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Condensation
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Principles involved in condensation; conditions producing condensation—atmos-

pheric conditions and artificial influences. The behaviour of absorbent materials

and surfaces. An explanation of interstitial condensation. Designing to avoid con-

densation—characteristics of the building fabric—characteristics of the environment.

Estimating condensation risk—a worked example. Lightweight sheeted roofs.

Principles involved in condensation

The amount of water vapour that air can contain is
limited and when this limit is reached the air is said
to be saturated. The saturation point varies with
temperature—the higher the temperature of the air,
the greater the weight of water vapour it can contain.
Water vapour is a gas, and in a mixture of gases, such
as when present in the air, it contributes to the total
vapour pressure exerted by the mixture. The ratio of
the vapour pressure of any mixture of water vapour
and air to the vapour pressure of a saturated mixture
at the same temperature is the refative humidity (RH),
which is expressed as a percentage. Alternatively,
relative humidity can be regarded as the amount of
water vapour in the air expressed as a percentage of
the amount that would saturate it at the same
temperature. :

In conditions of, for example, 20°C and 80% RH, all
the moisture can be held in the air. If more water
vapour is introduced into the air and the temperature
remains constant, the relative humidity will increase;
saturation point (100% RH) may be reached and
thereafter any further vapour will be deposited as
condensation. If on the other hand the amount of
water vapour remains constant but the temperature
falls, because the colder air can support less moisture,
the RH will rise until at about 15°C it is 100% and
any further cooling will cause water to condense.
This is the dew-point of that air which at 20°C had
an RH of 80%.

Conditions producing condensation

It has shown that changes in temperature or in
moisture content can cause condensation to occur.
These changes can occur naturally—by changes in
atmospheric conditions, or artificially—by living
habits or industrial processes.

Atmospheric conditions When warm damp
weather follows a period of cold, the fabric of a
heavy structure which has not been fully heated will
not warm up immediately but may remain com-
paratively cold for several hours or, if the walls are
very thick, for a day or more. When the warm, moist,
incoming air comes into contact with cold wall
surfaces which are below its dew-point, water wiil
condense upon them, but as the walls warm up and
eventually- exceed the dew-point, condensation
ceases and the condensed moisture evaporates. A
building of light construction will warm more rapidly
and is less likely to suffer condensation from this
cause.

A solid floor, with a non-insulating finish, has a
surface that is slow to warm, and if there is a rise in
temperature and humidity of the air above, it may
suffer condensation for several hours. In general, the
bigger the heat capacity of the structure, the longer
will condensation persist on its surface in adverse
conditions.

Artificial influences The humidity inside an
occupied building is usually higher than outside.
People themselves and many of their activities

increase the amount of moisture in the air. Sedentary. .

persons breathe out more than a litre of water, as
vapour, in twenty-four hours; physical exertion may
raise this to four times the rate. Moisture vapour is
released by cooking, by clothes-washing and drying
and by the combustion of oil or gas; a litre of oil
burnt produces in vapour form the equivalent of
about a litre of water and if burnt in a flueless
appliance this vapour is emitted into the air within
the building.

Many industrial processes require high humidities
and temperatures and some release large quantities
of steam. The risk of condensation is great when the
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RH and temperature of the air remain above 60% and
20°C for long periods.

Condensation, particularly in dwellings, does not
necessarily occur in the room where the water
vapour is produced. A kitchen or bathroom in which
vapour is produced may be warm enough to remain
free from condensation except perhaps on cold,
single-glazed windows, cold-water pipes and other
cold surfaces. But if this water vapour is allowed to
diffuse through the dwelling into cold parts such as
the stair-well and unheated bedrooms, condensation
will occur on the cold surfaces of those rooms, which
may be remote from the source of the moisture. Soft
furnishings, including bedding, and clothing may
become damp because of this, especially as some of
these materials are slightly hygroscopic.

Removal of the moisture-laden air from the building,
from a point near to the source of the moisture, will
greatly reduce the likelihood of condensation.

Water absorbed during construction During
its early life, a building may be prone to condensa-
tion from the evaporation of water which entered
the structure during construction, either as mixing

water for the concrete, mortar and plaster or by
exposure to the weather before the roof was com-
pleted. Much of this moisture evaporates into the
internal air in the building and then condenses in the
colder regions, usually at night. The amount of
water can be as much as 4000 kg, the drying period
may be as long as a year.

Some benefit can be gained by leaving all internal
doors open and the upper storey windows ajar to
facilitate the drying-out process; incoming occu-
pants should be warned of the drying-out period.

Absorbent surfaces and materials

Temporary or intermittent condensation which is
clearly visible on a non-absorbent surface may pass
unnoticed on an absorbent surface or material.
Condensed water can be absorbed and held until
conditions change and allow it to dry out, but con-
densation can only be accommodated in this way if
the periods of condensation are short enough and

drying periods long enough to avoid complete |

saturation of the absorbent material. This is the
principle on which anti-condensation paint works.

Fig 1 Temperature conditions in wall which may lead to interstitial condensation
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Interstitial condensation

When the material of a wall, roof or similar building
element is permeable to water vapour—and this
applies to nearly all building materials—a dew-point
temperature is associated with each point within the
material. In the same way that a temperature gradient
exists through a structure, depending on the thermal
properties of the component materials, so a dew-
point gradient depending on their water vapour
diffusion properties exists also. If at any point the
actual temperature is below the dew-point, then
condensation will occur at that point within the
material or structure. For example, the temperature
through the thickness of a wall may vary from the
inner face being above dew-point to the outer face
being below dew-point; at some intermediate
position the temperature will then be equal to the
dew-point and condensation will begin at this plane
(Fig 1a).

The exact processes taking place are complex and are
further complicated by the fact that the condensed
water changes both the thermal and vapour-
transmission properties of porous materials, but the
simple concept above is adequate for determining
situations in which the risk of condensation trouble
is unacceptably high.

if the outer portion of the wall is permeable to
moisture, or if ventilation is provided behind im-
permeable wall or roof claddings, condensation will
not be troublesome because the moisture can
evaporate gradually to the outside air (Fig 1b).

If the outer surface is impermeable, the condensed
moisture tends to accumulate in the wall and
may ultimately saturate the material (Fig 1c). The
situation will be most severe when the humidity of
the indoor air is high.

A vapour barrier on the inner face of the wall (on the
potentially warm side of any layer of insulating
material) will prevent the passage of water vapour
into the wall but only if it is undamaged and con-
tinuous. If the outer face of the wall is more permeable
than the inner vapour barrier, any moisture contained
in the wall can escape to the outside air (Fig 1d),
If, however, the outer face of the wall has an
impermeable cladding, or if the cladding is of
organic material that would sufferin prolonged damp
conditions, a ventilated cavity should be formed
between the cladding and the wall so that any
moisture evaporating from the wall surface is
removed.

in some forms of construction, for example, behind
timber cladding or tile hanging, a moisture barrier
may be needed near to the cold outer face of the wall,
to exclude wind-driven rain or snow: a ‘breather’
type of membrane, i.e. one that will bar the passage
of liquids but will transmit vapour, is then required
for this position. It should be used in conjunction
with a vapour barrier on the warm side of the con-
struction so that less vapour can enter the wall from
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the warm side than can escape by the breather
membrane and there will be no accumulation of
condensed moisture on the inner face of the breather
membrane.

Designing to avoid condensation

The chart (Fig 2) shows the interdependence of
relative humidity, on the left-hand vertical scale, dry-
bulb temperature, on the horizontal scale, and the
concentration of moisture in the gaseous mixture on
the right-hand vertical scale, expressed for this
purpose as mixing ratio, the mass of water vapour per
unit mass of dry air.

An example of this relationship is shown by the
reference points A-D, marked on the chart, which
represent the following conditions:

At A, the outdoor dry-bulb temperature is 0°C, the
mixing ratio of the air is 34 g/kg of dry air, which
gives an RH of 90%.

If this air is warmed to 20°C and the mixing ratio
remains the same at 34 g/kg, the RH will become
23% (point B).

If excess moisture amounting to 7 g/kg is now
introduced as a result of activities within the building,
at the same temperature the RH will increase to 70%
(point C).

D shows the dew-point temperature of the resulting
air/moisture mixture, from which it follows that
condensation will not occur if the adjoining parts of
the building fabric to which the air has access are
kept above 15°C.

Two additional scales, not so far mentioned, have
rather different uses. The scale of partial pressure of
water vapour is directly related to that of mixing ratio,
and it may be used, as explained later, to estimate
the rate of diffusion of water vapour through the
structural fabric. The scale of wet-bulb temperature
denotes instrumental readings that are commonly
taken with a sling psychrometer. Simultaneous wet-
bulb and dry-bulb readings, when transferred to the
charts, define the physical properties of an air
sample at the conjunction of the respective oblique
and vertical temperature lines.

Characteristics of the exposed
building fabric

(n all buildings heated and occupied during the
winter, it may be assumed that the air temperature
and water vapour pressure indoors will be in excess
of those outside. As a result, heat and water vapour
will attempt to flow outward through the fabric in
an effort to restore the balance. Their progress is
determined by the precise construction through
which they must pass, and the resultis a characteristic
distribution of temperature and vapour pressure
throughout the exposed structure.

The relationships governing this distribution are
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depicted in Figs 3 and 4. The ‘gradients shown are
determined by the total differences of temperature
and water vapour pressure across the structure and
by the succession of resistances to flow that must be
overcome. Table 1 gives a selection of typical values
of thermal and water vapour resistance. The estimat-
ing procedure described later makes direct use of
vapour resistivity, for which values may be obtained
from the table, but other sources will be found to
present figures for vapour permeability, or diffusivity,
- which is the reciprocal of the resistivity.

In Fig 3 it will be seen that the boundary surfaces of
structures offer resistance to heat flow. Unless the
structure is independently heated, the internal surface
is at a temperature lower than that of the indoor air,
and it will consequently cool the layer of air in
contact with it. How far the local air temperature is

Fig 2 Chartrelating moisture contents
and temperatures

depressed depends on what propartion of the
structure’s total thermal resistance is contributed by
the internal surface. Figure 5 shows the appropriate
depressions for a range of temperature differences
and comparative levels of structural insufation. It is
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Fig 3 Temperature gradient through a structure

applicable only to steady state conditions. In build-
ings of high thermal capacity construction, heated
intermittently, the depression of temperature at the
internal surface will often be greater, thus increasing
the likelihood of condensation. Relating Fig b with
the earlier example of outdoor air at 0°C, indoor air
at 20°C and dew-point at 15°C, the maximum
allowable drop of 5°C in the inside surface tempera-
ture will be seen to require a structural U-value not
greater than 2:1 W/m?°C.

In the gradient of Fig 4, no vapour pressure drop

Fig 5
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value of pressure drop between numbered points = APx py
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Fig 4 Vapour pressure gradient through a structure

occurs at the internal surface. Furthermore, it is
practically possible to maintain the total indoor/
outdoor pressure difference across the internal
surface if the latter can be made impervious to water
vapour. In this event the sole provision against
condensation is that the surface should remain above
the internal dew-point temperature. Not all surfaces
can be so chosen to stop the passage of moisture
vapour, and the more permeable they are, the greater
is the chance that, at some internal part of the
structure, a sufficiently low temperature will be
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reached to cool the vapour below its dew-point.

The respective temperature and pressure gradients,
when charted, can be used to identify the point
where condensation might occur in given circum-
stances, as demonstrated in the worked example later
in this digest.

Characteristics of the environment

Except when a warm front brings moist air to follow

.a cold dry spell, the risk of condensation through
natural ventilation in a heated building is slight. It is
almost wholly dependent on the amount of excess
moisture introduced by the occupants and their
activities.

At normal ventilation rates, the gain by the air of body
moisture from persons not engaged in physical
exertion is roughly 45 g/person in one hour. This
results in the indoor atmosphere having an excess
moisture content over outdoor air of some 1-7g
of water vapour per kg of dry air. Provided the
ventilation rates were properly controlled, this would
be a suitable design assumption for shops, offices,
classrooms, public meeting-places and dry industrial
premises. For dwellings, taking account of the
moisture produced by cooking and bathing and the
likelihood of restricted ventilation in cold weather, a
safer design value for moisture excess might be
34 g/kg. Catering establishments and industrial
workshops requiring humid atmospheres or using
wet processes may well contribute 68 g/kg or more
to the internal air. In naturally ventilated premises
such design values may be added to the assumed
mixing ratio of the outdoor air.
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Table 1. Typical values of heat and vapour resistance

Surfaces
Wall surface—inside
—outside
Roof (or ceiling) surface—
inside
outside

Internal airspace

Membranes

Average gloss paint film
Polythene sheet (0-06 mm)
Aluminium foil -

Thermal

Vapour

resistance (r)
m?°C/W

012
0-05

011
0-04
0-18

resistance (r)
MN s/g

7-5-40
250
4000

Materials

Brickwork

Concrete

Rendering

Plaster

Timber

Plywood

Fibre building board

Hardboard

Plasterboard

Compressed strawboard

Wood-wool slab

Expanded polystyrene

Foamed urea-formaldehyde

Foamed polyurethane
(open or closed cell)

Expanded ebonite -

Thermat
resistivity
m°C/W

10-12
9

30

26

40-50
34

*Resistivity—1/diffusivity

13mm rendering

cavity

\
\
'\\,‘-' 114mm brickwork
e \‘. ;

]
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3
[
@
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E
£
3
Q
[y]
At
- L =

Vapour
resistivity*
MN s/gm

25-100
30-100
100
60
45-75
1500-6000
15-60
450-750
45-60
45-75
15-40
100-600
20-30

30-1000
11,000-60,000

13mm softwood
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Estimating condensation risk

The principles used in this digest to predict the
likelihood of condensation, and to design so as to
avoid it, may be applied to wall, floor or roof con-
structions, but lightweight sheeted roofs present
special problems, see page 8.

Figs 6a—6d show schematically some variations of
a wall construction. The four illustrations are drawn
with the thicknesses of the components to scale, the
boundaries of the materials are numbered-in sequence
and the temperature difference across the structure is
set up on an adjacent vertical scale. Using Fig 6a as
an example, the design assumptions and the estimat-
ing procedures are then as follows:

1. Indoor/outdoor air temperature difference, a7,

assumed to be:
20—0 = 20°C

2. Thermal resistance
(value from Table 1 % thickness of component)

Inside air to point 1 012
1-2 13 mm softwood
6:93x0-013 = 0-09
2-3 38 mm mineral wool
27-72x0-038 = 1-05
3-4 cavity 018
4-5 114 mm brickwork
0-9x0-114 =010
5-6 13 mm rendering
0-83x0:013 = 0-01
6—outside air 0-05
R, =160

38mm mineral wool
114mm brickwork
13mmrendering

13mm softwood
| ™™ 0 06mm polythene
cavity

;A .
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3. Temperature drop between points:
LY

ar 20
e xn=—xn=125xnr(°C point to point)
R: 16 "

Inside air = 20°C
—=1256x012= 15

Inside air—point 1
dropto 185
1-2 —125%x009 = 112

drop to = 17-38
2-3 =125x105 =1312

drop to 4-26
3-4 =126%x018 = 225

drop to 2:01
4-5 =126%x010= 126

drop to 0-76
5-6 =125%x001 = 012

drop to 0-64

6—
outside air —=12-5x0:06 x 063
0-01*
Qutside air 0°C

*Error due to approximation
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4. The profile of the temperature drop is plotted
against the vertical scale.

5. From Fig 2, using the design assumption that the
outside air is at 0°C and is saturated at a mixing ratio
of 3-8 g/kg, the outdoor vapour pressure can be
read (on the right-hand scale) as 6 mb; if a moisture
vapour excess of 3-4g/kg is contributed by acti-
vities indoors, inspection of the two right-hand
scales of Fig 2 shows that the total moisture content
of 7-2g/kg gives an indoor vapour pressure of
11-4 mb. The indoor/outdoor vapour pressure dif-
ference, AP, is therefore 11-4—6-0 = 5:4 mb.

6. Vapour resistance
(value from Table 1 % thickness of component) :
point 1-2 =60x0:013 = 0-78
2-3 (virtually nil) = 0-0
3-4 (nil) =00
4-5 == 25%0-114 =285
5-6 = 100x0:013 = 0-013

R» = 4-93
7. Pressure drop between points:
4P 54 . .
—R—v X =793 % ry = 1-10r, (mb point to point)

Corresponding
dew-point temp.

from Fig 2
indoor vapour pressure  11-4 9-4°C
point 1-2 1:10%x0-78 = 0-86

dropto 10564 8-0°C
2-3 = 00
10-54 8:0°C
3-4 = 00
10-54 8-0C
4-5 110x2:85 = 313
drop to 7-41 3-0°C
5-6 1:10x1-30 1-43
drop to 598 0-0°C

8. Profile of dew-point temperature: Reference to
Fig 2 will show the respective dew-point tempera-
tures for the vapour pressures at points 1, 2,5and 6
from which the dew-point profile may be constructed.

9. Estimation of condensation risk: At any point
where the computed temperature is lower than the
computed dew-point temperature, condensation can
occur in the conditions assumed. In the worked
example, liquid may formina position where, clearly,

it can reduce the effectiveness of insulation and it is
likely also to put the nearby timber at risk of rot. As
an illustration of the effect that structural detailing
may have, Fig. 6b shows the construction reversed
and free from risk in the same surrounding conditions.
Slight modifications, shown in 6¢c and 6d, are
sufficient, however, to limit the potential risk by
using materials that modify the vapour pressure

. gradient.

Some calculated risk may be accepted, as for example
when condensed moisture can do no damage to the
weather side of a structure and can be prevented from
soaking back. In a great deal of masonry construction
it is probable that condensate is soaked up harmlessly
until it has an opportunity to distil outwards or
evaporate from the surfaces during favourable
periods.

Where there is an estimated likelihood of intra-
structural condensation the greatest risks arise if
vegetable-based materials are exposed to the con-
sequent dampness, particularly where the weather
side of the construction is highly resistant to vapour
flow. Then, ventilated cavities may offer some help
and their value increases as the vapour resistance of
the warm-side materials is improved.

Lightweight sheeted roofs

‘The lowest temperature to which a roof cladding falls
occurs in winter, on calm frosty nights when the sky
is unclouded. The cooling effect of the low outside
temperature is then intensified by the roof radiating
heat to the sky, which in these conditions has an
effective tempefature of about —45°C for radiation
from the earth.

With roof cladding of low thermal capacity, e.g.
single-skin metal or asbestos-cement sheeting, the
change in temperature of the inner surface as a
result of a sudden drop in the effective outdoor
temperature takes place rapidly, and the cladding
may be about 5°C below the outdoor temperature
for several hours. The use of vapour barriers,
ventilation and insulation to combat the high risk
of condensation is discussed in National Building
Studies Research Paper 23, A. W. Pratt. Condensa-
tion in sheeted roofs. HMSO 1958 (now out of
print).
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