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Summer condensation within dry lined sol¡d walls
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I Introduction

has been reported in sibuations
sm opposite to that forecast by
iction in this counüry. The tradi-

possible for water to evaporate from the inside surface of a
wall. Where the temperature of a
y lining falls below bhat of the wall
ssible on Ehe bach. of the vapour

Such condensation has been observed on a few occasions.

polythene vapour check. Wet insulation in contact with the

One problem with summer condensation is bhat the water
is deposited on materials with low absorption from which it
can run and perhaps wet up timber elemenbs such as floor-
ing, joists and battens. Deterioration of wetted timber or
insulation material is unlikely to be visible until it has
reached an advanced stage.

Because the distance between the back of the masonry
and the vapour check is small (usually 50 mm), even a low
rabe of evaporation from bhe masonry quickly creates a
high vapour pressure.
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The evaporabion rale from a wall depends on ibs tempera-
bure and ibs internal moisture distribubion. A typical
evaporation rate from the surface of damp brickwórk at
20'C and 60Vo relative humidity is about ZS y-rh. thl.
loss reptesents only aboub 0.ól7o change iã mois0ure
content by volume. The ¡elabive humidity wittrin bhe space
enclosed bebween a wall and its vapour check increäses
quickly as water evaporabes from the wall, and so the rate
of evaporation will drop. With a warm damp wall enclosing
a cooler room lhere is therefore normally enough watei
present in lhe wall to increase the vapoui pressùre at its
back and to creabe a pressure dif'ferenåe across the
insulation. Permeable insulants allow water vapour to
move towards the vapour check, which in unheahà rooms
in summer can be at temperabures below the dewpoint,
resulting in bhe deposition of condensation on the båck of
the vapour check. The rate of water vapour transfer and
conden-s-ate deposibion is governed mainþ by the tempera_
ture differential belween the wall and the vaiour checË, the
resistance of the insulation bo vapour tránsfer and the
distance bebween the inside -asòn.y surface and the
vapour check.

Temperature condiüions leading bo summer condensabion
could be crea0ed by inlernal cooling due to air conditioning,
sudden meteorological changes o¡, more likely in the Uñ,
by solar radiation on the surfãce of t,he wall. The aspect and
colour of the wall surface affect the external surface
lemperature. ,The problems reporüed occurred in early
summer on south facing walls, albhough in April and May
lhe total radiation on walls facing eait throùgh south tä
west is similar; peak radiations are lower oniouth com-
pared with east and wesb.

2 Experimental

2.1. Test rig

The simple construction described below was used to
demonstrate the formation of summer condensation under
natural conditions and to determine the occasions when
condensation occurred.

50X50 mm dry timber battens were fixed on a strip of
sealant to the inside of a solid SSW facing wall of an
unheated building at East Kilbride. The 100 mm thick solid
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Panel 1

Expanded
polystyrene

Panel 2
Expanded
extruded
Þolystyrene

Panel 3
No
¡nsulation

Panel 4
Glass
f¡bre

Panel 5
çlass
fibre

Panel 6

*0.6 m*

Pglv
urothane

rrnôi.¡úi'è c'ö'iì¿ent oi'Ûhe block'wall at the start of the tests
*är d.¿zr'¡y volume whiih is higher lhan the 5% taken for

- --.- èÍte.räal masotry in U value calculations.

- During the sur:nmer some alterations wer-e made to the
árrangement of the construction to extend the information
gatheied. These panels are identified by the suffix A on
lheir Iabels.

2.2 O bseruations and ínstrumentation

The polythéne was examined on weekdays for signs of con-
densãtion and a sketch made of bhe distribution of the

ithin each panel. The tem-
of the air between the wall
panels were recorded at 20
ohhected to recorders were

mounted on the outside and inside surfaces of the wall and
on the polythene at the locations shown in Fig. 2.

block wall

Top batten

lnsulation

Vertical sectiôä r:
through wall ând pane.l

Aluminium

Fig. 1. Insulated panels on concrete bloch. wall.

Tabld 1. Insulants and vapour check used in tests

concrete block wall had been built a year before and the
battens divided the inner wall surface into panels each 1'6
m high and 600 mm wide, thab is, each panel covering 1 m2

of wãil (Fig. 1). Between the battens 25 mm thick dry
insulabion was placed in contact with the wall and the
battens were then covered with a layer of 500 gauge
polythene sheeting. This gave a notional cavity of 25 mm
between the insulation and polythene. A sloping aluminium
channel was fixed at the bottom of each panel to catch any
condensate. The insulants were chosen to give a range of
vapour pe¡meabilities (Table l).

' 
2.3 Results

Condensation was noted on the back of the polythene of
Panels 2, 4,5 anð.6 within 3 hours of fixing the polythene to
bhe battens. Deposition in of
the a¡ea of the polythene on
was associated with the jo in
Panel 6 with the gap between bhe insulation board and the
top batten.

Over a three-week period from 20 May 1985 condensabion
formed on the 20, 28 and 29 May. An increase in condensa-
tion was also noticed over the weekends 31 May-S June.

tray

tl ti

Panel 3 Polythene on battens

il

11

Material
Abbrevi- Thickness
'ation (mm)

Density
(kg/ms)

Vapour
resisüance
(GNs/kg) Plain wall

Expanded Polystyrene E PS

Extruded Expanded
Polystyrene EEP

Cavity (Air) CAV

Glass fibreMat GFY

Polyurethane Foam PUF

Polythene vapour
check VC

tNominal 25 mm but expanded bo 40 mm.

r02

Therm¡stor on
surface

ltthermometer
Black globe Humidy

Panel 4 glass fibre between
battens. Polythene on battens

Fig. 2. Location of temperature and humidity sensors'
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Table 2. Summer condensa(ion panel materials and
modificatiens from 2Q May,to 8 Oótober 1985'

Panel
No.

Period

From To. Wall
Materials Commenbs and

ModificationsInsidg,

1

rA

2

20 May

3l May

20 May

31 May

8 Oct

8 Oct

25 mm EPS/25 mm CAV/VC Insulation tightly
fitted to battens

25 mm EPS/25 mm CAVA/C 2 mm gap between
EPS top and batteir

25 mm EEP1?í mm CAV/VC I mm gap between
boards across centre of
Panel

50 mm CAVA/C Unvenlilated cavibY

40 mm GFM/10.mm CAV/-VC 'Standard'panel

40 mm GFM/I0 mm CAVA/C/% of plasterboard
9.õ mm Pb ' , removable to inspect

vapour,check

40 mm GFM/10 mm CAV/VC 'Standard' Panel

25 mm PUF/25 mm CAV/VC 1.5 mm gap belween
PUF board and bop
batten

3

4

20 May

20 May

19 July

8 Oct

19 July

8 Oct4A

5

6

20 May

20 May

8 Oct

19 Aug

6A 19 Aug 8 Oct 50 mm CAV*/40 mm,GFM/
10,mm CAV/VC

Cavity ventilated to
outside: 100 mm
batbens

[,¡¿ì.i1,
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Fig. 3. Dífference between surface and. dewpoint temperatures for waLI ønd uapour check during b) first, (U second

and k) third ueehs of test.
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There were several days, notably 2l I\{ay and B0 May,
when high wall bemperatures were not accompanied by con-
densation. A possible explanation is thab thè internal wall

*:i'r3f#:
Condensation remained on the polythene'for several days

after it had been deposi[ed. Re-evaporation of'the conden-
sale was only noticeable when the polythene temperature
was 3 K or more above the dewpoint temperature and the
internal masonry temperabure fell below that of the poly-
thene for some of the period. Under ühese condilions
evaporabion of water from the polythene and bransfer to the
masonry is feasible.

No collec
botto 0 May
from 3 of wa
Other measurements indicate that the greatest amount of

vertiôal polylhene sheebs
Freshly deposited conden-
at 0.2 to 30 g/m2 of water
0 glm2 of water on the

polybhene. After some drying has occurred discrebe drops
separated by several millimetres may remain and in bheìe
inslances there is less water than indicated above.

Observations continued throughout the summer until the

2.4 Accuracy of insulation fitting
Condensation formed on all the panels except panel 1
during the first nine days, indicating bhat lhe EpS insula-
tion tightly fibted against the battens was capable of pre-
venting water vapour migrabion. The other two board
insulanls with higher vapour resisbances than the EpS, but
fitted with slight gaps between bhe boards and frame or
between boards, allowed water vapour to transfer from the
wall to the vapour check. A small gap introduced between
the EPS and the bat,ben in Panel l was enough .to cause
condensabion at regular intervals over the remainder of the
test period. Nevertheless, the standard of fitting in these
panels was higher ùhan lhat normally to be expected on
site.

2.5 Insulants

Condensation in Panel 3, but on fewer days bhan in lhe
panels with insulation. demonstrating that it is not
necessary for insulation to be present for condensalion bo
lform.

ll;:';l

..:PanelS 4 and 5 were of bhe same construction up lo the l9
July, and gave a similar paLtern of condensatioñ over bhis
period indicating thab different areas of the wall behaved in
a similarimanner. Even afber Panel 4 had been covered with
plasberboard, the results were similar and il is likely that
plasberboard will have little effect on lhis lype of conden-
sabion.

over board insulanbs began to form near the gaps in the
insulants, then gradually spread over a larger area.

2.6 Ventilation rl,.

During the last six weeks of the test when the caviby
bebween the wall and the insulation in panel 6A wai
venbilated to the outside there was a marked reduction in

ing 7 when lhe condensalion increased.

3 Moisture contents in materials after the test
3.1 Timber

The linings were dismantled on 8 October 1g85 and the

for ihe limber from the wall to the room side of bhe building
and from the panel side to the edge of the frame.

None of the top batten moisture conbents showed a
marked variation from the wall side bo the room side. There

Tgble 3. condensation on the back of a vapour check during the summer of 1g85
at East Kilbride.

Insulan!

EPS EPS EEP CAV GFM GFMGF'M PUF GFM

Panel No

1142344A566A

Days inspecùed
Days with condensation 7o
Days with no condensatioh 7o
Days condensation increased Zo

Days condensabion decreased Zo

Days condensalion same 7o T

9
0

00
0
0
0

I

95
24
76
72
16
5

56
ll
23
2L
45
20
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87
7I
29
16
22
38

95
44
56
16
t.)
18

38
63
37
11

'5 I

2L

95
77
oo

25
40
l6

63 33
667
34 94
236
326
190

105

T Excludes days with no condensation.



Table 4. Timber moisture content at the end of the tests.

Location Timber moisture content (7o by mass)

Top batüens Verbical battens

Panel no. Panel Il2 Panel 4/5

| 2 4 5 Top Mid Bottom Top Mid Bottom

Wall side

Centre

Room side

Panel side

Centre

Edge

26 20

26 20

24 19

32 22

24 2L

20 18

21 20

23 2I
24 22

24 23

23 2t
22 19

2l
22

22

24

26

27

t7

18

18

t7
18

18

22

22

2l

2I

2L

22

was, however, some variaùion depending on which panel
was enclosed, the highest moisture contents being found in
the batten above Panel 1. A higher moisbure content was
obtained for the timber enclosed within the panel compared
with the exposed iop. In Panel 1, these high moisture
contenbs reached. 32Vo.

The results from the vertical battens again showed no
marked change from the wall side to the room side of bhe
batten, but there were generally low moisbure contents near
the bottom of the baitens and higher moisture contents
further up. The batten between Panels I and2 gave a high
moisture content near a joint in bhe insulation of Panel 2
where condensation bended to be deposited.

3.2 Insuløtion

The moisture content of the insulation was determined at
the end of the test on strips cut from the top, middle and
bottom of the panels. Moisüure contents were very low wiih
a maximum of 85 g/m2 in the glass fibre and 63 g/mz in the
polyurethane equivalent to only 0.02 and 0.025Vo by
volume. There was a general trend of higher moisture
contents at, the top of the panels compared with the bottom
of the panels. These low moisûure contents do not, signifi-
cantly affect the thermal transmission properties of the
insulants.

3.3 Møsonry

Drilled samples taken in three stages from the inside to the
outside of the masonry wall gave moisture conbents of 5.4,
7.0 and 7.5Vo by volume, an average of 6.6, which was
slightly higher than the 6.4 at the start of the experiment in
May.

4 Conclusions

The demonstration panels showed that condensaüion on the
back of a vapour check can occur under natural weather
conditions. Condensation deposition was mainly influenced
by solar heating of the wall surface coupled with a cooler
internal room temperature. Insulation permeability, gaps
in the insulaüion and the masonry temperature over the
preceding few days also affecbed the pattern of condensa-
tion deposition. It was found that summer condensation
could occur from the end of May to at least early October
and over this period condensation increased on between 16
and 25Vo of the days when the panels were inspected.
However the 1985 summer was particularly wet and this
may have influenced both the number of occasions when
condensation was deposiüed and the amount of condensate.
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Deposition of condensation may occur for a few hours
duringl a day but re-evaporation can take several days.
With highly permeable insulants such as mineral fibre
quilts or mats, the condensation is likely to be deposited
over mosb of the area of the vapour check as an even layer.
Lower permeability insulants such as expanded polysty-
rene when fitted very accurately can prevent formation of
condensation on the vapour check. Joints or gaps as small
as 1 mm in the insulaùion will allow water vapour lo
migrate from the wall and be deposited on the vapour
check.

A cavity between the insulation and the wall venbilabed
to the outside can reduce the number of occasions when
condensation is deposited and also increase the rate of
removal of condensate.

At the end of the tests, the moisture content of the
timber battens was highest in bhose parts of the baütens
facing the insulated panels; some of the battens were web
enough to be at the risk threshold for rot to develop.

The experimental work has shown that the moisture
content of the timber battens can rise due to this effect, but
on this evidence alone it is difficult to say whether there is a
substantial risk of decay in practice. However, until the
situation is resolved more clearly iù would appear to be a
sensible precaution to use preservative pre-treated battens
for this purpose.

The invesbigation only included one wall type and one
orientation. Further information is needed about the effect
of wall materials, wall thicknesses and orientation on this
üype of condensation. An extension of the tests during the
summer of 1986 included thesé variables.
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