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The exterior walls of a building are similar to the roof in that they form a barrier between the inside
and the outside. They protect the interior rooms from sun, rain, snow, and wind, and they insulate from
the heat and cold of the outdoors to help maintain a comfortable indoor temperature. Because they are
vertical, the walls are not as severely attacked by weather as the roof, but because walls are punctuated
with numerous door and window openings, they must be carefully designed and constructed if they are
not to leak.
Though manufacturers have spent countless resources developing improved windows, doors,
sidings, and sealants, walls function best and last longest when they are protected from rain and sun by
roof overhangs. Wall elements that are not protected by overhangs will deteriorate much more quickly
than those that are so protected.
Though roof overhangs protect the walls from rain, snow, and sun, all of which come from above,
walls need protection from below as well. Rain dripping from a roof or falling from the sky can splash
when it hits the ground, soaking the base of the wall. Snow can accumulate in tall drifts that pile up
against walls. The splashing problem (called splashback) can be relieved by the addition of gutters and
downspouts, which are discussed in Chapter 11. Both splashing and snow problems may be addressed
by protecting the base of the wall with materials that do not deteriorate rapidly when they come into
contact with moisture (Figure 13.2).
There is a logical sequence for ﬁnishing exterior walls that involves layering materials, one over
another, to make an envelope that is as weathertight as possible. Starting at the sheathing of the framed
walls, a membrane weather barrier is added to protect the framing from moisture that might make its
way through the outer protective layers. Next, the windows and doors are installed, providing edges to
which the siding will be ﬁtted. The siding and its accompanying trim are ﬁnally added, and exterior coats
of paint or stain ﬁnish the job. The membrane weather barrier and windows and doors are customarily
installed by the framing crew or the general contractor. The siding may be installed by the same people
or by a specialized siding subcontractor. The painting is almost always done by a painting subcontractor.

Figure 13.1
Architect Bernard Maybeck understood the principles of protecting walls from the weather. The R. H.
Mathewson House, built in 1915 in Berkeley, California, has large roof overhangs, and the exposed
wooden parts of the house are kept well above the ground. (Photo by Rob Thallon)
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Figure 13.2
This house, built in 2000, employs roof
overhangs over each window and door
and has water-resistant cement board
siding at the base. Carefully planned
roof overhangs can control sunlight as
well as protect from the weather. (Photo
by Rob Thallon)

The Weather Barrier
Membrane
Once the frame of the house has
been completed, a weather barrier
membrane is applied to the wall
sheathing. This membrane has two
primary functions: It serves as an air
barrier, reducing the leakage of air
between indoors and outdoors. It
also protects the structural shell of

the building from water during construction and, in the long term, acts
as a backup waterprooﬁng layer beneath the siding. Tests have shown
that even the most professionally
applied siding cannot completely
eliminate the penetration of rainwater or snowmelt that is driven by
wind or pulled through by capillary
action or gravity. The weather barrier
intercepts this moisture before it

reaches the sheathing, while allowing water vapor to pass freely so that
it does not accumulate in the wall.
Prior to the 1980s, the weather
barrier membrane usually consisted of 15-pound asphalt-saturated felt
(commonly known as “tarpaper”).
This material comes in 3-foot-wide
(610-mm) rolls and is stapled to
the sheathing in successive overlapping courses, starting at the base of
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Figure 13.3
Housewrap completely covers the walls
of this new house in preparation for the
application of siding. Lightweight wraps
such as this have almost entirely replaced
felt building paper for use as a weather
barrier. (Photo by Rob Thallon)

Figure 13.4
This house has been framed and is
ready for the windows and doors to be
installed and its exterior ﬁnishes applied.
Compare this photo to Figure 13.5, a
house in the same development that has
been ﬁnished on the exterior. (Photo by
Rob Thallon)
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Figure 13.5
The ﬁnish of the exterior of a house
employs numerous subcontractors. This
typical California house required the
skills of carpenters to install windows,
doors, trim, and siding and to construct
columns and railings. In addition,
masons, electricians, and painters were
required. (Photo by Rob Thallon)

the wall. Felt is still used by many
builders and provides an excellent
barrier (Figure 13.17). However, a
universal concern with heating fuel
efﬁciency has led to the development
of airtight, vapor-permeable housewraps. These are manufactured strips
up to 12 feet wide that can wrap an
entire story of a house in one continuous band of material, thus minimizing air leakage through seams
(Figure 13.3). To reduce air leakage most effectively, seams should

be minimized. Seams that cannot be
avoided must be cemented together
or sealed with tape, and the edges
around windows and doors should
be carefully sealed. (Other types of
weather barrier membranes are discussed in Chapter 17.)
Whichever membrane is used, it
should lap over the ﬂashings at the tops
of windows and doors. It should also lap
over itself at horizontal seams so that
water running down its face will always
be directed away from the building.

Exterior Trim
Once the windows and doors have
been installed, there is often exterior trim to be installed before the
siding is applied. Window and door
surrounds, corner boards, handrails,
and porch and eave trim are common
examples of exterior trim in residential construction (Figure 13.6). This
trim can be functional, and it can
add proportion and interest to the
facade. Often, it is shaped to imitate
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traditional trim. It is generally applied by the same carpenters who
install the windows and doors. Flashings must be integrated with the trim
at the heads of windows and doors.
Trim installation must be coordinated with the painter because the trim
is often painted a different color than
the surrounding siding.
The materials of choice for exterior trim have traditionally been clear
vertical-grain western red cedar or
redwood. These woods resist decay,
remain stable, work easily, and hold
paint well. However, these materials
have become costly, so lower grades
of these woods and other species as
well as composite materials are often used instead. Composite woods
include laminated veneer lumber
(LVL), hardboard, ﬁber-cement, and
ﬁnger-jointed trims.

Siding
The exterior cladding material applied to the walls of a residence is
referred to as siding. Many different types of materials can be used
as siding: wood boards with various
proﬁles, applied either horizontally
or vertically; imitation board sidings
made of metal, vinyl, or concrete; plywood siding; wood shingles; stucco;
imitation stucco; and brick or stone
masonry (Figures 13.7 to 13.29).
The primary purpose of siding
is to protect the walls from weather
while presenting an attractive appearance. Siding materials must be able to
endure moisture in the form of water
vapor, rain, and melted snow; thermal expansion and contraction due
to extreme heat and cold; freezing
temperatures that can cause cracking and splitting in the presence of
moisture; and ultraviolet degradation from direct sunlight. Some siding materials are coated with paint or
stain to prolong their durability. The
effectiveness of siding materials is enhanced by the weather barrier just
under them, which provides a second
line of defense against the weather.

Figure 13.6
Trim is used effectively on this house to emphasize parts of the composition. The
eye is drawn to the central bay, which is made entirely of windows and painted trim.
The attic windows and rafters above are painted to complement the bay. Notice that
the central windows have less glass area because they contain an operable sash for
ventilation. (Photo by Rob Thallon)
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Figure 13.7
Six types of board siding from among many. The four bevel and shiplap sidings are designed to be applied in a horizontal orientation. Tongue-and-groove siding may be used either vertically or horizontally. Board-and-batten siding may only be applied vertically.
The nailing pattern (shown with broken lines) for each type of siding is designed to allow for expansion and contraction of the
boards. Nail penetration into the sheathing and framing should be a minimum of 1½ inches (38 mm) for a satisfactory attachment,
which means that nails should align with studs.

Virtually all of the sidings used
today in North American residential construction are made from
one of the six different materials
discussed next.

Board Sidings
Horizontally applied board sidings,
made either of solid wood or of wood
composition board, are nailed in such
a way that the nails pass through the
sheathing and into the studs, giving a very secure attachment. This

procedure also allows horizontal sidings to be applied directly over insulating sheathing materials without
requiring a nail-base sheathing. (A
nail-base sheathing is a material such
as plywood or waferboard that is dense
enough to hold nails.) Siding nails,
whose heads are intermediate in size
between those of common nails and
those of ﬁnish nails, are used to give
the best compromise between holding power and appearance when attaching horizontal siding. Siding nails
should be hot-dipped galvanized or

made of aluminum or stainless steel
to prevent corrosion staining. Nailing is done in such a way that the individual pieces of siding may expand
and contract freely without damage
(Figure 13.7). The ends of horizontal siding boards are butted tightly to
corner boards and window and door
trim, usually with a sealant material
applied to the joint during assembly.
More economical horizontal
siding boards made of various types
of wood composition materials are
readily available. Caution should be
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Figure 13.8
Workers installing cement board siding. The worker on the ground
cuts the siding to size with a power saw, while the two on the scaffold
nail it to the wall with pneumatic nailers. The designer has speciﬁed
alternating board widths to create visual interest. (Photo by Rob Thallon)

Sheathing
Air barrier
1 x 3 (19 x 63 mm)
vertical spacers
3/4" (19 mm) airspace
Siding nailed to
spacers

A folded strip of insect
screening keeps insects
out of the airspace and
permits drainage

Figure 13.9
Rainscreen siding application. Any water
that penetrates through joints or holes in
the siding drains away before it reaches
the sheathing.

Chapter 13 • Finishing the Exterior Walls

/ 337

Figure 13.10
Board-and-batten siding similar to that
historically used for barns. The modern
version generally uses narrower boards
and is applied over sheathing and a
weather barrier. (Photo by Rob Thallon)

exercised in selecting these materials,
however, as some builders have experienced problems in service with excessive water absorption, decomposition, or fungus growth. Composition
sidings, made from wood ﬁber, sand,
and portland cement, appear to be
the most reliable and are increasing
their share of the siding market (Figure 13.8). They are nonﬂammable,
impervious to rot, and unattractive to
insects. In addition, they hold paint
better and are more dimensionally
stable than wood or composite wood
products. However, because of their
weight and hardness, they are more
difﬁcult to handle and to cut than
wood siding products.
In North America, horizontal
siding boards are customarily nailed
tightly against the sheathing. In

Europe, and increasingly on this side
of the Atlantic, siding is nailed to vertical wood spacers that are aligned
over the studs (Figure 13.9). This
rainscreen detailing creates a pressure equalization chamber behind
the siding that acts to prevent water
penetration in a wind-driven rain. It
also provides a free drainage path
for any water that leaks through the
siding, and it permits rapid drying of
the siding if it should become soaked
with water, advantages that usually
justify the additional expense of this
procedure. Special attention must be
given to corner boards and window
and door casings to account for the
additional thickness of the wall.
Vertically applied sidings (Figure
13.10) are nailed at the top and bottom plates of the frame and at one or

more intermediate horizontal lines
of wood blocking installed between
the studs. Rainscreen detailing of
vertical sidings is inherently difﬁcult
because the horizontal spacers do
not allow free drainage of water from
the cavity.
Heartwood redwood, cypress,
and cedar sidings, which are decay
resistant, may be left unﬁnished if
desired, to weather to various shades
of gray. The bare wood will erode
gradually over a period of decades
and will eventually wear thin and
have to be replaced. Other woods
must be either stained or painted
to prevent weathering and decay. If
these coatings are renewed faithfully
at frequent intervals (usually every
3 to 6 years), the siding beneath will
last indeﬁnitely.
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Metal and Vinyl Sidings
Sidings formed of preﬁnished sheet
aluminum or molded of vinyl plastic
are usually designed to imitate wood
sidings. Their primary advantage is
that they will not decay and are generally guaranteed against needing
repainting for long periods, typically

20 years (Figures 13.11 and 13.12).
Such sidings do have their own problems, however, including the poor
resistance of aluminum sidings to
denting and the tendency of vinyl sidings to shatter on impact, especially
in cold weather. Vinyl also expands
and contracts much more than other
siding materials (Figure 12.10), so

Figure 13.11
Aluminum and vinyl sidings are both intended to imitate horizontal lap siding in
wood. Their chief advantage in either case
is low maintenance. Nails are completely
concealed in both systems. The enlargement of a horizontal joint at the right
shows how the panels hook together.

(a)

Figure 13.12
Installing aluminum siding over insulating foam sheathing. Special aluminum pieces
are provided for corner boards and window casings; each has a shallow edge channel
to accept the cut ends of the siding. Each horizontal “board” clips to the siding piece
below and is nailed at the top edge in a slot that allows for expansion and contraction.
(Courtesy of Dow Chemical Company)

(b)

Figure 13.13
Vinyl siding details: (a) Plan view at a corner showing a slot with room for thermal expansion and contraction of the siding.
(b) Elevation view of the siding showing nailing slots that also allow movement. (Courtesy of Certainteed Corporation)
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installation details that allow for this
movement must be incorporated
into its application (Figure 13.13).
Although vinyl and aluminum sidings bear a superﬁcial similarity to
the wood sidings that they mimic,
their details around openings and
corners in the wall are sufﬁciently different that they are usually

inappropriate for use in historic restoration projects.

Plywood Sidings
Plywood siding materials have become
popular for their economy (Figure
13.14). The cost of the material per
unit area of wall is usually somewhat

Figure 13.14
Plywood siding is often disguised with vertical battens that cover the joints between
panels and break up the 4 feet of surface between. (Photo by Rob Thallon)
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less than that for other siding materials, and labor costs tend to be relatively low because the large sheets of
plywood are more quickly installed
than equivalent areas of boards. In
many cases, the plywood siding can
also function as structural sheathing, leading to further cost savings.
All plywood sidings must be painted
or stained, even those made of decayresistant heartwoods, because their
veneers are too thin to withstand
weather erosion for more than a few
years. The most popular plywood sidings are those that are grooved to imitate board sidings. The grooves also
serve to conceal the vertical joints
between sheets.
The largest problem in using plywood sidings for two- or three-story
houses is how to detail the horizontal
end joints between sheets. A Z-ﬂashing
of aluminum (Figure 13.16) is the
most common solution and is clearly
visible. The designer should include
in the construction drawings a sheet
layout for the plywood siding that
organizes the horizontal joints in an
acceptable manner. This will help
avoid a random, unattractive pattern
of joints on the face of the building.

Figure 13.15
The wall at the left side of the photo has
weather barrier applied and windows
installed. The windows have been ﬂashed
with a ﬂexible, self-sticking, impermeable membrane. The wall on the right
has a single layer of ﬁnish plywood
sheathing applied. Note the Z-ﬂashing
(Figure 13.16) near the top of the
sheathed wall. The plywood will ultimately have horizontal trim and vertical
battens applied to improve its appearance and cover the seams between the
plywood panels (Figure 13.27).
(Photo by Rob Thallon)
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Shingle Sidings
Wood shingles and shakes (Figures
13.17 to 13.22) require a nail-base
sheathing material such as oriented
strand board (OSB), plywood, or waferboard. Either corrosion-resistant
box nails or air-driven staples may be
used for attachment. Most shingles
are of cedar or redwood heartwood
and need not be coated with paint or

stain unless such a coating is desired
for cosmetic reasons. Figures 13.19
and 13.20 show two different ways of
turning corners with wood shingles.
The application of wood shingle
siding is labor intensive, especially
around corners and openings, where
many shingles must be cut and ﬁtted. Several manufacturers produce
shingle siding in panel form by stapling and/or gluing shingles to wood

backing panels. A typical panel size is
approximately 2 feet high and 8 feet
long (600 by 2450 mm). Several different shingle application patterns
are available in this form, along with
prefabricated woven corner panels.
The application of panelized shingles
is much more rapid than that of individual shingles, which results in
sharply lower labor costs and, in most
cases, a lower overall cost.

Figure 13.18

Figure 13.16
A detail of a simple Z-ﬂashing, the device
most commonly used to prevent water
penetration at horizontal joints in
plywood siding.

Figure 13.17
Applying wood shingle siding over
asphalt-saturated felt building paper.
The corners are woven as illustrated in
Figure 13.19. (Photo by Edward Allen)

A detail of wood shingle siding at the
sill of a platform frame house. The ﬁrst
course of shingles projects below the
sheathing to form a drip and is doubled
so that all the open vertical joints between the shingles of the outside layer
are backed up by the undercourse of
shingles. Succeeding courses are single,
but are laid so that each course covers
the open vertical joints in the course
below.
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Figure 13.19

Figure 13.20

Wood shingles can be woven at the corners to avoid
corner boards. Each corner shingle must be carefully
trimmed to the proper line with a block plane, which is
time consuming and relatively expensive, but the result
is a more continuous, sculptural quality in the siding.

Corner boards save time when shingling walls and
become a strong visual feature of the building. Notice
in this and the preceding diagram how the joints and
nail heads in each course of shingles are covered by
the course above.

Figure 13.21
Both the roof and the walls of this New England house by architect James Volney Righter are covered with wood shingles.
Wall corners are woven. (Photo © Nick Wheeler/Wheeler Photographics)
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Figure 13.22
Fancy cut wood shingles were often a featured aspect of shingle siding in the late 19th century. Notice the ﬁsh-scale shingles in the
gable end, the serrated shingles at the lower edges of the walls, and the sloping double-shingle course along the rakes. Corners are
woven. (Photo by Edward Allen)

Stucco
Stucco, a portland cement plaster, is
a strong, durable, economical, ﬁreresistant material for siding light
frame buildings (Figure 13.23). Stucco is applied over galvanized metal
lath, using galvanized steel or plastic accessories to prevent rusting in
damp locations. One disadvantage
of portland cement stucco is that it
shrinks and is therefore prone to
cracking. To compensate, stucco
walls should be provided with control
joints at frequent intervals to channel
the shrinkage into predetermined
lines rather than allowing it to cause
random cracks. The curing reaction
in stucco is the same as that of concrete. Stucco must be kept moist for

at least a week before it is allowed to
dry in order to attain maximum hardness and strength through full hydration of its portland cement binder.
Stucco can be applied either over
sheathing or without sheathing. Over
sheathing, asphalt-saturated felt paper is ﬁrst applied as an air and moisture barrier. Then self-furring metal
lath is attached with nails or screws.
Self-furring metal lath is formed with
“dimples” that hold the lath away
from the surface of the wall a fraction
of an inch to allow the stucco to key
to the lath. If no sheathing is used,
the wall is laced tightly with strands
of line wire a few inches apart, and
paperbacked metal lath is attached to
the line wire, after which stucco is applied to encase the building in a thin

layer of reinforced concrete. Stucco is
usually applied in three coats, either
with a hawk and trowel or by spraying (Figure 13.23). Pigments or dyes
are often added to stucco to give an
integral color, and rough textures are
frequently used.

Synthetic Stucco
In recent years, the exterior insulation
and ﬁnish system (EIFS), or synthetic
stucco, has rapidly grown in popularity (Figure 13.24). The system
combines insulation with a weather
barrier and provides a simple way to
add texture and relief to the walls of
a building. EIFS consists of rigid insulation panels adhered directly to
the sheathing and then coated with
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Figure 13.23
Applying exterior stucco over wire
netting. The workers to the right hold
a hose that sprays the stucco mixture
onto the wall, while the man at the left
levels the surface of the stucco with
a straightedge. The small rectangular
opening at the base of the wall is a
crawlspace vent. (Courtesy of Keystone
Steel and Wire Company)

Figure 13.24
EIFS at the corner of a residence with base coat applied.
Dimples appear on the surface where mechanical fasteners
hold the rigid insulation to the sheathing. A horizontal strip of
insulation has been added to create a shadow line on the building. A ﬁnal coat of synthetic stucco will hide the imperfections
now apparent in the surface. (Photo by Rob Thallon)
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a two-layer acrylic compound whose
ﬁnished surface resembles stucco.
The acrylic coating is both more water resistant and more ﬂexible than
traditional stucco.
Early versions of the system relied on the acrylic coating to act as a
complete barrier to the penetration
of moisture. Called barrier EIFS, this
system experienced a considerable
failure rate from moisture that found
its way behind the barrier at imperfections in the seals at windows and
other locations. This moisture was
trapped beneath the barrier with
no way to escape and often caused
sheathing, framing, and trim to rot.
As a consequence of these failures,
a second generation of synthetic
stucco, called water-managed EIFS,
has been developed. Water-managed
EIFS assumes that some leaks will
occur; accordingly, it incorporates a
weather barrier and drainage channels at the inside of the rigid insulation (Figure 13.25). Both barrier
EIFS and water-managed EIFS systems are now in use, with each being
favored in particular climatic regions.

Masonry Veneer
Light frame buildings can be faced
with a single wythe of brick or stone
in the manner shown in Figure 13.26.
The corrugated metal ties support
the masonry against falling away
from the building, but allow for differential movement between the masonry
and the frame. Masonry materials and
detailing are covered in Chapter 5.

Manufactured Stone
A less expensive alternative to masonry veneer is manufactured stone.
Because the manufactured imitation
is much lighter and thinner than the
genuine material, it can be applied
directly to the sheathing—much like
a tile is applied to an interior wall
(Figure 13.28). The thinness of the
manufactured stone makes transitions to other siding materials easier
than with masonry veneer because

Figure 13.25
A detail of watermanaged EIFS at the
sill of a house. The
weather barrier against
the sheathing prevents
moisture from entering
the framing. An open
drainage layer at the
inner face of the rigid
insulation allows gravity
to carry the moisture
to the base of the
wall where it escapes
through holes in the
starter track.

the manufactured stone and the
siding are often nearly at the same
plane, whereas there is usually a considerable offset between masonry
veneer and other sidings. Manufactured stone as a material is discussed
in Chapter 5.

Exterior Paints
and Coatings
Once the carpenters and siding subcontractors have ﬁnished installing
all of the exterior features of the
building, it is time to paint. Paints and
other architectural coatings (such as
stains, varnishes, lacquers, and sealers) protect and beautify these surfaces. The painting subcontractor may
be called on to coat siding, windows
and doors and their trim, eaves and
rakes and various roof trims, gutters
and downspouts, and other exterior
construction such as porches and railings. The painter must work with the
contractor to coordinate the painting of all these items so that the work

Figure 13.26
A detail of masonry veneer facing for a
platform frame building. The weep holes
drain any moisture that might collect in
the cavity between the masonry and the
sheathing. The cavity should be at least
1 inch (25 mm) wide. A 2-inch (50-mm)
cavity is better because it is easier to
keep free of mortar droppings that can
clog the weep holes.
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Figure 13.27
Manufactured stone is being employed
with increasing frequency to add visual
substance and weight to the walls of residential buildings. Note that the plywood
siding has been ﬁnished on the middle
unit, but the unit in the foreground has
yet to receive its vertical battens and
trim. (Photo by Rob Thallon)

Figure 13.29
This wood-framed house illustrates the
use of four siding materials. To the left,
the chimney is clad in stucco. Note the
horizontal expansion joints spaced at
roughly 8 feet (2400 mm). The second
story is clad in asphalt shingles. The area
around the entry door is covered with
ﬁber-cement panels. The panels were
ﬁeld-painted and fastened with stainless
steel washer head screws that remain
visible and make a distinctive pattern.
To the right of the ﬁber-cement panels is
a concrete wall with no applied cladding.
(Architect: Studio Ectypos, www.studioectypos.
com. Photo by Joseph Iano)

Figure 13.28
A detail of manufactured stone facing
for a platform frame building. The thin
lightweight ersatz stone panels are adhered to a setting bed that is very similar
to a stucco wall. The facing is normally
applied ﬁrst to the top of the wall, and
work then proceeds downward so that
the work already in place does not have
to be protected from falling mortar.
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Figure 13.30
Painters ﬁnishing the
exterior of a house. The
efﬁciency of exterior painting depends more on the
weather than on any other
factor. The painter at the far
left is standing on the top of
a stepladder, which is a very
unsafe practice. (Courtesy of
Energy Studies in Buildings
Laboratory, Center for Housing
Innovation, Department of Architecture, University of Oregon)

progresses efﬁciently. Although the
painting work may be interspersed
with the other aspects of ﬁnishing the
exterior walls, the painter is generally
the last contractor to ﬁnish. When
the exterior painting is done, the exterior shell of the house is complete
(Figure 13.30).

Coating Materials
Most architectural coating materials are formulated to include four
basic types of ingredients: vehicles,
solvents, pigments, and additives.
The vehicle provides adhesion to the
substrate and forms a ﬁlm over it. Solvents are volatile liquids used to improve the working properties of the
paint or coating. The most common
solvents used in coating materials are
water and hydrocarbons, which are
commonly called “paint thinners” or
“mineral spirits.” Pigments are ﬁnely
divided solids that add color, opacity, hardness, abrasion resistance,
weatherability, and gloss control to
the coating material. Additives modify
the coating material by affecting such
properties as drying time, ease of application, and resistance to fading.

Coating materials fall into two
major groups, water based and solvent based. Water-based coatings use
water as a solvent, and cleanup is
done with soap and water. Waterbased coatings are commonly referred to as “latex paints.” Solventbased coatings use solvents other than
water such as hydrocarbons, turpentine, alcohols, and esters. In everyday
use, solvent-based paints are often
referred to as “oil paints” or “alkyd
paints.” Solvent-based and waterbased coatings each have many uses
for which they are preferred; however, there are also some applications
for which they can be used more or
less interchangeably.
As a component of their air pollution control programs, many states
now place stringent controls on the
amount of volatile organic compounds
(VOCs) that coatings may release into
the atmosphere. As a consequence
of this, and the fact that many painters sensitive to health issues prefer to
work with latex paints, coating manufacturers have undertaken the development and promotion of new types
of water-based coatings, including
water-based clear coatings, and the

production of solvent-based coatings
has declined signiﬁcantly.

Types of Coating Materials
The various types of architectural
coatings can be deﬁned by the relative proportions of vehicle, solvent,
pigment, and additives in each.
Paints contain relatively high
amounts of pigments. The highest pigment content is in ﬂat paints,
those that dry to a completely matte
surface texture. Flat paints contain
a relatively low proportion of ﬁlmforming vehicle. Paints that produce
glossier surfaces are referred to as
enamels. High-gloss enamel paint contains a very high proportion of vehicle and a relatively low proportion of
pigment. The vehicle cures to form a
hard, shiny ﬁlm in which the pigment
is fully submerged. Semigloss enamel
paint has a somewhat lower proportion of vehicle, though still more
than a ﬂat paint.
Stains range from transparent to
semitransparent to solid. Transparent
stains are intended only to change
the color of the substrate, usually
wood and sometimes concrete. They
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contain little or no vehicle or pigment, a very high proportion of solvent, and a dye additive. Excess stain
is wiped off with a rag a few minutes
after application, leaving only the
stain that has penetrated the substrate. Usually, a surface stained with
a transparent stain is subsequently
coated with a clear ﬁnish such as varnish to bring out the color and ﬁgure
of the wood and produce a durable,
easily cleaned surface.
Semitransparent stains have
more pigment and vehicle than
transparent ones and are not wiped
after application. They are intended
for exterior application in two coats
and do not require a clear top coat.
Also self-sufﬁcient are the solid stains,
which are intended for exterior use
and are usually water based. These
contain much more pigment and
vehicle than the other two types of
stains and resemble a dilute paint
more than they do a true stain.
The clear coatings are high in vehicle and solvent content and contain
little or no pigment. Their purpose
is to protect the substrate, make it
easier to keep clean, and bring out
its inherent beauty, whether it be
wood, metal, stone, or brick. Lacquers
are clear coatings that dry extremely
rapidly by solvent evaporation. They
are employed chieﬂy in factories and
shops for rapid ﬁnishing of cabinets
and millwork. A slower-drying clear
coating useful for on-site ﬁnishing is
known as a varnish. Varnishes and lacquers are available in gloss, semigloss,
and ﬂat formulations.

Field Application of
Architectural Coatings
No aspect of painting and ﬁnishing
work is more important than surface
preparation. Unless the substrate is
clean, dry, smooth, and sound, no
paint or clear coating will perform
satisfactorily. Normal preparation of
new wood surfaces involves patching and ﬁlling holes and cracks and
sanding until the surface is smooth.

Preparing metals may involve solvent
cleaning to remove oil and grease
and, on some metals, chemical etching of the bare metal to improve the
paint bond. New masonry, concrete,
and plaster surfaces generally require
some aging before coating to ensure
that the chemical curing reactions
within the materials themselves have
been completed.
There are a number of materials designed speciﬁcally to prepare a
surface to receive paints or clear coatings. Paste ﬁllers are used to ﬁll the
small pores in open-grained woods
such as pine, ﬁr, and cedar prior to
ﬁnishing. Various patching and caulking compounds serve to ﬁll nail holes
and other larger holes in the substrate. A primer is a pigmented coating
especially formulated to make a surface more paintable. A wood primer,
for example, improves the adhesion
of paint to wood. It also hardens the
surface ﬁbers of the wood so that it
can be sanded smooth after priming. Other primers are designed to
be used as ﬁrst coats for various metals or masonry materials. A sealer is
a thin, unpigmented liquid that can
be thought of as a primer for a clear
coating. It seals the pores in the substrate so that the clear coating will not
be absorbed.
Most ﬁnish coatings adhere better if the substrate is primed ﬁrst.
Specialized primers are produced for
both interior and exterior surfaces of
wood, various metals, plaster, gypsum
board, and a range of masonry and
concrete surfaces. Wood trim, casings, and siding in high-quality work
are back primed by applying primer
to their back surfaces before they are
installed; this helps equalize the rate
of moisture change on both sides of
the wood during periods of changing
humidity, which reduces cupping and
other distortions.
Coatings should be applied only
to dry surfaces, or they may not adhere. To prevent premature drying,
freshly painted surfaces should not
be exposed to direct sunlight, air temperatures during application should
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be between 50 and 90°F (10 to 32°C),
and wind speeds should not exceed
15 miles per hour (7 m/s). The paint
materials themselves should be at
normal room temperature.
A single coat of paint or varnish is usually insufﬁcient to cover
the substrate and build the required
thickness of ﬁlm over it. A typical
requirement for a satisfactory paint
coating is one coat of primer plus two
coats of ﬁnish material. Two coats of
varnish are generally required over
raw wood, sanding the surface lightly
to produce a smooth surface after the
ﬁrst coat has dried.
Paint and other coatings may be
applied by brush, roller, pad, or spray.
Brushing is the slowest and most expensive but is best for detailed work
and for applying many types of
stains and varnishes. Spraying is the
fastest and least expensive but also
the most difﬁcult to control. Roller
application is both economical and
effective for large expanses of ﬂat surface. Many painters prefer to apply
transparent stains to smooth surfaces
by rubbing with a rag that has been
saturated with stain.
If the painting is carefully coordinated with the installation of windows, doors, siding, and trim, the
painter’s work will be much easier
(Figure 13.31). Sofﬁt and eave trim,
for example, can be prepainted on
the ground before it is applied, saving
the time and effort of erecting scaffolding and the difﬁculty of painting
overhead. Window and door trim can
be painted in place before the siding
is installed, avoiding the necessity of
masking the siding.

Deterioration of Paints
and Finishes
Coatings are the parts of a building
that are exposed to the most wear
and weathering. Over time, they
deteriorate and require recoating.
The ultraviolet component of sunlight is particularly damaging, causing
fading of paint colors and chemical
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Figure 13.31
To avoid the complication of masking, all of the roof overhangs of this house have
been spray painted before the rooﬁng, siding, or windows are applied. (Photo by Rob
Thallon)

decomposition of the paint ﬁlm.
Clear coatings are especially susceptible to ultraviolet damage, often
lasting no more than a year before
discoloring and peeling, which is why
they are generally avoided in exterior
locations. Some clear coatings are
manufactured with special ultraviolet-blocking ingredients so that they
may be used on exterior surfaces.
The other major force of destruction for paints and other coatings is
water. Most peeling of paint is caused
by water getting behind the paint ﬁlm
and lifting it off. The most common
sources of this water in wood sidings
are lumber that is damp at the time it
is coated, rainwater leakage at joints,
and water vapor migrating from
damp interior spaces to the outdoors
during the winter. Good construction
practices and airtight vapor retarders
can eliminate these problems.
Other major forces that cause deterioration of architectural coatings
are oxygen, air pollutants, fungi, dirt,
degradation of the substrate through

rust or decay, and mechanical wear.
Most exterior paints are designed to
“chalk” slowly in response to these
forces, allowing the rain to wash the
surface clean at frequent intervals.

Ladders and
Scaffolds
Installing windows and applying trim,
siding, and coatings to the exterior of
a building always requires workers to
ﬁnd ways to work above the ground.
The need to work two or three stories
up is not uncommon. When deciding
how best to reach the upper limits
of walls, contractors must weigh the
factors of safety, cost, ﬂexibility, and
practicality. Safety should always be
paramount because construction injuries and fatalities from falling far
outnumber those from any other type
of accident.
For single-story residences on level ground, a ladder is often the most

practical means to reach high on the
walls (Figure 13.30). Stepladders are
useful for lower areas, but have height
limitations and require that four legs
be supported at the same elevation.
Extension ladders can reach considerably higher and need only two legs
supported because they lean against
the building. Because of their portability and versatility, extension ladders
are the most common means of working above the ground, but they have
limitations. Their length is limited by
weight and maneuverability, they can
hold only one worker at a time, and
they must be moved frequently to cover the upper reaches of a wall.
Scaffolding, which is a temporary
raised platform, overcomes most of
the limitations of the extension ladder. It can support several workers at
a time, workers can move laterally to
access large areas of a wall, and erection is infrequent or a one-time event.
In comparison to ladders, scaffolding
is also relatively safe. The erection of
scaffolding is always more expensive
than the use of an extension ladder,
but the expense can often be justiﬁed by the overall reduction of labor
costs.
There are several types of scaffolding. Ladder jacks clamp to a pair
of extension ladders and support a
plank between them (Figure 13.32).
This type of scaffold is relatively simple to set up, but it must be moved to
reach each section of wall.
Pump jack scaffolding employs
a foot-powered crank mechanism
to move the scaffold vertically (Figure 13.33). Because this type of scaffold can be adjusted to any level,
workers are always able to work at a
comfortable height.
Pipe scaffolding is usually set up
only once, with planks ﬁxed at elevations to make access to all parts of the
walls practical (Figure 13.34). Crossbracing stabilizes the scaffolding, and
guardrails provide a measure of safety. Depending on the job to be done,
pipe scaffolding can be set up at one
part of a house and then relocated to
another.
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Figure 13.32

Figure 13.33

Jacks that mount on two ladders to support a plank between them
are easily set up and adjusted. They are awkward to climb onto,
however. This plank should have a guardrail for safety because it is
more than 10 feet (3 m) above the ground. (Photo by Rob Thallon)

This climbing scaffold consists of a metal plank supported
between two 4 s 4 posts. Workers operate mechanical foot
cranks to move the mechanism up and down the posts.
Safer models have aluminum posts. (Photo by Rob Thallon)

Figure 13.34
The stationary braced pipe scaffold with wooden planks is one
of the most expensive but also
among the safest scaffolding
methods. Planks are typically set
approximately 7 feet above one
another to allow workers to reach
all areas of the wall while also
allowing headroom. (Photo by Rob
Thallon)
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Figure 13.35
A motorized hydraulic scissors scaffold is capable of supporting workers at the level of the fourth ﬂoor. These machines are efﬁcient only on
reasonably level sites. (Photo by Rob Thallon)

Building Green at
the Exterior Walls
Exterior ﬁnishes are involved in a
number of green issues. An especially important one is energy efﬁciency over the life of the building.
The provision of a durable, tight
air barrier beneath the siding is extremely important in limiting heat
loss and gain caused by air inﬁltration, which can be a very large component of the overall loss or gain of
the building. EIFS is the one exterior ﬁnish that adds substantially to
the thermal resistance of the wall
and reduces fuel use over time.

Some aluminum and vinyl siding
materials include foam plastic insulation that is of some beneﬁt in this
regard. The contributions of other
siding materials to the thermal resistance of the wall are relatively insigniﬁcant.
Wood and plywood sidings are
the only ones that are based on renewable resources.
Although aluminum siding has a
very high embodied energy content,
it is the one major siding material
that is recyclable. Fiber-cement siding uses wood ﬁber very efﬁciently,
but, along with stucco, its portland
cement binder is produced in plants

that emit very large quantities of
carbon dioxide and other pollutants.
Vinyl is derived primarily from petroleum, which is a dwindling resource
that is not renewable, and its other
major component, chlorine gas, is extremely toxic and energy intensive to
produce.
The manufacture of vinyl siding
produces extremely toxic, long-lived
chemical byproducts. Vinyl also
produces toxic combustion products when incinerated or involved
in a building ﬁre. It resists natural
degradation and is extremely difﬁcult
to recycle.
Exterior coatings (paints, stains,
and varnishes) should be considered in relation to their emissions
of volatile hydrocarbon solvents.
Masonry siding materials do not require painting, either initially or in
service. Fiber-cement siding holds
paint better than wood, which reduces the amount of coating material that will be used over the life
of the structure. Naturally decayresistant woods such as redwood and
red cedar, in the form of shingles,
shakes, and siding boards, may be
used without coatings.
The durability of siding materials
is another green issue. Sidings that
last longer consume fewer resources
on a life-cycle basis. Masonry is the
material that generally lasts the longest. Fiber-cement, stucco, and aluminum sidings are very durable and
require recoating only infrequently.
Plywood and EIFS are the least durable sidings and may need replacement at an early date.
Green considerations for all
these materials are covered in other
chapters, to which the reader is directed for further information. There
is no easy way to weigh all the factors
involved in selecting exterior materials so as to arrive at a clear choice that
is the most environmentally responsible. The goal is to make informed decisions on a project-by-project basis,
giving most weight to the particular
qualities that are most important in
each case.
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C.S.I./C.S.C.
MasterFormat Section Numbers for Finishing the Walls
07 46 00
07 62 00
07 65 00

Siding
Sheet Metal Flashing and Trim
Flexible Flashing

09 90 00

PAINTING AND COATING

09 91 00
09 93 00
09 97 23

Painting
Staining and Transparent Finishing
Concrete and Masonry Coatings

SELECTED REFERENCES
1. In addition to consulting the references listed at the end of Chapter 10, the
reader should acquire current catalogs

from a number of manufacturers of siding materials. Most lumber retailers also
distribute catalogs of siding and millwork

that can be an invaluable part of the designer’s reference shelf.

self-furring metal lath
exterior insulation and ﬁnish system
(EIFS)
barrier EIFS
water-managed EIFS
masonry veneer
manufactured stone
exterior paints and coatings
vehicle
solvent
pigment
additive
water-based coating
solvent-based coating

volatile organic compound (VOC)
paint
ﬂat paint
enamel
stain
clear coating
lacquer
varnish
primer
sealer
ladder jack
pump jack scaffolding
pipe scaffolding

3. What are the reasons for the relative
economy of plywood sidings? What special precautions are advisable when designing a building with plywood siding?

5. Specify two alternative exterior coating
systems for a building clad in wood bevel
siding.

KEY TERMS AND CONCEPTS
splashback
weather barrier
asphalt-saturated felt
housewrap
siding
board siding
siding nail
rainscreen principle
aluminum siding
vinyl siding
plywood siding
Z-ﬂashing
shingle siding
stucco

REVIEW QUESTIONS
1. In what order are exterior ﬁnishing operations carried out on a platform frame
building, and why?
2. Which types of siding require a nail-base
sheathing? What are some nail-base sheathing materials? Name some sheathing materials that cannot function as nail bases.

4. How are corners made when siding a
building with wood shingles?

6. What are the usual reasons for premature paint failure on a wood-sided house?

EXERCISES
1. For a completed wood frame building, make a complete list of the materials used for exterior ﬁnishes and sketch
a set of details of the eaves, rakes, corners, and windows. Are there ways in
which each could be improved?

2. Visit a lumberyard and look at all the
alternative choices of sidings, windows,
doors, trim lumber, and rooﬁng. Study
one or more systems of gutters and downspouts. Look at eave vents, gable vents,
and ridge vents.

3. For a wood light frame building of your
design, list precisely and completely the materials you would like to use for the exterior
ﬁnishes. Sketch a set of typical details to
show how these ﬁnishes should be applied
to achieve the appearance you desire, with
special attention to the roof edge details.

