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ABSTRACT

Although roof space ventilation may not be very effective in cold weather, it is required
as the outside air warms up, to dry out moisture that may have accumulated in the roof
space. This Note stresses the importance of reducing the movement of moisture from the
living areas to the roof space and of ventilating the latter by means of vents distributed
between the upper and lower parts of the roof to take advantage of both wind action and
stack action.

RESUME

La ventilation des toitures, quoique peu efficace en hiver, permet, par temps chaud,
d’assécher les condensations qui ont pu s’y accumuler par temps froid. La présente
Note traite de I'importance de réduire au minimum le transport d’humidité de I'habitat
a 'entretoit et de ventiler ce dernier au moyen d’orifices de ventilation répartis en parties
inférieure et supérieure afin de tirer avantage aussi bien de ’action du vent que du tirage
thermique.




INTRODUCTION

The oil crisis of 1973 has led to improvements in the thermal efficiency of buildings in
an effort to conserve energy. One energy-saving technique has been to reduce air leakage
through the building envelope; another has been to add insulation in the roof space.
The resulting higher interior humidities and colder attic temperatures have increased the
potential for condensation in roof spaces in cold weather. To reduce condensation, these
spaces must be properly ventilated, and the ceiling below them made sufficiently airtight.

Ventilating the roof space provides a cooler attic
in hot weather and helps to dissipate the mois-
ture that may have accumulated in cold weather. | ;
If combined with more airtight ceilings and re-
duced heat loss from added insulation, ventila-
tion may also help to prevent the formation of
ice dams along the eaves of sloped roofs, which
often results from warm roof spaces (Figure 1). DEFLECTOR S

Figure 1. Ice dam prevention

During very cold weather, outside air absorbs very little moisture. Most of the moisture
that finds its way into the roof space will condense out of the air when it comes in contact
with the cold sheathing. Cold air circulating in an attic is not effective in removing
condensation because of its low capacity for moisture absorption. Most Canadian houses
will probably have some accumulation of condensation or frost in the attic during the
winter. As the outside air gets warmer in late winter, its capacity to absorb moisture
increases and drying conditions improve. Even during cold weather, the combined effect
of solar radiation and heat loss from the building increases the temperature of the air in
the roof space; allowing some moisture to be removed.

Although ventilation may not be entirely effective in removing condensation in cold
weather, it is required as the outside air warms up to dry out moisture that may have
accurnulated during colder periods. :

SOURCESV OF MOISTURE

Moisture is transferred from the living areas into the roof space by diffusion due to a
difference in water vapour pressure, and by air leakage resulting from an air pressure
difference due to wind action or “stack action” (Figs. 2a,2b).

When warm air from the living areas flows into a cold roof space, it is cooled and its
ability to hold water is reduced. If the temperature of this air falls below its dew point,
condensation will occur. If warm interior air at, say, 20°C and 40% relative humidity is
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Figure 2. Pressure diagrams for houses

cooled down to 6°C, its relative humidity will increase to 100%; i.e., the point of saturation.
If it is cooled below 6°C, condensation will take place.

To reduce the amount of moisture entering the roof space and condensing, one must first
reduce the amount of moisture produced in the living areas. The main sources of wa-
ter vapour include cooking, baths and showers, laundry, unvented combustion appliances,
house plants and green firewood. The occupants also generate significant quantities of
moisture through breathing and perspiration. Since electrical heating requires no combus-
tion air and no flue, the relative humidity in homes heated electrically tends to be higher
than in those heated with oil, gas or wood.

Exhaust fans in high-moisture areas such as bathrooms, laundry rooms and kitchens can
be used to remove excess moisture. Although not energy-efficient, they are effective.

The flow of water vapour through a material by diffusion varies in proportion to the
difference in vapour pressure across the material and the permeability of the material.
The higher the quantity of water vapour in the air at a given temperature, the higher the
vapour pressure. If the vapour pressure is higher in the living areas than in the adjacent
roof space, moisture will diffuse through the ceiling assembly into the roof space. Such
diffusion, however, normally accounts for only a small fraction of the total.

Most moisture enters the roof space as a result of air leakage [1]. Air from the living areas
can leak into adjacent roof spaces through many paths; for example, chimneys, vent pipes,
electrical wiring and other services. Interior partitions can provide additional paths as
a result of holes for electrical wiring, of gaps between the wall finish and framing due to
wood shrinkage, and of cracks caused by the deflection of floors and ceilings and differential
settling of the foundations. The amount of water vapour transported by leakage is hard to
determine. The total cross-sectional area of the leakage paths and the pressure differences
existing between the two sides of a ceiling are generally not well-known and are difficult
to measure 2].

Chimneys and mechanical exhaust systems can also affect the amount of air leakage into
the roof space. The negative pressure resulting from these systems can substantially reduce

3




or even prevent the flow of air from the living areas into the roof space (Figure 2c). Tests
on a two-storey house have shown that a chimney can reduce air leakage through the ceiling
of the second storey by almost 40% [3].

Access hatches to attics are potential sources of air leakage, but can be sealed using gaskets.

Exhaust ducts from bathrooms and kitchens can also cause serious condensation problems
in roof spaces. They should have airtight joints, both within the roof space and at the
ceiling where they enter the attic space. It is important that such ducts extend to the
outside and not terminate within the roof space.

PROBLEMS DUE TO EXCESSIVE MOISTURE IN ROOF SPACES

Both condensation of air from the living areas and water leaking into the roof space from
outside can cause excessive moisture. If this moisture is not removed within a reasonable
time, wood decay may set in and roof truss connector plates may corrode. In addition,
moisture will cause panel-type roof sheathing to expand to the point of buckling, and will
reduce the thermal resistance of insulation materials.

Visible symptoms of excessive moisture, whether from condensation or from leaks in the
roof, are water staining, cracking, paint failure and other forms of deterioration of the
ceiling.

Moisture diffusion from the living areas into the roof space can be reduced effectively by
installing a waterproof membrane such as polyethylene film between the ceiling finish and
the insulation; however, moisture migration due to air leakage is more difficult to control.
Although the vapour barrier helps to make the ceiling assembly more airtight, it is difficult
to seal all possible air leakage paths between the living areas and the roof space.

A ceiling finish such as drywall can substantially reduce air leakage if it is made airtight
over the entire house. To increase the effectiveness of drywall, all openings in it must be
sealed. Placing electrical outlet boxes and other services elsewhere than in the ceiling will
also reduce air leakage.

VENTILATION OF ROOF SPACES
Roof spacés can be ventilated either by natural or by mechanical means.

Wind causes positive pressures on the windward side and negative pressures on the leeward
side of buildings; as a result, outside air is drawn into the roof space in zones of positive
pressure, and expelled in zones of negative pressure (Figs. 3 and 4). The rate of air change
in the roof space in such a case varies with both velocity and direction of the wind.
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Figure 3. Approximate distribution of pressures due to wind
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Figure 4. Types of roof spaces

Natural ventilation can also result from stack action. As air becomes warmer, its density
decreases, giving it a tendency to rise. On a sunny day the temperature inside a roof space
will generally be higher than that outside due to solar radiation and, to a lesser degree,
to heat gain from the living areas. This heated air will tend to rise towards the upper
part of the attic. Air changes through stack action are facilitated by air intake openings
in the lower part of the attic and exhaust openings in the upper part. Unlike ventilation
through wind action, ventilation through stack action is more constant, depending only
on the difference in temperature between the outside air and the roof space, and on the
vertical distance between the intake and exhaust openings. The natural ventilation of a
roof space is optimized if one can make use of both stack and wind action.

Using fans to improve roof space ventilation will also help to cool the living area in hot
weather [2]. However, the negative pressure created by exhaust fans increases the amount
of humid air leaking through the ceiling. In cold weather, the increased leakage will in turn
lead to increased condensation. The benefits of mechanical ventilation must be weighed
against costs due to installation, maintenance, repair and operation.




TYPES OF ROOF SPACES

If the framing members supporting the roof deck do not also support the ceiling, the roof
space or attic is usually fairly large and can be ventilated easily (Figure 4a). If they also
support the ceiling, the resulting roof space is usually fairly small and is more difficult
to ventilate, particularly when it is well insulated. Such is the case for flat roofs and
cathedral-type roofs (Figure 4b). Ventilation requirements for the latter are, therefore,
greater than for the more common attic-type roofs.

Where the roof space is fairly large (i.e., attic spaces with roof slopes greater than 1:6),
the total net vent area should be at least 1/300th of the area of insulated ceiling. These
vents can be located in the soffit, in gable walls, in the roof surface or at several of these
locations, but should be distributed so as to provide effective cross-ventilation [4].

For flat or low-sloped roofs (1:6 or less), and cathedral ceilings, the total net vent area
needs to be twice as large; i.e., 1/150th of the area of the insulated ceiling. A low roof
slope decreases the amount of ventilation that can be achieved through stack action, and
the presence of large quantities of insulation often restricts the ventilation space between
the insulation and the roof sheathing. In such roofs, moisture will tend to condense on
the cold surfaces of the sheathing and framing members because it cannot dissipate over
a large area, as it can in attic roofs.

Ventilation of flat roofs or roofs with cathedral ceilings can be improved by installing
purlins of at least 38 x 38 mm at right angles to the roof joists. In addition, the top
surface of the insulating material should be at least 25 mm below the top of the roof joists
(Figure 5). This arrangement makes it possible for wind coming from any direction to
ventilate the roof space, provided that roof vents are installed on all exposed sides.
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Figure 5. Flat roof or cathedral roof (slope less than 1:6)

However, purlins may not be necessary if the roof slope is 1:6 or more, provided that the
roof framing members run in the same direction as the roof slope and that a minimum
~ clearance of 75 mm is maintained between the roof sheathing and the top of the insulation.
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PURLINS 38 x 38 mm ARE NOT MANDATORY IF: .
) THE ROOF JOISTS RUN N THE SAME DIRECTION In such roofs (Flgure 6) the vents should be

AS THE SLOPE distributed so as to provide at least half of
b) AN AIR SPACE OF AT LEAST 75 mm 'S PROVIDED . . ; .
¢) THE VENTILATION OPENINGS ARE DISTRIBUTED the required ventilation in ‘the lower part of
the roof and half near the ridge.

UNIFORMLY AT THE TOP AND THE BOTTOM
OF THE SLOPE ~

ROOFING

75 mm>//( .".‘“"\‘ Z

MIN.

ROOF JOIST
Figure 6. Cathedral-type roof (slope of 1:6 or more)
In highly insulated flat roofs and cathedral-type roofs, the depth of conventional roof
framing may not provide sufficient ventilation space between the insulation and the roof

sheathing. Using parallel chord trusses can provide additional space. Their greater depth
and open webs facilitate air movement through the roof space (Figure 7).
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Figure 7. Substitution of parallel chord trusses for superinsulated roofs (flat roofs or
cathedral roofs)

Because the small roof spaces in flat roofs and cathedral ceilings make it practically im-
possible to inspect the condition of the framing members and the decking, it is particularly
important to reduce air leakage through the ceiling to an absolute minimum and provide
the most effective ventilation possible when building these roofs.

TYPES OF ROOF VENTS

Roof spaces may be ventilated by soffit vents, roof vents, ridge vents, and gable vents used
in various combinations. All of these vents must be designed to prevent the entry of rain,
snow and insects. In addition, the net area of such vents should be known in order to
determine the total vent area required. A standard that describes vent design and area is
available [5]. '




Soffit vents installed along the underside of the roof
overhang may be continuous or may consist of indi-
vidual, spaced vents. Perforated soffits made from
metal, plastic or wood are also available. Soffit ven-
tilation enables air to flow easily through the roof
space for all wind directions. Combining soffit vents
with vents in the upper part of the roof will further
increase ventilation (Figure 8).

= L=

Figure 8. Soffit vents

The passage of air from the soffit to the attic should not be restricted by insulation.
Deflectors should be installed where necessary above the exterior wall to maintain a space,
between the insulation and the roof deck, of at least the same cross-sectional area as the

soffit vent area (Figure 1).

Vents located in the roof surface near the ridge improve ventilation when used in combi-
nation with soffit vents (Figure 9). If they are used alone, only a relatively small volume

of air within the immediate area of the vents will
be displaced. Since the net area of these roof sur-
face vents is only between 250 and 500 cm?, it is
impractical in most cases to install enough of them
to provide the total required vent area. Providing
for the distribution of vents between soffit and roof
is therefore a more effective solution.
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Figure 9. Soffit plus roof vents

Figure 10 represents an example of a roof with two slopes, one of which is equipped with
three roof surface vents. Figure 11 illustrates a roof with four slopes in which a triangular
vent, often used as a gable wall vent, has been installed.

Figure 10. Roof vents near the ridge of a Figure 11. Triangular vent near the ridge
gable roof of a hip roof




Turbine vents are usually installed near the upper part of the roof. They consist of a
rotating assembly of wind-driven helicoidal blades which draws air from the roof space.
If suction-is created inside the roof space because of insufficient air supply from the out-
side, additional moisture may be drawn from the living areas, thereby aggravating the
condensation problem.

Gable vents are usually more effective than roof surface vents. The volume of air moved
by this type of vent depends on the direction and speed of the wind. If the wind is
perpendicular to the ridge, only air in the immediate vicinity of the gables will be moved.
A wind direction parallel to the ridge will move the air in through one gable and out through
the other, resulting in a large volume of displaced air. Using gable vents in combination
with soffit vents will improve air circulation in the lower part of the roof (Figure 12). Gable
vents have a series of blades sloped at 45°. If not properly designed, they may allow rain or
snow to enter the roof space. A rectangular-type gable vent equipped with blades angled
at 45° i1s shown in Figure 13.

Figure 12. Soffit plus gable vents Figure 13. Rectangular vent in a gable
roof

In regions such as the Prairies, which are subject to fine, wind-driven snow, gable vents
may have to be closed in winter to prevent snow from accumulating in attics.

The most efficient venting system uses both continuous ridge vents and soffit vents. This
system enables even and continuous ventilation of the attic by combining wind action and
stack action. Ridge vents have continuous openings along the ridge (Figure 14). Their loca-
tion in a zone of negative pressure allows them to act as air exhaust openings for all wind
: directions. If, however, alternating turbulences
C> . m/ develop on the downwind side of the ridge, rain
and snow may filter into the attic space unless

the ridge vents are properly designed.

Figure 14. Ridge vent




When the wind is at right angles to the ridge,

the air enters the attic through the soffit vents
C> on the upwind side and leaves the attic either
> — —
e >~

through the openings of the downwind soffit or
through the ridge vents (Figure 15). For other
wind directions the type of flow is more complex.

Figure 15. Ridge/soffit vents

When there is little or no wind, stack action will maintain some air movement inside the
attic. Warmer air rising and escaping through the ridge vent is replaced by cooler air
entering through the soffit vents. Figure 16 shows an example of combined soffit and ridge
ventilation using a typical ridge vent at the top of the roof slope.

Sometimes goose-neck vents are installed on flat roofs to improve air circulation within
the roof space. The zone of negative pressure above this type of roof causes these vents
to act as exhaust openings. As with other roof exhaust systems, a negative pressure may
develop in the roof space, resulting in increased air leakage through the ceiling (Figure 17).
Fluctuating wind pressures in the vicinity of such vents can permit rain or snow to infiltrate.

Figure 16. Ridge/soffit vents in a gable  Figure 17. Goose-neck vents on a flat roof
roof may result in suction and air leakage

Continuous venting near the centre of flat roofs can be provided by longitudinal vents
clevated above the roof level as shown in Figure 18; however, they must be combined with
continuous eave vents to be effective. These vents provide more efficient venting than goose
necks, which affect only a localized area.
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Figure 18. Longitudinal vent above a flat roof

VENTILATION OF MANSARD ROOFS

In mansard-style roofs, the lower portion of the roof is steeply sloped, while the upper
portion is less-sloped or flat. Many of these roofs have, in the past, experienced problems
that can be attributed to poor ventilation or poor airtightness (Figure 19). Ventilation

openings located in the soffit of the lower por-

e~ tion did not always ensure efficient circulation

= —a of air. The ventilating air had to travel too

[ \ far, and its flow was often restricted by wood

r_‘D /‘_ -\ framing and insulation. Furthermore, because
WIND STACK wind action was not always strong enough to
ACTION ACTION overcome the upward air movement due to the

thermal effect in the steep part of the roof, the

moist air became trapped in the upper part.
UPWARD AIR MOVEMENT DUE TO STACK This oft lted in the £ G ¢
ACTION TENDS TO COUNTERACT THE 15 often resulted in the lormation of con-
WIND ACTION densation and h.oarfrost durm.g cold weather
and subsequent inefficient drying.

Figure 19. Inefficient ventilation of a mansard roof

Present practice requires that the upper part of this type of roof be ventilated at the
junction between the two slopes as well as at the ridge (if the upper portion is pitched).
At least half of the required vents should be located near the junction of the upper and
lower parts of the roof, and the balance installed near the ridge. Ventilation of the lower
part of the roof is no longer considered necessary (Figure 20).

RETROFITTING AND VENTILATION

When insulation is added to the attic of an existing house, the question of whether addi-
tional roof vents are necessary is often raised.
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1 ~AT LEAST HALF OF THE VENTS ARE LOCATED NEAR THE JUNCTION
OF THE LOWER AND THE UPPER ROOFS
2 - OPTIONAL VENTS

Figure 20. Effective ventilation of mansard roofs

The decision to retrofit provides a good opportunity to inspect the attic for signs of mois-
ture problems due to condensation. (The inspection can also determine if the existing
insulation extends over the top of the exterior walls. If not, it would be worthwhile to
cover this area with insulation to reduce heat loss. Care should be taken, however, not to
hamper the free circulation of fresh air (Figure 1)).

If an inspection of the attic turns up no sign of moisture problems, it may be wise to
leave the roof ventilating system unchanged (provided that there are vents) and to observe
the performance of the attic during the following winter. If, on the other hand, signs of
excessive moisture are detected, it would be preferable to correct the problem by improving
the airtightness of the ceiling, rather than by increasing the total vent area, a step that
risks creating negative pressure in the attic and increasing air leakage through the ceiling.

Adding insulation to ventilated flat roofs and cathedral ceilings can present some difficul-
ties, especially when done from the inside, since it is difficult to make the ceiling airtight
over the entire house. Furthermore, adding insulation from the inside can pose aesthetic
problems since it affects the interior finish.

Retrofitting these types of roofs from the outside may prove a better solution, particularly
if the existing roofing needs replacing. If enough insulation is added above the roof, the
roof space no longer needs to be ventilated. The vent openings can then be sealed since
the underside of the roof deck is kept above the dew point temperature of the ambient air.

CONCLUSION

To reduce the risk of problems resulting from condensation or hoarfrost in the roof space,
it-is recommended that the relative humidity inside the building be kept at a low level, and
that the ceiling be made as airtight as possible. The total net vent area should be at least
equal to 1/300th or 1/150th of the insulated ceiling area (depending on the type of roof
space), and be distributed between the upper and lower parts of the roof. Air circulation
should be unrestricted by insulation material or the roof framing.

12




Attic ventilation in the Canadian North presents a more difficult design problem. The
intense cold, the short drying season, the fine snow and the high winds have proven con-
ventional venting techniques unsatisfactory. Designing for these conditions may require
more elaborate solutions and should be undertaken only by those experienced in cold
climate design.
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