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Please note

This publication is a part of a discontinued series and is archived here as an historical
reference. Readers should consult design and regulatory experts for guidance on the
applicability of the information to current construction practice.

Exterior walls of buildings must act as separators between indoor and outdoor environments and
in addition must satisfy several other general or over-all requirements. These were discussed
in CBD 48. Other Digests have dealt with individual considerations including relative humidity
and condensation, air leakage, rain leakage, water in materials, heat flow and
temperatures. CBD 42 has been devoted to a discussion of the considerations that become
important when buildings are to be humidified in winter. It is now proposed, before proceeding
to further detailed discussions in succeeding Digests to demonstrate the application of the
principles and considerations already discussed in the design of exterior walls. An insulated
masonry wall will be used as an example and will be compared with a modified design to
illustrate possible improvements.

Wall No. 1 is representative of a number of current designs that have been used quite
extensively in recent buildings. It is of a basic form consisting of 8-in. back-up and 4-in. facing,
in this case stone, which has been widely used in Canada over the past 50 years or more.
Insulation is now commonly added to the inside, and may take several forms including mineral
wool between strapping or foamed plastic serving also as plaster base. Full mortar backing,
which usually requires a very wet mortar, is commonly used behind the stone.
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Figure 1. Wall No. 1

The calculated limiting temperature gradients for winter and summer are superimposed on the
wall section. Winter conditions are assumed to be 73°F inside and -27°F outside. An indoor
relative humidity of 35 per cent which might commonly be desired in winter, corresponds to a
dew-point temperature of 44°F, which has been drawn on the diagram. Summer conditions are
assumed to be 75°F indoors and 90°F air temperature outdoors with a surface temperature due
to solar radiation of 150°F. The summer gradient is drawn for an assumed steady flow condition
that is never realized in practice but does represent for present purposes a reasonable estimate
of the limiting gradient conditions to be encountered.

The very large range in temperature of the back-up and cladding from winter to summer,
amounting to about 160°F, may at once be noted. This produces changes in dimension in these
components of about 0.1 per cent from winter to summer. The spandrel beams and columns are
enclosed in the wall material outside the insulation and thus tend to follow the temperature



changes and to experience roughly the same expansions and contractions. Meanwhile, all of the
interior structure remains at a nearly uniform temperature and may resist the movements of the
attached members which are changing in temperature. These effects lead inevitably at times to
cracks in portions of both the exterior walls and cross-walls.

Penetration of the insulating layer by crossbeams, cross-walls and slabs creates thermal
bridges. Cool interior surfaces may thus be produced on which condensation may form in winter
unless relative humidities are kept to low values. The calculation of surface temperatures for
such two- and three-dimensional cases can be very complex, but estimates may be made for
some common cases with the aid of the information given inCBD 44.

Windows also suffer thermally from contact with the main portion of the wall, which is outside
the insulation. The temperatures of metal frames, sills and sash in contact with cold masonry in
winter are lowered, thus complicating the critical thermal condition at the window and in many
cases reducing markedly the already low relative humidity that can be carried without
condensation.

The thermally induced expansions and contractions of the back-up and cladding and the
restraining forces exerted by various connected parts of the structure are, as already indicated
very likely to lead to cracks. In addition to their visual effects, these can be serious in two ways:
they may allow the leakage of warm air outwards into the wall in winter, and they may allow
rain penetration at other times. It is almost impossible to predict with any certainty the
occurrence, size and location of such cracks. Both reason and experience confirm that they do
occur. There may in addition be many other unintentional paths for outward air leakage,
particularly under windows and at roof slabs and parapets, arising from lack of attention in
design or construction.

Reference to the winter temperature gradients for Wall No. 1 will show that all material outside
the insulation will fall below freezing. Air leaking outward through cracks or faults will deposit
moisture in the cold masonry whenever the dew-point temperature of the moisture it contains is
above the temperature of the masonry. Naturally the higher the indoor relative humidity the
greater will be the amount of moisture deposited, but, as may be noted, some condensation can
be expected even at low indoor humidities because of the low temperature of the masonry. At
times of less severe temperature, water deposited by condensation close to a freezing plane in
weak mortar may promote ice lens formation and the development of strong disrupting forces
within a wall similar to those produced by frost heaving in soil. Even if ice lensing does not
occur, the deposition of substantial amounts of water within the wall may lead to staining
efflorescence, corrosion of ties, and to degrading effects in the wall materials if subsequently
frozen when wet.

Rain penetration through cracks, occurring as a result of temperature movement in the exterior
cladding, can also allow the entry of water and the wetting of the wall. The use of full mortar
bedding of the cladding usually results in a weak mortar and a confused drainage pattern, so
that when cracking and leakage do occur water may be retained and lead to deteriorating
effects when subsequently frozen.

A dramatic difference in temperature conditions and their attendant dimensional changes can be
effected by moving the location of the insulation, see Wall No. 2. The main wythe and all the
parts of the structure in contact with it are subjected to a much smaller range of temperatures.
The possibility of disruptive dimensional changes arising from temperature effects is greatly
reduced for all but the exterior cladding and, as will be discussed, these can readily be
accommodated.
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Figure 2. Wall No. 2

The window frame, bedded in or fastened to the warm interior wythe, is now relieved of the.
substantial edge-cooling effect of the former arrangement. Advantage can be taken of the inside
metal sill to collect and conduct heat to the frame, and a thermal break may be incorporated on
the outside to minimize the loss of heat in winter.

The relocation of insulation by itself effects very considerable improvement in relieving the
frame and inner wythe of temperature variations. If, however, the insulation is merely inserted
between the main wythe and the cladding, the latter being made continuous by the use of
mortar at all joints as before, two potential difficulties remain. The cladding and the main wythe
will still tend to move in relation to one another in accordance with their respective temperature
changes. Cracks are almost certain to form in the cladding and perhaps also in the main wythe.
Further, the cladding, being more or less continuous, is likely to provide at least a partial barrier
to wind pressure so that pressure differences across it can develop and cause rain to enter
wherever cracks exist. The need for some further improvement in the design is thus indicated.



The exterior cladding can be arranged as shown for Wall No. 2 in the form of an open rain
screen (see CBD 40). It may be set out to form an air space and supported by ledger angles
and ties as before. The air space, being heavily vented by suitably designed open joints at both
horizontal and vertical intervals, will at all times follow closely the outside air pressure so that
the rain screen is substantially relieved of wind pressure differences. This not only removes the
major force causing rain to penetrate the cladding, but also eliminates the wind loads on it.

Open joints in the cladding, that need only be arranged to prevent the direct entry of rain drops,
serve also as expansion joints. Any rain that does migrate to the back of the cladding will run
down and can be intercepted by suitable flashing above each ledger angle and drained to the
outside.

The problem of thermal bridges has been greatly reduced, though the need for ties and ledger
angle support for the cladding still remains. The metal connections between the ledger angle
and the spandrel beam must be kept to the minimum necessary for structural support so as to
minimize the thermal bridging; on the other hand, however, they can now be fastened to a
relatively large, relatively warm high-conductivity member capable of supplying the necessary
heat to make up the loss through the connection without undue reduction in temperature.
Finally, corrosion of ties can be greatly improved by proper design that avoids serious or
prolonged wetting.

The need for a vapour barrier and the question of the relative humidity that can be carried has
still to be discussed. A vapour flow analysis, not included, indicates that Wall No. 1 will
experience condensation under winter conditions with 35 per cent relative humidity indoors,
while Wall No. 2 will not. The possibility of this may be gauged from examination of the winter
temperature curves relative to the indoor dew-point temperature. In Wall No. 1 the temperature
falls below the dew-point at a point within the insulation and is far below it for all parts of the
wall outside the insulation. In Wall No. 2 the main wythe and all parts of the frame are held
above 44°F. The significance of this condensation from vapour diffusion in Wall No. 1 must,
however, be questioned despite the importance attached in the past to the use of vapour
barriers to control such vapour diffusion. Relatively small amounts of water will be involved
when the materials on the warm side are reasonably resistant to vapour flow, e.g. paint on
plaster.

The possibility of condensation from vapour diffusion alone within Wall No. 1, while undesirable,
does not lead to a firm basis for establishing the limiting indoor relative humidity that can be
carried in winter. Actually the cool surfaces of windows and frames and of the ends of cross-
beams and slabs bedded in cold outer masonry will, in the first instance establish the limit on
indoor relative humidity through surface condensation. As discussed Wall No. 1 is inferior in
these respects. The real danger from increased indoor relative humidity comes from outward air
leakage, which carries with it water vapour to be deposited in substantial quantities by
condensation in the cold outer parts of the wall with which it comes in contact.

The merits of Wall No. 2 can now be more fully appreciated. Pilot only has the possibility of
cracking from movements due to thermal and moisture changes been greatly reduced but in
addition the possibility of degradation caused by wetting and wet freezing has been minimized.
All parts of the wall inside the insulation are kept well above the indoor dewpoint of 44°F so that
no condensation should occur there. Indeed a relative humidity higher than 35 per cent might
be carried with safety for the conditions assumed, so far as the wall section itself is concerned.
The limitation posed by cold window surfaces and the heat bridges formed by the cladding ties
and supports has been greatly relieved.

Even if condensation does occur on the warm side of the insulation, the temperature there is
shown to be well above freezing, so that wet-freezing should not occur. Any water vapour or
moist air moving outward does not encounter freezing conditions until it reaches the insulation.
Some condensation, even if it does occur within the insulation need not be serious; it can later
pass relatively freely to the air space and on to the outside.



While Wall No. 2 can tolerate condensation should it occur, it is still desirable to ensure
adequate control of vapour flow and air leakage. Suitable barrier properties should be built into
the wall between the inside and the insulation. Wall No. 2 presents much more opportunity for
this than does Wall No. 1.

Conclusion

The modified design illustrated by Wall No. 2 will experience reduced temperature changes and
reduced possibility of cracking within its main section. Movements in the cladding can be
tolerated. Greater freedom is provided for the positive control of heat flow, air leakage, vapour
flow and rain penetration, and at the same time the wall is inherently less vulnerable to wetting
and freezing.

It must not be thought that only masonry walls are subject to the difficulties that have been
discussed. Changes to other materials and types of walls do not eliminate potential difficulties,
although they may change the relative seriousness of the various problems that may be
encountered. These difficulties can be avoided with reasonable assurance only by an
appreciation of the mechanisms involved and by careful analysis and design.



