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History
Wood light frame construction was 
the fi rst uniquely American build-
ing system. It was developed in the 
fi rst half of the 19th century when 
builders recognized that the closely 
spaced vertical members used to 
infi ll the walls of a heavy timber 
building frame were themselves suf-
fi ciently strong that the heavy posts 
of the frame could be eliminated. Its 
development was accelerated by two 
technological breakthroughs of the 
period. First, the advent of the water-
powered sawmill lowered the cost 
of boards and small wood framing 
members to an affordable level for 
the fi rst time in history. Second, ma-
chine-made nails were introduced, 
which were remarkably inexpensive 
compared to the hand-forged nails 
that preceded them.

The earliest version of wood 
light framing, the balloon frame,
was a building system framed solely 
with slender, closely spaced wooden 
members: joists for the fl oors, studs 
for the walls, rafters for the slop-
ing roofs. Heavy posts and beams 
were completely eliminated and, 
with them, the diffi cult, expensive 
mortise-and-tenon joinery they re-
quired. There was no structural 
member in a frame that could not 
be handled easily by a single car-
penter, and each of the hundreds 
of joints was made with lightning ra-
pidity using two or three nails. The 
impact of this new building system 
was revolutionary. In 1865, G. E. 
Woodward wrote, “A man and a boy 
can now attain the same results, with 
ease, that twenty men could on an 
old-fashioned frame.”

The balloon frame used full-
length studs that ran continuously 
for two stories from foundation to 
roof. In time, these were recognized 
as being too long to erect effi ciently. 
Another diffi culty was that the tall, 
hollow spaces between studs acted 
as multiple chimneys in the event 
of a fi re, spreading the blaze rapidly 

to the upper fl oors unless they were 
closed off with wood or brick fi re-
stops at each fl oor line. Several modi-
fi ed versions of the balloon frame 
were subsequently developed in an 
attempt to overcome these diffi cul-
ties, and the most recent of these, the 
platform frame, is now the universal 
standard (Figure 9.2).

The Platform Frame
While complex in its details, the 
platform frame is very simple in con-
cept (Figure 9.3). A fl oor platform is 
built. Loadbearing walls are erected 
upon it. A second fl oor platform is 
built upon these walls and a second 
set of walls upon this platform. The 

Figure 9.1
Carpenters apply plywood roof sheathing to a platform-framed apartment building. 
The ground fl oor is a concrete slab on grade. The edge of the wooden platform of the 
upper fl oor is clearly visible between the stud walls of the ground and upper fl oors. 
Most of the diagonal bracing is temporary, but permanent let-in diagonal braces occur 
between the two openings at the lower left and immediately above in the rear building. 
(Courtesy of Southern Forest Products Association)
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attic and roof are then built upon 
the second set of walls. There are, 
of course, many variations: A con-
crete slab that lies directly on the 
ground is sometimes substituted for 
the ground-fl oor platform; a build-
ing may be one or three stories tall 
instead of two; and several types of 
roofs that do not incorporate attics 
are frequently built. The essentials 
remain, however: A fl oor platform is 
completed at each level, and the walls 
bear upon the platform rather than 
extending from the walls of the story 
below.

The advantages of the platform 
frame over the balloon frame are that 
it uses short, easily handled lengths 
of lumber for the wall framing; its 
vertical hollow spaces are automati-
cally fi restopped at each fl oor; and 
its platforms function as convenient 
working surfaces for the carpenters 
who build the frame. The major dis-
advantage of the platform frame is 
that, if dimension lumber is used for 
fl oor joists, each platform constitutes 
a thick layer of wood whose grain 
runs horizontally. This leads inevi-
tably to a relatively large amount of 
vertical shrinkage in the frame as the 
excess moisture dries from the wood, 
which can lead to distress in the exte-
rior and interior fi nish surfaces. This 
shrinkage can be reduced to a neg-
ligible amount by using engineered 
lumber—I-joists and laminated ve-
neer lumber (LVL)—which contrib-
utes almost no vertical shrinkage.

The principal structural members 
of a conventional platform frame con-
sist entirely of nominal 2-inch dimen-
sional lumber members (or of similar-
ly sized, engineered lumber). These 
can be ordered in lengths of 8, 10, 
12, 14, 16, and up to 24 feet (2.438 m, 
3.048 m, 3.658 m, 4.267 m, 4.877 m, 
and up to 7.315 m). At the building 
site, the carpenters measure and saw 
the members to the exact lengths 
required for the frame. All connec-
tions are made with nails, using face 
nailing, end nailing, or toe nailing, 
as required by the characteristics of 
each joint (Figure 4.39). Nails are 

Figure 9.2
Comparative framing details for platform framing (left) and balloon framing 
(right). Platform framing is easier to erect but settles considerably as the wood 
dries and shrinks. If nominal 12-inch (300-mm) joists are used to frame the fl oors 
in these examples, the total amount of loadbearing cross-grain wood between 
the foundation and the attic joists is 33 inches (838 mm) for the platform frame 
and only 41⁄2 inches (114 mm) for the balloon frame.
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driven either by hammer or by hand-
held pneumatic nailing machines 
(nail guns). In either case, the connec-
tion is quickly made because the nails 
are installed without drilling holes or 
otherwise preparing the joint.

Each plane of structure (fl oor 
platform, wall frame, etc.) is basically 
constructed in the same way. Pieces 
of framing lumber are aligned paral-
lel to one another, with equal spacing 
between them (Figure 9.4). Cross-
pieces are then placed at right angles 
to the parallel framing lumber at ei-
ther end. The crosspieces are nailed 
to the parallel members to maintain 
their spacing and fl atness. The as-
sembled framing pieces are then cov-
ered with sheathing, a facing layer that 
joins and stabilizes the pieces into a 
single structural unit, ready for the 
application of fi nish materials inside 
and out.

Sheathing is a key component of 
platform framing. The end nails that 
connect the crosspieces to the paral-
lel framing members have little hold-
ing power against the considerable 
forces exerted on the building by 
wind or earthquake, but the sheath-
ing connects the frame into a single, 
strong unit from foundation to roof. 
Sheathing also furnishes a surface 
to which roofi ng, siding, and fl oor-
ing are nailed for fi nish surfaces. In 
buildings without sheathing, or with 
sheathing materials that are too weak 

to tie and brace the frame, diagonal 
bracing must be applied to the walls 
to impart lateral stability.

Openings are required in all of 
these planes of structure: for win-
dows and doors in the walls; for stairs 
and chimneys in the fl oors; and for 
chimneys, skylights, and dormers in 
the roofs. In each case, framing mem-
bers are added around the opening 
to restore stiffness to the plane of 
structure and to hold the parallel 
members in position. Floors, walls, 
and roofs have unique structural 
requirements for openings in their 
structural planes, and each has spe-
cifi c framing members for this pur-
pose that will be discussed in the fol-
lowing sections.

Building the Frame

Planning the Frame
While it is true that an experienced 
carpenter can frame a simple build-
ing from minimal drawings, a plat-
form frame of wood should be 
planned as carefully as a frame of 
steel or concrete in a larger building. 
The designer must determine an effi -
cient layout and the appropriate sizes 
for joists, studs, rafters, and other 
framing members, and communicate 
this information to the carpenters 
and building offi cials by means of 

a set of drawings collectively called 
working drawings or construction draw-
ings (Figure 9.5).

Working drawings consist prin-
cipally of fl oor plans, building eleva-
tions, and sections. The architectural 
fl oor plans serve to indicate the lo-
cations and dimensions of all walls 
and openings, and the exterior el-
evations are drawings that show the 
outside faces of the building. For 
most buildings, sections are also 
drawn that cut completely through 
the building, showing the dimen-
sional relationships of the various 
fl oor levels and roof planes and the 
slopes of the roof surfaces. In addi-
tion, foundation plans show the sizes 
and locations of the various parts 
of the foundation, and fl oor framing 
plans show the sizes and locations 
of fl oor framing members. In most 
residential buildings, the founda-
tion and fl oor framing plans can be 
combined into one drawing (Figure 
9.6). Roof framing plans show the size 
and relationship of all roof framing 
members. For most purposes, the 
designer determines member sizes 
by using the standardized structural 
tables in the building codes and in 
other references such as reference 3 
at the end of this chapter. Detailed 
section drawings, similar to those 
seen throughout this chapter, are 
also prepared for the major connec-
tions in the building.
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(a)

(b)

(c)

Figure 9.4
The basic components of platform 
frame construction. (a) Floors are made 
of repetitive joists, (b) walls are made 
of repetitive studs, and (c) roofs are 
made of repetitive rafters. Each of these 
repeated elements is fastened to cross 
members at the ends and covered with 
sheathing to form a structural plane.

Figure 9.3
The concept of platform framing, shown in cross section, reading from left to right: A foundation wall is constructed. A ground-fl oor 
platform is framed and sheathed. Ground-fl oor wall frames are assembled horizontally on the platform and then tilted into their fi nal 
positions. A second-fl oor platform is constructed on top of the ground-fl oor walls, and the process of wall construction is repeated. 
The attic fl oor and roof are added.
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(a)

(b)

Figure 9.5
The information for framing a house is 
all contained in the construction draw-
ings. For the simplest buildings, a fl oor 
plan, a section, and four elevations are 
adequate. (a) The fl oor plan shows the 

location of the walls and the location and 
size of window and door openings. (b) 

The section shows vertical dimensions and 
roof pitch. Spacing of joists, studs, and 
rafters is also indicated on the section. 

(c) The elevation shows the basic building 
shape, exterior materials, and relationship 
with the ground. More complicated build-

ings require fl oor framing plans (Figure 
9.6), roof framing plans, and numerous 
details. (Courtesy of Rainbow Valley Design 

and Construction, Eugene, Oregon)
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Figure 9.6
The combined foundation plan/fl oor 
framing plan for the simple house illus-
trated in Figure 9.5. The plan shows the 
relationship of framing to the foundation 
and the size and spacing of all fl oor fram-
ing members. Special features such as 
toilets and sinks are shown so that fram-
ing will be coordinated with their installa-
tion. (Courtesy of Rainbow Valley Design and 
Construction, Eugene, Oregon)

Erecting the Frame
The assembly of a typical platform 
frame (referred to as rough carpentry 
in architects’ specifi cations) can best 
be understood by following the se-
quential isometric diagrams that be-
gin with Figure 9.7. Notice the basic 
simplicity of the building process: A 
platform is built, walls are assembled 
horizontally on the platform and 
tilted up into place, and another 
platform or a roof is built on top of 
the walls. Most of the work is accom-
plished without the use of ladders or 
scaffolding, and temporary bracing is 
needed only to support the walls until 
the next level of framing is installed 
and sheathed.

The details of a platform frame 
are not left to chance. Although 
there are countless local and per-
sonal variations in framing details 
and techniques, the sizes, spacings, 
and connections of the members in a 
platform frame are closely regulated 
by building codes, down to the sizes 
and spacings of the studs, the size and 
number of nails for each connection 
(Figure 9.9), and the thicknesses and 
nailing of the sheathing panels.

Attaching the Frame to the 
Foundation
A sill, often called a mudsill, which func-
tions as a base for the wood framing, 

is bolted or strapped to the founda-
tion of the building. The sill should be 
made of preservative-treated or natu-
rally decay-resistant wood. A single sill, 
as shown in Figures 9.10 and 9.11, is all 
that is required by most codes, but the 
sill is sometimes doubled for greater 
strength. The top of the foundation 
is usually somewhat uneven, so at low 
spots the sill must be shimmed with 
wood shingle wedges to be able to trans-
fer loads from the frame to the founda-
tion. The normal foundation bolts or 
straps are suffi cient to hold most build-
ings on their foundations, but frames 
in areas subject to high winds or earth-
quakes may require more elaborate at-
tachments (Figure 9.37).
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Figure 9.7
Step 1 in erecting a typical platform frame building: the ground-fl oor platform. Compare this drawing with the fl oor framing 
diagram in Figure 9.8. Notice that the direction of the joists must be changed to construct the cantilevered bay on the end of 
the building. A cantilevered bay on a long side of the building could be framed by merely extending the fl oor joists over the 
foundation. The next step is shown in Figure 9.22.

Figure 9.8
A framing plan for the 
ground-fl oor platform 
of the building shown in 
Figure 9.7. Where joists 
are cantilevered to cre-
ate an overhanging bay, 
the cantilever distance 
should not exceed 
one-quarter of the total 
length of the joist.
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Connection Common Nail Size

Stud to sole plate
Stud to top plate
Double studs
Corner studs
Sole plate to joist or blocking
Double top plate
Lap joints in top plate
Rafter to top plate
Rafter to ridge board
Jack rafter to hip rafter
Floor joists to sill or beam
Ceiling joists to top plate
Ceiling joist lap joint
Ceiling joist to rafter
Collar tie to rafter
Left-in diagonal bracing
Tail joists to headers
Headers to trimmers
Ledger to header

3-8d toe nails or 2-16d end nails
2-16d end nails
2-16d end nails or toe nails each
10d face nails 24" apart
16d face nails 16" apart
10d face nails 24" apart
2-10d face nails 
2-10d toe nails
4-16d toe nails
4-16d end nails
3-8d toe nails
3-8d toe nails
3-10d face nails
3-10d face nails
3-8d face nails
2-8d face nails each stud or plate
Use joist hangers
Use joist hangers
3-16d face nails per tail joist

Figure 9.9
Platform framing members are fastened 
according to this nailing schedule, which 
framing carpenters know by memory and 
which is incorporated into most building 
codes.

Figure 9.10
Ground-fl oor framing details, keyed 
to the lettered circles in Figure 9.7. A 
fi brous sill sealer material should be 
installed between the sill and the top 
of the foundation to reduce air leakage 
into basements, but the sealer material 
is not shown on these diagrams. Using 
accepted architectural drafting conven-
tions, continuous pieces of lumber are 
drawn with an X inside, and intermittent 
blocking is drawn with a single slash.
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Figure 9.11
Carpenters apply a preservative-treated wood sill to a site-cast concrete foundation. Fluffy glass fi ber 
sill sealer has been placed on the top of the concrete wall, and the sill has been drilled to fi t over the 
projecting anchor bolts. Before each section of sill is bolted tightly, it is leveled as necessary with wood 
shingle shims between the concrete and the wood. As the anchor bolts are tightened, the sill sealer squeez-
es down to a negligible thickness. A length of completed sill is visible at the upper right. The basement 
windows were clamped into reusable steel form inserts and placed in the formwork before the concrete 
was cast, which causes the window to become integral with the basement wall. After the concrete was cast 
and the formwork was stripped, the steel inserts were removed, leaving a neatly formed concrete frame 
around each window. A pocket in the top of the wall for a steel beam can be seen at the upper left. (Photo by 
Edward Allen)

In most instances, a sill sealer, a 
compressible strip of fi bers or foam, 
should be inserted between the sill 
and the foundation to reduce air in-
fi ltration through the gap between 
them (Figure 9.11). This is quite im-
portant in most cases but is generally 
not necessary or useful for buildings 
with a ventilated crawlspace.

Floor Framing
In a fl oor structure, the parallel piec-
es are the fl oor joists, and the cross-
pieces at the ends of the joists are 

called headers, rim joists, rim boards, 
or band joists, depending on local 
custom. The sheathing on a fl oor is 
known as the subfl oor.

Houses are typically wider than 
the maximum span of fl oor joists. 
As an approximation, 2  6 joists will 
span up to 8 feet (2.4 m), 2  8 joists 
up to 11 feet (3.4 m), 2  10 joists up 
to 14 feet (4.3 m), 2  12 joists up to 17 
feet (5.2 m), and engineered wooden 
I-joists even farther. In any case, it is 
extremely common for at least one 
structural girder or structural wall 
oriented perpendicular to the joists 

to be located at the interior of the 
building to break the joist span into 
two or more sections. This girder typi-
cally runs the length of the building 
and is itself supported at its ends by 
the foundation wall and at the center 
of the house by columns in the base-
ment or crawlspace (Figure 9.10d). 
At the level of the second (or third) 
fl oor, the joists are usually supported 
near the center of the building by 
structural walls (Figure 9.42).

Floor framing members are usu-
ally spaced in such a way that the 
ends of uncut subfl oor panels will fall 
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Figure 9.12
Installing fl oor joists. Blocking will be 
inserted between the joists over the two 
interior beams to keep the joists aligned. 
(Photo by Edward Allen)

Figure 9.13
Workers here are framing the fl oor struc-
ture of a new house using 4 × 8 girders, a 
local variation employed in the North-
west, where lumber is plentiful. The 
girders are supported at their ends by 
pockets in the foundation wall and in the 
center of the house by 4 × 4 posts bear-
ing on concrete pier pads. The girders 
are spaced at 32 inches o.c.—using the 
same number of board feet of lumber as 
would 2 × 8 joists spaced at 16 inches o.c. 
The money saved on installation labor 
will be spent on thicker sheathing, which 
will have to be 11⁄8 inches thick to span 
the 32 inches between girders. (Photo by 
Rob Thallon)

Figure 9.14
Applying oriented strand board (OSB) 
subfl ooring. (Courtesy of APA–The Engi-
neered Wood Association)
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directly over joists; otherwise, many 
panels will have to be cut, wasting 
both materials and time (Figure 9.8). 
The standard joist spacings are 16 or 
24 inches o.c. (406 or 610 mm o.c.; 
“o.c.” stands for “on center,” mean-
ing that the spacing is measured from 
center to center of the joists). Occa-
sionally, a joist spacing of 19.2 inches 
(486 mm) is used. Any of these spac-
ings automatically provides a joist at 
every panel end.

Once the joists are all nailed 
in place, the subfl ooring is applied 
(Figure 9.14). Subfl ooring is nailed 
or screwed to the top edges of the 
joists but should be glued as well to 
prevent squeaking and increase fl oor 
stiffness (Figure 9.15). Plywood and 
OSB panels must be laid with the 
grain of their face layers perpendic-
ular to the direction of the joists be-
cause these panels are considerably 
stiffer in this orientation. Sheathing 
and subfl ooring panels are normally 
manufactured 1⁄8 inch (3 mm) short 
in each face dimension so that they 
may be spaced slightly apart at all of 
their edges. This spacing prevents the 
fl oor from buckling when rain damp-
ens the wood panels during construc-
tion, causing them to expand.

Bridging, which is the crossbrac-
ing or solid blocking between joists 
at midspan, is a traditional feature 
of fl oor framing (Figure 9.16). Its 
function is to hold the joists straight 
and to help them share concentrated 
loads. Although many building codes 
no longer require it, bridging should 
be used on better-quality buildings 
because it makes a noticeable differ-
ence in the rigidity of a fl oor.

Figure 9.15
For stiffness and squeak resistance, subfl ooring should be glued to the joists. The 
adhesive is a thick mastic that is squeezed from a sealant gun. (Courtesy of APA–The 
Engineered Wood Association)

Figure 9.16
Bridging between joists may be solid 
blocks of joist lumber, diagonal wood 
crossbridging, or, as seen here, diagonal 
steel crossbridging. During manufacture, 
the thick steel strip was folded across its 
width into a V-shaped section to make it 
stiff. Steel crossbridging requires only 
one nail per piece and no cutting, so it is 
the fastest to install. (Courtesy of American 
Plywood Association)
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Openings in the fl oor for stairs 
and chimneys are framed with headers 
and trimmers (Figure 9.17). The head-
ers and trimmers are usually made of 
the same material as the fl oor joists 
and are doubled to support the high-
er loads placed on them by the pres-
ence of the opening.

Where ends of joists butt into 
supporting headers, such as around 
stair openings and at changes of 
joist direction for projecting bays, 
end nails and toe nails cannot carry 
the full weight of the joists, so sheet 
metal joist hangers must be used. Each 
hanger provides a secure pocket for 
the end of the joist and has punched 
holes into which a number of special 
short nails are driven to make a safe 
connection.

Manufactured I-joists are increas-
ingly used in place of sawn joists be-
cause they can span farther between 
supports, they tend to be straighter, 
and they expand and contract less 
with changes in moisture content 
(Figure 9.18). The drawback of 
I-joists is that, because of the thinness 
of the web, they are not as strong in 
the vertical direction (compression) 
as dimension lumber, so they must be 
reinforced with web stiffeners or squash 
blocks at locations where concentrat-
ed loads such as bearing walls occur 
(Figure 9.20).

Engineered wood members di-
mensioned to coordinate with I-joists 
are manufactured for specialized 
locations and situations. Rim board 
members made of laminated strand 
lumber (LSL) have less spanning ca-
pacity than I-joists, but they are strong 
in the vertical direction (Figure 9.21). 
Insulated rim board relieves contrac-
tors of the awkward task of installing 
insulation by hand between fl oors 
(see Chapter 17). LVL and parallel 
strand lumber (PSL) members may 
be substituted for I-joists where extra 
strength is required.

Figure 9.17
Openings in fl oor framing for stairs, chimneys, or ducts are made by cutting out the 
joists that would project through the opening. The ends of the cut joists are supported 
on a header that is, in turn, supported on doubled joists at the sides of the opening.

Figure 9.18
Various types of manufactured joists and fl oor trusses are often used instead of 
dimension lumber. This I-joist has LVL fl anges and a plywood web. I-joists are manu-
factured in very long pieces and tend to be straighter, stronger, stiffer, and lighter 
in weight than sawn joists. See also Figures 4.29 and 9.21. (Courtesy of Trus Joist, A 
Weyerhaeuser Business)
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Figure 9.19
These fl oor trusses (shown here being 
set up for a demonstration house in a 
parking lot) are made of sawn lumber 
members joined by toothed plate con-
nectors. The OSB web at each end of 
the truss allows workers to shorten the 
truss with a saw if necessary. Trusses are 
deeper than sawn joists or I-joists, but 
can span farther between supports and 
offer large passages for ductwork and 
pipes. (Courtesy of  Structural Building Com-
ponents Association)

Figure 9.20
Web stiffeners and squash blocks reinforce 

manufactured I-joists at locations where 
they must support concentrated loads. 

Web stiffeners are usually made of OSB or 
plywood fastened to both sides of the web.

Figure 9.21
Manufactured I-joists with an LSL rim 
board. Manufacturers coordinate the depths 
(heights) of LSL, PSL, and LVL members 
with those of I-joists so that the specialized 
members can be integrated with regular fl oor 
framing. (Courtesy of Trus Joist, A Weyerhaeuser 
Business)
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Figure 9.22
Step 2 in erecting a platform frame building: 

The ground-fl oor walls are framed.

Figure 9.23
Typical ground-fl oor 
wall framing details. 

The exterior walls 
are keyed by letter to 

Figure 9.22.
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Figure 9.24
The lead carpenter aligns the top plate 
and sole plate side by side on the fl oor 
platform and marks each stud location 
on both of them simultaneously. This 
is the fi rst step in constructing a wall 
frame. (Photo by Edward Allen)

Figure 9.25
Assembling studs to a plate, using a pneumatic nail gun. The triple studs are for a 
partition intersection. (Courtesy of Senco Products, Inc.)

Wall Framing
In a wall structure, the vertical fram-
ing member is called a stud and is 
generally made of 2  4 or 2  6 lum-
ber. The crosspiece at the bottom of 
the wall is called the sole plate, and 
the crosspiece at the top (which is 
doubled for strength if the wall bears 
a load from above) is called the top 
plate (Figure 9.23). Wall framing, like 
fl oor framing, is laid out in such a way 
that a framing member, in this case 
a stud, occurs under each vertical 
joint between sheathing panels. The 
lead carpenter initiates wall framing 
by marking the stud locations on the 
two pieces of lumber destined to be 
the top plate and sole plate of each 
wall (Figure 9.24). Other carpenters 
follow behind to cut the studs and as-
semble the walls in a horizontal posi-
tion on the subfl oor. As each section 
of wall is completed, the carpenters 
tilt it up and nail it into position, 
bracing it temporarily as needed 
(Figures 9.25 to 9.28).
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Figure 9.26
Tilting an interior partition into position. 
(Courtesy of APA–The Engineered Wood 
Association)

Figure 9.27
Fastening a wall to the fl oor platform. 
The horizontal blocks between the studs 
will receive horizontal lines of nails used 
to attach vertical wood siding. (Courtesy of 
Senco Products, Inc.)

Figure 9.28
Ground-fl oor wall framing is supported 
by temporary diagonal bracing. After the 
upper-fl oor framing is in place and wall 
bracing or sheathing has been com-
pleted, the frame becomes completely 
self-bracing and the temporary bracing is 
removed. The outer walls of this building 
are framed with 2 × 6s (38 × 140 mm) to 
allow for a greater thickness of thermal 
insulation, whereas the interior parti-
tions are made of 2 × 4s (38 × 89 mm). 
(Photo by Joseph Iano)
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Figure 9.29
Framing details for 

nonloadbearing 
interior partitions.

Exterior walls typically support 
roof loads and/or fl oor loads from 
above and thus are classifi ed as bear-
ing walls. At the interior of the build-
ing, however, walls may or may not 
support loads from above. Interior 
walls that do support those loads are 
called interior bearing walls, and those 
that carry no loads are referred to 
as nonbearing walls or partition walls 
(Figure 9.29).

Corners and intersections be-
tween bearing and partition walls 
must provide suffi cient nailing sur-
faces for the edge of each plane of 
exterior and interior fi nish materials. 
This requires a minimum of three 
studs at each intersection, unless 

(a) (b)

(d)(c)

Figure 9.30
Plan views of two ways to frame an exterior corner (a and b) and an intersection of 
exterior and interior walls (c and d). Drawings b and d show more environmentally 
responsible details that use less wood and allow for more insulation in the exterior wall.
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special metal or plastic clips are used 
to reduce the number (Figures 9.31 
and 9.32).

Windows and doors require spe-
cial framing to create a rough open-
ing in the wall where the window or 
door unit will later be installed (Fig-
ure 9.33). For bearing walls, a struc-
tural header across the upper edge 
of the rough opening supports loads 
from fl oors and/or a roof above. The 
ends of headers are supported on 
trimmer studs, which are attached to 
king studs that extend from bottom 
to top plate to keep the trimmer and 
header aligned with the plane of the 
wall. At the bottom of a window open-
ing, a rough sill serves to keep the 
studs below the window in alignment.

Window headers and door head-
ers must be sized in accordance with 
building code criteria (Figure 9.35). 
Typically, a header consists of two 
nominal 2-inch (51-mm) members 
standing on edge, combined with a 
plywood spacer that serves to make 
the header as thick as the depth of the 
2  4 wall studs. Headers for 2  6 stud 
walls are usually designed to include 
insulation as part of the wall assembly 
Headers for long spans and/or heavy 
loads are often made of LVL or PSL, 
either of which is stronger and stiffer 
than dimension lumber.

Walls as Bracing
The wall sheathing, which is made 
of rigid panels (usually OSB), acts as 
permanent bracing for the walls and 
is applied as soon as possible after the 
wall is framed. Many builders apply 
sheathing to each wall while it still lies 
fl at on the fl oor platform. Some types 
of sheathing panels, such as insulat-
ing plastic foam, are intended only as 
thermal insulation and have no struc-
tural value. Where these are used, 
let-in diagonal bracing is recessed into 
the outer face of the studs of each 
wall before it is erected (Figure 9.36). 
The let-in brace is either a wood 1  
4 or a galvanized steel section shaped 
to resist compressive forces. To be 

Figure 9.31
Basic procedure for wall framing. The corner and intersecting wall details indicated in 
the middle drawing are shown in Figure 9.30.
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Figure 9.32
Interior partition walls framed for resource 
effi ciency. Note the single top plate, the lack of 
headers at openings, and the black recycled plastic 
drywall clips that allow an interior corner to be 
made with a single stud. (Photo by Rob Thallon)

Figure 9.33
Framing components for a window or door rough opening in a wall. The 
cripple studs above the header and below the rough sill are laid out to 
correspond with the spacing of common studs.

Figure 9.34
A window rough 
opening with all of 
the components 
labeled in Figure 
9.33. Notice how, in 
this case, the rafters 
are aligned directly 
over the studs. (Photo 
by Rob Thallon)

Figure 9.35
Three ways to frame a structural header, as viewed 
from inside the building. (a) A standard header 
in a 2  4 wall with two 2  structural members 
spaced 1⁄2 inch apart to align with the face of the 
studs. (b) An insulated header in a 2  6 wall with 
the structural member notched into the stud and a 
2  6 at the base to provide nailing at the inte-
rior. (c) An open-box plywood header where the 
sheathing has special nailing and is calculated to 
act together with the top plate and rough opening 
framing to form a structural header.
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effective, diagonal braces must have 
no less than a 30-degree angle be-
tween braces and studs; 45 degrees is 
preferred.

Walls braced with structural 
sheathing (or let-in bracing) are 
called shear walls, which means that 
they provide resistance to lateral 
forces exerted by wind or earth-
quakes. They are typically, though 
not necessarily, located only at the 
exterior of the building. For simple 
one-story houses located outside of 
regions with severe winds or earth-
quakes, properly nailed sheathing or 
diagonal bracing will typically suffi ce 
to brace the building.

However, there are many condi-
tions that call for more extreme mea-
sures. For example, where shear walls 
are narrow (codes require a width no 
less than 1/3.5 height), their connec-
tion to the foundation must be stron-
ger than is possible with standard 
wall/foundation framing techniques. 
In this case and any other where ex-
tra strength is required of a shear 
wall, metal hold-downs are installed 
(Figures 9.37 to 9.40). In some condi-
tions such as in active seismic zones or 
for very tall buildings, the frequency 
of anchor bolts may need to be in-
creased and/or the sole plate may 
need to be thicker to allow for more 

Figure 9.36
Applying a panel of insulating foam sheathing. Because this type of sheathing is too 
weak to brace the frame, diagonal bracing is inserted into the outside faces of the studs 
at the corners of the building. Steel bracing, nailed at each stud, is used in this frame 
and is visible just to the right of the carpenter’s leg. (Courtesy of Celotex Corporation)

Figure 9.37
Tall, narrow platform frame buildings 
in areas subject to high winds or earth-
quakes must sometimes be reinforced 
against uplift at the corners. Hold-downs 
of the type shown here tie the entire 
height of the building securely to the 
foundation. To compensate for wood 
shrinkage, the nuts should be retightened 
after the fi rst heating season, which can 
mean that access holes must be provided 
through the interior wall surfaces.
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nailing at the base of sheathing panels 
(Figure 22.25).

Coordination between founda-
tion and framing subcontractors is 
important (and often neglected) 
when locating hold-down bolts in the 
foundation. These bolts must be lo-
cated fairly accurately in relation to 
the framing in order to perform ef-
fectively. It is possible to install these 
bolts after the foundation has cured, 
but this requires concrete drilling 
and epoxy and a special inspection by 
an engineer.

Wall Framing for Increased 
Thermal Insulation
The 2  4 (38  89 mm) has been the 
standard wall stud since light framing 
was invented. In recent years, howev-
er, pressures for heating fuel conser-
vation have led to building codes that 
often require more thermal insulation 
than can be inserted in the cavities of 
a wall framed with 2  4s. Some design-
ers and builders have simply adopted 
the 2  6 (38  140 mm) as the stan-
dard stud for exterior walls, usually at 

a spacing of 24 inches (610 mm). Oth-
ers have stayed with the 2  4 stud but 
cover the exterior wall with insulating 
plastic foam sheathing, either inside 
or out, thus reaching an insulation 
value about the same as that of a 2  
6 wall. Many use both 2  6 studs and 
insulating sheathing to achieve even 
better thermal performance. In very 
cold climates, some designers provide 
still more space for thermal insulation 
with exterior walls that are framed 
in two separate layers or with vertical 
truss studs made up of two ordinary 
studs joined at intervals by plywood 
plates. Some of these constructions 
are illustrated in Figure 17.20.

Figure 9.38
Manufactured shear panels are used to provide lateral strength 
in locations where insuffi cient width is available for a conven-
tional shear wall. The panels are bolted to the foundation at 
their lower corners with special hardware provided by the panel 
manufacturer; in this case, the upper panels are bolted to the 
tops of the lower panels, as in Figure 9.37. The most common 
use of manufactured shear panels is at both sides of a garage 
door. (Image courtesy of Simpson Strong Tie Co., Inc.)

Figure 9.39
Shear wall testing. The strength of panels, panel nailing, and 
attachment are tested in laboratories in order to establish 
standards for use in the fi eld. (Courtesy of APA–The Engineered 
Wood Association)
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Figure 9.40
This hold-down near the corner of the building connects wood to 
concrete with greater strength than is possible with anchor bolts alone. 
The assembly will be completed with sheathing fi rmly nailed to the 
wood framing to which the hold-down is bolted. (Courtesy of Rainbow 
Valley Design and Construction)

Figure 9.41
Step 3 in erecting a two-story platform frame 
building: building the upper-fl oor platform.
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Figure 9.42
Details of the second-fl oor platform, keyed to the letters in Figure 9.41. The extra piece of lumber on top 
of the top plate in (c) is continuous blocking whose function is to provide a nailing surface for the edge of 
the fi nish ceiling material, which is usually either gypsum board or veneer plaster base.

Figure 9.43
Installing upper-fl oor subfl ooring. The 
grade of the plywood panels used in this 
building is C-C Plugged, in which all 
surface voids are fi lled and the panel is 
lightly sanded to allow carpeting to be in-
stalled directly over the subfl oor without 
additional underlayment. The long edges 
of the panels have interlocking tongue-
and-groove joints to prevent excessive 
defl ection of the edge of a panel under a 
heavy concentrated load such as a stand-
ing person or the leg of a piano. (Courtesy 
of APA–The Engineered Wood Association)

Upper-Floor Framing

Second, third, and fourth fl oors are 
framed using the same materials and 
methods as for the ground fl oor. The 

tops of the walls of the lower fl oor 
provide the support for the fl oor 
joists, which, in turn, support a sub-
fl oor. Where fl oor joists are parallel 
with the wall below, extra framing 

must be added to provide nailing for 
the fi nish ceiling (Figure 9.42c). The 
walls for upper fl oors are made ex-
actly the same as those on the ground 
fl oor.
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Figure 9.44
Step 4: The second-story walls are 
framed. The next step is shown in 
Figure 10.16.
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Stair Framing
Interior stairways are typically framed 
using 2  12 lumber or LVL that is 
notched to receive the treads and ris-
ers of the stair. These are called string-
ers or stair jacks, and there are usually 
three of them, one on either side of 
the stair and one in the middle (Fig-
ure 9.46). In a similar fashion to raf-
ters, one stringer is laid out with a 
framing square, and this one is cut as 
a pattern for the other two. Stringers 
adjacent to framed walls are normally 
spaced away from the wall with a 2  4 
in order to allow fi nish wall materials 
to slip down alongside the stringers 
without having to be notched to fi t 
around the stairs.

For reasons of safety, building 
codes are very strict about the dimen-
sions and proportions of stairways 
(Figure 9.49). Residential stairs must 
be a minimum of 3 feet (915 cm) 
wide, with a continuous handrail on 
one side and adequate head clear-
ance. Each step can have a maximum 
vertical rise of 7¾ inches (197 cm) 
and a minimum horizontal run of 10 
inches (254 cm), and there can be 

Figure 9.45
Steel columns and beams are often 
incorporated into large multifam-
ily residential buildings where 
structural loads can be extreme. 
(Photo by Rob Thallon)

Figure 9.46
Residential stairways are usually framed 
with three stringers. The top of this stair 
is framed differently than the stair illus-
trated in Figure 9.47. Each riser must be 
the same height, except that the bottom 
and top risers are usually different at the 
framing stage in anticipation of fi nish 
fl ooring materials to be added later.

a maximum 3⁄8 -inch (10-cm) varia-
tion between the steps in a fl ight. 
Landings—framed like small fl oors—
are common and must be as deep as 
the stairway is wide.

A discussion of fi nish carpentry 
in relation to stairways can be found 
in Chapter 20 (Figures 20.27 through 
20.31).
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Figure 9.47
A section through the framing of a 
typical interior residential stairway.

Figure 9.48
A typical residential stair with a 
split landing. Interior stairways 
are usually framed as soon as 
the upper-fl oor platform has 
been completed. This gives the 
carpenters easy up-and-down 
access during the remainder 
of the work. Temporary treads 
of joist scrap or plywood are 
nailed to the stringers. These 
will be replaced by fi nish 
treads after the wear and tear 
of construction is fi nished. 
The blocking between studs 
provides a code-required 
fi restop. Additional blocking 
will be added at locations 
where handrails need to be 
securely fastened to the walls. 
(Photo by Rob Thallon)
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Figure 9.49
Code-mandated clearances and terminology 

for wood-framed residential stairs.

06 10 00 ROUGH CARPENTRY

06 11 00 Wood Framing
06 15 00 Wood Decking
06 16 00 Sheathing
06 17 00 Shop-Fabricated Structural Wood
06 18 00 Glued-Laminated Construction
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balloon frame
platform frame
sheathing
working drawings (construction 

drawings)
fl oor plan
building elevation
section
foundation plan
fl oor framing plan
roof framing plan
rough carpentry
sill (mudsill)
fl oor joist
header
rim joist

rim board
band joist
subfl oor
girder
bridging
header
trimmer
joist hanger
I-joist
web stiffener
squash block
stud
sole plate
top plate
bearing wall
interior bearing wall

nonbearing wall (partition wall)
rough opening
trimmer stud
king stud
rough sill
window header
door header
diagonal bracing
shear wall
hold-down
stringer
stair jack
rise
run

1. Draw a series of very simple section 
drawings to illustrate the procedure for 
erecting a platform frame building, start-
ing with the foundation and continuing 
with the ground fl oor, the ground-fl oor 
walls, the second fl oor, the second-
fl oor walls, and the roof. Do not show de-
tails of connections but simply represent 
each plane of framing as a heavy line in 
your section drawing.

2. Draw from memory the standard detail 
sections for a two-story platform frame 

dwelling. (Hint: The easiest way to draw 
a detail section is to draw the pieces in 
the order in which they are put in place 
during construction. If your simple draw-
ings from the preceding question are cor-
rect, and if you follow this procedure, you 
will not fi nd this question so diffi cult.)

3. What are the differences between 
balloon framing and platform framing? 
What are the advantages and disadvan-
tages of each? Why has platform framing 
become the method of choice?

4. Why is fi restopping not usually re-
quired in platform framing?

5. Why is a steel beam or glue-laminated 
wood beam preferred to a solid wood 
beam at the foundation level?

6. How is a platform frame building bra-
ced against wind and earthquake forces?

7. Light framing of wood is highly com-
bustible. In what different ways does a 
typical building code take this fact into 
account?

1. Visit a building site where a wood plat-
form frame is being constructed. Com-
pare the details that you see on the site 
with the ones shown in this chapter. Ask 
the carpenters why they do things the 
way they do. Where their details differ 
from the ones illustrated, make up your 

own mind about which ones are better 
and why.

2. Develop fl oor framing plans for a build-
ing you are designing. Estimate the ap-
proximate sizes of the joists based on your 
observations at building sites.

3. Build a scale model of a platform 
frame building from basswood or pine, 
reproducing accurately all its details, as a 
means of becoming thoroughly familiar 
with them. Better yet, build a small frame 
building for someone at full scale, per-
haps a toolshed, playhouse, or garage.
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