CONDENSATION
AND DAMP

Technical Editor John WilloughBy
introduces the thorny problems of
condensation and damp:
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When this bathroom was decorated three

months ago an air brick was blocked up.The lack of ventilation has

resulted in condensation which ruined the decorations despite the fact that the bathroom was heated.

Condensation is a major prob-
lem in the UK. A recent Build-
ing Research Establishment
sufvey' estimates that around
2.5 million homes currently
have severe dampness prob-
lems, and that in at least 65 per
cent of these cases the prob-
lems are caused by condensa-
tion. The BRE also predicts a
further two million dwellings
with slight condensation prob-
lems.

Dampness and condensation is
very unpleasant for the millions of
people affected by it and the cost of
remedial work to overcome the prob-
lems must now run into tens of mil-
lions of pounds a year

The affects of condensation can be
serious. ‘Surface condensation can
lead to unsightly and damaging
mould growth on decorations, furni-
ture and household goods. Run-off
from surface condensation, or intersti-
tial condensation, forming within the
building construction, can cause a
detetioration of organic materials
such as wood or plaster and in ex-
treme ¢ases can pramote wet or dry

rot. Metals can rust and the insulating
properties of materials will be sub-
stantially reduced if they are saturated
with condensation.

The effect of condensation on the
thermal performance of materials is of
vital importance to the -eriergy team.
Together with thermal bridging, con-
densation is @ major reason for reas-
sessing the way buildings are put
together and especially how and
where insulation is applied.

Once higher levels of insulation are
incorporated temperature distribu-
tions through the building fabric alter;
this can significantly affect the way in

which condensation occurs. For exam-D>
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Condensation on the underside of sheeted metal roofs should be a thing of the past.

ple, insulating a cavity wall can result
in a dramatic build up of moisture in
the outer brick skin.

There is no doubt that the many
factors which contribute to condensa-
tion occuring makes the subject a
complex one. Not even the ‘experts’
are fully conversant with all the
aspects covering diffusion of water
vapour, precisely where condensation
is likely to form and, more important-
ly, whether it is going to cause prob-
lems. And while the ‘experts’ are grap-
pling with the more sophisticated
problems, the building industry in
general still seems to have a poor
understanding of even the basic prin-
ciples.

All too often fundamental errors are
still encountered. The main ones that
come to light are, of course, those that
result in such severe condensation
that something has to be immediately
done to stop the problem. There must
be many more cases where the conde-
nsation is out of sight and mind, and
will only result in problems in the
future, when the secondary effects,
such as metal corrosion, rear their
ugly heads.

A common example of this lack of
awareness of basic principles is con-
densation in sheeted roof construc-
tions where increased levels of insula-
tion often result in lower temperatures
on the underside of sheeted metal

i

roofs. This can lead to condensation if
there is insufficient ventilation in the
roof void. The inability of the structure
to absorb any condensation that
forms can result in large volumes of
water ruining internal linings, or drip-
ping onto the floor below. As long ago
as 1958 A W Pratt produced a detailed
investigation of condensation in
sheeted roofs? which still holds good
today, so these sorts of problem
should be a thing of the past.

Factors affecting condensation

Condensation problems are often a lot
more perplexing and less predictable
than the sheeted roof example de-
scribed above. In two apparently iden-
tical buildings one can suffer from
severe condensation and the other
can be entirely trouble free. This is
because of the many factors which
can contribute to condensation occur-
ing and because these factors are
inter-related. The main factors include
moisture production, ventilation, heat-
ing, insulation and thermal response.
Absorbancy of the surfaces, vapour
resistance of materials, constructional
details and workmanship are also im-
portant.

Moisture Production

In dwellings condensation is often

B ENERGOY IN BUILDINGS Feb/Muarch 1953

“!"7‘. “,‘\

blamed on occupants that produce too
much moisture. This is usually only
half the story, but it is a starting point;
without the production of internal
moisture there would be few conde-
nsation problems.

The level of water vapour produc-
tion can be quite significant — for
example even when asleep a person
produces about 40 grammes of water
vapour an hour and normal household
activities will produce around 7-10 kg
per day. The situation can be exacer-
bated by the use of flueless gas or
paraffin heaters which produce nearly
2 kg of water vapour for every litre of
fuel burnt {or about 8 kg for each
gallon of fuel).

The control of moisture production
is therefore the first step to avoiding
condensation. A lot can be done by
“good housekeeping”” — keeping lids
on saucepans (or better still using a
pressure cooker), and so on. Domestic
dehumidifiers are now coming onto
the market and may have arole to play
in limiting moisture input into a
building.

Ventilation

Having contained the moisture pro-
duction as far as possible it is essential
to remove any excess by ventilation —
this involves outside air with a low
moisture content being used to re-



Mould growth is not necessarily restricted to walls. Clothes too can be r

place warm, moist, internal air.
Loudon® has produced a typical graph
showing the effect of ventilation on
the moisture build up from cooking
(Figure 1).
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Build up of moisture content in a
kitchen. Ventilation can effectively re-
duce dewpoint temperatures,
although very high rates are needed
to stop condensation on single
glazing.

Care is needed to ensure that ven-
tilation actually removes the moisture
and doesn’t simply transfer it to other
parts of the building. Mechanical ven-

tilation is probably more reliable than
natural ventilation. Extract fans can be
operated by a moisture sensor but
these need careful positioning be-
cause their characteristics can alter if
they are coated with grease from
cooking.

Heating

Heating helps to combat condensation
by warming internal surfaces. Also
warm air is able to hold more water
vapour, thereby reducing the risk of
the air itself becoming saturated. To
be effective at combating condensa-
tion it is essential that there is a good
heat distribution and that heating ap-
pliances have flues.

Insulation

The main thrust of Part F of the 1975
Building Regulations was to increase
insulation levels to reduce condensa-
tion problems. Insulation has a major
role to play but two things should be
kept in mind. First the effect on ther-
mal response and, second, the effect
on interstitial condensation.

In heavyweight buildings which are
intermittently heated temporary sur-
face condensation can occur before
the mass has had time to warm up. If
insulation substantially reduces the

uined. {Photo: Ken Johnson)

temperature within the construction
and traps water vapour in the fabric
condensation forming in the structure
can be problematic. This interstitial
condensation should be avoided if the
following rules are applied:

@® The vapour resistance of materials
in a construction should decrease
through the construction from inside
to outside. (High vapour resistance
inside, low vapour resistance outside).

® The thermal resistance should in-
crease from inside to outside.

® Try to prevent water vapour enter-
ing the construction by using a vapour
check on the warm side of the fabric.

@® Remove any water vapour that does
,enter the construction by ventilation.

@® Eliminate thermal bridges.

In practice these rules are not always
easy to achieve and it may well be
necessary to predict where condensa-
tion is likely to occur. This will be
covered in a future technicat file.

Absorbancy ’

A factor that may well be quite signi-
ficant is the ability of the building
fabric and furnishings to absorb mois-
ture. Little research has so far been
done.
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Temperature, relative humidity and moisture content in a closed room over 24 hours.

Figure 2 illustrates the phe-
nomenon. The graph shows the varia-
tion of temperature, moisture content
and relative humidity over a 24 hour
period in an unoccupied room. The
radiators were turned on at 15.00
warming the room air from 10.5°C to
20°C. At the beginning of the heating
period the relative humidity {rh) was
about 59% resulting in a moisture
content of 4.7 g/kg. The room was
virtually sealed so one would have
expected the rh to fall to about 32%
with no increase in moisture content.
In fact the results show an addition of
about 425 g of moisture in the room
air.

The reverse situation occurs as the
room cools which leads to the suspi-
cion that the fabric and furnishings are
in fact absorbing and liberating the
moisture. If this is the case it could
well explain some of the oddities of
condensation occurrence. For exam-
ple, it cauld also explain why conde-
nsation sometimes only occlrs in one
of two apparently similar buildings. In
an intermittently heated, poorly insu-
lated building this effect could pro-
duce more condensation than would
be expected. With no apparent mois-
ture input from the occupants, when
the heating is turned on a large
amount of moisture is driven off from
fabric and condenses on single glazed
windows or cold parts of the fabric.

Properties of moist air

Fundamental to an understanding of
condensation is a good grasp of the
basic principals governing the be-
haviour of moist air. For example,
many people get confused by the
apparent contradiction that on a cold
wet day in January the air is, in fact,
quite dry!

Saturation

Consider a puddle of water: water
molecules will evaporate from the
surface to become water vapour. This
water vapour is a gas and will mix
with the other gases — mainly the
nitrogen, oxygen and carbon dioxide
present in the air — to form moist air.
However, there is a limit on how much

Saturation n:_‘<m§m.MMMHM " K ) W
Dry bulb temperature (°C) Figure 3

Saturation curve for moist air at different temperatures

30 ENERGY IN BUILDINGS Feb/March 1983

O



Air cooling (no addition
of saturation of moisture)
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water vapour can mix with the other
gases and at a certain point the air will
become saturated.

The amount of water vapour that
can be mixed {or ‘carried’) by a given
volume of air is dependent on temper-
ature; the hotter the air the more
water vapour it cancarry. Thus on a
warm day the puddle will evaporate
quite quickly whereas on a cold day
the air soon becomes saturated with
water vapour and the puddle conse-
quently takes a long time to evapo-
rate. A simple graph (Figure 3) can be
drawn which shows the saturation
curve for moist air. Note that at 0°C,
only 3.8 g of water vapour will satu-
rate 1 kg of dry air while 14.756 g are
0 required at 20°C.

As the air/water vapour mixture
cools water will condense out once
the saturation point is passed. In the
same way that dew will form during a
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cool night, condensation will form if
moist internal air is cooled by coming
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into contact with a cold surface (for
example.a cold window).
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Dewpoint temperature
-15
The temperature at which the air be-
comes saturated and condensation
occurs is called the dewpoint tempera-

10 ture. (Figure4)

Vapour pressure
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In any air/water vapour mixture the
motion of the molecules will create a
pressure. Part of the total pressure is
attributable to the motion of the water
molecules, and this partial pressure is
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Figure 5.

called the vapour pressure.
Air with a high moisture content will
have a high vapour pressure, the extra

O

Temperature versus vapour pressure

water molecules present causing a

vapour pressure
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higher pressure. Vapour pressure can
be added to the graph above (see
figure 5). It can be measured in new-
tons per square meter (or pascals), but
with the low pressures involved is
more often expressed in millibars (1
mb = 100 Pa)
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Relative humidity
-10
It is unusual for the air to be complete-
ly dry or completely saturated. The
term relative humidity can be used to
express how near the air is to being
saturated and is defined as the ratio of
the actual vapour pressure to the
vapour pressure at saturation (the
saturated vapour pressyre — SVP) at
the same temperature (Figure 6). it
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must be remembered that relative
humidity is not a measure of moist-
ness. As we've seen, at low tempera-
tures 100% rh can be achieved with a

25
Figure 6.

Relative humidity

small amount of water vapour. >
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Measurement

Itis apparent from the graph (Figure6)
that if any two variables are known all
the other properties of the moist air
can be established. For instance if the
temperature and relative humidity are
known the moisture content, vapour
pressure and dewpoint temperature
can be read from the graph. Relative
humidity is not the easiest variable to
measure. It is much simpler to record
the wet and dry bulb temperatures,
using an hygrometer. The wet bulb

temperature can be drawn on the
graph to form what it termed the
psychrometric chart ( Figure 7) which
is an invaluable tool not only for the
study of condensation but also in air
conditioning design.

Prediction

The difference in vapour pressure be-
tween warm moist interiors and dry
cold air outside will cause vapour to
diffuse through the building fabric.
The rate of diffusion is dependent on
the vapour resistance of the materials

in the construction. The resulting drop
in vapour pressure can be predicted*®
and the psychrometric chart can be
used to find the dewpoint tempera-
ture. If the actual temperature at that
point in the construction is above the
dewpoint temperature then there
should be no problem with condensa-
tion. If the actual temperature is below
the dewpoint temperature then water
will condense out as the vapour cools.

We will be discussing condensation
prediction techniques in a future tech-
nical file.
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