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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.
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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)

b)

c) an estimate of the time taken for a component, between high vapour resistance la
dfter wetting from any source, and the risk of interstitial condensation occurring elsey
¢omponent during the drying process.

This
prec

In sgme cases, airflow from the interior of the building into the structure is the major me
ture transport, which can increasethe risk of condensation problems very significantly. This
Interjnational Standard does not address this issue; where it is felt to be important, mo
assegsment methods should be considered.

mois|

The
prov
light
will

significant air leakage:

interstitial condensation within a building component, in:
+— heating periods, where the internal temperature is usually higherthan outside;
1+ cooling periods, where the internal temperature is usually lower than the outside;

1+ cold stores, where the internal temperature is always.lower than outside.

he critical surface humidity likely to lead to problems such as mould growth on theinter
fbuildings,

[nternational Standard does not cover other-aspects of moisture, e.g. ground water ar
pitation.

limitations on the physical processes covered by this International Standard mearn
de a more robust analysis of some structures than others. The results will be morg
weight, airtight structures that do not contain materials that store large amounts of
be less reliable for structures with large thermal and moisture capacity and which aj

nal surfaces

vers, to dry,
where in the

d ingress of

chanism for

re advanced

that it can
reliable for
water. They
e subject to
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INTERNATIONAL STANDARD

ISO 13788:2012(E)

Hygrothermal performance of building components and
building elements — Internal surface temperature to avoid
critical surface humidity and interstitial condensation —
Calculation methods

1

This|International Standard gives simplified calculation methods for:

a)

b)

2 Normative references

The
refer

document (including any amendments) applies.

ISO
trans

The time taken for water, from anysource, in a layer between two high vapour resistai

ﬁrying process.

cope

he internal surface temperature of a building component or building elemént-below ¥
rowth is likely, given the internal temperature and relative humidity. The-method can
o assess the risk of other internal surface condensation problems.

he assessment of the risk of interstitial condensation due to watet_vapour diffusion.
sed 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
— the hygroscopic moisture capacity of materials.

[onsequently, the method is applicable only-where the effects of these phenomena canb
o be negligible.

vhich mould
hlso be used

The method

air spaces;

b considered

nce layers to

ry out and the risk of interstitial-‘condensation occurring elsewhere in the component during the

following refererdced documents are indispensable for the application of this documer
ences, only the edition cited applies. For undated references, the latest edition of the

6946:2007, Building components and building elements — Thermal resistance ¢
mittayice — Calculation method

t. For dated
b referenced

nd thermal

ISO 9

346 _Hvugrothermal nerformance of buildinas and building materials — Phvusical guanti
Y I 7 g ) > 1

Lies for mass

transfer — Vocabulary

ISO 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 ISO 9346 and the following apply.

© ISO

2012 - All rights reserved
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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;:

05—
fr, =g
s 9] -6,

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

Note 2 to entfy: Methods of calculating the temperature factor in complex constructions are given in ISO 14211.

3.1.3
design temperature factor at the internal surface
minimum a¢ceptable temperature factor at the internal surface:

fR 1 esi,min _ee

si,min . —
6l ee

3.14
minimum dcceptable temperature
lowest interjnal surface temperature before mould growth may start

3.1.5
mean annugl 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 moisfure production in a space-divided by the air change rate and the volume of the space:

Av=v;4v,=G/(n-V)

3.1.7
water vapour diffusion-equivalent air layer thickness
thickness of a motienless air layer which has the same water vapour resistance as the material Jayer
in questionysy = el

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

2 © IS0 2012 - All rights reserved
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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 . ke/h
N
M, accumulated moisture content per area at an interface (\Q Kig/m?2
R thermal resistance A(B YV om L-K/W
Ry gas constant for water vapour = 462 n./\ Pa-n|3/(K-kg)
T thermodynamic temperature '\J K
thermal transmittance of component or element C\&) W/(m?2-K)
=4
1% internal volume of building ’i\\ m3
Zp water vapour diffusion resistance with respect to partia(ya\p%ur pressure m2-s-Pa/kg
-
Zy water vapour diffusion resistance with respect to h@)ﬁaty by volume /m?2
. . N\
d material layer thickness \\\ m
%
fRsi temperature factor at the internal surface n\ -
&7
fRsi,mlin design temperature factor at the internal@ace -
g density of water vapour flow rate D& kg}(m2-s)
. N
n air change rate A\ h-1
p water vapour pressure » \.U Pa
. o\ 2
q density of heat flow rate\\C) W/m
N
sd water vapour diffusiqn‘ezluivalent air layer thickness m
t time ’ S
.@
w moisture co?tes‘l.t)mass by volume Kkig/m3
ol
Sp water Va@r permeability of material with respect to partial vapour pres- kg/[m-s-Pa)
sure
AN o S .
60 w/a@apour permeability of air with respect to partial vapour pressure kg/[m-s-Pa)
% <@Midity of air by volume kig/m3
Av 0\?~internal moisture excess, Vi - Ve Kig/m3
V'
Ap S\ internal vapour pressure excess, pi — Pe Pa
@ r;\‘ relative humidity -
A J tllcl llla} LUllduLtiV lt_y ‘V‘V’ (m'K)
u water vapour resistance factor -
0 Celsius temperature °C
Osi,min minimum acceptable surface temperature °C

© IS0 2012 - All rights reserved 3
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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 mininpum value

4 Input (data for the calculations

4.1 Material and product properties

For the calctilations, design values shall be used. Design values in product or material specificatiops 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 res|stance R ISO 10456.
Water VapoEIr resistance fac_tor . H QObtained from ISO 10456 or determined in accofd-
Water vapour diffusion-equivalent air Sd (th 1SO 12572
layer thickngss ance wit '

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

For air layerss, R is taken from ISO 6946 and sq is assumed to be 0,01 m, independent of air layer thickness
and inclinatjon.

4.2 External boundary-coenditions

4.2.1 Location

Unless othefwise\specified, the external conditions used shall be representative of the location df 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 ISO 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.

4 © IS0 2012 - All rights reserved
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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) Cl; i orporate O il below the
ground below this may he estimated
ith the following steps:
— Take the twelve monthly mean external air temperatures: 6,
— Average these to give the annual mean external air temperature: 6,
— Tor 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 temperatfire may be carried out with the methods
in ISO 13370.
c) Forcalculations of suspended floors algorithms for the'calculation of monthly subfloor t¢gmperatures
irom the internal and external monthly temperatures are given in Annex E of ISO 13370
d) For calculations of roofs the monthly meaw,equivalent outside temperature, (E , Which takes
jccount of solar gain and cooling by long wave radiation, should be used; GTq can bg calculated
i1sing the methodology given in ISO 13790. As a simplified case, (Zq can be taken by suljtracting 2 K
from every monthly mean externialair temperature.
4.2.4 External humidity
4.2.4.1 External air
To define the externdlair humidity conditions, use vapour pressure, pe.
Monthly mean vapour pressure may be calculated from the mean temperature and relative humidity
using Formula (1).
He =®e'Psat (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

assumed to be 0,85.

4.2.4.2 Humidity conditions in the ground

Assume saturation (¢ = 1).

© IS0 2012 - All rights reserved
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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) obtaine

pizpe'l'

Take values

d from

Ap

of Ap according to the expected use of the building.

Ap may be derived from the internal moisture excess, Ay, using

Ap=Av

Values of Ap
or
b) given ag

NOTE

c) given aj

4.4 Surface resistances

4.4.1 Hea
The value of
For conden
0,25 m2-K/{}

if there are |

The values d

k transfer

Rse shall be taken 2s.0/04 m2-K/W.

no national\standards.

condensatioln of.windows and doors.

G
Ry T = WRV T
for a range of building types may be found in Appendix.A:

a monthly mean value ¢; when the internal relative humidity is known.

(2)

(3)

AnnexAgivesamethod forestimatinginternalrelative humidity from the external air tempergture.

a constant ¢; when the internal relative humidity is kept constant e.g. by air-conditiohing.

bation or mould-growth on opaque surfaces, an internal surface thermal resistange of
V shall be taken-to represent the effect of corners, furniture, curtains or suspended ceilings,

f Rsj given in Table 2 shall be used for the assessment of interstitial condensation, or sufface

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

© ISO 2012 - All rights reserved
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4.4.2 Water vapour transfer

The surface water vapour resistance is assumed to be negligible in the calculations in acco
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 effec

rdance with

ts of critical

surfdce humidity, e.g. mould growth.

NOTH
moisf
surfal
sensi

Surface condensation can cause damage to unprotected building materials that)are
ure. It can be accepted temporarily and in small amounts, e.g. on windows and tiles im bath
ce does not absorb the moisture and adequate measures are taken to prevent its'contact ¥
five materials.

Ther]
relat
Natig

e is a risk of mould growth when monthly mean surface relative humidities are abg
jve humidity, @si,cr, which should be taken as 0,8 unless more specifi¢ information is ay
nal Regulations or elsewhere.

5.2 | Determining parameters

Besidles the external climate (air temperature and humidity), three parameters gov]
condgensation and mould growth:

sensitive to
rooms, if the
wvith adjacent

ve a critical
ilable from

ern surface

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

INOTE ISO 10211 gives a method foxcalculating weighting factors, when there is more than one inside
boundary temperature.

b) the internal moisture supply;

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

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

To avpid mould growththe 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 frjom National

Regulations orelsewhere. 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 A 0r vapour pressure ne . at the surface om this value a minimum surface lemperature
and hence a required “thermal quality” of the building envelope (for a given internal air temperature
and expressed by fpg;) 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;

© IS0 2012 - All rights reserved 7
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with a maximum acceptable relative humidity at the surface, @s;j

:2012(E)

@Psicr, calculate the mini

mum

acceptable saturation vapour pressure, psat
_ _Pi
Psat <esi ) - (4)
¢sicr
f) determine the minimum acceptable surface temperature, 6sj 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 relatienship-betweenprrand-frte-find-6—frompor
g) from the minimum acceptable surface temperature, 6si min, assumed internal air temperatufe, 6;
(see 4.3.1) and external temperature, 6, the minimum temperature factor, frsi min, iS|¢alcufjated
according to the Formula in 3.1.3.
The month yvith the highest required value of frsi min is the critical month. The tempeérature factgr for
this month s frsimax and the building element shall be designed so that frsi max is\always exceedef, i.e.
fRsi > fRsi,mak-
Examples of this procedure are given in Annex B.

For a give
— forpla

wheren
with IS

5.4 Desig

The assessnent of surface condensation on low thermal inertia elements such as, for example, win

and their frd

Condensatid
adjacent de
joints, e.g. b
rarely a pro
therefore ¢

Some internpittent condensation on window frames may be acceptable, however the procedure speq

below will |

a)

Define {

nluilding design effective values of frsi can be derived:

elements, from frsi =1 - Rsi U;

ultidimensional heat flow occurs, from a finite elemeént or similar programme in accord
D 10211.

n for the limitation of surface condensation on low thermal inertia elemen

imes, which show fast response totemperature changes, requires a different procedur

n on the inside surface of window frames can be an inconvenience if the water runs
orations, and can cause €orrosion in metal frames or rot in wooden ones by penetr
etween the frame and glass. Because of their impermeable surface finish, mould grow
blem on window frames: The maximum acceptable relative humidity at the frame surfj
i=1.

mit this.

iture in each year.

ance

ts

Hows
e.

onto
hting
rth is
ce is

ified

he external temperature as the average, taken over several years, of the lowest daily mean

1 ot 14 rs mH 4 43 | 43
HT I Al tTHIPTI AUl T atLUul UlIg tU 11dtivlial prattittc.

procedure defined in 4.3.2 to obtain the internal relative humidity.

m acceptable vapour pressure, psat

on vapour pressure.

temper:
b) Definet
c) Usethe
d)
minimu
Psat (951 ) =Dj
e)
saturati
8

With a maximum acceptable relative humidity at the internal surface, ¢si = 1,0, calculate the

(5)

Determine the minimum acceptable surface temperature, 6simin, from the minimum acceptable

© ISO 2012 - All rights reserved
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NOTE1 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.
f) From the minimum acceptable surface temperature 6si min, assumed internal air temperature, 6;
(see 4.3.1) and external temperature, 6., the required temperature factor of the building element,
fRsi,min, is calculated according to the Formula in 3.1.3.

Owing to the complex form and variety of materials used in window frames and the interactions between
the glass, frame and wall containing the window, heat flows and surface temperatures cannot, generally,
be calculated by simple one dimensional methods. Care therefore needs to be taken linking the minimum

acce

Two,

the

temp]
subs
accu

NOTH

Varig
tranj
and 1
temp

6

6.1

This

table surface temperature of the frame to the internal and external air temperatures

orifnecessarythree,dimensional finite element calculations on complete window sy’sté
lazing, give surface temperatures that can be scaled to any combination of internal
eratures. Calculations carried out with an insulation material, such as expanded
Fituted for the glazing, used to obtain an equivalent thermal transmittance’ofthe framg
rate surface temperatures.

§

2 Details of appropriate calculation methods are given in ISO 10077-2.

us simplified methods have been developed to allow the+ealculation of realig
mittances of complete windows taking account of multi-dintensional heat flows throug
he spacer between the panes of double glazing. While these' will give accurate heat fl
eratures will be seriously in error and they should notbe used to estimate the risk of cq

Calculation of interstitial condensation

General

amoint of accumulated moisture due to(nterstitial condensation. The method is an assess

than
effed
strug

6.2

Start

an accurate prediction tool. It i§ suitable for comparing different constructions and a
ts of modifications. It does not provide an accurate prediction of moisture condition
ture under service conditions.

Principle

ing with the fifst month in which any condensation is predicted, the monthly mgq

condjiitions are used\to calculate the amount of condensation or evaporation in each of the 1

a yed
occu
state
air c
throt

r. The accumiulated mass of condensed water at the end of those months when condg
Ired is cémpared with the total evaporation during the rest of the year. One-dimensig
condiftions are assumed. The only effect of air movement considered is the presence of:
hvity, which is well ventilated to the outside as defined in ISO 6946. The effect of ai

msincluding
or external
bolystyrene,
,do not give

tic thermal
rh the frame
bws, surface
ndensation.

clause gives a method to establish.the-annual moisture balance and to calculate the maximum

ment rather
ssessing the
5 within the

an external
2 months of
tnsation has
nal, steady-
| continuous
r movement

hohithe building component is not considered.

Moisture transfer is assumed to be pure water vapour diffusion, described by the following equation:

Ap
0 =2
Sq

5

9=

where 6g = 2 x 10-10 kg /(m-s-Pa).

NOTE 1

International Standard.

The density of heat flow rate is given by:

(6)

6o depends on temperature and barometric pressure, but these influences are neglected in this

AQ A0
=A—=7 (7)
© IS0 2012 - All rights reserved 9
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NOTE 2  The thermal conductivity, A, and the thermal resistance, R, are assumed constant and the specific heat
capacity of the materials not relevant. For parallel sided homogeneous materials, R = d/A. Heat sinks/sources due
to phase changes are neglected.

NOTE3  Calculation methods according to this principle are often called “Glaser methods”. More advanced
methods are specified in EN 15026.

6.3 Limitation of sources of error

There are several sources of error caused by the simplifications described in 6.2.

a) The the
conden;

and affd

d by
hlues

rmal r‘nnﬂnrfivify prpndc on the moisture content, and heat is rn]pqcpdllnhcnrhp

ation/evaporation. This will change the temperature distribution and saturationy,
ct the amount of condensation/drying.

The use|of constant material properties is an approximation.

y suction and liquid moisture transfer occur in many materials and tHis) may changp the

e distribution.

Capillar]
moistur

tture
ions.

Fements within building materials, gaps, joints or air spaces,may change the moi
tion by moisture convection. Rain or melting snow may also affect the moisture condit

Air moy
distriby

The rea] boundary conditions are not constant over a month.

Most materials are at least to some extent hygroscopic and canrabsorb water vapour.

One-dimensional moisture transfer is assumed.

h) The effgcts of solar and long-wave radiation are neglected except for roofs.

NOTE Dye to the many sources of error, this caleulation method is less suitable for certain buflding

components
the risk of inf

This Internj
through or ¥

6.4 Calcu

6.4.1 Mat

Divide the b
properties ¢
multi-layer

hind climates. Neglecting moisture transferiinrthe liquid phase normally results in an overestim
erstitial condensation.

itional Standard is not intended-to be used for building elements where there is ail
vithin the element or where rfain water is absorbed.

lation

prial properties

uilding elem€nt into a series of parallel-sided homogeneous layers and define the mat
f each layer and the surface coefficients in accordance with 4.4.1 and 4.4.2. Each lay
broducts*0r components, including any products with facings or coatings, shall be trg

ate of

flow

erial
er in
rated

as an individuaklayer, taking full account of their respective thermal and moisture vapour transmipsion
properties. Calgulate the thermal resistance, R, and the water vapour diffusion-equivalent air Jayer
thickness, sq, of each individual layer of the building element. It 1s recommended that elements with a
thermal resistance greater than 0,25 m2-K/W are subdivided into a number of notional layers each with
thermal resistance not exceeding 0,25 m2-K/W; these subdivisions are treated as separate material
layers with interfaces between them in all calculations.

If the element contains a layer which is well ventilated to the outside, as defined in 5.3.4 of ISO 6946:2007,
take no account of all material layers between the cavity and outside.

Some materials, such as sheet metals, effectively prevent the passage of any water vapour and therefore
have an infinite value of u. However, as a finite value of u for a material is required for the calculation
procedure, a value of 100 000 should be taken for these materials. This can lead to the prediction of
negligibly small amounts of condensation, which should be disregarded as due to the inaccuracy of the
calculation method.
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Calculate the accumulated thermal resistance and the water vapour diffusion-equivalent air layer
thickness from the outside to each interface n.

n
Sdn = Z Sd,j
j=1

(8)

9)

The total thermal resistance and the water vapour diffusion-equivalent air layer thickness are given by

Fornputaett0amd {11}

6.4.2 Boundary conditions for interstitial condensation
Define internal and external temperature and humidity according to 4.2.

If the element contains a layer which is well ventilated, to'the outside, assume the temp
vapojur pressure in the cavity are the same as outside air,Assume the outside surface thermj
is the

6.4.3 Starting month

Starfing with any month of the year (the trial month), calculate the temperature, satur
presgure and vapour distributions through the component as specified in 6.4.4 and 6.4.5
whether any condensation is predictéd;

If no| condensation is predictedwin the trial month, repeat the calculation with successiy
months until either:

a)

b)

If copdensatignyis predicted in the trial month, repeat the calculation with successively ea
untilleithers

c)

N
E'T:Rsi+ZR}-+Rse
j=1

[

N
4, T =25d,j
j=1

mno condensation has béeen found in any of the 12 months, then report the component
¢ondensation; or

3 month is found/with condensation, this is the starting month.

¢ondensation is predicted in all 12 months; then, starting in any month, calculate the

(10)

(11)

erature and
h] resistance

b same as the value for inside appropriate to the.direction of heat flow, as defined in Taple 2.

hted vapour
. Determine

e following

hs free from

rlier months

total annual

LA A £ AL d £ A £

4 142 £ | 43 S PNA I
CCUTTOTatIoT O COTTIO IS atiUuT a5 SPetImC U T O, O 9 it O O, 0T

d) amonth is found with no condensation; then take the following month as the starting month.

NOTE

before the coldest period of the year will normally allow the starting month to be found rapidly.

In climates outside the tropics, with well defined seasons, choosing a trial month two or three months

If a starting month has been determined, carry out the calculations specified in 6.4.4, 6.4.5 and 6.4.6 for
each month of the year, starting with the starting month.

© IS0 2012 - All rights reserved
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6.4.4 Temperatures and saturated vapour pressure distribution

Calculate the temperature at each interface between materials according to:

R’
), =0 +—-(6;-6,)
Ry

(12)

The temperature distribution in each layer is linear given the assumption of steady-state conditions,
see Figure 1.

O, O.
Osi [ : @a; —
/ 6,
On
Oe _/f @se Oe 1 Qse
d1 dZ d3 R se R ;1 R si
(a) Plottied against the width of each layer (b) Plotted against thermal resistance of e

Calculate th

NOTE E3

6.4.5 Vap

Draw a cros
vapour diffy
vapour pres

layer

Figure 1 — Temperature distribution irva multi-layer building element

p saturation vapour pressure from the temperature at each interface between material I9

pressions for saturation vapour priessure as a function of temperature are given in Annex E.

pur pressure distribution

s section of the buildingelement with the thicknesses of each layer equivalent to its V
sion-equivalentairdayer thickness, sq, see Figure 2. Draw straightlines joining the satur
sures at each interface between materials.

If there is ng accumulatéd-condensate from the previous month, draw the vapour pressure profilg

straight ling
the saturati
vapour pres
saturation p

betweenthie internal and external vapour pressure (pj and pe). If this line does not ey

bn pressure at any interface, condensation does not occur; see Figure 2, in which the y
sure inthe building component is lower at every point in the component than the va
réssure.

ach

yers.

vater
htion

asa
ceed
vater
pour

The vapour

g=50

12

flow rate through the building element may be calculated as:

Pi—Pe

’
S4,T

(13)
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b

A

Figure 2 — Water vapour diffusion in a multi-layer building element without-any interstitial
condensation

If the vapour pressure exceeds the saturation pressure at any interface, assunie that the lpcal value of
the viapour pressure is equal to the saturation pressure and redraw the yapour pressure gs a series of
lines|which touch, but do not exceed the saturation vapour pressure préfile at as few pointq as possible,
see examples in Figures 3 and 4. These points are the condensation ifiterfaces.

/ Pi

S dc

Figure 3 — Water vapour diffusion with interstitial condensation in one interface plane

6.4. CondensationTtate

The rate of condensation is the difference between the amount of moisture transported to and the
amonunt of meisture transported from the condensation interface:

r=60(.”i"’.c —pC."’eW (14)
st,T_Sd,c Sd,c)

In a building component with more than one condensation interface, maintain a record of the amount
of condensation in each interface.

(N
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2

E=

C

— |

o0

’ ’

Figure 4
The rate of
between su

At interface

9e1 =969

At interface

9e2=09

6.4.7 Evaj

When there
pressure sh
straight ling
external vay
interface, re

a.cl [N¥4

} — Water vapour diffusion with interstitial condensation in two interfaceplane

condensation is calculated for each condensation interface from the difference in
cessive straight lines, that is, in the case of two condensation interfaces\(see Figure 4)
cl:
Pc2=DPc1 Pc1—De
7 ’ 7
Sd,cz_sd,cl Sd,cl
c2:
Pi—DPc2 Pc2 —Pc1
7 ’ 7 7
Sd,T ~Sdc2  Sdc2 7 Sdc1
poration
is condensate, accumulated fromprevious months, at one or more interfaces, the va

hll be equal to the saturation pressure and the vapour pressure profile shall be dray
s between the values representing internal vapour pressure, condensation interfaces

draw the vapour pressure lines as specified in 6.4.4.

2]

slope

(15)

(16)

pour
/n as
and

our pressure, see Figure 571fthe vapour pressure values exceed the saturation values at any

S d,c

Figure 5 — Evaporation from an interface in the building component

The rate of evaporation is calculated as

Jev :60

14

pi _pc
S'aT —Sdc

_ pc_pe

S'd,c

(17)
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The expressions for the rate of evaporation and condensation are the same. By convention, condensation

s if the expression is positive and evaporation if the expression is negative.

In a building component with more than one condensation interface the rate of evaporation is calculated
for each interface separately, see Figure 6.

P

Fig

The 1

At interface c1:

)

At interface c2:

()

If th
nega
and {

6.4.9

In a

condensation'in one interface and evaporation in another, see Figure 7.

TalLz=—

o0

S dcl S d,c2

interfaces

ates of evaporation, for two evaporation interfaces, are calculated as (see Figure 6):

Pe2=Pc1 Pc1DPe
S'd,CZ _S'd,cl S'd,cl

evl = 50

-5 Pi=Pc2  Pc27Bcy
ev2 — Y0 ' ' ' '
SAT S de2 S dc2TS del
b accumulated amount jof-eondensate at an interface at the end of the month is cal

Live value, either set it.to"zero or calculate the time for the accumulated condensate t
hen divide the mounth-into two sections, with and without condensate at the interface.

Evaporationand condensation

building_¢component with more than one condensation interface there could be n

ure 6 — Evaporation from a building component, when condensation has occurned in two

(18)

(19)

rulated as a
b reach zero

nonths with

pl

L

iﬁ

RS

Sd,c1 Sd,cZ

Figure 7 — Evaporation in one interface and condensation in another in a building component,

© ISO

where condensation has occurred in two interfaces
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The rate of condensation, g, or evaporation, gey, are calculated for each interface separately:

Condensation between layer 1 and 2:

R =60

Gev :50

Pc2=Pc1 Pc1—Pe

) ' ' (20)
S d,CZ_S d,c1 S d,c1
Evaporation between layer 3 and 4:
( lpi_p'CZ 'pCZ_p'C1 ) (21)
\cu,l_cu,(,é cu,ca_cu,clj

Examples of

6.5 Crite
Report the 1
a) No cond

In this case

b) Conden
there is

In this casé

interstitial condensation calculations are given in Annex C.

ria used to assess building components

esults of the calculations according to a), b) or c) as applicable.
ensation predicted at any interface in any month.

Feport the structure as being free of interstitial condensation.

Gation occurs atone or more interfaces during some monthsbut, for each interface conce
no net accumulation over the year as all the condensate is predicted to evaporate agai

report the maximum amount of condensation that occurred at each interface, an

month duripg which the maximum occurred. Also, the risk:0f water run-off or degradation of bui

materials a
amount of 11

hd deterioration of thermal performance asta consequence of the calculated maxi
hoisture shall be considered according to xegulatory requirements and other guidan|

product stapdards.

NOTE If

the maximum accumulation of condensate exceeds 200 g/m2 the risk of run-off from non-abso

materials will be very high.

c¢) Conden

In this case
moisture th
months at e

7 Calcul

7.1 Gene

This clause

Sation at one or more interfaces‘does not completely evaporate.

ht occurred at each ipterface together with the amount of moisture remaining after ty
hch interface.

ation of drying of building components

ral

'ned,
n.

1 the
ding
mum
ce in

rbent

report that the structure-has failed the assessment, and state the maximum amoulnt of

velve

hose

cives a method to establish the drying potential of building components, especially

bounded by

high vapour resistance layers such as toils, membranes or coatings with sq > 2 m, that

have

shown no harmful condensation with the procedure specified in Clause 6, under the imposed internal
and external climate. It also assesses the risk of interstitial condensation, at another location within the

component,

NOTE

caused by the water evaporating from a wetted layer.

Material layers may have become wet by built-in moisture, rain impact during construction, aleak from

services, a defect in a waterproof layer or a previous interstitial condensation problem that has been rectified.

The method should be regarded as an assessment rather than as an accurate prediction tool. It is suitable
for comparing different constructions and assessing the effects of modifications.

16
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7.2 Principle

The procedure assumes that there is an excess moisture content of 1 kg/m? concentrated at the centre of
a specified layer. The monthly mean external conditions are used to calculate the amount of evaporation
in each of the twelve months of a year. This year is repeated until the excess moisture content of the
specified layer reaches zero. This time in months is reported as the length of time that the structure will
take to dry out completely. At the same time the risk of condensation at other interfaces, caused by the
evaporated excess moisture, is evaluated.

7.3 Specification of the method

a)
b)

c)

Carr
monf{
year

7.4

Repd

b)

q

]

]

I
q

I
I

\
q

1

]

$pecify the material layer assumed to have been wetted;

Pivide that layer into two equal parts, with an interface between them;

ntroduce 1 kg/m2 of moisture at that interface.

7 out the interstitial condensation procedure specified in 6.4.4 to 6.4.8, starting with the
h and repeating the monthly calculations until either all the excess(nmoisture has drig
5 have been calculated.

Criteria used to assess drying potential of building‘eomponents
rt the results of the calculations according to a), b) or ¢) as applicable.
Drying out within ten years without condensation in other layers.

n this case report the drying out time in months-and estimate the risk of degradation
ontaining the excess moisture.

Drying out within ten years with temporary condensation in other layers.

n this case report the drying out.time in months and the maximum amount of conde
ccurred at each interface, and the ' month during which the maximum occurred. Alsq
vater run-off or degradation, of building materials and deterioration of thermal per
1 consequence of the calculated maximum amount of moisture shall be considered 4§
egulatory requirements-and other guidance in product standards.

Drying time exceeds ten years.

appropriate
d out or ten

to the layer

nsation that
, the risk of
formance as
iccording to

© IS0 2012 - All rights reserved
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Annex A
(informative)

Internal boundary conditions

A.1 ‘Continental’ and tropical climates

In the absenice of well-defined - controlled, measured or simulated - internal air conditions, a simplified
approach to|determine the internal temperature and humidity for heated buildings (only dwellings and
offices) bas¢d on the external air temperature may be used. The internal air conditions are)defived from
entering the¢ daily mean of the external air temperature into the graphs in Figure A.14The interngl air
humidity leyel is selected according to the expected occupancy of the building.
30
&
25
20
15
80
& B 70
60 6>
//A
L0 7
35
20
-20 -10 0 10 20 30
Oe
Key

6; internal temperature, expressed in °C
@i internal relative humidity, expressed in %

6. external temperature, expressed in °C
A normal occupancy
B high occupancy

Figure A.1 — Daily mean internal air temperature and humidity in dwellings and office
buildings depending on the daily mean external air temperature
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A.2 Maritime climates

Internal humidity load can be described by five humidity classes. Figure A.2 shows limit

values of Av

and Ap for each class. For the calculations, it is recommended that the upper limit value for each class
is used unless the designer can demonstrate that conditions are less severe. The data in Figure A.2 are
derived from buildings in Western Europe. Measured data may be used to derive values applicable to

other climates.

Table A.1 gives some guidance regarding selection of humidity class.

Table A.1 — Internal humidity classes

b, with high
used in the

Humidity class Building
1 Unoccupied buildings, storage of dry goods
2 Offices, dwellings with normal occupancy and ventilation
3 Buildings with unknown occupancy
4 Sports halls, kitchens, canteens
5 Special buildings, e.g. laundry, brewery,swimming pool
Whetever possible measured data should be used for the analysis of buildings in class
interjnal humidities. The dotted line on Figure A.2 gives suggested values that could be
absence of other data.
Av Ap
kg/m* | Pa
0.010 1360 N
AN
\\
1080
0.008 N
N
AN
0.006 21 N
N
AN
0000 L840 \ N
N
\ \
g0z (E0 NN
\ e — — —
I 100
-5 0 5 10 15 20 25

Key
A monthly mean outdoor temperature, expressed in °C

Figure A.2 — Variation of internal humidity classes with external temperature
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Annex B
(informative)

Examples of calculation of the temperature factor at the internal

surface to avoid critical surface humidity

B.1 Example 1, using the internal conditions defined in Annex A

a) The magnthly mean external temperature, 8, and relative humidity, ¢e, for the location of the
building are defined (columns 1 and 2 in Table B.1).

b) The manthly internal temperature, 6;, and relative humidity, ¢j, are derived fpom the extg¢rnal
tempergture using the lines in Figure A.1, assuming high occupancy (columns\3 and 4 in Table{B.1).
The int¢rnal saturated vapour pressure, psat(6i), is calculated from the intexnal temperature fising
Formulj (E.1) or Formula (E.2), where appropriate, and multiplied by the internal relative huniidity
to give the internal vapour pressure, pj, (column 5 in Table B.1).

c¢) The mipimum acceptable saturation vapour pressure, psat(fsidy is’ calculated using Formulp (4)
as specjfied in 5.3e) and the minimum acceptable surface témperature, 6si min, calculated ffrom
Formulj (E.3) or Formula (E.4) to give the values in columns®’and 7 of Table B.1.

d) Theint¢rnal and external temperatures are used to caleulate fgrsi with the Formula in 3.1.2
to give fthe values shown in column 8 of Table B.1.

With the copditions assumed in Table B.1, Januaryis-the critical month and frsi,max = 0,622.

Table B.1 — Calculation offsi max in a high occupancy building
1 2 3 4 5 6 7 8

Month Be Pe 0; [ Pi Psat(Osi) Osi,min SR

°C °C Pa Pa °C

January 2,4 0,92 20,0 0,52 1225 1531 13,3 0,6R2

February 2,8 0,88 20,0 0,53 1234 1542 13,5 0,620

March 4,5 0,85 20,0 0,55 1274 1592 13,9 0,6p9

April 6,7 0,80 20,0 0,57 1325 1656 14,6 0,5p1

May 9,8 0,78 20,0 0,60 1397 1747 15,4 0,547

June 12,6 0,80 21,3 0,63 1585 1981 17,4 0,547

July 14,0 0,82 22,0 0,64 1691 2114 18,4 0,549

August 13,7 0,84 21,9 0,64 1668 2085 18,2 0,548

September 11,5 0,87 20,8 0,62 1505 1882 16,5 0,546

October 9,0 0,89 20,0 0,59 1379 1724 15,2 0,561

November 5,0 091 20,0 0,55 1285 1607 14,1 0,606

December 3,5 0,92 20,0 0,54 1250 1563 13,7 0,616
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Example 2, assuming a constant internal relative humidity

In the case of an air conditioned building, where the temperature and relative humidity are controlled
at 20 °Cand 0,50:

a) The monthly mean external temperature, 0¢, and internal temperature, 8;, and relative humidity, ¢;,
are defined for the building under investigation (columns 1, 2 and 3 in Table B.2).

b) The internal saturated vapour pressure, psat,i, is derived from the temperature using Formula (E.1)
or Formula (E.2) or Table E.1; this is combined with the internal relative humidity, to give the
internal vapour pressure, pj, shown in column 4 of Table B.2.

c¢) The minimum acceptable saturation vapour pressure, ps(6si), is calculated using Foymula (9) as
gpecified in 5.3e) and the minimum acceptable surface temperature, Osiminccalcplated from
Formula (E.3) or Formula (E.4) to give the values in columns 5 and 6 of Table B.2]

d) The Formulain 3.1.2

is used to calculate fRsj giving the values shown in column 7 of Table B.2.
With the conditions assumed in Table B.2, January is the critical month.and frsi max = 0,581
Table B.2 — Calculation of fRsi max using contrelfed internal humidity
1 2 3 4 5 6 7
Month Oe 0; Pi pi Psat(Osi) Osi,min fRsi
°C °C Pa Pa °C
Janugry 2,4 20 035 1168 1461 12,6 0,581
Febrpary 2,8 20 0,5 1168 1461 12,6 0,571
Margh 4,5 20 0,5 1168 1461 12,6 0,524
Apri 6,7 20 0,5 1168 1461 12,6 0,445
May 9,8 20 0,5 1168 1461 12,6 0,277

June 12,6 20 0,5 1168 1461 12,6 0,003

July 14,0 20 0,5 1168 1461 12,6 -0,229

Augyst 13,7 20 0,5 1168 1461 12,6 -0,171

Septémber 11,5 20 0,5 1168 1461 12,6 0,132
Octoper 9,0 20 0,5 1168 1461 12,6 0,330
Novegmber 5,0 20 0,5 1168 1461 12,6 0,508
December 3,5 20 0,5 1168 1461 12,6 0,553

B.3 LExample 3, with a known moisture supply and constant ventilation rate

a) The monthly mean external temperature, 6, and relative humidity, ¢e, for the location of the
building are defined (columns 1 and 2 in Table B.3).

b) The monthly external saturated vapour pressure, psate, calculated from the temperature using
Formula (E.1) or Formula (E.2), where appropriate, or Table E.1, and the relative humidity are used
to calculate the external vapour pressure, pe, (column 3 in Table B.3).

c¢) Theinternal moisture supply vapour pressure excess, Av, is calculated from the assumed air change

rate, n, moisture production rate, G, and volume of the building, V, and converted into a vapour
pressure excess, Ap, using Formula (E.6). This is added to pe to give the internal vapour pressure
(columns 5 and 6 of Table B.3).
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d) The minimum acceptable saturation vapour pressure, psat(6si), is calculated using Formula (9)
as specified in 5.3e) and the minimum acceptable surface temperature, 6si min, calculated from

Formula (E.3) or Formula (E.4) to give the values in columns 8 and 9 of Table B.3.

e) The Formulain 3.1.2

is used to calculate frsj giving the values shown in column 10 of Table B.3.

With the conditions assumed in Table B.3, August is the critical month and frsi,max = 0,832.

Table B.3 — Calculation of frsi max using a constant ventilation rate

1 2 3 4 5 6 7 8 9 1P
Month Be Pe De n Ap pi Psat(0si) | Osimin 6i SRsi

°C Pa h-1 Pa Pa Pa °C °C
January 2,8 0,92 687,0 0,5 433 1120 1400 12,0 20 0,534
February 2,8 0,88 6571 0,5 433 1090 1363 11,6 20 0,510
March 4,5 0,85 715,6 0,5 433 1149 1436 12,4 20 0,507
April 6,7 0,80 784,7 0,5 433 1218 1522 13,3 20 0,493
May 9,8 0,78 944,5 0,5 433 1378 1722 15,2 20 0,925
June 12,6 0,80 1166,6 0,5 433 1600 1999 17,5 20 0,663
July 14,0 0,82 1310,1 0,5 433 1743 2179 18,9 20 0,912
August 13,7 0,84 1316,2 0,5 433 1749 2186 18,9 20 0,830
September 11,5 0,87 11799 0,5 433 1613 2016 17,6 20 0,722
October 9,0 0,89 1021,2 0,5 433 1454 1818 16,0 20 0,637
November 5,0 091 793,4 0,5 433 1226 1533 13,4 20 0,558
December 3,5 0,92 7219 0,5 433 1155 1444 12,4 20 0,5(42
NOTE GF 0,4kg/h, V=250 m3-

B.4 Example 4, with a known'moisture supply and variable ventilation rate

In practice,
and temper
using the v

The values in Table B.4\were calculated assuming that n = 0,2 + 0,04 8. With these conditions, Jan
is the criticgl month.and fRrsimax = 0,718.

22

buildings are ventilated less in colder weather. If a relationship between the air changg
hiture is known or'can be assumed, the values of frsi can be calculated as in example

riable air changerate in step 3).

rate
B but

uary
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1 2 3 4 5 6 7 8 9 10
Month Oe Pe Pe n Ap pi Psat(Osi) Osi,min 0; SRsi

°C Pa h-1 Pa Pa Pa °C °C
January 2,8 0,92 683 0,31 | 694 | 1377 1722 15,2 20 0,718
February 2,8 0,88 657 0,31 | 694 1351 1689 14,9 20 0,701
March 4,5 0,85 709 0,38 | 570 1279 1599 14,0 20 0,614
April 6,7 0,80 788 0,47 463 1251 1564 13,7 20 0,524
May 9,6 U,76 941 U,5%9 3606 1307/ 1654 14,5 pAV) 0,445
June 12,6 0,80 1162 0,70 308 1470 1837 16,2 20 0,483
July 140 | 0,82 | 1302 | 0,76 | 285 1587 1984 17,4 20 0,563
Augyst 13,7 | 0,84 | 1317 | 0,75 | 290 | 1607 2008 176 20 0,615
September 11,5 | 0,87 | 1183 | 0,66 | 328 1511 1889 16,6 20 0,601
Octoper 9,0 0,89 1017 0,56 387 1404 1755 15,5 20 0,587
Novgmber 5,0 0,91 788 0,40 542 1330 1662 14,6 20 0,641
December 3,5 0,92 719 0,34 637 1356 1695 14,9 20 0,692
NOTE  G=04kg/h V=250m3.
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Annex C
(informative)

Examples of calculation of interstitial condensation

C.1 Environmental conditions

Table C.1 shows the external and internal environmental conditions used in the two examplesiin C.2
and C.3. The internal conditions are derived from the external conditions using the lines ipnFigur¢ A.1,
assuming low and high occupancy.
Table C.1 — External and internal conditions used for analysis
Internal Internal
External .
Normal occupancy High occupancy
Month
Oe Pe 6 Pi 6 Pi
°C °C °C
January -1 0,85 20,0 0,39 20,0 0,49
February 0,84 20,0 0,40 20,0 0,50
March 0,78 20,0 0,44 20,0 0,54
April 0,72 20,0 0,49 20,0 0,59
May 14 0,68 22,0 0,54 22,0 0,64
June 18 0,69 240 0,58 24,0 0,68
July 19 0,73 24,5 0,59 24,5 0,69
August 19 0,75 24,5 0,59 24,5 0,69
September 15 0,79 22,5 0,55 22,5 0,65
October 10 0,83 20,0 0,50 20,0 0,60
November 5 0,88 20,0 0,45 20,0 0,55
December 1 0,88 20,0 0,41 20,0 0,51
C.2 Exal:[ple 1: Building component with condensation in one interface plane
In this exanpple, the flat roof with an impermeable weather proofing layer over the insulation, shown
in Figure C.1 is"analysed using the internal and external climates shown in Table C.1 and the material

properties

hown in Table C.2.
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4 vapour check
5 aner 0,012 m
6 internal air
Figure C.1 — Materialsfor flat roof in example 1
Table C.2 —Material properties for flat roof
d R u 5d
m m2-K/W m
External resistance - 0,04 - -
Weatherproofing 0,010 0,05 500 000 5000
Insulation 0,100 3 150 15
Vapous chreck - - - 1000
Linef 0,012 0,075 10 0,12
Internal resistance - 0,10 - -
NOTH The material properties shown in the examples refer to generic material types, not specific materials.

The three interfaces at the intersections between the material layers shown in Figure C.1 are analysed.
At the beginning of the calculation, it is assumed that the accumulated moisture content, M,, in all three
interfaces is zero.

Using the environmental data for normal occupancy in Table C.1, November is determined as the
starting month as described in 6.4.3, 6.4.4 and 6.4.5, with the vapour pressure exceeding the saturated
vapour pressure at interface 1, the interface between the insulation and weatherproofing. The rate of
condensation, g, is calculated from Formula (14). This makes up the accumulated moisture content, Mj,
at the end of November shown in the third column of Table C.3.

This procedure is then repeated using the environmental conditions for each month from Table C.1.In each
month, no condensation is predicted at interfaces 2 and 3. As shown in Table C.3, the rate of condensation
atinterface 1 rises to a peak in the coldest month of January and then falls towards zero in March.
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Table C.3 — Monthly condensation rate and accumulation at interface 1

Normal occupancy High occupancy
Month Je M, Je M,
kg/m?2 kg/m?2 kg/m? kg/m?

October 0 0 0,00005 0,00005

November 0,00006 0,00006 0,00018 0,00023

December 0,00013 0,00019 0,00026 0,00049

January 0,00015 0,00035 0,00028 0,00077

February U,00013 U,00048 U,0002% U,0010T

March 0,00008 0,00055 0,00020 0,00120

April -0,00005 0,00050 0,00007 0,00127

May -0,00016 0,00034 -0,00002 0,00125

June -0,00025 0,00009 -0,00010 0,00%15

July -0,00028 0 -0,00012 0500103

August 0 0 -0,00011 0,00092

September 0 0 -0,00002 0,00090
From April gnwards, the rate of condensation becomes negative, i.e. evaporation is occurring as speg¢ified
in 6.4.6, and|the accumulated moisture falls until it is close to zero«\in June. During July, the accumu]ated
moisture drjes out, and is set to zero.
If high occypancy is assumed, condensation starts in October and the rate again rises to a pek in
January. Evdporation starts in May, but all the condensate has not evaporated by September.
C.3 Example 2: Building component with condensation in two interfaces
In this exalele a flat roof with an extra 100)mm of insulation added below the vapour control |ayer
shown in Figure C.2 is analysed using thegnaterial properties shown in Table C.4 and the high occupancy

internal and

external climates shown inFable C.1.
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Figure C.2 — Materials for roof in example 2

Table C.4 — Material properties for insulated flat roof

d R u sd

m m2-K/W m
External resistance - 0,04 - -
Weatherproofing 0,010 0,05 500 000 5000
Insulation 0,100 3 150 15
Vapour check - - - 1000
Insulation 0,100 3 150 15
Liner 0,012 0,075 10 0,12
Internal resistance - 0,10 - -

The four interfaces at the intersections between the material layers shown in Figure C.2 are analysed.
At the beginning of the calculation, it is assumed that the accumulated moisture content, M, in all four
interfaces is zero.

Using the environmental data in Table C.1, December is determined as the starting month as described
in 6.4.3, 6.4.4 and 6.4.5, with the vapour pressure exceeding the saturated vapour pressure at interface
1, the interface between the weather proofing and outer layer of insulation, and at interface 3 between
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the inner layer of insulation and the vapour control layer. The rate of condensation, g, is calculated from

Formulae (2

0) and (21). Condensation persists at interface 1 throughout the year, however at interface 3

the accumulation of condensate peaks in March; evaporation takes place in April and May with complete

drying by the end of May.
Table C.5 — Monthly condensation rates and accumulation within the insulated wall
Interface 1 Interface 3
Month Je M, Je M,
kg/m? kg/m? kg/m? kg/m?
Becember 6;06022 6;00622 6;0473% ;04734
January 0,00022 0,00043 0,06722 0,11456
February 0,00019 0,00063 0,05209 0,16665
March 0,00020 0,00083 0,01139 0,17804
April 0,00015 0,00098 -0,06451 0,11352
May 0,00012 0,00110 -0,12130 0
June 0,00009 0,00119 0 0
July 0,00009 0,00129 0 0
August 0,00010 0,00139 0 0
September 0,00013 0,00152 0. 0
October 0,00016 0,00168 0 0
November 0,00020 0,00188 0 0

C.4 Example 3: Building component containing a well ventilated cavity

The flat roo

F, shown in Figure C.3 contains a wellventilated cavity between the weather proofing |ayer

and the insylation. In this case, as specifiedin'6.4.1, the weather proofing layer is not included in the

analysis and
material prq

the external surface thermal resistance is made equal to the internal resistance, givinyg the
perties shown in Table C.6:

28
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Figure C.3 — Materials forventilated flat roof in example 3

Table C.6 — Material propefrties for flat roof including well ventilated cavit
d R u Sd
m m2-K/W M
External resistance - 0,10 - -
Insulation 0,100 3 150 15
Vapour cheek - - - 1000
0,012 0,075 10 0,12
Internal resistance - 0,10 - -

ysis of this structure with the climates shown in Table C.1 does not predict condensation i

y

h any month.

C.5 Example 4: Building component in a warm humid climate

In this example the timber framed wall shown in Figure C.4 is analysed using the material properties

shown in Table C.7.
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Figure C.4 — Materials for timiber framed wall in example 4

Table C.7 — Material properties for timber framed wall

d R u Sd

m m2-K/W m
External resistance - 0,04 - -
Brick 0,105 0,136 8 0,84
Unventilated-cavity 0,050 0,18 - -
Permeable\itembrane - - - 0,2
Plywood 0,012 0,092 90 1,1
Ifsulation 0,140 3,5 1,4 0,2
VapeurcontreHayer 50
Plasterboard 0,0125 0,06 12 0,15
Internal resistance - 0,13 - -

Analysis using the external and internal climates in Table C.1, shows that no condensation is predicted in any
month, as would be expected from the presence of the vapour control layer on the inside of the insulation.

If the component is assumed to be part of an air conditioned building in a hot humid climate, and is
analysed using the climate data shown in Table C.8, condensation is predicted to occur on interface 5
between the insulation and the vapour control layer, during July, August and September, the hottest
months of the year (see Table C.9).
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Table C.8 — External and internal conditions in a hot humid climate

External Internal
Month Oe Pe 0i @i
°C °C

January 8,0 63,0 20,0 40,0
February 8,0 63,4 20,0 40,0
March 11,0 64,4 20,0 40,0
April 15,5 69,2 20,0 40,0
May 19,0 /6,9 20,0 40,0
June 21,5 84,1 20,0 40,0
July 26,0 85,4 20,0 40,0
August 27,0 82,8 20,0 40,0
September 25,0 80,2 20,0 40,0
October 20,0 70,5 20,0 40,0
November 15,5 68,8 20,0 40,0
December 10,5 66,4 20,0 40,0

Table C.9 — Monthly condensation rate and-accumulation at interface 5

Interface 5

Month ge M,

kg/m? kg/m?
July 0,0941 0,0941
August 0,1158 0,2100
September 0,0211 0,2311
October -0,1701 0,0610
November -0,2563 0,0000
December 0,0000 0,0000
January 0,0000 0,0000
February 0,0000 0,0000
Marech 0,0000 0,0000
April 0,0000 0,0000
May 0,0000 0,0000
June 0,0000 0,0000

C.6 Example 5: Division of a layer with high thermal resistance

In this example, a wall built from lightweight blockwork with internal insulation is analysed. The material
properties of each layer are shown in Table C.10. Both the blockwork and the insulation have a thermal
resistance greater than 0,25 m2K/W, so the blockwork is divided into ten layers and the insulation into
two to give the interfaces shown in Figure C.5.
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Table C.10 — Material properties for wall

d R u Sd

m m2-K/W m
External resistance - 0,04 - -
Render 0,012 0,015 8 0,096
Blockwork 0,275 2,500 10 2,75
Insulation 0,020 0,500 1 0,02
Liner 0,013 0,023 8 0,10
Internal resistance - 0,13 - -

1 2 3 5 6

|
!

N__________________
=sf-—- ]
e s S S S S S——

M2 B\ 15 16 17 18 19 10 1213
Key
1 externalfir
2 render, 3,012 m
3  blockwork, 0,275 m
4 insulation, 0,02 m
5 liner, 0,03 m
6  internal pir

Figure C.5 lines

Ifthe external and internal climate datashownin Table C.11 isused to analyse the structure, condensation
is predicted at interfaces 2 and 3 within the blockwork, see Table C.12.
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