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The various functions that a wall performs in service can
be simply stated. These functions may then be recoghized as consi-
deratlons in the design of a wall construction or in the analysis
of the adequacy of a specific construction.

Considerations in Wall Construction

The following considerations are those which may apply
to a wall construction. They may be divided into two classest
general conslderations and special considerations.

General Consgiderations:

1. strength;

2. control of heat flow;

3. control of water vapour flow;
4, inside finish;

5. outside finish.

Special Considerations:

6. resistance to fire;
7. resistance to sound transmission;
8. aesthetic value,

There is, 1n addition, the over-all consideration of cost
which must ke included in a complete analysis of a wall construction.
I'ne term cost nere is invended to include not only cthe construction
cost but alsoc the cost of maintenance. Thus for comparative pur-
poses the annuzl cost of a construction is the most reasonable basis
for comparison.

A1l of these considerations can also be applied to roof

constructions including ceilings. In this note, however, only walls
will be discussed.

ngailed Considerations In Wall Performance

1. Strength

The flrst consideration is strength. The requirement for
strength can be broken down into two parts:
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a) Strength to support vertical loads. -

Vertical loads are those which result from the
welght of the roof and those which may result from snow,
wind, water, and occupancy loads wilthin buildings;

b) Strength to support horizontal loads. -

Horizontal loads are those commonly associated
with wind and, depending on the direction of the wind
relative to the structure, may produce transverse loads
in some walls and racking loads in others.

Strength is perhaps the most important consideration
because in the development of building practice the essentials of
shelter sre commonly provided by a sheathed wood-frame congtruction
or a load-bearing masonry wall with a sheathed roof sitructure.

The sheathed wood-frame construction and 8 inches of
masonry have evolved as the elements which are the principal contri-
butors to strength in house walls. For wood-frame construction 2 by
L gtuds at 16 inch centres are still used. This oize of member and
gpacing was not developed on a calculated or scientific basis but hasg
evalved as a result of experience. More recently 2 by 4 studs at
24 inch centres are belng used in single-storey houses and also
lavger members are used at even greater spacings, as in post-and-beam
construction, These developments have been the result of the
availability of special sheathing materials and also, in part, from
a better understanding of the strength requirements for walls through
experience and laboratory tests. In the case of :colid masonry walls
there hes been little change. The use of hollow-~-concretée block and
clay tilie as a back-up for brick has been introduced. There has been
the interesting development of the SCR Brick for 6-inch thick load-
bearing walls. The acceptance of this thinner structural wall has
been relatively simple kecause standard test methods nave beern
developed along with a basis fer.evaluation; althcugh it must be
admltted that the basis for evaluation 1s largely that of comparison
with walls that have been usged with apparent success.

The big question that has to be ansicred from the point
of view of strength is: "What is the minimum strength that a wall
must have to cdo the Job?" There 1g no ready answer to this question
but it is worth asking because it has economic implications. In
general the less material there is in a wall the less it will cost.
Therefore, in designing walls for strength and economy the material
that goes into a wall must be put to work in the best possible way.

For example, the guggestion is sometimes made that 1t is
wise to have two layers of insulating sheathing on a wall, one on the
inside and cne on the outesidc, Jecause not only will it be stronger
but it will provide insulation and a plaster base too. But this
approach can be questioned because the structural strength is likely
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to be overdone and the insulation requirement underdone. It is best
to consider one requirement at a time and provide for that require-
ment in the most economical way.

Control of Heatc Flow

The wood-frame wall and the masonry wall do not compare
favourably when the matter of heat flow is considered. The standard
wood-frame wall has a space for at least 3% inches of insulation and
it has been -hown that this thickness of insulation 1s economical for
most reglons of Canada. In order to provide this same thickness of
insulation in a masonry wall 1t would be necessary to virtually build
a wood~frame wall on the inside of a masonry wall, It 1s customary
to use a legser thlckness of insulation on masonrv walls placed bet-
ween 2- by 2-inch furring strips. Thus about 1% inches of insulation
is realized and in any strict comparison one should charge the masonry
wall with the cost of providing the space for the 1nsulation This
does not mean, however, that a masoniy wall with 12 inches of good
insulating on it 1s not a good wall but by comparison with the poss-
ibilities for providing maximum (and economical) resistance to heat
flow 1n a wood-frame wall it does fall somewhat short.

If a substantial thickness of insulation 1s placed in a
wood-frame wall the insulating value of any other materials that may
go 1nto the wall can be ignored and they can be selected without con-
cern for this., For example it would not make an appreciable differ-
ence whether the sheathing material had any insulation value at all.
Also for insulated masonry walls there need be 1little concern for the
insulating value of the plaster or plaster base.

Insulation 1is perhaps in the best position of any materials
in wall constrvection from the economic viewpoint since substantial
thilckness can be purchased and installed at low-cost, and up to a
polint tThe annual cost of the wall is reduced merk.dly over an unin~
sulated wall.

There is one a°pect of heat flow or heat loss from a wall
that has not been taken into account in the preceding comments. That
aspect 1s the possibilicy of outside air being blown into walls and so
displacing warmed air. It has been suggested that sheet materials
apolied to the outside of a wall will reduce heat loss by decreasing
the movements of air in and out of wall spaces, and that narrow boards
and a lapped layer of sheathing paper will allow relatively free
movement of alr in and out of walls. There 1s not much evidence to
support either suggestion. Experiments conducted in Norway indicate
that tuilding papers with joints lapped tightly will provide a very
large percentage of the total resistance to air flow in a wall con-
struction.

The Control of Water-Vapour Flow

The principal means of controlling water-vapour flow into
walls 1s by the application of vapour barriers on the warm side of
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walls. This recduces the amount of water vapour that enters the walls.
As an added precaution it is wise to consider the ease with which
water vapour can leave the wall to the outslde since vapour barriers
are not perfect barriers.

The selection of a vapour barrier may not be important from
an. economic point of view since the applied cosgt of the best vapour
barriers may be as low as 5 or 4 cecents a quare foot., The difference
in cost of membranes is small, so one might Just as well have a good
one to start with.

The use of foil-backed wallboard 1s one means of combining
this function with the interior finish, Foil-backed lath is question-
able as a vapour barrier becaase of the great length of crack that
results.

We are often asked about the suitability of interior paints
as vapour berrlers. Here it can onliy be said that generally itwo or
three coats of good oil, rubber base, or alkyd paints will orov1de
“substantial resistance to water vapour flow. I suggest tha ‘they should
only be used as vapour barrlerq where it 1s not practlcal or economical
to use a membrane barrier,

The damage in cerms Of}palntyleilure, damaged'insalation, and
rotting of materials that can result from the omission of vapour bar-

riers, or a poor installation, could certainly result in cos»s amount-
ing to many times the cost of a membrane barrier. C :

Interior Finish

Ihe function of the interior finish can be stated fairly
simply as '"the provision oif a painvable, cileanable, and carable sur-
face". ‘I'ne probiems are all famitiar - plaster cracking, and popping
of rails and joint-fiiting provlems in dry-wall construction. 'ne
selection of an inverior finish is ‘olrven a matter of personal choice
and there "hoears to be few wvechnical consideravions that suggest any
genepral ady » materials used in the average huuce.

functiors of the sezterior finish avre sszversl. It shouid
a4 rain and egnow, and may in some walls provide resiaffeee to ths
ry of wind, It ghould be durable under the conditiinz of exposure
shhould have dimensional stabllity over a similar eanze of condi-
s. Tt should not provide a barrier o the movemeat ocutward of
wut r vapour that may mcve through or by-pass ths vanouir barrier.
Finally the exterlor finlsh should provide 2 pleasing aposarance.

: In wood-frame walls, including brick-veneer construction,
the gheathing paper is the element of the exterior fi nleU which 1s
likely to provide The greatest resistance to water-vapour flow. The
principal purpose cf the sheathing paper is to keep liguid water and
alr out of the wall. Thus, a membrane should bz selected that will
zumd water and at the same time pass water vapour. Sheathing papers




"'mauerial because of rot or freezin aetion

Cinner component can contain the scru"tural, 1nsulation and incerior

- a minimum effect on wall leakage. It may thus be possible to reduce

wood or other sheet sidinegs. Vertical furring strips provide natural
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are, in fact, represénted by the comnon saturated building papers that:
are familisr to all. Unfortunately some manufacturers try. to make their

products- too water re51stant and, oy go-doing, make them too resistant
to water vapour flow. : . _

Stucco and brick veneex sidings are all fairly permeable to
water vapour flow Painted wood sidinis.do not meet’ this .function very :
well because, as was prev1ously mentioned a paint film will prov1de SR
a_subutantial réesistance to waier-vapour flow° Nany have . dlscovered
" this to theilr loss, as paint blistering is no straqger in the building
scene. However, in most hcuees the sicuation is not serious since ‘the
siding is 1apped S0 that the vall can breathe outward throagh the. o
cracks between boards. The ousward movement of water vapour ‘is: prob-”j_g-
ably resoon31ble for much of the paint failure that is reported AR R

'“out cf walls is perhapu the most 1moortant con51deration in the
all Diecure of wall performance Water will cause materlals t

already been mentioned as a factor in connection with heat 1os
1s certainly a factor which can contribute to wall leakage. Walls
much more susceptible to 1=akage during wind driven rain than;t ey re
to rain w1thoat wind, .- _ _ c

~ In our efforts. to Lreven wall leakage there ‘has been a
_ tendency toward the sealinrr of the cxterior wall suriaces to cry ‘to-
S produce a m01suure-impermeable surface, The perfect seallng of a wall
surface is almost impossible: since fine cracks and joints thao cannot SR
be seen will allow the passage of water whether it is wind driven: Or];‘f'ﬁ
not. It then becomes necessary to conslder the best posslble means’ i

of protection for the various:-elements of the wall. For example;. byj[-v
',COQUJructlng the wall in two compo(ents, inner and outer, there will .
“be a much better chance of improv1n5 over-ail wall performance. The

"finish elements, and the outer. comnonent ‘can serve simply as a weather
screen in respect to rain penetravion. ‘This prcpoea1 will be recog-

~ nilzed as typlcal of a caVity—wall construction or the standard brick-

- veneer ¢ dobrd3bl0n‘ To provide the maximum procection against the ,
entry of wahter into the wall the cavity behind the exterior finish =~
shculd be freely dralned and ventilacted so that wind actlon mey have

the possibility of damage to walls idue to water penetration to that
which may occur as a result of the absorptive properties of the ex-
terior cladding when a film of water exists on its surface., Dimen-
sional stability with variation in 101sture ¢ontent and temperature
and resistance to deterioration due to freeze thaw action woulid sgtill
be required of cladding materials as now; but the function of the
cladding would not be so uirectly aue001ated with the over-all per-
formance of - the whole wall.

_ Wood or stucco clad walls can be built on a simllar basis

by applying these materials on furririg strips placed over the sheathing
~ paper Stucce finishes would require a backing which need only function
. durino the application process.,. No_great difficulty would occur with

_veaaitation channels and horizontal furring strips can be gapped or
notched to allow drainage and ventilation o . : ]






