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Evolution of Wall Design for
Controlling Rain Penetration

by G.A. Chown, W.C. Brown and G.F. Poirier

The design of walls to control rain penetration has changed considerably
over the years. This Update describes the evolution of walls from massive
masonry construction through to pressure-equalized curtain-wall assemblies,
focusing on developments in rainscreen walls.

The penetration of rainwater through walls

depends on the following combination of

conditions:

= the presence of water

= openings in the assembly that permit
water to enter

= forces that can move water through the
assembly.

The control of rainwater penetra-

tion depends on being able to

control any one or all of these

conditions.

Rain penetration creates
problems ranging from damage to
interior finishes and furnishings,
to the growth of mold and

Figure 1. Massive masonry construction

mildew, to premature structural deterioration.
Over time, rain penetration has been
controlled in various ways ranging from
massive masonry construction to pressure-
equalized rainscreen (PER) curtain-wall
assemblies.

Single-Element Protection

A variety of constructions have been used
that rely essentially on a single element for
rain-penetration control. Where the con-
struction material is relatively porous, the
wall relies on mass to absorb and re-release
the moisture. Solid masonry walls typically
depend on this mechanism (see Figure 1).

Where the construction material has low
porosity (e.g., cast-in-place concrete or
masonry walls made of dense stone), the
wall may rely on the low water permeance
of the material for rain-penetration control.
However, this may not be sufficient as any
cracks in the wall will allow direct penetra-
tion. Traditionally, many of these walls have
provided acceptable performance because of
the protection afforded by building details
that direct water away from the walls.

Such details include wide roof overhangs,
cornices, and drips on window sills.

With increased understanding of struc-
tural design, and the eventual transition
from load-bearing walls to curtain walls,
thinner assemblies became possible, making
more efficient use of structural material and
space. The loss of mass and thickness,
however, often led to rain penetration.




Relatively thin, single-wythe walls
continue to be used in buildings in milder
service environments, or in commercial or
industrial buildings that need provide only
limited environmental separation. In such
situations, buildings can be designed to
tolerate some moisture penetration from
rainwater without adversely affecting the
building fabric, the health or safety of the
occupants, the intended use of the space,
or the operation of building services.

Face-Sealed Walls

Face-sealed walls rely on single-element
protection and require the exterior surface
of the wall to be essentially impermeable
to water and air. Because these walls are
insulated on the interior of the sealed
surface, the surface is exposed to extreme
changes in temperature and solar radiation,
both of which impose large stresses on the
joints between cladding components, and
on the junctions between the cladding and
other components. The durability of
sealants under these conditions is signifi-
cantly less than in more protected environ-
ments, and is also considerably less than
that of other components in the cladding
assembly. Without timely maintenance and
replacement of the sealant, the walls lose
their water and air tightness, which can
affect the performance of all their intended
functions. Because of its relatively low
initial cost, the face-sealed approach con-
tinues to be used. To sustain performance,
however, significant resources must be
allocated for on-going maintenance.*

Multiple-Element Protection

The preferred approach for rain-penetration
control is to design multiple-element
protection into a wall. Many assemblies
incorporate more than one element to
control rain penetration. Historically, such
elements include an air space or drainage
plane and a water-resistant layer as well

as joint and junction details that also incor-
porate multiple elements of protection.
Such features have been observed in both
masonry and wood-frame constructions.

Cavity Walls

The masonry cavity wall evolved in
response to a need to control rain penetra-
tion through masonry walls that had become
thinner. It is defined as “a construction of
masonry units laid with a cavity between
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Figure 2. Drained and vented cavity wall

the wythes. The wythes are tied together
with metal ties or bonding units and are
relied upon to act together in resisting
lateral loads.”® Both the inner and outer
wythes, and the bonding units or ties, have
structural functions beyond self-support
under gravity. The cavity prevents water
from reaching the inner wythe by means
of capillary action; it also allows water to
dissipate through the capillary action of the
outer wythe during dry spells.

The drainage of cavity walls was advo-
cated in the early 1900s, although it was
not common practice at the time.® Today,
however, it is a well-known fact that when
drainage holes and flashing are provided at
the bottom of the cavity (as required by the
National Building Code since 1953), any
water that penetrates the outer wythe is
able to drain back to the outside (see
Figure 2).>® The drain holes may in some
cases also act as vents, allowing vapour in
the cavity to dissipate. Although the
drained cavity wall can provide considerable
protection against water ingress caused by
capillarity, surface tension and gravity, this
type of assembly cannot address water
transfer due to air-pressure difference
without the addition of other elements
to the wall.

The current edition of the National
Building Code (NBC) requires cavity walls
to have a minimum cavity width of
50 mm.®> This relatively wide cavity helps
prevent mortar dropped in the cavity from
forming bridges between the outer and
inner wythes.
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Figure 3. Rainscreen concept applied to solid load-
bearing brick wall

Early Wood Constructions

At least as early as 1604 in Canada, walls
of buildings that required enhanced
protection against rainwater ingress incor-
porated multiple control elements.” By

the 1920s, standard wood-frame residential
wall assemblies typically consisted of
cladding layered over building paper which
was, in turn, layered over exterior sheathing.
In many cases, an air space between the
cladding and the building paper was
incorporated into the wall system.

The Rainscreen Principle

The Original Concept

The rainscreen principle, introduced in
1946, was the next refinement of rain-pene-
tration-control strategies for walls.® Wall
assemblies built according to this principle
consisted of a cladding, made of a light-
weight, low water-permeance and low
water-capacity material, installed on the
exterior of a solid load-bearing brick wall,
with a drained and vented air space
between the cladding and the load-bearing
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Figure 4. Air flows through and within
rainscreen wall assemblies

wall. The idea was to reduce the moisture
load on the back-up wall and, by providing
this space, to permit the removal of mois-
ture transferred from both the exterior and
the interior (see Figure 3). When properly
detailed, this type of wall prevented water
ingress due to raindrop kinetic energy,
gravity, capillarity and surface tension.

It performed like a drained and vented
cavity wall; however, like the cavity wall,
it did not explicitly address the issue of
air-pressure difference as a driving force for
rain penetration.

Open Rainscreen Walls

The rainscreen concept evolved in the
1960s through the work of the National

amounts of water penetration before damage occurs.
The permissible quantity of water depends on the
materials used and on the ability of the assembly to
dry out. The latter, in turn, is dependent on the con-
figuration of the assembly and on the climate.

Research Council’s (NRC) Division of
Building Research. This further evolution,
known as the “open rainscreen wall,”
addressed all of the forces that can lead to
rainwater ingress, including the control of

Construction Technology Update No. 9 3



/ Rainscreen cladding
- Air space

Airtight plane of
air barrier system

| ——— Flashing

| ——— Ventanddrainage
opening

Floor assembly

——— Cladding connector
and compartment
separator

A\
&/‘—\N—F%F
L

Section

Rainscreen cladding

Air space

Airtight plane of
air barrier system

i

[~ Compartment separator

Column

A

Plan

Figure 5. Open rainscreen wall

airflow through and within the wall, in

order to minimize air-pressure differences

across the cladding (see Figure 4).° The

research demonstrated that by

= adding holes

= controlling the size and distribution of
vent holes

= providing an air space

= dividing the air space into compartments,
and

= incorporating an air barrier system in the
back-up wall

the pressure across the rainscreen assembly

can be reduced, thus significantly reducing

one of the forces responsible for driving the

rain through the wall (see Figure 5). This

consideration of pressure equalization

across the wall assembly differentiated the

open rainscreen wall from its predecessors.

Current Applications of the
Rainscreen Principle

Conventional or Basic Rainscreen Walls
The application of the rainscreen principle
that first saw widespread use in the 1970s
consists of:

= acladding (rainscreen)

= asecond line of defence, and

= an air barrier system in the back-up wall.

These are considered to be the essential
elements of a viable rainscreen wall
assembly.

Cladding. The cladding, which is the first
line of defence, provides a rain-shedding
screen. The rainscreen material is not
necessarily lightweight and may or may not
have low water permeance or low water
capacity. In fact, rainscreen walls with
brick veneer cladding are very common.
One of the important features of the cladding
is that the rainscreen material is assembled
so that it minimizes rainwater passage both
through and around the cladding.

Joints in the cladding must be detailed
to control raindrop kinetic energy, surface
tension and gravity. Openings in the rain-
screen have an impact on reducing the air-
pressure difference across the cladding, but
pressure equalization has to be addressed
in conjunction with the other elements of
the wall, particularly the air barrier system.
The elements that connect the cladding to
the back-up wall should be designed to
control moisture transfer by surface ten-
sion, capillarity and gravity. Components
such as windows and doors that penetrate
through the rainscreen, and the junctions
between these components and the rain-
screen, should also be designed in accor-
dance with the rainscreen principle in
order to control moisture transport forces.
The incorporation of air spaces that drain
to the exterior is one example of this com-
prehensive approach.

Second line of defence. This comprises a
flashed, drained and vented air space, and
a material installed on the exterior of the
back-up wall to protect moisture-suscepti-
ble components (or, in other words, a
water-resistant membrane). The role of the
second line of defence is to ensure that any
water penetration through the cladding
will not affect the rest of the wall assembly.
For houses and small buildings, the NBC
requires a wall assembly to have two layers
of sheathing membrane if not supported by
sheathing, one layer if supported by
sheathing or, alternatively, sheathing that
is either not moisture susceptible or that
incorporates a sheathing membrane.®

As with the cladding, the second line of
defence should be applied to all components
of the wall assembly in order to provide
the necessary continuity.
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The minimum allowable width of the
air space depends on the cladding material
and on the material used to create the air
space. For brick veneer walls, the minimum
width is 25 mm. (It is important to ensure
the cavity is kept reasonably clear of mortar.)
Where wood furring is used, there must be
sufficient material thickness for structural
attachment of the cladding: the NBC calls
for 19 mm for wood furring installed in
houses and small buildings.® In any case,
the width should not be less than 10 mm to
allow for variations in construction.

Adequate performance is provided in
many low-rise residential assemblies clad
with materials such as stucco, or vinyl,
metal or wood siding, even though the air
space is less than the generally accepted
minimum width and may be discontinuous
between flashing levels. These assemblies
reflect a long tradition of wood-frame
construction with multiple protective
elements. The first level of protection is
provided by the cladding system which,
when properly designed, greatly limits the
moisture load on the second line of
defence. In addition, roof overhangs may
be used to limit the quantity of rainwater
on the cladding. Because these assemblies
have reduced drainage capacity, the
sheathing membrane, or other material
installed to protect moisture-susceptible
materials in the back-up wall, may need
to be upgraded to provide greater water
resistance and thus ensure an effective second

protective cladding installed
on the outside of a drained
and vented air space on the
exterior of a structural wall.
In many of today’s wall
assemblies, the cladding may
not be lightweight, and the
drained and vented air space
may not exist, but a second
line of defence against rain
ingress is provided. Such walls
are considered to be rain-
screen walls.

line of defence.

Air barrier system.
For most types of
buildings, the NBC
requires a back-up
wall to have an air
barrier system, i.e.,

a continuous barrier
for the purpose of
controlling airflow
through the wall.>°
This also reduces the
static air-pressure
difference across the
cladding. The air
barrier system allows
the rainscreen cladding
and the second line of
defence to perform
effectively.

Modifications to the Basic Rainscreen Wall
As wall designs, construction methods,
and building materials have developed, the
application of the basic rainscreen wall
concept (as described above) has been
modified to respond to different service
environments, durability requirements and
(construction) cost constraints. \Whenever
a modification is made, the overall perfor-
mance of the assembly must be assessed to
ensure that the individual components and
the assembly as a whole are capable of
handling the water to which they will be
exposed in their service environments over
their design service lives.

Recently, the construction industry has
been experimenting with assemblies that
incorporate a self-draining material in the
air space, providing an alternative to the
combination of a simple air space and a
protective membrane as the second line of
defence. These materials include semi-
rigid glass fibre panels with oriented fibres
and self-furring materials such as profiled
plastic sheet. Assemblies that have incor-
porated these materials are sometimes
referred to as “drainscreen” walls.

Many recent building envelope failures
have occurred because they were designed
with very limited or no drainage capacity
behind the cladding. In these cases, an
inadequate assessment of the water resis-
tance required in the second line of
defence has led to the premature deteriora-
tion of the wall as a consequence of the
moisture load imposed on it. A wall
design that works well in one climate may
not perform adequately in another because
of differences in the intensity and frequency
of rainfall, average relative humidity and
temperature, and wetting and drying cycles.

Pressure-equalized rainscreen walls are
the most sophisticated version of the rain-
screen wall.!! In these assemblies, the
openings in the rainscreen are specifically
designed to allow both static and dynamic
pressure equalization to take place across
the rainscreen. The number and geometry
of the vent holes are determined on the
basis of allowing sufficient air to flow in
and out of the air space quickly enough to
respond to wind gusts so that the pressure
difference across the cladding and within
the compartments of the air space can be
minimized, thus reducing the rain-driving
force. The effective area of the vent holes
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depends on the airtightness of the air barrier
system, on the stiffness of the rainscreen and
of the air barrier system, and on the volume
of the individual compartments that make
up the air space. The air space behind the
cladding is divided into separate drained
and vented compartments to control vertical
and lateral airflow within it. Since air
pressure induced by wind varies over the
height and width of the building, the size
of the compartments, which are designed to
minimize the difference in air pressure within
each compartment, varies over the face of
the wall. Compartments must be closed at
all corners of the building to prevent the
wind from affecting the wind pressures on
adjacent building faces.

Guidelines for the Design of
Rainscreen Walls

Both conventional and modified rainscreen
walls have become the norm for low-rise
residential construction. Consequently,
numerous publications provide information
on their design and construction.121314
However, design guidelines currently avail-
able for PER walls are very limited and do
not sufficiently deal with the issue of con-
trolling rainyenetration under wind-driven
conditions.*>16

Summary

Over time, the rainscreen principle for wall

design has evolved and a number of varia-

tions have been developed. The perfor-

mance of these assemblies depends on:

= the materials and construction details used

= the moisture loading on the wall

= the drying forces in the service
environment.

Virtually any assembly can provide
acceptable performance under certain
conditions; however, where an assembly
varies from the conventional rainscreen, a
careful assessment must be made to ensure
that it can handle the moisture to which it
will be exposed.
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