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INTRODUCTION

IN AMERICA, HOUSES ARE BUILT IN areas where several feet of
snow accumulate, where hurricanes can be expected, or where tempera-
tures exceed 100°F. In some areas, all these conditions might occur within
the same year. Within these very different climatic regions, furthermore,
individual building sites pose a wide variety of challenges. The surface of
the land might slope steeply; the soil might contain expansive clay or bed-
rock; or there might be too much moisture in the ground.

To meet these and other challenges, builders have to adjust the design
of their houses to the climatic and topographical conditions of the area
they live in. In Florida, for example, roof structures must be tied down
with steel straps to keep them from being lifted off the walls during hur-
ricanes. In Maine, on the other hand, roof frames must be beefed up to keep
them from collapsing under the weight of several feet of snow. These mea-
sures, which are required by building codes, go a long way toward creating
durable houses.

Beyond simply building houses that last, however, builders need
to create houses that perform. Once viewed as basic shelters from the
extremes of the weather, houses are now seen as climate-controlled
enclaves. Most people expect the environment inside their house to be
comfortable year-round, no matter how brutal the weather is outside.
Accomplishing this goal in the face of ever-increasing energy costs is one of
the biggest challenges confronting builders today. Again, the plan of attack
has to be tailored to the location of the house. A house that keeps a family
warm during the winter on the Northern Plains has to be built much differ-
ently than a house that provides relief from the heat and humidity in the
Deep South.

The diverse local requirements of home building coupled with an
ever-expanding choice of building materials, tools, and systems present a
fundamental problem for a book like this one. Because there are so many
approaches and options, it’s difficult to decide what to discuss and how
detailed that discussion should be. As on any major building project, there
have been many hard decisions to make and there have been many inter-
esting and worthwhile topics that I could not include in this book.



The first thing I decided to drop was a comparative analysis of different
building systems. There are at least a half-dozen alternatives to the light
wood-framed house in America. However, builders and homeowners con-
tinue to vote with their wallets for the wood-framed house, which accounts
for 90% of the houses in the United States and Canada. Rather than devote
a good portion of this book to a discussion of the strengths and weaknesses
of the other systems, I chose to focus on the one system that dominates the
housing market: the wood-framed house.

Along the same lines, I've focused on mainstream materials when
describing the rest of the house. In the chapter on foundations, for example,
I concentrated on concrete and masonry, and in the chapter on roofing,

I focused on asphalt shingles because most houses in America are built
with those materials. If you happen to use materials that are outside of the
mainstream, there’s a good chance that the installation techniques pre-
sented here will work, with minor adjustments, with the materials you use.

I've also focused on common building projects and designs. Throughout
the book, I posed hypothetical building projects and then suggested ways
to build them. In these projects, the rectangle predominated—just as it
does on most residential building sites. In general, I have steered clear of
complex designs, such as octangular buildings and curved staircases—both
because they couldn’t be covered adequately in the space allotted and
because they are rare in American houses.

Sticking with common design elements and mainstream materials has
allowed me to go into considerable detail when describing building tech-
niques. These details are often vital to the quality of the job, and builders
who overlook them or try to force them in as an afterthought usually end
up with substandard work. Throughout this book, therefore, I've hammered
home the idea that quality work requires two things: forethought and the
proper sequence of installation. It’s essential to think through the details at
the beginning of the job and then install them at just the right moment.

No book, including this one, can provide every important detail for every
job. What I've tried to do here is show how to look at the job, anticipate
problems, and then work in the optimal sequence to fit the parts together
smoothly and correctly. Learn these lessons well and you’ll find it easy to
progress to more complex jobs.

INTRODUCTION
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CHAPTER

Building
Foundations

THE FOUNDATION OF A HOUSE serves two basic
functions. First, it protects the rest of the house from the
harmful effects of the soil. By holding the frame of the
house up off the ground, the foundation keeps it a safe
distance from the moisture, frost, termites, mildew,
rot-producing fungi, and other organisms that live in
the ground.

Second, the foundation serves as a transition from
the irregular surface of the land to the level, plumb, and
square surfaces of the house. Before the foundation,
there is nothing but dirt; after the foundation, there
should be a square and plumb structure with a level top.
It is upon this flat and even surface that the carpenters
begin the frame of the house.

This chapter deals with the challenge of building a
foundation that is strong enough to carry the weight of
the entire house; tough enough to endure decades of
direct contact with the ground; and precise enough to
use as a first reference for building the rest of the house.



Assessing and Preparing the Soil

The loads that houses place on soils are, by engineering standards,
relatively light. Most building codes, furthermore, are conservative in
design. They require wide footings that spread the load of the house,
allowing the footings to work in soil that is not ideal. If you carefully
follow the provisions of the building code, the soil you encounter on
site is usually capable of supporting the house or addition that you
are building.

However, problem soils do exist and they require measures that
go beyond the general provisions in the building code. Foundations
that settle unevenly create out-of-level floors and doors that don’t
open and close properly.

What to Look for in the Soil

There are a few things you can do to determine if you need to bring
in a soils engineer. The first is to look carefully at the soil. Keep an
eye on how the soil behaves under load, especially after it rains.
These are commonsense observations. If the soil becomes soft and
mushy underfoot and trucks and equipment frequently get mired in
it, you might have a problem.

Excavating for the foundation The most important person to
look to for advice is your building inspector. Building officials are
usually familiar with the problem soils in their areas and often know
where they are most likely to occur. They can sometimes recognize
problem soils simply by looking at them.

Most problem soils are classified as
clay orsilt or a combination thereof.
The inorganic particles in these soils

Coarse sand and rocky soils have
excellent load-bearing abilities. If you
encounter these soils, however, you

In some extreme cases, houses have
been ruined beyond repair by failed
foundations.

TOP TIP

Preparing the Soil

...........................

If you encounter problem soil
and are required to bring in
an engineer, make sure you
understand what the engi-
neer recommends and follow
those recommendations to the
letter. If you and the building
inspector find the soil accept-
able, you need to follow the
requirements of the building
code in your area.

...........................

are very fine—less than 0.003 in. in
diameter. When combined with water,
clays often become sticky or mushy.
When silts dry, they become fluffy;
they are sometimes called rock flour.

need to make sure that they are con-
sistent over the length of the footing.
Good, stable soils next to unstable
soils can translate into differential
movement.

FRAMING FLOORS, WALLS, AND CEILINGS



Excavation: An Overview

If you're building a basement, the excavation consists of an open-
ing in the ground with a roughly level bottom. This opening has to
be a few feet wider and longer than the house. The correct elevation
of the bottom of the opening should be determined in advance as
outlined in the section on foundation layout on p. 11. As the exca-
vator gets down close to this elevation, you should start checking
the elevation of the bottom of the opening. At the same time, check
the bottom for levelness. The techniques for measuring the eleva-
tion and the levelness of the bottom of the opening are discussed in
detail in the section on p. 11 on foundation layout.

STEP 1 Excavating for the foundation

iy . Proposed foundation
Monolithic slab: Simply scrape any _/
organic matter off the surface. The 7 "“\._L I Sy

bottom should be roughly level.

[T T A Gt S S S Sy, e sro— — - s
rermare i i -
Crawlspace: Scrape any organic \\ i I__//
e e P e o

matter off the surface but leave
the grade roughly the same as you

found it.

e = = T B

P— p———
\ | Yy

Basement excavations: It's important 2 } | /
not to go too deep when you dig | | ’;’
these foundations. i it |/
STEP 2 Digging the footings

The frost line in Maine is 48 in. The frost line in Florida is 8 in.

1 Building codes require that the bottom of the footing
be below the frost line. Wet soil that freezes expands as
much as 8%. As it expands, it rises and lifts whatever is on
it, including the footings of houses. To avoid frost heave,

as it's called, you are required to place the footing below
the frost line (the depth to which the ground freezes).
This means that in Maine it's often necessary to dig down
48 in. or more, while in Florida a trench 8 in. deep is often
sufficient for the footing.

8 BUILDING THE STRUCTURE



2 It's important to make sure that no sizeable amounts of organic matter
remain in the soil after the excavation. Make sure that the footing rests on
well-compacted soil. The simplest and surest way to do this is to place the con-
crete on undisturbed soil. Digging into undisturbed soil loosens it and fluffs it
up by as much as 50%. If this disturbed soil is left loose under the footing, the
weight of the house eventually compresses it back to its original size. When it
does, the footing often cracks.

Disturbed soil
Undisturbed soil

organic matter that
extends below the
proposed excavation.

WAYS OF WORKING

—

\

Testing the Soil ﬂ 7
One unscientific way to test the load-bearing capacity of
the soil is to push a steel stake into the ground. Building
inspectors often have a T-shaped tool made out of
Y2-in.-dia. steel rod. To test the soil prior to a footing
pour, the inspector leans on the cross of the T and sees
how far the upright sinks into the ground. If the steel
rod slides into the soil with little resistance, the inspector
will require remedial work.

A more objective way to test the soil under the foot-
ing is with a penetrometer. A penetrometer is a handheld
device that works like a fisherman’s scale in reverse. You

Steel stake

Penetrometer

push the penetrometer in the soil and check the pressure
on a calibrated scale. Look for consistent readings along
the length of the footing and a bearing value that meets
the design load in your area (usually 1,500 Ib. to 2,500 Ib.
per square foot). For soil found to be below that bearing
capacity, most jurisdictions require a plan drawn up by
an engineer.

BUILDING FOUNDATIONS



3 To avoid the problems caused by disturbed soil in the 4 Use a jumping jack compactor to reconsolidate the soil,
footing, clean loose material out of the footing trench especially in those spots where tree stumps or large rocks
with hand tools (square shovels, mattocks, and hoes, have been removed.

for example).

For clay orsilt, add
sand or gravel to the
original soil as you
reconsolidate the area.
Dampen the mixture
and place it in 8-in.-
deep or less layers as
you compact it.

5 Footings spread the load they carry over a broad area. If

the weight of the building is concentrated on the edge of

the footing, however, it can cause the footing to rotate—just

as stepping on the edge of a snowshoe set on top of freshly

fallen snow would cause it to tip over. An off-center footing

placed on soils with
Wall centered over footing Off-center wall relatively low bearing

capacity (clay, silt) can
fail.
>

7 % /\Q.v =
b\%“
e
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X

o
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Laying Out Foundations

The general pattern for foundation layout is from the top down.
The process begins on the ground, where there are no straight lines,

no level surfaces, and no square corners. It’s up to you to create these

references from scratch. The first step in this process is to set up a
leveling instrument to project a level plane above the ground. From
this level plane, you establish the elevation of the top of the founda-
tion. All subsequent elevations are then measured down from this
top-of-foundation elevation.

Top of foundation

At the top-of-foundation elevation, you can install several batter
boards that hold strings within a level plane at that height. You can
then use the strings to precisely lay out the positions of the footings
and foundation walls in plan view. On some foundations, however,
it’s easier to excavate the opening for the house, then drop down to
the top-of-footing elevation. At that elevation, you can use a combi-
nation of batter boards and forms to lay out the precise positions of
the footings and walls.

Whether you lay out the footing and walls at the top-of-
foundation elevation or at the top-of-footing level, the layout is
suspended above the ground. It has to be this way for two reasons.
First, the suspended layout establishes the exact elevations of the
key components of the foundation. Second, the flat, level plane
ensures that the key parts of the foundation are the right size and in
the right place. You can’t execute a precise layout on the ground; the
sloped and uneven surface will distort the dimensions and render
them inexact.

The following section uses two examples to show how to lay out
two different kinds of foundations. The designs presented here are
common; however, some of the details might not be accepted where
you live. Check with your local building officials to find out what’s
needed in your area. Although specific examples are used here, the
basic procedures can be adapted to just about any foundation.

FRAMING FLOORS, WALLS, AND CEILINGS

TOP TIP

It’s Essential Not to
Overexcavate

Digging too deep, then put-
ting dirt back in the opening
compromises the integrity of
the soil under the footings. To
avoid overexcavating, check
the bottom of the opening
with increasing frequency as
you get closer to the desired
elevation.

...........................

11



Laying Out a Basement Foundation

In this example, the foundation is a 38-ft. by 30-ft. basement that projects about 30 in.
above the highest point of the surrounding grade. The corners of the house have been
roughly marked with stakes and the elevation established as 30 in. above one of the
stakes. The first thing you have to do is guide the excavator through the excavation

of the opening for the foundation. In this phase of the layout, make sure the excavator
digs in the right place, gets the opening the correct size, and makes the bottom level
and at the correct height. It is upon the roughly level surface at the bottom of the
excavation that you’'ll lay out the footing and the foundation walls.

Corner stake

—-?‘;-—--“-—---—-—- ————-——-————---(z(—--
/ \
/ \
/ \ Approximately 30 ft.
! \
/ \
/ \
/ \
L B _
[
/ k Approximately 38 ft.

WAYS OF WORKING

Getting the Grade Right

........................................

For the final grade around a house, most building codes

require that at least 8 in. of the foundation extend out Top of
foundation

of the ground and that the soil slope away from the
foundation a minimum of 6 in. within the first 10 ft. To
achieve this minimum standard on the uphill side of the
foundation, measure the elevation 10 ft. uphill from the
planned foundation wall and set the elevation of the top
of the foundation at least 14 in. higher than the eleva-
tion at that point. Later, when you backfill around the
foundation, you’ll have enough elevation to form the
required grade on the uphill side. Leaving the founda- 8in. (min.)  6-in. (min.) slope 14 in. (min.)
tion higher than this minimum standard allows you to

increase the grade and hold the house up even higher

out of the ground.

12 BUILDING THE STRUCTURE



STEP 1 Record the preliminary layout

1 When the excavator digs the oversized opening for the basement, the stakes
marking the corners of the house will be obliterated. To preserve the layout,
set up a line that extends over the corners of the house, then drive offset
stakes into the ground along that line. Place the offset stakes a set distance
away from the original corner stakes. A 10-ft. offset is common because it's a
safe distance away from the excavation and it's an easy distance to remember.
The offset stakes should be in line with the long walls (the 38-ft. walls, in

this example).

Place the offset stakes 10 ft. from Flag the location of the

the original corner stakes. Drive offset stakes with nearby

offset stakes deep into the ground stakes that extend 16 in.

so that very little extends above aboveground; attach

the surface. brightly colored ribbonN

. v

]
! / \
/

l Original corner stakes

/ \\
g__.___é_______.... b

/ \

. — Approximately 38 ft. .
2 Record the elevation of the foundation. In this case, the desired elevation
for the top of the foundation is 30 in. above the highest corner stake. Using a
leveling instrument, measure the difference in elevation between the top of
the corner stake and the top of the nearest offset stake. (See “Using a Leveling
Instrument” on p. 14.)
In this example, the bench mark stake The top of the foundation is The top of the foundation, therefore, should be
is 6 in. higher than the corner stake. 30 in. above the corner stake. 24 in. above the top of the bench mark stake.
Bench mark
T TV o = N T o ain o e, e b G T
i T : Corner stake
| i1
] L | . .;. ; P
| | o | i
WO R i ’
N V)
& [
&L":_T.::ZZZ_;::::::::::_::I:#_j
Y/ SN,

FRAMING FLOORS, WALLS, AND CEILINGS

Approximately 30 ft.
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There are two basic kinds of leveling instruments commonly used by builders:
optical levels (also called sight or telescopic levels) and laser levels. Both of
these kinds of levels come in many forms and are capable of doing numerous
measuring tasks. They share one feature in common, however; they all project
a level line and a level plane. For most residential builders, this basic feature is

the most important role of these tools.

e ESTABLISHING A LEVEL PLANE

Different leveling instruments project a level plane in
different ways.

An optical tool provides a level line of
sight. Swiveling the tool horizontally
establishes a level plane.

Most leveling instruments
can be mounted on a tripod.

e MEASURING TO THE LEVEL PLANE

You can measure the grade of the land, establish the
elevation of key foundation components, set forms pre-
cisely level, and do many other layout tasks by measuring
to the level plane projected by a leveling instrument.

' ; ot/

House stake

BUILDING THE STRUCTURE

Many self-adjusting lasers
have flat bottoms and can
be set on any reasonably
flat surface.

A laser level that projects a single

an optical level; swiveling it
establishes a level plane.

et level line works the same way as
|
|

Lasers can also project a

level plane that radiates
in all directions from the
instrument.

A sighting rod, a large measuring stick
that's marked off in feet and inches, is
used to determine the measurement.
A tape measure, carpenter’s rule, large
measuring stick, or simply a strip of wood
can serve the same purpose.

s .

To find the high corner of the grade after a house

has been staked out, measure the distance from the
ground up to the plane at all the corners. The shortest
distance indicates the highest point of the grade:



e FINDING AND USING THE “"DIFFERENCE IN
ELEVATION"

Key elevations are often established in relation to a single refer-
ence called a bench mark. Once you know this dimension, you can
quickly compute the other critical elevations.

The distance from the bench mark to the top
of the foundation is the difference of elevation Bench mark

between the two points.

g FRIALES o —
o .
’1 RGN YUY NN TN TYTII0 DENTEY  OMATE SIS SO S Wt e W— vi——— = /
el

Proposed top of foundation e '\\ \ \ \ Q & \
4

{
; X
S0 ) V0

e RESETTING THE LEVEL

The difference in elevation between the bench mark and any
critical elevation of the foundation is constant. The elevation
of the plane projected by the instrument, however, changes

DAY 1: Difference
between site line and top
of proposed foundation

when the instrument is repositioned.
= V‘/
- — — — — —

proposed foundation and bench mark

\ DAY 1: Difference between top of
T HDS g

DAY 2: Difference between
site line and top of proposed
foundation changes.

/ \ DAY 2: Difference between top of proposed
foundation and bench mark remains the same. 5

BUILDING FOUNDATIONS




STEP 2 Mark and dig the opening

1 Stretch strings between the corner Flag

stakes and mark the ground about / Offset stake
4 ft. outside of the strings. You b

can use a 4-ft. level as a gauge to

measure the distance from the /K/
Corner stake

Use a 4-ft. level to
string. To mark the line, use lime or gauge distance.
dry masonry mortar poured from a
paper cup or use brightly colored

spray paint.

N—— A dry mortar line or
spray paint marks the

area to dig.
2 Before you begin digging, establish the exact distance that you need to dig
below the bench mark. This requires that you know the design of the founda-
tion, including the exact heights of the materials that you're going to use.
Make all measurements from the same reference: the targeted top-of-
foundation elevation. In this example, the top of foundation elevation has
been established at 24 in. above the bench mark.
The top of the walls will be 100 in. (96 in. + 4 in. above The bench mark is 24 in.
96 in. above the top of the the bottom of the excavation) below the planned top of the
footing. foundation. \
You know that the — ‘1‘: % §
bench mark is 24 in. 1 " |
below the planned 1| V‘, 76 in. (100 — 24 = 76)
top of the foundation; 17 | below the bench mark
therefore, the bottom | & 2|
of the excavation { s o A
should be 76 in. 96 in. 17y I
(100 - 24 = 76) below \ I o r
the bench mark. | a b 72in.
9.1 N
N gl
| y |
BT
e, |
| :.l; e I
| ad|
I» |
| %]
S _‘|
B
] bl 4in.
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3 Set up a leveling instrument outside of the opening. After leveling

the instrument, measure the height that it reads above the bench mark
(here, 14 in.). Add this amount to 76 in. The total, 90 in., is the distance from
the level line projected by the instrument to the bottom of the excavation.

Use a surveyor’s rod

- to check the depth of
/ the opening.

86 in. \
Grade stake _/ 90 in.

s

Place a grade stake as a reference for the top of the footings. Drive this
N P 2% down until the top is exactly 86 in. below the level line projected by the
2N N2 .' PN ) leveling instrument. As the drawing on the facing page shows, this is 72 in.
: A4 Z below the bench mark and 96 in. below the desired top-of-foundation.

STEP 3 Lay out the first wall

EXAMPLE 1 assumes that you removed the instrument at the end of the
excavation and have returned the next day to lay out the footings.

1 Pull a string from one offset 2 Near each side of the excavation, drive in a pair of stakes, Bench mark
stake to the other along either with the string above roughly centered between them. Leave
of the long walls. about 8 in. of the stakes above the bottom of the excavation.

Measuring stick

Offset stake AP~ — = e

/

7 4 Use the instrument and
/ a measuring stick or rod to
\\ mark the four stakes at the
3 Set up the instrument in the bottom of the —® same distance below the
opening and shoot the difference in elevation projected line.

between the line projected by the instrument

and the top of the grade stake.

FRAMING FLOORS, WALLS, AND CEILINGS 17



EXAMPLE 2 assumes that you did not set a grade stake
just after the excavation.

1 Set up the instrument
outside the opening and

2 The difference in elevation between the bench mark
and the line projected by the instrument is 11 in.

shoot a level line anywhere )
above the bench mark. "/83 n. /

Measuring stick

/ 3 The top of the footing has to be 72 in. i
: below the bench mark. Mark the stakes at

_"' 83in. (72 + 11 = 83) below the line projected

: by the instrument.

4 Once you have the four stakes marked, 5 Transfer the exact location of the 6 After marking both batter
attach a horizontal batter board between string down to the batter boards. boards, set a string from one
each pair of stakes, with the tops of the String mark to the other. The string is
boards even with the marks. | set at the desired elevation for
attached to .
bench mark the top of the footing.
The batter board should be level, ——,
exactly 72 in. below the bench = T
mark, and cross directly below the l
string that represents the wall.
; 0
| Set a self-leveling { — — — -
' laser with a 1 . e
plumb beam on i ~
| the batter board X &I\
| and slide it until I In plan view,
l the beam strikes '. I the string is
' the string. \ even with the
Use screws rather than ! | outside of the

nails to avoid jostling the | foundation wall.

stakes out of position.
bl ) i 1\

: I I [ l ! I Location of

| foundation wall

You also could use a 6-ft.
spirit level or a plumb bob to
transfer this location.

18 BUILDING THE STRUCTURE



ESSENTIAL SKILLS

...................................................

A right triangle has one side perpendicular to another. This
q . A

property allows you to use the geometry of a right triangle to k
quickly lay out 90° angles.

The Pythagorean Theorem is a 2,500-year-old formula for
finding the hypotenuse (the unknown measurement) of a
right triangle. The formula can be written: Hypotenuse = 4 /
v Altitude? + Base? or H = yA? + B. l |

e THE PYTHAGOREAN THEOREM IN USE:

If you have a triangle with an Altitude of 12 and a Base of 16,
the math goes like this:

H= V122 + 162
V144 + 256

/400

20

e EXPANDING AND CONTRACTING RIGHT TRIANGLES

You can expand or contract any right To shrink this 3-4-5 triangle to a tri- To expand this 0.75-1-1.25 triangle
triangle without changing its angles by angle with a base of 1, divide all back to a triangle with a base of 16,
multiplying or dividing all three sides by three sides by 4: multiply all three sides by 16:

the same number. If you divide all three

sides of the triangle just discussed by 4, for

example, you end up with a 3-4-5 triangle

that retains the exact same angles:

a
r

16 x 0.75 =12
™~ 16x1=16
~ 16 x 1.25 =20
Y

™~ -4 =
~ 16+4=4
~ 20+4=5

Il )
“~
™
SRR~

e LAYING OUT ACUTE AND OBTUSE ANGLES

In addition to laying out a perpendicular line, you can use the

geometry of a right triangle to lay out obtuse and acute angles. %\)
To lay out a 45° turn in a 30-ft.-wide foundation, for example, set i

up parallel lines 30 ft. apart. Calculate the hypotenuse of a right 42_4*2 ft. / 4

triangle with two sides of 30 ft.: / 30 ft—
V2 x 30 =42.42 T

i
i b
Pull the 42.42-ft. dimension from a fixed point on one line to the

other and mark that point. A line drawn through these points runs
at a 45° angle from the other lines.

I
_\_\.o
N
Ul
-
7/

Ir\ 12+4=3
{
i
|

/
g e
/

7=
i
4
|
|
|
| 7
|
v
4

_t
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STEP 4 Lay out the other long wall

First string set up

1 Measure 30 ft. from the
first string set up in step 3,
and drive a pair of stakes
at each end to straddle the
30-ft. measurement.

4 Adjust the posi-
tion of the string
along the batter
boards until it's
exactly 30 ft. away
from and parallel
to the first string.

2 Use the leveling instrument to
mark the stakes at the same eleva-
tion as the first two pairs of stakes
(i.e., 72 in. below the bench mark).

3 Attach batter boards
with the top edge even
with the marks.

Plan view of excavation

STEP 5 Lay out the corners of the foundation

1 Mark the offset stake string at Offset stake

10 ft. to establish the first corner mark. .
- 2 Plumb down to the lower string

and mark the location on the

3 Measure and mark the
foundation wall string below.

length of the foundation
wall (38 ft.) along the
lower string. ] y
“. 4 Use the Pythagorean
” Theorem, as described
on p. 19, to determine
the hypotenuse of a
right triangle with sides
of 38 ft. and 30 ft. This
5 Pull a tape from the 38-ft. mark - comes to 48 ft. 5in.
diagonally until the tape reads

48 ft. 5 in.

7 The distance between the two marks

6 Repeat step 4 to
on the second string should be 38 ft.

locate the last corner.
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STEP 6 Form the footing

1 Mark the batter boards 4 in. outside of the strings
that represent the outside of the foundation wall. 5 Measure 4 in. from the sidewall strings and

mark the location of the outside of the footings
2 Attach lines that run from for the two side walls, then run strings between

one mark to the other. H:l the marks.
L o | o | r\/
! X £a o | = | |
(7 D
3 Place 2x4 forms Vs in. away from the 4 To mark locations for the side i
string. Place stakes outside of the form. .,_P walls on the forms, set strings
The top of the form should be even with that extend across the opening
the string. from one of the form boards
to the other so the strings cross i) 6 Place forms
over the corner marks you made along the
on the long wall strings. strings.
Make sure that the positions of the strings that represent
the foundation walls are clearly marked on the forms.
Iﬁmw M . 5 ——
- ‘*w

e

7 On the forms, measure and mark 12 in. in from the
strings representing the outside walls of the foundation.
These measurements mark the inside of the footings.

On many houses, the
plans specify footings for
piers (or posts). If these

are specified, carefully 8 Build a form

measure from the strings along the inside

that represent the walls of these lines

to lay out the exact posi- to complete the

tions of the pier footings. perimeter foot-

Form the pier footings ing forms.

with 2x4s at the same | \

height as the perimeter
footings.

C -

T
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STEP 7 Dig the footings

Remove the strings and dig the footing between the
forms with a square shovel. Make the bottom of the

footing 8 in. from the top of the form. The bottom of the

trench should be flat and consist of undisturbed soil, and
the sides should extend straight down from the forms.

To measure the depth, place a

straightedge across the form and

measure to its bottom edge.

STEP 8 Prepare for the footing pour

Install steel as required by your local code and by the
specifications on your plan. Check with the plumber
and septic system subcontractor for possible pipe place-
ment and any pipes or sleeves in the form. If a sump
pump is needed, place the pipe through the form.

In most jurisdictions, you're required to have the
footing examined by the building inspector at this
point. Once you get the go-ahead from the inspector,
calculate the volume of concrete needed and schedule
a delivery. (There will be information on estimating
concrete quantities in the next section.)

STEP 9 Pour the footing

Pour the concrete and strike it even with the top of the
form. Form a keyway in the footing, if your foundation
plan calls for one.

Place strips of wood in the wet
concrete just after you've placed
the concrete to mold the keyways.

BUILDING THE STRUCTURE

Measure frequently to
avoid overdigging.

Place vertical pieces
of steel precisely
by measuring and
marking directly on
the forms.



STEP 10 Lay out the walls

A few days after pouring the footings, you can lay out the
foundation walls on the hardened concrete. The top of
the concrete should be level and at the correct elevation.
The locations of the walls are recorded on the forms.

Once you've determined that the layout is precisely
correct, you can build 96-in.-tall walls from poured con-
crete, concrete block, or insulated concrete forms. Any of
these wall systems would bring the foundation up to the
targeted elevation.

1 Pull strings from the marks on
the forms to check the layout. 2 Check the

lengths of the
four walls.

Marks on forms

3 Check the diagonals in
both directions to make
sure the layout is correct.

4 Strike chalklines on the concrete.

In cold climates, part of the footing may have to be dug
deeper than 8 in. If you're planning a walk-out basement
door, the footing under and near the door may have to be
stepped down to get it below the frost line. Check with
your building inspector to see what you need.
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ESSENTIAL SKILLS

24

Setting Up a Line Quickly and Accurately

........................................................................

Because builders use stringlines extensively for concrete, masonry, and carpentry
layout, it's important to learn how to set one up quickly and accurately. Lines
generally need to be drawn tightly to remove sag, so it's usually necessary

to attach them securely.

e ANCHORING THE LINE TO WOOD

SURFACES

When you have a wood surface, it's often possible to drive a
nail halfway into the surface, then tie the line off to the nail.

Method One

1 Loop the string
around your index
finger, and twirl your
finger several times.

Method Two

)
1 Loop the
string around .

your thumb and (¢~ “(%“
forefinger. / 3

/

BUILDING THE STRUCTURE

2 Turn your
hand down
to create two
loops.

3 Pull the loose end of

- j*h-—~.~_____‘ the string one way and
- the taut end the other.

2 Hook the loop over
/the nail.

i/ ﬂ L p L"‘-:-"'-f-’_.r_i:__“___
/ B
/ y—— —
i Vo ."’—’! ®
'/ 4
4 /
‘-\“_};:

\ 3 slip the loops
b over the nail

and pull the
string tight.



e LINE BLOCKS e LAYING OUT ONE LINE
PARALLEL TO ANOTHER

To lay out one line parallel to and a
set distance away from another, use a
pair of batter boards for each line.

Line blocks allow you to secure a line without
using nails. This has a few advantages: You can
attach the string to finished surfaces without
making a nail hole; you can secure the string to
concrete and masonry surfaces; and you can adjust

the position of the line easily. 2 Measure the desired
. distance to other batter
1 Pull the string through boards and mark a rough

the kerf cut in the back of 1 Attach the measurement.

the block. first string at the
desired location. \

2 Wind the string
back around the
middle of the block.

3 Pull the string back through

the kerf.
3 Attach the

second string

to batter

boards near the
preliminary mark.

4 Hook the line
block on any
square edge.

Tension from
the line holds it 4 Swing the tape in an arc, and adjust the
in place. line until it's at the high point of the arc.
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Laying Out a Crawlspace Foundation

In this example, the foundation is a 24-ft. by 40-ft. crawlspace that projects
about 32 in. above the high point in the grade around the house. The foun-
dation will be built from 8 x 8 x 16-in. concrete blocks. (These are often
specified as CMUs, or concrete masonry units.)

The house is being built in an area where the frost line is 24 in. The
excavator has scraped the ground clear of organic matter but left the grade
roughly the same as the surrounding terrain. The opening is several feet
larger than the footprint of the house. The location of the house has been
roughly staked out by the owner and architect.

STEP 1 Find the high corner and establish the elevation of the foundation

1 Set up the leveling instrument Place stakes 4 ft. apart so they
and shoot the elevation of the four Level I straddle the line of the long \
evel line
corners staked out by the owner. N wall of the house.
About 10 ft. beyond the high corner P e e s o .
1 . -~ B [

and along the line the long wall will A7 Py -
follow, drive in two large stakes. 2%, %— e ha AR S =T

e . \ 7 High corner ™ _ T

s i s i e N i et i Rt e et g e S T A ——— —— e

=3 -

= . -7 e = o \" T
I s Proposed foundation i
*
4 Level sight line 5 along grade N
% A i
! LY o
1

Corner stake

4 —
- Ve
e o e e = A ——— e e
¥ l‘-._\ The stakes need to be about 5 ft. long,
f] 4 and they should be made out of sub-
! *i stantial pieces of lumber (2x4s or 2x6s).
2 Check the difference in elevation Hold a ruler vertically with the
between the level line projected 15-in. dlmen5|on. even with the i Mark the stake
by the instrument and the grade at line shot by the instrument. \ ||, atthe bottom
the high corner. In this example, the } - e SN of the ruler.
level line shot by the instrument is = 1500, —" 3| /
47 in. higher than the grade at the m . i
) . } \ 47 in.
high corner. Since the planned top of \lll \\
foundation elevation is 32 in. above \ 32in.

|/
L High corner
1 / stake . TR

—
o
|

_ attach a batter board
|

grade at this corner, the top of the
foundation should be laid out 15 in.
below the level line projected by the
instrument (47 - 32 = 15). Repeat for
the other corners.

to the stakes at this
elevation.
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STEP 2 Create a level plane for the layout

Because the batter boards are at the same elevation, any lines extended from
one batter board to another will be level and in the same plane. This level
plane does two things. It establishes the elevation of the top of the foundation,
and it ensures that measurements made along lines in that plane are accurate.

Level plane

The top of the first batter board is set at the
elevation for the top of the foundation, 15 in.
below the level line shot by the instrument.

Set more batter boards
in line with the two
long walls 15 in. below
the level line.

Don't install batter boards
for the side walls until after
the excavator finishes.

STEP 3 Lay out a 24-ft. by 40-ft. rectangle in the level plane n

1 Set a string on the batter boards directly above the corner
stakes. This string marks the outside edge of one of the walls.

3 Plumb up from the corner stake, and I

use a felt-tipped pen to mark the string. |

/ Corner stake

.

{
d

2 Set a second
string on the other
pair of batter
boards; carefully
adjust this string
until it's parallel to
and exactly 24 ft.
away from the first

Corner stake\ IP
B =40 / [[]

culate the hypotenuse
of a right triangle with
an Altitude of 24 and
a Base of 40. Plugging
the numbers into the
Pythagorean Theorem,
the math is:

!
| 4 Use geometry to cal-

H = 46.648

H = v242 + 402

string. This string
represents the

By

outside edge of the )
other long wall.

H = /576 + 1,600
4] H=12,176
H = 46.648

5 Use a tape laid out in the engineer’s scale to pull 46.648
diagonally across from the two marks on the first string, and
mark the third and fourth corners on the second string.

FRAMING FLOORS, WALLS, AND CEILINGS
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STEP 4 Record the layout on the batter boards

According to the plan, the foundation walls are 8 in. wide and the footings

are 16 in. wide. The footings must be centered under the walls. Around the

outside of the footing, you need an additional 6 in. or 8 in. for a drain system.

To accommodate the footing and the drain system, a 24-in.-wide footing

trench is planned. Lay out both sides of the

foundation walls, both sides
of the footings, and the extra

i . AIIOYV el AT 8 in. for the drain system on
16-in. footings or 8in. for a b
centered under 8-in. foundation walls  drain. Q5 tter boards.
walls % e
S | - i _/Trench

\S—in. foundation walls

T

16-in. footings centered
under walls

/1

\JJ

Measure the distance from the face of each batter
board to the corner mark on the string, and record
this measurement on the face of the batter board.

STEP 5 Mark the ground for the footing dig

1 To mark the trench for the long 2 To mark the trench for the side 3 Set strings just above the ground at
walls, set up lines on the two outside walls, transfer the locations of the these locations, and mark the ground
marks on the batter boards. Transfer four corners from the string to the with lime, mortar, or spray paint.
these locations to the ground with a ground. Measure out 12 in. in both

level, a plumb bob, or a laser. directions.

Transfer loca- Measure 12 in. in

tions to the both directions. Mark the
ground. ground along
the strings.

\

e
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STEP 6 Dig the footing to the right depth

1 The bottom of the footing has to be at least 24 in. deep
to get it below the frost line. Also, because the specified
footing is 8 in. thick and the block courses will each be

8 in. high, the distance between the top of the founda-
tion and the bottom of the footing has to be evenly
divisible by 8 in.

Measure from the strings on the
batter boards to find the lowest
corner—in this example, 46 in.—
below the top of the foundation.

— —

The footing ) F- I R i R e

needs to be L]

at least 24 in. AT

below the f o F caleh bt s

frost line. i_ l e e
) S« X

> i I

|

N ey

Yoo 4

&

70 in. below the top
of the foundation
line is not divisible
by 8 in.

Increasing the trench depth to
72 in. places the footing below
the frost line and conforms to

the 8-in. modular scheme.

3 Remove the strings on the batter board to make room
for the backhoe. To get the trench in the right place, the
excavator digs to the lines you've made on the ground.

Check the depth using the
leveling instrument and a rod
marked at 81% in.

2 In this example, you have scheduled a backhoe to dig
the footing the day after the layout, which means you've
had to move the leveling instrument. For the excavation
of the footing, you set it up again; this time it projects a
level line that's 93 in. above the top of foundation.

The new level line is 9% in.
above the proposed
foundation top.

The depth of the footing will be
81%4in. (72 + 9%) below the line shot
by the instrument.

When the trench gets a little more than

32 in. below the surface, you can step the

i depth up 8 in. From this point, make the

bottom 733 in. (8134 - 8 = 73%4) from the
line shot by the instrument.

BUILDING FOUNDATIONS
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STEP 7 Finish the trench by hand

1 After the excavator finishes, install Mark the foundation wall. Mark both sides
batter boards for the footing side walls. ‘___ﬁx .élof the trench.
Attach new strings on the long wall » 5
batter boards. Measure the distance y /
recorded on the face of the batter
board to mark one of the corners. 2 Measure 40 ft. down the string, ) 4 Pull strings

and mark the second corner. through the corner

marks to the side
batter boards, and
mark the batter
boards where the
strings cross them.

3 Pull the 46.648-ft.
diagonals to lay out
the third and fourth
corners. 5 Set strings on the
inside-of-trench and
outside-of-trench
marks on the batter
boards. Level down
from the strings to
see how well the
trench conforms

to the layout. Use
shovels to straighten
out the sides of the
trench and remove
any loose dirt from
the bottom.

7 Lay out and dig
footings for piers. They
don’t have to be below
the frost line but should
conform to the 8-in.
modular scheme men-
tioned on p. 29.

6 Measure the elevation of the bottom of the
footing against the strings. It should be 72 in.
in the lower area and 64 in. in the upper area.
Where the distance is less than these, dig to the
target distances. Be careful not to dig too deep.

STEP 8 Get ready for the pour

1 Set lines on the marks for the /Hg\ =4

outside of the footing on the
batter boards.

2 Transfer these
locations to the
bottom of the trench
to get the forms in
the right place.

3 Use 2x8s to form
the outside of the
footings.

4 As you install the forms, measure up to the lines
to make sure you get the forms at the right eleva-
tion. The tops of the forms have to be at a height
that conforms to the 8-in. modular scheme. The
footings for the piers don’t require forms.

Set the rebar for the
footings as required by
your local code and the
specs on the plans.
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STEP 9 Pour the footing

Before the concrete truck arrives, set up the leveling instrument and measure
the difference in elevation between the top of the batter boards and the line
shot by the instrument. Add the amount—in 8-in. increments—that you need
to go down to get the tops of the pier footings at the right height.

Line shot by J

leveling instrument

48 in.
L

Measure down from
the level line projected
by the instrument to
pour the piers to the
correct elevation.

64in.—

72 in.
L
Inside the footing
trench, pour the
concrete even with
the top of the forms.
RN RO
i ‘ Y S

STEP 10 Lay out the walls

After the concrete hardens, set lines on the batter boards and use a level,
plumb bob, or laser to transfer the locations of the walls to the top of the foot-
ing. Snap chalklines on the concrete to lay out the walls. Techniques for laying
the blocks up to the line will be discussed in the final section of this chapter.

Before beginning the block work, make a quick checklist of the things to
either allow for or include in the walls:

¢ Drainpipe to allow moisture inside the crawlspace to go through the wall
and into the perimeter drain system

® Access door

¢ Opening for an HVAC duct

¢ Foundation vents

® Beam pockets

® Anchors to bolt the frame to the foundation

SAFETY FIRST

Cave-ins:
A Deadly Hazard

The sides of trenches and
basement excavations can
collapse without warning. If a
person is buried over his head
in such a collapse, the chances
of survival are less than one in
ten. There are four things you
can do to reduce the chance of
a deadly cave-in:

® Any time you excavate

an opening for a basement,
make sure you dig at least

4 ft. beyond the footprint of
the house; this keeps workers
away from the deadly perim-
eter of the excavation.

..........................

® Slope the sides of the
excavation away from the
opening.

® Pile the spoils from a trench
excavation at least 2 ft. back
from the edge.

® Use a shoring system for
deep trenches. For more on
trenching safety, go to this
OSHA site: http://www.osha.
gov/SLTC/trenchingexcavation/
construction.html

..........................
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Building outside the Box

Although a rectangular floor plan has the advantages of speed and
economy, designers and homeowners often desire more complicated
shapes. The most common method of breaking out from the four
walls of a rectangular house is to add more rectangles in the form

of ells, wings, and insets. There are many occasions, however, when
designers abandon the rectangle altogether and draw up buildings or
parts of buildings with obtuse or acute angles or curved walls.

To lay out these different shapes, follow the same basic sequence
that has just been described. First, lay out a level plane at either the
top-of-foundation or the top-of-footing elevation. Then lay out the
shape within that plane.

Adding rectangles to rectangles

To lay out these foundations, start by laying out the main rectangle and then
add more batter boards or forms to lay out the additional rectangles. Use
geometry to get the walls of the secondary rectangles square to the primary
rectangle.

Parallel lines tP Equal diagonals
|

T
|
1
——
| Batter board
<+ Added
11 rectangle

|
|
|
|
|
|
1
|
|
-
|
|
|
|
:‘.-..-.-.____-.q

o L i e i)

Added ! Main rectangle
rectangle

o

Added Parallel lines

rectangle

Parallel lines

L e s |
~—-————

=24
Ce—=
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Moving away from the right angle

Once in a while, designers draw up buildings with walls that are not square to
one another. To lay out these acute (less than 90°) or obtuse (more than 90°)
angles, you can either use a precise surveying instrument or geometry. The
designer should specify the point from which to pull the measurement as well
as the exact dimensions of both the parallel line and the diagonal measure-
ment. If the angle is simply specified in degrees, however, it's up to you to
calculate the dimensions of a right triangle that corresponds to the degrees
specified. To make these calculations, use the techniques described in

“"Working with Right Triangles” on p. 19.

e SURVEYING INSTRUMENT

™

1 Set the instrument
directly over a point on a

base line of your layout. )
2 After loosening the

clamp on the horizontal
scale, point it so that it
is shooting parallel to
the line.

174 b

3 Set the horizontal scale to t
J. the zero mark. Turn the instru- i
ment to the desire angle.

4 Transfer the line shot by the
instrument down to the batter
board and mark that point.

Laying out curved foundations

Curved foundations are usually drawn as circles or seg-
ments of circles. The first step in laying out a circular,
semicircular, or arced foundation is to establish a pivot

point. The location of this point should be specified in the
plans. Lay out this point at the desired elevation, using a
stake or a batter board. Once you've established the pivot
point, create a beam compass to serve as the radii needed
to lay out the parts of the foundation. On the beam com-
pass, measure and mark the parts of the foundation out
from the pivot point. These measurements include the dis-
tances from the pivot point to: the inside and outside of
the footing trench; the inside and outside of the concrete

footing; the inside and outside of the foundation wall;
and the center of the foundation wall.

® GEOMETRY

1 Build batter boards at the
correct elevation, and affix a
line a set distance from and

parallel to one of the walls on

the main rectangle.

1

3 Set up batter
boards and
string that runs
directly across
the marks. This
string represents
\ the outside of

the angled wall.

-1

e ;
AN

2 From a specified point,

- pull a specified dimension
diagonally across the layout i
and mark the parallel line
with a felt-tipped pen.

After setting up a form or
batter board to hold the beam

¥ N
/s ‘7 N\ are

7 : ~~" Batter boards ™ R N &
at the same '

level, swing the compass.

/
g
{
|
.’
T 7T
¥ 'y Ei |
AR Mark the beam|
Iy compass with |
i :: ll foundation |
o ./ dimensions. |
N —

You can make the
beam compass on
site, using a strip of
wood and a nail for
the pivot.
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Building Foundation Walls

There are four different systems used for foundation walls. The two
most common are masonry (mainly concrete blocks) and poured
concrete. An emerging system uses insulating concrete forms, or
ICFs (beyond the scope of this book). A fourth system, which is used
to save money, is the permanent wood foundation, or PWF.

Concrete Poured Insulating concrete Permanent wood

blocks concrete forms foundation
{
1

Concrete Block

Masonry consists of relatively small building units that are made
from mineral substances (rock, clay, sand, portland cement, etc.)
These units are usually assembled by hand into walls or other struc-
tures using cement-based mortar. There are many types of masonry
units, including natural and man-made stone, structural clay tile,
clay brick, concrete block, terra-cotta, and glass block.

The most common masonry units for foundations, however, are
clay bricks and concrete blocks. These units can be combined into

a composite wall, and in some parts of the United States brick-and- f Clay brick
Concrete block

block foundations are very popular. In these walls, the bricks are on
the outside and, although they are part of the structure, they are
used mainly for aesthetic reasons.

Foundations built with concrete blocks only, however, are more
common than brick-and-block. Because they are the most prevalent,
this section will focus mainly on concrete block foundations.
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Strengths and weaknesses of masonry

Masonry alone typically has far more compressive strength than is necessary to
support the weight of the house. Its main weakness is in its tensile strength. For
this reason, unreinforced masonry foundations sometimes fail due to the lateral
pressures imposed by the soil. To avoid this kind of failure, steel-reinforced foun-
dations are often specified by designers or required by code.

Being comprised of mineral products, masonry fares well in direct contact
with the soil. It's not an attractive habitat for insects and other pests and, more
important, it's not a source of food for termites and rot-producing fungi.

Vertical rebar ————_|

Horizontal rebar

Modular layout

Modern bricks and blocks are designed to fit a layout scheme based on a 4-in.
module. The units themselves are slightly less than the targeted module. This
shortfall allows for the thickness of an ideal mortar joint, which is %z in. (The
technical name for a concrete block is concrete masonry unit, which is often
designated as a CMU.)

Three standard modular bricks plus three bed joints (horizontal joints), for
example, are 8 in. high. One standard block plus one bed joint is 8 in. high.
This dimensional compatibility makes it easy to combine brick and block in the
same wall.

For block foundations, the layout usually starts at a top line and is mea-
sured down in 8-in. increments. (Once in a while, the plan calls for a 4-in. block
at the top of the wall; in these cases, the layout has to include one 4-in. incre-
ment in addition to the 8-in. increments.)

On many freestanding structures, an inch or two variance in the final eleva-
tion of the top of the foundation is not a critical issue. On some jobs, such as
additions to existing houses, the top of the foundation has to end precisely at
a predetermined elevation. In these cases, the distance between the top of the
footing and the top-of-foundation line is critical. Great care should be taken,
therefore, to pour the footing at an elevation below the line that's evenly
divisible by 4 in. or 8 in.

Three standard modular
bricks plus three bed joints
equal one standard block
plus one bed joint. This
equals 8 in. high.
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Unit spacing along the length of the wall

The lengths of masonry units also fit into a 4-in. modular scheme. One brick One block with one
with one head joint (vertical joint) is 8 in. long. One block with one head joint head joint is 16 in. long.
is 16 in. long. Similarly, the dimensions of the widths of these units also fit the / |

modular scheme. A brick with a joint is 4 in. wide; a block with a joint is 8 in.
wide. This ensures that the joints of each course are offset by half the length of
the unit from the course below when you build corners.

When you build corners for any masonry wall, it's important to make sure
you maintain the correct bonding pattern. After you build the first corner of a

foundation, for example, you have to measure or set the units in place dry to
determine which direction to place the first unit in the second corner.
One brick with one head

joint is 8 in. long.

i . Dividing space (136 in.) by 16 in. (block plus In this example, the end block will need
ol s s s head joint) equals 8"z blocks. to be turned in line with the other wall.

=]

Fudging the layout

72 in. (nine courses with 73%s in. (first-course bed joint

Although the 4-in. and 8-in. module ¥s-in. bed joints) of ¥4 in. plus nine courses

is the rule in masonry, there is a little with ¥2-in. bed joints)

wiggle room. The courses can be
expanded or contracted slightly by
adjusting the thickness of the mortar
joints. Most building codes, how-
ever, limit the amount that mortar

T——
—

joints can vary. The International
Residential Code, for example, speci-
fies that bed joints for a masonry {
foundation must be between ¥z in. . ' T
and Y2 in. thick. The one exception to i = '
this rule is that the bed joint on the — '
footing can be up to 3 in. thick. This
means that as much as 134 in. can be & 7 =
gained in a foundation that’s nine
block courses high (s in. x 8 =
1+3%in.=13%in.).

e
-_____4!

e 1

B |

e
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WAYS OF WORKING

Assuming that the distance between the top of the footing and the top-of-
foundation line is correct, there are two basic ways to lay the units up to the
top-of-foundation line: a level string line or a story pole. Story poles are avail-
able from tool manufacturers or can be fabricated on site using steel tubing or

straight pieces of lumber.

e LEVEL STRING LINE METHOD

2 Build the corner and mea-
sure the distance from the top
of each course to the string.

1 Transfer the line
down to the top of
the footing and lay
up a corner lead.

f\ 3 String line at

foundation top

Corner lead /A1

® STORY POLE METHOD 1

2 Brace the top
with C-clamps
or screws.

1 Attach a single pole
precisely on the corner,
and brace the top plumb
in both directions.

3 Anchor the pole
into the ground.

4 Attach the pole with a block
of wood nailed to the footing
form or with case-hardened nails
driven into the concrete footing.

® STORY POLE IN CRAWLSPACE

2 Switch to story poles
attached to the batter
boards above grade.

1 Use a level to
build the corner
below grade.

\

® STORY POLE METHOD 2

1 Attach and plumb ,L_.
two offset story poles k-
for each corner. |

N
2 Nail the story
/ poles to the foot-

ing form.
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Laying blocks to a line

After laying up the corners or set-
ting up story poles, attach a line from
corner to corner to serve as a guide
for laying blocks along the wall.

Use line blocks to attach the string
(see “Setting Up a Line Quickly and
Accurately” on pp. 24-25). Make sure
that the string has enough tension to
keep it from sagging in the middle.
Keep a tiny space, about the thickness
of the string, between the block and
the line. Doing this prevents the block
from pushing the string out of line.

Mortar

2 After each course, move the line up
one course and repeat the process.

{L =1
s Tl o L [
i N fl
il il
****** il e e e | (S
[

~—

Mortar is a generic term that describes any products used to bond masonry

units together. The mortar required for foundations is typically Type S or

Type M mortar. Mortar types are based on compressive strength, which is
determined by the percentage of portland cement in the cementitious material
in the mortar. Check with your local building official to see what type is
required in your area. Although either of these types can be made by mixing
portland cement and mason’s lime, the most common way to achieve either

type is by using masonry cement.

1 Mix 3 partssand . . .

2...and
1 part
masonry
cement.

One way to proportion the dry ingredients of
mortar is to use common, measured containers.

1 Fill three 5-gal. dry-
wall buckets with sand.

BUILDING THE STRUCTURE

2 Fill one 5-gal.
drywall bucket with ~

3 Add water gradually
and continue mixing
until the mortar is soft
and mushy.

masonry cement.

1 Set the string
even with the top
of the block at each
corner, then lay the
blocks to the line.

4 Good, workable mortar is wet
but not soupy. It can be piled up
with a trowel but yields readily
when you place a block on it.

3 Add water gradually,
and continue mixing until
the mortar is soft and
mushy. Four buckets will
make a wheelbarrowful
of mortar.



Troweling techniques

Wielding a trowel is a physical skill that can be acquired only through
practice. Although there is no substitute for picking up a trowel and
having at it, here are a few basic techniques to get you started.

e TROWELING THE FIRST COURSE

. . 2 Scoop a full
1 Pile mortar into a mound
. but manageable
in a mortar pan.
trowelful

3 With the fully loaded

trowel a few inches above

the footing, give the \
trowel a slight downward

tilt. Without stopping,

rotate your wrist and pull
the trowel.

4 The motion is like
the pull stroke when
you're working with a
handsaw.

e TROWELING BLOCKS

To butter the end of a block (or brick), you have to turn the
trowel over. The challenge is to keep the mortar from slid-
ing off the overturned trowel.

1 Pick up half a ~ 3 With the mortar
trowelful. " K flattened against the
1‘1 trowel, it stays put as
& B ']T you butter the ends
S " of the block.

o) 4
@ A

chm_/

(

2 With the mortar
facing up, thrust the
trowel straight down
and stop it abruptly.

( A
\\. { \
- i |I
\ 7 iy
\ '
\/ v
/ A
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TOP TIP

Maximize the Bond

In addition to having com-
pressive strength, mortar has
to bond the masonry units
together tenaciously. To maxi-
mize bond, the units should
be dry and the mortar should
be as wet as possible and still
have enough body to sup-
port the weight of the units.
When mortar is spread on the
surface of a dry, porous unit,
the mortar is sucked into the
pores, creating a mechanical
as well as chemical bond.
There is an enduring myth
that masons should soak
units before laying them in
a wall. In most cases, this is
false. Most clay bricks and
all concrete blocks should be
kept dry before laying them
in a wall. On rare occasions,
unusually porous and dry clay
bricks have an excessively
high initial rate of absorption
(IRA). These bricks suck the
moisture out of the mortar at
such a rate that the mortar
dries almost immediately. This
makes them difficult to work
with and can have a nega-
tive effect on the bond. In
these cases, the bricks should
be wetted, then allowed to
surface-dry before they're set
in the wall. Wet masonry units
should never be laid in a wall.
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Rebar set in footing

Block walls are often reinforced with steel and grout. The
design should be drawn up by an engineer, or follow the
specifications of the building code in your area. Rebar
should be laid out so that it emerges from the footing

in the center of the block cores. After the footing pour,
builders sometimes bend incorrectly placed rebar to get it
in line with the block core. This practice compromises the
structural integrity of the system and should be avoided.
It's far better to lay out the pieces of steel correctly prior
to the footing pour.

Create a cleanout

It is important to keep the footing around the verti-
cal rebar clear of mortar droppings so the cavity can be
completely filled with grout later. To ensure that the
footing around the vertical rebar remains clean as you lay
up the wall, you need to cut a “cleanout,” a 4-in. by 4-in.
opening in the first block that goes over the rebar. As
the blocks are laid up, you can reach in and clean out the
droppings around the rebar several times a day.

As the blocks are laid up, keep the rebar in the center
of the core. Wire rebar positioners are available for
this purpose.

Grout block cavities

The grout must bond the masonry units and the rebar
together. To achieve this bond, grout is much richer in
portland cement than concrete and it has much more
water. Because grout must fill the block cavities com-
pletely, pea gravel is often specified as the coarse aggre-
gate. Structural engineers often specify the proportions
for the grout on commercial masonry jobs. For residential
projects, however, you can usually get an acceptable mix
by conferring with your concrete supplier.
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Rebar tied to
horizontal rebar
set in footing
prior to pour

Rebar positioner Rebar \ i




Poured Concrete

Concrete is made of four basic ingredients: water, portland cement,
sand, and coarse aggregate (usually gravel or crushed stone). In a
typical batch of wet concrete, only about 12% of the mix consists of
portland cement. Most of the material is aggregate; sand comprises
about 28% of the mix, while gravel or crushed stone makes up 44%
of the total volume. The final ingredient, water, varies considerably
from batch to batch. Ideally, the water content should be about 15%
of the volume. On many jobs, air is also mixed into the concrete,
typically accounting for about 6% of the volume.

When water is mixed with the dry ingredients, a chemical reac-
tion in the portland cement, called hydration, takes place. Hydration
causes the most important constituents of the cement, the calcium
silicates, to dissolve and then gradually reform as calcium silicate
hydrate and calcium hydroxide. As hydration proceeds, these newly
formed compounds harden and bond to each other and to the grains
of sand and stones that they surround. Meanwhile, if air-entraining
chemicals are mixed in, billions of microscopic air pockets per cubic
yard are formed. After air-entrained concrete is fully cured, it stands
up to freezing temperatures much better than untreated concrete.
The tiny chambers relieve internal pressure on the concrete by pro-
viding space for the water to expand into when it freezes.

Strengths and weaknesses of concrete

Because the tools and skills required
for installing concrete and unit in tensile strength.
masonry are so different, they are
considered separate branches of
the building industry. The materials,
however, are often indistinguish-
able. The ingredients of grout, for
example, are the same as those in
concrete. Concrete blocks are made
from concrete. A stone wall often
consists of the same materials as are
found in concrete: stone, sand, and
portland cement. And, while brick is
made of a different material (clay),
both brick and concrete are mineral

Concrete is often
reinforced with steel.

substances with great compressive
strength.

Unreinforced concrete is relatively weak

SAFETY FIRST

Before the Truck
Comes

...........................

The trucks used to deliver
concrete and blocks are often
tall enough to hit overhead
power lines. When they do,
they can electrocute anyone
who touches any metal part of
the truck. Always reconnoiter
the route the truck will follow
and, if a line poses a hazard,
come up with an alternate
route or have the line discon-
nected by the power company.

...........................

Because it is made from
mineral products, concrete
performs well in contact
with the ground.
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TOOLS & TECHNIQUES
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Slump Test

.....................

To measure the consistency of wet
1 Fill a cone-shaped

container of specified
proportions with

concrete, engineers have developed
the slump test. Although residential

builders rarely do slump tests, TG

they use a given “slump” to —
indicate how much water they

want mixed in when they order

concrete. Concrete with a 4-in.
slump is typical for residential work.

2 Flip the con-
tainer. Slowly
lift the cone off
the concrete.

3 Measure how much
the cone of concrete sags.

Water and concrete

Ready-mixed concrete is proportioned at the concrete plant and delivered by
truck ready to place. The amount of water added to the mix at the plant is
specified by the buyer in terms of “slump” (see “Slump Test” above). The lower
the slump, the less water added and the stiffer the mix. Concrete with a 2-in.
slump, for example, is so stiff that it has to be pulled down the chute of the
truck and physically pulled into place and packed into forms to avoid honey-
combs (voids). Concrete with a 5-in. slump, on the other hand, flows down the
chute, spreads out, and fills forms easily.

Slump has a direct impact on the workability of the concrete. Low-slump
concrete is a lot harder to place and finish than high-slump concrete. There is
a tendency, therefore, on the part of the workers in the field to want to add
water to the concrete. Ready-mix trucks carry water for this purpose.

Ready-mix concrete suppliers, however, carefully document the amount
that is added, both at the plant and during the pour. The reason they do this
is because the amount of water mixed into concrete has a direct impact on the
strength and durability of the finished product.

The amount of water needed to cause hydration is surprisingly small. All
the dry ingredients have to be thoroughly dampened but they don't need
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to be saturated with water. Every drop of water that is not consumed by the
hydration process has to exit the concrete via evaporation.

It is this evaporating water that causes problems. Above the amount neces-
sary for hydration, each added gallon of water per cubic yard decreases the
compressive strength of the concrete 200 to 300 psi (pounds per square inch)
and increases shrinkage potential about 10%. Furthermore, as the water-to-
cement ratio climbs, the durability of the concrete declines; problems such as
cracks, spalling, and freeze/thaw deterioration are directly related to the water
content in concrete.

Since excessive water can have a negative effect on the long-term perfor-
mance of the concrete, builders and/or owners should not leave the issue of
water content entirely in the hands of those who place the concrete. Because
adding water makes their job easier, leaving the issue of slump in the hands
of the concrete crew is a little like asking the fox to guard the hen house. The
slump of the concrete should be discussed and agreed upon prior to the pour
and, after the truck arrives, strict limits should be placed on how much water
can be added. If you're not present at the pour, you can determine how much
water was added by reviewing the documentation of the ready-mix supplier.

Curing concrete

During hydration, cement and water are consumed as a new product—the
hardened concrete—is born. Although concrete is usually hard enough to walk
on within a few hours, it continues to hydrate long after it initially sets and it
does not achieve full strength for months or even years. The most important
period for hydration, however, is the first week after the concrete is poured. It
is during this critical period that hydration proceeds most rapidly. Because con-
crete attains about half of its ultimate strength in this first crucial week, water
within the concrete must not be allowed to evaporate completely or to freeze.
Because water must be present for hydration to occur, you should take
measures to keep the water within the concrete for several days. This process,
called curing, should not be confused with the initial mixing of water into
concrete. As noted above, hydration does not require very much water, and
you should use water sparingly when making concrete. Once the concrete is
mixed and poured, however, you need to keep that water within the concrete

Keep forms in place

P ] ‘ {11 T

i
1

S

Cover the concrete with damp
for several days burlap. Make sure the burlap
and seal the top. N ) stays damp for several days.
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for as long as possible. In other words, the strongest concrete is made with as
little water as possible, retained inside the concrete for as long as possible.

There are two basic ways to cure concrete. The first is to seal the water
inside the concrete. On flat work, such as a basement floor, you can cover the
floor with plastic sheets or spray on a special waterproof coating called curing
compound. Do this several hours after the concrete has been finished and
achieved its initial set. Make sure you seal up the edges of the plastic sheets;
one way to do this is to place sand on top of the plastic around the perimeter
of the slab. On vertical work, such as foundation walls, the moisture can be
retained by keeping the forms in place for several days and just sealing the
top, exposed edge (see the drawing at left on p. 43).

The second basic strategy for curing concrete is to keep the exposed surface
of the concrete damp. One way to do this is to cover the concrete with damp
burlap. Make sure the burlap stays damp for several days.

Forming concrete

Wet concrete weighs more than 4,000 Ib. per cubic yard. When first mixed,

it's an amorphous blob that slumps and spreads out when poured. (Although
the amount of slump varies with the percentage of water in the mix, it almost
always has some slump.) When you pour this material into a form, the form has
to contain the slump of the wet concrete. The concrete presses down and out,
exerting tremendous pressure on the inside walls of the forms. This pressure
can force forms to bulge out or fail catastrophically, like a burst dam.

When you build forms for footings or foundation walls, you have to build
them strong enough to contain this pressure. This pressure grows substantially
with the height of the form and the quantity of concrete poured. Flatwork
(sidewalks, floors, driveways, etc.), for example, sometimes requires several

2y

2x4s or 2x6s are nailed to small stakes
driven into the ground every 4 ft.

For footings 8 in. to 12 in.
tall and slab-on-grade
foundations, use 1%2-in.-
thick lumber for the forms.

Brace the stakes and tops of forms
to keep them from spreading.
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yards of concrete. But, because the forms are usually just 4 in. to 6 in. high, the
thrusting forces of the concrete in these pours are relatively small. Typically, the
forms for these structures are made out of 2x4s or 2x6s nailed to small stakes
driven into the ground every 4 ft. or so.

When the forms are 8 in. to 12 in. tall, as is the case for some footings and
slab-on-grade foundations, 12-in.-thick lumber can still be used. However, the
stakes have to be braced and the tops of the forms have to be connected to
keep them from spreading.

Forms for walls 16 in. to 24 in. high typically require 4-in.-thick panels built
like the exterior walls of a house. These forms, built out of 2x4s and plywood,
must be braced carefully. To keep the bottoms from spreading, carpenters
often lay steel strapping on the footing, then wrap it up the outside of the
forms and nail it securely.

Forms for foundation walls taller than 24 in. can be erected with prefabri-
cated panels, or they can be built on site with plywood and studs. Because of
the tremendous pressure of the concrete, steel ties must be used to keep the
walls from spreading, buckling, or blowing out altogether. If you need to form
walls higher than 24 in., consider using a foundation subcontractor. He'll have
the forms, the hardware, and the experience to build a form that can contain
the pressure of the concrete.

Plywood and 2x4 forms
must be braced carefully
to keep the bottoms from
spreading.

TOP TIP

Cubic Inches
in a Cubic Yard

...........................

The number 46,656 is not easy
to remember and there’s no
reason to do so. A yard is 36 in.
and a cubic yard is 36 x 36 x 36,
which is 46,656. Anytime you
need this number for estimat-
ing volume, just do the multi-
plication and write it down.

...........................
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Aligning and bracing the forms

When forming foundation walls, the layout often takes place at the footing
level. After snapping chalklines on the top of the footing, set the bottoms of
the forms on the lines, then brace them plumb. To ensure that the walls end
up straight, brace the corner panels plumb first, then set up a string stretching
from corner to corner. Brace the intermediate panels to the string. Anchor the
bottom of the braces to stakes driven into the ground, and attach the tops of
the braces to the panels with screws or nails.

[}

Anchor the braces to
stakes driven into the
ground and attachthe
tops to the panels.
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Set the bottoms %
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Estimating concrete

In the United States, ready-mix concrete is sold by the cubic yard. To estimate
the amount needed for a pour, carefully measure the length, width, and depth
of the area enclosed by the forms. After converting these measurements to a
single measuring unit—usually feet or inches—multiply the length x the width
x the depth to arrive at the volume in cubic feet or cubic inches. If you have
the volume in cubic feet, divide by 27 (the number of cubic feet in a cubic yard)
to convert to cubic yards. If you have the volume in cubic inches, divide by
46,656 (the number of cubic inches in a cubic yard) to convert to cubic yards. To
make sure you don't end up just short of concrete at the end of the pour, add
about 10% for footings and 5% for walls. These conversions can be simplified
by using a construction calculator.
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Admixtures

Concrete suppliers often offer chemical admixtures that can improve the work-
ability or enhance the performance of concrete. The most common of these are
air-entrainment admixtures. Other admixtures include chemicals that inhibit
corrosion, reduce alkali-silica reaction, add bonding and damp-proofing
properties, and provide coloring. Retarding admixtures are used in hot weather
to slow down the setting rate of concrete. Accelerating admixtures are used

in cold weather to increase the rate at which concrete gains strength. This
means that the concrete has to be protected from freezing temperatures for a
shorter period.

Plasticizing admixtures make low-to-normal slump concrete more fluid
without adding more water. This makes the concrete easier to place but
doesn’t weaken it. This has given rise to a new use of the word “slump.” You
can now order concrete with a “4-in. slump, plasticized to a 6-in. slump.” The
4-in. slump is the slump created by the water content and the additional 2 in.
of slump is created by the admixture.

Plasticizing admixtures work great for vertical pours, but they can cause
problems for flat pours. This is because the effects of the plasticizing chemicals
are temporary, lasting 30 to 60 minutes. When they wear off, the surface of the

concrete can harden rather suddenly, making finishing difficult.

WAYS OF WORKING

When to Hire a Concrete Subcontractor

R T R R T I I R I A A IR A A ST P Y

Because of the stakes involved,
builders often use concrete subcon-
tractors. For large flat pours, such
as a basement floor, experienced
concrete masons can quickly pull
the concrete flat, cut it level with a
straightedge (often called a screed),
and float the surface. Speed is of the
essence, especially in hot weather.
Concrete crews that specialize in
flat work not only get the concrete
placed and floated quickly but
also have the skills and equipment
to achieve very smooth finished
surfaces.

Large vertical pours, such as
basement walls, require an enor-

mous amount of concrete. Crews
that specialize in basement walls
have reusable manufactured forms
that are engineered to contain the
concrete. They have the experience
to see how to bring in a truck close
to the forms or to realize when
they're going to need to rent a con-
crete pump. They've also developed
the physical skills and the brawn
needed to handle a chute or a hose
full of concrete.

Large concrete pours are often
best left to specialists. Waiting for
a subcontractor, however, presents
its own set of problems. After you
dig, form, and install steel in a

footing, for example, you shouldn’t
delay the pour. If it rains and the
footing gets flooded, you'll have to
spend a lot more time getting the
footing dry and removing silt that
has washed into the trench.

If you're a custom builder or a
remodeling contractor, it pays to be
able to do small to medium pours
“in house.” The key is to know
what your crew can handle. This is
something that you can determine
only gradually, through experience.
Starting with small pours, you can
gradually develop the skills, acquire
the tools, and gain the confidence
needed for larger pours.
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Permanent Wood Foundations (PWFs)

Permanent wood foundations, or PWFs, have been
used in the United States since the 1960s. While
these foundations require careful detailing, they
can be built by any carpentry crew using standard
framing techniques.

The footings for these foundations are typically
8 in. of compacted gravel in a 16-in.-wide trench.
A treated plate (usually a 2x10 or 2x12) is laid flat
on this bed of gravel. Then a 2x6 or 2x8 framed

wall, sheathed with treated plywood, is nailed to
the plate.
PWFs are engineered systems and the details

vary according to the type of foundation you're
building, the soil you encounter, and the design
load of the house. Before starting a PWF, make

Wood must be rated for
foundations. Types 304 or
314 stainless-steel fasteners
are generally required below
grade. In some jurisdictions,
other types of corrosion-
resistant nail are permitted
above grade.

sure you know and understand the design, and

check with your local building official to see what's

required in your area.

Controlling water 7

PWF wall
Controlling water is an essential part of these systems. First, you system
have to drain water from the footings, the base of the wall, and —

under the floor. Second, you must add a protective barrier to the
outside of the foundation.

Drain water
from the

On a sloping lot, use a gravity footing.

drain to move water away
from the house.

Drain conveys water
to daylight.
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Basements

In basements, a concrete slab is
poured inside the walls. This slab
restrains the inward thrust that the
soil exerts against the bottom of
the walls. A treated wood floor, also
built inside the walls, can be used in
lieu of the concrete.

Crawlspace foundations

In crawlspace foundations, there

is less imbalanced fill between the
inside and outside of the founda-
tion wall. In these situations, the soil
inside the wall is used to counteract
pressure from the soil along the
outside.

Protective barrier

The second part of the process is

a protective barrier on the outside
of the foundation. Because of the
importance of keeping these systems
dry, PWFs are not a good choice in
very wet locations or where there's

a high water table.

The framed floor resists
inward pressure.

5 ft. to 7 ft. of soil
presses against the
wall system.
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Framing anchors are
often specified for |
connections at the stud/ !
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e PWF wall

6-mil plastic sheet system>/

to keep water
from seeping into
the frame

12-in.-wide treated
plywood holds the
sheet in place to
protect the top
edge of the plastic.
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Framing Floors,
Walls, and
Ceilings

AFTER COMPLETING THE FOUNDATION, builders
should have a level surface 8 in. or more above grade.
Upon this surface, they begin the frame of the house, a
structure that will define the shape of the house and the
layout of the rooms. Due to the size and complexity of
house frames, this book devotes three chapters to their
construction. This chapter concentrates on floors,

walls, and ceilings. Chapters 3 and 4 will be devoted to
framing roofs.

The Three Functions of the Frame

When you build the frame of a house, you need to do
three things. First and foremost, you have to build a
safe and sound structure. Second, you have to build a
structure that accommodates almost all the subsequent
work on the house. As you build the frame, then, you
must look far into the future and provide for the needs
of plumbers, drywall hangers, siders, finish carpenters,
and other specialty trade contractors. Third, you

should build a structure that meets acceptable
standards of quality.



Building a Safe and Sound Structure

The primary responsibility of frame carpenters is to build a safe and
durable structure. This aspect of frame carpentry is usually regulated
by local building officials.

Loads

The frame supports both the weight of the building (dead loads) and the loads
added by the inhabitants and the environment (live loads). The dead loads
imposed on the walls of a house include the combined weight of floors, ceil-
ings, and roof structures that bear on them and the weight of all the materi-
als that cover those structures. The live loads include furniture, equipment,
people, wind, snow, and seismic forces.

Both dead and live loads vary from building to building. If a customer wants
to roof her house in slate, for example, the dead load from the roof covering
would be substantially more than if she opts to use asphalt shingles.

The most important live loads are those generated by natural forces.
Because those forces differ according to the climate and topography of the
land, code requirements for frames vary from region to region. Different
codes, in fact, often govern different areas within the same state. It's essential
to know and understand the code where you build.

Built-in durability

The frame not only has to have the strength to carry and resist loads, but it
also has to endure in an often hostile environment. The two biggest threats to
wood-framed houses are water and fire.

Although the first defenses against rainwater intrusion are the materials
that are later installed on the exterior of the frame, the frame itself contains
built-in features that help the building resist these destructive forces. One basic
built-in feature is the shape of the roof. A pitched roof helps move rainwater
down and off the house. Eaves and rakes provide even more built-in protection
because they keep most of the runoff from the roof away from the outside of
the walls.

Another built-in feature that resists the destructive force of water is the
use of treated wood wherever the wood is attached to masonry or concrete.
Masonry and concrete can absorb water through capillary action, the same
mechanism by which a sponge absorbs water. In hot, humid weather, moisture
from the air also condenses on concrete and masonry surfaces (which often
stay cooler than the ambient temperature). Over time, this moisture can cause
untreated wood to rot or attract termites. Because treated wood does not
deteriorate in the presence of water, it's required by most building codes in
these locations.
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A house is subject to dead loads

and live loads.

A pitched roof provides built-in
protection from water.
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Built-in protection from fire

There are two built-in measures that building codes require to help protect
wood-framed houses from fire. The first is to keep the wood frame from touch-
ing fireplaces and chimneys. Codes generally require a 2-in. clearance from all
sources of combustion. The second measure required by building codes is to
use fireblocking. By closing off cavities in walls, fireblocking restricts the supply
of oxygen to potential fires. Fireblocking the wall cavities at the floor and ceil-
ing levels also helps keep fire from spreading from floor to floor.

Anticipating Subsequent Work

Along with the ability to build a sound and durable structure,

frame carpenters have to anticipate the needs of all the trades that
follow. Not long ago, carpenters framed houses, then they and other
craftsmen fit their materials to the standing structure. Nowadays, it’s
quite the opposite. To a large degree, carpenters build frames to fit
the materials that will cover them.

Modular coordination

Top plates restrict fire from
advancing to the upper floor.

Like modern masonry materials, most of the materials that Studs on 16-in. centers align with drywall dimensions.

cover house frames are manufactured in dimensions that fit
an industry-wide system called modular coordination. The |
basic unit of this system is a 4-in.-square module, and most

building materials are manufactured in multiples of this
module. Plywood and drywall, for example, are manufac-
tured in sheets that are 48 in. wide and 96 in. or 144 in. |
long. To make the frame fit the materials, carpenters gener- i e~
ally lay out framing members (studs, joists, rafters, etc.) at
16-in. or 24-in. intervals. This process minimizes cutting and
saves time and material.

In addition to conforming to the modular system, frame
carpenters have to anticipate and allow for a large number

of nonmodular materials. Among these are doors, windows, _' *
plumbing fixtures, plumbing lines, and heating and t L

venting ducts.
Backing and blocking

Frame carpenters also have to provide solid nailing surfaces for all the
materials that will later be attached to the frame. To do this, they have to
visualize how these materials will be attached and install backing (added
lumber for inside corners) and blocking (short pieces of lumber nailed
between studs and other framing members) at strategic locations through-
out the frame.
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The Platform Frame

There are many ways to build the shell of a house, but the most
common, by far, is the platform frame. Because it accounts for more
than 90% of the new single-family homes in the United States, the
platform frame is the focus of this book. Most of the building tech-
niques used to build platform-framed houses are readily transferable
to other systems.

The platform frame is a relatively new construction system. It
is a refinement of the balloon frame, which was developed in the
American West in the mid-1800s. In the 1930s, the platform frame
emerged as a modification of the balloon frame. The main innovation
in the platform frame was the length of the wall studs. In a two-story
balloon frame, the studs extend from the mudsill, past the second

Second-floor top plate

& o Platform
: {1 Balloon framing uses framing uses
{ [* || studs that extend from shorter studs.
I | || the mudsill to the top :
i | l plate of the second floor.
11 ] i
i | i
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floor, and up to a top plate just below the eave or rake of the roof. The
studs often have to be 16 ft. to 20 ft. long. The intervening floors bear
on ledgers that are set in notches cut in the studs.

In a two-story platform frame, carpenters begin by building a
floor system, which bears on the mudsill. This floor serves as a
platform upon which the walls for the first story are built. After
building, raising, and bracing the first-story walls, a second floor is
built across them. This floor serves as a second platform upon which
the walls for the second story are built. The ceiling at the uppermost
level serves as a final platform and is often used to stand on as the
carpenters assemble the roof frame.

Building Floors

When you build a floor, you have to do a lot more than provide a
level surface to walk on. If the top of the foundation is out-of-level or
out-of-square, the floor system provides an opportunity to partly or
completely remove these flaws. You also have to think far ahead in
the construction process. You need to take into account: the struc-
tures that will be built through the floor; the structures that will be
built on top of the floor; and the locations of plumbing fixtures and
heating and air-conditioning lines. This section examines these con-
cerns as it describes the construction of a typical framed floor.

Install the Mudsills and Girders

STEP 1 Measure the foundation and check for square

1 Sight along the foundation walls to see if they are straight. 2 Measure across the diagonals;
if the diagonals are equal, the
foundation is square.

3 Measure the
length and width of

the foundation and check the
dimensions against those on the plan.

54 BUILDING THE STRUCTURE



Materials Used in Platform Frames

e LUMBER

The most prevalent material in platform
frames is lumber, often called “solid-
sawn lumber” to differentiate it from
other wood products. Lumber is used to
frame floors, walls, ceilings, and roofs.

e ENGINEERED LUMBER

Engineered wood products are
present in almost all new frames.
Unlike sawn lumber, they are
manufactured components made
from lumber, wood veneer, or wood
strands.

Plywood and OSB

Plywood is manufactured by gluing thin
laminations of wood into panels.
Another kind of manufactured panel,
the oriented strand board (OSB) panel,
has recently captured much of the
market for structural wood panels. OSB
is manufactured by gluing together
strands of wood rather than veneers.

Structural composite lumber (SCL)
and glulams

Engineered lumber is manufactured
from small pieces of lumber, wood
veneers, and strands of wood that are
fused together with waterproof glue.
Among these timber substitutes are
three types of structural composite
lumbers: laminated veneer lumber
(LVL), laminated strand lumber (LSL),
and parallel strand lumber (PSL).
Another kind of timber substitute is
the glued laminated timber (Glulam).
Manufactured under controlled
conditions, these products are stronger,
straighter, and more stable than sawn
lumber.

Wood I-joists

Wood I-joists are comprised of top and
bottom flanges joined together with a
web. The top and bottom flanges can
be made out of sawn lumber or SCL.
The web is made of plywood or OSB.
Wood I-joists are used as floor and
ceiling joists and, less commonly, as
rafters in roof framing. I-joists are
straighter and have less deflection
than solid-sawn joists.

® TRUSSES

Engineered prefabricated trusses are
made of solid-sawn lumber connected
by metal plates. The wood must be
carefully graded and the metal plates
engineered to withstand the loads at
the joints. Trusses can be used as floor
joists and as structural components
for roof/ceiling systems. Because they
save lumber and can be installed quickly,
roof trusses are used in two-thirds of the
new houses built in the United States.

e STEEL

Nails

Since the first balloon frame was built in
the 1830s, nails have been an essential
part of light wood-frame systems. They
are a vital part of the structure and play
a particularly important role in resisting
live loads on the house. Building codes
specify the size, spacing, and quantity
of nails in key locations on the frame.
These nailing schedules are inspected
and enforced by building inspectors.

Steel connectors

Steel bolts and ties are used to tie
frames to foundations. Steel joist
hangers are used to support floor joists.
Manufactured metal connectors and
straps are available for a wide variety
of special purposes. Among these are
seismic hold-downs, plate-to-truss ties,
and plate-to-rafter ties. These are often
required by local codes to help the
frame resist live loads. In addition to
these manufactured steel connectors,
designers sometimes specify custom-
fabricated steel brackets and connectors.

Structural steel

Structural steel girders, beams, and flitch
plates (flat sheets of steel sandwiched
between two pieces of lumber) are
sometimes integrated into platform
frames to support large loads. Entire
frames, similar in construction to
wooden platform frames, can be built
from light steel studs, plates, floor
joists, and rafters. Occasionally, these
components are combined with wood
framing.
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STEP 2 Mark the location of the mudsill

1 Measure the distance between
the outside surfaces of the long
walls. If they're the right distance
apart, measure and mark the width
of the mudsill in from the outside
face of the foundation walls.

2 Snap a chalkline
from mark to mark
to lay out the inside
edge of thessill.

For a 2x6 mudsill,
measure in 5% in.

3 Repeat the
process for the
side walls.

STEP 3 Check the foundation for level

Set up a transit or laser and check the top of the foundation for level. Begin

by checking the elevation of the corners. Note which, if any, is the high corner.
After checking the corners, place 2x4 gauge blocks at each corner and stretch a
line over the blocks.

2x4 gauge block

Scrap 2x4 \

2x4 gauge block

Move a scrap 2x4 along the
foundation to check for dips

or high spoy
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STEP 4 Correct flaws

After checking the top of the foundation for deviations from flat and level and
establishing a reasonable set of tolerances, you can do a couple of things to
overcome any flaws.

e FILL LOW SPOTS /V

Use shims cut out of treated wood,
glued in place with construction
adhesive at 12-in. to 24-in. intervals.

.~~~ Use a gauge block and
string (step 3) to check
the correct height.

For deeper dips (those more
than 3% in.), use portland
cement-based patching
material.

Spread adhesive between
the shims before setting
the mudsill to support
the sill between shims.

Most patching
compounds require
12 to 24 hours to cure.

® REMOVE HIGH SPOTS

Remove small >
high spots along Z
the top of the
foundation with
a grinder.

To overcome large high spots,
bolt the mudsill over the hump,
then make the adjustments
later when you install the joists
of the floor system.

(The procedure for cutting
joists to fit over the high spot
in the foundation is discussed
on p. 64.)
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WAYS OF WORKING

Make Adjustments in the Mudsill Layout

....................................................................

58

If the walls of the foundation are not straight, or the dimensions are off, you
can partly or completely correct these flaws as you lay out the mudsills. If the
walls are not the right distance apart or if they deviate from parallel, adjust
the mudsill layout to bring the width partly or completely into the proper
alignment. You can easily make a 1-in. correction at this point. If you need a

larger adjustment, leave some of it for the next stage in the job.

1 Hold a block of the mudsill
material on each corner, one

side flush with the outside of
the long foundation wall.

2 Mark along
the inside
edge.

5 The measured distance in this exam-
ple is 276 in. To get the mudsill back to
the desired distance of 277 in., move
the mudsill layout 2 in. toward the out-
side on each side of the foundation.

The mudsills are over-
hanging an acceptable

%2 in. on both sides,

rather than an awkward |

3 At each end of the foundatior?\

measure the distance between the
marks (here, 276 in.) and compare it
to the desired distance (277 in.).

TN

M

4 Subtract the combined width of the
two mudsills (11 in.) from the specified
width of the building (288 in.). 276 in.
is an inch short of the desired width.

Before snapping chalklines for the mudsills on the short
walls, check the layout for square. If the diagonals are
not equal, adjust the layout. The quickest way to make
this adjustment is to use the Pythagorean Theorem to
find the correct diagonal (see p. 19).

1in. on one side.
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STEP 5 Attach the mudsills

Each mudsill must be drilled accurately, then threaded over the bolts or straps
embedded in the top surface of the foundation. Once the mudsill is in place,
you can mechanically attach it with either a washer and a nut (if you have
bolts) or nails (if you have straps).

1 Install a layer of sill seal or caulk 2 Place the mudsill on top of the foundation
to prevent air infiltration in the seam against the bolts, and mark both sides of the bolts
between the mudsill and the foundation. along the length of the mudsill with a square.

3 Mark the distance from the snapped line 4 Drill through
on the foundation to the edge of the bolt. the center of
Transfer that measurement to the mudsill; the marks.
add the thickness of the bolt.

Thickness of
bolt

Install Girders or Basement Bearing Walls

On most houses, the floor joists cannot span the distance between
the outside walls of the foundation. There is typically some sort of
intermediate support system at or near the center of the foundation.
These support systems can be a girder bearing on masonry or con-
crete piers, a girder bearing on posts, or a basement bearing wall.

e GIRDER LOCATION

The girders under the floor joists Girders flush with the floor joists
1/ The joists are
T " ; . . i - attached to
R [T T T 0T T T TR theside of
: the girder.

The girder sits in wall pockets The girder ends rest on
molded in the foundation. the mudsill.

- T

L] L] LT LJ
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e GIRDERS ON PIERS OR POSTS

If you're building the girder over masonry or concrete piers, check the heights
of the piers by stretching a string across the foundation above the piers.

Set the string after the mudsills are The top of the post and the bottom of the beam pocket
f installed. must be an equal distance down from the string.

|

Beam pocket
Post —F Se.:t untreated
girder on
a block of
treated wood.

e BASEMENT BEARING WALLS

Concrete floors typically end up with some dips and high spots. To avoid
transferring these flaws to the top of the bearing wall, you should custom-cut
the studs along the length of the wall.

1 Set a string on top of the mudsills that extends from one 4 Cut and fit a treated
end of the foundation to the other. Place the string even plate along the chalkline.
with one of the top outside edges of the bearing wall to

be built.

1

[

/|
/] A

2 Transfer the position of the 3 Snap a chalkline on the 5 Lay out the positions of the studs on the plate.
string to the basement floor.  floor to lay out the position
of the bottom of the wall. 8 Cut the stud 3 in. down e \ e,

from the marks to allow for il
a thickness of double the R e )
top plate. 9 Return each
stud to its
proper place in

%

6 At each stud location, stand 7 Lay the stud perpendicular
a stud on the plate and mark  to the plate at the stud location 10 Build and install the wall using the tech-
the top at the string line. and repeat the process. niques described on pp. 76-83.
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Install the Joists

The following steps do not represent a strict order of completion. If
you have a crew, many of the steps can be performed simultaneously
by different members of the crew.

STEP 1 Review the plan

When you review the plans, look for critical structural details. Among these
details are: the locations of the bearing walls that will later be built on the
floor; point loads that will later bear on the floor; and all large openings that
will have headers, such as the openings required for a stairwell or a chimney.
Note these details on the plan or in your notes; they will affect how you lay
out the floor joist.

STEP 2 Sort and crown the joist material

The crown is the high side of the midsection of a board when it's set on edge.
Lumber deforms as it dries, and few pieces stay as straight as they were the day
they were sawn. To get the most out of this dimensionally imperfect material,
you have to inspect and sort it as you use it. Placing the crown up on all the
floor joists serves three functions.

¢ It makes the surface of the floor more even than a
floor where a “crown-up” joist is installed next to
a “crown-down” joist.

Mark each piece

with an arrow

to indicate its

“crown.”

¢ Placing the crown up helps the joists resist
midspan deflection.

¢ [t compensates for the long-term sagging
of the joists; a crowned floor joist actually
gets straighter as it sags.

Straightest pieces for the rim joists Mildly crooked pieces for floor joists Worst pieces for headers, blocks, and
shorter pieces
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STEP 3 Lay out joist locations on the mudsill

Divide the layout into two phases. In the first phase, mark the joist locations

for critical details. When you get these joist locations marked, go back and mark
the rest of the joist locations at standard 16-in. or 24-in. intervals (or 19.2 in. if

the designer wants five structural members for each sheet of plywood/OSB).

e LAYING OUT THE CRITICAL DETAILS

Lay out the walls that will run parallel to the floor joists on the
mudsill. Give special attention to the bathroom walls. Make
sure that the bathroom walls are the right distance apart.

Standard tubs are 30 in. by 60 in. The center of the drain will
be 12 in. from the wall; at the side of the tub, the center will
be 15 in. from the wall. On the mudsill, mark the center of
the drain and then mark 2 in. out in both directions.

P
Walls behind toilets need to be

built with 2x6 studs. Mark the

information on the sill.

-
Clearly mark the tub and toilet
drains as no-joist zones.

e e ey
Lf-—=—————— = =\~=71 -
Mark the location . i
of the toilet drain P
12%2 in. in from wall, l |
then add 3 in. in both b
1 directions. Clearly = _: !
{ | mark this 6-in. space s ezl
| | asano-joist zone. (F7 7%
Mark the critical il i 1
details in red; mark | | Toilet drain |1 i
the modular layoutin ! ! | [
standard gray pencil. | T / | I
Ll P ¥ |
t {; = 11 (N
[ipRgss i
Py J Pt
S R S| RO | A AN | SO [ 1 G
~

\

Vo STUD

=

%‘\\

Transfer marks down the outside
edge of the mudsill so the marks will

be visible after framing the floor.
\
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TOP TIP

Cumulative Gain
or Loss

You should be able to lay out
a wall by measuring over

16 in., marking, and then
repeating the process. In
practice, however, this method
often results in cumulative
gain or loss. If your measure-
ment is consistently %6 in.
long, for example, your layout
can grow by 1 in. in 22 ft.

To avoid cumulative error,

use a steel tape and pull the
measurements for the layout
from one reference point
(two, if the length of the wall
exceeds the length of your
tape measure).



® MARKING THE MODULAR LAYOUT

To get the panels to “break” or end on the center of the
joists, you need to get the center of the sixth joist (when
laying in 16-in. intervals) exactly 96 in. from the edge of
the floor. The layout, however, marks the edge of the joist,
which is 34 in. over from the center of the joist. This means
that the sixth joist needs to be 95% in. from the edge of

the floor.
The most common spacing Full sheets of plywood or Hook the tape over the Reset the tape at that point
is 16 in. on center. OSB will break evenly on corner of the mudsill and and mark every 16 in.

the floor joists. mark at 15% in.
/ DR S / |
T ' = =08,
1| : il /:::::::::&:im Xx
il t I I il I \
N

R | |
TR 0N Mudsil /
N N | (N 1 O TN (T

I i 1! l I I I Use a square to mark a
i il I Il I il line at each mark, and
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lace X the far sid
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1l i I I I 1 I of the line.
W WK i< Where the plan calls for stairwells or chimneys,
0l 0l a double trimmer joist on each side of the
opening in the floor is required by code. These
” I openings are difficult to move or enlarge after
|| || nenE b e At dislcetion they are built, so it's important to lay out the
|| ” the far side of the line, locations of these joists carefully. (See chapter
the layout is said to be 11 for more on laying out stairwells.)
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“ ||  If the joists will lap over the central .
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i i A mark on this side on the mudsill.
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STEP 4 Install the rim joists

Snap chalklines 1%z in. in

==
from the edge of the mud-
sills to locate the rim joists.

Use the straightest
lumber for the rim joists
and toenail to mudsills

with 12d nails.

WAYS OF WORKING

Going over High Spots in the Foundation

If you have to run the mudsill over a high spot in the
foundation, you’ll need to cut the bottom of the rim
joist to fit around the hump in the mudsill.

1 Set the rim joist in place. e

5 Use a jigsaw to cut
along the line.

4 With one leg of the

3 Set a divider fitted with divider riding along the
2 Slip shims under each a pencil to the larger of top of the mudsill, scribe
end and adjust them until the two gaps at the ends the rim with the side
the rim joist is level. of the rim joist. fitted with the pencil.
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STEP 5 Install the joists

1 Set a string to determine 2 Use a square to mark 4 Align the joist edge with the plumb
if the girder or bearing wall  plumb lines on the inside of line. Nail through the outside of the
is straight. If necessary, use the rim joists at the layout rim joist into the end of the joist.

braces to hold it straight. lines on thessill. /
/ 7 Install blocks

= .
_ B | !_ . between overlapping

= pairs of joists to hold
3 Place each joist on the \

the ends plumb. Blocks
layout line on the mudsill

should be the full depth
and push it tight to the rim

of the joist material.
joist. Toenail the bottom of || = J
the joist to the mudsill. (.

]
Girder iz I [
5 At the other end of the
i | joist, toenail the joist to
| the girder or bearing wall.
Repeat this process for all
the joists.

6 Where joists
overlap in the

middle, nail them
\ together.
\

STEP 6 Install the sheathing

The most common sheathing material is 34-in. tongue-and-groove plywood or
OSB. This section provides the procedures for its installation.

e BASIC LAYOUT

2 Snap a chalkline that runs

1 Measure 48 in. from the perpendicular to the floor joists.

edge of the framed floor.

' / TR 3 Run the first row of
/% // ’5‘ // f ‘ \\ W sheathing along this line.
r \ \ Put the groove side of the

\\ panel on the line.
L

fi
4 After running the /

first row, offset the

second row 48 in. /

Tm——

=
———

FRAMING FLOORS, WALLS, AND CEILINGS 65



e ADHESIVE

Spread a generous Y2-in. bead
of construction adhesive on
each joist. \

Do not spread adhesive
beyond the joists that will be

covered by the sheathing.
\

e EDGES

To allow for expansion, drive 8d
nails along the end of the previously
installed panel. Butt the end of the
next panel against this nail.

]

i

Flatten any upward
bowing parts along
the edge of the panel.

e NAILING SCHEDULE

The nailing schedule for a 34-in. wood

...and 12in. at
structural panel typically calls for 8d coated the intermediate
sinkers every 6 in. at the edges of the panel . .. supports.

BUILDING THE STRUCTURE

Angle the
sheathing into

the groove, then
drop in place.

Force the tongue of the panel
into the groove of the adjacent
panel.

A block of wood
protects the
outside edge of
the panel.

TOP TIP

Cut Out the Bad Spots

Once in a while, the tongue or
groove of a panel is mangled
or deformed, making it hard
to insert the tongue into the
groove. When you see a bad
spot, clean it up with a chisel
or utility knife before install-
ing the panel. Doing so will
make the installation go much
more smoothly.



Joist Details

e ALLOW FOR WIRING

Building codes require that bearing walls that run parallel
to the floor joists rest on a double joist (two joists nailed
together). To accommodate electric wires and plumbing
lines into the wall cavity from underneath, codes also allow
the two joists to be separated by blocking.

Where the rim j

Double joist separated
by solid blocks that
equal the depth of the
joists and are spaced no
more than 4 ft. apart

e BRIDGING

When using solid-sawn lumber, midspan bridging is not
required by most building codes. It adds little structurally
and is a common source of floor squeaks. It is not
recommended. Midspan bridging is required for floor joists
that exceed 2x12 in depth. The purpose of the bridging is
to keep the bottom of the joist from moving laterally. If
using engineered wood products for the joists, follow the
manufacturer’s directions for bridging.

Nail a 1x3 strip of wood
across the bottom of the
joists to prevent movement.

-

Place midspan bridging
and run perpendicular to
the joists.

Solid bridging and wood or
metal diagonal bridging is
also acceptable.

® RUNNING JOISTS OVER A HIGH SPOT

oist has been cut to fit a high spot, you'll

have to notch the ends of the joists slightly.

1 Place the joist upside
down on layout and
push it against the rim
joist and mark.

2 Measure and mark a
distance that will clear
the inside edge of the
mudsill.

_~— " 3 Cutthe notch with a

jigsaw, and install the
joist so the top is even
with the rim joist.

e DRILLING AND
NOTCHING

Building codes permit the drilling and
notching of sawn lumber joists. There
are, however, specific regulations
concerning the size of the holes and
notches and their placement along

the length of the joist. These are the
restrictions specified in the International
Residential Code (IRC).

Holes '3 depth

of the joist

Top notch
/1 Y% depth of

2in. the joist

minimum

from the

edges

No notches in the
middle third of
the joist

Notch 2 depth <

of the joist

If using engineered wood products
for floor joists, check with the
manufacturer for information on
permissible drilling and notching.
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Using Engineered Lumber for Floor Systems

In residential construction in the United States, more than a third
of the floors in new houses are built with engineered lumber (EL).
Because there are several advantages to these products, their market
share is growing and will continue to grow for the foreseeable future.

Advantages of EL

Unlike sawn lumber, which is simply harvested from nature,
engineered lumber is manufactured under controlled conditions.
Sawn lumber is typically graded visually, a process that is subject
to human error. EL, in contrast, is mechanically tested for structural

properties, which provides for more reliable structural performance
Laminated strand

than sawn lumber. lumber (LSL)

Being a natural product, sawn lumber has defects, such as knots
and uneven grain. As it dries, it shrinks. Because the grain is uneven, N
this shrinkage causes boards to deform and split. EL is uniform and

dimensionally stable. It stays much straighter than sawn lumber,
which results in straighter, more even, and quieter floors.
Another advantage of using EL for floors is that it can span larger

openings than sawn lumber. This allows for larger rooms and more
open floor plans. N

A final reason for the increased use of EL is the fact that it can be \\ L _~~1  Glulam
made up of small pieces of wood or even strands of wood. This has \\ =
environmental implications because fewer large trees are needed for \,/
a given floor system than would be required using sawn lumber. \//

Working with engineered lumber requires more organization and IPara;IeI (S;;T_;] d
umber

Engineered Systems \\\

planning than working with sawn lumber. For the most part, you
build according to an engineered system that’s tailored to the job at N
hand. These plans are provided by the manufacturer when you order
a floor package through your supplier.

This is different than working with sawn lumber, where you

often build to generic requirements that are written into the code.
Carpenters and builders are often able to generate an acceptable plan
for a basic structure using the span tables for sawn lumber in the

building code. If you want to use EL, however, you have to use plans
developed by the manufacturer. Building inspectors typically ask for

. . - ips Laminated
these plans when they inspect your job. In addition to specifying the

veneer lumber

size and placement of EL components, the plan includes the required (LVL)

hardware, nailing schedules, bracing requirements, and other details.

BUILDING THE STRUCTURE



Mixing EL with Sawn Lumber

Sawn lumber shrinks more than most engineered lumber. Because
of this, combining the two materials in some locations can

cause problems. The intermixing of EL and sawn lumber is most
problematic in floor systems. In platform framing, the walls are built
on the floor. If some parts of the floor frame are shrinking while
others are dimensionally stable, the walls of the house will rest on
uneven surfaces.

If you want to use EL in key locations in the house, think in terms
of systems. It would be fine, for instance, to use laminated veneer
lumber (LVL) for the girder under a floor, then use sawn lumber for
the floor joists. It would be a mistake, however, to use a combination
of lumber and EL for either the girder or the floor joist system.

The dimensional differences are not as critical in other systems—
especially those built higher in the structure. As you’ll see in the
next section, the use of structural composite lumber (LVL, LSL, and
PSL) is acceptable for headers in sawn lumber walls. One reason
this practice is acceptable is that most of the shrinkage in lumber is
perpendicular to the grain of the wood; there is little shrinkage along
its length.

Sawn lumber shrinks.

.

Engineered lumber
remains stable. ——=]

EL for Girders

Because of its dimensional stability, straightness, and great strength,
structural composite lumber is an excellent material for girders.
There are three types: laminated strand lumber (LSL), parallel strand
lumber (PSL), and laminated veneer lumber (LVL). For most carpentry
crews, LVL is the best choice because it’s easiest to handle. A large
beam can be built on site using two or more layers of LVL. This
means no equipment is required to set it in place.

EL girders can be used with sawn lumber joists or EL joists. If you
plan on using an EL girder that will be flush with the floor system,
the use of EL joists is recommended because these materials are
both dimensionally stable. If you use sawn lumber joists with an
EL girder and you want to set the girder flush with the joists, set the
tops of the joists % in. higher than the top of the girder. Doing this
allows for the probable shrinkage in the height of the floor joists.

Floor system

Vv

A

T

Engineered lumber used as a girder

Set the tops of joists ¥z in.
higher than the top of the
girder to allow for shrinking.

L

|
AL

—

LY

—}
=)=

=

i ’
I’\ e
.]__..___...N\_._._.. MALE
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EL for Floor Joists

Wood I-joists

Wood I-joists are the most common EL material used for floor framing. They
are now used almost as often as sawn lumber for joist material in new homes.
Because they shrink at different rates, do not use sawn lumber with I-joists. For
the rim joist on I-joist floor systems, use proprietary EL rim joist material. For
large openings, such as stairwells, use structural composite lumber (LVL, PSL,
or LSL). Follow the manufacturer’s specifications concerning the use of metal
hangers and nailing schedules

I-joist floor system

Proprietary engineered
lumber rim joist

Use structural composite
lumber for large openings,
such as stairwells.

Parallel-chord floor trusses

Parallel-chord floor trusses are used in about 10% of new
houses. The main advantage to using trusses instead of
sawn wood or I-joists is that ducting, plumbing, and elec-
tric wires can simply be strung through the open webs.
Like I-joist systems, truss systems are engineered and the
manufacturer’s plan must be available for inspection by
code officials.

Unlike I-joists, parallel-chord trusses cannot be cut or
altered in any way without the approval of a design pro-
fessional. Code officials usually require a representative
of the manufacturer to sign off on any changes to trusses.
This means that changes are difficult to make midway
through a job.

Wires and plumbing are installed
through the open webs of trusses.
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Framing Walls

When you finish the floor system, you should have a level platform
on which to build and raise the walls of the house. The top surface of
the floor is now fixed, and there is no practical way to adjust it. The
position of the walls, however, can still be adjusted slightly. As you
lay them out, you have one final opportunity to square up the house.

When you lay out and build the walls, you should continue to
think ahead to the needs of the trades that will come after the
completion of the frame.

The topics discussed here are roughly in the order that they
would be built. However, many of the steps in this section can be
completed simultaneously by different members of your crew.

Lay Out Exterior Wall Locations

Some carpenters lay out the locations for all the walls of the house
at this stage. An alternative method is to lay out, build, and erect
the exterior walls first, then lay out the interior walls. This second
sequence is the one that will be followed here.

STEP 1 Check the floor system for square

Use the techniques described in the section on installing mudsills on p. 54.

1 Measure the length, 2 Make final adjustments to get
width, and diagonals of the
floor to see if it's the right

size and square. V

3 Snap lines around
the perimeter to lay
out the inside edges of
the exterior walls.

FRAMING FLOORS, WALLS, AND CEILINGS
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STEP 2 Lay out the locations of intersecting walls

After laying out the locations of the exterior walls, examine the plan and note
the exact locations of intersecting walls. Lay out the locations of any intersect-
ing walls that are not already laid out on the mudsills. Compare these loca-
tions with the wall locations marked on the sides of the mudsill and make sure
they're the same.

Use a square to transfer the locations of
intersecting walls up the side of the rim
joist and onto the floor.

Speed® Square

™~

Make marks on the mudsill.

TOP TIP

Building codes require
2x6 walls where 3-in. drains
or vents will be used.

Split the Difference

Dealing with uneven, out-of-
square, and out-of-level struc-
tures and surfaces is a fact of
life. Fortunately, each new
stage of the job provides an
opportunity to remove these
imperfections. When you spot
a problem, however, don’t
feel compelled to remove the
problem in one fell swoop. In
some cases, doing this makes
the flaw more obvious. In
these cases, it's often better to Many bathrooms have to be
split the difference between 60 in. to 60% in. wide to allow
the ideal and the existing. a tub to fit wall to wall.
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Lay Out Details on Exterior Wall Plates

STEP 1 Sort and crown lumber for the plates

( A
1 Set aside the straightest pieces 2 Place a single line of plates carefully 3 Use a square to scribe perpen-
of lumber for the plates. along layout lines, and transfer inter- dicular lines across the plates.
secting wall locations onto the plates.
E‘“‘x.x Plate
o
S

il
il
1
)
i

1 Mark, by eye, what _
WAYS OF WORKING you think is the center. 2 Measure the distance from one
\ /— side of the space to the mark.

== oo . 2
T \_7' ) ]
Eye the Center, = = - S
then Measure Out I\-’ 3 Measure and mark the
"""""""""""""""" 4 Without removing the tape, same distance from the
In some instances, the designer mark, by eye, what appears to be  other side.
the center between the marks. 5 Measure the same amount

indicates that the window or door
should be centered in a given
space. When this is the case, you
can quickly find the center without
using math. The basic premise of
this procedure is that the center of
a space is the same distance from
each side of the space.

from the other side and mark.

6 The two marks should now be close together and
you should be able to mark the center by eye.

R

1l |

7 You can double-check by measuring from both sides to confirm
that the final mark is exactly the same distance from both walls.
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STEP 2 Mark the locations of the rough openings

Lay out the locations for the exterior doors and windows. Typically, these are
indicated on the drawing by a dimension that extends from an intersecting
wall (which should already be marked on the plate) to the center of the open-
ing. When you measure and mark this point, make sure you measure from the
side of the wall indicated on the drawing.

3 Measure half the rough opening (RO)
[ (37 in.) for the window distance from the
| center mark in opposite directions.

[ J
Rough opening 74 in. ol

’ 1 Find the center of the window on the plan.

Highlight the RO sides
with a red pencil.

2 Mark the center of the window on
the plate.

STEP 3 Lay out the trimmer and king studs

A modular, 16-in. o.c. pattern should be maintained under windows and above
headers. To differentiate these studs, called cripple studs, from full-length
studs, write C instead of X after the mark. Lay out the trimmer studs on both

Cripple studs

sides of the opening. Make sure you mark the trimmers outside of the marks
for the openings. The trimmers will go under the headers and support their
weight. Mark trimmers with Ts.

Measure and mark 15% in. from the end of
the plate, and draw an X ahead of the mark
to indicate that the layout is “set ahead.”

Reset the tape at the 15%-in. mark. ‘{— ' 7Z S
. King stud Trimmer studs King stud
Mark the plate at 16-in.
/ intervals, placing an X after

each mark. Lay out a single king stud 1%z in.
outside of the trimmers on each side.
Mark the king studs with Xs.
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ESSENTIAL SKILLS

Rough Openings for Doors and Windows

.........................................................................

The first step in determining the size of a rough opening is to find out exactly
what window or door will be used. You need to know the manufacturer, kind of
door or window, model number, and size. Once you know this information, look
in the manufacturer’s literature for the rough opening (RO) needed. Catalogs are
often available through the supplier or they can be ordered or downloaded. The
first dimension is usually the width and the second dimension is the height.

e EXTERIOR DOORS e INTERIOR DOORS
It is up to the carpenter in the field Steel and fiberglass exterior doors are The rough opening for a basic hinged
to calculate the size of the rough often 1 in. shorter than their nominal interior door is usually 2 in. wider and
opening needed. size. You can use the nominal height 2Y4 in. taller than the nominal size of
to calculate the RO. the door.
e e S b B i
I ] I
| A door 3 ft. wide | : A 3-0/6-8 | | A 2-6/6-8 interior
E / by 6 ft. 8 in. tall ! | fiberglass door { ! J/ door is 30 in. by
i ; is specified on a : },_ is actually only i "4 80in.
| i /|| plan as: 3-0/6-8. | | 6ft.7in. tall. | |
| i >l | | r I
! ofl : i ol | | The RO should be
| #==1 === || Rough opening i = |i - .
i1 ! Rough ! | 32in. by 82% in.
| [ || |l permanufacturer I i :
| | [ [ | opening | |
i [ specs | I
|l I | | | |
f 0 1] r | |
I} = st i | | '
l I ! | -
i | i | e
If pocket doors, bifold doors, bypass
e ROUGH OPENINGS FOR WINDOWS doors, or |f1ter|or double doors a.re
planned, find out what the required
ROs for windows are not standardized. Some designers RO is for that specific unit.

note them, usually in foot-inch form, on the drawing.
Others attach a window schedule with ROs on a separate
sheet of the plans. In some cases, the windows are

specified, but it's left up to the builder to look up the o Bz kel e =

required RO for them. For their part, some window It's easy to look at a plan and see 6-2 designated and
manufacturers provide ROs in foot-inch designations; think “sixty-two inches.” In reality, the 6-2 designation is
others use straight inches. 6 ft. 2 in., or 74 in. This can be confusing, especially when
e e e e e et e e it comes to window openings. One way to avoid this con-
e 1 & Eans 3 ety 1 et 8 7 MR { S 1 fusion i h h the ol dch he f inch
I R N e | 1 u5|_on |s.togot rough t epan_an change the oot—lns
{ | ~l I I designations for ROs to straight inches. An added benefit
I

1 is that it's usually easier to divide an inches-only dimen-

1 1l Hi

i i H H il sion in half (which is a necessary step when laying out an
I i | 1 I opening from a center point).

H HI i i

I 1 1 1 {1

§ il e i i

i 1 i H H
i tH il i
I i i 1 i
I HEssm=—cm=ailf |l i
I i H I
il i 1 1] H
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Fabricate the Components of the Exterior Walls

If you have a crew, some members can occupy themselves with
fabricating the components of the wall while others are laying out
the details on the plates. The components serve different functions.
Some, such as headers, are primarily structural. Others, such as cor-
ners and T-intersections, are designed mainly to provide solid nailing
surfaces for subsequent tradesmen.

Corners

Fabricated corners serve a few functions. They tie the perpendicular walls
together. They provide solid nailing surfaces for drywall and trim inside the
house. And they provide solid nailing surfaces for siding and corners outside

the house.
Fabricated corner for Fabricated corner for
a 2x4 wall system a 2x6 wall system
g == ./
2x4s pro- 2x6s pro-
vide solid vide solid

11— nailing.

nailing.
Use scraps for the a4 / /
middle piece. f e -

: ] B g
I
["F , il quiizZz=t
1 1 _Ll 1 E- “\
) Fabricated Add this
Fabricated corner corner located piece when a

located on a wall plate on a wall plate corner board is

The blue tone indicates planned.

the stud location when the
intersecting wall is installed.

T-intersections

T-intersections tie intersecting walls together and provide solid nailing surfaces
for drywall in the inside corners of rooms.

Fabricated T-intersection
for a 2x4 wall system

T

2x6s provide

solid nailing.
/

Fabricated T-intersection
located on a wall plate
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Bearing headers

Bearing headers are structural beams that span openings and carry the weight
of overhead floors, ceilings, and roof systems. Engineered lumber is sometimes
used for headers because of its strength, stability, and straightness. Built-up
headers fabricated from sawn lumber are more common for openings less than
8 ft. wide. These built-up headers are less expensive than EL and they can be
insulated. Because they're structural, bearing headers must meet the require-
ments of the code. Their size, which is based on the dead and live loads they

carry, is usually specified in the plan.

e HEADERS IN 2x4 WALLS

Sawn lumber

held together

by 2x4 and/or

e 1x4 strips nailed

_~ = tothetopsand
f | bottoms of the

E header

{

]

el The airspace
can be filled
with insulation.

e HEADERS IN 2x6 WALLS

Sawn lumber
l__/ held together
| by 2x6 and/or

1x6 strips nailed
to the tops and
bottoms of the
header

\

The airspace
can be filled
with insulation.

AN

/

I\_._..-\_ e el

Plywood or OSB
spacer between
header pieces

This optional
header takes up
less vertical space.

FRAMING

\

The size of the
header depends
on the span and
the load.

Three thicknesses
of lumber with two
thicknesses of Y2-in.
plywood or OSB
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Nonbearing headers

Headers that span openings on walls - :
that run parallel to floor and ceiling ' / —
joists and rafters often carry little
weight. For narrow openings, these
can often be made with the same
