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TNTRODUCTION

The Building Science Insight '83 program is the 23rd presentation of
the successful seminar/workshop series which the Division of Building
Research initiated in 1964; (name change was designed to draw attention to
the science reporting intent of these sessions). The Insight program aims
to provide the building science explanatioas for building performance
problems in general and the problems of high humidity and surface and
concealed condensation in houses in particular, for this year's program. It
does not condemn any material ot product nor does it recommend any in
particular. We have endeavoured to communicate an understanding of the
physical performance of the building envelope.

The Insight program is intended for an audience which includes
architects, engineers, educators, builders, suppliers and building
officials, as well as others involved in the building design and
construction process.

SUBJECT CONTENT

The Division of Building Research and Canada Mortgage and Housing
Corporation have been increasingly preoccupied with inquiries and complaints
of moisture damage in housing. The problems are varied and range from
continuous window condensation, to exterior wall siding and masonry damage,
to fungus attack on interior surfaces, exterior sheathings and trusses in
attics. There are condensation problems in every part of Canada and they
vary in type and severity. However, they are all related to an uncoatrolled
migration of moisture on and in the building envelope and the changing
patterns of natural as well as mechanical ventilation in houses.

Since 1973, there has been a significant change in construction
practices and particularly in relation to insulation levels aud airtightness
of the building envelope. While thermal upgrading of the building envelope
is undeniably the cocrrect route, it is also linked to the moisture control
performance of any wall or roof system. Increased airtightness also has
several important implicatioas. Notwithstanding the quality of the indoor
air, there will be a natural tendency for almost all new and retrofitted
houses to operate at a higher indoor humidity level than the normal.

With this in mind we have developed a program to illustrate the varied
types of coandensation problems that may occur, explain the active processes
involved in some of these problems and discuss ia detail the principal
factors surrounding these phenomena, i.e. sources of moisture, choices of
construction detailing, and current ventilation practices.

Two general discussion periods were held during each afternoon session
to develop further the material presented in the morning. Some of the most
frequently asked questions were chosen [rom these discussions, answered hy
the authors and included as a supplementary part of these proceedings.




Itinerary and Logistics

The Building Science Insight '83 program was held in thirteen major
centres of Canada: St. John's, Halifax, Moncton, Rimouski, Québec City,
Montreal, Ottawa, Toronto, Winnipeg, Saskatoon, Edmonton, Yellowknife and
Vancouver. 1In some centres, the Insight program was presented several
times: three times in Toronto, twice in Ottawa, twice in Edmonton aund twice
in Montreal. A third unscheduled session was also presented in Montreal on
December 8, because of a significantly larger preregistration than
anticipated.

A total of 1455 persons (1392 paid) attended the nineteen sessions held
across Canada; of this total, approximately 167% were architects, 7% were
consulting engineers, 5% were technicians and technologists, 15% were
construction and project managers, 3% were associated with material
manufacturing, 4% from the teaching community, 8% with municipal inspection
services and the remainder, 42%, included those mot identified by profession
as well as those associated with a variety of other interests, trades or
professions.

A Note about the Authors

The Building Science Insight program was presented in both official
languages: English and French. To do §0, many authors were asked to
participate in the program. Most authors presented their talks in both
English and French, with one exception; the talk on "Ventilation of Houses"
was presented by different authors in different cities.

The principal authors of the written papers that follow, are
Jacques Rousseau of Canada Mortgage and Housing Corporation, and
R.L. Quirouette, Madeleine Z. Rousseau and G.0. Handegord, all members of
the Division of Building Research of the National Research Council of
Canada.

Special Assistance

During our cross—Canada tour, we were pleased to have with us
Mr. Jim White, a Senior Research Officer of the Canada Mortgage and Housing
Corporation, to participate as one of the panelists during the afternoon
discussion period. While participating in the discussions, Jim has
compiled, grouped and classified a comprehensive list of most of the
questions that were asked during these discussion periods, so that members

of the research community may get a better idea of the queries and councerns
of practicing members of industry.
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RAIN PENETRATTON AND MOILISTURE DAMAGE
IN RESIDENTIAL CONSTRUCTION

by

Jacques Rousseau

INTRODUCTION

The Canada Mortgage and Housing Corporation (CMHC) is interested in
rain penetration and moisture damage because CMHC is involved in much of the
housing built across Canada. We own houses, have insured their mortgages
and have participated in cost sharing programs with the provinces, to build
social housiag projects. 1In the early 1980's, we received indications of
moisture-induced problems. 1In 1982, the corporation engaged a firm of
consulting engineers to determine the types of problems encountered in
different parts of Canada, the factors surrounding these problems and their

probable causes. The purpose of this paper is to share the findings of this
research, !

PROBLEM DEFINITIONS

The types of moisture—induced problems found were grouped and
classified by the consultants iunto five types: mould and mildew, window
condensation, attic condensation, condensation in wall cavities, and
exterior siding damage.

Mould and mildew growth was considered to be serious where growth ot
staining was observed in large patches on the walls ot ceilings, as well as
in cormers.

Window frame mould, rot, or other localized water damage in the geuneral
area of the window were considered to be a recordable problem of window
condensation.

Condensation in the attic was considered serious in two cases: the
first is when excessive moisture has been absorbed by the framing members
and the sheathing, causing the moisture content in the wood to exceed 227%.
When the moisture content of the wood sheathing and structural members
exceeds 227 of the weight of dry lumber for an extended period of time it
can result in rot. The second case is when mould and mildew growth covers
more than 507 of the attic sheathing and roof joists.

Moisture problems in wall cavities were considered major when the
moisture content of the wood studs and sheathing exceeded 22%.

Two types of exterior wall siding problems were considered significant;
buckling or warping of more than 507 of a wall area was considered to bhe a
major problem. Paint damage was considered a major problem when the total
affected area was greater than 0.3 square metres.
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In general, no area in Canada is without some type of serious moisture-
induced problem. The type and extent of the problem varies across the
country. Between 1973 and 1981, CMHC was involved in buildiag 689 000
housing units. This represents approximately 35% of the units built in

Canada during that period. The
proportion of problems reported in

300000 98 000 this study may or may not be
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(Figure 2). 1In other provinces the

percentage of problems is much lower;
Figure 1 however, if we examine the actual

number of units with serious rain and
moisture problems, there is still cause for concern (Figure 3). British
Columbia housing exhibited serious moisture problems in over 2000 units.
Ontario and the Prairie provinces follow closely behind and the Maritimes
have the leasc,
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Lt is important to note that these numbers represent only the problems
reported by our inspectors, municipal inspectors and local housing agencies,
Some problem houses had already been repaired at the time of the study, and
were not counted in this survey. The actual number of problem houses was
therefore somewhat higher than indicated. 1In any case, there are at least
10 000 housing units in Canada which have problems serious enough to cause a
financial loss.




MOULD AND MILDEW FORMATION

Mould and mildew formation (Figure 4) is to most of us an aesthetic
problem. However, it may also be a concern from a psychological point of
view and there 1s probably an air quality, and thus a health-related, aspect
to consider as well.

Mould and mildew formation on walls
is caused by creation of an
environment favourable for its
growth., Houses with this type of
problem had, in general, two things
in common: high room side relative
humidity levels (over 50%) and cold
wall surfaces. The houses were also
located in zlimate zones having
particular, but different, sets of
conditions,

The room side relative humidity
depends on the occupant's lifestyle,
the number of air changes per hour
and, to an unknown degree, the
moisture released by the building
itself.

Cold inside wall surfaces tended to
Figure 4 promote surface condensation and thus

a favourable environment for the
growth of fungus; this was probably the result of cold air infiltrating
through the exterior wall envelope, air circulation within the wall cavity,
or thermal bridging. The low thermal resistance value of a wall may result
from inadequate insulation or from inadequate construction detailing and
poor workmanship.

The two climate conditions referred to are defined as either a
sustained low outdoor temperature, such as in northern areas; or as moderate
seasonal temperatures, with high incidence of rain, and little sunshine.
These latter conditions will be found in British Columbia. Mould and mildew
were found in all geographical areas with climate conditions as defined
above.

The most serious occurrence of reported mould and mildew problems was
in Ontario, with 1072 units, wost of which were in Northern Ontario,
followed by British Columbia with 912 units. There were few problems of
this type in the Maritimes (Figure 5).
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WINDOW CONDENSATION

The types of damage associated with window condensation are as follows:
condensation runoff that has caused damage to the window frames; soaked and
stained plasterboard edge below the window sills; rotted or mouldy floor
coverings below the window; corrosion of wall connections for baseboard
heaters; condensate running into walls and rotting the frame members, and in
some cases leading to freeze-thaw damage of masonry materials.

Under extreme weather conditions, minor condensation occurs on all
windows, Figure 6 shows the distribution of serious window condensation
problems by region or provinces in Canada. 1In very cold areas, such as the
Prairies, which also have many hours of bright sunshine, there is a
significant swing in glass surface temperature from day to night and vice
versa. Problems were caused by melting of window frost, when the sun warms
up the glass during the day. '

Some problems were reported on the West Coast, especially in the
Vancouver/Victoria area, although this region is not affected by very cold
weather. The inside surface temperature of single glazing may well be below
the condensation temperature of the inside air and thus contribute
significantly to the problem of window condensation.

CONDENSATION IN ATTICS

Attic condensation (Figure 7) may not be a problem if it can dry out.
However, if it manifests itself by water leakage through the ceiling, the
problem is serious. Attic condensation has been found to be the cause of
deterioration of interior room finishes, due to melting and gravity flow of
attic water, It has also been the cause of rot of roof truss members or
sheathing, to a point where structural collapse is possible. Corrosion of
truss plates, deterioration of insulation aud framing members around
electrical fittings, decrease of thermal resistance of insulation, due to




excessive moisture dripping from
condensate accumulated on roof
sheathings, are often related to
attic condensation.

The frequency of condensation
problems was high for two types of
climatic region (Figure 8). 1In
northern areas and in coastal regions
the climate affects attic
condensation in completely different
ways. Of the two, the more severe
cases were found in areas having a
relatively mild but prolonged heating
season, coupled with high outside
relative humidity and a miniwmum of
sunshine, such as would be found in
British Columbia.

In this type of weather regime, the
combination of high moisture content
Figure 7 in wood and above freezing
temperatures provides an excellent
environment for the growth of mould
and mildew and for the promotion of
2500 {— -l rotting.

3000

2000 (— 1925 ) ,
T The other type of climate condition

- associated with attic condensation
combines a prolonged and very cold
4 winter, lots of sunshine throughout
|4 the year and a strong drying
e . potential in the spring. These
NELD. GUEHE: I climate conditions are usually found
MARITIMES ONTARIO 8c. in northern areas such as Northern
Ontario and the Northwest
Territories. When houses in these
Figure 8 regions have moisture-related
problems in the attic, it is
usually the result of moisture escaping into attic spaces; this moisture
subsequently freezes on sheathing and truss members and thaws out rapidly
during the spring. This can lead to melt water running into the walls or
the living spaces below, if thawing takes place so rapidly that water can't
evaporate,
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Notwithstanding the climate characteristics of a region, the following
indoor conditions were also noted: although there was no significant
difference found in the generation of moisture between families living in a
problem house and families in a house with no problems, higher indoor
relative humidity levels existed in problem houses, and houses where major
attic damage occurred had poor ventilation. The soffit vents were either
covered or non-existent. Where rotting had occurred, the following
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contributing factors were found: condensation on the ceiling, high RH
levels in the attic space, wet spots in the attic insulation, poor attic
ventilation, and houses which were not airtight.

WALL CAVITY PROBLEMS

Moisture problems in wall cavities (Figure 9) occurred between the
exterior siding and the inside vapour barrier. The elements that can be

affected are the wood studs and wall plates, the sheathing and the
insulation.

The wall damage observed by our inspectors was mostly localized: that
is, there was rotting of the elements near an electrical outlet, often

combined with moisture saturation of the sole plate and the wall sheathing.

Figure 9 Figure 10

Moisture problems in wall cavities were found in regions where the
following weather conditions prevailed: cold temperatures, especially
during April and May, a high incidence of driving rain during the winter and
spring, little sunshine, particularly during the spring, and high wind
conditions with the housing unit exposed.

There is a higher incidence of this problem in the walls of the second
floor. This would seem to indicate a stack effect; i.e. moist air rising

through the unit is going out through the exterior walls of the upper
level.
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SIDING DAMAGE

Major types of siding damage encountered were the following: buckled
siding (Figure 10), rotted siding, paint damage, and spalling brick.

Figure 11 shows that siding problems

are very serious in Newfoundland. Tt

is felt that the climatic conditions

_ of Newfoundland play an important

_ role in the cause and frequency of

1500 |- ?' m this type of problem. The weather

regime is as follows: low

; temperatures and windy conditions

500 [~ ;“. = during spring, a high incidence of
G T 0 12 49 0 driving rain during the winter and

iy SUERED PRAIRIES spring, and very little sunshine,
MARITIMES ONTARIO 8.c. especially during the spring.
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The following conditions inside the
Figure 11 houses were revealed by the study;

family lifestyles did not correlate
well with the problem, but high RH levels were found in all problem houses.
Paint damage was found mostly iu older units, indicating that the problen
had existed for some time, but was not severe enough to show up right away.
It was not always possible to determine whether the condensation was due to
the leakage of warm, moist air or if wind-driven rain was the source of the
moisture accumulation in wall cavities.

BASEMENT MOISTURE PROBLEMS

Basement moisture problems

(Figure 12) are mainly due to water
leakage and dampness resulting from
rain and meélting snow. Those
problems reported by our inspectors
are mostly due to leaky foundation
walls, poor flashing details at wall
junction, and inadequate foundation
drainage, which often leads to
flooding of the basement.

Many of the inspectors that examined
the problems with insulated basement
walls have concluded that poor
airtightness around the insulation
has allowed convection air currents
to condense moisture on the cold
Figure 12 basement wall surface behind the
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insulation. This resulted in water appearing from behind the insulation
and thus 1t appeared to be a leak from the foundation wall.

SUMMARY

All of these problems are related to three conditions; 1) the indoor
temperature and humidity, 2) the climate, and 3) the type of construction
details used in assembly of the building envelope. Table 'l correlates the
type of problem with the main cause identified. For example, mould and
mildew on inside surfaces occur where high relative humidity levels are
found indoors, and the prevailing climate includes cold weather or driving
rain coupled with little sunshine. The cause may also have been the
construction details used; that is, there may have been a thermal
short-circuit or a thermal bridge or insufficient insulation in the region
of the mould and mildew problem.

Considering the indoor conditions associated with all of these
different problems, high indoor relative humidity is present in all cases
and the interior ailr pressure of the house at the ceiling level was often
higher than the outside (80% of the houses that reported problems were
electrically heated and did not have active flues). Poor airtightuness can
also be associated with most of the problems reported.

The indoor conditions and the climate continually stress the house
envelope. This stress is aggravated further if the region lacks a good
drying season. Keeping this in mind, we can improve the performance of
houses, with regards to moisture damage, by controlling some of the moisture
sources, ventilating, and improving the design and counstruction of the
building envelope,

Reduction of the amount of moisture generated will lower the level of
humidity within the unit. The less moisture generated, the less there is to
condense or to migrate into cavities. This is discussed in more detail in
the paper that follows, titled "Moisture Sources in Houses".

Ventilation can remove the moisture that has been generated and create
a favourable (negative) pressure difference across the outside walls and
ceiling. This point is further discussed in the paper on "Ventilation of
Houses".

With improvements to the design and construction of the building
envelope, there may be a marked reduction in the passage of rain into the
wall cavities, the passage of moist air into the wall and roof, and the
entry of cold exterior alr into wall cavities. Ventilation is used to
reduce relative humidity levels within the house, which in turn helps
control surface condensation on wall surfaces and on windows. However
surface condensation may also be controlled with additional insulation in
wall cavities and with double or triple glazing., These points are discussed
further in the paper on "Control of Surface and Concealed Condensation" by
Madeleine Rousseau.




13

However not all moisture sources can be eliminated; ventilation must be
controlled, otherwise we would defeat the purpose of insulating houses; and
it may not be possible to build the perfect house, There will always be a
crack somewhere. A balance must be struck in our attempts at improving all
three approaches, and at the same time give consideration to the homeowner's
lifestyle.

CONCLUSION

The aumber of houses now subject to moisture damage represents slightly
more than 1% of NHA housing stock. In addition, the problems are mostly
aesthetic in nature and aot structural at this time. However, if no action
is taken to prevent the occurrence of moisture damage, the problems will
continue to grow. We know that changes must be made to Canadian houses. We
have initiated some changes already and more can be expected in the future,
We are cooperating with the house building industry and experts in the
building science field to find additional cost-effective solutions.

REFERENCES

1. Moisture Induced Problems in NHA Housing, 3 Parts, Canada Mortgage and
Housing Corporation. Report prepared by Marshall Macklin Monaghan
Limited, Cat. No. NH20-1/2-1983-1E, ISBN 0-662-12662-9, Ottawa,

June 1983.
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MOISTURE SOURCES IN HOUSES

by

R.L. Quirouette

INTRODUCTION

1f there is a significant amount
means of removing that molsture mu
removed by ait chaunge,
anvelope or by mechanical v
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MOISTURE BALANCE
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of moisture produced within a house, a
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change rate.
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pical two—storey house, in this case,

Orleans, Ontario.l

£ 460 cubic metres. If the air

then the total water

roximately 2.6 litres. 1f the air were
completely gaturated, that is,
100% RH, it would then contain 8.7
litres. While this may suggest that
the indoor humidity level is au
indicator of the amount of moisture
coming in, it unfortunately is not.

. Conditions in a house ate rarely
static, that is, there is almost
always some moisture being added to
the indoor spaces and some moisture
which is lost by ventilation ot air
leakage.

Furthermore, a constant humidity
levcel may be maintained whether the
input rate of moisture 1is high ot
low. Figure 1 shows two contaliners
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containers represent the indoor
spaces of two houses of equal volume.
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The first container (A) is £illed to 30% of {ts capacity. This
situation parallels what was described above, that is, the house contains a
fixed quantity of water vapour relative Lo its capacity and equal to its
relative humidity. Container B is also filled to 30% of its capacity,,and
provided that the quantity of water entering the top of the container is
equal to the quantity of water draining out the bottom, then the level of
water remains constant, regardless of the rate of moisture input and

loss. This is what is meant by moisture balance, that is, if the humidity
level of a house is constant, then the moisture coming 1nto the house must
be equal to the moisture going out.

HUMIDITY AND VENTILATION

Suppose we want to determine how much ventilation is required to hold
the humidity level in a house to 10% during winter. This relation between
moisture input and total ventilation can be illustrated on & simple graph
(Figure 2). The graph {llustrates the relation between moisture iaput in
1itres per day, and the air leakage or air change rate in litres per second,
and the resulting indoor humidity level for a particular set of outdoor
conditions. The outdoor conditions
must be known because the air is
itself a contributor of moisture to
the house.

INDOOR HUMIDITY BALANCE
(OUTDOOR AlR: —189C/100% RH)

100 .
1f we assume that the total moisture

input to the house is 7.4 litres per
day, then 16 litres of outdoor air
per second at -18°C will be required
to maintain the RH at 30%. On the
other hand, if the total moisture
input is 18 1itres of water per day,
then an air change rate of 39 litres
per second will be required to

40 maintain the indocr humidity level at
the same 30% relative humidity.

80

60

AIR CHANGE RATE, Li(res/second

20 Thus, the indoor humidity level of a
house is a function of the nolsture
sources on the oune haund, the
ventilation on the other, and the
rates of each. Simply put, it means
MOSTUHEINNﬂﬁLhm#ﬁv that you cannot determine what

ventilation rate is required unless

you know the total moisture ianput to
Figure 2 any house.

7,4 I
Q 4 8 12 16 20 24

Since ventilation is described in oue of the later papers, this paper
will examine the various sources of moisture which must be considered for
control of the humidity level of houses.
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SOURCES OF MOTISTURE

There are many sources of moisture which can produce water vapour in a
house. Among these are humidifiers, people and their activities,
construction materials, basements and crawlspaces, the seasonal storage
pffect and rain penetration. Each of these is independent of the others,
that is, moisture from one source, such as the occupant, has no link to
moisture from the basement and vice versa. But all these sources have a
direct influence on the doisture balance of the house.

Humidifiers

There are many types of residential humidifiers.2 These may be classed
as humidifiers for central air systems and those for non—ducted
applications, the portable humidifiers. Those used for central air systems
include the pan type, the most common type of system for oil and gas as well
as electric furnaces, the wetted pad type, sometimes referred to as the
power hunidifier, aund the atomizing type, which is not frequently used.

Free-standing or portable humidifiers may employ any of the previously
described means of evaporation, however, the wetted pad and blower fan are
quite popular. The moisture output rates of humidifiers vary with the
model and the make, the location, as well as the indoor temperature aand
humidity, and the air movement in the room. However, regardless of the type
and size, when there i{s a high humidity problem in a house, one must search
for a humidifier aand shut it off.

People and their activities

It is commouly thought that household occupants and their activities
are generally the cause of high humidities and thus the cause of many
condensation problems. There is no doubt that, in some cases, this may be
true; however, recent findings from a major study undertaken by Canada
Mortgage and Housing Cotrporation suggest that this is the exception rather
than the rule.?

Ia another project done some years ago, household occupancy wWas studied
to determine the moisture production by people and the input rate of
moisture for several types of household activities.“ Congideration was
giveun to the activities of a family of four; it was found that although the
activities of the residents may vacy, the amount of water vapour produced by
metabolic processes such as respiration and perspiration will average about
0.2 litres per hour or five litres per day. This is 1.25 litres per person
per day.

A aumber of activities were also investigated including bathing,
showering, cooking, clothes washing and drying, and floor washing
(Figure 3). FEach of these activities contributes moisture, however, the
average increase in moisture input was 2.4 litres per day over the five
litres contributed by the occupants.
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There are four other sources of
moisture that are linked to today's
lifestyle and are worth noting.
These are the use of unvented gas
appliances, the indoor garden, baths,
saunas and hot tubs, and the use of

5 AVERAGE SIZE ! firewood.

PER BATH

PER SHOWER

PLANTS / DAY

DISHWASHING Gas appliances

{3 MEALS)

COOKING - In the study previously mentioned, it
{3 MEALS)

was also reported that unvented gas
appliances released moisture. The
gas refrigerator, for example, was
found to release 1.3 litres of
moisture per day. The kerosene
heater also gives up a significant
amount of water vapour. Its
contribution, however, is better
- - related to fuel consump tion. The
Vo _f:HCi] amount of water released by a
I L L L kerosene heater is slightly more than
one litre per kilogram of fuel
WATER VAPOUR, litres consumed. Similar rates can be
assumed for natural gas and propane.

GAS :
REFRIGERATOR / DAY

COOKING ON
GAS STOVE

FLOOR WASHING
12 m?

CLOTHES DRYING
INSIDE / DAY

4 OCCUPANTS /DAY

Figure 3

House plants

The watering of plants and their subsequent emission of moisture was
also studied and it was found that plants in general release about
0.5 litres of water per average size plant per week. If the household has a

greenhouse with 25 to 30 plants, this may release about two litres of water
per day.

Baths, saunas and hot tubs

A recent social trend in new and existing households 1s to add
recreational facilities such as whirlpool baths, saunas, and hot tubs. All
these devices generate and release moisture inside a house. Hot tubs in
particular should definitely be covered when they are not in use.

Firewood

With the era of energy conservation, there has been a revival of the
wood stove. One cord of soft wood brought into a basement to dry would
release about 130 litres of water with a 10% change in the moisture content
of the firewood. The same cord in hardwood lumber is approximately twice as
heavy, and would release more tham 250 litres per cord. Considering that a
typical house may use about three cords or nine face cords, the total
moisture release may approach 800 litres during the course of a winter. If
the heating season lasts six months, then it may be assumed that the
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firewood is releasing moisture at a rate of approximately five litres per
day.

THE PARADOX

When one examines the total moisture input by a family of four and
thelr activities, it is interesting to note that few sources contribute as
much as the occupant. TIf all of these moisture-—producing activities were to
occur in the same day, and included clothes drying indoors, floor washing,
cooking, and the drying of firewood, the combined load would approach 18 to
20 litres per day.

When we consider even aa above normal
INDOOR HUMIDITY BALANCE moisture input rate from aa occupancy
(OUTDOOR AIR: —18°C/100% RH) and equate this to the average
ventilation (Figure 4), we are left
100 T 7 T T T with a significdant gap between the
10% average air exchange rate of the
house and the average occupaucy
moisture input. These simply do not
equal a high humidity coundition.

It means one of two things. The
assumed natural veantilation rate of
the problem house is considerably
lower than the average, that is, it
is an airtight buildiag, or the
occupant contributes only a portion
of the total moisture input and there
are other sources to consider. 1t is
quite likely to be a measure of hoth,
as recent field investigations have
already begun to reveal. However,
since airtightness aad low air change
rates are well discussed in the
following articles, we will focus
here on the many "hidden” sources of
moisture which affect the indoor
Figure &4 condition of any house.

AIR CHANGE RATE, Litresfsecond

MOISTURE INPUT, Litres/day

CONSTRUCTION MOLSTURE

The typical house is constructed from lumber that is usually quite wet,
concrete, which requires substantial water in its fabrication, and numerous
other products including sheathing, insulation, air and vapour barriers and
cladding materials. Concrete and lumber may contribute significant amounts
of moisture after completion of construction.
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Framing lumber

Using the same two-storey Mark XI house, it has been calculated that
the total weight of framing lumber used to comstruct the partition walls
and all floor joists of the first and second floor would be about
2100 kilograms. If the lumber used in the coustruction had a moisture
content of 19% (and this would not be unusual), and if it eventually dried
out to 9% moisture content, it would release over 200 litres of moisture.
This moisture is given off to the interior of the house and mixed with other
sources of moisture.

Concrete foundations

Most new houses are built on concrete foundations. Assuming that the
foundation of the sample house is approximately 2.5 metres high, and
0.25 metres thick, and that it has 35 metres of perimeter wall, the
foundation would contain 22 cubic metres of concrete. The basement floor
contains about four cubic meters of concrete, for a total of 26 cubic
metres. In a general mix of concrete, one cubic metre requires 210 litres
of water or more during the mix, but with hydration, eventually retains
slightly less than 120 litres of water. This concrete therefore releases
2340 litres of water during the curing process. This water would be
released within the first two years aund probably most of it within the first
year.

When lumber and concrete are drying they may contribute from 2000 to
3000 litres of water to the indoor space, depending on the size of the
building, the moisture content of the framing lumber and the surface area of
the concrete which is exposed. Assuming an 18 mounth drying period, this
represents from four to five litres of moisture per day, a significant
contribution compared to the occupancy—generated moisture. It is not
surprising therefore, that many complaints of high humidity and condensation
problems appear in the first two years after construction.

SEASONAL STORAGE OF MOISTURE

There is another phenomenon which can augment the moisture input rate
during the condensation season. This is the cyclical storage and release of
moisture from furnishings and various coanstruction materials inside the
house. Given that most houses are vented in the summer, the warm humid air
from the outside will impose a high water vapour pressure on all materials
inside the house. Including some rainy days when the outside humidity is
near 100%, the outdoor humidity level may very well hover in the range of 60
to 90% for several months during the summer. Thus with ventilation, it is
quite likely that the indoor conditions of the house will also be at fairly
high humidities, but because aof the warm summer temperatures, there will be
little or no condensation occurring anywhere within the building envelope
except perhaps on cold surfaces in a basement. However considerable
moisture may be stored within the building structure.
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When winter conditions arrive, the indoor humidities will be much
lower. This is because air leakage and ventilation carry away most of the
indoor moisture, leaving a humidity level which is usually in the 30 to 407
raoge; this can cause much of the hidden moisture to reappear in the indoor
air.

Framing lumber, plywood, furnishings

1f the outdoor humidity during summer were around 75%, then the
moisture contents of cellulose and wood furnishings would increase up to
11% (Figure 5). 1In comparison to this, if the indoor humidity were lowered
to 30% during winter, then materials
and furunishings would tend to give up

EQUILIBRIUM MOISTURE CONTENT the stored moisture and try to reach
OF WOOD AND CONCRETE a new equilibrium moisture content

(at about 6%). This is a 5% change
in weight and would release 105
litres of water vapour during the
winter period. This stored water
would be released at a rate of about
0.9 litres of water per day, assuming
a four-month decay period until
spring and summer counditions arrive
once more.

20 T i

%

SUMMER

WINTER

A5%

MOISTURE CONTENT,

Concrete surfaces

T dﬁﬁe IAE% Concrete behaves somewhat like wood,
: —apanp (| except that its percentage change in
5 1 1 L ! moisture coutent is slightly less for
0 N @ S0 20 [ a givean change in humidity level.
RELATIVE HUMIDITY, % However, it may be more important,

because the total weight of councrete
far exceeds the total weight of

Figure 5 _ Tumber in a typical small house.

From our previous example, it was determined that the two-storey house
had about 26 cubic metres of concrete. While Figure 5 shows a potential
change of about 3% from summer to winter, even a 1% change will have a
significant impact on the moisture balance of a house. Twenty-six cubic
metres of concrete may absorb as much as 600 litres of water during the
summer (1% change in weight) to be released again in winter at the rate of
about five litres per day. Again, this is not an insignificant amount when
compared to the occupancy—generated input.

Combining the moisture released from the lumber, gypsum, furniture aund
concrete of a house, these sources are releasing from three to eight litres
of water per day from seasonal storage only. The rate will, of course,
depend on many factors, but the most significant are the temperature and
humidity levels of the summer for a particular geographic location and the
exposure of wood or cellulose products and concrete within the house.
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Seasonal moisture storage and seasonal release of moisture are not
quite linear. 1In fact, a substantial portion of the stored moisture is
released rather quickly in early fall, when the outdoor tewmperatures aund
indoor humidities are falling rapidly. This is the usual cause for
condensation complaints around this time.

BASEMENTS AND CRAWLSPACES

A house basement should be compared to a warm spounge on wet ground.
Many of the more serious moisture entry problems appear in the basement.
Moisture enters the basement by diffusion, by the capillary action of water,
by air leakage through block walls and through cracks and joints of concrete
walls and floors, and by flooding and water drainage problems.

Concrete walls, even after lengthy years of drying, emit moisture to
the inside by the process of diffusion, whereby water vapour migrates
through the concrete from a wet condition on one side to a drier coundition
on the other., A DBR research project that is still in progress has
investigated a few house basements and it appears that two to three litres
of moisture per day may be diffusing inward through the basement walls and
floor of an average size house. This will depend on the time of the year
and the degree of wetness surrounding the concrete surface, as well as the
height of the water table below the basement floor,

If a concrete floor slab is partly resting on water, the water may move
up through the concrete by capillary action to the near surface of the
floor. This could be within three to five millimetres of the floor surface.
From this point, the water will vaporize and diffuse with little resistance
the rest of the way.

During a recent investigation of a high humidity problem in a brand new
bungalow, a plywood subfloor over a basement slab was found to be near
saturation less than one year after construction. The plywood floor had
become a large evaporative surface, to cause a high humidity condition in
the house. The humidity level had been.recorded at 50 to 60% duriag the
months of February-March of 1983 and produced much condensation on the
windows. It was eventually found that the perimeter drain tile system was
blocked at the sump pump pit. After clearing of the blockage, water gushed
into the pit from under the floor slab at about six gallons per minute for
nearly six hours. A follow—up check (one year later) revealed that the
problem has since cleared up.

Concrete blocks are particularly good conductors of moisture because of
the greatetr concrete pore size and the hollow core structure of the block.
When a concrete block wall is visibly wet for several feet above the
basement floor all arouund the perimeter of an average size basement, there
may be as much as eight to ten litres of moisture evaporating from this
surface area per day if the indoor humidity conditions are maintained at 407
or less. T1f there is any visible water on the floor near the wall, this
rate will he substantially increased.
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Crawlspaces are another important source of moisture, 1If the ground
surface of a crawlspace is exposed, it may release as much as 40 to
50 litres of moisture per day. If the air in the crawlspace is allowed to
find its way to the inside of the house, it can result in serious
condensation damage to many surfaces and, in particular, find its way to
attics and roof spaces. - It's important to maintain crawlspaces covered with
a suitable vapour barrier such as plastic film, roll roofing and preferably
a screed concrete slab wherever possible.

For the unfortunate tenant or resident who has a flooded basement,

60 square metres of exposed water at five to ten degrees Celsius lower than
the ambient air temperature would vapourize at the rate of six litres per
hour, assuming that the air above were vented rapidly enough to maintain
humidities below 40%. The ventilation required is about five air changes
per hour during a typical winter period. In such cases however, the rate of
evaporation is offset by higher humidity levels in the house and it usually
results in serious condensation problems and damage of all types.

Not so obvious, but of some importance, is air leakage iunto the
basement from around the basement floor perimeter wall joiuts, through
cracks, and around drains. This air may also countain a significant amount
of moisture. The moisture input rate would be at a maximum during the
coldest part of winter.

This was found during a study of radon gas emissions in basemeunt areas.
Under a low pressure difference of ten pascals, water vapour was entering
the basement along with radon gas, in the leakage air. During the winter,
when a stack effect is at work, the basement area would be under a slight
negative pressure with respect to the outside. Thus, outside air may seep
down through the soil or around the exterior part of the foundation through
window wells, or by drain pipes from eavestroughs to find its way into the
perimeter drain tile, become wet, and enter the basement as cold but
saturated air. T1If this finding is generalized, saturated cold moist air
could be trickling into the house all winter long.

RAIN PENETRATION

Rain penetration is an age-old problem. However, it is still as
mysterious as ever and we are not certain that moisture problems in wall

cavities are due exclusively to condensation of moist air leaking out and
not from rain penetration.

When rain water appears on the inside of a room it is generally a sign
of a much larger problem. Because most walls are constructed with the
interior cavities flashed to the outside, most rain which penetrates the
cladding should be drained to the outside. But is it? Following a loung
rainfall, moisture may be retained in various pockets, and may soak many
parts of the building envelope.

Depending on the direction of the prevailing wind and the outside
temperature, moisture in rain-soaked walls may saturate ianfiltration air;
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this generally occurs near the
foundation wall junction (Figure 6),
and may occur even if there is no
wind. Stack effect, although not
strong, will cause air to infiltrate
at the lower portions of the building
and in the process, unsaturated cold
air will become saturated, thus
bringing small but perhaps
significant amounts of moisture into
the building.

In an experiment which was conducted
just recently to verify the use of
water vapour as a tracer gas for
measuring air change rates, > a fan
was used to pressurize a small
building (Figure 7a). The fan was
adjusted to a rate of approximately
60 L/s. The humidifiers that were

used to maintain the indoor humidity at 40% responded appropriately by
injecting 1.2 kilograms of water per hour to sustain the humidity level.
However, when the fan system was reversed, that is, in a depressurization
mode (Figure 7b), the humidifiers were not called upon to moisturize the
air. Yet, the humidity level remained comstant at about 40% during a six-

hour test period.
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The only reasonable conclusion was that although outside air was being
drawn into the house, an equivalent 1.2 kilograms per hour of moisture must

have been supplied from the structure (l.e. wet walls) and perhaps from the
basement area.
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The rain screen

Rain penetration control is the objective of the rain screen. However,
recent investigations of the performance of the railn screen suggest that
very few wall design and construction techniques actually produce a proper
rain screen. The rain screen must be considered as a system and not merely
as a vented cladding. The cavity behind the cladding has a very important
function in relation to rain screen performance. For the rain screen to
be pressure—equalized, the cavity pressure must rise or fall with the wind
pressure on the face of the building. To obtain a pressure-equalized
cladding, the surfaces and the materials which define the cavity must be
airtight and as rigid as possible, so that the cavity volume remains as
stable as possible. The cavities behind the cladding must also be
appropriately compartmentalized around the building.

If a rain screen wall system has a cavity behind the cladding that
conanects all around the outside of the building (Figure 8a), then even if
the inner wall is airtight, and regardless of the number and size of vents
in the cladding, it may still be subject to severe wetting and a significant
accumulation of rain in the cavity. This 1is because the wind-induced
negative air pressures ou two or three elevations of the house induce a
negative pressure in the cavity. This results in a large pressure
difference on the cladding of the windward side and forces rain directly
through the cladding iato the cavity. 1f the inner wall is airtight then
the air and water penetrating the cladding to the cavity would deposit the
moisture in the cavity, while allowing the air to circulate and exhaust from
openings on the leeward side. 1f however, the air finds a passage through
the inner wall, water may penetrate directly to the inside with the
infiltrating air. The need for near—-perfect airtightness of the wall cannot
be overemphasized but compartmentalization is also a necessary component of
the raian screen principle (Figure 8b).
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Rain penetration through a cladding may never be stopped entirely,
however, if greater care were taken with flashing detall, and more
importantly with airtightuness, rainwater penetration through a wall would

be reduced.

SUMMARY

When all the various sources of moisture are considered, the total
moisture input in a house is a combination of that contributed by the
occupant and his activities, but also from a number of less obvious sources
such as construction moisture, the seasonal storage effect, basements or

crawlspaces and rain-soaked walls.

High humidity conditious and excessive condensation appearing in a

house are caused by the total moisture

input from all sources, but those

sources not contributed by the occupants should be corrected first before

deciding that extra ventilation is the
indoor humidity level during winter.

> 7] OCCUPANTS
% EJ OTHER SOURCES
e 7 7
nin
2N 1 B
N7 %
1st YEAR 2nd YEAR 3rd YEAR
& ON
Figure 9

Hence from a third to half of the
by sources other than the occupant and
to suggest that the occupant lifestyle
circumstances, but it is feasible, aund

only way to lower or control the

Finally, when considering the
probable moisture input rate in a new
house, the following guide is
suggested to a probable moisture load
for the first, second and subsequent
years of operation of a typical new
house (Figure 9). In the first year,
the total moisture iaput from
occupants and other sources may
average 20 or more litres per day
during winter. As the building
materials dry out, the total moisture
input rate may drop to 15 litres perx
day during the second year and settle
eventually to a rate of about ten
litres per day in the third aand
subsequent years.

total input of moisture is generated
his activities. It is not practical
has to change, except ia special

it will be necessary to address the

many other sources of moisture to control humidity levels in new as well as
retrofitted houses.




27

REFERENCES

L.

R.L. Quirouette, The Mark XI Energy Research Project, Design and
Construction. Division of Building Research, National Research Council
Canada, Building Research Note 131, Ottawa, October 1978.

Humidifiers, In ASHRAE Handbook, 1983 Equipment. American Society of

Heating, Refrzgérating and Air-Conditioning Engineers, Inc.
ISSN:0737-0687, Atlanta, 1983.

Moisture Induced Problems in NHA Housing, 3 Parts. Canada Mortgage and
Housing Corporation. Report prepared by Marshall Macklin Monaghan

Limited, Cat. No. NH20-1/2-1983-1E, ISBN 0-662-12662-9, Ottawa,
June 1983,

S.C. Hite and J.L. Bray, Reserch in Home Humidity Countrol. Research
Series No. 106, The Engineering Experiment Station, Purdue University,
Urbana, November 1948.

R.L. Quirouette, Water Vapour as a Tracer Gas for Measuring Air Change
Rates in Houses. Division of Building Research, National Research
Council Canada, DBR Paper No. 1085, NRCC 21002, Ottawa, 1983.




29

CONTROL OF SURFACE AND CONCEALED CONDENSATION
by

Madeleine Z. Rousseau

INTRODUCTION

Condensation in houses is a controversial and complicated issue. Over
the last ten years, it has taken on new dimensions because of the changes in
building practice. For example, Canadian houses are better insulated and
this affects the Lemperature regime of the building envelope; outside and
inside surfaces of walls are subject to colder and warmer temperatures,
respectively. Therefore, the potential for surface condensation inside the
house is reduced, while the potential for concealed.condensation in the wall
and ceiling cavities is increased. Moreover, houses today are more
airtight, which often results ia higher humidity levels; this in turn may
lead to increased surface condensation, particularly on windows. This paper
discusses the mechanisms of condensation: how, where and why condensation
occurs on walls, windows and basement surfaces, as well as within walls,
windows and attics.

SURFACE CONDENSATION

Surface condensation is the phenomenon by which moisture condenses on
visible surfaces. Tt occurs on surfaces that are at a temperature below the
dew point temperature of the inside air. In the wintertime, surface
condensation is most common on windows and window frames, over the gypsum
board face at or near the stud connection of the walls, on floors and at
wall corners.

When moist inside air is cooled, a temperature is reached at which the
air becomes saturated with moisture., This is the dew point temperature of
the inside air. If the surrounding surfaces coutinue to cool, the moisture
in the air condenses on the surfaces as a liquid or as frost, if the surface
temperature falls below freezing. Therefore, three factors are iavolved in
the surface condensation process: the inside air temperature, the indoor
humidity level, and the surface temperature. The latter is a function of
the outside temperature and the thermal resistance of the assembly. The
interaction of these factors is best explained on a psychrometric chart.
(See page 64 for detailed version of psychrometric chart.)

Psychrometrics

The psychrometric chart is used to describe the physical
characteristics of air and water vapour over a broad range of temperatures
(Figure 1). The vertical scale represents the absolute moisture coutent,
defined as the number of kilograms of moisture per kilogram of dry air. The
horizontal scale is the air temperature, scaled from —10 to +55°C. The
saturation curve (100% RH curve or dew point curve) shows the maximum amount
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of moisture that the air can hold at any temperature in t

higher the temperature, the more moisture the air can hold.

air at 23°C can hold six times as much water vapour as

avoid condensation on its surface.
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his range.
For example,
air at =5°C

(Figure 2). The other curves are the relative humidity curves, and
represent a fraction of the saturation point. The 50% RH curve means that
at this curve the air holds half of the amount of moisture it could
potentially hold (Figure 3). This chart is often used to calculate the dew
point temperature of the inside air; from this one can calculate the
required thermal resistance of an assembly (such as a window) to prevent oOr

MOISTURE CONTENT, kg WATER/kg DRY AIR

MOISTURE CONTENT. kg WATER/kg DRY AIR
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For example,

50% RH; what would be the dew point temperature of the air?

hunidity (Figure 4). Second,
intersect the 100% RH curve.

point temperature of the inside air.
the surface of window glass,
12°C.
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suppose that the inside air in a room 1s at 23°C and
First,
intersection of the inside air temperature with the measured relative

move horizontally to the left until you

Third, plot the intersection downward until it
intersects the temperature axis ouce more, at about 12°C.
Therefore, if condensation appears on
then the temperature of the glass must be below

This is the dew

MOISTURE CONTENT, ky WATER/kg DRY AIR
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Condensation may also occur in the summertime on basement floors,
especially if the basement space is ventilated. Outside air has a high
moisture content during warm weather and the dew point temperature of the

air may also be relatively high.
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adding a pane or two;
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Basement floors, which are most often
uninsulated, may easily be colder than the dew point of the outside air.
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For example, it can be shown on
the psychrometric chart (Figure 3)
that if the outside air is at 25°C
and 657 RH, the dew point
temperature of the air is 18°C.
Condensation will occur on the
concrete floor surface or concrete
foundation wall if the surface
temperature is below the dew point
temperature.

Surface condensation is caused
either by a low surface
temperature or a high humidity
level in the air. The solution is
either to increase the thermal
resistance of an assembly to
increase its surface temperature,
or to reduce the humidity level in
the house. The thermal resistance
of a window may be increased by

the humidity level in the house may be reduced by

increasing the ventilation rate during winter or reducing the number of
moisture sources. '

1f condensation occurs on basement walls during the-summer Or winter,
it may be most practical to insulate the basement foundation wall so as to
prevent the warm humid air from reaching the cold concrete. This will also
reduce energy loss through the foundation walls. However, if condensation
occurs on the basement floor during summer, it may be more practical to
dehumidify the basement air.

CONCEALED CONDENSATION

Damage such as the rotting of exterior sheathing or structural members,
the buckling of cladding, spalling and efflorescence on brick and coacrete

walls, peeling of exterior paint,

and condensation between window panes, is

mostly due to the presence of water in a cavity. The occurrence of
concealed condensation requires three conditions: a moderately high
humidity level, moisture movement into a cavity, and a surface which is
below the dew point temperature of the inside air. The movement of moisture
into a cavity may occur by diffusion through the materials of the wall or
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ceiling, or by air leakage through holes and cracks presenting an
unobstructed path from inside to outside.

Diffusion

Diffusion is the movement of moisture through a building material from
a location of high moisture content towards a location of lower moisture
content. The diffusion rate is a function of the permeability of the
material to water vapour (Figure 6). It is almost always outward in winter.

Movement of moisture by diffusion occurs without any flow of air and is a
very slow process.

Water vapour diffusion may be compared to water seeping through the
surface of a cardboard container (Figure 7). Water permeates slowly and
uniformly through the cardboard container surface. The solution is to use a
much less porous material, such as plastic or metal. This approach is also

used in building comstruction to control diffusion of water vapour through
walls and roofs. o

AT CAUSE: THE MATERIAL
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..—-:’.\f'f

METAL OR

* VAPOUR PRESSURE DIFFERENCE PLASTIC CAN

+ VAPOUR PERMEABILITY OF MATERIAL
+ NO AR MOVEMENT REQUIRED

Figure 6 Figure 7

Since it is necessary to maintain indoor humidity at a high enough
level for health and comfort, there will [nevicably bhe a humbdity ditlerence
causing a migration of water vapour from inside the house to the outside.
The simplest.way to reduce or control the diffusion rate of water vapour
into walls and roofs is to choose materials which have a low permeability to
water vapour transfer. This material should be placed on the warm side of
the insulation, where the water is Still in the vapour phase. The material
i1s called a vapour barrier or a vapour retarder.

Examples of vapour barriers are polyethylene film and aluminum foil;
there are also several types of paints that could be used as vapour




retarders.

required properties are known.

Air leakage

CAUSE: THE ASSEMBLY
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Their importance in an assembly is well recognized and their

The installation of a vapour barrier in a
wall assembly practically eliminates the potential for condensation to occur
in cavities by diffusion only.

SOLUTION: THE DESIGN OF THE
ASSEMBLY

Figure 8

DIFFUSION

OVER ONE HEATING SEASON ..,

OUTSIDE

OTTAWA
CLIMATE

"

1/3 LITRE g

Figure 9

Moist warm air can also flow to the
cavity of a wall or ceiling by air
exfiltration. Air leakage through an
assembly of materials occurs when
there are cracks and holes within the
assembly and an air pressure
difference across the hole or crack.
The air leakage rate is a function of
the number and size of the holes and
the air pressure difference acting
across these openings. Air can leak
around windows and doors, at
chimneys, through holes for
electrical wires, and at electrical
outlets, just to name a few places.

Using the previous example of a
container filled with water, air
leakage is similar in principle to a
water leak (Figure 8). Whether the
material is cardboard or metal will
be irrelevant if the container has a
sizeable hole in it. The solution is
to seal all leaks and holes.
Similarly, a building enclosure must
be devoid of all leaks, cracks or
openings, if air leakage is to be
controlled.

Moisture transport into cavities -

ENAMEL PAINT

/[
. INSIDE
= 22°C,
« 40% RH
w
=
i
-~
2 COATS OF

diffusion versus air leakage

The potential transport of water
vapour into cavities by diffusion and
air leakage can be cowmpared by an
example. Given a square metre of

gypsum board with two coats of enamel
palat, exposed to 22°C and 407 RH on
the warm side and a mean daily
outside winter condition for Ottawa
on the other side (Figure 9), 1/3 of
a litre of water vapour would diffuse
over a five-month period.
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Through a four centimeter square

AIR LEAKAGE opening, it is possible to pass about
OVER ONE HEATING SEASON ... 30 litres of water vapour to the
outside if a ten pascal air pressure

.~ _— difference exists across the gypsum
R board (Figure 10). The air leakage
w i;th process can transport 100 times as
= much water as that which ig
= transported by diffusion through the
OUTSIDE -
‘—E;QLA one metre square board. Therefore,
cEtT air leakage through the enclosure is
g2 x2em . the major mechanism of moisture
L transfer into cavities.
§ J 015> cie CONTROL OF AIR LEAKAGE
30 LITRES

Air leakage may he considered as

Figure 10 either air infiltration or air

 exfiltration. Since concealed
condensation is due primarily to air exfiltration, the emphasis here will be
on air exfiltration control. There are two ways to control air
exfiltration: the first is to control the direction of air flow and the
4 second is to minimize the number and
size of holes. To induce an inward
flow of air, the indoor air pressure
must be rendered slightly negative
with respect to the outside. This

. will prevent councealed condensation,
but this solution is not without its
problems. It may also induce an

AIR PRESSURE DIFFERENCE ——| f~ = undesirable air infiltration through
—p T the walls and ceilings, causing
.__%H;:;::; surface condensation (Figure 11),

cooling of indoor air and subsequent
loss of comfort, low humidity level,
and increased heating costs. So,
there is only one viable option: to
rigure 11 make the building envelope airtight
aud free of all air leakage,

* INWARD AIR FLOW

Airtight materials and Systems

The system of building materials that will act to stop air movement
must also resist the peak air pressure difference that may be induced from a
combination of wind load, stack effect and ventilation equipment. Thus, the
air leakage control system must also be structural, and rigid, if possible,
or if flexible, be supported on both sides. The system must be impermeable
to air (not water vapour) and it must form a continuous assembly, designed
and built to stay continuous over the life of the building.
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Gypsum board, exterior sheathings (e.g. plywood, waferboard), and some
types of insulating boards may have the characteristics required. At the
present time, no material or assembly of materials is tested for structural
adequacy with respect to airtightness and air permeability. However, even
without the necessary numbers, it is possible to design and construct a
functional airtight assembly within the envelope of a house.

A plastic film that is a good vapour barrier may not be the most
appropriate material for an air barrier. A rigid material impermeable to
air, like an insulating exterior sheathing, must be mechanically fastened in
place, otherwise it can detach and fall into a cavity.

Returning to the example of the leaky
container, (Figure 12) merely
plugging a hole does not ensure that
——— it will be leak-proof. The plug in

' * the container may only be a short
term solution. What 1s required is a
structural support capable of

T 5\ RO S TAND withstanding the pressures that may
THE PRESSURE be exerted on the patch or repair

plug.

CAUSE: LACK OF STRUCTURAL
SUPPORT

REMEDY: DESIGN OF THE

—> STRUCTURAL STRENGTH
ASSEMBLY o

—> CONTINUITY OF Depending upon the materials chosen
AIRTIGHTNESS

e T e and the design of the wall or roof,

there are a number of alternative
methods to ensure airtightness and
= its continuity over the building
—_ AIGID STRIP enclosure. The air sealing method
selected should be carried out
consistently and throughout the whole
Figure 12 of the building enclosure. This
means that not only walls and
ceilings must follow the principle but it must be carried out consistently
at floor-wall, wall-and-partition, and wall-and-ceiling juunctions. It may
also be necessary to extend an airtightness assembly to below—grade
connections to reduce moisture entry by air seeping in through cracks and
joints, as wmentioned in the previous paper.

WALL AIR LEAKAGE PROBLEMS

Cladding deterioration, efflorescence on brick and rotting of wood
nembers may be due to rain penetration or concealed condensation; either
way, air leakage is a major contributing factor. A wall that has a good
vapour barrier but no air barrier, may have a localized spot of concealed
condensation, Because walls are made up of many layers of materials with
cavities between, the flow of air will usually require that there be an
entrance to and an exit from the cavity. Thus if air leakage is outward
(i.e. exfiltration) the air will follow a particular path from its entry
point in the wall to its exit polnt in the exterior cladding. Condensation
of moisture from the air is likely to occur near the end of the path, on a
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surface that is at a temperature below the dew point temperature of the
inside air (Figure 13). The openings are often the large gaps left between
exterior sheathing boards or between the window frame and the rough opening,
even though it is filled with fibreglass.

Materials such as exterior sheathings

T JE or brick cladding can store water for
; : a while, until the right climatic
ouTSIOE INSIDE conditions, such as a sunuy day,

cause the water to migrate towards
the outside. Condensation on a

JL-_ AIR PRESSURE DIFFERENCE
a F:-\\ porous surface increases the moisture
g 2 AIR EXFILTRATION

s

content of the material.
Efflorescence ou a brick cladding is
due to the migration of water to the
outside. As the water migrates to
the outside it brings with it calcium
salts present in the mortar to
Figure 13 deposit them on the surface when the

water evaporates. The question is,
"how does moisture find its way to the backside of the brick siding?” It
may be by rain penetvation, but more likely it is inside moisture
transported by air leakage through the wall during winter.

* OUTWARD AIR FLOW

Whether the cause is rain penetration or air exfiltration, the solution
is to have aun air barrier system somewhere within the building enclosure.
In fact, an air barrier can be located almost anywhere within the building
assembly to coatrol throughflow of air.* TIf either the inside or the
outside skin of a wall is airtight, then the throughflow of air should be
under-control, Thus, the primary reason for the deposition of moisture in a
cavity has been effectively eliminated.

Air barrier inside

When the interior finish is intended to be the wall air barrier
(Figure 14), the critical point becomes its continuity over the enclosure.
All counnections with floors, partition walls, electrical outlets and
switches must be made structurally airtight. Airtight boxes should be built
around electrical outlets to ensure continuity of the air barrier. The air
barrier on the warm side of the enclosure has the advantage of being exposed
to relatively stable thermal conditions, but it can be also subjected to
numerous penetrations as it is the interior finish. It has a further
advantage in that if it is visible, it is also serviceable.

* The appareat contradiction with other recommendations arises from the
vagueness of the distinction between the function of a vapour barrier
(which is well defined) and that of an air barrier (which is not vet
adequately defined).
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Air barrier outside

When the exterior sheathing is intended to be the air barrier element
of the wall (Figure 15), its continuity over the wall and around corners is
much easier to achieve from a construction point of view. Most outside
structural framing presents a continuous uninterrupted surface over floor
connections, partition walls, and exterior corners. It also removes the
concern with penetrations of electrical outlet boxes through interior
finishes. The materials used for this purpose should be rigid, well
supported, air impermeable aund fastened directly to the structure. They
must be made continuous over the whole wall with appropriate joint
connecting materials, and continuous with the ceiling assembly aund
foundation wall. The materials should have a high water vapour permeability
and a low air permeability, for example, gypsum board or dense fibreboard.
Depending on the water vapour permeability of the air barrier, it may be
necessary to install on the warm side of the insulation a vapour barrier
that is considerably less permeable than the sheathing material used for
airtightness on the outside of the wall,

In brief there are many ways to install an air barrier in a wall, in
order to avoid serious localized moisture damage in wall cavities. Only one
surface of a wall needs to be structurally airtight; whether it be inside or
outside is not relevant to the control of the throughflow of air. However

there must be a good quality vapour barrier on the warm side of the
assembly.

CONDENSATION IN ATTICS

Attics may be more prone to harbour condensation because the air
pressure difference across a celling is often positive and this induces an
air exfiltration pattern through cracks and holes.

Moisture transport in an attic is similar to that in other cavities;
air leakage is usually the major means of supplying the attic with moisture.
When the temperature of the outside sheathing of the roof is below the dew
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point temperature of the attic air, condensation occurs on its inner
surface. The moisture content of the wood increases slowly and the
sheathing may deteriorate in a few years,

The location of condensation in an attic is a function of the leakage
path from the inlet holes in the ceiling to the outlet holes in the roof,
Consider the following example; a bathroom fan is ducted through the attic
to exhaust moist stale air through the roof. Of ten, condensation occurs
inside the duct, and water may drip back down iuto the bathroom. The
occupants will then disconnect the duct through the roof (Figure 16) and
leave the duct or Piping lying on the insulation. A significant amount of
moisture is then drawn into the attic by the fan: if there is a ridge vent
on the roof, this becomes an important moisture outlet,

Figure 16

outside air is often close to saturation, The building materials on the
Path of the air stream to the outside may absorb part of the moisture and
the condensation pattern is related to thisg path.

The orientation of the roof also has an effect on the potential for
concealed condensation damage. A southern pitch will dry out more quickly
during the day than a pitch on a northern exposure. All these factors
acting together make every pattern of attic condensation almost unique,

The best way to control anm attic condensation problem is to tighten the
ceiling and the walls. For example in row houses, moisture can get iato
attic cavities by seeping through a common concrete block partition wall.

In this context, it is of prime importance to properly air seal all paths
into the attic. These are not always obvious.
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SUMMARY

Surface condensation is either due to a high humidity level or a low
surface temperature. It can be controlled by acting on the moilsture gains
and the ventilation to lower the relative humidity, or by increasing the

surface temperatures of those components which exhibit surface
condensation,

Concealed condensation is more complex than surface condensation.
Moisture can be trausported into cavities by diffusion or by air leakage.
It has been recognized since the early 60's that air leakage 1s the major
cause of moisture problems in wall and roof enclosures or cavities,
Attention to vapour diffusion countrol has been thorough, but air leakage
control is not yet fully understood. It 1is necessary to have both a vapour
barrier and an air barrier within the building envelope to control the
diffusion rate of moisture as well as to stop or reduce air leakage through
the cavities, '

The air barrier has properties which are quite different from those of
a vapour barrier. A vapour barrier deals with a difference in water vapour
pressure while the air barrier must deal with an air pressure difference
(with or without humidity), and resist the forces caused by wind,
ventilation and stack effect, A vapour barrier is required in a wall or
roof assembly but it is not sufficient to eliminate the moisture problems
from cavities,

The precise characteristics of an air barrier are not completely
defined as yet, but it must be Structurally supported, rigid if possible, or
if a flexible membrane, then supported on both sides. Needless to say, the

whole assembly must have a low air permeability and be continuous throughout
the building enclosure.
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VENTILATION OF HOUSES

by

G.0. Handegord

INTRODUCTION

In the past, we have relied on natural forces and unintentional leakage
paths in the house envelope to provide ventilation in winter and on the use
of exhaust fans or the opening of windows to increase the ventilation rates
when required.

In general, the rates of natural ventilation achieved in houses with
fuel-fired systems in winter have been adequate for the removal of moisture
generated within the house and have also provided a rate of ventilation or
air change sufficient to maintain an acceptable level of air quality. The
negative pressure created within a house by the exhaust action of the
operating chimney has heen recognized as an important factor in reducing the
amount of condensation occurring within walls or roof spaces. In contrast,
houses without chimneys, such as electrically heated houses, have tended to
have higher indoor relative humidities and a greater incidence of
condensation problens.

When eaergy conservation became popular, air leakage through the house
envelope was singled out as a major energy loss and has received special
attention, involving the promotion of airtightening techniques and special
construction methods,

This emphasis towards building tighter and tighter houses has raised
concerns regarding the adequacy of natural air leakage and ventilation for
the health and safety of the occupants. This concern, coupled with a
recognition that new contaminants arce iatroduced into residential
occupancies through building materials, furnishings and the activities of
the occupants, has reinforced the need to provide controlled ventilation

Systems in houses, as well as special procedures to handle certain
contaminants.

This recognition of ventilation requirements for air quality has also
focussed attention on possible means of heat recovery from the veatilating
air, in ovrder to achieve optinum energy conservation.

This paper reviews the factors influencing air leakage in houses, and
the role of air leakage in condensation aad ventilation., The requirements
for ventilation for air quality and humidity control will be considered as a
basis for discussing ventilation Systems that might be suitable for Canadian
housing, including some suggestions for heat recovery.
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AIR LEAKAGE THROUGH THE HOUSE ENVELOPE

The rate of flow of a fluid through any hole or opening is proportional
to the cross sectional area of the opening, and the pressure difference (or
head) maintained across the opening. The larger the opening, the greater
the flow; the higher the pressure difference or head, the higher the rate of
flow.

The overall airtightness of the house
envelope 1s thus just one factor in
the air leakage equation. The rate
of flow, or air change rate, will
depend not only on the size and
location of the leakage path, but on
the magnitude and direction of the
pressure difference acting across
it.:

There has been a growing interest in
the use of the depressurization
method for estimating the air leakage
characteristics of a building
envelope. An exhaust air blower
pulls alr in through all the
unintentional leaks in the house
envelope and exhausts it to the
outside (Figure 1). 1In this figure,
as in subsequent diagrams in this
paper, a straight arrow ( —p )
represents air pressure; the wide
Figure 1 curving arrows ( === )} represent air
flow.

Such tests are simply one application of the air leakage equation to
calculate the equivalent cross—sectional area representing the total of all
the leakage paths in the walls, windows, ceiling and floor of the exterior
envelope.

(ELA) equivalent N rate of flow (L/s)
leakage area (m?) 780 VYpressure difference (Pa)

The most common method for air leakage testing is to use a variable
speed, high capacity fan to exhaust air from the house, and to measure the
tate of exhaust and the corresponding air pressure difference created across
the envelope. The tests are usually undertaken through a range of pressure
differences from ten pascals up to fifty pascals or more.

The air flow rate for each pressure difference is plotted to indicate a
characteristic curve and the total equivalent leakage area (ELA) is
calculated, based on the rate of air flow required to create a particular
pressure difference across the building envelope, usually at a pressure
difference of ten pascals.
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The results fronm a large number of
EQUIVALENT LEAKAGE AREA (ELA) air leakage tests undertaken on many
houses across the country have been
60 Summarized by Jim White of CMHC in a
| recent paper.l! Hig data suggest that
the equivalent leakage areas for
different houses in different regions
vary from a low of 28 cm? up to
2780 cm? or from a total opening size
of about 5 x 5 ¢p up to 50 x 50 cm
(Figure 2),
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Air leakage due to wind

PRESSURE DIFFERENCE Pa
g
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[Sheg1A0.0028 m? —~ELA-0.278 m?

; It is possible to estimate the amount

Jp.Fmﬁﬂpmﬁw_w_T_F_ppm“um_, of air leakage that will be due to

[¢] 200 400 600 400 1000 1200 1400 1) Wll’ld , if a S‘mele two_dimensional

FLOW RATE L/s model is assumed; such might be the
case with a centre house ia a row

Figure 2 housing unit (Figure 3).
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For an average wind velocity of 16 kilometres per hour, an inward-
acting pressure of about ten pascals could be created across the windward
wall, and an equal but outward-acting pressure might be considered to act
across the leeward wall. It equal sized roof vent openings are located on
the windward and leeward sides, no sustained pressure difference will pe
developed by wind across the
ceiling, and most or all of the
flow will occur inward through
the windward wall, with an
equal flow outward through the
leeward wall,

If it is also assumed that
leakage openings are uniformly
distributed over the wall and
ceiling and that the wall and
the ceiling are equal in area,
an air flow rate of about

1.7 litres per second can be
estimated for the tightest
house on record, and 170 litresg
per second for the leakiest
house. For a house of average
size, these rates correspond to
1/100 of an air change per hour
for the tightest house, and one
aic change per hour for the
Figure 3 leakiest house.




44

Air leakage due to house stack
effect

Natural air leakage will occur
because of stack effect whenever the
outside temperature is lower than
that inside the house (Figure 4), If
we again assume that the leakage
openings are uniformly distributed
throughout the walls and ceiling, a
mid-winter stack effect pressure of
ten pascals would result in a rate of
infiltration of about one litre per
second for the tight house and

100 litres per second for the leaky
house.

For a house of average size these
would be equivalent to an air change
rate of 1/160 of an air change per
hour for the tightest house and about
2/3 of an air change per hour for the
leakiest house.

Figure 4

Air leakage due to chimneys

In houses with fuel-fired heating systems, the stack effect or draft
created in the chimney when the heater is operating is much higher than that
created by the house, because the temperature within the chimney is much
higher. The suction of the chimney in exhausting air and gases from the
house (Figure 5), and the negative pressure created at the base of the
chimney, will be proportional to the temperature difference between the flue
gases and the outside air,

An oil furnace or fireplace could create a theoretical draft of over
fifty pascals at -30°C outdoors, aund over 35 pascals at an outdoor
temperature of 15°C. A gas—fired furnace with a draft hood will operate at
a lower flue temperature and, under mild weather conditions, might generate
a theoretical draft of 25 to 30 pascals. If there was some restriction to
flow of air for draft control, the flue temperature would rise and negative
pressures over 30 pascals could theoretically be created under mild winter
conditions before spillage occurs.

The rate of flow of air for combustion and draft control up the chimney
will vary from a maximum of perhaps 200 litres per second for a fireplace
with no doors over the opening, through 70 litres per second for a
conventional oil furnace with barometric damper, to five litres per second
for an airtight wood stove.

For an average size house, these represent air change rates ranging
from 1-1/3 air change per hour for the fireplace, 1/2 air change per hour
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Figure 5
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Figure 6

for the oil-fired furnace and 1/30 of
an air change per hour for the
alrtight wood stove (Figure 6). A
vented gas or electric clothes dryer
will exhaust air at about 60 litres
Per second, equivalent to 4/10 of an
ailr change per hour, It will create
4 negative pressure and air leakage
pattern similar to an operating
chimney.

ATR LEAKAGE AND CONDENSATION IN WALLS
AND ROOFS

The amount of ocutside alr leaking
into the house 1s a prime factor in
determining the indoor humidity
level, but it is the air leaking
outward through the house envelope
that carries moisture into the colder
spaces of the walls and roofs,
Moisture flow by diffusion ig always
outward in winter but moisture may
flow either in or out by air
leakage,

In a house without an operating
chimney or an exhaust fan, the action
of wind is to move air inward through
the windward wall aad outward through
the leeward wall with little impact
on air movement through the ceiling.
One would thus eéXpect that, under the
action of wind alone, condensation
would occur in walls on the leeward
side.

When the outside air temperature is
below that inside, stack effect
promotes air leakage outwards through
the upper portion of the walls and
through the ceiling. Under such
conditions, condensation would
normally be expected to occur in the
upper portion of the walls and in the
roof space.

In sloped roofs, with an attic Space,
this moist air can mix with the air
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in the attic that has entered through the vents provided. 1In flat roof
systems with very little attic space, the moist air leaking through an
opening in the ceiling will immediately come in contact with the cold
sheathing and condense, without having much chance to mlx with the air in
the space. 1In both cases, the rate of removal of moisture by outside air
passing through the roof space will be very limited in cold weather, because
of the small vapour pressure difference between the frost in the attic and
the air flowing through.

In houses with an operating chimney, its exhaust action tends to
counteract the outward-acting pressures in the house, so that under most
circumstances the air leakage 1s inward through all walls and downward
through the ceiling.? The air infiltrating into the house is eventually
exhausted with the products of combustion up the chimney.

The chimney action also increases the total air exchange in the house,
lowering the indoor humidity and thus the dew point of the indoor air aund
the amount of moisture in any air leaking outward. It is for these reasons
that humidities are generally lower in housés with fuel-fired systems and
roof space condemsation prablems are usually less severe than in
electrically heated houses or other houses without operating chimneys. 3

Exhaust fans can also be used in houses without chimneys and where
tightening of the enclosure is not possible, in order to reverse or at least
reduce the flow of warm humid inside air into the colder regions of the
enclosures."

AIR LEAKAGE AND VENTILATION

Occupants consume oxygen and exhale CO, at a rate that increases with
activity. 1If adequate mixing is assumed, a theoretical minimum of about
1-1/2 litres per second per person is required to keep the carbon dioxide
levels at a safe concentration value for persons at rest, To allow for
increased activity and to handle body odours, a minimum of about
2-1/2 litres per second has been recommended in the past, and currently

five litres per second per person is suggested to handle normal contaminants
and odours,

The current ASHRAE Standard 62-1981° suggests a continuous ventilation
rate for residential occupancies of five litres per second per room, and a
capability to provide, intermittently, an exhaust rate of 25 litres per
second for each bathroom and 50 litres per second for a kitchen. These in
combination represent a total exhaust capacity of 75 litres per second;
equivalent to about one half air change per hour for an average size house.
This same air change rate is also being considered in the proposed revisions
for the National Building Code of Canada. If we consider our previous
estimates, the tightest house will not provide this rate of ventilation,
even when the wind is blowing or when stack effect is at a maximua.

The leakiest house will provide too much ventilation under wind or
stack action but not enough under a no-wind, no-stack-effect coundition.
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Thus, even if we wanted to, making the housge leakier provides N0 guarantee
of adequate ventilation at a11 times.

VENTILATION FOR AIR QUALITY

If the source of the contaminant can he isolated, a second approach tq
ventilation can be enployed (Figure 8). This is to capture the contaminant
and exhaust it tqo the outside before it can eater the occupied Space. Thig
is the approach used with kitchen range hoods and in venting fuel-fired
Systems, where the products of combustion are captured and exhausted with
draft control ajr up the chimney,

Figure 7 I Figure 8

A modification of the dilution
approach involves recycling and
conditioning the air by passing it
through a device (Figure 9) that will
remove the offending contaminant or
odour, and return the freshened air
to the occupied sSpace. A common
example of thig approach is rhe
recirculatiang of indoor air through a
filter or air conditioner,

-

VENTILATION FOR HUMIDITY CONTROL

The same principles of ventilation
can be applied to humidity control.
Figure 9 Introducing colder, drier outside air
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to the space in winter serves to dilute the water vapour, enabling the drier
mixture to pick up moisture produced in the space, and to exhaust the
mixture either up the chimney, through an exhaust fan, or by exfiltrating
through the house envelope. The rate of molsture removal by this means will
depend on the moisture content of the outdoor air, and the rate of flow of
the room air to the outside.

If we assume that 75 litres per second is the rate of air exchange
(equivalent to the maximum requirement for ventilation for acceptable air
quality), the potential rate of removal for given outside conditions can be
determined from the psychrometric chart (see page 64 for detailed version of
psychrometric chart).

For Toronto, based on the average daily conditions for January,
1.04 kilograms of moisture per hour could be removed at an air flow rate of
75 litres per second. For the rate of moisture supply assumed for a family
of four, such an exhaust rate would be capable of controlling the humidity
to a level of below 30%.

In the fall, however, the moisture removal capacity of the ventilating
air starts at zero, while the rate of supply is highest, due to moisture
given off from storage in furnishings and building materials, ®

Another approach to the control of humidity would be to utilize the
second method of ventilation, that is to capture and exhaust at source, by
operating special exhaust fans in high moisture production areas such as the
bathroom and the kitchen. It is also the principle employed in the
automatic clothes dryer, where room air is brought in to pick up moisture
from the wet clothes and exhausted to the outside.

A third means to coutrol indoor humidity levels would be a device to
remove moisture from the air by absorption or condensation and return the
dried air to the space. A typical example of this is the indoor
dehumidifier. Since its capacity is markedly reduced at low humidities, it
is not capable of removing much moisture below indoor relative humidities of
40%. It could, however, be effective in helping to control indoor humidity
levels in those areas where 40% can be tolerated and where higher humidities
are experienced. More important, operation during the summer will reduce
the amount of moisture taken up by the wood components and furnishings, and
thus reduce the humidity problem in the fall.

VENTILATION SYSTEMS

There are three basic types of ventilation systems; those which operate
on the basis of exhaust fans and inlet openings, whereby the interior house
pressure is maintained below that of outdoors; a balanced system, with
supply and exhaust fans, where the pressure indoors is maintalned about the
same as that outdoors; and the pressurized system, where outdoor air supply
fans maintain the interior house pressure above that outdoors.
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Perhaps the simplest system that will provide control of ventilation,
and at the same time reduce the problems of condensation withia walls and
roof spaces, is the exhaust system (Figure 10).

A single exhaust fan is capable of
exhausting the required amount of

75 litres per second from the kitchen
and bath, with make~up air being drawn
in through leakage paths in the
envelope, and in tight houses through
special additional openings that allow
the fresh air from outside to be drawn
ilato the appropriate rooms. A central
centrifugal exhaust fan such as
described in CSA Standard €260.2-19757
will have a capacity range suitable for
such an application.

Ideally, the house envelope should be
made as tight as possible and air intake
openings with adjustable shutters
tastalled in conjunction with windows,
or above perimeter heating devices in
each room requiring fresh air. If the
EXHAUST SYSTEM house enclosure is tight enough, most of
the fresh air will be drawn in through
these openings. Such an arrangement
Figure 10 would not require any special air
distribution system for ventilation.

In the case of a house with a warm air distribution System, a single
inlet could be provided from the outside to the return air side of the warm
air system, sized or adjusted with a damper or orifice plate to provide the
required flow rate, in accordance with the air leakage characteristiecs of
the specific house.

Either of these two Systems could incorporate an additional inlet

opening or duct for air for any exhaust equipment such as a fuel-fired
furnace.

A balanced system (Figure 11) requires an air supply fan in addition to
an exhaust fan and, for a house without a warm air recirculating system,
some sort of air distribution System to ensure that the air brought in
through the supply system is distributed, heated or conditioned and
discharged into the rooms where required.,

A single supply fan can provide a pressurized system (Figure 12) for
certain applications. Pressurization of the house will result in
exfiltration of indoor air through all of the existing openings and holes in
the house envelope. This could increase the concealed condensation rate but




BALANCED SYSTEM PRESSURIZED SYSTEM
Figure 11 Figure 12

Such a system is appropriate in cases where a contaminant is known to
exist in the exterior house walls, such as urea formaldehyde foam
insulation. Operating the house under positive pressure will inhibit the
flow of any gases or contaminants from the enclosure into the occupied space
of the house.

HEAT RECOVERY

In winter, heat is lost ouly through the air being exhausted. Thus any
heat recovery system must first bring all the air to be exhausted from the
house through a central point. This is basic to the simple exhaust
ventilation system (Figure 13) and a small heat pump could be utilized to
extract the heat from this exhaust air and return it either to the space
heating system or to the domestic hot water.

1f an air-to-air heat exchanger is to be employed, (Figure 14) not only
must the exhaust air be brought to oune central point but so must the supply
air, in order that heat can be transferred from one to the other.

The amount of heat in the exhaust air can be determined from the
psychrometric chart and compared to that in the outdoor air for any
particular condition. For a particular flow rate, and assuming average
conditions for the heating season, a seasonal energy requirement can be
estimated. The amount of heat recovered will, of course, depend on the
efficiency of the heat recovery device.
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EXHAUST WITH HEAT RECOVERY AIR TO AIR HEAT EXCHANGER

Figure 13 Figure l4

SUMMARY

A minimum continuous ventilation rate of 35 litres per second is
recommended to maintain air quality ian houses under normal cirtrcumstances,
with a capability of 75 litres pertr second or more for intermittent use for
humidity control and contaminant removal., . Natural forces cannot be relied
upon to provide such rates uader all circumstances and a positive,
mechanical system is desirable, :

Control of ventilation rates and heat recovery can be best achieved
through making the house eanvelope as tight as possible and by providing
adjustable inlet and exhaust openings at appropriate locations with exhaust
and/or supply fans sized or adjusted for the particular house and system.

1f the house envelope cannot be made airtight, an exhaust system has
potential advantages for heat recovery and condensation control aad is
perhaps the simplest system. It will not be suitable for houses where
sources of contaminants exist withian the house eavelope.

Humidity coantrol strategies will depend on the climate of the region
and its seasonal and daily cycles. Surface condensation is sensitive to
daily variations in climate and operation. Concealed condensation problems
relate more to seasonal variations and average moathly ot weekly
conditions.
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moisture supply rate from the Occupants is augmented by moisture coming out
of the building materials and furnishings.

Lowering the relative hundity inside the house in summer, using an air
conditioner or demhumidifier, will lower the moisture content of the

laterior materials and thus the moisture supply from storage in fall and
winter.
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QUESTIONS AND ANSWERS
by

Jacques Rousseau, R.L. Quirouette,
M.Z. Rousseau, G.O. Handegord and G.F. Poirier

The text that follows represents a cross section of the most typical
questions and answers that were raised during the Workshop periods of the
Building Science Insight '83 tour. These questions were answered by Insight
authors and arranged in the same order as the papers presented in this
proceeding.

QUESTION 1

Is the estimate of 1% of the housing stock with moisture problems considered
conservative?

ANSWER -~ Jacques Rousseau

We feel this figure is probably conservative. The survey conducted for CMHC
was not statistically rFepresentative, since the population observed was
comprised only of those reporting problems. There is a probability that not
all problems have been reported: some problems may be considered normal by
the homeowner; some problems may not be easily visible, such as those in
lnaccessible attics or inside wall cavities., There may be some question ag
to what was defined as a serious problem: g siding which had buckled over
less than 40% of a wall area would not be included in these statistics and
could constitute a serious problem for some homeowners. However we feel at
CMHC that these statistics indicate 2 problem with our Canadian houses and
that we must review our methods and designs to control the problem.

QUESTION 2

Why was the study conducted on houses built since 1973? Was there no
problem before? What has changed?

ANSWER - Jacques Rousseau

Although we had problems before 1973, the study was conducted on houses
built after 1973 because the occurrence of reported problems was relatively
much higher in this group. This was unexpected. We felt that the quality
of housing had improved during these years.

In the last ten years, we have changed our houses considerably to comply
with the measures for energy conservation. The R value required for walls
and attics has been iacreased. The subsequent reduction in energy losses
has led to colder outside wall surfaces, permitting condensation of moist
warm air. We have changed our conventional heating systems to flueless
systems; this has changed the neutral pressure plane level within the home.
Before that change, dry cold air would tend to infiltrate through cracks and
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other openings; instead, warm moist air now exfiltrates through the same
cracks and openings. We have also attempted to seal up the houses. This
has reduced the natural ventilation rate in our homes and has limited the
dilution of the indoor hunidity., Thesge major changes coupled to higher
humidity levels increase the potential for moisture problems in our houses.

QUESTION 3

ANSWER - Jacques Rousseau

cavities which may be due Lo rain penetration and/or exfiltration of warnm
moist air, we know the mechanisms by which these problems occur. Exterior
walls of the problem houses are subject to exfiltration: the predominant

which results in exfiltration on the easterly oriented walls. However,
during raia storms the wind usually comes from the east, which drives the
rain into the siding on the eastern face. So one particular wall

The installation of an effective air barrier would go a long way towards
resolving these problems. An air barrier would eliminate the leakage of
Warm moist air through the wall, The same barrier would prevent much rain
from penetratiag into or through the wall by enhancing the operation of the
rain screen system, (see Question 6) which depends on the equalization of
pressures,

exhaust Ffan ventilation system to lower the indoor pressure. This would
induce infiltration at locations which would otherwise have seen

What is the moisture production output from whirlpool baths, hot tubs and
indoor swimming pools?

ANSWER - R,L. Quirouette

The moisture output from various types of baths, hot tubs aund swimming poolg
is not generally available with the product literature, but it can be
computed for each type of installation. The water evaporation rate of
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various recreational facilities will greatly depend on their use. Such
factors as time of use, temperature of air, indoor air clrculation, and
water temperature must be considered in the calculation of evaporation or
water vapour output rate from these devices.

An approximate rate of water evaporation into the air can be obtained by
using the formula W = CSA(PW_ P_)*, where W_ is the evaporation rate of
water (kg/hr), C4 is'a constant ( -000145), A"i{s the area of exposed water
mz), Pw is the saturation vVapour pressure taken at the surface water
temperature (Pa), and P, 1s the saturation Pressure at room air dew point
Cemperature (Pa). Values of P, and P, may be obtained from the ASHRAF
handbook (1981 Fundamentals Handbook, p. 6.4) or from the simplified table
below. Interpolation may be necessary,

Air or Pw (Pa) Pa (Pa) at room RH
water E—
temp °C 100% 80% 707 60% 50% 40% 30%
0 611 489 428 367 306 244 183
5 873 698 611 524 436 349 262
10 1228 982 860 737 614 491 368
15 1706 1364 1194 1023 853 682 512
20 2339 1871 1637 1403 1169 936 702
25 3169 2535 2219 1902 1585 1268 951
30 4246 3397 2972 2548 2123 1698 1274
35 5628 4502 - 3940 3377 2814. 2251 1688
40 7384 5907 5169 4430 3692 2954 2215

For example, an indoor swimming pool measuring 4.9 x 9.8 m (16 x 32 ft),
having a water surface area of 48 m2 and indoor conditions of 50% RH at
20°c, (Pa = 1169) with a water temperature of 25°C, (Pw = 3169) will produce
[0.000145 x 48 x (3169-1169)] or 13.9 kg/hr of water vapour,

*based on a formula from the 1978 ASHRAE Applications Handbook, p. 4,7,
modified to kg/hr instead of kg/s,
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QUESTION 5

What should be the indoor humidity level of a house in winter?

ANSWER - R,L. Quirouette

For health reasons it is suggested by the ASHRAE guidelines that 50% RH ig
the most desirable level of relative humdity in order to maintain airborne
infection at ga minimum, However, the relative humidity in Canadian housing
will vary considerably above and below this mark. During winter the
relative humidity may be governed in large part by the type of windows in a
residence, either single, double or triple glazing. As most Canadian houses
have at least double glazing, the relative humidity should be no more than
30-35% during deep winter (for one or two months)., At thisg level, surface
window condensation can be kept to a minimum to avoid damage to sills and

to control fungal growth in corners and on surfaces at temperatures below
the dew point temperature of the air, With triple glazing the relative
humidity levelg may be increased slightly, to about 40%. However this will
vary with the region, wind effects and outside air temperature. The rest of
the year, when outside air temperatures are warmer, relative humidity will
generally drife to'slightly higher levels, with little condensation
occurring on the glass or elsewhere,

QUESTION 6
What is the rain Screen principle?

ANSWER ~ R.L., Quirouette

encourage water to enter behind the cladding system. 4 functional rain
screen system depends on three factors. The first is an airtight inner
barrier which defines the backside of a cavity and inhibits all air leakage
to the inside of the building; second, a compartmentalized cavity (minimum
of one per elevation) prevents pressure differences from occurring laterally
and/or vertically; and third, a rigid System of materials defines the cavity
volume. The rain screen cladding must be sufficiently vented for pressure
equalization to occur, Examples of the rain screen which function quite
well can be found in commercial institutional construction, that is, precast
sandwich concrete wall systems, metal and glass curtain wall Systems and
Some masonry wall systems. A more thorough discussion of the rain screen
wall will be found in CBD 40 (see Further Reading).

QUESTION 7
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ANSWER - R,L. Quirouette

Yes, it would be desirable to seal concrete wall surfaces, as well as
basement floor surfaces, to prevent or reduce the amount of moisture
entering the building spaces and thus adding extra humidity or moisture load
to the indoor air. However, one must conslder future changes; if thege
surfaces are sealed to reduce or control diffusion of moisture to the
inside, then if these surfaces are insulated afterwards, there is a danger
of positioning the seal 48 a vapour barrier on the wrong side of an
insulated assembly. Some thought must be given to the final assembly in the
years to come. Otherwise, the sealant may have to be removed when

the concrete wall surfaces are reinsulated, or if a firred sub-floor ig to
be added to a basement concrete floor,

QUESTION 8

Where does moisture concentrate in a dwelling? Does it stay at the bottom
or build up on the Lop storeys?

ANSWER - R,L. Quirouette

Humid air is slightly lighter than dry air at the same temperature,
Therefore, in an undisturbed volume of space, humid air will tend to
concentrate at the top of a space and slightly less humid air at the bottom.
The difference is small, however - only a percentage point or two. The
buoyancy of moist air can be determined from the psychometric chart. It is
termed the density of air (the iaverse of the specific volume) and the more
moist the air is at a given temperature, the lighter it will be.

QUESTION 9

Does an exterior insulating sheathing increase the potential for concealed
condensation in wall cavities?

ANSWER - M,Z. Rousseau

It is unlikely., The installation of an insulation material on the outside
of a stud cavity wall alters the temperature profile of the cavity itself.

air. Therefore, the potential quantity of water vapour that can condense in
the cavity or on a sheathing is decreased. Also, because the temperature
difference between the inside and the outside of the stud cavity isg reduced,
it has the effect of reducing potential air Couvection curreants in the

preseunce on the outside of a wood frame wall has raised some concerun-about
the diffusion of moisture through the wall. Moisture diffusing into the

wall can be prevented from condensing in the cavity either by reducing its
rate of entry or by increasing its rate of escape, Thus, condensation can
be controlled by having the inside material less permeable to water vapour




ANSWER - M.Z. Rousseau

No. The purpose of ventilation of an attic ig to flush out the moisture
that enters fron the living Spaces. In winter, outside air in most

removing moisture from the attic spaces. The effectiveness of ventilation
in removing moisture depends on the quantity of moistuyre which appears in
the attic, the capacity of the outside air to absorb extra moisture, and the
flow of air which actually occurs by ventilation, Ventilation Openings in
attics do not €nsure a continuoug flow of air; there must also be an air
bPressure difference, Even then, sufficient air:ﬁay not be Passing through
the attic,

Since the source of moisture 1ig likely to be the inside space of the
building, it ig best to control attic condensation by providing appropriate
barriers to moisture movement at the ceiling plane. The ceiling must have

an air barrier and 4 vapour barrier to Prevent moisture from entering the
attic space,

Attic condensation control is a mixture of efforts; 1) careful air sealing
and detailing of the ceiling plane to minimize the entry of moist air into
the attic Space and 2) provision of ventilation openings to let oyt some of
the moist air, This movement Will be more productive 1in Spring, when the

outside air has 3 greater drying potential,
QUESTION 11

Can plywood used as an exterior sheathing act as a vapour retardent on the
wrong side?

ANSWER - M.Z, Rousseau

It depeunds on the construction of the wall. By definition, a vapour barrier
OF vapour retardant inhibits the diffusion of water vapour to g specific
rate. 1In thig context, plywood is not a vapour barrier, However its
permeability to water vapour ig quite low, near that of an acceptable vapour

Provided that the waterials on the outside of the wall are more permeable to
water vapour than the inside materials, i.e, the vapour barrier, the wall
assembly meets the requirement for moisture diffusion control, This is a
matter of ratio: whatever vapour comes into the cavity at g certain
diffusion rate should diffyse Out at the same or a higher rate,
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If plywood is used on the outside, the vapour barrier must be a less
permeable material, such as polyethylene plastic film or aluminum foil,

QUESTION 12

approach?

ANSWER ~ M.Z. Rousseau

If plywood is to be used as an air/vapour barrier, it must be installed in
such a way that it ecan perform two distinct functions. The first is to
prevent the leakage of air from inside to outside of the building and vice

to out,

located about anywhere within the wall assembly, as long as the plywood
assembly is made continuous at its joints, and continuous with other
components performing the same functions; it must also be fastened

Lo the structure so that it can resist peak wind pressure loads. A plywood

or partitioans; continuity is therefore easler to achieve in the design and
construction of this assembly, Furthermore, an air barrier located between
layers of insulation is not exposed to eéxtreme variations in temperature and
humidity and thus its joints may have a longer life.

requirements of Type 1 vapour barrier as defined by CGSR, In order for
plywood to qualify as a Type 1 vapour barrier, it would need to be coated
with a special Paint or an extra film such as foil or plastic to enhance its
vapour resistance. Assuming that a plywood coated with a special paint is
intended to be used as a vapour barrier, it should be located on the warm
side of the insulated assembly., However, a vapour barrier may be located

QUESTION 13

What is the purpose of perforating plywood panels used as exterior wall
sheathing?

ANSWER - M.7Z. Rousseau

The usual goal is to control concealed condensation problems. This may not
be the best way to do it.




outside sheathing increase the rate of moisture diffusion to the outside,
As mentioned earlier, diffusion of moisture can be controlled either by
reducing considerably the entry of moisture into the wall or by increasing
its escape to the outside. Making holes in the outside material is the
lattep approach.

With regard to air leakage, making holes in the exterior sheathing is a
viable approach only if the inside skin of the wall is airtight, If there
is no airtight assembly across the enclosure, the holes in the plywood
exterior sheathing will induce a greater flow of moist inside air through
the wall and a gBreater potential for coundensation problens,

Even when holes are not deliberately made, most designers and builders leave
gaps between the Panels. If there is no provision for eénsuring airtightness
elsewhere in the walls and their interface, concealed condensation is likely
to occur, whatever material is used for the exterior sheathing,

QUESTION 14
How should you specify ventilation rates?
ANSWER - G.0, Handegord

Ventilation rates should be specified in terms of volumetric flow per unit
of time, that ig litres per second or cubic feet per winute, for the
occupancy in question, For human occupancy, under normal circumstances the
volumetric flow rate would be five litres per second per person,

QUESTION 15
How do you remedy the problem of excessive airtightness?
ANSWER - G.0, Handegord

You don't; airtightness of the enclosure enables you to control the indoor
air quality.

QUESTION 16

How do you make an electrically heated house comfortable, from a humidity
poiat of view?

ANSWER - G,0. Handegord

You may use a dehunidifier if the humidity is togq high, or an exhaust fan
linked to a humidity control. '

QUESTION 17

What do you do to prevent discoufort, from air drawn in at cracks, in an
exhaust—only system?




Lk

61

ANSWER - G.O. Handegord

To prevent discomfort from cold drafts, you should maintain air circulation
in the room by operation of a central fan in a warm air system or augment
circulation in electric baseboard systems. If the house is sized to
introduce 35 to 70 litres per second of air, infiltration of 5 to 10 litres
per second per room should not be noticed.

QUESTION 18

Would you recommend manipulating the neutral pressure plane of an airtight
Structure, to avoid upper wall and attic condensation?

ANSWER - G.0, Handegord

It is preferred that the house be operated in a depressurization mode, since
it is possible to recover heat from exhaust air.

QUESTION 19

In what ways can a forced ventilation system be controlled? (Humidistat?)

ANSWER - G.0, Handegord

A forced ventilation System can operate continuously at approximately
35 litres per second and be on a manual automatic control for nom-occupancy
or increased ventilation rate.

QUESTION 20

How does CGSB measure the airtightness of a house?

ANSWER - G.O. Handegord

The CGSB standard uses depressurization (exhaust) for measuring volumetric
flow per unit time at different inside~to—outside pressure differences,

These differences will vary from 10 pascals to approximately 50 pascals.

QUESTION 21

How do you determine the dew point temperature of the inside air using the
psychrometric chart?




To find the dew point temperature of
the inside air, two Properties of the
air must firse be measured, For .
example, let g assume that the dry
bulb temperature ig measured at 20°¢
100% and the relative humidity ig 40%. On
the PSychrometric chart, fing the
polnt of intersection of the 20°¢ dry

100% RH) curve (C). This point of
intersection corresponds to 5,6°¢ on
the dry bulp Cemperature scale (D),
20 Therefore, 5.6°C is the dew point

The PSychrometer ig a self-contained ilastrument and may be manual (a sling
Psychrometer) or motorized, BRBoth Lypes use the Same principle of operation;
the explanation that follows assumes the use of a motorized type. It

one with a thin sock covering the bulb, To take a reading, the thig sock ig
soaked with distilled vater and the faq is operated for a fey minutes to
Pass ambient air by the thermometer bulbs, 1If the inside ailr is not
Saturated, water from the wet sock will evaporate, lowering the Lemperature

temperature, The other thermometer reads the dry bulb Cemperature (air
temperature),
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Assume that readings of 20°C dry

bulb temperature and 13°C wet bulb
temperature are obtained. On the
psychrometric chart the wet bulb
temperature lines rup diagonally; the
wet bulb temperature scale is along
the saturation curvye (A). To
determine the relative humidity of
the air, find the point of
intersection of the 20°C dry bulb
temperature line (B) and the 13°C wet
bulb temperature line (C)., The
intersection indicates a state point
between the 40% and 50% relative
humidity curves. From the position
of the state point the relative

20 humidity of the inside air can be
estimated at 45%,

100?& 50“/0

QUESTION 23

What quantity of moisture can be removed by ventilation?

ANSWER - G.F. Poirier X
Moisture can be removed by ventilation only if the outdoor air introduced in
the space is drier than the inside air, The rate of moisture removal will
depend on the difference of moisture content between the inside and the
outside air, aund on the quantity of room air exhausted to the outside.
Ventilation to remove moisture is most efficient during the coldest months
of winter, because the outside air is generally at its lowest moisture
content,

Wr = rate of moisture removal (kg/hr)
Q = ventilation rate (L/s)
C = standard air density (1.2041 kg/m3)
W; = moisture content of inside air (kg/kg dry air)
W, = moisture content.of outside air (kg/kg dry air)
g sec X m3
3.6 = constaant

——

hr x T,

To apply the equation, let us assume a house with g ventilation system that
provides a constant ventilation rate of 35 L/s. The conditiong inside the

i am——————



64

house are 20°C dry bulb temperature angd 40% relative humidity, The outdoor
conditions are =5°C dry bulb temperature and 80% relative humidity, Ac this
point the only information missing is the moisture content of the inside and
outside air. Thig information can be obtained from the psychrometrie chart
using the above conditions,

On the psychrometric chart the
moisture content is indicated by the
vertical axis on the right hapd

side (A) 1inp kilograms of water per
kilogram of dry air. To obtain the

100% find the point of intersection of the
40% relativa humidity curve (B) and
the 20°C dry bulp temperature
coordinate (C), From the point of
intersection, move horizontally to

(B) G# the right to intersect the moisture

40%

content scale, The moisture content
of the inside air should read

) ¢ 0.0057 kg of moisture/kg dry air. By
repeating the Procedure for the
outside conditions, one should obtain
a moisture content for the outside

< air of 0.002 kg of woisture/kg dry

W =Q x C x (wi - W) x 3.6
=35 x 1.2041 x (8.0057 - 0.002) x 3.4
0.156 kg/hr.

The rate of woisture removal is 0.156 kilograms of water per hour or
(0.156 x 24 hrs) 3,74 kilograms per day.
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BUILDING SCIENCE INSIGHT '83
HUMIDITY, CONDENSATION AND VENTILATION IN HOUSES

FURTHER READING

For those wishing to pursue the subject of this Insight further, the
following references are available. They may be obtained from the
Publications Section, Division of Building Research, Nationmal Research
Council Canada, Ottawa, Canada,.KlA OR6.

Humidity in Canadian Buildings CBD 1 - N/C
Condensation on Inside Window Surfaces CBD 4 - N/C
Humidified Buildings CBD 42 - N/C
Vapouy' Diffusion and Condensation CBD 57 - N/C
Weather and Buildings CBD 14 - N/C
Water and Building Materials CBD 30 - N/C
. Requirements for Exterior Walls CBD 48 - N/C

Ventilation and Air Quality CBD 110 - N/C
Wetting and Drying of Porous Materials CBD 130 - N/C
Moisture and Thermal Considerations in

Basement Walls CBD 161 - ¥N/C
Water Vapour as a Tracer Gas for Measuring

Air Change Rates in Houses NRCC 21002 - $1.50
The Need for Improved Airtightness in

Buildings BRN 151 - N/C
The Effect of Mechanical Ventilation on the

Air Leakage Characteristic of a Two—Storey

Detached House BRN 204 - N/C
Air Leakage, Ventilation and Moisture Control

in Buildings NRCC 20752 - $1.25




