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Foreword

This document (EN ISO 13788:2012) has been prepared by Technical Committee ISO/TC 163 "Thermal
performance and energy use in the built environment" in collaboration with Technical Committee CEN/TC 89
“Thermal performance of buildings and building components” the secretariat of which is held by SIS.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by June 2013, and conflicting national standards shall be withdrawn at
the latest by June 2013.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 13788:2001].

According to the CEN/CENELEC Internal Regulations, the national standards organisations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

Endorsement notice

The text of ISO 13788:2012 has been approved by CEN as a EN ISO 13788:2012 without any modification.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International
Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies
casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

[SO 13788 was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use in
the built environment, Subcommittee SC 2, Calculation methods in cooperation with CEN/TC 89, Thermal
performance of buildings and building components.

This second edition cancels and replaces the first edition ([SO_13788:2001]), which has been
technically revised.

Documents

. Document Sharing Hub
v © ISO 2012 - All rights reserved

Full document details: BS EN ISO 13788:2012


http://dx.doi.org/10.3403/02527116U
http://dx.doi.org/10.3403/02527116
http://www.avadocuments.com/doc/bs-en-iso-13788-2012
http://www.avadocuments.com/doc/bs-en-iso-13788-2012

BS EN ISO 13788:2012
ISO 13788:2012(E)

Introduction

Moisturetransferisavery complexprocessand the knowledge of moisture transfer mechanisms, material
properties, initial conditions and boundary conditions is often limited. Therefore this International
Standard lays down simplified calculation methods, which assume that moisture transport is by vapour
diffusion alone and use monthly climate data. The standardization of these calculation methods does
not exclude use of more advanced methods. If other sources of moisture, such as rain penetration or
convection, are negligible, the calculations will normally lead to designs well on the safe side and if a
construction fails a specified design criterion according to this procedure, more accurate methods may
be used to show that the design will pass.

This International Standard deals with:

a) thecritical surface humidity likely to lead to problems such as mould growth on the internal surfaces
of buildings,

b) interstitial condensation within a building component, in:
— heating periods, where the internal temperature is usually higher than outside;
— cooling periods, where the internal temperature is usually lower than the outside;
— cold stores, where the internal temperature is always lower than outside.

c) an estimate of the time taken for a component, between high vapour resistance layers, to dry,
after wetting from any source, and the risk of interstitial condensation occurring elsewhere in the
component during the drying process.

This International Standard does not cover other aspects of moisture, e.g. ground water and ingress of
precipitation.

In some cases, airflow from the interior of the building into the structure is the major mechanism for
moisture transport, which can increase the risk of condensation problems very significantly. This
International Standard does not address this issue; where it is felt to be important, more advanced
assessment methods should be considered.

The limitations on the physical processes covered by this International Standard mean that it can
provide a more robust analysis of some structures than others. The results will be more reliable for
lightweight, airtight structures that do not contain materials that store large amounts of water. They
will be less reliable for structures with large thermal and moisture capacity and which are subject to
significant air leakage.
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Hygrothermal performance of building components and
building elements — Internal surface temperature to avoid
critical surface humidity and interstitial condensation —
Calculation methods

1 Scope
This International Standard gives simplified calculation methods for:

a) The internal surface temperature of a building component or building element below which mould
growth is likely, given the internal temperature and relative humidity. The method can also be used
to assess the risk of other internal surface condensation problems.

b) The assessment of the risk of interstitial condensation due to water vapour diffusion. The method
used does not take account of a number of important physical phenomena including:

— the variation of material properties with moisture content;

— capillary suction and liquid moisture transfer within materials;

— air movement from within the building into the component through gaps or within air spaces;
— the hygroscopic moisture capacity of materials.

Consequently, the method is applicable only where the effects of these phenomena can be considered
to be negligible.

c) The time taken for water, from any source, in a layer between two high vapour resistance layers to
dry out and the risk of interstitial condensation occurring elsewhere in the component during the
drying process.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

[SO_6946:2007) Building components and building elements — Thermal resistance and thermal
transmittance — Calculation method

S0 9346, Hygrothermal performance of buildings and building materials — Physical quantities for mass
transfer — Vocabulary

[SO 15927-1, Hygrothermal performance of buildings — Calculation and presentation of climatic data —
Part 1: Monthly means of single meteorological elements

3 Terms and definitions, symbols and units

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in [SO 9346 and the following apply.
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3.1.1

monthly mean temperature

mean temperature calculated from hourly values or the daily maximum and minimum temperature
over a month

3.1.2

temperature factor at the internal surface

difference between the temperature of the internal surface and the external air temperature, divided by
the difference between the internal operative temperature and the external air temperature, calculated
with a surface resistance at the internal surface Rg;:

0, —0

_Ysi Ve
fRSi_—Oi—Oe

Note 1 to entry: The operative temperature is taken as the arithmetic mean value of the internal air temperature
and the mean radiant temperature of all surfaces surrounding the internal environment.

Note 2 to entry: Methods of calculating the temperature factor in complex constructions are given in [[SO 10211).

3.1.3
design temperature factor at the internal surface
minimum acceptable temperature factor at the internal surface:

0 0

f _ simin ~ Ve
R

si,min Qi _ ee

3.14
minimum acceptable temperature
lowest internal surface temperature before mould growth may start

3.1.5
mean annual minimum temperature
mean of the lowest temperature recorded in each year of a set of at least ten years’ data

3.1.6
internal moisture excess
rate of moisture production in a space divided by the air change rate and the volume of the space:

Av=v;-v,=G/(n-V)

3.1.7

water vapour diffusion-equivalent air layer thickness

thickness of a motionless air layer which has the same water vapour resistance as the material layer
in question: sy =u-d

3.1.8
relative humidity
ratio of the vapour pressure to the saturated vapour pressure at the same temperature:

o=—
Psat
3.19

critical surface humidity
relative humidity at the surface that leads to deterioration of the surface, specifically mould growth

3.1.10

heating period

external climate that leads to risk of condensation when a building is being heated, so that the internal

temperature and vapour pressure are higher than outside Documents
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3.1.11

cooling period

external climate that leads to risk of condensation when a building is being cooled, so that the internal
temperature and vapour pressure are lower than outside

3.2 Symbols and units

Symbol Quantity Unit
D water vapour diffusion coefficient in a material m2/s
Do water vapour diffusion coefficient in air m2/s
G internal moisture production rate kg/h
M, accumulated moisture content per area at an interface kg/m?2
R thermal resistance m2-K/W
Ry gas constant for water vapour = 462 Pa-m3/(K-kg)
T thermodynamic temperature K

thermal transmittance of component or element W/(m2-K)
%4 internal volume of building m3
Zp water vapour diffusion resistance with respect to partial vapour pressure m2-s-Pa/kg
Zy water vapour diffusion resistance with respect to humidity by volume s/m?2
d material layer thickness m
fRsi temperature factor at the internal surface -
fRsi,min design temperature factor at the internal surface -
g density of water vapour flow rate kg/(m2-s)
n air change rate h-1
p water vapour pressure Pa
q density of heat flow rate W/m?2
sd water vapour diffusion-equivalent air layer thickness m
t time S
w moisture content mass by volume kg/m3
Sp water vapour permeability of material with respect to partial vapour pres- kg/(m-s-Pa)
sure
60 water vapour permeability of air with respect to partial vapour pressure kg/(m-s-Pa)
% humidity of air by volume kg/m3
Av internal moisture excess, vj - Ve kg/m3
Ap internal vapour pressure excess, pi — Pe Pa
@ relative humidity -
A thermal conductivity W/(m-K)
u water vapour resistance factor -
0 Celsius temperature °C
Osi,min minimum acceptable surface temperature °C
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3.3 Subscripts

an annual m mean

c condensation n interface

cr critical value s surface

e external air sat value at saturation

ev evaporation se external surface

eq equivalent (outside temperature) si internal surface

i internal air T total over the whole component or element
min minimum value

4 Input data for the calculations

4.1 Material and product properties

For the calculations, design values shall be used. Design values in product or material specifications or
the tabulated design values given in the standards referred to in Table 1 may be used.

Table 1 — Material and product properties

Property Symbol Design values
Thermal conductivity A Obtained or determined in accordance with
Thermal resistance R SO 10454.
Water vapour resistance factor u . . . . i
Water vapour diffusion-equivalent air Sd ;)rll)(fsl‘;l]?glf-rsocr)nlzss(;Oél-S g or determined in accord
layer thickness '

Thermal conductivity, A, and water vapour resistance factor, y, are applicable to homogenous materials
and thermal resistance, R, and water vapour diffusion-equivalent air layer thickness, sq, apply primarily
to composite products or products without well-defined thickness.

For air layers, R is taken from [[SO 6946 and sq is assumed to be 0,01 m, independent of air layer thickness
and inclination.

4.2 External boundary conditions

4.2.1 Location

Unless otherwise specified, the external conditions used shall be representative of the location of the
building, taking account of altitude where appropriate.

NOTE Unless other information is available (for example in national standards), it can be assumed that
temperature falls by 1 K for every 200 m increase in altitude.

4.2.2 Time period for climatic data

For the calculation of the risk of surface mould growth or the assessment of structures for the risk of
interstitial condensation, monthly mean values, derived using the methods described in [SO 15927-1, or
in national standards, shall be used.

In the absence of national data or standards, the mean monthly temperatures shall be those likely to
occur once in 10 years, obtained from local climate records. If these data are not available, 2 K may
be subtracted from the monthly mean temperatures for an average year for calculations in a heating
climate, or 2 K added to the monthly mean temperatures for an average year in a cooling climate.
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For calculations of the risk of surface condensation on low thermal inertia elements such as windows
and their frames, the average, taken over several years, of the lowest daily mean temperature in each
year shall be used in the absence of any national standards.

4.2.3 External temperature
The following temperatures shall be used for the calculations.

a) For calculations of walls exposed to the outside, the external air temperature as specified in 4.2.1
and 4.2.2 shall be used.

b) For calculation of solid ground floors or walls below the ground, incorporate 2 m of soil below the
floor in the calculation. The monthly mean temperatures in the ground below this may be estimated
with the following steps:

— Take the twelve monthly mean external air temperatures: 0,

— Average these to give the annual mean external air temperature: 6,

— For each month calculate the average of the 6, and 0;p: (Ban+6m)/2

— Displace the calculated values by one month, so the January value becomes February etc.

— Ifnecessary, more detailed calculation of ground temperature may be carried out with the methods
in [SO 13370,

c) Forcalculations of suspended floors algorithms for the calculation of monthly subfloor temperatures
from the internal and external monthly temperatures are given in Annex E of [SO 13370

d) For calculations of roofs the monthly mean equivalent outside temperature, Oeq , which takes
account of solar gain and cooling by long wave radiation, should be used; GTq can be calculated

using the methodology given in [SO 1379(0. As a simplified case, (Zq can be taken by subtracting 2 K
from every monthly mean external air temperature.

4.2.4 External humidity

4.2.4.1 External air
To define the external air humidity conditions, use vapour pressure, pe.

Monthly mean vapour pressure may be calculated from the mean temperature and relative humidity
using Formula (1).

p_e:(p_epsat (Oe) (1)

For calculations of the risk of surface condensation on low thermal inertia elements such as windows
and their frames, the external relative humidity corresponding to the temperatures defined in 4.2.2
shall be used.

NOTE In some climates the relative humidity associated with the mean annual minimum temperature can be
assumed to be 0,85.

4.2.4.2 Humidity conditions in the ground

Assume saturation (¢ = 1).
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4.3 Internal boundary conditions

4.3.1 Internal air temperature
Use values according to the expected use of the building.

NOTE Annex A gives a method for estimating internal air temperature from the external temperature.

4.3.2 Internal humidity
The internal air humidity can be either

a) obtained from

Di =Pe +Ap (2)

Take values of Ap according to the expected use of the building.
Ap may be derived from the internal moisture excess, Ay, using

G

Ap=AVR, Ty =—R, T, 3)

v

Values of Ap for a range of building types may be found in Appendix A.
or
b) given as a monthly mean value ¢; when the internal relative humidity is known.

NOTE AnnexAgivesamethod forestimatinginternalrelative humidity from the external air temperature.

c) given as a constant ¢j when the internal relative humidity is kept constant e.g. by air-conditioning.
4.4 Surface resistances

4.4.1 Heat transfer
The value of Rge shall be taken as 0,04 m2-K/W.

For condensation or mould growth on opaque surfaces, an internal surface thermal resistance of
0,25 m2-K/W shall be taken to represent the effect of corners, furniture, curtains or suspended ceilings,
if there are no national standards.

The values of Rsj given in Table 2 shall be used for the assessment of interstitial condensation, or surface
condensation on windows and doors.

Table 2 — Internal thermal resistances for the assessment of interstitial condensation, or
surface condensation on windows and doors

Direction of heat flow Thermal resistance
m2-K/W
Upwards 0,10
Horizontal 0,13
Downwards 0,17
Documents
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4.4.2 Water vapour transfer

The surface water vapour resistance is assumed to be negligible in the calculations in accordance with
this International Standard.

5 Calculation of surface temperature to avoid critical surface humidity

5.1 General

This clause specifies a method to design the building envelope to prevent the adverse effects of critical
surface humidity, e.g. mould growth.

NOTE Surface condensation can cause damage to unprotected building materials that are sensitive to
moisture. It can be accepted temporarily and in small amounts, e.g. on windows and tiles in bathrooms, if the
surface does not absorb the moisture and adequate measures are taken to prevent its contact with adjacent
sensitive materials.

There is a risk of mould growth when monthly mean surface relative humidities are above a critical
relative humidity, @s; cr, which should be taken as 0,8 unless more specific information is available from
National Regulations or elsewhere.

5.2 Determining parameters

Besides the external climate (air temperature and humidity), three parameters govern surface
condensation and mould growth:

a) the “thermal quality” of each building envelope element, represented by thermal resistance, thermal
bridges, geometry and internal surface resistance. The thermal quality can be characterized by the
temperature factor at the internal surface, fy;;

NOTE [SO 10211 gives a method for calculating weighting factors, when there is more than one inside
boundary temperature.

b) the internal moisture supply;

c) internal air temperature and the heating system and its settings.

5.3 Design for avoidance of mould growth, corrosion or other moisture damage

To avoid mould growth the monthly mean relative humidity at the surface should notexceed a critical relative
humidity @sicr, which should be taken as 0,8 unless more specific information is available from National
Regulations or elsewhere. Other criteria, e.g. @sicr < 0,6 to avoid corrosion, can be used if appropriate.

The principal steps in the design procedure are to determine the internal air humidity and then, based
on the required relative humidity at the surface, to calculate the acceptable saturation humidity by
volume, vgat, OF vapour pressure, psat, at the surface. From this value, a minimum surface temperature
and hence a required “thermal quality” of the building envelope (for a given internal air temperature
and expressed by fg;) is established.

For each month of the year, go through the following steps:

a) define the external temperature in accordance with 4.2.3;

b) define the external humidity in accordance with 4.2.4;

c) define the internal temperature in accordance with national practice;

d) use the procedure defined in 4.3.2 to obtain the internal relative humidity;
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e) with a maximum acceptable relative humidity at the surface, @si = @sicr, calculate the minimum
acceptable saturation vapour pressure, psat

Psat (esi)zﬁ (4‘)

f) determine the minimum acceptable surface temperature, 6si min, from the minimum acceptable
saturation vapour pressure calculated in e);

NOTE The temperature as a function of saturation vapour pressure can be found from Formula (E.3) or
Formula (E.4). Another option is to prepare a table or a graph, based on Formulae (E.1) and (E.2), indicating
the relationship between psac and 6; to find 6 from pgat.

g) from the minimum acceptable surface temperature, 6si min, assumed internal air temperature, 6;
(see 4.3.1) and external temperature, 6, the minimum temperature factor, frsi min, is calculated
according to the Formula in 3.1.3.

The month with the highest required value of frsi min is the critical month. The temperature factor for
this month is frsimax and the building element shall be designed so that frsi max is always exceeded, i.e.

fRsi > fRsi,max-

Examples of this procedure are given in Annex B.

For a given building design effective values of frsj can be derived:

— for plane elements, from frsj = 1 - R U;

— where multidimensional heat flow occurs, from a finite element or similar programme in accordance
with [SO 10211]

5.4 Design for the limitation of surface condensation on low thermal inertia elements

The assessment of surface condensation on low thermal inertia elements such as, for example, windows
and their frames, which show fast response to temperature changes, requires a different procedure.

Condensation on the inside surface of window frames can be an inconvenience if the water runs onto
adjacent decorations, and can cause corrosion in metal frames or rot in wooden ones by penetrating
joints, e.g. between the frame and glass. Because of their impermeable surface finish, mould growth is
rarely a problem on window frames. The maximum acceptable relative humidity at the frame surface is
therefore ¢@gj = 1.

Some intermittent condensation on window frames may be acceptable, however the procedure specified
below will limit this.

a) Define the external temperature as the average, taken over several years, of the lowest daily mean
temperature in each year.

b) Define the internal temperature according to national practice.
c) Use the procedure defined in 4.3.2 to obtain the internal relative humidity.

d) With a maximum acceptable relative humidity at the internal surface, ¢si = 1,0, calculate the
minimum acceptable vapour pressure, psat

Psat (65i) =P (5)

e) Determine the minimum acceptable surface temperature, Osjmin, from the minimum acceptable
saturation vapour pressure.
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