~ó=åçí=êÉéêÉëÉåí=~Åíì~ä=ÅçåÇáíáçåë=çÑ=ìëÉK=råáíë=Ñçê=íÜáÅâåÉëëI=ÜÉ~í=äçëëI=~åÇ=ëìêÑ~ÅÉ=íÉãéÉê~íìêÉ=~êÉ=áå=ããI=tLã=EtLãO=Ñçê=Ñä~í=ëìêÑ~ÅÉëFI=~åÇ=ø Ì=êÉëéÉÅíáîÉäóK
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