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INTERNATIONAL STANDARD

1SO 6946/1-1986 (E)

Thermal insulation — Calculation methods —
Part 1: Steady state thermal properties of building
components and building elements

1 Scope and field of application

This part of 1SO 6946 lays down fundamental methods of
calculatirlg the steady state thermal properties of building com-
ponents and building elements.

It includes simplified methods for calculations relative to
homogerjeous plane elements. These methods can be applied
where the calculation for the structure in question is not
covered |by International Standards dealing with thermal
bridges {5ee, for example, SO 6946/2).

The effe¢t of imperfect workmanship is a variable factor de-
pending lupon the type of construction, the combinations of
materials| used and the control system. It should be taken into
account ¢ither by using basic data including a correction factor,
or by applying a security factor to the result of the computa-
tion. These corrections should be given in national standards.

through lelements, or solar radiation on surfaces or through

The ruI(iF do not take into account the permeation-of air
transpar¢ncies.

The ruleg are based on conventions concerning boundary con-
ditions, not all of which are mentioned here, but which may be
considered as typical of practical ¢onditions.

Some vdues for design guidance are given in the annex.

2 References

ISO 6946/2,Thermal insulation — Calculation methods —
Part 2: Thermal bridges of rectangular sections in plane struc-

3.2 Symbols

A: area m?2

R: thermal resistance m2.K/W

U: thermal transmittance W/(mZ.K)
d: thickness of a layer m

A: thermal condugctivity W/{m.K)
g: total hemispherical emissivity for infrared

radiation

3.3 Subscripts

for an air space
layer number

- total number of layers
section (a, b, ¢, etc.)
surface

o o 3 3 SHa

exterior, for example the colder side of the|component

interior, for example the warmer side of thé component
total, surface-to-surface

~*

T total, environment-to-environment

4 Basic formulae

4.1 Thermal resistance

4.1.1 Homogeneous layers

Values of the thermal resistances, R, based on|measured ther-
mal resistances using calibrated test devices Fhould be used

tures.

ISO 7345, Thermal insulation — Physical quantities and defini-
tions.

3 Definitions and symbols

3.1 Definitions

For the purposes of this part of ISO 6946, the definitions given
in ISO 7345 apply. ‘

L H L
whemavaitabte:

If measured values are not available, tables of standardized
practical thermal resistances for different thicknesses shall be
used.

Otherwise, the thermal resistance, R, of a homogeneous layer
of solid material shall be determined by the formula

R = d/A e
where

d is the thickness of the layer;

A is the design value of the thermal conductivity of the
material.
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Design values of the thermal conductivities will form the sub-
ject of a future International Standard; for the present, they
shall be obtained from national standards.

The thermal resistance of a layer of porous or fibrous material
can be calculated from formula (1) if design values of the ther-
mal conductivity are determined on the basis of measured
values of thermal conductivity at thicknesses that do not differ
much from the standard thickness d.

4.1.2 Air spaces

is estimated by taking the arithmetic mean. The maximum error
in such calculations is related to the ratio of the upper limit to
the lower limit, minus one.

Calculation of the upper and lower limits is carried out by split-

ting the component into sections and layers, as shown in the

ﬁgure, in such a way that the component is divided into parts
\;, which are themselves homogeneous.

The sections m {m = a, b, c, etc.) perpendicular to the surface

The thermal rgsistance of an air space (R ) that is not ventilated
shall be obtained from national standards or, if none exist, may
be derived frgm the annex, table 2,

4.1.3 Surfages

The external
surface therm|
standards or,

urface thermal resistance (R,) and the internal
[ resistance (Rg;) shall be obtained from national
if none exist, may be derived from the annex,

table 1.

4.2 TherrTI transmittance

The thermal transmittance of components, from environment
to environment, is the reciprocal of the total thermal resistance,
i.e.

U = 1/R" ...(2)

5 Thermgl resistance of a component

5.1 Components with homogeneous layers

The total therfnal resistance of a plane component consisting of
homogeneoug layers perpendicular to the heat flow is deter-
mined by the [following formuiae:

a) surfacp-to-surface:

Ri=Ri+Ry+ ...+ R, + RyftRpp+ ... + Ry, . A3)
b} enviropment-to-envirérmént

Rr = R} + R, + Rg , e ()
where

Ry, Ry | L) R, are the thermal resistances of the

of the component have an area A,

The layers j (j = 1,2, ...
thicknesses d;.

n) parallel to the(surfaces have

Each bart'has a thermal conductivity 4y, ) thickndss a& and a
thermal resistance R,

The upper limit of the thermal resistance R, is determined by
assuming heat flow lines-perpendicular to the surface. It is
given by the following formula:

, Aa+Ab+"'+An
Ry = ... (B)
ARy, + Ab/RTb‘+ veo + Ap/Ry,

where Ry, Ryp, ..., Ry, are the total thermal resistpances from
environment to enwronment for each section; calc{lated from
formulae (3) and (4).

The lower limit RY is determined by assuming that all planes
parallel to the surface are isotherms.

An equivalent thermal resistance R; is calculated fpr each in-
homogeneous layer using the following formula:

R = Aa+Ab+"'-+An 6)
Aq/Rig + Ap/Riy + ... + Ap/Rp,

Alternatively, R; may be determined by calcyilating an
equivalent thermal conductivity for the mhomoger eous layer
using the following formula:

R =d/A} B e (7)

homogeheous fayers;

Ryt Rya, ..., Ry, are the thermal resistances of air spaces.

5.2 Components with homogeneous and
inhomogeneous layers

5.2.1 General

It is possible to calculate an upper and a lower limit of the ther-
mal resistance from environment to environment of a compo-
nent consisting of homogeneous and inhomogeneous layers
parallel to the surface. The thermal resistance of the component

where the equivatent thermat conductivity 4/ s as given in the

following formula:

/’laAa + AbAb + ..+ lnAn
Ay + Ay + ... + A,

.. (8)

A =
using d;/R,; for the apparent thermal conductivity of an air
space.

The lower limit is then determined using formulae (3) and (4),
i.e.

RY =Ry + Ry + R, +R2 + .. +R, ... (9)
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