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Preface

O

Intended Audience

Understanding Construction Drawings is intended
for students in construction programs in two-year and
four-year colleges and technical institutes, as well as
apprentice training. Designed for a course in print read-
ing focused on both residential and commercial construc-
tion, the book helps you learn to read the drawings that
are used to communicate information about buildings. It
includes drawings for buildings that were designed for
construction in several parts of North America. The diver-
sity of building classifications and geographic locations
ensures that you are ready to work on construction jobs
anywhere in the industry. Everyone who works in building
construction should be able to read and understand the
drawings of the major trades.

How to Use This Book

The book is divided into four major parts and several units
within each part. Each part relates to the prints in the
separate drawing packet,

Part I, Drawings—The Language of Construction, intro-
duces you to the basics of print reading by covering
views, scales, lines, and symbols, as well as the vari-
ous plan views, elevations, and sections and details.

Part Il, Reading Drawings for Trade Information, provides
information on how to interpret drawings for project
specifics—everything from footings and foundation
walls to room finishing and cabinets.

Part lll, Multifamily Construction, dives into the details of
more advanced residential print reading and applies
the skills learned in Parts | and Il to other types of
construction, as well as mechanical and electrical
trades.

viii

Y

Part IV, Heavy Commercial Construction, presents the
need-to-know information on interpreting prints
for large commercial construction including struc-
tural drawings, mechanical drawings, and electrical
drawings.

Features of the Units

The individual units are made up of four elements:
Objectives, the main body of the unit, Check Your Progress,
and Assignment.

O The Objectives appear at the beginning of the unit so that
you will know what to look for as you study the unit.

O The main body is the presentation of content with
many illustrations and references to the prints for the
building being studied in that part.

O Check Your Progress gives you a quick check on how
well you understood the main points in the unit.

Each unit contains ten to twenty Assignment ques-
tions that require you both to understand the content of
the unit and to apply that understanding to reading the
drawings. There are more than 600 questions in the book.

The Drawing Packet,
Glossary, and Appendix

At the back of the text you will find several helpful aids for
studying construction drawings.

O A drawing packet conveniently boxed with the book
contains four separate plans that relate to each of the
parts within the book. The drawing packet contains



prints for four buildings: a simple two-family duplex
that is very easy to understand, a more complex
single-family home, one unit of a townhouse that uses
different materials and methods than the first two
buildings, and an addition to a school.

O The Glossary defines all the new technical terms intro-
duced throughout the textbook. Each of these terms is
defined where it is first used, but if you need to refresh
your memory, turn to the Glossary.

O The Math Reviews in the Appendix are an innovative
feature that has helped many construction students
through a difficult area. These are concise reviews
of the basic math you are likely to encounter through-
out the building construction field. As math is required
in this textbook, reference is made to the appropriate
Math Review. All the math skills needed to complete
the end-of-unit assignments in this book are covered
in these Math Reviews.

O The Appendix also includes a complete list of con-
struction abbreviations used on the prints, along with
their meaning.

O Another section of the Appendix explains the most
commonly used symbols for materials and small
equipment.

New to This Edition

Understanding Construction Drawings, Fifth Edition, includes
up-to-date information on the latestin the industry, as well as
a new look. The book has been updated to the International
Building Code, 2006 Edition and contains references to this
standard for the building trades

Supplements to the Text

An Instructor’s Guide gives answers to all the
Assignment questions in the textbook and explains how
the answers were found or calculated. The Instructor’s
Guide also contains more than 500 additional questions
that can be used for test, supplemental assignments,
and review. The answer to each of these questions is
given, along with an explanation of the answer. (Order
number: 1435464486)
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DRAWINGS—THE LANGUAGE
OF CONSTRUCTION
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Part | helps you develop a foundation upon which to build skills and
knowledge in reading the drawings used in the construction industry.
The topics of the various units in this section are the basic concepts
upon which all construction drawings are read and interpreted. The
details of construction are explored in Parts I, 1, and IV.

Many of the assignment questions in this part refer to the drawings
of the Duplex included in the drawing packet that accompanies this
textbook. The Duplex was designed as income property for a small
investor. It was built on a corner lot in a small city in upstate New York.
The Duplex is an easy-to-understand building. Its one-story, rectangular
design requires only a minimum of views; you can quickly become
familiar with the Duplex drawings.
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UNIT

The Design-Construction

Sequence and the Design
Professions

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Name the professions
included in the design
and planning of a house
or light commercial
building.

O List the major functions of
each of these professions
in the design and
planning process.

O Identify the profession
or agency that should
be contacted for
specific information
about a building under
construction.

2 Unit |
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The construction industry employs about 15 percent of the working people
in the United States and Canada. More than 60 percent of these workers are
involved in new construction. The rest are involved in repairing, remodeling,
and maintenance. As the needs of our society change, the demand for dif-
ferent kinds of construction increases. Homeowners and businesses demand
more energy-efficient buildings. The shift toward automation in business and
industry means that new offices are needed. Our national centers of commerce
and industry are shifting. These are only a few of the reasons that new housing
starts are considered important indicators of our economic health.

There are four main classifications of construction: residential, commer-
cial, industrial, and civil. Residential constructionincludes single-family homes,
small apartment buildings, and condominiums, Figure 1-1(A). Commercial
construction includes office and apartment buildings, hotels, stores, shopping
centers, and other large buildings, Figure 1-1(B). Industrial construction
includes structures other than buildings, such as refineries and paper mills,
that are built for industry, Figure 1-1(C). Civil construction, Figure 1-1(D),

Figure 1-1(A). Residential construction.



Figure 1-1(B). Commercial construction.

Figure 1-1(C). Industrial construction. Delta Energy Center,
water treatment tanks and buildings in the foreground. Courtesy
of Bechtel Corporation. Photographer: Terry Lowenthal. Used by
permission.

is more closely linked with the land and refers to high-
ways, bridges, airports, and dams, for example.

The Design Process

The design process starts with the owner. The owner has
definite ideas about what is needed but may not be expert
at describing that need or desire in terms the builder can
understand. The owner contacts an architect to help plan
the building.

The architect serves as the owner’s agent throughout
the design and construction process. Architects combine
their knowledge of construction—of both the mechanics
and the business—uwith artistic or aesthetic knowledge
and ability. They design buildings for appearance and use.

Figure 1-1(D). Civil construction. At 726 feet, Hoover Dam
is the highest dam in the United States. Courtesy of Bechtel
Corporation. Photographer: Ray Frayne. Used by permission.

The architect helps the owner determine how
much space is needed, how many rooms are needed
for now and in the future, what type of building best
suits the owner’s lifestyle or business needs, and
what the costs will be. As the owner’s needs take
shape, the architect makes rough sketches to describe
the planned building. At first these may be balloon
diagrams, Figure 1-2, to show traffic flow and the
number of rooms. Eventually, the design of the building
begins to take shape, Figure 1-3.

Before all the details of the design can be final-
ized, other construction professionals become involved.
Building codes specify requirements to ensure that
buildings are safe from fire hazards, earthquakes,
termites, surface water, and other concerns of the
community. Most building codes are based on a model
code. For example, the International Code Council
(1.C.C.) publishes several model codes, one of which
is the International Residential Code® for One- and

The Design-Construction Sequence and the Design Professions 3
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Figure 1-2. Balloon sketch of Duplex.
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Figure 1-3. Straight line sketch of Duplex.

Two-Family Dwellings, Figure 1-4. This often is called
simply the Residential Code. It is a model code, because
it is a model that may be used by state and local build-
ing authorities as a basis for their own local code. A
model code has no authority on its own. The govern-
ment having jurisdiction in a locale must adopt its own
building code. Very often the government body having

4 Unit |
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jurisdiction (called the Authority Having Jurisdiction,
or AHJ) adopts the model code. Sometimes the AHJ
adds specific clauses to the model, and, in rare cases,
it writes an all-new code. State building codes allow
local governments to adopt a local building code, but
they require that the local code be at least as stringent
as the state code.



A Member of the International Code Family
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Figure 1-4. 2006 International Residential Code® for One- and
Two-Family Dwellings.

The local building code is administered by a building
department of the local government. The building depart-
ment reviews the architect’s plans before construction
begins and inspects the construction throughout its prog-
ress to ensure that the code is followed.

Most communities also have zoning laws. A zoning
law divides the community into zones where only certain
types of buildings are permitted. Zoning laws prevent
such problems as factories and shopping centers being
built in the same neighborhood as homes.

Building departments usually require that very specif-
ic procedures are followed for each construction project.
A building permit is required before construction begins.
The building permit notifies the building department
about planned construction. Then, the building depart-
ment can make sure that the building complies with all
the local zoning laws and building codes. When the build-
ing department approves the completed construction,

Figure 1-5. Stock plans can be ordered from catalogs.

it issues a certificate of occupancy. This certificate is
not issued until the building department is satisfied that
the construction has been completed according to the
local code. The owner is not permitted to move into the
new building until the certificate of occupancy has been
issued.

If the building is more complex than a home or simple
frame building, engineers may be hired to help design
the structural, mechanical, electrical, or other aspects
of the building. Consulting engineers specialize in certain
aspects of construction and are employed by architects
to provide specific services. Finally, architects and their
consultants prepare construction drawings that show all
aspects of the building. These drawings tell the contrac-
tor specifically what to build.

Many homes are built from stock plans available from
catalogs of house designs, building materials dealers, or
magazines, Figure 1-5. However, many states require a
registered architect to approve the design and supervise
the construction.

Starting Construction

After the architect and the owner decide on a final design,
the owner obtains financing. The most common way of
financing a home is through a mortgage. A mortgage is a
guarantee that the loan will be paid in installments. If the
loan is not paid, the lender has the right to sell the build-
ing in order to recover the money owed. In return for the
use of the lender’s money, the borrower pays interest—a
percentage of the outstanding balance of the loan.
When financing has been arranged (sometimes
before it is finalized), a contractor is hired. Usually a

The Design-Construction Sequence and the Design Professions 5
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Figure 1-6. Design and construction team.

general contractor is hired with overall responsibility for
completing the project. The general contractor in turn
hires subcontractors to complete certain parts of the
project. All stages of construction may be subcontracted.
The parts of home construction most often subcontracted
are plumbing and heating, electrical, drywall, painting

O)

and decorating, and landscaping. The relationships of
all the members of the design and construction team are
shown in Figure 1-6. Utility installers should carefully
investigate all the drawings, especially the architectural
drawings, in order to determine the installation locations
of their equipment.

7

v CHECK YOUR PROGRESS

Can you perform these tasks?
© List construction design professions.

© Describe what work is done by each of these
professions.

© Name the profession responsible for each major part
of the design-construction progress.

6 Unit |
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ASSIGNMENT

1. Who acts as the owner’s agent while the building is
being constructed?

2. Who designs the structural aspects of a commercial
building?

3. Who would normally hire an electrical engineer for
the design of a store?

4. Who is generally responsible for obtaining financing
for a small building?



5. To whom would the general contractor go if there

were a problem with the foundation design for a
home?

. If local building codes require specific features for
earthquake protection, who is responsible for seeing
that they are included in a home design?

. Whom would the owner inform about last-minute
changes in the interior trim when the building is
under construction?

. What regulations specify what parts of the com-

munity are to be reserved for single-family homes
only?

Who issues the building permit?

. What regulations are intended to ensure that all new

construction is safe?

The Design-Construction Sequence and the Design Professions 7
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UNIT

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Recognize oblique,
isometric, and
orthographic drawings.

O Draw simple isometric
sketches.

O Identify plan views,
elevations, and sections.

8 Unit2
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Views

Isometric Drawings

A useful type of pictorial drawing for construction purposes is the isometric
drawing. In anisometric drawing, vertical lines are drawn vertically, and hori-
zontal lines are drawn at an angle of 30° from horizontal, Figure 2-1. All lines
on one of these isometric axes are drawn in proportion to their actual length.
Isometric drawings tend to look out of proportion because we are used to see-
ing the object appear smaller as it gets farther away.

Isometric drawings are often used to show plumbing, Figure 2-2. The
ability to draw simple isometric sketches is a useful skill for communicating on
the job site. Try sketching a brick in isometric as shown in Figure 2-3.

Step 1.
Step 2.
Step 3.

Step 4.

Step 5.

Sketch a Y with the top lines about 30° from horizontal.
Sketch the bottom edges parallel to the top edges.

Mark off the width on the left top and bottom edges. This will be
about twice the height.

Mark off the length on the right top and bottom edges. The length will
be about twice the width.

Sketch the two remaining vertical lines and the back edges.

Figure 2-1. Isometric of building.
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Figure 2-2. Single-line plumbing isometric.

Other isometric shapes can be sketched by adding to or
subtracting from this basic isometric brick, Figure 2-4.
Angled surfaces are sketched by locating their edges and
then connecting them.

Oblique Drawings

When an irregular shape is to be shown in a pictorial draw-
ing, an oblique drawing may be best. In oblique drawings,
the most irregular surface is drawn in proportion as though
it were flat against the drawing surface. Parallel lines are
added to show the depth of the drawing, Figure 2-5.

(a) STEP 1

N

(b) STEP 2

(d)STEP 4

(e) STEP 5

Figure 2-3. Sketching an isometric brick.

Orthographic Projection

To show all information accurately and to keep all lines
and angles in proportion, most construction drawings
are drawn by orthographic projection. Orthographic
projection is most often explained by imagining the object
to be drawn inside a glass box. The corners and the
lines representing the edges of the object are then pro-
jected onto the sides of the box, Figure 2-6. If the box is
unfolded, the images projected onto its sides will be on a
single plane, as on a sheet of paper, Figure 2-7. In other

Views 9
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Figure 2-6. Duplex inside a glass box; method of orthographic
projection of roof, front side, and end.

Figure 2-7. Orthographic projection unfolded on a flat sheet of
paper.

words, in orthographic projection each view of an object
shows only one side (or top or bottom) of the object.

All surfaces that are parallel to the plane of projec-
tion (the surface of the box) are shown in proportion to
their actual size and shape. However, surfaces that are
not parallel to the plane of projection are not shown in
proportion. For example, both of the roofs in the top views
of Figure 2-8 appear to be the same size and shape, but
they are quite different. To find the actual shape of the
roof, you must look at the end view.

In construction drawings, the views are called plans
and elevations. A plan view shows the layout of the
object as viewed from above, Figure 2-9. A set of draw-
ings for a building usually includes plan views of the site
(Iot), the floor layout, and the foundation. Elevations are
drawings that show height. For example, a drawing that
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Figure 2-9. Plan view.
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(b ) ELEVATION

Figure 2-10. Building elevation.

shows what would be seen standing in front of a house
is a building elevation, Figure 2-10. Elevations are also
used to show cabinets and interior features.

Because not all features of construction can be seen
in plan views and elevations from the outside of a build-
ing, many construction drawings are section views.
A section view, usually referred to simply as a sec-
tion, shows what would be exposed if a cut were made
through the object, Figure 2-11. Actually, a floor plan is
a type of section view, Figure 2-12. It is called a plan
because it is in that position — viewed from above — but
it is a type of section because it shows what would be
exposed if a cut were made through the building. Most
section views are called sections, but floor plans are
customarily referred to as plans or floor plans.

Views |1



(a)

(b) SECTION

Figure 2-11. Section of a window sash.
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Figure 2-12. Afloor plan is actually a section view of the building. (a) An imaginary cut is made at a level that passes through all
windows and doors. (b) The floor plan shows what is left when the top is removed.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Identify oblique drawings.

O ldentify isometric drawings.

© Identify orthographic drawings.
O ldentify plan views.

© Identify elevation views.

O ldentify section views.

ASSIGNMENT

Identify each of the drawings in Figure 2-13 as
oblique, isometric, or orthographic.

Identify each of the drawings in Figure 2-14 as
elevation, plan, or section.

In the view of the house shown in Figure 2-15,
which lines are true length?

What type of pictorial drawing is easiest to draw on
the job site?

What type of drawing is used for working drawings?
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Scales

UNIT

Scale Drawings

Because construction projects are too large to be drawn full size on a sheet of
paper, everything must be drawn proportionately smaller than it really is. For
example, floor plans for a house are frequently drawn 1/48 of the actual size.
This is called drawing to scale. At a scale of 4" = 1'-0”, % inch on the drawing
represents 1 foot on the actual building. When it is necessary to fit a large object
on a drawing, a small scale is used. Smaller objects and drawings that must show
more detail are drawn to a larger scale. The floor plan in Figure 3-1 was drawn
to a scale of /4" = 1"-0”. The detail drawing in Figure 3-2 was drawn to a scale
of 3" = 1"-0" to show the construction of one of the walls on the floor plan.

The scale to which a drawing is made is noted on the drawing. The scale
is usually indicated alongside or beneath the title of the view.

Reading an Architect’s Scale

All necessary dimensions should be shown on the drawings. The instrument
used to make drawings to scale is called an architect’s scale, Figure 3-3.
Measuring a drawing with an architect’s or engineer’s scale is a poor practice.
At small scales it is especially difficult to be precise. The following discussion
of how to read an architect’s scale is presented only to ensure an understand-
ing of the scales used on drawings. The triangular architect’s scale includes
eleven scales frequently used on drawings.

Full Scale

3/32” = 1-0" 3/16" = 1°-0"
178" = 1-0" 174" = 1'-0"
38" = 1-0" 34" = 1-0"
172" = 1-0" 1" = 1-0"
11/2" = 1"-0" 3" = 1-0"

Two scales are combined on each face, except for the full-size scale, which is
fully divided into sixteenths, Figure 3-4. The combined scales work together
because one is twice as large as the other, and their zero points and extra
divided units are on opposite ends of the scale.

The fraction, or number, near the zero at each end of the scale indicates
the unit length in inches that is used on the drawing to represent 1 foot of the
actual building. The extra unit near the zero end of the scale is subdivided into

O)
¢/

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Identify the scale used on

a construction drawing.

O Read an architect’s scale.

Scales |15
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Figure 3-1. Portion of a plan view with a firewall.
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Figure 3-3. Architect’s scale. Courtesy of Alvin & Co., Inc.

twelfths of a foot (inches) as well as fractions of inches
on the larger scales.

To read the architect's scale, turn it to the %-inch
scale. The scale is divided on the left from the zero
toward the % mark so that each line represents 1 inch.
Counting the marks from the zero toward the 4 mark,
there are twelve lines marked on the scale. Each one of
these lines is 1inch on the 4" = 1"-0" scale.

The fraction 1/8 is on the opposite end of the same
scale. This is the 1/8-inch scale and is read in the oppo-
site direction. Notice that the divided unit is only half as
large as the one on the ¥-inch end of the scale. Counting
the lines from zero toward the 1/8 mark, there are only
six lines. This means that each line represents 2 inches
at the 1/8-inch scale.

U R |
6 3 o]

Figure 3-4. Architect’s triangular scales.

Now look at the 1%2-inch scale. The divided unit is
broken into twelfths of a foot (inches) and also frac-
tional parts of an inch. Reading from the zero toward the
number 1%, notice the figures 3, 6, and 9. These figures
represent the measurements of 3 inches, 6 inches, and
9 inches at the 1%2" = 1'-0” scale. From the zero to the
first long mark, that represents 1inch (which is the same
length as the mark shown at 3) and four lines. This means
that each line on the scale is equal to % of an inch.
Reading from the zero to the 3, read each line as follows:
Va, Vo, %, 1, 14, 1V2, 134, 2, 2'4, 22, 234, and 3 inches. Do not
confuse the engineer’s scale with the architect’s scale.
The engineer's scale uses feet and decimal parts of
a foot.

Scales 17
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v CHECK YOUR PROGRESS

Can you perform these tasks?
© Locate the scale notations on drawings.

© Use an architect’s scale to measure objects drawn to
scale.
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ASSIGNMENT

1. What are the dimensions indicated on the scale in
Figure 3-5?

2. What scales are used for the following views of the
Duplex? (Refer to the Duplex drawings in the packet.)
a. Floor plan
b. Site plan
c. Front elevation
d. Typical wall section




Alphabet of Lines

UNIT

The fact that drawings are used in construction for the communication of infor-
mation was discussed earlier. The drawings, then, serve as a language for the
construction industry. The basis for any language is its alphabet. The English
language uses an alphabet made up of twenty-six letters. Construction draw-
ings use an alphabet of lines, Figure 4-1.

The weight or thickness of lines is sometimes varied to show their relative
importance. For example, in Figure 4-2 notice that the basic outline of the
building is heavier than the windows and doors. This difference in line weight
sometimes helps distinguish the basic shape of an object from surface details.

Obiject Lines

Object lines are used to show the shape of an object. All visible edges are rep-
resented by object lines. All the lines in Figure 4-2 are object lines. Drawings
usually include many solid lines that are not object lines, however. Some of
these other solid lines are discussed here. Others are discussed later.

() HEAVY SOLID (FOR OBJECT LINES)

(b) LIGHT SOLID (FOR DIMENSIONS, LEADER, AND
EXTENSION LINES)

DASHED (FOR HIDDEN AND PHANTON LINES)

DOT DASH (FOR CENTERLINES)

DOT DOT DASH (FOR CUTTING PLANES)

BREAK LINES

Figure 4-1. Alphabet of lines
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Figure 4-2. Elevation outlined. Courtesy of Robert C. Kurzon.

Courtesy of Robert C. Kurzon
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Objectives

After completing this unit,
you will be able to identify
and understand the meaning
of the listed lines:

O Objectlines

O Dashed lines (hidden and
phantom)

O Extension lines and
dimension lines

O Centerlines

©)

Leaders

O Cutting-plane lines

Alphabet of Lines 19
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Figure 4-3. The dashed lines on this foundation plan indicate the footing.

Dashed Lines

Dashed lines have more than one purpose in construction
drawings. One type of dashed line, the hidden line, is used
to show the edges of objects that would not otherwise
be visible in the view shown. Hidden lines are drawn as
a series of evenly sized short dashes, Figure 4-3. If a
construction drawing were to include hidden lines for all
concealed edges, the drawing would be cluttered and
hard to read. Therefore, only the most important features
are shown by hidden lines.

Another type of dashed line is used to show
important overhead construction, Figure 4-4. These
dashed lines are called phantom lines. The objects
they show are not hidden in the view—they are sim-
ply not in the view. For example, the most practical
way to show exposed beams on a living room ceiling
may be to show them on the floor plan with phantom
lines. Phantom lines are also used to show alternate
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Figure 4-4. The dashed lines on this floor plan indicate the
edge of the roof overhang.

positions of objects, Figure 4-5. To avoid confusion,
the dashed lines may be made up of different weights



and different length dashes, depending on the purpose, Dimension lines are solid lines of the same weight as
Figure 4-6. extension lines. A dimension line is drawn from one exten-
sion line to the next. The dimension (distance between the
extension lines) is lettered above the dimension line. On
Extension Lines and construction drawings, dimensions are expressed in feet
Dimension Lines and inches. The ends of qime.nsion lines are drawn in one
of three ways, as shown in Figure 4-8.

Extension lines are thin, solid lines that project from
an object to show the extent or limits of a dimension.

Extension lines do not quite touch the object they indi- a ol 3
cate, Figure 4-7. 9 g
4
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Figure 4-5. The dashed lines here are phantom lines to show LINES
alternate positions of the double-acting door and the door of the Figure 4-7. Dimension and extension lines.
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Figure 4-6. Different types of dashed lines are used to show different features.
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< ARROWHEADS >
SLASHES
DOTS OR TICKS
@ — &

THIS LINE CROSSES
THE EXTENSION LINE‘/
NOT DIMENSION END

Figure 4-8. Dimension line ends.

1] _—CENTERLINE

Figure 4-9. This centerline indicates that the column is
symmetrical, or the same, on both sides of the centerline.

Dimensions that can be added together to come up
with one overall dimension are called chain dimensions.
The dimension lines for chain dimensions are kept in line
as much as possible. This makes it easier to find the dimen-
sions that must be added to find the overall dimension.

Centerlines

Centerlines are made up of long and short dashes.
They are used to show the centers of round or cylindri-
cal objects. Centerlines are also used to indicate that
an object is symmetrical, or the same on both sides of
the center, Figure 4-9. To show the center of a round
object, two centerlines are used so that the short dashes
cross in the center, Figure 4-10.
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Figure 4-10. When centerlines show the center of a round
object, the short dashes of two centerlines cross.

SIDEWALK CORNER DETAIL

Figure 4-11. Method of showing the radius of an arc.

To lay out an arc or part of a circle, the radius must
be known. The radius of an arc is the distance from the
center to the edge of the arc. On construction drawings,
the center of an arc is shown by crossing centerlines. The
radius is dimensioned on a thin line from the center to the
edge of the arc, Figure 4-11.

Rather than clutter the drawing with unnecessary
lines, only the short, crossing dashes of the centerlines
are shown. If the centerlines are needed to dimension
the location of the center, only the needed centerlines
are extended.
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Figure 4-12. Leaders used for dimensioning.

Leaders

Some construction details are too small to allow enough
room for clear dimensioning by the methods described
earlier. To overcome this problem, the dimension is
shown in a clear area of the drawing. A thin line
called a /eader shows where the dimension belongs,
Figure 4-12.

Cutting-plane Lines

It was established earlier that section views are
needed to show interior detail. In order to show where
the imaginary cut was made, a cutting-plane line is
drawn on the view through which the cut was made,
Figure 4-13. A cutting-plane line is usually a heavy
line with long dashes and pairs of short dashes. Some

CUTTING PLANE

LINE—\—'

CUTTING PLANE

Figure 4-13. A cutting-plane line indicates where the imaginary
cut is made and how it is viewed.

drafters, however, use a solid, heavy line. In either
case, cutting-plane lines always have some identifi-
cation at their ends and arrowheads to indicate the
direction from which the section is viewed. Cutting-
plane-line identification symbols are discussed in the
next unit.

Some section views may not be referenced by a
cutting-plane line on any other view. These are typical
sections that would be the same if drawn from an imagi-
nary cut in any part of the building, Figure 4-14.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Identify and explain the use of object lines.
O Identify and explain the use of hidden lines.
© Identify and explain the use of phantom lines.

O Identify and explain the use of dimension and exten-
sion lines.

O ldentify and explain the use of centerlines.
O Identify and explain the use of leaders.

O ldentify and explain the use of cutting-plane lines.
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ASSIGNMENT

Refer to the drawings of the Two-Unit Apartment in the
packet. For each of the lines numbered A5.1 through
A5.10, identify the kind of line and briefly describe its
purpose on these drawings. The broad arrows with Ab
numbers are for use in this assignment.

O
Example: A5.E, object line, shows end of building.
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Use of Symbols

O)
¢/

An alphabet of lines allows for clear communication through drawings; the Objectives
use of standard symbols makes for even better communication. Many fea-
tures of construction cannot be drawn exactly as they appear on the building.

Therefore, standard symbols are used to show various materials, plumbing After completing this unit,

fixtures and fittings, electrical devices, windows, doors, and other common you will be able to identify

objects. Notes are added to drawings to give additional explanations. and understand the meaning
It is not important to memorize all the symbols and abbreviations used in of the listed symbols:

construction before you learn to read drawings. You should, however, memo-

rize a few of the most common symbols and abbreviations so that you may learn O Door and window

the principles involved in their use. Additional symbols and abbreviations can symbols

be looked up as they are needed. The illustrations shown here represent only
a few of the more common symbols and abbreviations. A more complete refer-
ence is given in the Appendix. O Electrical and mechanical
symbols

O Materials symbols

O Reference marks for
coordinating drawings

Door and Window Symbols

Door and window symbols show the type of door or window used and the direc- O Abbreviations
tion the door or window opens. There are three basic ways for household doors
to open—swing, slide, or fold, Figure 5-1. Within each of these basic types

—

SWING

—_————
SLIDING

Figure 5-1. Types of doors and their plan symbols.
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there are variations that can be readily understood from
their symbols. The direction a swing-type door opens is
shown by an arc representing the path of the door.

There are seven basic types of windows. They are
named according to how they open, Figure 5-2. The
symbols for hinged windows—awning, casement,
and hopper—indicate the direction they open. In eleva-
tion, the symbols include dashed lines that come to a
point at the hinged side, as viewed from the exterior.

The sizes of windows and doors are usually shown
on a special window schedule or door schedule, but they
might also be indicated by notes on the plans near their
symbols. Door and window schedules are explained later.
The notations of size show width first and height second.
Manufacturers’ catalogs usually list several sets of dimen-
sions for every window model, Figure 5-3. The glass size
indicates the area that will actually allow light to pass. The
rough opening size is important for the carpenter who will
frame the wall into which the window will be installed. The
masonry opening is important to masons. The notations on
plans and schedules usually indicate nominal dimensions.
A nominal dimension is an approximate size and may not

MASONRY OPENING

ROUGH OPENING

SASH OPENING

GLASS SIZE
| |
T ~
A ERN
N SOl N ]
w
(2]
» N
(Eggwé \\\\\\
z Z| = AN A\ N
A I R .
Eig N N
= " SO
N
N X N
AN N

Figure 5-3. Windows and doors can be measured in several
ways.

represent any of the actual dimensions of the unit. Nominal
dimensions are usually rounded off to whole inches or feet
and inches and are used only as a convenient way to refer
to the window or door size. The actual dimensions should
be obtained from the manufacturer before construction
begins.

Material Symbols

The drawing of an object shows its shape and location.
The outline of the drawing may be filled in with a material
symbol to show what the object is made of, Figure 5-4.
Many materials are represented by one symbol in eleva-
tions and another symbol in sections. Examples of such
symbols are concrete block and brick. Other materials
look pretty much the same when viewed from any direc-
tion, so their symbols are drawn the same in sections and
elevations.

When a large area is made up of one material, it is
common to only draw the symbol in a part of the area,
Figure 5-5. Some drafters simplify this even further by
using a note to indicate what material is used and omit-
ting the symbol altogether.

Electrical and Mechanical Symbols

The electrical and mechanical systems in a building
include wiring, electrical devices, piping, pipe fittings,
plumbing fixtures, registers, and heating and air condi-
tioning ducts. It is not practical to draw these items as
they would actually appear, so standard symbols have
been devised to indicate them.

The electrical system in a house includes wiring
as well as devices such as switches, receptacles, light
fixtures, and appliances. Wiring is indicated by lines
that show how devices are connected. These lines are
not shown in their actual position. They simply indicate
which switches control which lights, for example. Outlets
(receptacles) and switches are usually shown in their
approximate positions. Major fixtures and appliances are
shown in their actual positions. A few of the most com-
mon electrical symbols are shown in Figure 5-6.

Mechanical systems—plumbing and HVAC (heat-
ing, ventilating, and air conditioning)—are not usually
shown in much detail on drawings for single-family
homes. However, some of the most important features

Use of Symbols 27



PLAN AND SECTION SYMBOLS

EARTH ETC.

CONCRETE
VIS = P o e
PR PR v v oA
»’ WA M Lf'v- 3 rl |° Se . RTINS
EARTH ROCK STONE REINFORCING STRUCTURAL LT. WEIGHT BLOCK
FILL BARS CONCRETE CONCRETE

T T 1T L

A=

1L 1

STEEL, IRON ALUMINUM STRUCTURAL PLYWOOD FINISH ROUGH STUD WALL &

STEEL

PARTITION

v vz W Ee=23 W22 07777 0777

CUT STONE RUBBLE CAST STONE SLATE, COMMON FACE FIRE BRICK

(CONCRETE) BLUESTONE ON COMMON
SOAPSTONE

GYPSUM INSULATION GLASS

77 R , === |||/ B ==

PLASTER ON BLOCK METAL STUD PLASTER BOARD LOOSE FILL RIGID ' SHEET &

MASONRY & PLASTER & PLASTER OR BATTS BOARD PLATE

PARTITION PARTITION

ELEVATION SYMBOLS

o]

e [

RUBBLE SQUARED RUNNING BOND

STACK BOND SHEET GLASS
STONE STONE MASONRY MASONRY METAL PLASTER
SHINGLES BRICK CERAMIC
O
\J
Figure 5-4. Material symbols.
= BQ/[K)7
O
7

Figure 5-5. Only part of the area is covered by the brick symbol, although the entire building will be brick.

may be shown. Piping is shown by lines; different types Reference Marks
of lines represent different kinds of piping. Symbols for

pipe fittings are the same basic shape as the fittings they
represent. A short line, or hash mark, represents the joint
between the pipe and the fitting. Plumbing fixtures are
drawn pretty much as the actual fixture appears. A few
plumbing symbols are shown in Figure 5-7.
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A set of drawings for a complex building may include sev-
eral sheets of section and detail drawings. These sections
and details do not have much meaning without some way of
knowing what part of the building they are meant to show.



@ CONVENIENCE OUTLET
WP INDICATES WEATHERPROOF

dIb RANGE OUTLET

S OR S,

(3-way)

WALL SWITCH

O o

CEILING LIGHT FIXTURE

WALL LIGHT FIXTURE

(. @ =3 ) e

FIXTURE

FLUORESCENT LIGHT

@ THERMOSTAT

I

=0

POWER PANEL

ooon
ooon

Q

Figure 5-6. Some common electrical symbols.

Callouts, called reference marks, on plans and elevations
indicate where details or sections of important features
have been drawn. To be able to use these reference marks
for coordinating drawings, you must first understand the
numbering system used on the drawings. The simplest
numbering system for drawings consists of numbering the
drawing sheets and naming each of the views. For example,
Sheet 1 might include a site plan and foundation plan;
Sheet 2, floor plans; and Sheet 3, elevations.

Onlarge, complex sets of drawings, the sheets are num-
bered according to the kind of drawings shown. Architectural
drawing sheets are numbered A-1, A-2, and so on for all the
sheets. Electrical drawings are numbered E-1, E-2, and E-3.
A view number identifies each separate drawing or view on
the sheet. Figure 5-8 shows drawing 5 on Sheet A-4.

Because most of the drawings for a house are
architectural, and the drawing set is fairly small, letters
indicating the type of drawing are not usually included.
Instead, the views are numbered, and a second number
shows on which sheet it appears. For example, the fourth
drawing on the third sheet would be 4/3, 4.3, or 4-3.

Numbering each view and the sheet on which it
appears makes it easy to reference a section or detail
to another drawing. The identification of a section view
is given with the cutting-plane line showing where it
is taken from. For example, the section view shown in
Figure 5-9 shows the fireplace at the cutting-plane
line in Figure 5-10. Notice that the cutting-plane line
in Figure 5-10 indicates that the section is viewed
from the top of the page toward the bottom, with the

Use of Symbols 29
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Figure 5-7. Some common plumbing symbols.

fireplace opening on the right. That is how the section Abbreviations
view in Figure 5-9 is drawn. This numbering system is

also used for details that cannot be located by a cutting-
plane line. The drawing in Figure 5-11 is a typical wall
section, meaning that it is typical of a section view of any
outside wall. This typical wall section includes a callout
referencing a detail drawing of the roof cornice or eave.
The cornice detail is Drawing 4 on Sheet A-4 and is shown
in Figure 5-12. Notice that the detail faces the opposite
direction from the typical wall section. That is because,
being a typical section, not a specific section, it represents
all exterior walls regardless of the direction they face.

Drawings for construction include many notes and
labels of parts. These notes and labels are usually
abbreviated as much as possible to avoid crowding
the drawing. The abbreviations used on drawings are
usually a shortened form of the word and are easily
understood. For example, BLDG stands for building. The
abbreviations used throughout this textbook and on the
related drawings are defined in the Appendix.

30 Unit5

Openmirrors.com



NS EENI
11 IQII

N EERNNE

RSN

\
\
\
\

34 PINE

S/lq PINE

7201 ROUND

FIXED SASH

SECTION THRUD /0" SIDELITE

SCALE 3//://_011

Figure 5-8. This is drawing 5 on Sheet A-4.

1"AIR SPACE

Zf/ }'2” C FLUE N \ ;
12X 12" 7C Fi S \R Rsce
ZX4 WD. FRAMING - k V
N \ / X8 PINE
N . ]
N @ 3%" meo.
N
DAMPER NI .
N
\
N
1" AIR SPACE S BRICK
N ) ’
: < 2% X 3% X' L
FIREBRICK N = ASH DumpP
N\H- :
N - QUARRY TILE HEARTH
\N -
- iy ] “-'-':-‘q".-' sl ]
2-2%X10 N %10
":"’ PLYWD. FORM
=l CONC
2558 B
3 cone. BLK.
#7REINE @ 1-0" o co.

CONC. FTa.

2.5 FIREPLACE SECTION

SCALE: 3/8°=1-0"

Figure 5-9. This section view is drawing 2 on Sheet 5.

Q

Use of Symbols 31



S
~
S
FLUE
8°X8" 7C —
\
gl ¢
3 ?
K) N~
Q
K
CLOS. 0
—l\/l
5 i 9 " }9
~

Figure 5-10. Plan for fireplace detailed in Figure 5-9.

32 Unit5

Openmirrors.com

235%# COMP SHINGLE

154 FELT
6" MTL. TRUSS 2 cox
(SEE 5-2)—
R-30 BATT w
W/ VB
TOP OF \ '
StowaLL—y
Lsusp. AC.TILE
> 2"FR. GYP BD.
= (Tvp) .
5l - 6" MTL. STUDS (TYP)
=3\
= “©
0 R-19iNS. {TYP)
©
S pLYWD. ULAYMT.
" ==
5 =
X
s CD \ 2ND FL.
* 10" ¢. JST \
e L
L = &
SUSP AC. TILE
~ 2'FR. GYP BD.
ol
) \
|
! | 5 2
‘ 2" CONC. & BIANG

6" CONC. PLANK

(SEE 5-1)—]

1
ROERACE

8'-1
8'-
1/1

(3
N

BASEMT.

8" couc.7

TYPICAL WALL SECTION

SCALE: § = 1'-0

Figure 5-11. The detail of this cornice is shown in drawing 4 on

Sheet

A-4, Figure 5-12.



SHINGLES AS SPEC.

5 PLYWOOD

METAL TRUSS

6" METAL CHANNEL
SUB - FASCIA

ALUM. DRIP EDGE ————

BLOCKING

PINE MOULDING #8013

\ \\\
N
\

6
BOTTOM CHORD

2

1X8 WD. FASCIA

2X6 SUB-FASCIA

VENTED ALUM. SOFFIT

Y

FASCIA DETAIL

SCALE: 4 FULL SIZE

Q

Figure 5-12. This is the detail of the cornice in Figure 5-11.
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v CHECK YOUR PROGRESS

Can you perform these tasks?
© Identify window types by their symbols.
O ldentify materials by their symbols.

© Identify the most common electrical equipment by its
symbols.

O Identify the most common plumbing equipment by its
symbols.

© Reference details by their symbols.

© Define several common abbreviations used on con-
struction drawings.
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ASSIGNMENT

1. What is represented by each of these symbols?

R NN\
b.
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2. What is meant by each of these abbreviations?

a.

-~ TQ@ ~® a0 T

GYP. BD.
FOUND.
FIN. FL.
0.C.
REINF.
EXT.
COL.
DIA.
ELEV.
CONC.

3. Where in a set of drawings would you find a detail
numbered 6.47

4. Where in a set of drawings would you find a detail
numbered 5/M-3?
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Plan Views

UNIT

You learned earlier in Unit 2 that plans are drawings that show an object as
viewed from above. Many of the detail and section drawings in a set show parts
of the building from above. Some of the plan views that show an entire building
are discussed here. This brief explanation will help you feel more comfort-
able with plans, although it does not cover plans in depth. You will use plans
frequently throughout your study of the remainder of this textbook. Each of the
remaining units helps you understand plan views more thoroughly.

Site Plans

A site plan gives information about the site on which the building is to
be constructed. The boundaries of the site (property lines) are shown. The
property line is usually a heavy line with one or two short dashes between
longer line segments. The lengths of the boundaries are noted next to the line
symbol. Property descriptions are usually the result of a survey by a surveyor.
Surveyors and engineers usually work with decimal parts of feet, rather than
feet and inches. Therefore, site dimensions are usually stated in tenths or
hundredths of feet, Figure 6-1.

A symbol or north arrow of some type indicates what compass direction
the site faces. Unless this north arrow includes a correction for the difference

166.4" \

B

s0t0" &4 0"
200 !
: = .
By <
S S D
N S ™
N
A FIN. FLR.
3 ELEV. 98,30

= \.

5040
Q  psPLaLT
S DRNVE
L

200.0' .
ELM STREET ] \

Figure 6-1. Minimum information shown on a site plan.
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Objectives

After completing this

unit, you will be able to
explain the general kinds of
information shown on the
listed plans:

O Site plans
O Foundation plans

O Floor plans
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between true north and magnetic north, it may be only
an approximation. However, it is sufficient to show the
general direction the site faces.

The site plan also indicates where the building is
positioned on the site. At a minimum, the dimensions to
the front and one side of the site are given. The overall
dimensions of the building are also included. Anyone
reading the site plan will have this basic information with-
out having to refer to the other drawings. If the finished
site is to include walks, drives, or patios, these are also
described by their overall dimensions.

Foundation Plans

Afoundation plan is like a floor plan, but instead of showing
the living spaces, it shows the foundation walls and any
other structural work to be done below the living spaces.
Two types of foundations are commonly used in
homes and other small buildings. One type has a con-
crete base, called the footing, supporting foundation
walls, Figure 6-2. The other is the slab-on-grade type.
A slab-on-grade foundation consists of a concrete slab
placed directly on the soil with little or no other support.
Slabs-on-grade are usually thickened at their edges and
wherever they must support a heavy load, Figure 6-3.

O

When the footing-and-wall-type foundation is used,
girders are used to provide intermediate support to the
structure above, Figure 6—4. The girder is shown on the
foundation plan by phantom lines and a note describing it.

FOUNDATION WALL

REINFORCEMENT

Figure 6-2. Footing and foundation wall.

CONCRETE SLAB
(FLOOR)

THICKENED FOR REINFORCEMENT
Figure 6-3. Slab-on-grade foundation.

FOUNDATION

GIRDER

\J

Figure 6-4. A girder provides intermediate support between the foundation walls.
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Figure 6-5. Foundation plan. Courtesy of Home Planners, Inc.

The foundation planincludes all the dimensions neces-
sary to lay out the footings and foundation walls. The foot-
ings follow the walls and may be shown on the plan. If they
are shown, it is usually by means of hidden lines to show
their outline only. In addition to the layout of the foundation
walls, dimensions are given for opening windows, doors,
and ventilators. Notes on the plan indicate areas that are
not to be excavated, concrete-slab floors, and other impor-
tant information about the foundation, Figure 6-5.

Floor Plans

A floor plan is similar to a foundation plan. It is a section
view taken at a height that shows the placement of walls,
windows, doors, cabinets, and other important features.
A separate floor plan is included for each floor of the
building. The floor plans provide more information about
the building than any of the other drawings.

Building Layout

The floor plans show the locations of all the walls, doors,
and windows. Therefore, the floor plans show how the
building is divided into rooms and how to get from one
room to another. Before attempting to read any of the
specific information on the floor plans, it is wise to famil-
iarize yourself with the general layout of the building.

To quickly familiarize yourself with a floor plan, imag-
ine that you are walking through the house. For example,
imagine yourself standing in the front door of the left side
of the Duplex—plans for which are included in the draw-
ing packed with this text. You are looking across the living
room. There is a closet on your right and a large window
on your left. Straight ahead is the dining room with doors
into a storage room and the kitchen. Looking in the kitchen
doorway (notice there is no door in this doorway), you see
cabinets, a sink, and a refrigerator on the opposite wall.
More cabinets and a range are located on the left. Now,
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walk out of the kitchen and into the bedroom area. There
are three doors; one leads into a large front bedroom with
a long closet, another opens into a smaller bedroom, and
the third opens into the bathroom. The bathroom includes
a linen closet with bifold doors.

Dimensions

Dimensions are given for the sizes and locations of all
walls, partitions, doors, windows, and other important
features. On frame construction, exterior walls are

usually dimensioned to the outside face of the wall
framing. If the walls are to be covered with stucco or
masonry veneer, this material is outside the dimen-
sioned face of the wall frame. Interior partitions may
be dimensioned to their centerlines or to the face of
the studs. (Studs are the vertical members in a wall
frame.) Windows and doors may be dimensioned about
their centerlines, Figure 6-6, or to the edges of the
openings.

Solid masonry construction is dimensioned entirely to
the face of the masonry, Figure 6-7. Masonry openings
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for doors and windows are dimensioned to the edge of the
openings.

Other Features of Floor Plans

The floor plan includes as much information as possible
without making it cluttered and hard to read. Doors and
windows are shown by their symbols, as explained in
Unit 5. Cabinets are shown in their proper positions. The

O

cabinets are explained further by cabinet elevations
and details, which are discussed in Unit 8. If the build-
ing includes stairs, these are shown on the floor plan.
Important overhead construction is also indicated on
the floor plans. If the ceiling is framed with joists, their
size, direction, and spacing are shown on the floor plan.
Architectural features such as exposed beams, arches
in doorways, or unusual roof lines may be shown by
phantom lines.

J

v CHECK YOUR PROGRESS

Can you perform these tasks?
© Describe property boundaries from a simple site plan.
© Tell which direction a site faces from the site plan.

© Describe the position of a building within the site using
the dimensions on a site plan.

© List the overall dimensions of a foundation from the
information on a foundation plan.

© Identify girders on a foundation plan.
O Describe the locations of windows shown on plans.

© Describe the arrangement of rooms shown on a
simple, one-story floor plan.

© Describe other major features shown on plans.

ASSIGNMENT

Refer to the drawings for the Two-Unit Apartment (which
are included in the accompanying packet) to complete
this assignment.

1. In what direction does the Apartment face?

2. What is the length and width of the Apartment site?

3. How far is the front of the Apartment from the front
property line?

4. What is the overall length and width of the
Apartment?

5. What are the inside dimensions of the front bed-
room?

6. What is the thickness of the partitions between the
two bedrooms?

7. Whatis the thickness of the interior wall between the
two dining rooms?

8. With two exceptions, the units in the Apartment are
exactly reversed. What are the two exceptions?

9. What is the distance from the west end of the
Apartment to the centerline of the west front
entrance?

10. What is indicated by the small rectangle on the floor
plan outside each main entrance?

11. What is the distance from the ends of the Apartment
to the centerlines of the 6%6° sliding glass doors?

12. What is indicated by the dashed line just outside
the front and back walls on the floor plan of the
Apartment?
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UNIT

Elevations

)—

O

Objectives Drawings that show the height of objects are called elevations. However, when
builders and architects refer to building elevations, they mean the exterior ele-
vation drawings of the building, Figure 7-1. A set of working drawings usually

After (_:ompleting this unit, includes an elevation of each of the four sides of the building. If the building is
you will b‘_? able to perform very complex, there may be more than four elevations. If the building is simple,
the following tasks: there may be only two elevations—the front and one side.

O Orient building elevations
to building plans.

O Explain the kinds of /

information shown on L
elevations. =

X

| [T

1 o | . | o > I ]z
il — j_ L L Lid =% .

Figure 7-1. Building elevations.
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Orienting Elevations

It is important to determine the relationship of one draw-
ing to another. This is called orienting the drawings. For
example, if you know which elevation is the front, you
must be able to picture how it relates to the front of the
floor plan.

Elevations are usually named according to compass
directions, Figure 7-2. The side of the house that faces
north is the north elevation, and the side that faces south
is the south elevation, for example. When the elevations
are named according to compass direction, they can
be oriented to the floor plan, foundation plan, and site
plan by the north arrow on those plans. It might help to
label the edge of the plans according to the north arrow,
Figure 7-3.

It is not always possible to label elevations accord-
ing to compass direction, however. When drawings are
prepared to be sold through a catalog or when they are
for use on several sites, the compass directions cannot

iﬁiii§§lii]iiiiil”

be included. In this case, the elevations are named
according to their position as you face the building,
Figure 7-4. To orient these elevations to the plans, find
the front on the plans. The front is usually at the bottom
of the sheet, but it can be checked by the location of the
main entrance.

Information on Building
Elevations

Building elevations are normally quite simple. Although
the elevations do not include a lot of detailed dimen-
sions and notes, they show the finished appearance of
the building better than other views. Therefore, eleva-
tions are a great aid in understanding the rest of the
drawing set.

The elevations show most of the building, as it
will actually appear, with solid lines. However, the
underground portion of the foundation is shown as

IlIllII

Il

'ﬂ'i"“ﬂlw =

Q

Figure 7-2. Elevations are usually named according to their compass directions.
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Figure 7-5. Underground portion of the building is shown with dashed lines. Courtesy of Robert C. Kurzon.

hidden lines, Figure 7-5. The footing is shown as a
rectangle of dashed lines at the bottom of the founda-
tion walls.

The surface of the ground is shown by a heavy solid
line, called a grade line. The grade line might include
one or more notes to indicate the elevation above sea
level or another reference point, Figure 7-6. Elevation
used in this sense is altitude, or height—not a type of
drawing. All references to the height of the ground or
the level of key parts of the building are in terms of
elevation. Methods for measuring site elevations are
discussed in Unit 9.

Some important dimensions are included on the
building elevations. Most of them are given in a string

at the end of one or more elevations, Figure 7-7. The
dimensions most often included are listed here:

O Thickness of footing

O Height of foundation walls

O Top of foundation to finished first floor

O Finished floor to ceiling or top of plate (The plate is the
uppermost framing member in the wall.)

O Finished floor to bottom of window headers (The
headers are the framing across the top of a window
opening.)

O Roof overhang at eaves
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Explain which side of a plan view is represented by a
building elevation.

O ldentify footings and foundations on building eleva-
tions.

© Find the height of a foundation wall on the building
elevations.

© Find the dimension from the floor to the top of a wall on
building elevations.

© Find the amount of roof overhang shown on building
elevations.

© Describe the appearance of a building from informa-
tion given on the building elevations.
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ASSIGNMENT

Refer to the drawings of the Two-Unit Apartment in the
packet to complete this assignment.

1. Which elevation is the north elevation?

2. In what compass direction does the left end of the
Apartment face?

3. Whatis the dimension from the surface of the floor to
the top of the wall framing?

4, What is the thickness of the floor?
5. How far does the foundation project above the ground?

6. How far below the surface of the ground does the
foundation wall extend?

7. What is the total height of the foundation walls?

8. What is the minimum depth of the bottom of the footings?
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Sections and Details
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UNIT

It is not possible to show all the details of construction on foundation plans,
floor plans, and building elevations. Those drawings are meant to show the
relationships of the major building elements to one another. To show how
individual pieces fit together, it is necessary to use larger-scale drawings and
section views. These drawings are usually grouped together in the drawing set.
They are referred to as sections and details, Figure 8-1.

Sections

Nearly all sets of drawings include, at least, a typical wall section. The typical
section may be a section view of one wall, or it may be a full section of the
building. Full sections are named by the direction in which the imaginary cut is
made. Figure 8-2 shows a transverse section. A transverse section is taken
from an imaginary cut across the width of the building. Transverse sections
are sometimes called cross sections. A full section taken from a lengthwise cut
through the building is called a longitudinal section, Figure 8-3.

Full sections and wall sections normally have only a few dimensions but
have many notes with leaders to identify the parts of the wall. The following is
a list of the kinds of information that are included on typical wall sections with
most sets of drawings:

 Footing size and material (This is specified by building codes.)

e Foundation wall thickness, height, and material

* Insulation, waterproofing, and interior finish for foundation walls
* Fill and waterproofing under concrete floors

* Concrete floor thickness, material, and reinforcement

e Sizes of floor framing materials

e Sizes of wall framing materials

e Wall covering (sheathing, siding, stucco, masonry, and interior wall finish)
and insulation

¢ Cornice construction—materials and sizes (The cornice is the construction
at the roof eaves.)

* Ceiling construction and insulation

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Find and explain
information shown on
section views.

O Find and explain
information shown on
large-scale details.

O Orient sections and
details to the other plans
and elevations.
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Figure 8-1. Typical sheet of sections and details for a small building.
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Figure 8-3. Longitudinal section.

Other section drawings are included as necessary to
explain special features of construction. Wherever wall
construction varies from the typical wall section, another
wall section should be included. Section views are used
to show any special construction that cannot be shown on

normal plans and elevations. Figure 8-4 is an example
of a special section in elevation. This section view is said
to be in elevation because it shows the height of the ridge
construction. Figure 8-5 is in plan because it shows the
interior of the fireplace as viewed from above.
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Other Large-Scale Details

Sometimes necessary information can be conveyed with-
out showing the interior construction. A large scale may
be all that is needed to show the necessary details. The
most common examples of this are on cabinet installation
drawings, Figure 8-6. Cabinet elevations show how
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the cabinets are located, without showing the interior
construction.

Many details are best shown by combining ele-
vations and sections or by using isometric drawings.
Figure 8-7 shows an example of an elevation and a
section used together to explain the construction of a
fireplace. Figure 8-8 shows an isometric detail drawing
that includes sections to show interior construction.
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Orienting Sections and Details

As explained earlier, some sections and details are
labeled as typical. These drawings describe the con-
struction that is used throughout most of the building.
Sections and details that refer to a specific location
in the building include a reference that indicates where
the section or detail came from. That larger source draw-
ing has a cutting-plane line to show exactly where the
section cut or detail is taken from. The cutting-plane line
has an arrowhead or some other indication of the direc-
tion from which the detail is viewed. The top drawing in
Figure 8-9 shows that there is a section view or detail
of the construction at the skylight. The little flag at the
top points to the right, so that is the direction from which

50 Unit 8

Openmirrors.com

the detail at the bottom of the figure is viewed. The label
on the bottom drawing, the skylight detail, includes the
number of the drawing, corresponding to the number
indicated at the cutting-plane line in the top view. A ref-
erence mark near the arrow indicates where the detail
drawing is shown. The reference marks that are used
for orienting details may vary from one set of drawings
to another. It is important, although not usually difficult,
to study the drawings and learn how the architect refer-
ences details. Usually a system of sheet numbers and
view numbers is used. One such numbering system was
explained earlier.

Some basic principles of details and sections have
been discussed here. You will gain more practice later in
reading details and sections.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

O Find the part of a building from which a section view
was drawn.

© Explain the notes commonly included on typical wall
sections.

© Explain whether a section view is in elevation or in plan.

© Find the part of a building from which a large-scale
detail was drawn.

ASSIGNMENT

Refer to the drawings of the Two-Unit Apartment in the
packet to complete the assignment.

1. What is used to show the detail of a complex design,
installation, or product?

2. What kind of section drawing is the typical wall sec-
tion on Sheet 2?7

3. What kind and size material is to be used for the
foundation walls?

4, What is used between the concrete-slab floor and
the exterior wall framing?
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10.

11.

12.

13.

14.

What kind and size of insulation is used around the
foundation? Is this insulation used on the inside or
outside of the foundation?

What kind and size of material is to be used on the
inside of the frame walls?

Sheet 2 includes a firewall detail. Where in the
Apartment is this firewall?

What is the distance between the centerlines of the
studs in the firewall?

Whatis the total thickness of the firewall? (Remember
that a 2 X 6 is actually 5%2" wide.)

Were the cabinet elevations drawn of the kitchen on
the east side or the west side of the Apartment?

How would the kitchen elevations be different if they
were drawn from the other kitchen?

What is the distance from the kitchen countertop to
the bottom of the wall cabinets?

How far does the roof overhang project beyond the
exterior walls?

Where are the electrical panels located?



PART

TEST

A. Identify each of the dimensions indicated on the illustrated scale.
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B. Which occupation or individual listed in Column Il performs the task listed in Column I?

1. Obtains a building permit a. Architect

2. Issues the building permit b. Building inspector

3. Acts as the owner’s representative c. Owner

4. Issues certificate of occupancy d. Mechanical engineer
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Lays out rooms for efficient use e. Municipal building department
Designs plumbing in large buildings f. General contractor

Hires and supervises carpenters

Checks to see that codes are observed

ol BRSO

C. Which of the lines shown in Column Il is most likely to be used for each purpose in Column I?

[ Il
Outline of a window

Alternate position of a fold-down countertop

Centerline of a round post

Extension line to show extent of a dimension

Buried footing

- ® o0 T o

Point at which an imaginary cut is made for

a section view

D. Which of the symbols shown in Column Il is used for each of the objects or materials in Column 1?

Awning window in elevation
Bifold door in plan

a.
Earth R R
Rough wood DV g
Batt insulation b. L -

Ceiling light fixture
Finish wood 1 R
Shutoff valve (plumbing)

Hopper window in elevation m

S © XN AR W=

=

E. Select the one best answer for each question.

1. What kind of regulation controls the types of buildings allowed in each part of a community?
a. building code c. specification
b. zoning law d. certificate of occupancy
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. Which of the listed kinds of information can be clearly shown on construction drawings?
c. shape of parts
d. all of these

a.
b.

size of parts
location of parts

. What type of drawing is the 2 x 4 shown in lllustration 3?

o O T o

isometric
oblique
perspective
none of these

. What type of drawing is the 2 x 4 shown in lllustration 4?7

o O T o

isometric
oblique
perspective
none of these

. What type of drawing is the 2 x 4 shown in lllustration 57

o O T o

isometric
oblique
perspective
none of these

. What kind of drawing is shown in lllustration 67

o O T o

elevation
detail
rendering
plan

. What kind of drawing is shown in lllustration 7?

a.
b.
C.
d.

elevation
detail
rendering
plan

. What kind of drawing is shown in Illustration 8?

a.

elevation

b. detail
c.
d. plan

rendering
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10.

11.

12.

13.

14.

15.

If an object 12 feet long is drawn at a scale of %"= 1"-0", how long is the drawing?
a. 48inches c. 3feet
b. 3inches d. none of these

If an object 1-6"long is drawn at a scale of 1%2"=1"-0", how long is the drawing?
a. 2% inches c. 27inches
b. 2inches d. none of these

Where in a set of drawings would you find detail number 9.6?
a. sheetb6 c¢. ninth sheet in the mechanical section
b. sheet9 d. none of the above

In the drawing key 4/A—4, what does the letter A stand for?

a. architect’s initial c. architectural

b. first edition of the drawings d. first detail on the sheet
On which drawing would you expect to find the height of the foundation wall?

a. site plan c. floor plan

b. building elevation d. foundation plan

On which drawing would you expect to find the setback of the building?
a. site plan c. floor plan
b. building elevation d. foundation plan

On which drawing would you expect to find the height of the window heads?
a. site plan c. floor plan
b. building elevation d. window detail

F. Refer to the Two-Unit Apartment drawings to answer these questions.

1

—_

S © © N o o oA W N

. How far is the building from the west boundary?

What is the dimension from the finished floor to the top of the wall plate?
What is the overall length of the building at window height?

What is the overall length of the building at the eaves?

What is the north-to-south dimension inside the front bedrooms?

What is the slope of the roof?

What types of windows are used?

How thick is the concrete footing?

What material is the foundation wall?

What is under the floor at its outer edges?
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PART

{
\

READING DRAWINGS FOR
TRADE INFORMATION

raY
\/

In Part Il, you will examine all the information necessary to build a
moderately complex single-family home. The sequence of the units in
Part Il follows the sequence of actual construction. In some cases, all
the information necessary for a particular phase of construction can be
found on one sheet of drawings. Other phases require cross-referencing
among several drawings. The relationships among the various drawings
are discussed as the need to cross-reference them arises.

The assignments in this part refer to the Lake House drawings
provided in the packet. The Lake House was designed as a vacation
home on a lake in Virginia. The design is moderately complex, involving
several floor levels and some interesting construction techniques.
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UNIT

Cleari d Rough
Grading the Sit
O S
Objectives Property Boundary Lines
After completing this unit The boundary lines of the building site are shown on the site plan. The direc-
you will be able to perform tion of a property line is usually expressed as a bearing angle. The bearing of a
the following tasks: line is the angle between the line and north or south. Bearing angles are mea-
sured from north or south depending on which keeps the bearing under 90°,
_ Figure 9-1. Angles are expressed in degrees (°), minutes ('), and seconds
O !den’ufy "‘_’mk to t.)e (“). There are 360 degrees in a complete circle, 60 minutes in a degree, and
|nc.lu_ded n clearlng_a 60 seconds in a minute.
b_”'ld'“g site according to The point of beginning (P.0.B.) may or may not be shown on the site plan.
site plans. If the point of beginning is not shown on the plan, start at a convenient corner.
O Interpret grading
indications on a site plan.
O Interpolate unspecified
site elevations.
N
77°42'40" 2
(@]
1 Jm
e
OV
>
Nl /o
z
o
o
o]
T
Z ‘\
| 14°40'30"
POB
Figure 9-1. Bearing angles are always less than 90°.
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Corners are usually marked with an iron pin (I.P.) or some
permanent feature. The approximate direction of the
boundaries can be found with a handheld compass. This
approximation should be accurate enough to aid in find-
ing the marker (iron pin, manhole cover, concrete marker,
or similar item) at the next corner. Proceed around the
perimeter in this manner to find all corners. All construc-
tion activity should be kept within the property boundar-
ies unless permission is first obtained from neighboring
landowners.

Clearing the Site

The first step in actual construction is to prepare the site.
This means clearing any brush or trees that are not to be
part of the finished landscape. The architect’s choice of
trees to remain is based on consideration of many factors.
Trees and other natural features can be an important part
of architecture—not only for their natural beauty, but
for energy conservation. For example, deciduous trees,
which lose their leaves in the winter, can be used to
effectively control the solar energy striking a house. In
the winter, the sun shines through the deciduous trees on
the south side of a house, Figure 9-2. In the summer, the
trees shade the south side of the house, Figure 9-3. The
Lake House offers a good example of the importance of
the selection of trees to remain on a site. This house gets
a large part of its heat from its passive-solar features. The
passive-solar features are described more fully later.

Trees that are to be saved are shown on the plot
plan by a symbol and a note indicating their butt diameter
and species, Figure 9-4. Areas that are too densely
wooded to show individual trees are outlined and marked
“woods,” Figure 9-5. Removal of unwanted trees may
require felling and stump removal, or may be accom-
plished with a bulldozer and dump truck. In either case,
care must be exercised not to damage the trees that are
to be saved.

Grading

Grading refers to moving earth away from high areas and
into low areas. Site grading is necessary to ensure that
water drains away from the building properly and does
not puddle or run into the building. In some cases, grading
may be necessary for access to the site. For example, if

Figure 9-3. The summer sun is shaded by deciduous trees.

14" OAK

-

(REMAINS)

Figure 9-4. Typical note and symbol for individual tree.

—

1 WOODED

Figure 9-5. Typical note and symbol for wooded area.
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Figure 9-6. Spot elevations for specific locations.

the site has a steep grade, it may be necessary to provide
a more gradual slope for a driveway.

Grade is measured in vertical feet from sea level or
from a fixed object such as a manhole cover. This verti-
cal distance is called elevation. The term elevation to
denote a vertical position should not be confused with
elevation drawings that show the height of objects. The
elevations of specific points are given as spot eleva-
tions. Spot elevations are used to establish points in a
driveway, a walk, or the slope of a terrace, Figure 9-6.
Spot elevations are often given for trees that are to be
saved.

The grade of a site is shown by topographic contour
lines. These are lines following a particular elevation.
The vertical difference between contour lines is the ver-
tical contour interval. For plot plans this is usually 1 or
2 feet. When the land slopes steeply, the contour lines are
closely spaced. When the slope is gradual, the contour
lines are more widely spaced.

The builder must be concerned with not only the
grade or contour of the existing site, but also that of the
finished site. To show both contours, two sets of contour
lines are included on the plot plan. Broken lines indicate
natural grade (N.G.), and solid lines indicate finished
grade (F.G.), Figure 9-7.

When the natural-grade elevation is higher than the
finished-grade elevation, earth must be removed. This is
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| / 107

105 10/

/04

Figure 9-7. Two sets of contour lines show that this site will be
graded to be more level in the area of the building.

referred to as cut. When the natural grade is at a lower
elevation than the finished grade, fillis required. To deter-
mine the amount of cut or fill required at a given point,
find the difference between the natural grade and the
finished grade, Figure 9-8.
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Figure 9-8. Cutting is required where N.G. is above F.G. Fill is required where N.G. is below F.G.

Interpolating Elevations

Sometimes it is necessary to find an elevation that falls
between two contour lines. This can be done by interpo-
lation. Interpolation is a method of finding an unknown
value by comparing it with known values.

O

Example: To interpolate the elevation of the tree at point A
in Figure 9-9, follow the listed steps of the procedure using
the information shown in the illustration and the numbers
enclosed in parentheses.

i "

SCALE: £ =1'-0

Figure 9-9. Interpolate the elevation of the tree.

Step 1.

Step 2.

Step 3.

Step 4.

Scale the distance between the two adjacent
contour lines (12 feet).

Scale the distance from the unknown point to
the nearest contour line (4 feet).

Multiply the contour interval by the fraction
of the distance between the contour lines to
the unknown point. (Contour interval = 2 feet;
fraction of distance between contour lines =
4/12 = 1/3. Therefore, 2 = 1/3 = 2/3 feet.)

If the nearest contour line is below the other
one, add this to it. If the nearest contour line
is above the other one, subtract this amount.
(Nearest contour = 48'. This is below the other
contour line at 50’, so 2/3" is added to 48'. 2/3" +
48" = 48.66'.)

@
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v CHECK YOUR PROGRESS

Can you perform these tasks?
© Determine the bearings and lengths of property lines.
© Identify each tree to be removed from a site.

© Give the natural grades and finished grades of all
points on a site.

© Explain which direction water will naturally run from
any point on a site.

ASSIGNMENT

Refer to the site drawings of the Lake House (in the
packet) to complete the assignment.

1. What are the lengths of the north, east, and west
boundaries of the Lake House?

2. Which of the compass points shown in Figure 9-10
corresponds with the north boundary of the Lake
House? Which compass point corresponds with the
east boundary?

3. How many trees are indicated for removal?

4. How many trees are to remain on the site? (Do not
include wooded areas.)

5. Whatis the finished-grade elevation at the tree near-
est the Lake House?

6. What is the natural-grade elevation of the most east-
erly tree to be saved?
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Figure 9-10.

7. What is the elevation of the tree to be saved nearest
the lake?

8. What is the natural-grade elevation at the southwest
corner of the Lake House? Do not include the deck as
part of the house.

9. What is the finished-grade elevation at the south-
west corner of the house?

10. How much cut or fill is required at the entrance of the
garage?

11. Is cut or fill required at the southwest corner of the
house? How much?

12. What is the elevation at the northeast corner of the
site?



Locating the Building

UNIT

Laying Out Building Lines

The position of the building is shown on the site plan. Dimensions show the
distance from the street (or lake) to the building and from the side boundaries
to the building. The location of one corner can easily be found by measuring
with a long (100" or 200°) steel tape. The most efficient way to find all remaining
corners is by the use of a leveling instrument, Figure 10-1. The functions of
the parts of a leveling instrument are as follows:

O Telescope contains the lens, focusing adjustment, and cross hairs for
sighting.

O Telescope level is a spirit level used for leveling the instrument prior
to use.

O Clamp screw locks the instrument in position horizontally.
O Fine adjusting screw makes fine adjustments in a horizontal plane.

O Leveling base holds the leveling screws (usually four) for leveling the
instrument prior to use.

O Protractor is a scale graduated in degrees and minutes for measuring
horizontal angles.

Two accessories are required for most operations performed with a leveling
instrument. The tripod is a three-legged stand that provides a stable base for the
instrument. A target rod is a separate device with a scale graduated in feet and
tenths of a foot. The telescope is focused on the target rod to measure elevations.
The builder’s level is a device for checking the difference in elevation between

TELESCOPE FOCUSING KNOB
: TELESCOPE

N\ _ PROTRACTOR
4 f
f <— LEVELING BASE
SPIRIT LEVEL r T CLAMP SCREW
LEVELING SCREWS

Figure 10-1. Builder's level. Courtesy of David White.

O)
¢/

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Lay out building lines
according to a site plan.

O Use the 6-8-10 or equal-
diagonals method to
check the squareness of
corners.

O Use a leveling instrument
to measure angles and
depths of excavations.

Locating the Building 63



T
Figure 10-2. Atransitis similar to a builder’s level, but it can be
tilted to measure vertical angles.

two points. It can also be used for measuring angles on a
horizontal plane. Another instrument, a transit, can be tilted
to measure angles in a vertical plane, Figure 10-2. The
procedure described here for laying out square corners
can be used with either instrument:

Step 1.  Set the tripod up over a known corner. The
exact position is determined by hanging a
plumb bob from the tripod. The legs should be
firmly set in the ground about 3 feet apart.

Step 2.  Set the instrument on top of the tripod and

hand tighten the clamp screw.

Step 3.  Turnthe leveling screws down so they contact

the tripod plate.

Step 4.  Turn the telescope so that it is over one pair of
leveling screws. Adjust these two screws so

that the telescope is level.

Step 5. Rotate the telescope so that it is over the
other pair of leveling screws. Adjust these two

screws to level the telescope.

Step 6.  Repeat this over each pair of leveling screws

until the telescope is level in all positions.

Step 7. Using a compass, carefully point the telescope
to magnetic north. The north arrow on the
drawing can point to either true north or mag-

netic north. The compass needle will point only

64 Unit 10

Openmirrors.com

to magnetic north. Because the true north pole
of the earth is some distance from its magnetic
north, the difference between bearings based
on true north and those based on magnetic
north can be several degrees. If the building is
to be laid out according to true-north bearings,
not magnetic compass bearings, contact the
architect or surveyor to find out what correc-
tion should be made in your area.

Step 8.  Setthe protractor at zero degrees.

Step 9. Rotate the telescope to the bearing of one
building line.

Step 10. Stretch a line (string) from the existing stake to
several feet beyond the next corner.

Step 11. Have a partner hold the target rod plumb over
the far end of this line. When the telescope
cross hairs can be focused on the target rod,
the bearing of the line is correct.

Step 12. Measure the length of this building line from
the first stake, and drive another stake.

Step 13. To lay out each of the remaining corners, set

the tripod over the stake, line the telescope up
on the existing line, and then use the protractor
of the instrument to measure a 90° corner.

To check the squareness of the layout, measure the
diagonals of a rectangle formed by the layout, Figure 10-3.
When all four corners of the rectangle are 90°, the diagonals
are equal.

Another method of checking a 90° angle is called the
6-8-10 method, Figure 10-4. Measure 6 feet from the
corner along one line. Measure 8 feet from the corner
along the other line. These points should be 10 feet apart.
(See Math Review 24.)

EQUAL
DIAGONALS

EQUAL
DIAGONALSﬂ

Figure 10-3. When the diagonals of a rectangle are the same
length, the corners are square.



BUILDING LINES
TRANSFERRED TO
BATTER BOARDS

BATTER
BOARDS

10 UNITS
8 UNITS

6 UNITS
SQUARE CORNER
Figure 10-4. The 6-8-10 method of checking a square corner. Figure 10-5. Batter boards.
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Figure 10-6. The top of this excavation is 2.3 feet above the benchmark. Its depth is 6.5 feet (101.3'-94.8’).

The building lines can be saved, even after the is measured from a fixed benchmark. A benchmark can
corner stakes are removed for earthwork, by erecting be any stationary object such as a surveyed point on a
batter boards, Figure 10-5. Batter boards are sturdy street or very large boulder. All elevations (vertical dis-
horizontal boards fastened between 2 X 4 stakes, at least tances) are measured from this benchmark. Only in the
4 feet outside the building lines. The building lines are case of a real coincidence would the benchmark be at
extended and marked on the batter boards. the same elevation as the surface of the ground where

the excavation is to be done. The actual depth of the
excavation is the difference between the elevation at

EXC&V&tIng the surface of the ground and the elevation at the bottom
of the excavation, Figure 10-6.

Most buildings require some excavation (digging) to pre- Concrete footings are placed in the bottom of the

pare the site for a foundation. The depth of the excavation excavation to support the entire weight of the building,
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Figure 10-7. These footings are placed on unexca-
vated earth to reduce the chance of the soil compacting
under them. This means that the excavation contractor
must measure the depth of the excavation accurately.
The footings may be stepped, as in Figure 10-8, to
accommodate a sloping site. This requires measuring
the depth at each step of the footing. Information about
the footing design is found on the foundation plan and
building elevations. The layout of the foundation walls
and their footings is shown on the foundation plan.
The foundation walls are shown by two solid lines
with dimensions to indicate their sizes, Figure 10-9.
A dotted line on each side of the foundation indicates
the concrete footing. The size of the footing may be

WEIGHT OF
BUILDING

= FOUNDATION WALL

{e—_SPREAD FOOTING

NERREE!

Figure 10-7. The footing spreads the weight of the building
over a greater soil area.

GRADE LINE

omitted when the plan is developed for use in several
locations.

The depth of the foundation, including its footing, is
shown on the elevations. To simplify calculating excava-
tion depths, many architects indicate the elevations as
key points along the footings, Figure 10-10. A sec-
tion view through all or part of the building may show a
typical depth, but it is wise to check all the elevations for
steps in the footing. The footings may be shown on the
elevation as a double or a single dotted line. In masonry
foundations, steps in footings are usually in increments of
8 inches to conform to standard concrete block sizes.

Use the following procedure to measure differences
in elevation, such as the depth of an excavation:

Step 1.  Setthe instrument up on a tripod, and level it in
a convenient location.

Note: A laser level is often used to measure elevations and
depths of excavations. Setting up a laser level is similar to
setting up a builder’s level. You should follow the manufac-
turer’s instructions and obey the safety precautions pro-
vided for the use of the laser level.

Step 2.  Have a partner hold the target rod on a known
elevation, such as a benchmark or ground of
known elevation, while you focus the tele-
scope and note the reading on the target rod

where the cross hairs focus.

Step 3.  Take a similar reading with the target rod at the
bottom of the excavation. The difference in the
two readings is the depth of the excavation,

Figure 10-11.

STEPPED

CONC. FOOTING

O

\J

Figure 10-8. Footings can be stopped to accommodate a sloping site.
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Figure 10-10. Spot elevations show key points on the footing and the foundation.
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Figure 10-11. This excavation is 46" deep—the difference between the two readings on the target rod.

O
v CHECK YOUR PROGRESS © Check the squareness of a building layout using a tape
measure only.
Can you perform these tasks? @ Calculate the depth excavation required for footings.
© Properly set up a builder’s level. @ Measure the depth of an excavation using a builder’s

© Use a builder’s level and tape measure to lay out build- level.

ing lines.

© Check the accuracy of right angles using a tape mea-
sure only.
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ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete this assignment.

1.

What is the distance from the Lake House to the
nearest property boundary? (Do not treat the decks
as part of the house for this question.)

What is the distance from the Lake House to the
lake?

What is the distance from the north property line to
the garage?

Whatis the area of the basement of the Lake House,
including the foundation? Ignore slight irregulari-
ties in the shape of the foundation. For ease in
calculating, divide the foundation into rectangles,
Figure 10-12.

Find the highest and lowest natural grades meeting
the house.

How much cut or fill is required for the basement at
the northeast corner of the house?

Measuring from the natural grade, how deep is the
excavation for the footing under the overhead garage
door?

Figure 10-12. Use with assignment problem 4.

8.

10.

What is the elevation at the bottom of the deepest
excavation for the Lake House? (Do not include the
garage.)

Why would a row of large evergreen trees between
the Lake House and the lake decrease the energy
efficiency of the house?

What aspect of the location of a building is most
often regulated by local ordinances?

Locating the Building 69
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Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Interpret symbols and
notes used to describe
site utilities.

O Explain the septic system
indicated on a site plan.

O Determine the pitch of
drain lines.
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Sewer Drains

The building sewer carries the waste to the municipal sewer or septic sys-
tem, Figure 11-1. Because sewer lines usually rely on gravity flow, they are
large in diameter (4 inches, minimum) and are pitched to provide flow. Because
water supply lines and gas lines are pressurized, pitch is not important in their
installation. Therefore, the sewer is installed first, and other piping is routed
around it as necessary. The size, material, and pitch of drains are usually given
in a note on the site plan, Figure 11-2. The pitch of a pipe is given in fractions
of an inch per foot. A pitch of %4 inch per foot means that for every horizontal
foot, the pipe rises or falls % inch.

In some cases, sewers may have to flow uphill. This is the case with the
Lake House. Uphill flow is accomplished by a grinder pump, Figure 11-3.
A grinder pump grinds solids into small enough particles to be pumped and
pumps the sewage at low pressure.

VENT

/A4

A

1 gl
HOUSE SEWER i I ] My
I
MUNICIPAL SEWER Q) ‘ |J‘\|

Figure 13-1 The house sewer carries waste from the house to

Figure 11-1. The house sewer carries waste from the house to the municipal sewer or
septic systems.
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SEWER
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Figure 11-2. This note indicates cast iron pipe sloped % inch
for every foot of run.

GRINDER PUMP

HOUSE SEWER

Building Sewer

Any plumbing that is to be concealed by concrete work
must be installed without fixtures or roughed in before
the concrete is placed. Because the plumbing contractor
installs all plumbing inside the building lines, this phase of
construction is discussed later with mechanical systems.
However, the sewer line from the building to the street
is often installed before the building is erected, so it is
discussed here.

The workers who install the sewer must be able to
determine the elevation at which it passes through the
foundation and the pitch of the line outside the build-
ing. The sewer line may be shown on plans as a solid
or broken line. Although it is usually labeled, this is not
always true. When the sewer is not labeled as such, it

@)

Figure 11-3. A grinder is a pump that can move sewage uphill. Photo only: Courtesy of Environment One.
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can still be recognized by its material, pitch, and ending
place. In light construction, the sewer is usually the only
4-inch pipe to the building. Also, the sewer is the only line
with the pitch indicated.

Municipal Sewers
and Septic Systems

In most developed areas, the building sewer empties into
a municipal sewer line near the street. The contractor for
the new building is responsible for everything from the
municipal sewer to the house.

In less developed areas, the sewer carries the
sewage to a septic system. The most common type of
septic system includes a septic tank and drain field,
Figure 11-4. The septic tank holds the solid waste
while it is decomposed by bacterial action. The liquids
pass through the baffles and flow out of the tank to the
distribution box. The distribution box (D.B.) diverts the
liquid into /each lines. These perforated plastic or loose-
fitting tile lines allow the liquid to be absorbed by the
surrounding soil. The liquid gradually evaporates from
or drains through the soil. The drain field, where the
leach lines are laid, is usually made of a layer of crushed
stone.

The design of septic systems is closely regulated
by most health and plumbing codes. These local codes
should be checked before designing or installing any

r— BAFFLES PREVENT
SEWAGE | SOLIDS FROM FLOWING

septic system. The building code or health department
code often requires a percolation test before the system
can be approved. In a percolation test, holes are dug.
Then a measured amount of water is poured into each
hole. The amount of time required for the water to drain
into the soil is an indication of how well the soil will accept
water from the septic system. This ability to accept water
is called percolation. The locations of key elements in the
system are often shown on the site plan.

Other Piping

Other utility piping, such as that for water supply or
gas, is shown on the site plan. If these lines will pass
beneath the concrete footings or be concealed under
a concrete slab, they must be roughed in before the
concrete is placed. Water supply pipes follow the most
direct route from the municipal water main or well to
the main shutoff valve or pump. Gas lines run from the
main to the gas meter. All supply lines on the plot plan
should be labeled according to type and size of piping,
Figure 11-5.

Electrical Service

The electrical service is the wiring that brings electricity
to the house. There are two types of electrical service:

FROM BLDG. CRUSHED STONE BED
[
DISTRIBUTION \ LEACH FIELD
BOX - U (LIQUID EFFLUENT SEEPS
Y o SN ks
SEPTIC TANK f \ S SFESE .
- - o=
A
PR \‘} SESTA
2 |
A AN - -
SLUDGE Eirss =N

(SOLID WASTE
DECOMPOSES HERE )

O

.

LIQUID EFFLUENT
FROM SEPTIC TaNK

PERFORATED PIPE

\J

Figure 11-4. Septic system.
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Figure 11-5. Partial site plan with utilities indicated.

overhead and underground (or buried). Overhead service
involves a cable from the utility company transformer or
pole to a weather-tight fixture called a service head or
mast head on the house, Figure 11-6. The service head
is mounted on the top of a pipe, which serves as a conduit
to the meter receptacle. In an underground service, the
cable is buried, Figure 11-7. Although electrical service
is a site utility, it is not usually installed until the building
is enclosed.

The electrical service to residential and small com-
mercial buildings is similar, as previously explained
and as shown in Figures 11-6 and 11-7. This type
of service has only one distribution point, the main
electrical panel. Heavy commercial and industrial

@)

SERVICE HEAD
(BY OWNER)

OVERHEAD ELEC.
SERVICE
(BY UTILITY CO

POLE & TRANSFORMER
(BY UTILITY CO.)

Figure 11-6. Overhead electrical service.
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Figure 11-7. Underground electrical service.

v CHECK YOUR PROGRESS

Can you perform these tasks?

O Identify electrical service, water, and sewage lines
shown on a site plan.

O Explain the operation of a septic system.

© Tell at what elevation sewer lines are to pass through
a foundation.

© Tell what the elevation should be at each end of a
pitched sewer pipe.
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electrical services require multiconductor feeders,
and typically these are underground services from a
utility transformer to a service entrance section in the
designated electrical or utility room. Additional utility
coordination will be required within the building, which
is discussed in Unit 14. The placement of these under-
ground electrical utility lines must be coordinated with
the locations of other site and building utilities prior to
starting installation.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

1. What size is the sewer for the Lake House?

2. How many lineal feet are required from the founda-
tion wall to the septic tank?

3. What is the rise of the sewer from the house to the
septic tank?

4. Where does the sewer pass through the foundation?

5. How many lineal feet of perforated pipe are needed
for the drain field?

6. How many cubic yards of crushed stone are needed
for the drain field?

7. What is the location of the electrical service?



Footings
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UNIT

All soil can change shape under force. When the tremendous weight of a
building is placed on soil, the soil tends to compress under the foundation walls
and allow the building to settle. To prevent settling, concrete footings are used
to spread the weight of the building over more area. The footings distribute the
weight of the building, so that there is less force per square foot of area.

The simplest type of footing used in residential construction is referred
to as slab-on-grade. In this system the main floor of the building is a single
concrete slab, reinforced with steel to prevent cracking. This slab supports the
weight of the building, Figure 12-1. Slab-on-grade foundations are common
in warm climates. This type of construction is indicated on the floor plan by a
note, Figure 12-2, and on section views of the construction, Figure 12-3.
If excavation is involved in the construction where a slab-on-grade is to be
placed, it is very important to thoroughly compact all loose fill before placing
the concrete. Tamping the fill prevents the soil from compacting under the
concrete later, causing the concrete to settle or crack.

Athickened slab, sometimes called a haunch, is used to further strengthen
the slab where concentrated weight, such as a bearing wall, will be located.
A haunchis an extra thick portion of the slab that is made by ditching the earth
before the concrete is placed, Figure 12-4.

FLOOR \

COVER!NG7

VAPOR BARRIER

WELDED WIRE FABRIC
REINFORCES CONCRETE

STEEL REINFORCING BARS
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Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Find all information on a
set of drawings pertaining
to footing design.

Interpret drawings for
stepped footings used to
accommodate changes in
elevation.

Discuss applicable
building codes pertaining
to building design.

WALL CONSTRUCTION

CONCRETE SLAB

Figure 12-1. Slab-on-grade foundation.

Q
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Figure 12-2. Note indicating slab-on-grade construction.
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Figure 12-3. Typical wall section for slab-on-grade
construction.
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HAUNCH TO
REINFORCE SLAB

CONCRETE SLAB

Figure 12-4. A haunch is a thickened part of a slab to reinforce
it under a load-bearing wall.

Spread Footings

In most sections of the country, the foundation of the
house rests on a footing separate from the concrete floor.
This separate concrete footing is called a spread footing
because it spreads the force of the foundation wall over
a wider area, Figure 12-5. Spread footings may be
made by placing concrete inside wooden or metal forms,
Figure 12-6, or placing the concrete in carefully mea-
sured ditches. In either case, the footing is shown on the
foundation or basement plan by dotted lines outside the
foundation wall lines, Figure 12-7.



FOUNDATION WALL —\

SPREAD FOOTING

Figure 12-5. A spread footing is so named because it
“spreads” the downward force of the foundation wall over a
greater soil area.

Figure 12-6. Footing forms.
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Figure 12-7. The footing lines are sometimes shown on the foundation plan by broken lines around the foundation.
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MONOLITHIC (ONE PIECE)

Figure 12-8. Anchoring the foundation wall to the footing.

The dimensions of the footings can be determined
from the dimensions shown for the foundation. The foun-
dation rests on the center of the footing unless otherwise
specified, but the dimensions must meet the minimum
requirements shown in Table R403.1 of the International
Residential Code®. Therefore, if an 8-inch foundation
rests on a 16-inch footing, the footing projects 4 inches
beyond the foundation on each side. To lay out these foot-
ing lines, measure 4 inches from the building lines marked
on the batter boards. Where footing lines cross to form
a corner, suspend a plumb bob. Drive a stake under the
plumb bob. Then, drive a nail in the stake to accurately
mark the corner. When all corners are located in this
manner, stretch a line between the nails to locate the
inside of the footing forms.

A complete set of construction drawings also
includes sections that show the spread footing in greater
detail. However, these drawings are often superseded
by local building codes. Building codes for footings
include such things as minimum permissible depth of
footing, required strength of concrete for footings, the
width of footings, and the use of keys or dowels made
of reinforcing steel, Figure 12-8. The drawings for the
Lake House are drawn to satisfy the building codes that
are enforced in the community where it is to be built.
If the drawings were done for a plan catalog where
the locality is not known in advance, the International
Residential Code® might be used as a guide, but the
builder would be referred to local building codes and
many dimensions would be omitted. Figure 12-9
shows an excerpt from the /International Residential
Code® section on footings.

When reading the foundation plan for footing dimen-
sions, pay particular attention to special features like
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fireplaces and pilasters. (Pilasters are thickened sec-
tions of the foundation wall that add strength to the wall.)
The footing in these areas will probably be wider and may
be deeper than under straight sections of foundation wall.
There are times when a footing or foundation wall must be
crossed or penetrated by a utility line. Care must be taken
when penetrating a footing or foundation wall. If the pen-
etration is not shown on the drawings, prior approval by
an engineer is most often required, and the building code
probably regulates how it can be done. Iltems of concern
include expansion and contraction between the utility
line and footing or foundation wall, reduction in structural
strength, and breaking the moisture barrier.

Column Pads

Where steel columns, masonry piers, and wooden posts
are used in the construction, a special concrete pad is
indicated on the foundation plan, Figure 12-10. As
with other footings, building codes for the area should
be consulted for the design of these pads. These pads,
as with all other footings, should rest on unexcavated or
well-tamped earth.

Reinforcement

Footings, column pads, and other structural concrete
frequently include steel reinforcement. Footing rein-
forcement is normally in the form of steel reinforcement
bars, commonly called rebars. Reinforcement bars are
designated by their diameters in eighths of an inch,
Figure 12-11.



TABLE R403.1
MINIMUM WIDTH OF CONCRETE OR MASONRY FOOTINGS

(inches)?
LOAD-BEARING VALUE OF SOIL (psf)
1,500 | 2000 | 3000 | =400
Conventional light-frame construction
1-story 12 12 12 12
2-story 15 12 12 12
3-story 23 17 12 12
4-inch brick veneer over light frame or 8-inch hollow concrete masonry
1-story 12 12 12 12
2-story 21 16 . 12 12
3-story 32 24 16 12
8-inch solid or fully grouted masonry
1-story 16 12 12 12
2-story 29 21 14 12
3-story 42 32 21 16

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 0.0479 kN/m?.

a. Where minimum footing width is 12 inches, a single wythe of solid
or fully grouted 12-inch nominal concrete masonry units is per-
mitted to be used.

Figure 12-9. This is a table from the International
Residential Code®. The entire section on footings is six pages
long. Reproduced with permission from the International
Residential Code®, 2006. Falls Church, VA: International Code
Council, 2003.
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Figure 12-10. Column footings appear as a rectangle of broken
lines on the plan.

REINFORCEMENT BARS
Size Designation Diameter in Inches
3 375
4 .500
5 625
6 750
7 .875
8 1.000
9 1.128
10 1.270
11 1.410
14 1.693
18 2.257

Figure 12-11. Standard sizes of rebars.

Depth of Footings

In many sections of North America, the moisture in the
surface of the earth freezes in the winter. As this frost
forms, it causes the earth to expand. The force of this
expansion is so great that if the earth under the footing
of a building is allowed to freeze, it either cracks the
footing or moves the building. To eliminate this problem,
the footing is always placed below the depth of any
possible freezing. This depth is called the frostline,
Figure 12-12.

The frost-depth map shown in Figure 12-12 is
only approximate and is not generally accurate enough
for foundation design. Figure 12-13 is from the
International Residential Code® and is to be used by local
building departments to specify foundation and footing
design more precisely. The building department would
fill in each of the spaces on the form for its particular
jurisdiction.

Two methods are commonly used to indicate the
elevation, or depth, of the bottom of the footings. The
easiest to interpret is for spot elevations to be given at
key points on the elevation drawings. Where elevations
are given in this manner, the tops of the footing forms are
leveled with a leveling instrument, using a benchmark for
reference.

Another commonly used method is to dimension the
bottom of the footing from a point of known elevation.
This may be the finished floor or the top of the masonry
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Figure 12-12. Average frost depths in the United States.
TABLE R301.2(1)
CLIMATIC AND GEOGRAPHIC DESIGN CRITERIA
SUBJECT TO DAMAGE FROM ———
GROUND WIND SEISMIC Frost WINTER | UNDER- AIR MEAN
SNOW SPEED® DESIGN line DESIGN | LAYMENT | FLOOD | FREEZING | ANNUAL
LOAD (mph) CATEGORYY | Weathering® | depth? | Termite® Decay? | TEMP! | REQUIRED! | HAZARDS" INDEXI TEMPK

For SI: 1 pound per square foot = 0.0479 kN/m?, 1 mile per hour = 1.609 km/h.

a. Weathering may require a higher strength concrete or grade of masonry than necessary to satisfy the structural requirements of this code. The weathering column
shall be filled in with the weathering index (i.c., “ncgligible,” “moderate” or “severe”) for concrete as determined from the Weathering Probability Map [Figure
R301.2(3)]. The grade of masonry units shall be determined from ASTM C34,C55,C62,C73,C9),C129,C 145, C216 or C652.

b. The frost line depth may require deeper footings than indicated in Figure R403.1(1). The jurisdiction shall fill in the frost line depth column with the minimum
depth of footing below finish grade.

c. The jurisdiction shall fill in this part of the table with “very heavy,” “moderate to heavy,” “slight to moderate,” or “none to slight” in accordance with Figure
R301.2(6) depending on whether there has been a history of local damage.

d. The jurisdiction shall fill in this part of the table with "moderate to severe,” "slight tomoderate,” or "none toslight” in accordance with Figure R301.2(7) depend-
ing on whether there has been a history of local damage.

¢. The jurisdiction shall fill in this part of the table with the wind speed from the basic wind speed map [Figure R301.2(4)]. Wind exposure category shall be deter-
mined on a site-specific basis in accordance with Section R301.2.1.4.

f. The outdoor design dry-bulb temperature shall be selected from the columns of 971/5-percent values for winter from Appendix D of the International Plumbing
Code. Deviations from the Appendix D shall be permitted to reflect local climates or local weather experience as d ined by the building official.

g. The jurisdiction shall fill in this part of the table with the Seismic Design Category determined from Section R301.2.2.1.

h. The jurisdiction shall fill in this part of the table with (a) the date of the jurisdiction’s entry into the National Flood Insurance Program (date of adoption of the first
code or ordinance for management of flood hazard areas), (b) the date(s) of the currently effective FIRM and FBFM, or other flood hazard map adopted by the
= ity, as may be led

i. Inaccordance with Sections R905.2.7.1, R905.4.3, R905.5.3, R905.6.3, R905.7.3 and R905.8.3, for areas where the average daily temperature in January is25°F
(-4°C) or less, or where there has been a history of local damage from the effects of ice damming, the jurisdiction shall fill in this part of the table with “YES.”
Otherwise, the jurisdiction shall fill in this part of the table with “NO.”

j. The jurisdiction shall fill in this part of the table with the 100-year return period air freezing index (BF-days) from Figure R403.3(2) or from the 100-year (99%)
value on the National Climatic Data Center data table “Air Freezing Index- USA Method (Base 32° Fahrenheit)” at www.ncdc.noaa.gov/fpsf.html.

k. The jurisdiction shall fill in this part of the table with the mean annual temperature from the National Climatic Data Center data table “Air Freezing Index- USA
Method (Base 32° Fahrenheit)” at www.ncde.noaa.gov/fpsf.html.

O

\J
Figure 12-13. Climate and geographic design information to be provided by the local building department in the International Residential
Code®. Reproduced with permission from the International Residential Code®, 2006. Country Club Hills, IL International Code Council, 2006.
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foundation, for example. These dimensions are given
on the building elevations. Footings and other
features marked with a reference symbol, called ‘@' a
datum symbol, are to be used as reference points for
other dimensions.

For an example, see the South Elevation 3/3 of the
Lake House (included in the packet). The left end of this
view shows a footing with its bottom at an elevation
of 334.83 feet. This is a variation of the usual practice of
showing the elevation of the top of the footing. The top of
this footing is 10 inches higher, or 335.66 feet. (See Math
Review 16.) What room of the Lake House is this footing
under?

At the right end of the South Elevation 3/3, the footing
is shown to be 5'-4" below the finished floor and masonry.
This is the basement floor, which the Site Plan shows to
be at 337.0 feet. Therefore, the top of this footing is at
331'-8", or 331.66'.

Stepped Footings

On sloping building sites, it is necessary to change the
depth of the footings to accommodate the slope. This is
done by stepping the footings. When concrete blocks are
to be used for the foundation walls, these steps are nor-
mally in increments of 8 inches. This allows the concrete
blocks to be laid so that the top of each footing step is

O)

STEEL REINFORCEMENT
CONTINUOUS
THROUGH STEP

8" STEP

MINIMUM OVERLAP
IS 6 INCHES

Figure 12-14. Stepped footing.

even with a masonry course. Some buildings require sev-
eral steps in the footing to accommodate steeply sloping
sites. Steps in the footings are shown on the elevation
drawings and on the foundation plan by a single line
across the footing.

The Lake House has several steps in the footing. For
example, see the east side of the garage. This is shown
in the East Elevation 2/3. This step is also shown on the
Foundation Plan. It is 8'-0" from the north end of the
garage. Notice that the two levels of the footing overlap
each other. These are built in one overlapping section,
Figure 12-14.

\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

O List the dimensions of a slab-on-grade, including
footings, when this type of foundation is shown on
construction drawings.

© List the thickness, width, and reinforcement to be used
for spread footings.

O ldentify steps in footings, and give the dimensions of
each step.

© Give the locations and dimensions of footings for col-
umns, posts, and other features.

© Give the dimensions and reinforcement to be used for
any thickened haunches in a concrete slab-on-grade.

ASSIGNMENT

Refer to the Lake House drawings (included in the packet)
to complete this assignment.

1. What is the typical width and depth of the concrete
footings for the Lake House?

2. What is the total length and width (outside dimen-
sions) of the concrete footings for the garage of the
Lake House? (Remember to allow for the footings to
project beyond the foundation wall.)

3. How many concrete pads are shown for footings
under columns or piers in the Lake House?

4. What are the dimensions of these pads?

5. What reinforcement is indicated for these pads?

Footings 8l



. What reinforcement is indicated for the spread foot-
ings under the Lake House?

. What is indicated by the 2-inch dimension between
the 12-inch round concrete footings?

. What is the elevation of the top of the footing under
the garage door?

. What are the elevations of the tops of each section of
concrete footing shown on the East Elevation 2/3?
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10.

11.

How far outside the foundation walls are the typical
footings?

Refer to the building code in your community (or
the model code section shown in Figure 12-9),
and list the specific differences between the Lake
House footings and the minimum code requirements.
Assume a soil load-bearing capacity of 2,000 pounds
per square foot.



T UNIT

Foundation Walls

O)
¢/

Laying Out the Foundation Objectives

When the concrete for the footings has hardened and the forms are removed,
carpenters can begin erecting forms for concrete foundations, or masons can
begin laying blocks or bricks for masonry foundations. Although the material
differs, the drawings and their interpretation for each type of foundation are
similar.

In Unit 12 you referred to the dimensions on the foundation plan to lay out
the footings. The same dimensions are used to lay out the foundation walls. The
layout process is also similar. The outside surface of the foundation wall is laid
out using previously constructed batter boards. Then the forms are erected or

After completing this unit,
you will be able to perform
the following tasks:

O Determine the locations
and dimensions of
foundation walls
indicated on a set of

the masonry units are laid to these lines. The foundation plan includes over- drawings.

all dimensions, dimensions to interior corners and special constructions, and O Describe special
dimensions of special smaller features. It is customary to place the smallest features indicated for the
dimensions closest to the drawing. The overall dimensions are placed around foundation on a set of
the outside of the drawing, Figure 13-1. drawings.

All drawing sets include, at least, a wall section showing how the founda-
tion is built, how it is secured to the footings, and any special construction at
the top of the foundation wall, Figure 13-2. Although a typical wall section
may indicate the thickness of the foundation wall, you should carefully check
around the entire wall on the foundation plan to find any notes that indicate
varying thicknesses of the foundation wall. For example, the wall may be
12 inches thick where it has to support brick veneer above, while it is only
8 inches thick on the back of the building where there is no brick veneer. A
careful check of the foundation plan for the Lake House shows that the house
foundation calls for 12-inch, 10-inch, and 6-inch concrete block and that the
garage foundation calls for 8-inch block.

Structural concrete is the most common foundation material, because it is
strong and concrete foundations can be built quickly. The Lake House used for
study in this unit uses concrete blocks for the foundation, because the draw-
ings are similar for either material; however, there are some additional topics
to be discussed for masonry (concrete block) foundations.

The details for a masonry foundation may call for horizontal reinforcement
in every second or third course. This is usually prefabricated wire reinforce-
ment to be embedded in the mortar joints. Prefabricated wire reinforcement is
available in varying sizes for different sizes of concrete blocks.

The height of the foundation wall is dimensioned on the building elevations.
These are the same dimensions as those used to determine the depth of the

Foundation Walls 83
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Figure 13-1. Dimensioning on a foundation plan.

footings in the preceding unit. Just as the footing was
stepped to accommodate a sloping building site, the top
of the foundation wall may be stepped to accommodate
varying floor levels in the superstructure (construction
above the foundation), Figure 13-3.

The top of a masonry foundation may be built with
smaller concrete blocks to form a ledge upon which later
brickwork will be built. It is also common practice to use
one course of 4-inch solid block as the top course of the
foundation wall.

In concrete foundations, anchor bolts are placed
in the top of the foundation, Figure 13-4. These bolts
are left protruding out of the top of the foundation so that
the wood superstructure can be fastened in place later.
Anchor bolts are not normally shown on the foundation
plan, but a note on the wall section indicates their spacing.
On masonry walls, anchor bolts can be placed in the hol-
low cores of the concrete blocks. They are held in place
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by filling the core with mortar grout. Grout is a portland
cement mixture that has high strength.

In areas where there is a threat of extremely high
winds or earthquakes, additional hold-down straps may
be called for, Figure 13-5. These hold-downs are nor-
mally only used with concrete foundations.

Special Features

Many foundations include steel or wooden beams,
which act as girders to support the floor framing over
long spans, Figure 13-6. When the girder is steel, it is
indicated by a single line with a note specifying the size
and type of structural steel. A wood girder is usually
indicated by two or more lines and a note specifying the
number of pieces of wood and their sizes in a built-up
girder, Figure 13-7.
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Figure 13-5. Anchor bolts and hold-down strap are used in an
earthquake zone.

Figure 13-3. The top of the foundation may be stepped to allow
for a partial hasement or varying floor levels.
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Figure 13-6. The girder supports the floor framing. Courtesy of the Trus Joist Corporation.

COMMON SiZES OF STRUCTURAL STEEL GIRDERS

SHAPE:
S = STANDARD BEAM
W = WIDE-FLANGE BEAM
NOMINAL DEPTH IN INCHES
’_. I—-WEIGHT PER FOOT IN POUNDS

COMMON SIZES OF WOOD BUILT-UP GIRDERS

NUMBER OF PIECES
THICKNESS EACH

! (NOMINAL) IN INCHES
S 10 x 35 WIDTH EACH (NOMINAL)
S 8 x 23 r IN INCHES
S 8 X 184
W 10 X 33 2 — 2 % 10
W10 x 21 2 — 2 % 12
W 10 X 115 3 - 2 % 10
w 8 x 3 o2 ox 1o
w 8 x 28
W 8 X 17
w 8 x 13
)
7

Figure 13-7. Typical specifications for structural steel and wood built-up girders—other types are described in the project
specifications.
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—
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|

CONC. FOUNDATION

SECTION THRU BEAM POCKET

Figure 13-8. A beam pocket is a recess in the wall to hold the girder.

If the top of the girder is to be flush with the top of the
foundation beam, pockets must be provided in the foun-
dation, Figure 13-8. Beam pockets are usually shown
on the details and sections of the construction drawings.
The locations of these heam pockets are dimensioned on
the foundation plans.

If windows are to be included in the foundation, the
form carpenter or mason must provide rough openings
of the proper size. The locations of windows should be
dimensioned on the foundation plan. The sizes of the
windows may be shown by a note or given on the win-
dow schedule. Window sizes and window schedules are
discussed in Unit 25. It is important, however, to get the
masonry opening size from the window manufacturer
before forming the opening in the foundation wall. The
masonry opening is the size of the opening required in
the foundation wall to accommodate the window. This
size may be different from the nominal size given in a
note on the foundation plan. The foundation may include
pilasters for extra support. A pilasteris a thickened sec-
tion of the foundation, which helps it resist the pressure
exerted by the earth on the outside. The location and size
of pilasters are shown on the foundation plan.

The Lake House drawing includes a special feature
not commonly found on foundation plans for houses.
There are four notes that read 3%” [ STD. WT. STL. COL.
W/8 X 8 X %2 B.PL. These notes indicate a 3%2-inch square,
standard-weight, steel column with 8-inch-by-8-inch-by-
Ya-inch-thick base plates. This structural steelwork is
explained in more detail later, but to completely under-
stand the foundation plan, it is necessary to know that

Q

the steel will be erected. The stress that this steelwork
will place on the foundation is the reason for another note
on the foundation plan in the area near the 18-inch round
concrete footings. That note says FILL CORE SOLID W/
GROUT 1:1:6 = PORTLAND : MAS. CEMENT : AGGREGATE.
The cores in the concrete block foundation where the
steelwork will be erected are filled with this grout to pro-
vide the extra strength necessary to support the steel.

Permanent Wood Foundation

Foundations are usually constructed of concrete or con-
crete block. However, a type of specially treated wood
foundation is sometimes used, Figure 13-9. These per-
manent wood foundations do not use concrete footings.

Figure 13-9. Permanent wood foundation. Courtesy of National
Forest Products Association.
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Figure 13-10. Section of wood foundation.

O

Instead, they are built on 2 X 8s or laid on gravel
fill below the frostline. The foundation walls are framed
with lumber that has been pressure treated to make it
rot resistant and insect resistant. The framing is cov-
ered with a plywood skin, and the plywood is covered
with polyethylene film for complete moisture proofing,
Figure 13-10. All the nails in a wood foundation are
stainless steel to prevent rusting.

\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

°Give the length, width, and any offsets in a foundation
wall.

‘Name the material to be used for the foundation walls,
including any reinforcement.

‘Describe the locations and dimensions of all window
openings, door openings, beam pockets, and other
openings in the foundation walls.

‘Tell what the elevation is at any point on the founda-
tion wall.

‘Describe anchor bolts and other tie-downs to be
embedded in the foundation.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

1. What is the typical thickness of the concrete block
foundation for the Lake House?
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2. How many lineal feet of block wall are included in the
foundations of the Lake House and garage?

3. How thick is the south foundation of the fireplace?

4. What s the elevation of the top of the north end of the
east foundation wall of the Lake House?

5. What is the highest elevation on the Lake House
foundation?

6. How many courses of block are required at the high-
est elevation of the Lake House foundation?

7. What size anchor bolts are indicated at the top of the
Lake House foundation?

8. What spacing is indicated for the anchor bolts?

9. How close (in courses) is horizontal reinforcement to
be placed in the Lake House foundation?

10. What is the elevation of the top of the concrete block
wall at the southwest 312" JZ]/ steel column?

11. In how many places are the concrete block walls to
be filled with grout?
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Drainage, UNIT
Insulation, and
Concrete Slabs
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Drainage Objectives

After the foundation walls are erected and before the excavation outside the After completing this unit
TN?]”S. is backfilled (f_illed with earth.to the fi.nished grade line), footing drain_s, you will be able to perform
if indicated, must be installed. Footing drains are usually perforated plastic the following tasks:

pipe placed around the footings in a bed of crushed stone, Figure 14-1. If
the site has a natural slope, the footing drains can be run around the founda-
tion wall to the lowest point, then away from the building to drain by gravity.
In areas where there is no natural drainage, the drain is run to a dry well or
municipal storm drain.

At one time, clay drain tile was the most common type of pipe for this
purpose. However, perforated plastic pipe is used in most new construction. O Locate and describe
Plastic drain pipe is manufactured in 10-foot lengths of rigid pipe and in 250-foot subsurface insulation.
rolls of flexible pipe, Figure 14-2. An assortment of plastic fittings is available
for joining rigid plastic pipe. When footing drains are to be included, they are
shown on a wall section or footing detail, Figure 14-3. A note on the drawing
indicates the size and material of the pipe.

If the floor drains are to be included in concrete-slab floors, they are indi-
cated by a symbol on the appropriate floor plan, Figure 14-4. If these floor

O Locate and explain
information for control of
groundwater as shown
on a set of drawings.

O Determine the dimensions
of concrete slabs and the
reinforcement to be used
in concrete slabs.

FILTER FABRIC
CRUSHED STONE OR GRAVEL

0
&

X0
N
L

V]

>,

O
K
Y

N
D
’}
A\
X
N
N
P

PERFORATED PLASTIC PIPE
PITCHED TOWARD STORM
SEWER, DRY WELL, OR SUMP

Figure 14-1. Footing drain.
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Figure 14-4. The floor drain is shown by a symbol. (Notice that
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Figure 14-2. Plastic drain pipe.
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Figure 14-3. Footing drains are shown outside the footing.
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drains run under a concrete footing, the piping had to be
installed before the footing was placed (see Unit 11). The
riser (vertical part through the floor) and drain basin are
usually set at the proper elevation just prior to placing the
concrete floor.

The floor plan may include a spot elevation for the
finished drain, or it may be necessary to calculate it from
information given for the pitch of the concrete slab. Pitch
of concrete slabs is discussed later in this unit.

Vapor Barriers

Another technique often used to prevent groundwater
from seeping through the foundation is coating the foun-
dation wall with asphalt foundation coating.

At this point, subsurface work outside the founda-
tion wall is completed, but backfilling should not be
done until the superstructure is framed. The weight and
rigidity of the floor on the foundation wall help the wall
resist the pressure of the backfill. If the backfilling must
be done before the framing, the foundation walls should
be braced. To retard the flow of moisture from the earth
through the concrete-slab floor, the drawings may call for
a layer of gravel over the entire area before the concrete
is placed. A polyethylene vapor barrier is laid over the
gravel underfill. The thickness of polyethylene sheeting is
measured in mils. One mil equals 1/1,000 of an inch. For
vapor barriers, 6-mil polyethylene is generally used.

Insulation

In cold climates, it is desirable to insulate the foundation
and concrete slab. This insulation is usually rigid plastic
foam board placed against the foundation wall or laid
over the gravel underfill, Figure 14-5.

Like all materials, concrete and masonry expand
and contract slightly with changes in temperature. To
allow for this slight expansion and contraction, the
joint between the concrete slab and foundation wall
should include a compressible expansion joint material.
Expansion joints can be made from any compressible
material such as neoprene or composition sheathing
material. This expansion joint filler is as wide as the slab
is thick and is simply placed against the foundation wall
before the concrete is placed.

Concrete Slabs

When the house has a basement, the floor is a concrete
slab-on-grade. The areas to be covered with concrete are
indicated on the foundation plan or basement floor plan.
This is usually done by an area not giving the thickness
of the concrete slab and any reinforcing steel to be used.
To help the concrete resist minor stresses, it is usually
reinforced with welded wire fabric. The specifications for
welded wire fabric are explained in Figure 14-6. Where

/7'€/6 10 IMSUL . BD.

_ﬁ\‘—
7
7,
FIN. GRADE
o
/
LEAN BACKFILL—"
FEOSTL/NEW
NL "
~ £

RIGID INSUL.. BD.

@)

Figure 14-5. Rigid plastic foam insulation may be laid under the perimeter of the floor or against the foundation wall.
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Figure 14-6. The callout for welded wire fabric explains the
size and spacing of the wires.

the slab must support bearing walls or masonry parti-
tions, it may be haunched, as discussed in Unit 12.

When floor drains are included or where water must
be allowed to run off, the slab is pitched (sloped slightly).
A note on the drawings indicates the amount of pitch.
One-quarter inch per foot is common. When there is any
possibility of confusion about which way the slab is to be
pitched, bold arrows are drawn to show the direction the
water will run, Figure 14-7.

When floor drains or forms are set for pitched floors,
it is necessary to find the total pitch of the slab. This is
done by multiplying the pitch per foot by the number of

feet over which the slab is pitched. (See Math Review 8.)
For example, if the note on a concrete apron in front of
a garage door indicates a pitch of Y2 inch per foot and the
apron is 4 feet wide, the total pitch is 2 inches. The proper
elevation for the form at the outer edge of the apron is
2 inches less than the finished floor elevation.

Slab-on-grade installations may require electrical
raceways to be installed in or just below the concrete
slab in the crushed or gravel fill. These installations
must be made so that they do not reduce the structural
integrity of the concrete slab. An oversized raceway in
the concrete slab may cause the slab to crack and settle
unevenly. An electrician should be present during con-
crete placement to observe and correct any damage to
these electrical raceways.

All underground utility systems must be coordinated
prior to starting installation, especially in commercial and
industrial buildings, as discussed in Unit 11. The service
entrance section may have up to six subdistribution sec-
tions or panels located throughout the building. Electrical
feeders are required from the electrical service entrance
section to these subdistribution sections or panels. This
requires detailed coordination between the electrical
installer and the other utility installers prior to starting
the installation of the utility systems. The electrical
installation must be laid out around the other utilities,
with the other utility layouts normally having priority. The
other utilities to be coordinated may include plumbing,
fire sprinkler, heating and air conditioning, and specialty
systems. This coordination must be done for both the
underground and aboveground systems.
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Figure 14-7. A bold arrow indicates the way that water will run off a pitched surface.
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Some of the concrete work in the Lake House is
of particular interest, because it is part of the passive
solar heating system the Lake House uses. Section 1/4
and the lower-level floor plan 1/2 indicate that the
area under the living room and dining room floors is a
heat sink. A heat sink is a mass of dense material that
absorbs the energy of the sun during the day and radi-
ates it at night. The living room and dining room are on

O

the south side of the Lake House. In the winter, when
the leaves are off the deciduous trees, the sun shines
in the large areas of glass in these rooms and warms
the heat sink. At night, this heat is radiated into the
house to provide additional heat when it is needed
most. The floor over the heat sink is a concrete slab
similar to that used in the playroom. Detail 2/5 helps
explain this concrete slab.

\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

© Describe the footing drains shown on a set of con-
struction drawings.

© Name the material and its thickness when foundation
insulation is shown.

© Describe any vapor barriers or foundation coating to
be applied to the foundation or under concrete slabs.

O List the dimensions of any concrete slab floors shown
on the drawings.

© Describe the reinforcement to be used in concrete
slabs.

© Explain the pitch of a concrete slab to provide for
drainage.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete this assignment.

1. What is the thickness of the concrete slab over the
heat sink in the Lake House? What is the largest
raceway (conduit) that could be installed in this
slab?

2. Describe the reinforcement used in the concrete slab
in the playroom of the Lake House.

3. How many square feet of 2-inch rigid insulation are
needed for the Lake House heat sink?

4. What prevents moisture from seeping through the
concrete slab floor in the Lake House?

5. Whatis the finished floor elevation of the Lake House
garage?

6. What is the elevation of the floor drain in the utility
room of the Lake House?

7. What is the purpose of the 8-inch-thick concrete
haunch in the middle of the Lake House slah?

8. How many cubic yards of concrete are required for
the garage floor? The basement floor?
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UNIT

Framing Systems

Obijectives

After completing this unit,

you will be able to identify
each of the following types
of framing on construction
drawings:

O Platform
O Balloon
O Post-and-beam

O Energy-saving
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Platform Framing

Platform framing, also called western framing, is the type of framing
used in most houses builtin the last 30 years, Figure 15-1. Itis called platform
framing because as the rough floor is built at each level, it forms a platform on
which to work while erecting the next level, Figure 15-2.

A characteristic of platform framing is that all wall studs, the main framing
members in walls, extend only the height of one story. Interior walls, called
partitions, are the same as exterior walls. The bottoms of the studs are held in
position by a bottom (or sole) plate. The tops of the studs are held in position
by a top plate. Usually, a double top plate is overlapped at the corners to tie
intersecting walls and partitions together, Figure 15-3. In some construction,
the second top plate is not used. Instead, metal framing clips are used to tie
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Figure 15-1. Platform, or western, framing.
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Figure 15-2. Platform, or western, framing provides a convenient work surface during construction.

Figure 15-3. The double top plate overlaps at the corners.

intersecting walls together. Upper floors rest on the top
plate of the walls beneath. The framing members of the
upper floors or roof are positioned over the studs of the
wall that supports them.

Platform construction can be recognized on wall
sections, Figure 15-4. Notice that the studs extend only
from one floor to the next.

Balloon Framing

In balloon framing, the exterior wall studs are
continuous from the foundation to the top of the wall,
Figure 15-5. Floor framing at intermediate levels is sup-
ported by let-in ribbon boards. This is a board that fits into
a notch in each joist and forms a support for the joists.
Although balloon framing is not as widely used as it once
was, some balloon-framing techniques are still used for
special framing situations.

In both platform-frame and balloon-frame construc-
tion, the structural frame of the walls is covered with
sheathing. Sheathing encloses the structure and, if a
structural grade is used, prevents wracking of the wall.
Wracking is the tendency of all the studs to move, as in
a parallelogram, allowing the wall to collapse to the side,
Figure 15-6. There are two ways to prevent wracking.
Plywood or other structural sheathing at the corners
of the building prevents this movement. Also, diagonal
braces can be attached to the wall framing at the corners
to prevent wracking, Figure 15-7.
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Figure 15-5. Balloon framing.

Figure 15-6. Wracking.

Seismic codes (building codes for earthquake protec-
tion) often call for interior shear walls. These are framed
walls covered with structural sheathing, Figure 15-8.
Interior shear walls make the building stronger.

Post-and-Beam Framing

Platform framing and balloon framing are character-
ized by closely spaced, lightweight framing members,
Figure 15-9. Post-and-beam framing uses heavier
framing members spaced farther apart, Figure 15-10.
These heavy timbers are joined or fastened with special
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Figure 15-7. Let-in bracing prevents wracking.
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Figure 15-8. Interior shear walls may be used in earthquake zones.

hardware, Figure 15-11. Because post-and-beam
framing uses fewer pieces of material, it can be erected
more quickly. Also, although the framing members are
large (ranging from 3 inches by 6 inches to 5 inches by
8 inches), their wider spacing results in a savings of
material. However, to span this wider spacing, floor and
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roof decking must be heavier. Post-and-beam framing is
sometimes left exposed to create special architectural
effects, Figure 15-12.

The structural core of the Lake House uses posts and
beams, detail 6/6. However, this is not purely post-and-
beam construction. The posts are 3/2-inch square steel



Figure 15-9. Conventional framing. 16" 0.C.

tubing, and the beams are plywood box beams. These
are properly called beams because they carry a load
without continuous support from below. These beams are
supported only in the beam pockets on the steel posts,
Figure 15-13. In the Lake House the post-and-beam
construction does notinclude exterior walls. In pure post-
and-beam construction, the exterior walls have widely
spaced posts, and the space between is filled in with
nonload-bearing curtain walls. These curtain walls are
merely panels that fill in the space between the structural
elements—the posts and beams.

In areas where hurricanes and high tides are a
threat, some houses are built as pole structures. Pole
buildings are a variation of post-and-beam construc-
tion. Poles, which are treated to be insect and rot

Q

resistant, are set several feet in the ground and 8 to
12 feet apart. A band joist, or header, is then bolted to
these poles, Figure 15-14. The floors, walls, and roof
are framed within the pole structure, Figure 15-15.
Pole buildings are strong; they resist severe winds. Pole
construction allows buildings to be kept above damaging
floodwaters.

Metal Framing

Light-gauge metal framing is used extensively in commer-
cial construction where the strength of structural steel or
reinforced concrete is not required. Metal framing is also
very popular in home building where termites and water
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Figure 15-10. Post-and-beam framing. 4’ 0.C.

damage are known to be problems. Light-gauge steel fram-
ing uses studs and joists, the same as wood framing. Unlike
wood framing, steel framing uses tracks and runners in
place of bottom plates and top plates, Figure 15-16. The
lighter, less expensive grades of metal framing are not
as strong as wood, so they are used primarily for interior
partitions or in conjunction with other structural materials.
Metal framing can be pre-assembled just as you would pre-
assemble wood framing. The runner is fastened to the floor
with powder-actuated fasteners. The wallboard material
is fastened to the metal studs using an electric screw gun
with sheet metal screws. Subflooring material is fastened
to the metal floor joists similarly with power-driven screws.
The construction drawings and specifications will indicate
the type of metal framing to be used. The gauge must be
taken into consideration before using certain tools (stud
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punches, powder-actuated tools, etc.) and special mount-
ing devices (box hangers, conduit brackets, etc.).

Where electrical nonmetallic-sheathed cable is
installed through metal framing, a bushing or grommet must
be installed prior to installing the cable, Figure 15-17.

Energy-Saving Techniques

When wall framing is done with 2 X 4s spaced 16 inches
on centers, up to 25 percent of the wall is solid wood.
Wood conducts heat out of the building. Only the space
between the solid wood framing can be filled with insula-
tion. By using 2 X 6 studs spaced 24 inches on centers,
the area of solid wood is reduced to less than 20 percent
of the wall. The amount of framing material is the same.
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Figure 15-11. Common timber fastenings.

Not only does this reduce the amount of wood exposed
to the surface of the wall, but it also allows for 2 inches
more insulation.

The area of exposed wood is further reduced by
special corner construction. In conventional framing,
three pieces are used to frame the corner of a wall,
Figure 15-18. To reduce heat loss through the wall,
only two pieces are used, Figure 15-19. The third piece,
which normally provides a nailing surface for the interior
drywall, is replaced by metal clips.

Examination of the first floor plan and the detail
drawings of the Lake House shows that the walls are

O

framed for maximum efficiency. Several details indicate
that the studs are 2 X 6s @ 24 0.C. This allows room for
more insulation in the wall. Also notice that the house
is sheathed with 3/4-inch insulation sheathing. Interior
partitions do not need insulation, and so they are framed
with 2 X 4s.

When installing nonmetallic-sheathed cable through
wood wall studs and floor joists, the cable must be
installed at least 11/4 inches from the nearest edge. Where
this 11/4 inches cannot be met, a 1/16-inch-thick metal
plate must be installed to protect the cable from nails and
screws, Figure 15-20.
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Figure 15-12. The exposed timber framing in this house is
an important part of its design. Courtesy of Riverbend Timber
Framing, Inc. Photo by Roger Wade.
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Figure 15-14. Basic elements of a pole building. Courtesy of American Wood Preservers Institute.
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Figure 15-15. Framing in a pole building. Courtesy of American
Wood Preservers Institute.

Q

Figure 15-16. Metal framing. Courtesy of Dietrich Metal Framing.
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Figure 15-17. Nonmetallic-sheathed cable installed through
metal framing.

A
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Figure 15-18. Conventional corner posts for 2 X 4 framing.

DRYWALL CLIP

—

Figure 15-19. Corner construction for Arkansas Energy Saving
System.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

O Identify platform framing shown on drawings, and
describe how it differs from other types of framing.

© Identify balloon framing shown on drawings, and
describe how it differs from other types of framing.

O ldentify post-and-beam framing shown on drawings,
and describe how it differs from other types.

O Identify the following framing members on a wall or
building section: joists, bottom or sole plate, top plate,
stud, ribbon (to support joists), posts, beams, and
sheathing.

© Explain what prevents a building frame from wracking.

© Describe at least three techniques for reducing the
amount of heat lost through solid wood in a building
frame.

ASSIGNMENT

1. ldentify a through g in Figure 15-21.
What kind of framing is shown in Figure 15-217
Identify a through c in Figure 15-22.
Identify a through c in Figure 15-23.

A

Sketch a plan view of a conventional corner detail.
Include drywall and sheathing.

6. Sketch a plan view of an energy-efficient corner
detail. Include drywall and sheathing.

7. What two materials are most often used for framing
homes?

8. What framing material requires bushings or grom-
mets for nonmetallic-sheathed cable installations?

Refer to the Lake House drawings (in the packet) to com-
plete the rest of the assignment.

9. Which of the types of framing discussed in this topic
is used for the Lake House?

10. What supports the west ends of the floor joists in
bedroom #1?

11. What supports the east ends of the kitchen rafters?

12. How are the box beams fastened to the 3%-inch
square posts?

13. How are the steel posts anchored?
14. What does the northwest square steel post rest on?

15. What supports the north edge of the living room
floor?

16. List the dimensions (thickness X depth X length) of
all box beams.

(Note: The length can be found by subtracting the outside
dimension of the posts from the centerline spacing shown
on the plan views.)

17. List the length of each piece of 3%-inch steel.
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Columns, Piers,
and Girders

UNIT

The most common system of floor framing in light construction involves the
use of joists and girders. Joists are parallel beams used in the floor framing,
Figure 16-1. Usually buildings are too wide for continuous joists to span the
full width. In this case, the joists are supported by one or more girders (beams)
running the length of the building. The girder is supported at regular intervals
by wood or metal posts or by masonry or concrete piers.

Columns and Piers

Metal posts called pipe columns are the most common supports for gird-
ers. However, masonry or concrete piers may be specified. The locations of
columns, posts, or piers are given by dimensions to their centerlines. When
metal or wooden posts are indicated, the only description may be a note on
the foundation plan, Figure 16-2. This note may give the size and material of
the posts only, or it may also specify the kind of bearing plates to be used at the
top and bottom of the post, Figure 16-3. A bearing plate is a steel plate that
provides a flat surface at the top or bottom of the column or post. If the girder
is supported by masonry or concrete piers, a special detail may be included to
give dimensions and reinforcement details.

Figure 16-1. Joist-and-girder floor framing. Courtesy of Richard T. Kreh, Sr.

O)
\/

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Locate columns and
piers, and describe each
from drawings.

O Locate and describe the
girders that support floor
framing.

O Determine the lengths of
columns and the heights
of piers.

Columns, Piers, and Girders 107
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Figure 16-2. Foundation plan with note for column and footing.

BEARING PLATE

&
Figure 16-3. Bearing plate.

Girders

Before the total length of the columns or height of the
piers can be calculated, it is necessary to determine the
size of the girder and its relationship to the floor joist.
Three types of girders are commonly used in residential
construction. Steel beams are often used where strength
is a critical factor. Built-up wood girders are constructed
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on the site. These consist of three or more pieces of
2-inch lumber nailed together with staggered joints to
form larger beams. The sizes and specifications for built-
up wood girders and structural steel girders are given in
Table R502.5(1) of the International Residential Code® and
shown on the foundation plan. Laminated veneer lumber
(LVL), Figure 16-4, is also popular for use as girders.
LVL is an engineered lumber product made by gluing lay-
ers of veneer together. These beams can be manufac-
tured in almost any size. They are very strong, because
lumber defects can be eliminated and all the grain runs in
the best possible direction. The notes commonly found on
a foundation plan to indicate the type of girder to be used
are shown in Figure 16-1.

Determining the Heights
of Columns and Piers

The length of the columns or height of the piers depends
on how the joists will be attached to the girder. The
floor joists may rest directly on top of the girder or may



O

Figure 16-4. LVL (laminated veneer lumber) beams are popular, because they are strong and can be manufactured in any length and

depth. Courtesy of Trus Joist Macmillan, A limited Partnership, Boise, ID.

be butted against the girder so that the top surface of
the floor joist is flush with the top surface of the girder,
Figure 16-5.

To find the height of the columns or piers, first
determine the dimension from the basement floor to the
finished first floor. Then subtract from this dimension
the depth of the first floor, including all of the framing
and the girder. Then add the distance from the top of
the basement floor to the bottom of the column. The
result equals the height of the column or pier. (See
Math Reviews 5 and 6.) For example, the following
shows the calculation of the height of the steel column
in Figure 16-6:

O Dimension from finished basement floor to finished
first floor = 8" — 102"
Allowance for finished floor = 1"
Nominal 2 X 8 joists = 74"
2 X 4 bearing surface on girder = 12"
W8 x 31=8"
Total floor framing = 173" or 1" — 53%"

O Subtract total floor framing
8 —10%2" minus 1" —5%" = 7" — 43"

O Add thickness of concrete slab
7 —43%" plus4” =7 — 8%”

Columns, Piers, and Girders 109
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Figure 16-5. Several methods of attaching joists to girders.
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Figure 16-6. Calculate the height of the steel column.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

O Give the dimensions to locate columns or piers to
support floor framing.

© Describe columns, including their material, diameter,
and bearing plates.

© Calculate the length or height of columns and piers.

© Describe the girders to be used in a building, including
their material, depth, weight or thickness, and length.

© Explain how the floor joists bear on the girders.

ASSIGNMENT

Questions 1 through 5 refer to Figure 16-7.

1. What is the length of the girder?

2. Describe the material used to build the girder, includ-
ing the size of the material.

3. What supports the girder? (Include material and
cross-sectional size.)

4. How many posts, columns, or piers support the
girder?

5. What is the height of the columns or piers supporting
the girder, including bearing plates?
Questions 6 through 10 refer to Figure 16-8.
6. What is the length of the girder?

7. Describe the material used to build the girder, includ-
ing the size of the material.

8. What supports the girder? (Include material and
cross-sectional size.)

9. How many posts, columns, or piers support the
girder?

10. What is the dimension from the top of the footing
under the pier to the top of the steel beam?

Columns, Piers, and Girders |11
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Figure 16-7. Use with assignment questions 1 through 5.
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Floor Framing

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Describe the sill
construction shown
on a set of drawings.

O Identify the size,
direction, and spacing
of floor joists according
to a set of drawings.

O Describe the floor
framing around openings
in a floor.
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Sill Construction

Where the framing rests on concrete or masonry foundation walls, the piece in
contact with the foundation is called the sill plate, Figure 17-1. The sill plate
is the piece through which the anchor bolts pass to secure the floor in place.
To prevent the sill plate from coming in direct contact with the foundation, and
to seal any small gaps, a sill sealer is often included. This is a compressible,
fibrous material that acts like a gasket in the sill construction. All lumber in
contact with the foundation, including the sill plate, must be pressure treated
(P.T.) with an approved chemical to prevent decay.

The entire construction of the floor frame at the top of the foundation is
called sill construction or the box sill. The box sill is made up of the sill sealer,
sill plate, joist, and joist header, Figure 17-2. The sizes of materials are given
on a wall section or sill detail. For areas where termites are present, a termite
shield is included in the sill construction, Figure 17-3. A termite shield
is a continuous metal shield that prevents termites from getting to the wood
superstructure.

Figure 17-1. Sill plate.
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Figure 17-2. Boxsill.
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Figure 17-3. Termite shield.

Y

SOLID wWOOD

METAL C SHAPE

Floor Joists

Floor joists are the parallel framing members that make up
most of the floor framing. Until recently, joists in residen-
tial construction were 2-inch framing lumber. However,
recent advances in the use of materials have pro-
duced several types of engineered joists, Figure 17-4.
Although the materials in each type are different, their
use is essentially the same.

Metal floor joists are often used in commercial
and industrial construction. Where nonmetallic-sheathed
cable is installed through metal studs or floor joists, a
bushing or grommet must be installed prior to installing
the cable (see Figure 15-17).

Notes on the floor plans indicate the size, direction,
and spacing of the joists in the floor above, Figure 17-5.
For example, notes on the foundation plan give the infor-
mation for the first floor framing. When the arrangement
of framing members is complicated, a framing plan may
be included, Figure 17-6. On most framing plans, each
member is represented by a single line.

In the simplest building, all joists run in the same
direction and are supported between the foundation
walls by a single girder. However, irregularities in build-
ing shapes require that joists run in different directions,
Figure 17-7. As the building design becomes more
complex, more variations in floor framing are necessary.
In a building such as the Lake House, which has floors at
varying levels, the joists are supported by a combination
of girders, beams, and load-bearing walls.

LAMINATED (TJI)

TRUSSED

Figure 17-4. Several styles of joists.

Q
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Lake House Floor Framing

The floor framing for the Lake House is shown on Framing
Plan 1/6 (included in the packet). Notice that the framing
plan is made up of a simplified floor plan and single lines
to represent floor joists, beams, and joist headers. A more
elaborate type of framing plan uses double lines to rep-
resent the thickness of each member, Figure 17-8. The
framing plan shows the location and direction of framing
members, but for more detail it will be necessary to refer
to Floor Plan 2/2 also.

The floor framing in the Lake House can be studied
most easily if itis viewed as having four parts: the kitchen,
bedroom #1, bedroom #2 and bathrooms, and the loft.
There is no floor framing for the living room and dining
room. These two areas form the heat sink for the passive-
solar features discussed in earlier units. The floors in
these rooms are concrete to absorb and radiate solar
heat. As each area is framed, the carpenter must identify
the following:

O Joist headers (locate the outer ends of joists)

O Bearing for inner ends of joists (beams, walls, etc.)
O Size and type of framing materials

O Length of joists

O Spacing

O Framing at openings

The joist headers are easily identified on the framing plan,
but their exact position should be checked on the detail
drawings. They may be set back to create a brick ledge,
to accommodate wall finish, or to be flush with the foun-
dation, Figure 17-9.

The bearing (support) for the inner ends of some of
the joists in the Lake House is the structural-steel-and-
box-beam core, detail 6/6. This core consists of four
37" square steel posts with wood box beams and steel-
channel beams. The positions of the posts are shown on
all plan views of the house. The C8 X 11.5 steel acts as
a beam to support the floor in bedroom #2. Two 2 X 10s
support the loft. The plywood box beams form part of
the roof framing. The double 2 X 10 beam rests in beam
pockets that are welded to the posts. The structural steel
channel (C8 X 11.5) is bolted directly to the posts.

The inner ends of the remaining floor joists in the
Lake House are supported by bearing walls in the lower
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level. For example, some of the kitchen floor joists are
supported by the west wall of the playroom, near the
fireplace; and some, by the 2 X 10 header that spans
the distance from the playroom wall to the foundation in
the crawl space.

The size and spacing of material to be used are given
on the framing plan by a note. They can also be found on
the wall section. Lengths of framing members are usually
notincluded on framing plans. However, these lengths can
be found easily by referring to the floor plan that shows
the location of the walls or beams on which the joists rest.
For example, refer to Figures 17-10 and 17-11 and find
the length of the floor joists in bedroom #2 as follows:

1. The dimension from the outside of the north wall to
the centerline of the 3%" [icon] postis 14" —1".

Q

2. The dimension from the centerline of the 3%" [icon]
post is 2", so the overall dimension of the bedroom
flooris 14" —3".

3. According to Wall Section %, the joist header is flush
with the north foundation wall, so subtract 1%2" (the
thickness of the joist header) from each end.

4. 14’ — 3" minus 3" (1" at each end) equals 14" — 0"
(the length of the joists).

Some floor framing is cantilevered to create a seem-
ingly unsupported deck. Cantilevered framing consists of
joists that project beyond the bearing surface to create
a wide overhang. This technique is used extensively for
balconies, under bay windows, and for garrison-style
houses, Figure 17-12.
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Framing at Openings

Where stairs and chimneys pass through the floor frame,
some of the joists must be cut out to form an opening.
The ends of these joists are supported by headers made
of two or more members. The full joists at the sides of
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the opening have to carry the extra load of the short-
ened joists and headers, so they are also doubled or
tripled, Figure 17-13. The number of joists and headers
required around openings of various sizes is spelled out
in building codes and shown on framing plans.
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DOUBLE HEADER

Q

Figure 17-13. Framing around an opening in the floor.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Describe the box sill shown on a set of drawings,
including the size of the materials, anchoring, and
setback from the face of the foundation.

O List the sizes of all the floor joists in a building.

© Describe the direction and spacing of all the floor
joists in a building.

© Describe the framing around openings in the floor.

ASSIGNMENT

Refer to the Lake House drawings to complete this
assignment.

1. What size lumber is used for the floor framing in
bedroom #2?

2. What size lumber is used for the floor joists in
the loft?

3. What size lumber is used for the joist headers in
the loft?

10.
11.

12.

13.

14.

How long are the joists in the loft?
How long are the floor joists in bedroom #17

What supports the west end of the floor joists in
bedroom #1?

. What supports the south end of the floor joists

in bedroom #2?
How long are the floor joists in bedroom #2?

How many floor joists are needed for bedroom #2 and
the adjacent closets?

What size material is used for the sill?

What does the double 2 X 10 beam in the structural
core of the Lake House support?

How long are the headers that support the loft floor
joists?

Is the box sill of the Lake House flush with the foun-
dation wall or set back?

When an opening in a floor is framed, why are the
joists at the sides of the opening doubled?
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3
UNIT

Laying Out WValls
and Partitions

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Describe the layout of a

house from its floor plans.

O Find specific dimensions
given on floor plans.
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When the deck (framing and subfloor or concrete slab) is completed, the
framing carpenter lays out the location of walls and partitions. The size and
location of each wall are indicated on the floor plans. Drawings 1/2 and 2/2 are
the floor plans for the Lake House.

Of all the sheets in a set of construction drawings, the floor plans often
contain the most information. Before looking for specific details on floor plans,
it may help to mentally walk through the house. Start at the main entrance
to the main floor, and visualize each room as if you were walking through
the house.

Visualizing the Layout of Walls and Partitions

The lowest floor with frame walls in the Lake House is the basement. Start at
the 6° x 6® SGD (sliding glass door) on the east wall of the playroom. This large
L-shaped room covers most of the basement floor. Some plans list overall
dimensions for each room. The plans for the Lake House give this information
by conventional dimension lines only.

The north-south dimension of the playroom is 28" — 3”. The east-west dimen-
sion of the north part of the playroom is 14" — 1". The section of the playroom
with the fireplace is 13" — 8" by 13'— 10". It may be helpful to notice the overall
dimensions of each room as you visualize its shape and relationship to other
rooms. It will be necessary to refer to these dimensions many more times. At
the north end of the playroom is a small closet. South of the closet is a hall
leading to the bathroom and utility room.

The bathroom has a shower, water closet (toilet), and lavatory. Notice that
although most interior partitions are 3%z inches thick, the wall behind the water
closet and lavatory is 5% inches thick. This thicker wall is called a plumbing
wall. Its extra thickness allows room for plumbing, Figure 18-1.

The purpose of the utility room beyond the bathroom is to house mechani-
cal equipment such as the water heater, furnace or boiler, and water pump. In
the southwest corner of the utility room is a small opening into the crawl space
on the west side of the house. Notice that the concrete ends here.

Walking back through the playroom to the stairs, you will see some inter-
esting features, Figure 18-2. A broken line in this area indicates the edge of
a floor above. These floors can be seen more easily on the first floor plan. Also
notice the location of the fireplace, which will extend up through the upper
floor. The L-shaped stairs lead up to the first floor. It is obvious that this is not
a full story higher because only four steps are shown. This can be seen more
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Figure 18-2. Lake House playroom.

clearly in the sections on Sheet 4. The L-shaped stairs
lead up to the living room, Figure 18-3. Against the
west and south walls is a plywood platform or built-in
bench.

Another set of stairs in the northwest corner of the
living room leads to the kitchen and dining room. These
rooms are separated only by a peninsula of kitchen
cabinets. The kitchen is separated from a hall by a free-
standing closet and enclosure for the refrigerator and
oven, Figure 18-4. This closet and enclosure cannot
be recognized as free-standing (meaning they do not
reach the ceiling) on the floor plan. However, this can be
seen on Section 2/4. On the north side of the kitchen is a
door to the deck outside. The east side of the hall has a

Figure 18-4. Lake House kitchen.

m

Figure 18-5. Lake House loft.

railing that continues up another set of stairs to the upper
hall. Beyond this railing the floor is open to the playroom
below.

Above the open area of the playroom is a loft that
provides storage or extra sleeping space, Figure 18-5.
Access to the loft is by a ladder in the upper hall. The loft
is shown on a separate plan on Sheet 4. The loft is sus-
pended on two beams built up of three 2 x 10s each. The
north and south sides of the loft are enclosed by a wall
2" — 6" high. The east and west ends have a railing.
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One ofthe doorsinthe upper hall opensinto bedroom #1.
On the east side of this bedroom is a hall that leads pasta
large (77— 1" X 5" —1") closet to toilet #1 in the northeast
corner of the house. This toilet room has only a lavatory
and water closet. A tub in the next room also serves toilet
#2 to the east. Toilet #2 has a closet with shelves for linen
storage. This toilet room can also be entered from the
upper hall. The remaining room is bedroom #2.

The garage is attached to the house only by the wood
deck and the roof. The garage is a rectangular building with
4-inch walls, an overhead door, and a walk-through door.

Finding Dimensions

When you understand the relationships of the rooms
to one another, you are ready to look for more detailed
information. Frame walls are dimensioned in one of
three ways, Figure 18-6. Exterior walls are usually

FACE OF SHEATHING
(FO.S.)

FACE OF FRAMING
(FO.F.)

ON CENTERS
(o.c.)

Figure 18-6. Three types of dimensioning.
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dimensioned to the face of the studs or the face of the
sheathing. Interior walls may be dimensioned either to
the face of the studs or to their centerlines.

When walls are dimensioned to their centerlines,
one-half of the wall thickness must be subtracted to find
the face of the studs. For example, in Figure 18-7, the
end walls are 12" — 4" on centers. However, the plates for
the side walls are 12— 0%" long (12" — 4" minus 312", the
width of the studs, equals 12" — 0%").

Dimensions are usually given in a continuous string
where practical, Figure 18-8. Overall dimensions and
major wall locations are given outside the view. Minor
partitions and more detailed features are dimensioned
either on or off the view, whichever is most practical.

The Lake House includes an angled wall. The length
of such walls can be accurately found by trigonometry.
However, the accuracy obtained by measuring with
an architect’s scale should be adequate for normal
estimating.

i2'-4"0.C.

L

~—2 X4 FRAMING

12'-0% FOF

Figure 18-7. Itis important to consider the true size of the
framing material when working with 0.C. dimensions.

Figure 18-8. Dimensions are placed in neat strings as much as
possible. Courtesy of Robert C. Kurzon.



As each wall is laid out, the plates are cut to length,
and the positions of all openings and intersecting walls are
marked. The wall frame is usually assembled flat on the
deck. Its position is marked on the deck with a chalkline;
then the assembly is tipped up and slid into place.

Commercial buildings may require a thicker wall,
where the electrical service panel is flush mounted and
the panel box is deeper than the standard 3%-inch wall.

O)

Many times this thicker wall requirement is not shown on
the floor plan or drawing details.

The utilities that are to be stubbed up from a concrete
floor slab into a wall are installed prior to floor slab-
concrete placement and, therefore, prior to the wall loca-
tions being determined by the framing contractor. The
utility installer must be able to accurately predetermine
the specific wall locations.

\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

O List dimensions for locating all the walls and partitions
in a house.

© Explain whether wall dimensions are to the face of
sheathing, to the face of framing, or on centers.

© Identify plumbing walls shown on floor plans.

ASSIGNMENTS

Refer to the Lake House drawings (in the packet) to
complete the following assignment.

1. What are the inside dimensions of each room?
Disregard slight irregularities in room shape, but
remember to allow for wall thicknesses.

Room N-S dimension  E-W dimension
Utility X

Basement Bath

Living Room

Bedroom #1

Bedroom #2

X
X
X
X
Toilet #1 X
X
X
X

Tub
Toilet #2
Loft

2. How many lineal feet of 2 X 4 frame wall are there in
the basement?

3. How many lineal feet of 2 X 6 frame wall are there in
the basement?

What is between the dining room and the living room?
What is directly below the loft?

What is directly below the tub room?

e

How many lineal feet of 2 X 6 frame wall are there on
the Upper Level Floor Plan?

8. What utility must be roughed in prior to concrete-slab
placement?

9. Where would you find the utility concrete-slab rough-
in requirements?
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3
UNIT

Framing Openings

in VWalls

Q 4
Objectives Two types of dimensions must be known before window and door openings can
be framed: location and size. Opening locations are given by dimensioning to
their centerlines in a string of dimensions outside the floor plan, Figure 19-1.
After gompletlng this unit, Such dimensions are usually given from the face of the studs. One-half the
you will be able to perform rough opening is then allowed on each side of the centerline.
the following tasks:
[IPYt
O Describe typical rough 4o
i 28'-2*
openings.
-0l ot oA A
O Locate and interpret 7 %'% .
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Figure 19-1. The locations of openings in framed walls are usually given to their centerlines.
The = on the sliding door dimensions allows the builder to place the doors next to the corner
post. Courtesy of Robert C. Kurzon.
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Dimensions of Rough Openings

The size of the rough opening (R.0.), or opening in the
framing, is listed on the door and window manufactur-
ers’ specifications. Door and window schedules are
lists of all doors and windows in the house, usually with

nominal dimensions, Figure 19-2. Doors and windows
are identified on the floor plan by a mark—a letter or
number. All doors or windows of a certain size and type
have the same mark. Each mark is listed on the schedule
with the information for the doors or windows of that
type and size.
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Figure 19-2. Window and door schedules list all the windows and doors and their sizes. Courtesy of Robert C. Kurzon.
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Figure 19-3. Typical page from a window catalog. Courtesy of Iroquois Millwork Corporation.
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The rough opening dimensions are not usually given
on the drawings. They should be obtained from the
manufacturer. Window manufacturers do not list the
same size information in their catalogs, but they do list
the rough opening size. Other sizes they sometimes list
are nominal size or unit dimensions (approximate overall
size of the window) and glass size (size of the actual
glass in the window), Figure 19-3. If the finished door-
way, the jamb, is to be built on the site by a carpenter,
the rough opening size will not be available. In this case
the rough opening for swing doors can be built 2 inches
wider and 2 inches higher than the door. If the door is
another type, you must first determine what the finished
opening is to be. Manufacturers of hardware for sliding
and bifold doors specify rough opening sizes for doors
installed with their hardware. These manufacturer’s
specifications should be consulted as the opening is
being framed.

Sizes of doors and windows are given with the width
first and height second. To further simplify dimensioning,
they are often listed as feet/inches. For example, a 2° x 6°
door is 2 feet 6 inches wide by 6 feet 8 inches high.

The information in this unit is intended only to help
you determine rough opening sizes. Electrical utility
installers should familiarize themselves with the locations
and sizes of these rough openings prior to installing the
electrical wiring. More information about windows and
doors can be found in Unit 25.

Framing Openings

In stud-wall construction, it is usually necessary to cut
off or completely eliminate one or more studs where win-
dows and doors are installed. The load normally carried
by these studs must be transferred to the sides of the
opening. The construction over an opening that transfers
this load to the sides of the opening is called the header.
Additional studs are installed at the sides to carry this
load, Figure 19-4.

A set of construction drawings includes details
showing the type of rough opening construction intended.
The simplest type of wood construction uses two 2 x 10s
or 2 x 12s with plywood spacers between to form the
header, Figure 19-5. A flat 2 x 4 may be nailed to the
bottom of the header to reduce the height of the top of
the opening, but this flat 2 x 4 is not considered as part of
the size of the header.

REGULAR STUD SPACIN
1/2" SPACER—

DOUBLE
HEADER

JACK
.—— STUDS —7

Figure 19-4. The jack studs support the header.

DIMENSION LUMBER

SPACER (3 PLYWOOD)

Figure 19-5. Solid wood header.

To conserve lumber in nonbearing walls, the header
may be two 2 x 4s. The area over the header is framed
with cripple studs. The area below a window also is
framed with cripple studs, Figure 19-6. These cripple
studs are installed on the normal spacing for wall studs.
This may require a cripple within a few inches of a side
jack stud, butis necessary to provide a nailing surface for
the sheathing.

Pocket doors are sliding doors that slide into an
opening in the wall, thereby allowing the largest pos-
sible opening without swinging into the room. Most
builders install pocket doors as a preassembled frame,
Figure 19-7. The wall framing to provide the opening
into which a pocket door assembly can be installed is
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generally the same as the framing for any other type of
door. Pocket door manufacturers provide rough opening
dimensions for their products.

Several systems of metal framing are available for
light construction. The basic elements of light-gauge metal
framing are the same as for wood framing, Figure 19-8.
These systems use top and bottom wall plates, studs, and
floor joists. To make light-gauge framing compatible with
wood, the metal members are made in common sizes for
wood framing. The greatest difference is that metal fram-
ing is joined with screws instead of nails.

Headers over openings in light-gauge metal fram-
ing are usually very similar to those in wood framing.
However, the system designed by the metal framing
manufacturer should always be followed.

REGULAR
STUD SPACING

Figure 19-6. The spaces above and below the window opening
are framed with cripple studs.

= .

O

\J

Figure 19-7. Pocket door frame. Courtesy L. E. Johnson Products, Inc.
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Figure 19-8. The parts of this steel frame are the same as those of a wood frame. Notice the window header and cripple studs. Courtesy

of Zinc Institute, Inc.

)

U

v CHECK YOUR PROGRESS

O Identify each door or window listed on a schedule of
doors and windows according to its location on the
floor plan.

© Determine the rough opening for a window from the
information in a manufacturer’s catalog.

© Describe the framing for a window opening.
O Describe the framing for a door opening.
© Determine the rough opening for a door.

© Explain the difference between a solid wood header
and a trussed header.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete this assignment.

1. What type of header should be used over the door
from the hall to bedroom #1?

10.

What type of header should be used over the door
from the deck to the kitchen?

Why should these two headers be made differently?

What is the length of the header over the garage
overhead door? Allow for two trimmers at each side
and 1%" for jambs at each side.

What are the R.0. dimensions for the door from the
deck into the garage?

Name the location and give the R.0. dimensions for
each interior door on the Upper Level Floor Plan.

According to Figure 19-3, what are the R.O.
dimensions for the windows in bedroom #2?

How long is the header over the window in
bedroom #2?

How many cripple studs are needed beneath the
windows in the south wall of the living room?

What is the length of the cripple studs beneath the
window in bedroom #2? (Assume the bottom of the
header is 6'-8%2" from the top of the subfloor.)
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UNIT

Roof Construction
Terms

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Identify common roof
types.

O Define the terms
used in laying out and
constructing a roof.

O State roof pitches as a
ratio of rise to run or as a
fraction.
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Types of Roofs

Several types of roofs are commonly used in residential construction,
Figure 20-1. Variations of these roof types may be used to create certain
architectural styles.

The gable roofis one of the most common types used on houses. The gable
roof consists of two sloping sides that meet at the ridge. The triangle formed
at the ends of the house between the top plates of the wall and roof is called
the gable.

The gambrel roof is similar to the gable roof. On this roof, the sides slope
very steeply from the walls to a point about halfway up the roof. Above this
point, they have a more gradual slope.

The hip roof slopes on all four sides. The hip roof has no exposed wall
above the top plates. This means that all four sides of the house are equally
protected from the weather.

The mansard roof is similar to the hip roof, except the lower half of the roof
has a very steep slope and the top half is more gradual. This roof style is used
extensively in commercial construction—on stores, for example.

The shed roof is a simple sloped roof with no ridge. A shed roof is much
like one side of a gable roof. This type of roof is used in modern architecture
and for additions to existing buildings.

Roof Construction Terms

The roof construction terms used with trussed roofs, the most common
type of roof framing for light construction, are defined below and shown in
Figure 20-2.

O Top chord is the top member in the truss.

O Bottom chord is the bottom member of the truss and acts as a ceiling joist
for the space below.

O A web member is any of the interior bracing between the top chord and the
bottom chord.

O A gussetisareinforcing piece of metal or plywood fastened to the truss,
where members are joined.

)—



AR

GABLE HIP
SHED
MANSARD GAMBREL

Figure 20-1. Common roof types.

. RISE

O Span is the distance between the outsides of the
walls covered by a roof.

O Rise is the vertical distance or height of the roof.

O The overhang is the horizontal distance covered by
the roof outside the walls.

O The tail is the portion of the top chord that is outside
the walls.

O The pitch of a roof is a way of indicating how steep
the roof is. The pitch of a roof is usually given as the
number of inches of rise per foot of run. This is called
slope or unit rise.

In writing unit rise, the slope is given as the number
of inches of rise for every 12 inches of run, Figure 20-3.
The rise per foot of run is given on drawings with the
symbol [=". The horizontal leg of this triangle represents
the run. The vertical leg represents the rise, Figure 20-4.
Notice that Figure 20-4 shows two roof pitches. These
pitches are written as 10in 12 and 5in 12.

WEB
TOP CHORD

GUSSET
SPAN

N

BOTTOM CHORD

i

OVERHANG

Figure 20-2. Parts of a roof truss.

Q
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RISE

4'-0"

12|_O\|

RUN

~
)

Figure 20-3. Rise per foot of run. This roof has a 4 in 12 slope.

FLASHING

= 1 (‘

| =7
1 + : il
s /W

{
|
| srowe veweer /

Figure 20-4. Roof slope is usually shown on building elevations.
Courtesy of Home Planners, Inc.

When the dimensions are given for a run of other
than 12 feet, the rise per foot of run can be calculated:
Divide 12 by the actual run to find the proper ratio of
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rise. Multiply this result by the actual rise to find the
rise per foot of run. For example, if the run is 14’ — 6"
and the rise is 5’ — 0”; what is the rise per foot of run?
12=14"-6"(14.5') = 0.83 + 5 = 4.15. The result (4.15) is
close enough to 4 that rafter calculations can be based
on4in12.

Although most modern roof frames are built with
trusses, it is valuable to know something about
rafter-framed roofs, because some special situations
call for rafters to be cut and installed on the site. The
terms defined in the following list are illustrated in
Figure 20-5.

O Runisthe vertical distance covered by one rafter. Run
does not include any part of the rafter that extends
beyond the wall. On a common two-sided roof with
both sides having the same pitch, the run is one-half
the span.

O The measuring line is an imaginary line along which
all roof dimensions are taken. The measuring line of a
rafter is a line parallel to its edges and passing through
the deepest part of the bird’s mouth.

O A bird’s mouth is a notch cut in the lower edge of
the rafter to fit around the top of the wall.

O The ridge board is the horizontal member to which
the upper ends of the rafters are connected.
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Figure 20-5. Common roof terms.
v CHECK YOUR PROGRESS ASSIGNMENT
Can you perform these tasks? 1. Give the following information for the roof shown in
O ldentify the following roof types from information given :lgsur:nZO—G:
on construction drawings: gable, gambrel, hip, man- - P
b. Run
sard, and shed. .
c. Rise
O List each of the following from information given on d. Overhang
construction drawings: span, run, rise, overhang, raf- e. Length of the rafter tails
ter tails, and slope. f. Unitrise
2
i~
5 140" N
—ﬁ\L 101/4"
28'-0"

Figure 20-6.
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Refer to the Lake House drawings (in the packet) to com- 5. What is the run of the rafters over bedroom #1?
plete the rest of the assignment. 6. What is the rise per foot of run of the rafters over
2. What style roof is used for most of the Lake House? bedroom #1?

3. What is the span of the rafters over the garage? 7. What is the overhang of the rafters over bedroom #1?

4. What is the rise per foot of run of the rafters over the
garage?
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A Roof Trusses

UNIT

Truss Information on Drawings

The roof is designed to support weight, withstand weather, and give protection
to the spaces below. In most roofs the frame is made up primarily of trusses;
however, some special framing situations still call for rafters. Designing trusses
to withstand all the stresses that can be placed on them by wind or snow, or
both, requires the skills of an engineer. Generally, the architect or designer
who designs the house has some idea of what size and type of trusses will be
required. The plans and elevations for the building show a lot of information
about the trusses. The pitch of the roof can be seen in the building elevations,
Figure 21-1. Section views through the building show trusses, but the truss
shown in a section might not be the truss the engineer designs. Notice that a
note near the truss in Figure 21-2 says “NYS P.E. Approved Roof Trusses
@24" 0C.” This note indicates that the trusses will be designed by a profes-
sional engineer (P.E.) who is licensed in New York State (NYS) and that they
will be spaced 24 inches from the centerline of one truss to the centerline of the
next truss. You will learn in a later discussion that the actual truss specified by
the engineer is not quite like the one on the building section.

Truss Engineering Drawings

To see what the engineered trusses are, refer to the truss drawings from
the engineer. These usually include a delivery sheet showing all the types
of trusses used in the building, Figure 21-3. This sheet usually shows the
following information:

Profile: A small drawing showing the basic shape of the truss.
Quantity: Number of each type of truss needed for the building.

Truss ID: The engineer’s letter/number designation for that truss type.
Span: The distance between the outside walls the truss will cover.

Truss type: Some trusses are referred to as piggyback trusses. Large trusses
can be too large to transport to the construction site, so they are delivered
in two parts. The top of the main truss is flat, so the piggyback truss can be
applied to it after it is in place.

Slope or pitch: The example here shows slope or the unit rise of the roof.

O)
¢/

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Find information about
trusses on plans,
elevations, and sections.

O Identify the appropriate
truss engineering
drawing for each truss in
a roof frame.

O Find key information
on a truss engineering
drawing.
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Figure 21-1. Roof pitch can be seen in building elevations. Courtesy of Robert Marini Builders, Inc.

LOH: Left overhang—the amount of the top chord that
must extend beyond the building wall.

ROH: Right overhang—the amount of the top chord that
must extend beyond the building wall.

The packet of engineering drawings usually includes
a truss layout plan, Figure 21-4. This plan shows
eachtrussin place on the building, with a label to indicate
the truss ID. If you know where in the building the section
view in Figure 21-2 is taken from, you will be able to find
that truss on the truss layout. The section view is labeled
as A/6A, so look at the Second Floor Plan, Figure 21-5,
to see where the cut was made to take Section A. The
section was cut through the foyer, which is on the left
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side of the house. Looking again at the section, you can
see the rafters for the dormer, which is above the main
entrance to the house. In the truss layout, Figure 21-4,
a single-line triangle indicates where the dormer will be.
A notation above that triangle indicates that the eight
trusses in the dormer area are T02A. This is the fourth
truss down from the top on the delivery sheet shown in
Figure 21-3.

The truss engineering drawings include a detail sheet
for each truss type. Truss T02A is shown in Figure 21-6.
The truss detail includes a drawing of the truss and
all the engineering data required to build the truss.
Carpenters do not usually build trusses, but the same
packet of engineering drawings that go to the site with
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SCALE: 3/8"«1'0"

Figure 21-2. Building section. Courtesy of Robert Marini Builders, Inc.

the trusses is also used in the truss shop to build the
trusses. It is very important for the carpenter to read all
the information on the detail even though it might not all
be needed to set the trusses on the building. For example,
in some applications, the engineer will call for the trusses
to be applied in 2-ply or 3-ply. If the trusses are plied, they
are fastened together, face to face, so that all the truss
members are joined in two or three layers. In this case
the ply is shown as “1” in the box at the top of the detail
sheet.

Gable Ends

o

A roof gable is the triangle formed at the end of the roof
by the two top chords of the truss and its bottom chord.
The roof framing at a gable end must include studs, so
there will be a place to attach whatever sheathing and
siding are to be applied. A gable-end truss is used for this.
When an overhang is needed on the gable end, it can be
built as part of the gable-end truss, Figure 21-7.
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Bellevue Builders Supply

To: = :
500 Duanesburg Rd Dehvery List
Schenectady, NY 12306 MARINI BLDRS. Job Number:
Phone: (518)355-7190 Fax: (518)355-1371 Page: 1
: Date: 01-29-2004 - 3:36:11 PM
ect: Block No: 5
:;::Jdelz Lot No: Project ID: A3635
| Contact:|_Site: Office: Deliver To: S g
Name: BELMONT MODEL A3635 Sal o i
Phone: capdTaan.
| Fax: Quote Number:
L Tentative Delivery Date:
Profile: Qty:| Truss Id: Span: Truss Type: |Slope: | LOH | ROH Load By:
ﬂ 11 | To1 31-9-0 |ROOFTRUSS | 800 [0-0-0 |0-10-8
136 Ibs. each 0.00
1 |TOIGE, 31-9-0 |ROOFTRUSS | 800 |0-0-0 [0-10-8
173 Ibs. each 3 Rows Lat Brace| 0.00
m 13 | T02 37-0-0 |PIGGYBACKTRUS00 |0-10-8 |1-2-8
~ 176 Ibs. each 1 Row Lat Brace | 0.00
M 8 |[T02A 37-0-0 |PIGGYBACKTRUSOD [0-10-8 (0-0-0
-~ 174 Ibs. each 1 Row Lat Brace | 0.00
]- 1 | TO2GE 37-0-0 |PIGGYBACKTRUSO0 |0-10-8 |[1-2-8
209 Ibs. each 7 Rows Lat Brace| 0.00
m 1 | T02GES 37-0-0 |PIGGYBACKTRUS.O0 [0-10-8 [1-2-8
210 Ibs. each 1 Row Lat Brace | 0.00
f é 3 | T03 22-0-0 |ROOFTRUSS | 1000 [0-10-8 |1-2-8
93 Ibs. each 0.00
'& 5 | TO3A 22-0-0 |ROOFTRUSS | 10.00 [0-0-0 |D-0-0
90 Ibs. each 0.00
& 1 |To3B 21-8-8 |ROOFTRUSS | 10.00 [0-0-0 [0-0-0
89 Ibs. each 0.00
m 1 |TO3GE 22-0-0 |ROOFTRUSS | 10.00 [0-10-8 |[1-2-8
114 Ibs. each 0.00
& 21 |T2PB 11-5-8 |PIGGYBACK |800 [0-0-0 [0-0-0
30 Ibs. each 0.00
& 2 | T2PBGE 11-5-8 |PIGGYBACK | 800 |0-0-0 |0-0-0
34 Ibs. each 0.00
1 | VMol 15-5-10 |ROOFTRUSS | 1000 [0-0-0 |0-0-0
63 Ibs. each 0.00

—

Figure 21-3. Truss delivery list. Courtesy of Robert Marini Builders, Inc.
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Figure 21-4. Truss plan. Courtesy of Robert Marini Builders, Inc.
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Figure 21-5. Second Floor Plan. Courtesy of Robert Marini Builders, Inc.
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Job Truss Truss Type Qty Ply BELLEVUE BUILDERS SUPPLY

A3635 To2A PIGGYBACK TRUSS 8 [ 1 |MARINI BLDRS. BELMONT MODEL
Job Reference (optional)
Bell B Supply, Sch dy, NY 12306 5.200 s Aug 19 2003 MiTek Industries, Inc. Thu Jan 29 15:29:03 2004 Page 1
01108 4-11-9 |, 966 12114, 18-8-0 . 24412 30-8-0 : 37-0-0
0-10-8 4-11-9 4-6-13 3-4-14 5-8-12 5-8-12 6-3-4 6-4-0
Bx6 — Scale = 1:83.7
8.00/12 2x4 || 6x8 =
?
q-\
[+7]
2
I~
=
10x10 = 17 18 16 15 14 19 20 13 2122 Bxil=
- >
iz 8= 3x10MI20H= 3x6 = 3x5 = MR
3 ey
3x8 = X6 X
27-9-10 \ 37-0-0 :
9-1-10 9-2-6
LOADING (psf) SPACING csl DEFL in (loc) Udefi Ld PLATES GRIP
TCLL 500 Plates Increase  1.15 TC 0.88 Vert{LL) -0.47 1517 >842 380 MiI20 169/123
TCOL 100 Lumber Increase  1.15 BC 1.00 Ver(TL) -0.61 1517 >717 180 MII20H 127/93
BCLL 0o * Rep Stress Incr ~ YES WB 0.58 Horz(TL) 017 12 nla na
BCOL 100 Code |IBC2000/ANSI95 (Matrix) Weight: 175 b
LUMBER BRACING
TOP CHORD 2 X 4 SPF-S 1650F 1.5E *Except” TOP CHORD  Sheathed or 2-4-6 oc puriins, except
T32 X 4 SPF-S 2100F 1.8E, T4 2 X 4 SPF-S 2100F 1.8E 2-0-0 oc puriins (3-7-2 max.): 7-9.
BOT CHORD 2 X 4 SPF-S 1850F 1.5E *Except* BOT CHORD  Rigid ceiling directly applied or 10-0-0 oc bracing.
B2 2 X 4 SPF-S 2100F 1.8E WEBS 1 Row at midpt 815
WEBS 2X 4 SPF No.2 *Except”

WT 2 X 4 SPF Stud, W6 2 X 4 SPF Stud, W3 2 X 4 SPF Stud
SLIDER Left 2 X 6 SPF-S 1650F 1.5E 2-8-0, Right 2 X 6 SPF-5 1650F 1.5E 3-8-6

REACTIONS (lb/size) 12=2797/0-5-8, 2=2892/0-5-8
Max Horz 2=295(load case 7)
Max Uplift12=-256(load case 8), 2=-318(load case 8)
Max Grav 12=3381(load case 3), 2=3548(load case 2)

FORCES (Ib) - Maximum Compression/Maximum Tension

TOP CHORD  1-2=0/81, 2-3=-5217/632, 3-4=-4856/656, 4-5=-4601/599, 5-6=-4381/616, 6-7=-4534/745, 7-8=-3388/611, 8-9=-3388/611,
9-10=-4471/665, 10-11=-4769/629, 11-12=-5007/605

BOT CHORD  2-17=-491/4119, 17-18=-356/3140, 16-18=-356/3140, 15-16=-356/3140, 14-15=-228/3136, 14-19=-228/3136,
19-20=-228/3136, 13-20=-228/3136, 13-21=-402/3864, 21-22=-402/3864, 12-22=-402/3864

WEBS 4-17=-577/204, 6-17=-675/223, 7-17=-265/1385, 7-15=-223/1212, B-15=-1031/267, 9-15=-235/1256, 9-13=-155/957,
10-13=-687/278

NOTES

1) Wind: ASCE 7-98; 90mph; h=30ft; TCDL=5.0psf; BCDL=5.0psf; Category II; Exp C; enclosed; MWFRS gable end zone and C-C
Exterior(2) zone; cantilever left and right exposed ; end vertical left and right exposed; Lumber DOL=1.33 plate grip DOL=1.33. This truss
is designed for C-C for members and forces, and for MWFRS for reactions specified.

2) TCLL: ASCE 7-98; Pf=50.0 psf (roof snow); Exp C; Partially Exp.

3) Unbalanced snow loads have been considered for this design.

4) This truss has been designed for 1.00 times flat roof load of 50.0 psf on overhangs non-concurrent with other live loads.

5) Provide adequate drainage to prevent water ponding.

6) This truss has been designed for a 10.0 psf bottom chord live load nonconcurrent with any other live loads per Table 1607.1 of IBC-00.

7) All plates are MII20 plates unless otherwise indicated.

8) * This truss has been designed for a live load of 20.0psf on the bottom chord in all areas where a rectangle 3-6-0 tall by 1-0-0 wide will fit
between the bottom chord and any other members.

9) Provide mechanical connection (by others) of truss to bearing plate capable of withstanding 256 Ib uplift at joint 12 and 318 Ib uplift at
joint 2.

10) Design 4x2 (flat ori ion) purlins at oc spacing indicated, fastened to truss TC w/ 2-10d nails.

LOAD CASE(S) Standard

O

Figure 21-6. T02A engineering detail. Courtesy of Robert Marini Builders, Inc.
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Figure 21-7. Gable-end truss with overhang. Reprinted with permission from the Wood Truss Council of America (WTCA). For more

information visit www.woodtruss.com.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Find information about which way the trusses run by
looking at a floor plan.

© Find information about the pitch or slope of a roof by
looking at the building elevations.

© Find the number of trusses of any given type required
for a roof.

© Identify the truss engineering detail for any given loca-
tion in a roof plan.
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ASSIGNMENT

Refer to the figures in this unit and Figures 21-8 and
21-9 to answer the following questions.

1.
2.

What is the slope of the garage roof?
What is the span of the trusses in the garage roof?

What are the truss IDs for the two types of trusses in
the garage roof?

What is the difference between the two types of
trusses in the garage roof?

Where does the T02GE truss go?
Where does the T2PBGE truss go?

What is the on-center spacing from T02GE to the next
closest truss?

What is the slope of the roof over bedroom #2?


www.woodtruss.com

Job Truss Truss Type Qty Ply BELLEVUE BUILDERS SUPPLY

A3635 TO2GE PIGGYBACK TRUSS 1 1 |MARINI BLDRS. BELMONT MODEL
Job Reference (optional) !
Bellevue Builders Supply, Schenectady, NY 12306 5.200 s Aug 19 2003 MiTek industries, inc. Thu Jan 29 15:29:38 2004 Page 1
| 11-5-8 |
0108 6-8-0 } 12-114 i 18-8-0 242 30-8-0 ‘ 37-00 3628
0-10-8 6-8-0 6-34 5-8-12 5-8-12 6-3-4 6-4-0 1-2-8
Scale = 1:71.9
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8.00[12 5x6 =
0 11 12 13 14 15 16
13
3x6 ~ a‘ﬁ“ E 17
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& sT10 &
ST s 1 22
S
@1 |53 223 o
< ¢mr g s g g  — a1 '8 B 5 5 g i 2410
=) R R R R R R IR, R R R R R R R R R R BRI =}
5= 43 42 41 40 39 38 37 36 35 34 33 32 380 20 28 27 26 25
3x6 = 3x6 — 4x5 ||
| 9-5-0 . 18-8-0 I 27-11-1 ; 37-0-0 I
t
9-5-0 9-3-1 9-3-1 9-1-0
Plate Offsets (X.Y): [2:0-2-10,0-1-8], [10:0-3-0,0-0-2], [16:0-4-4,0-2-4]
LOADING (psf) SPACING 2-0-0 csl DEFL in (loc) I/defl L/d PLATES GRIP
TCLL 50.0 Plates Increase 1.15 TC 0.24 Veri(LL) n/a - nfa 999 M!I20 169/123
TCDL 10.0 Lumber Increase  1.15 BC 0.09 Ver(TL)  0.01 24 >999 180
BCLL 00 * Rep Stress incr ~ YES wB 0.39 Horz(TL) 0.00- 23 nfa n/a
BCDL 10.0 Code IBC2000/ANSIS5S {Matrix) Weight: 209 |b
LUMBER BRACING
TOP CHORD 2 X 4 SPF-S 1650F 1.5E TOP CHORD Sheathed or 6-0-0 oc purlins.
BOT CHORD 2 X 4 SPF-S 1650F 1.5E BOT CHORD Rigid ceiling directly applied or 10-0-0 oc bracing, Except:
OTHERS 2 X 4 SPF Stud *Except* 6-0-0 oc bracing: 29-31.
ST7 2 X 4 SPF No.2, ST7 2 X 4 SPF No.2, ST7 2 X 4 SPF No.2 WEBS 1 Row at midpt 13-34, 12-35, 11-36, 9-37, 14-33, 15-32,
ST6 2 X 4 SPF No.2, ST7 2 X 4 SPF No.2, ST7 2 X 4 SPF No.2 16-31
ST82X 4 SPF No.2
WEDGE

Right: 2 X 4 SPF Stud

REACTIONS (lb/size) 2=299/37-0-0, 23=363/37-0-0, 34=280/37-0-0, 35=281/37-0-0, 36=273/37-0-0, 37=248/37-0-0, 39=279/37-0-0,
40=280/37-0-0, 41=284/37-0-0, 42=262/37-0-0, 43=338/37-0-0, 33=282/37-0-0, 32=269/37-0-0, 31=249/37-0-0,
29=284/37-0-0, 28=279/37-0-0, 27=282/37-0-0, 26=272/37-0-0, 25=305/37-0-0

Max Horz 2=279%(load case 8)

Max Uplift2=-62(load case 6), 23=-35(load case 7), 34=-61(load case 7), 35=-66(load case 6), 36=-52(load case 7),
37=-18(load case 7), 39=-95(load case 8), 40=-84(load case 8), 41=-86(load case 8), 42=-83(load case 8),
43=-99(load case 8), 33=-64(load case 6), 32=-63(load case 7), 31=-7(load case 6), 29=-88(load case 9),
28=-86(load case 9), 27=-85(load case 9), 26=-85(load case 9), 25=-107(load case 9)

Max Grav2=406(load case 2), 23=500(load case 3), 34=379(load case 2), 35=383(load case 3), 36=376(load case 3),
37=346(load case 2), 39=379(load case 2), 40=380(load case 2), 41=385(load case 2), 42=357(load case 2),
43=457(load case 2), 33=383(load case 3), 32=384(load case 2), 31=344(load case 3), 29=387(load case 3),
28=379(load case 3), 27=382(load case 3), 26=370(load case 3), 25=411(load case 3)

FORCES (Ib) - Maximum Compression/Maximum Tension

TOP CHORD  1-2=0/77, 2-3=-259/145, 3-4=-176/132, 4-5=-147/127, 5-6=-149/111, 6-7=-76/121, 7-8=-149/125, 8-9=-150/171,
9-10=-141/170, 10-11=-52/176, 11-12=-52/176, 12-13=-52/176, 13-14=-52/176, 14-15=-52/176, 15-16=-54/175,
16-17=-158/180, 17-18=-152/115, 18-19=-58/58, 19-20=-153/48, 20-21=-152/64, 21-22=-157/68, 22-23=-228/85,
23-24=0/82

BOT CHORD  2-43=0/0, 42-43=0/0, 41-42=0/0, 40-41=0/0, 39-40=0/0, 38-39=0/0, 37-38=-0/0, 36-37=-0/0, 35-36=-0/0, 34-35=-0/0,
33-34=-0/0, 32-33=-0/0, 31-32=-0/0, 30-31=-4/0, 29-30=-54/252, 28-29=-54/252, 27-28=-54/252, 26-27=-54/252,
25-26=-54/252, 23-25=-54/1252

WEBS 13-34=-339/81, 12-35=-344/86, 11-36=-335/73, 9-37=-315/33, 8-39=-342/113, 7-40=-340/104, 5-41=-343/106,
4-42=-324/102, 3-43=-394/122, 14-33=-343/84, 15-32=-343/84, 16-31=-312/23, 17-29=-350/106, 18-28=-338/106,
20-27=-342/105, 21-26=-330/102, 22-25=-372/135

NOTES

1) Wind: ASCE 7-98; 90mph; h=30ft; TCDL=5.0psf; BCDL=5.0psf; Category I; Exp C; enclosed; MWFRS gabie end zone and C-C
Exterior(2) zone; cantilever left and right exposed ; end vertical left and right exposed; Lumber DOL=1.33 plate grip DOL=1.33. This fruss
is designed for C-C for members and forces, and for MWFRS for reactions specified.

2) Truss designed for wind loads in the plane of the truss only. For studs exposed to wind (normal to the face), see MiTek “Standard Gable
End Detail"

3) TCLL: ASCE 7-98; Pf=50.0 psf (roof snow); Exp C; Partially Exp.

4) Unbalanced snow loads have been considered for this design.

5) This truss has been designed for 1.00 times flat roof load of 50.0 psf on overhangs non-concurrent with other live loads.

g) Provide adequate drainage to prevent water ponding.
ontinued on page 2

O

Figure 21-8. T02GE engineering detail. Courtesy of Robert Marini Builders, Inc.
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Job Truss | Truss Type Qty Ply BELLEVUE BUILDERS SUPPLY

1
A3635 TZPBGE |PIGGYBACK 2

1 |MARINI BLDRS. BELMONT MODEL
Job Reference (optional)
Bellevue Builders Supply, Schenectady, NY 12306 5.200 s Aug 19 2003 MiTek Industries, Inc. Thu Jan 28 15:31:41 2004 Page 1
| 5-8-12 ; 11-5-8 ,
5-8-12 5-8-12
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LOADING (psf) SPACING 200 csl DEFL in (loc) Vdefi  Ld | PLATES GRIP
TCLL 45.0 Plates Increase 1.15 TC 0.21 Vert(LL) nla - nia 999 | Mii20 169/123
TCDL 10.0 Lumber Increase  1.15 BC 0.04 Vert(TL) nia - nfa 999
BCLL 00 * Rep Stress Incr  YES wWB 0.10 Horz{TL) 0.00 6 nfa nia
BCDL 10.0 Code IBC2000/ANSIS5 (Matrix) Weight: 34 Ib
LUMBER BRACING
TOP CHORD 2 X 4 SPF-S 1650F 1.5E TOP CHORD Sheathed or 6-0-0 oc puriins.
BOT CHORD 2 X 4 SPF-S 1650F 1.5E BOT CHORD Rigid ceiling directly applied or 10-0-0 oc bracing.

OTHERS 2 X 4 SPF Stud

REACTIONS (lb/size) 1=-123/11-5-8, 7=-123/11-5-8, 2=396/11-5-8, 6=396/11-5-8, 9=166/11-5-8, 10=354/11-5-8, 8=354/11-5-8
Max Horz 1=-119(load case 6)
Max Uplift1=-164(load case 2), 7=-164{load case 3), 2=-102(load case 8), 6=-78(load case 9), 10=-117(load case 8), 8=-115(load case 9)
Max Grav 1=88(load case 7), 7=44(load case 9), 2=522(load case 2), 6=522(load case 3), 9=166(load case 1), 10=484(load case 2), 8=484(load case 3)

FORCES (Ib) - Maximum Comp ion/Maximum Tension

TOP CHORD  1-2=-146/152, 2-3=-158/101, 3-4=-133/91, 4-5=-133/91, 5-6=-158/101, 6-7=-22/123
BOT CHORD  2-10=-22/74, 9-10=-22/74, 8-9=-22/74, 6-8=-22/74

WEBS 4-9=-142/2, 3-10=-418/138, 5-8=-418/138

NOTES

1) Wind: ASCE 7-98; 90mph; h=30ft; TCDL=5.0psf; BCDL=5.0psf; Category II; Exp C; enclosed; MWFRS gable end zone and C-C
Exterior(2) zone; cantilever left and right exposed ; end vertical left and right exposed; Lumber DOL=1.33 plate grip DOL=1.33. This truss
is designed for C-C for members and forces, and for MWFRS for reactions specified.

2) Truss designed for wind loads in the plane of the truss only. For studs exposed to wind (normal to the face), see MiTek "Standard Gable
End Detail”

3) TCLL: ASCE 7-98; Pf=45.0 psf (roof snow); Exp C; Partially Exp.

4) Unbalanced snow loads have been considered for this design.

5) This truss has been designed for a 10.0 psf bottom chord live load nonconcurrent with any other live loads per Table 1607.1 of IBC-00.

6) Gable requires continuous bottom chord bearing.

7) Gable studs spaced at 2-0-0 oc.

8) * This truss has been designed for a live load of 20.0psf on the bottom chord in all areas where a rectangle 3-6-0 tall by 1-0-0 wide will fit
between the bottom chord and any other members.

9) Provide mechanical connection (by others) of truss to bearing plate capable of withstanding 164 Ib uplift at joint 1, 164 lb uplift at joint 7,
102 Ib uplift at joint 2, 78 Ib uplift at joint 6, 117 Ib uplift at joint 10 and 115 Ib uplift at joint 8.

10) SEE MiTek STANDARD PIGGYBACK TRUSS CONNECTION DETAIL FOR CONNECTION TO BASE TRUSS

LOAD CASE(S) Standard

~\

()

Figure 21-9. T2PBGE engineering detail. Courtesy of Robert Marini Builders, Inc.
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Common Rafters

UNIT

Roof Construction

In a common frame roof, the rafters, ridge board, and collar ties are the struc-
tural members. They are sized and spaced to support the weight of the roof
itself plus any snow or wind that can be expected. The protection from weather
is provided by sheathing (or roof decking) and roofing material, Figure 22-1.

The size and spacing of the rafters vary depending on their length, pitch,
and /oad (weight they must support) and are specified in Tables R802.5.1 through
R802.5.8 of the International Residential Code®. If the rafters span a great dis-
tance or are spaced far apart, they must be deep to support their load. (The verti-
cal dimension of rafters and joists is called depth). The size and spacing of the
rafters are shown on a section view, Figure 22-2. The ridge board is also usu-
ally shown on a section view. The ridge board should be made of stock 2 inches
deeper than the rafters. The greater depth is needed because an angled cut
across the rafters is longer than a square cut across the rafters, Figure 22-3.

When the roof framing is complicated, a separate roof framing plan may
be included, Figure 22—-4. Roof framing plans are used only to show the gen-
eral arrangement of the framing. Therefore, unless specific dimensions are
included, framing plans should not be relied upon for the lengths of the framing
members.

The roof frame may also include collar beams, or collar ties. Collar
beams are usually made of 1-inch (nominal thickness) lumber. They are nor-
mally included on every second or third pair of rafters. This information should
be shown on the roof section if collar beams are planned.

The slope of the roof may be shown on any section view that shows the
rafter size. Slope is usually also shown on the building elevations.

Roof Covering

The most common roof decking materials for houses are plywood and oriented-
strand board (OSB). However, in post-and-beam construction where the extra
strength is needed to span the distance between the rafters, dimensional lum-
ber is used for the roof deck.

The material used to provide weather protection is often chosen for its
architectural style, Figure 22-5. Some of the most common materials are
asphalt shingles, wood shingles, and terra-cotta or metal tiles. The material to
be used is shown on the section view of the roof and usually on the building

O)

¢/

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Find information about
roof construction on
drawings.

O Calculate the length
of common rafters.

O Calculate the length
of rafter tails when
overhang is given.
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Figure 22-2. A section view of the roof shows the size and spacing of rafters. Courtesy of Home Planners, Inc.
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2X8 RIDGE BOARD

2X6 RAFTER

)
\J
Figure 22-3. The ridge board must be made of wider lumber than the rafters to allow for the angled plumb cut.
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Figure 22-4. Roof framing plans show the arrangement of rafters. Courtesy of Robert C. Kurzon.
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length of a common rafter, you must know the run of
the rafter and its rise per foot of run.

The run can be found on the floor plan of the building.
The rise per foot of run is shown on the building eleva-
tions. The length of the common rafter is then found by
following these steps:

Step 1. Find the number of inches of rise per foot of run
at the top of the table. These numbers are the
regular graduations on the square.

Step 2.  Under this number, find the length of the rafter
per foot of run. A space between the numbers
indicates a decimal point.

Figure 22-5. Tile roofs are popular in some parts of the country.

elevations. The roofing should be applied over a layer Step 3. Multiply the length of the common rafter per
of asphalt-saturated building paper—sometimes called foot of run (the number found in Step 2) by the
slater's felt. number of feet of run.

Asphalt roofing materials, including felt and shingles,
are sold by their weight per hundred square feet of
coverage. One hundred square feet of roof is called a
square. If enough shingles to cover one square weigh
235 pounds, they are called 235-1b shingles. The felt used
under roofing is typically 15-1b or 30-Ib weight.

Step 4.  Add the length of the tail, and subtract one-half
the thickness of the ridge board. The result is
the length of the common rafter as measured
along the measuring line.

Note: If the overhang is given on the working drawings, it
can be added to the run of the rafter instead of adding the

Finding the Length length of the tail.

of Common Rafters o

Carpenters use a rafter table to find the length of rafters. Iliixaun::lzez:_F;nd the length of a common rafter for the roof in
These tables are available in handbooks and are printed 9 ’

on the face of a framing square, Figure 22-6. To find the @

LENGTH COMMON RAFTERS PER FOOT RUN 18 44 17 69
“ HIP OR VALLEY o " 24 74 24 02 23 32 22 65 22 21 38 20 78
DIFF IN LENGTH OF JACKS 16 INCHES CENTERS 28 7/8 27 34 26 11116 25 5/8 24 9/16 23 9/76 22 5/8
- " 2 FEET " 43 1/4 41 5/8 40 38 7/16 36 7/8 35 3/8 33 15/16
SIDE CUY OF JACKS USE 61118 6 15116 7 3116 7172 7 13116 8 1/8 8 1/2
H1? OR VALLEY N 8 1/4 812 8 3/4 8 116 9 3/8 9 5/8 9 7/8

1111 Ll lll L I Lty 11111111 1 llhr ! llllllllllllllllllllllllllhlll }llillh‘l]llllll

1°2 Ih8| 1'0 Q 8 7 [¢) 5 4 3 2 ]
16 97 16 28 15 82 15 14 42 13 89 13 42 13 12 65 12 37 12 16

20 78 20 22 3 70 19 1 18 76 18 36 18 17 69 17 44 17 23 17 09

22 5/8 2y 11186 20 13/16 20 19 /4 18 172 17 78 17 5/16 16 7/8 16 1/2 16 1/4

33 15/16 32 9116 31 14 30 28 7/8 27 3/4 26 1316 26 25 5/16 24 3/4 24 5/16 —
8 172 8 7/8 9 /4 9 58 10 10 38 10 34 11 116 11 3/8 11 5/8 11 13716

9 7/8 0 1/8 10 38 10 5/8 10 7/8 11 1.16 11 5116 17 12 11 1116 11 1316 11 15/16

et b et S B b B B
llllhllnllu phibbnbebebonnbob bbb bhnbnb b hnbnbd

L]

—

Figure 22-6. Rafter table on the face of a square: The top line is the length of common rafters per foot of run.
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2X8 RIDGEBOARD

2X6 RAFTER

\— 2X4 CEILING JOIST—/

! 28-0

@)

Figure 22-7. Find the length of a common rafter.

1. Rise per foot of run = 4"
Length of common rafter per foot of run = 12.65"
Run of one rafter including overhang = 16'-0"

16 X 12.65" = 202.40" (round off to 202/%")

g A WD

Subtract one-half the thickness of the ridge board:
2025" — %" = 20134"

Shed Roof Framing

Most of the Lake House has shed roof construction. That
is, the common rafters cover the full span of the area
they cover in a single slope. To find the length of shed
rafters, treat the entire span of the rafters as run. For
example, the total width of the garage is 13'-9". There is

O

no overhang on either side of the garage, so the span of
the garage rafters is 13'-9". Use 13'-9", or 13.75 feet, as
the run in calculating the length of common rafters. (See
Math Review 20.)

Where shed rafters butt against a wall or other verti-
cal surface, the drawings should include a detail to show
how they are fastened. Figure 22-8 shows three meth-
ods of fastening rafters to a vertical surface.

Roof Openings

Itis often necessary to frame openings in the roof. Where
chimneys, skylights, or other features require openings
through the rafters; headers and double framing mem-
bers are used. This method of framing openings is similar
to that used in floor framing.

\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

O List the size and spacing of rafters, ridge boards, and
collar beams.

© Describe the framing of a gable with a rake overhang.

O List the materials to be used for roof covering.

© Use a rafter table to find the length of a common rafter,
including the rafter tail.
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Figure 22-8. Details of shed roof to wall.

ASSIGNMENT

Give the following information for the rafters of the Lake House:

Rafter Location

Thickness X Depth Run

Rise per Foot Run Length 0.C. Spacing

1. Kitchen

Bedroom #2 and Loft
Living room
Bedroom #1

Garage

o1l =N
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Hip and Valley
Framing

UNIT

Hip Rafters

Hip rafters run from the corner of the building to the ridge at a 45° angle,
Figure 23-1. The length of hip rafters can be found by using a table found on
most framing squares, Figure 23-2. The second line of this table is used to
calculate the length of hip rafters. This table is based on the unit-run-and-rise
method for finding the length of common rafters, explained in Unit 22.

To calculate the length of a hip rafter, you must know the run of the com-
mon rafters in the roof and the unit rise of the roof, Figure 23-3. The length of
the hip rafters is then found by using the table for length of hip and valley rafters
in the same way the table for the length of common rafters is used in Unit 22.

Step 1. Find the unit rise (number of inches of rise per foot of run) at the
top of the table. These numbers are the regular graduations on the
square.

Step 2. Under this number, find the length of the hip rafter per foot of run of
the common rafters.

Step 3.  Multiply the length of the hip rafter per foot of common-rafter run
(the number found in Step 2) by the number of feet of run of the com-
mon rafters (one-half the width of the building).

Step 4.  Subtract the ridge allowance. Because the hip rafter meets the
ridge board at a 45° angle, the ridge allowance is one-half the 45°
thickness of the ridge board, Figure 23-4. The 45° thickness is the
length of a 45° line across the thickness of the ridge board. The 45°
thickness of a 1%-inch (2-inch nominal) ridge board is 2Ys inches.
Therefore, the ridge allowance for a hip rafter on a 1%2-inch ridge
board is 1/ie-inches.

Note: If the hip rafter includes an overhang, add the overhang of the common
rafters to the run of the common rafters.

O
A4

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Calculate the length
of hip rafters.

O Calculate the length
of valley rafters.

O Calculate the length
of hip and valley jack
rafters.
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RIDGE BOARDS

COMMON RAFTERS
""_
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) VALLEY JACK RAFTERS

\ VALLEY RAFTER

HIP RAFTERS ———»{

HIP JACK RAFTERS

O)

\J

Figure 23-1. Parts of a hip and valley roof frame.

2'3 2'2 24 2'0 19 1'8 1'7 1'6 I'5 1’4 '3 12
LENGTH COMMON RAFTERS PER FOOT RUN 21 63 20 B1 2 19 2 18 44 17 69 16 97
" HIP OR VALLEY R - 24 74 24 02 23 32 22 65 22 21 38 20 78
DIFF IN LENGTH OF JACKS 16 INCHES CENTERS 28 7/8 27 34 26 11/16 25 5/8 24 9/16 23 916 22 5/8
" - " 2 FEET " 43 1/4 41 5/8 40 38 7/16 36 7/8 35 3/8 33 15/16
SIDE cuT OF JACKS USE 6 1118 6 1516 7 318 7172 7 13116 B 1/8 B8 172
- . HIP OR VALLEY - 8 1/4 8 1/2 8 3/4 9 1/16 9 3/8 9 5/8 9 7/8
22 21 2,0 19 ll8 1l7 1\6 115 1|4 113 112 Ill
Illlllllllllillllll Lo bt bbb bbb bnbn bbb bbbt b b b 1 NN
1°2 [ 10 Q 8 7 6 5 4 3 2 1
16 97 16 28 15 62 15 14 42 13 89 13 42 13 12 65 12 37 12 16
20 78 20 22 19 70 19 2% 18 76 18 36 18 17 69 17 44 17 23 17 09
22 5/8 21 1116 20 13116 20 19 1/4 18 172 17 7’8 17 516 16 7/8 16 1/2 16 1/4
33 15/16 32 9/16 31 /4 30 28 7/8 27 3/4 26 13116 26 25 5/16 24 3/8 24 5/16 —_
8 172 8 7/8 9 1/4 9 58 10 10 3/8 10 34 11 1786 11 3/8 11 5/8 11 13/16
9 7/8 0 1/8 10 3/8 10 5/8 10 7/8 11 116 11 5116 1M 12 11 1116 11 13716 11 15/16
Gt e ot Gl ot B e Btan bt Bt
bbbt bbb bbb oo bbb 111[111L11111111111111
]
O)
\J
Figure 23-2. Rafter table on the face of a square.
O
Example: Find the length of a hip rafter for the roof shown 3. Common-rafter run including overhang = 16’-0"
in Figure 23-5.
g 4. 16 X 17.44" = 279.04" (round off to 279%¢")
1. Rise per foot of run = 4" .
P 5. Subtract 3/s” ridge allowance: 279%s" — 34"
2. Length of hip rafter per foot of common-rafter run = 2785/¢"
17.44"
@
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RUN OF
COMMON RAFTERS ———

| “\\ ,
S?ESOSFE#»
&

HIP RAFTER

Figure 23-3. To use the table for the length of hip and valley
rafters, use the run of the common rafters in the roof.

The rafters that butt against the hip rafter are
called hip jack rafters; they are cut at an angle,
Figure 23-6. This angled cut produces a surface that is
longer than the width of the lumber from which the rafter
is cut. Therefore, the hip rafters are sometimes made of
wider lumber than the common rafters and jack rafters.

Valley Rafters

The line where two pitched roofs meetis called a valley.
The rafter that follows the valley is a valley rafter. It

2X8 RIDGE

J S
W,
1
"

" \
2X6 RAFTERS (@ 24 OC: \I

b.\\
e \
4 ‘$\
NS5
s r’"/r/l
I\“Q '/¢,|'/

— 7 OF 45 DEGREE THICKNESS
(RIDGE ALLOWANCE)
45 DEGREE
THICKNESS |

RIDGE BOARD

Figure 23-4. Use one-half of the 45° thickness of the ridge as a
ridge allowance for hip rafters.

is most common for both roofs to have the same pitch.
This results in the valley rafter being at a 45° angle with
both ridges—the same angle as a hip rafter. Because the
angles of the hip and valley rafters are the same and the
pitch is the same, the same table can be used to compute
their lengths.

2\ .

—9
O
=
o

2'-0" (OVERHANG)

Figure 23-5. Find the length of a hip rafter.

Q
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2X10 HIP RAFTER

2X8 HIP
JACK RAFTER

Figure 23-6. Because the top of the hip jack is cut on an angle,
the hip rafter must be wider.

All steps of the procedure given earlier for hip raf-
ters can be followed to find the length of valley rafters.
However, the valley rafters often have no tail even though
the roof has an overhang, Figure 23-7. In this case,
the total length of the valley rafters is computed on the
basis of the run of the common rafters excluding the

Y/

A

ZNY
| |

Figure 23-7. On some roofs the common rafter tails are close
enough so no tail is needed on the valley rafters.

When both roofs have the same span and rise, the
valley extends from the eave to the ridge, Figure 23-8.
When one roof has a greater span than the other, the val-
ley does not reach the ridge, Figure 23-9. In this case,
the valley is framed in one of two ways. One valley rafter

overhang. can extend to the ridge, and the other can butt against the
SAME PITCH
BOTH ROOFS
%)
VALLEY
EXTENDS TO RIDGE
N
dn N
, [Qj
EQUAL SPANS
O

Figure 23-8. When both spans are the same distance and the same pitch, the valley goes all the way to the ridge.

158 Unit 23

Openmirrors.com



®)

Figure 23-9. When the spans are not equal, the valley does not reach the ridge.

RIDGE BOARD

LONG VALLEY RAFTER

RIDGE BOARD

Figure 23-10. Framing valleys with long and short valley rafters.

first, Figure 23-10. The other method is to install a com-
mon rafter on the wider roof in line with the ridge of the
narrower roof. Both valley rafters can then butt against
this common rafter, Figure 23-11.

The length of the valley rafters is based on the run
of the common rafters that have their upper (ridge) ends
at the same level as the valley rafter. In other words,

RIDGE BOARD

COMMON RAFTER

RIDGE BOARD

VALLEY

Figure 23-11. A valley framed against a common rafter.

when the long and short valley rafters are used, the
length of the long valley rafter is based on the run of the
common rafters in the wider roof. The length of the short
valley rafter is based on the run of the common rafters in
the narrower roof. When both valley rafters butt against a
common rafter of a higher roof, their lengths are based on
the run of the common rafters in the narrower roof.
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Jack Rafters

Rafters that extend from the wall plate to a hip rafter
are called hip jack rafters, as shown in Figure 23-1.
Those that extend from a valley rafter to the ridge
board are called valley jack rafters, also shown in
Figure 23-1.

The third and fourth lines of the rafter table on most
framing squares, shown in Figure 23-2, are used to
calculate the length of jack rafters. The length of each
jack rafter in a roof varies from the length of the one
next to it by the same amount, Figure 23-12. The
amount of this variance depends on the spacing of the
rafters and the pitch of the roof. The third line of the raf-
ter table is used when the rafters are spaced 16 inches
0.C.; the fourth line is used when they are spaced
24 inches 0.C. As with the other lines of the rafter table,
the inch numerals at the top of the square are used to

O

indicate the unit rise of the roof. For example, if a roof
has a 6 in 12 slope and the roof framing is 16 inches
0.C., the difference in the length of jack rafters is
177/ inches.

The first jack rafter should be a full space (16 inches
or 24 inches) from the bottom of the hip or the top of the
valley. Therefore, the first jack rafter should be the length
shown on the rafter table.

The length of the tail must be added to the theoreti-
cal length from the table. The length of the tail on hip
jacks is the same as the length of the tail on common
rafters. Therefore, the length of the tail can be found
by using the table for the length of common rafters.
Simply treat the tail as a very short common rafter. If the
overhang is not in even feet, divide the length of com-
mon rafter per foot of run on the table by 12. This gives
you the length of the common rafter (or jack rafter tail)
per inch of run.

RAFTERS 24" 0.C.
12

PITCH
5/

\J

Figure 23-12. Each jack rafter in a string varies from the next by the same amount.
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Example: Find the length of the tails of the jack rafters in
Figure 23-13.

1. Unitrise (rise per foot of run) = 4”

2. Length of common rafter per foot of run = 12.65"

3. Length of common rafter perinch of run = 12.65"/12 =
1.05”

4. Run of rafter tail (overhang) = 8"

5. Length of rafter tail = 8 X 1.05” = 8.4”, approximately
87/6".

@

Hip jack rafters are also shortened at the top to allow
for the thickness of the hip rafter they butt against. This
allowance is one-half the 45° thickness of the hip rafter.
Valley jack rafters are shortened at the bottom to allow for
the thickness of the valley rafter. This allowance is one-half
the 45° thickness of the valley rafter. The valley jack rafters
are also shortened at the top to allow for the thickness of

&

the ridge board. The ridge board allowance for valley jacks
is the same as the ridge board allowance for common
rafters—one-half the actual thickness of the ridge board.

O

Example: Find the length of the hip jack rafters (A, B, and C)
and the valley jack rafters (D, E, and F) in Figure 23-13.

Hip Jack Rafters
1. Rise per foot of run = 4”
Spacing of rafters = 24" 0.C.
Difference in the length of jacks = 255/16”

> W~

Theoretical length of hip jack rafter A = 0 + 25%/16" =
255/16"

5. Add tail as found in earlier example: 25%16” + 87/16" =
333/

6. Subtract one-half the 45° thickness of the hip rafter:
33%," — 16" = 32'/16" (actual length of A)

7. Actual length of hip jack B = 32"/16” (length of A) +
25%6 (from rafter table) = 58”

_4%‘:):
® .
V]
C N
NN
| QR
| o
[\
K Ko de e
0 @
; %
@ &
o
)
o y
§
¥
X .
d L /2% o | /6'-0" |
L ) 3e-0" '
1

®)

Figure 23-13. Find the length of the tails of jack rafters, hip jack rafters, and valley jack rafters.
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8. Actual length of hip jack C = 58" (length of B) +
25%/16" = 83%/16”

Valley Jack Rafters

9. Theoretical length of valley jack rafter D = 0 +
255/16" = 25%16"

10. Subtract one-half the 45° thickness of the valley
rafter: 25%16” — 116" = 241/4"

Subtract one-half the actual thickness of the ridge
board: 24'/4" — 3/s” = 23'/2" (actual length of D)

11.

12. Actual length of valley jack E = 23'/2” (length of D) +
25%16” (from rafter table) = 4813/16”
13. Actual length of valley jack F = 48'3/16” (length of E) +

25%h" = T4/

@

O
\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

© Use a rafter table to find the length of hip rafters.

ASSIGNMENT

A. Refer to Figure 23-14 to complete questions 1-11.
1. What is the run of the common rafters at A?

2. How much overhang does the roof have?
© Use a rafter table to find the length of valley rafters. 3. Whatis the actual length of the common rafters
at A?
® . .
::3 331?(3%?;3([):;;2“(1 the length of hip jack rafters 4. What is the actual length of the hip rafter at B?
Y ® (&
©
N
SR
IR
. 0
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0 240 RiotE
o d o
8 oK
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O
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Figure 23-14.
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10.

11.

What is the run of the common rafters at C?
What is the actual length of the common rafters
at C?

What is the length of the short valley rafter?
What is the actual length of the shortest hip jack
rafter?

What is the actual length of the second shortest
hip jack rafter?

What is the actual length of the shortest valley
jack rafter?

What is the actual length of the second shortest
valley jack rafter?

. Refer to the Lake House drawings (in the packet) to
complete this part of the assignment.

12.

What is the length of the structural steel hip rafter
over the dining room?

Notes:

© This hip rafter is a steel channel shown on details

5/6 and 6/6, and marked as MC8X8.7

© Remember to allow for the distance from the col-

umn centerline and the end of the rafter as dimen-
sioned on the detail drawing.

© This roof has an unusual pitch of 2.96 in 12. This is

close enough to use 3 in 12 for calculating rafter
lengths.
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UNIT

Cornices

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Describe the cornice
construction shown on
a set of drawings.

O List the sizes of the
individual parts of the
cornice shown on a set
of drawings.

O Describe the provisions
for attic or roof ventilation
as shown on a set of
drawings.
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Types of Cornices

The corniceis the construction at the place where the edge of the roof joins the
sidewall of the building. On hip roofs, the cornice is similar on all four sides of
the building. On gable and shed roofs, the cornice follows the pitch of the end
(rake) rafters. The cornice on the ends of a gable or shed roof is sometimes
called simply the rake, Figure 24-1. The three main types of cornice are the
box cornice, the open cornice, and the close cornice.

Box Cornice

The box cornice boxes the rafter tails. This type of cornice includes a fascia
and soffit, Figure 24-2. The fascia covers the ends of the rafter tails. The
soffit covers the underside of the rafter tails. There are three types of box
cornices. These types vary in the way the soffit is applied.

Sloping Box Cornice.

In the sloping box cornice, the soffit is nailed directly to the bottom edge of the
rafter tails. This causes the soffit to have the same slope or pitch as the rafter,
Figure 24-3.

Narrow Box Cornice.

In the narrow box cornice, the rafter tails are cut level. The soffit is nailed to
this level-cut surface, Figure 24-4.

Wide Box Cornice.

In a wide box cornice, the overhang is too wide for a level cut on the rafter tails
to hold the full width of the soffit. In conventional wood framing, lookouts are
installed between the rafter ends and the sidewall. The lookouts provide a nailing
surface for the soffit, Figure 24-5. For a metal soffit, special metal channels fas-
tened to the sidewall and the back of the fascia hold the soffit, Figure 24-6.

Open Cornice

In an open cornice, the underside of the rafters is left exposed, Figure 24-7.
Blocking is installed between the rafters and above the wall plate to seal the
cornice from the weather. An open cornice may or may not include a fascia.



RAKE CORNICE

—CORNICE
AT EAVE

Figure 24-1. The cornice is the construction at the place where
the roof and the sidewall meet.

RAFTER

FRIEZE BOARD
AND MOLDING

SIDING

WALL SHEATHING
W/ BUILDING PAPER

e RAKE CORNICE

CORNICE MOLDING
RETURN———" Y]
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Figure 24-2. Parts of a box cornice.

«—— ROOF SHEATHING

W/ BUILDING PAPER

COMPOSITION
SHINGLES

-.-' ALUMINUM DRIP EDGE
i SHINGLE MOLDING
£> FASCIA

NAILING HEADER
(FASCIA BACKER)

SOFFIT (NAILED TO RAFTER)
VENTILATOR

Figure 24-3. Sloping box cornice.

Close Cornice

In a close cornice, the rafters do not overhang beyond the
sidewall, Figure 24-8. The interior may be sealed by the
sheathing and siding or by a fascia. In either case, there
must be some provision for ventilation.

®)

Cornice Returns

Any type of construction described for cornices can be
used for the rake. When a sloping cornice is used, the fas-
cia and soffit follow the line of the roof up the rake. When a
level box cornice is used, a cornice return is necessary.
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Figure 24-4. Narrow box cornice.

RAFTER

PLATE

FRIEZE BOARD
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ROOF SHEATHING
W/ BUILDING PAPER

G

SHINGLE STARTING COURSE

ALUMINUM DRIP EDGE

SHINGLE MOLDING
AND MOLDING NAILING HEADER (FASCIA BACKING)
VENTILATOR
|~ LOOKOUT
SIDING
WAL — J SOFFIT
SHEATHING

Figure 24-5. Wide box cornice with horizontal lookouts.

This is the construction that joins the level soffit and fascia
of the eave with the sloping rake, Figure 24-9.

The style of cornice return is shown on the build-
ing elevations, Figure 24-10. Although good archi-
tectural drafting practice requires details of all special
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construction, many architects do not include details
of cornice returns. The carpenter is expected to know
how to achieve the desired results. Figures 24-11 and

24-12 show the construction of two popular types of
cornice returns.



—— FASCIA 8 CHANNEL
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\s%lgpl#ATED YT ]/

WALL CHANNEL

Figure 24-6. Metal and vinyl soffit systems include
ventilated soffits and channels.

BLOCKING
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RAFTER

WALL PLATE
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CEILING
JOIST

BUILDING PAPER
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BUILDING PAPER
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Figure 24-8. Close cornice.

ROOF PLANKING

WITH BUILDING PAPER
/ COMPOSITION

SHINGLES

SIDING

Figure 24-7. Open cornice.
Ventilation

The cornice usually allows for ventilation of the attic or
roof. Attic or roof ventilation is necessary in both hot
and cold weather. Without ventilation, the air in the attic

®)

becomes stagnant because it is trapped and unable to
circulate.

In hot weather, this stagnant air builds up heat and
makes the house warmer. Hot, stagnant air can hold a
large amount of moisture. When this moisture-laden air
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Figure 24-9. Cornice return. Courtesy of Richard T. Kreh, Sr.
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Figure 24-10. The cornice returns can be seen on the building
elevations.
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Figure 24-11. Section through cornice return shown in Figure 24-10.

comes in contact with the cooler roof, the moisture con-
denses. The condensation can reduce the effectiveness
of the insulation. Condensation can also cause the wood
in the attic to rot.

Attic or roof ventilation also helps preventice buildup
in cold climates. Without ventilation, the heat from the
building melts the snow that falls on the roof. As the
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melted snow reaches the overhang of the roof, it refreezes.
Eventually an ice dam may build up. The ice dam can
back up newly melted snow, causing it to seep under the
shingles, Figure 24-13.

Ventilation is created by allowing cool air to enter
through the cornice and exit at the ridge or through
special ventilators, Figure 24-14. A section view of
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Figure 24-12. Framing for cornice return shown in Figure 24-9.

ICE DAM

HEATED SPACE

Figure 24-13. Ice dam.
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Figure 24-14. Airflow through the attic.

the sidewalls or a special roof and cornice detail shows
the construction of the cornice including any ventilators.
Notice that each of the soffits in Figures 24-2, 24-4,
and 24-5 includes a ventilator.

The heated air can be allowed to exit in one of three
ways. Some buildings have a ventilated, metal ridge
cap. This may be shown on the building elevations or
on a separate detail. When a ventilated ridge is used,
an opening is left in the roof decking at the ridge. Metal
roof ventilators can be installed in the roof. Ventilators
can be installed in the gables. Metal roof ventilators
and gable ventilators are usually shown on the building
elevations only.

\J

v CHECK YOUR PROGRESS

Can you perform these tasks?

© Describe the construction of a typical sloping box
cornice.

© Describe the construction of a typical narrow box
cornice.

© Describe the construction of a typical wide box
cornice.

© Describe the construction of a typical open cornice.

© Describe the construction of a typical close cornice.

© Describe the construction of a return for each of the
above cornice types.

© Trace the flow of ventilating air from the point it enters
a cornice to the point it exits the attic.

ASSIGNMENT

Refer to the Two-Unit Apartment and the Lake House
drawings (in the packet) to complete the assignment.

1. Which type of cornice does the Apartment have?

2. What material is used for the Apartment cornice?
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3. How wide is the Apartment soffit?

4. The Apartment fascia is made of two parts. What
are they?

5. What provision does the Apartment cornice have
for ventilation?
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1.

8.

How does attic air exit from the Apartment?

Sketch the Lake House cornice, and show where air
enters for ventilation.

There are two ways that air can escape from the
Lake House roof. Describe one.
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Window Construction
Most windows are supplied by manufacturers as a completely assembled unit.
However, the carpenters who install windows often have to refer to window
details for information. Some special installations require knowledge of the
construction of the window unit. Also, when a special window is required, the
carpenter may build parts of it on the construction site.
Wood Windows
The major types of windows are briefly discussed in Unit 19. All these windows
include a frame and sash. The sash is the glass and the wood (or metal) that
holds the glass. The sash is made of rails (horizontal parts) and stiles (vertical
parts), Figure 25-1. The sash may also include muntins. Muntins are small
HEAD (HEAD JAMB)
) HEAD STOP
1\\\ GLASS (GLAZING)
\ \ L N
\\
I
MEETING RAIL \§ MUNTIN
(CHECK RAIL) S
\\ STILE
STILE N STOP
A ———SIDE JAMB
\ (\\\

EXTERIOR CASING

SILL \ \
S

RAIL:

A\N

Figure 25-1. Parts of a window

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Interpret information
shown on window and
door details.

O Find information in
window and door
manufacturers’ catalogs.
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strips that divide the glass into smaller panes. The glass
is sometimes called the lite.

The window frame is made of the side jambs, the
head jamb, and the sill. Stop molding is applied to the
inside of the jambs to hold the sash in place. Factory-built
windows also come with the exterior casing installed. The
casing is the molding that goes against the wall around
the frame. The interior casing and the apron, if one is
included, are applied after the window is installed.

Metal Windows

Many buildings have vinyl or metal windows. Improve-
ments in the design of metal windows have made them
competitive with wood windows in both cost and energy
efficiency. The most important of these design improve-
ments has been the development of thermal-break win-
dows. Thermal-break windows use a combination of
air spaces and materials that do not conduct heat easily
to separate the exterior from the interior, Figure 25-2.

PVC

INSULATOR —

The basic parts of a metal or vinyl window are similar
to those of a wood window. The sash consists of a stile,
rails, and glazing. The frame is made up of side jambs, a
head jamb, and a sill. However, the trim (casing) is not
included as part of the window. Often the window frame
itself is the only trim used on the exterior. The frame
includes a nailing fin for attaching the window to the
building framing.

Window Details

All windows include the parts discussed so far. However,
to show the smaller parts, which vary from one window
style to another, architects and manufacturers use detail
drawings. The most common type of window detail is
a section, Figure 25-3. All the parts can be shown in
section views of the head, sill, and one side jamb. These
sections also usually show the wall framing around the
window.

INSIDE GLASS

INSIDE FRAME JAMB \

PVC THERMAL BREAK

OUTSIDE FRAME JAMB

A N

[ Y

\ \——AIR SPACE
OUTSIDE GLASS

AIR SPACE

Figure 25-2. Thermal-break windows use insulating materials and air spaces to separate the interior from the exterior. Courtesy of Ethyl

Capitol Products Corporation.
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Figure 25-3. Typical window detail drawing. Courtesy of Andersen Corporation, Bayport, MN 55003.

Some of the parts that can be found on window
sections are defined here. Find each of the parts on the
sections and illustrations in Figures 25-4, 25-5, and
25-6.

O Weather stripping is used on windows that open and
close. It forms a weather-tight seal around the sash.

O The transom bar is the horizontal part of a window
frame that separates the upper and lower sash.

O Meetings rails or check rails are the rails that meet in
the middle of a double-hung window.

O Insulating glass is a double layer of glass, creating
a dead-air space. The dead air acts as an insula-
tor. Better windows are filled with inert gas, such as
argon, to provide better insulating qualities.

O Extension jambs are fastened to standard jambs when
the window is installed in a thicker than normal wall.

O A mullion is a vertical section of the frame that
separates side-by-side sash. If the mullion is formed
by butting two windows together, it is called a narrow
mullion. If the mullion is built around a stud or other
structural support, it is called a support mullion.

EXTENSION JAMBS

BRICK MOLD
CASING

INSULATING GLASS

TRANSOM BAR

INSULATING GLASS

&

WEATHERSTRIPPI
(ALL AROUND EDGE
OF MOVABLE SASH)

Figure 25-4. Window parts.

Details for metal windows are often drawn as simpli-
fied sections of the frame only. Figure 25-7 shows typical
details for the thermal-break window in Figure 25-2.
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AWNING DETAILS
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Figure 25-5. Courtesy of Andersen Corporation, Bayport, MN 55003.

Door Construction

Doors include many of the same basic parts as windows,
Figure 25-8. A door frame consists of side jambs and
a head jamb with stop and casing. Exterior door frames
also include a sill. Many doors are made of a framework
with panels, Figure 25-9. The parts of panel doors are
named similarly to the parts of a window. The vertical parts
are stiles, and the horizontal parts are rails. Doors with
glass or louvers are variations of panel doors. The frame-
work is made of rails and stiles, and the glass or louvers
replace the panels. Several manufacturers make molded
doors. The most common type of molded door is made
of hardboard for interior doors or steel for exterior doors
which is manufactured in folds that contour the surface to
look like panel doors, Figure 25-10. Hollow core doors
consist of an internal frame with flat “skin” applied to each
side, Figure 25-11. Some exterior doors have insulation
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between the two outer steel skins. These insulated doors
result in considerable heating and cooling savings.

Door Details

Door details are usually less complex than window
details. Where security, fire alarm, electronic lock, or
special systems must be run in door and window metal
frames, the corresponding installers must familiarize
themselves with the actual manufacturer details and
coordinate their installation with the door and window
installation schedule. Carpenters rarely make doors, so
all thatis needed are simple details of the door frame and
its trim, Figure 25-12.

Many doors are sold as prehung units. In these units
the frame is assembled, including the trim, and the door
is hung in the frame. A section view of the jambs shows
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Figure 25-6. Courtesy of Andersen Corporation, Bayport,
MN 55003.

how the door is installed. For example, the door detailed
in Figure 25-12 is made with two-piece jambs. These
split jambs are pulled apart; each side is then slid into the
opening for installation. The stop can be either applied
or integral. Applied stop is molding that is applied to the
jambs with finish nails. Integral stop is milled as a part of
the jamb when the jamb is manufactured.

Reading Catalogs

It is often necessary to find specific information about
windows or doors in the manufacturer’s catalog. Usually
the catalog has a table of contents listing the types of
windows and doors shown. Figure 25-13 shows typical
pages reprinted from a manufacturer’s catalog. A careful
reading of these sample pages will help you to find the
information you need in manufacturers’ catalogs. For
each type of window or door, you will find some or all of
the listed information:

O A brief description of the window type and some of the
features the manufacturer wants to highlight—a little
advertising.

O Installation detail drawings.

O Sizes available—This information usually consists of
drawings of the various sizes and arrangements, with
dimensions for glass size, stud or rough opening, and
unit dimensions. (Notice that the nominal size in the
catalog sample is written as a four-digit number. The
first two digits are the approximate width in feet and
inches. The last two digits are the approximate height
in feet and inches. For example, a 6030 window is
roughly 6 feet wide by 3 feet high.)

O Additional information, such as optional equipment
available.
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Figure 25-7. Typical metal window details. Courtesy of Ethyl Capitol Products Corporation.
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Figure 25-8. Parts of a door frame.
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Figure 25-9. Construction of a panel door.
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Figure 25-10. Molded hardboard door.
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= CAPITOL’S =

ED?]@@

INSULATED GLASS,
THERMAL-BREAK,
ROLLING WINDOW

Rated HS-B2-HP (residential} Rated HS-A2-HP (architectural)

The latest addition to Capitol's fine line of aluminum
thermal-break products, the E-700 affords the benefits of
thermal-break performance and the convenience of
insulated glass . . . frost-free window frames . . . virtual
elimination of window glass condensation. In addition to
its excellent “‘energy saving’’ qualities, the E-700 offers
these “sales appealing” features: Window can install with
or without sash panels mounted—panels can be installed
later from inside the building . .. Panels can be removed
and replaced without tools and fixed panel is held in
place with a finger operated ‘“‘push-pull” retaining pin . ..
Roll panel latches and automatically locks in closed
position. Windows are available in arrangements such as
side vents, center vents, sub-, side-, transom lites and

THERMAL-BREAK FRAME SECTIONS—OLiside (rames at flxed/rgmovable lites. All models are available in PPG
the nailing fins are separated by rigid foamed poly-vinyl enamelized and baked-on colors (standard colors at no
chloride, roll pressed to the metal frames. Inside. the added cost).

frames are separated with extruded poly-vinyl chioride and

weather stripped with mylar shielded pile. "Push-pull”,

panel retaining pin is shown in its position in head section

Pin aliows easy removal, and locking into position of the
fixed panel {no tools are needed). Integral nailing fins *U.S. Patent No. 4,151,682
surround the entire frame for easy window installation
POSITIVE ACTION, SELF-LOCKING
LATCH—Finger-tip ease of operation with this
attractive, rugged lock-latch. Latch is located on the
interlock stile of the rolling panel and is constructed
of Celcon, Ultra-violet stabilized, acetal copolymer
MS90-08. Latch automatically locks the window when

HORIZONTAL OR VERTICAL WINDOW MULLING

Capital for complet

INTERLOCKING MEETING STILES—The key to the
thermal-break feature, at the panel interlocks, is
revealed in this photo. Fixed sash interlock stile is at

panel is moved into closed position left and roiling sash interlock stile at the right. The stile
| I : interlocks are insulated and parted with rigid Celcon
: Exterior screen of fiberglas mesh, can be inserted or separator to maintain thermal-break performance.
STACK M removed from inside the building without removing Insulated glass is cushioned in flexible PVC and full
g it glass panels. (Optional at added cost) length flexible vinyl flaps seal panels at each interlock.

v .l.._
L
5P TION MUL ] 1.1

Figure 25-13. Pages are reprinted from a typical manufacturer’s catalog. Courtesy of Ethyl Capitol Products Corporation.
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Fully Effective Thermal Performance Without Breaking

] (weakening) the Fixed and Rolling Panels!|

This detail shows, that we have, without exception, succeeded at each and every part of this design to
completely separate the exterior “cold” window surfaces from the interior “warm” window surfaces -
both at frame, sash and glass, by the use of enclosed air spaces (as the most effective insulation) and by
applied low conductive plastic insulators. And this has been achieved by only thermo-breaking the frame
around the center divider and by shielding the unbroken sashes with the divider either from their
exposure to the inside or to the outside of the building.

In other words: The fixed outside (cold) sash has been insulated from the interior, and the rolling (warm)
sash has been insulated from the exterior.

And we can confirm our theories with a thermal test report by the AAMA authorized Electrical Test
Laboratories in New York.
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(55 sHOWS WHERE LOW CONDUCTIVE INSULATING
MATERIALS COME INTO USE.

Window rates a Condensation Resistance
Factor of 50, amply exceeding the minimum
35 CRF needed to pass the Thermal Perform-
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0. SEPARATOR
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3. FRAME JAMB
2 OQUTSIDE GLASS
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ance Specification.

of HUD

SILL AND ROLLING PANEL SECTION—Sloping sill
drains water to the outside and is machined to receive
one-way weep valves that prevent air infiltration. The
thermal-break feature between the inside and outside
frame and the weatherstripping are clearly shown here.
The roli panel stile shows the Celcon corner section
that acts both as a housing for the roller and a guide
for the panel as it moves in the sill cavity.

Property

ALUMINUM ROLLERS—Celcon housing is designed to
make possible a two position roller height. Roller wheets
are of aluminum and ride on a rigid vinyl track for smooth
panel operation. Notice that panel frames do not butt at
corners. They lelescope to achieve a rigid corner and
eliminate gaps at the corner joints

(MPS) and the USDA, FmHA requirements.

FIXED PANEL REMOVAL—Retaining pins at the frame
head and sill lock the fixed window panels in place. Fixed
panel cannot be removed when roll panel is in closed
position. Retaining pins can be moved without the use of
tools to easily remove the fixed panel

To provide a weather tight seal at the machined areas
at the top and bottom of the interlocks, “finger-
operated” PVC sealer blocks are used.

Figure 25-13. (Continued)
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SPECIFICATIONS
GENERAL: Windows shown are identified as series E-700, rated
HS-B2-HP (residential) and series E-705, rated HS-A2-HP (Ar-
chitectural), as manufactured by Capitol Products Corporation
All horizontally rolling windows and window arrangements
(side-vents, center-vents, sub-, side-, transom lites and fixed
removable lites) shall be thermally insulated aluminum win-
dows. AAMA requires that the largest size of any particular
model we offer for sale be tested. That size has been tested and
meets AAMA's specifications. No other size of the model will be
tested and no representation as to air infiltration is made except
as to the model tested. Windows furnished for job will duplicate
the test window in alt mechanical parts and details within stan-
dard commercial tolerances as required under ANSI/AAMA
302.9-77.
OPERATION: Window frames can be installed without sashes.
Fixed and rolling sashes shall be loaded into frames from the
building interior and shall be removable without the use of any
tools for cleaning, maintenance or re-glazing. The rolling sash
shall automatically lock when in closed position. Insect screens
shall be installed or removed from the building interior without
removing a sash or the use of tools, and shall be reversible for
handed rolling sash operation.
MATERIALS: All frame members, rails and stiles shall be fab-
ricated from extruded aluminum alloy 6063-T5 with nominal wall
thicknesses of .062" for the Series £700 windows, and with
nominal wall thicknesses of .062" for all members except the sill,
which shall have a nominal wall thickness of .078", for the Series
E705 windows.

Thermal-break frame separators shall be of extruded rigid and
rigid-foamed poly-vinyl chloride. Glazing gaskets shall be 70

durometer extruded poly-vinyl chioride. Weatherstripping shall
be 50 durometer extruded poly-viny! chloride.

WEATHERSTRIPPING: Weatherstripping at the frame perime-
ters and the interlocks shall be extruded 50 duremeter poly-vinyl
chloride. Adjustable, dual-durometer PVC end seals shall be
provided at all interlock ends at the point of contact on the frame
separators.

Weather stripping at head and sill and at rolling sash to be
mylar shielded pile.
Fasteners shall be stainiess steel. Hardware shall te aluminum
and Celcon, Ultra-violet stabilized, Acetal Copolymer M90-08.
Sash bumpers shall be adhesive backed poly-viny! chloride
CONSTRUCTION: Frame members shall be thermally insulated
by a crimped insulator and a snap-on type dual-durometer
separator which functions as insulator and weatherstrip for the
exterior fixed sash and for the rolling sash. Jambs shall be
machined at both ends to receive telescopingly the head and sill.
The joint shall be made watertight by applying a die-cut gasket
and fastening with two screws per joint. Sills shall be machined
1o receive one-way valves and fixed sash retaining pins. Win-
dow thermal design to be such that no thermal break of sash
aluminum components is required. All sash stiles shall be tubu-
lar aluminum shapes for torsional rigidity and shall be machined
at both ends to telescope into top and bottom rails and fastened
with one screw per joint together with top rail guides, fixed sash
bottom rail setting block and rolling sash roller housing

Top and bottom rails shall be machined at both ends to receive
stiles and shall have weep slots for draining the bottom rail
glazing cavity. interlock stiles shall be designed to provide a
pocket for the insect screen frame and shall be machined to
receive the spring loaded lock and lock keeper.

HARDWARE: Exterior fixed sashes shall have injection molded
rail guides and sash lock keeper. Interior rolling sashes shali
have injection molded two-position roller housings, aluminum
wheels and injection molided, spring loaded lock at interiock
stile. The exterior fixed sash shall be locked in place by a
push-pull retaining pin at head and sill. Sills shall have PVC
one-way weep valves. Jambs shall have adhesive backed
bumpers at mid-height.

FINISH: All aluminum frame and sash members shall have a
finish that provides a smooth uniform appearance. Elec-
trostatically applied paint over alodine base provided in
standard colors at no added cost. Extruded PVC and exposed
injection molded parts shall be of charcoal grey color

GLASS: Glass shall be 2" sealed double glazing with standard
glass thickness as required by AAMA.

SCREENS: Framés shall be fabricated of a roil formed aluminum
rail with corners accurately mitred and fitted to a hairline joint.
Screen cloth shall be fiberglas. Frames shall have 2 springloaded
plungers on one side rail and a finger pull on the opposite side
rail. Screens and finish on screen frames shall be available at
additional cost.

INSTALLATION: (by others) Frames should be installed straight
plumb and level without springing or twisting, and securely
fastened in place in accordance with recommendations or de-
tails. Mastic or caulking compounds must be applied, before
installation, between fin and adjacent construction to provide
weather-tight installation and to maintain the integrity of the
energy saving features of the product. Loading of sashes and
final adjustments shall be made by the installers to assure proper
sash operation and window performance.

Air Infiltration  25mph wind Water Resistance Operating Force Uniform Load Deflection | aama requires that the largest size of any particular
PERFORMANCE measured | allowed measured | allowed measured ] allowed measured ] allowed 1 model we offer for sale be tested. That size has been
LEVEL cfmift psf no flow pounds inches tested and meets AAMA's specifications. No other size
SPECIFICATIONS | B2 37 [ 375 286 [ 286 10 | 15 397 TTTEs o the model will be tested and no representation as to
A2 37 | 375 434 ' 3.34 20 ] 20 200 ! 351 air infiltration is made except as to the model tested.
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Ethyl CAPITOL PRODUCTS CORP
Corparation Mechanicsburg, PA 17055

TYPICAL BUTT TYPE INSTALLATION DETAILS
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THE CAPITOL MULLING AND FIXED LITE WINDOW WALL SYSTEM

Fin and finless windows can be combined in fixed lite and operating
window configurations. Either Side-by-Side or Stack Mulled. Fixed
Lites can be mixed and matched with side vent, center vent and
two-lite rolling windows to achieve window wall arrangements.

Windows can be ordered with fins already removed from “mulled
side’ of window, or fins can easily be removed in the field for mulling.

Fixed Lite System features Removable Inserts. Glass is enclosed in its
own sash frame which can be removed from the main window frames.

Figure 25-13. (Continued)

182 Unit 25

Openmirrors.com



O

U

v CHECK YOUR PROGRESS

Can you perform these tasks?

© Identify the following parts of a window: sash, rails,
stiles, muntins, glazing, side jambs, head jambs, sill,
stop, exterior casing, and interior casing.

© Identify each part of a window on a window detail.

© Explain the basic features of the following door types:
panel, flush, hollow core, molded, and solid core.

© Explain what is meant by applied stop and integral
stop.

© Find the rough opening, unit size, and glass size for
windows in a manufacturer’s catalog.

ASSIGNMENT

Refer to the Lake House drawings when necessary to
complete the assignment.

1. Name the lettered parts (a through f) in Figure
25-14.

Figure 25-14. Courtesy of Andersen Corporation, Bayport, MN
55003.

. What is the nominal size of the window in the south

end of the Lake House dining room?

. Inthe catalog sample shown in Figure 25-13, what

is the width and height of the rough opening for a
#4030 window?

. In the catalog sample, what are the rough opening

dimensions for a window with a 28-inch by 44-inch
glass size?

. In the catalog sample in Figure 25-13, what is the

glass size of the window in bedroom #2 of the Lake
House?

. In the catalog sample, what is the R.0. for the win-

dow in bedroom #2 of the Lake House?

. Is the exterior door in the Lake House kitchen to be

prehung or site hung?

. What type and size are the doors in the Lake House

playroom closet?
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Exterior VVall
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Objectives Wood Siding
After completing this unit, Wood is a popular siding material because it is available in a variety of pat-
you will be able to perform terns, it is easy to work with, and it is durable. Wood siding includes horizontal
the following tasks: boards, vertical boards, shingles, and plywood.
Boards can be cut into a variety of shapes for use as horizontal siding,
_ ) Figure 26-1. These boards are nailed to the wall surface starting at the bot-
O Descr.lbe the exterior wall tom and working toward the top. With wood siding, a starting strip of wood
covering pIar.mfad for all furring is nailed to the bottom of the wall. This starting strip holds the bottom
parts of a building. edge of the first piece of siding away from the wall. Each board covers the top
O Explain how flashing, drip edge of the one below. The amount of each board left exposed to the weather
caps, and other devices is called the exposure of the siding, Figure 26-2.
are used to shed water. Vertical siding patterns can be created by boards or plywood,
. Figure 26-3. These materials are applied directly to the wall with no special
O Describe the treatment to . . . .
b d d starting strips. However, where horizontal joints are necessary, they should be
3 use fe:;]cornters. an I lapped with rabbet joints, or Z flashing should be applied. The flashing can be
e ges. otthe exteriorwa concealed with battens, Figure 26-4.
covering. Shinglestake longer to apply but make an excellent siding material. In place
of a starting strip of furring, the bottom course (row) of shingles is doubled.
/|
%
\ -
%
(
/ \<
/
BOARD BEVELED LOG CABIN MOLDED HARDBOARD
Figure 26-1. Horizontal siding.
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EXPOSURE
(TO THE WEATHER)

Ll

=

Figure 26-2. The exposure is the amount of the sliding exposed
to the weather.

/

BOARD 8 BATTEN

REVERSE BOARD & BATTEN

Fiber Cement Siding

Fiber cement siding is made of portland cement, ground
sand, cellulose fiber, and additives mixed with water and
formed into siding. Fiber cement siding will not rot, and it
is termite proof.

Fiber cement siding looks like wood siding,
Figure 26-5. It comes in a smooth finish, a wood grain
texture, and even a rough-sawn look, and it is available
in widths of 6, 72, 92, and 12 inches. Fiber cement siding
is sometimes referred to as Hardiplank, a very popular
brand of fiber cement siding. Hardiplank comes in stan-
dard 12-foot lengths, while other siding materials come
in 16-foot lengths. The 4-foot difference is because fiber
cement siding is much heavier than wood siding, and

TEXTURE 1-11 PLYWOOD

Figure 26-3. Three popular vertical siding patterns.

~<——FLYUWOOD /DG

BOARD OR MOLDING
[ (BATTEN) NAILED

THRU SIDING /ATO

SOLID FEAMING

ALUMINUI FLASHING

<—— DLYWOOD SID/NG

g

Figure 26-4. Horizontal hardboard siding should be covered
with battens.

@)

Figure 26-5. Fiber cement siding is made to look like wood siding
but is more durable. Courtesy of James Hardie Building Products.
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anything over 12 feet would be difficult for one person to
handle. Although fiber cement siding looks like wood and
it is installed in much the same way as wood, it is impor-
tant to follow the manufacturer’s installation instructions
to maintain the warranty on the siding.

Drip Caps and Flashing

It is important to prevent water from getting behind the
siding, where it can cause dry rot and attract insects.
Where a horizontal surface meets the siding, water is

apt to collect. Flashing is used to prevent this water
from running behind the siding. Aluminum, galvanized
steel, and copper are the most common flashing materi-
als. The flashing is nailed to the wall before the siding is
applied. The lower edge of the flashing extends over the
horizontal surface far enough to prevent the water from
running behind the siding. Areas to be flashed are noted
on building elevations. The flashing is shown on the detail
drawings or building elevations, Figure 26-6.

The heads of windows and doors may form a small
horizontal surface. Wood drip cap molding can be used

'// PREFAR CHIMNEY

|
L

L5

[

|

cacloa W W LS RE b o
u ! i 4e7 COT STONE Sttt STENE WALl | H
N | ' !
sy | | 1
b TR, R R SO e e e e e v e e e e S i
LEFT SIDE ELEVATION
7 N
2x4 @ (60.C,
< 5" 2LyuD.
AL FLASHING
2ZXG
FINE —=, - Z2-2X&6
AW\
,//x-s:-\ﬁh R
slp' i PosT— N PINE
_‘\V
DE7JAIL 4-4
SCALE. ] %"= [-0"

Figure 26-6. Flashing is shown on elevations and details.
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in these places to shed water, Figure 26-7. Drip caps
are shown on details and elevations.

Corner and Edge Treatment

Regardless of the kind of siding used, the edges must be
covered to prevent water from soaking into the end grain
or running behind the siding. Around windows, vents,
doors, and other wall openings, the trim around the open-
ing usually covers the end grain of the siding. In an inside
corner, a strip of wood can be used to form a corner bead
for the siding. Outside corners in plywood, hardboard

WOOD SIDING

WOOD DRIP CAP

=——WINDOW OR
DOOR FRAME

Figure 26-7. Drip cap.

N

N _

SIDING

¥CORNER BOARDS

Figure 26-8. Corner boards can be used with most types
of siding.

Figure 26-9. Shingles are trimmed to form their own corners.

sheets, or vertical boards are usually built with corner
boards, Figure 26-8. Horizontal siding is butted against
the corner boards. Shingles are trimmed to form their
own outside corner, Figure 26-9, or they are butted
against corner boards.

The corner treatment to be used can usually be
seen on the building elevations. If no corner treatment
is shown on the elevations, look for a special detail of a
typical corner.

Metal and Plastic Siding

Several manufacturers produce aluminum, steel, and
vinyl siding and trim. The most common type is made
to look like horizontal beveled wood siding. A variety
of trim pieces are available for any type of application,
Figure 26-10.

Stucco

Stucco is a plaster made with portland cement. The wall
sheathing is covered with waterproof building paper.
Next the /ath (usually wire netting) is stapled to the wall,
Figure 26-11. Finally, the stucco is troweled on—a
rough scratch coat first—Figure 26-12, then a brown
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Figure 26-11. Wall prepared for stucco. Figure 26-12. Scratch coat applied.
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coatto build up to the approximate thickness, and finally
a finish coat. Outside corners and edges are formed with
galvanized metal beads nailed to the wall before the
scratch coat is applied.

Masonry Veneer

Masonry veneer is usually either brick or natural stone.
It is called veneer because it is a thin layer of masonry
over some kind of structural wall. The structure may be
wood framing, metal framing, or concrete blocks. The
masonry has to rest on a solid foundation. Normally the
building foundation is built with a 4-inch ledge to support
the masonry veneer. This ledge can be seen in a typical
wall section, Figure 26-13.

Interesting patterns can be created by using half
bricks and bricks in different positions. Some of the most
common bond patterns, as they are called, are shown in
Figure 26-14. If no pattern is indicated, the bricks are
normally laid in running bond.

i f BRICK VENEER

) IE—1"AIR SPACE
L {JEADEE % V2" SHEATIIING
12'8OLT 8-0.C N7
Sl |
ZX6 FPLATE — '%
A I %
<" POURED | 4l

o= P01 SRR | T

[
I\,
4'CONC. SLAB ~F
W/NO. 10,"'xG"  |* = /0"POURED coNC.
WWE OVER |
MEMBRANE L2 e WATERPROOFING
e b o 2" DRAIN TILE
&£

GRAVEL

Figure 26-13. Typical foundation section with ledge for
masonry veneer.
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Figure 26-14. Frequently used bond patterns.
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Above and below windows, above doors, and in other
special areas, bricks may be laid in varying positions,
Figure 26-15. If bricks are to be laid in any but the
stretcher position, they will be shown on the detail draw-
ings, Figure 26-16. The details for openings in masonry
walls will also indicate a lintel at the top of the opening.
The lintel is usually angle iron. It carries the weight of
the masonry above the opening.

General

The electrical installer needs to be familiar with the
rough-in requirements for all outside lighting and devices
and any special requirements that may be needed with

the specified exterior wall finish. The required backboard
or rough-in frame and box must be properly installed to
prevent any finished wall damage.

SOLDIER

HEADER

STRETCHER ROWLOCK

Figure 26-15. Brick positions.
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\3\ 2X4 @ 16"0.C.
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3 2-2Xx¢
3" X 35" STEEL LINTEL M~ @ancy casnG
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(SEE SAHEDULE) |
LAy
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<——%"GYP BD.
" WSOL. SHEATHING () 2GR B
/" AIR SPACE SHI= 2x4 @ 16"0.L
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SCALE! "=/~ O"

Figure 26-16. Notice the rowlock and soldier bricks on the window detail.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Describe the exterior wall covering on all parts of a
building.

© List the locations of flashing on all parts of a building.

O List the dimensions of all drip caps to be installed on a
building.

© Describe the support for masonry veneer.

© Listlocations where bricks are to be used in stretcher,
header, soldier, and rowlock positions.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

1.
2.

What material is used for the Lake House siding?

How are the outside corners of the Lake House siding
finished?

In some places, the Lake House siding extends below
the wood framing onto the foundation. How is the sid-
ing fastened to the foundation?

What prevents water from running under the siding
at the heads of the Lake House windows?

Detail 1/7 of the Lake House shows aluminum screen
nailed behind the top edge of the siding. What is the
purpose of the opening covered by this screen?

Describe one use of aluminum flashing under the sid-
ing on the Lake House.
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Decks
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Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Explain how a deck is to
be supported.

O Describe how a deck is
to be anchored to the
house.

O Locate the necessary
information to build
handrails on decks.
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Wood decks are used to extend the living area of a house to the outdoors.
A deck may be a single-level platform, or it may be a complex structure with
several levels and shapes. However, nearly all wood decks are made of wood
planks laid over joists or beams, Figure 27-1. The planks are laid with a small
space between them, so rainwater does not collect on the deck.

The same construction methods are used for decks and porches as for
other parts of the house. The parts of deck construction that require special
attention or that were not covered earlier in the text are discussed here.

Support

The deck must be supported by stable earth. The support must also extend
below the frostline in cold climates. The most common method of support is by
wood posts that rest on concrete footings, Figure 27-2. All wood used in the
construction of a deck should be treated with a chemical to prevent decay. For
example, Deck detail 3/6 for the Lake House includes a note that all wood is to
be CCA treated. CCA is the abbreviation for chromated copper arsenate—a
common wood preservative.

5/4X PLANKING W/ 1/4" SPACE

INSIDE HEADER
NAILED TO

HOUSE FRAMING

WOOD POSTS

Figure 27-1. Typical deck construction.



There are a number of products made from combina-
tions of wood fibers and synthetic materials (plastics)
that may be used for decks and other outdoor structures.
These products, called composites, are not affected by
weather, moisture, or termites. They can generally be
worked with ordinary carpentry tools and fasteners. Of
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\—

12" STRARP TIE

2x8 JOISTS

N

J\j— /—GBADE LINE

GXC WO. PoST ——
(TREATED)

T

J;—M/JO( . FROST DEPTH
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15’ P x 8" DOWEL ~
™
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Figure 27-2. Foundation for a typical wood deck.

course, as with all products, you should read and follow
the manufacturer’s instructions.

Decks are usually included on the floor plans for the
house. The floor plans show the overall dimensions of the
decks and the locations of posts, piers, or other support,
Figure 27-3. If the decks are complex, they may be
shown on a separate plan or detail. On the Lake House,
the decks are shown on the floor framing plan.

Typically the posts or piers support a beam or girder,
which in turn supports joists. The beam may be solid
wood or built-up wood. The joists can be butted against
or rested on top of the beam in any of the ways discussed
for floor framing.

Anchoring the Deck

The most common ways of anchoring the deck to the
building are shown in Figure 27-4. If the deck is at
the same level as the house floor, the deck joists can be
cantilevered from the floor joists. In this case, blocking
is required between the joists. If through bolts are used,
the holes are drilled when the deck is built. If the deck is
secured with anchor bolts in a concrete foundation, the
anchor bolts must be positioned when the foundation is
poured.
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Figure 27-3. Deck shown on floor plan.
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Figure 27-4. Three methods of anchoring the deck to the house.

The anchor bolts or through bolts hold a joist header.
The deck joists either rest on top of the header or butt
against it. If the joists butt against the header, they are
supported by joist hangers or a ledger strip.

Railings

Most decks have a railing because they are several feet
from the ground. Although metal railings are available in
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ready-to-install form, the architectural style of most wood
decks calls for a carpenter-built wood or composite rail-
ing. The simplest type of railing is made of uprights and
two or three horizontal rails. The uprights are bolted to
the deck frame, and the rails are bolted, screwed, or
nailed to the uprights. The style of the railing and the
hardware involved are usually indicated on a detail draw-
ing, Figure 27-5.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

O Listthe dimensions for the size and location of posts or
columns to support a deck or porch.

© Describe the framing for a deck.
© Explain how a deck is to be tied to the building.
© Describe the construction of railings for a deck.

O List the sizes of all parts of a deck.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

1. What supports the south edge of the decks located
outside the Lake House living and dining rooms?

2. How far from the outside of the house foundation is
the centerline of these supports?

. How far apart are these supports?

. How many anchor bolts are required to fasten both of

these decks to the Lake House foundation?

. What is the purpose of the aluminum flashing shown

on Deck detail 3/6?

. What material is used for the railings on the Lake

House south decks?

. How many lineal feet of horizontal rails are there on

these decks?

. What is the total rise from the lower deck to the

higher deck? Which deck is higher?

. What supports the west edge of the deck between

the Lake House kitchen and the garage?
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Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Describe retaining walls,
planters, and other
constructed landscape
features shown on a set
of drawings.

O Find the dimensions of
paved areas.

O Identify new plantings
and other finished
landscaping shown on
a site plan or landscape
plan.
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 Finishing Site Work

As the exterior of the building is being finished or soon after it is finished, the

masons, carpenters, and landscapers begin the finished landscape work. Any
constructed features (called site appurtenances) are completed first. Then

Retaining Walls

trees and shrubs are planted. Finally, lawns are planted.

Retaining walls are used where sudden changes in elevation are required,
Figure 28-1. The retaining wall retains, or holds back, the earth. Where the
height of the retaining wall is several feet, the earth may put considerable
stress on the wall. Therefore, it is important to build the wall according to
the plans of the designer. A section through the wall usually is included to show

/Go

F g

oL 1o
5Rgar H:
A | ?
55 ?:'_- S
/ !\!_'.____,_/_—G/
K
T
S S)
v 3
qQ 5|
3 co—
St
] 5‘5
58 ) @G e

Figure 28-1. Retaining wall on site plan.




the thickness of the wall, its foundation, and any reinforc-
ing steel, Figure 28-2. For low retaining walls, the site
plan may be the only drawing included.

A low retaining wall is sometimes built around the
base of a tree when the finished grade is higher than the
natural grade. This retaining wall forms a well around
the tree, allowing the roots of the tree to “breathe.” An
example of a tree that will require a well can be seen in
Figure 28-3, taken from the Lake House site plan. The
24-inch oak is at an elevation of approximately 333 feet,
but the finished grade at this point is 336 feet. Therefore,
a well 3 feet deep is required.

Planters

Planters are sometimes included in the construction
of retaining walls or attached to the building. In these
cases, the information needed to build the planter is
included with the information for the building or retaining
wall, Figure 28-4. The planter is built right along with
the house or retaining wall. If a planter that is separate
from other construction is included, it is usually shown
with dimension on the site plan. A special section may be
included with the details and sections to show how the
planter is constructed, Figure 28-5.

The planter should be lined with a waterproof mem-
brane, such as polyethylene (common plastic sheeting), or
coated with asphalt waterproofing. This keeps the acids
and salts in the soil from seeping through the planter and
staining it. The planter should also include some way
for water to escape. This can be through the bottom or
through weep holes. Weep holes are openings just
above ground level. In cold climates, the planter may
be lined with compressible plastic foam. This allows
the earth in the planter to expand as it freezes, without
cracking the planter. If the planter is to have landscape
lighting, automatic watering, etc., additional waterproof-
ing may be required where these utilities penetrate the
waterproof membrane.

Paved Areas

Paved areas on housing sites are drives, walks, and
patios. Drives and walks are usually described most fully
in the specifications for the project. However, the site plan
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Figure 28-2. Typical retaining wall construction detail.

includes dimensions and necessary grading information for
paved areas, as shown in Figure 28-3. These dimensions
are usually quite straightforward and easy to understand.

Patios are similar to drives and walks in that they
are flat areas of paving with easy-to-follow dimensions.
They may differ from drives and walks by having different
paving materials, such as slate, brick, and flagstone, for
example. Patios may also be made of a concrete slab with
different surface material.

Plantings

Plantings include three types: grass or lawns, shrubs,
and trees. On some projects, such items are planted by
the owner. When the builder/contractor does the land-
scaping, the trees and shrubs are planted first; then, the
lawns are planted. Some or all of the trees included in
the landscape design may have been left when the site
was cleared. Any new trees to be planted are shown
with a symbol and an identifying note, as shown in
Figure 28-3. There is no widely accepted standard
for the symbols used to represent trees and shrubs.
Most architects and drafters use symbols that represent
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Figure 28-3. Typical site plan. The 24-inch oak tree near the SW corner of the house requires a well. Courtesy of Robert C. Kurzon.
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Figure 28-4. Because the planter is a part of the foundation, it is included on the normal drawings for the house. Courtesy of Home

Planners, Inc.
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Figure 28-5. Section through planter and patio.
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Figure 28-6. Typical symbols for plantings.

deciduous (leaf shedding) trees, coniferous (evergreen) Grass is planted by seeding or sodding. Although
trees, palms, and low shrubs, Figure 28-6. The trees a note on the site plan may indicate seeded or sodded
and shrubs may also be listed in a schedule of plantings, areas, more detailed information is usually given on the
Figure 28-7. schedule of plantings or in the specification.
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Figure 28-7. Alandscape plan complete with plant list.
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v CHECK YOUR PROGRESS

Can you perform these tasks?
© List the dimensions of a retaining wall.
© Describe the footing for a retaining wall.

© Describe provisions for drainage through a retaining
wall.

O List the dimensions of a planter.

© Explain how the inside of a planter is to be water-
proofed.

© List the dimensions of all paved areas.
© Describe the pitch of all paved areas.

© Name the types of plantings shown on a site or land-
scape plan.

—CAULK

ASSIGNMENT

Refer to Figures 28-8 and 28-9 to complete the
assignment.

1. What is the height of the retaining wall above the
patio surface at A?

How long is the retaining wall?
Of what material is the retaining wall constructed?

What is the width and what is the length of the patio?

A

What materials are used in the construction of the
patio?

6. Describe the weep holes in the planter.

7. How is the planter treated to prevent acids and salts
from staining its surface?

8. How many deciduous trees are to be planted?
9. What is the area of the driveway?

10. Assuming that the driveway is 4 inches thick, how
many cubic yards of asphalt does it require? (See
Math Review 22.)
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Figure 28-9. Section through planter for assignment questions.
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3
UNIT

Fireplaces

O)

)—

Objectives Basic Construction and Theory of

Operation of Wood-Burning Fireplaces
After completing this unit,

you will be able to perform A fireplace can be divided into four major parts or zones: foundation, firebox,
the following tasks: throat area, and chimney, Figure 29-1. Each of these zones has a definite
function. To understand the construction details, it is necessary to know how
O Describe the foundation, these zones work.
firebox, throat, and n
chimney of a fireplace H
using information from ml sl ‘i
a set of construction al l
drawings. =
O Explain the finish of > TS B}
the exposed parts of s ] ] i
the fireplace, using 5 B L 1
information from a set of N -
construction drawings. a |
Key Terms N m:‘
Py |
x N -
I —{ —
O ash dump P —/—'I' u
- | N
O damper 2 ] ]
& || |
O flue T | - |
O hearth 5 el & $
\
O wythe
2
S
=
<L
o
=4
2
(@]
(T8
] i a RN
Figure 29-1. Four zones of a fireplace.
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Foundation

The fireplace foundation serves the same purpose as
the foundation of the house—it supports the upper parts
and spreads the weight over an area of stable earth.
The foundation consists of a footing and walls capable
of supporting the necessary weight, Figure 29-2. The
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Figure 29-2. Section view of a masonry fireplace.

fireplace foundation sometimes houses an ash pit. The
ash pit is a reservoir to hold ashes that are dropped
through an ash dump (a small door) in the floor of the
fireplace, Figure 29-3. When the foundation includes
an ash pit, a cleanout door is installed near the bottom of
the ash pit, Figure 29-4.

Firebox

The firebox is the area where the fire is built. In all masonry
fireplaces, the firebox is constructed of two layers of
masonry, as shown in Figure 29-2. Each layer is called
a wythe. The floor of the firebox consists of firebricks
laid over a concrete base. The concrete base may extend
beyond the face of the firebox to support the hearth. The
hearth, which may be tile, stone, brick, or slate, forms
a noncombustible floor area in front of the fireplace. The
outer walls of the firebox are most often common brick.
The inner walls are of firebrick to withstand the heat of
the fire. The back wall of the firebox slopes in to direct

Figure 29-3. Ash dump. Courtesy of Majestic Company.

Figure 29-4. Cleanout door. Courtesy of Majestic Company.
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the smoke and gas into the throat area. The masonry over
the fireplace opening is supported by a steel lintel. The
lintel is long enough so that 4 inches of it can rest on the
masonry at each end.

Throat

The throat of the fireplace is the area where the fire-
box narrows into the chimney. Modern wood-burning
fireplaces are built with a metal damper in the throat,
Figure 29-5. The damper is a door that can be closed
to prevent heat from escaping up the chimney when
the fireplace is not in use. The damper is placed on top
of the firebox with 1-inch clearance on all four sides.
This clearance allows the metal damper to expand as it

Figure 29-5. Damper. Courtesy of Majestic Company.

gets hot. éILTRRENT WARM AIR CURRENT
The flat area behind the damper (above the sloped DOWN_:’ 41, _ PEFLECTEDBACK

back of the firebox) is called the smoke shelf. The smoke l r

shelf is especially important for the proper operation of FLUE

the fireplace. The cold air coming down the chimney hits

the smoke shelf and turns back up with the rising hot gas BRICK

and smoke from the firebox. This helps carry the smoke

and gas up the chimney, Figure 29-6. If the smoke shelf SMOKE

is not built properly and kept clean, the falling cold air can SHELF —_ | DAMPER

force the smoke and gas back into the firebox.

Chimney

COLD AIR
$mmmm FROM ROOM

The chimney carries the smoke and hot gas from the BRICK™
throat to above the house. The top of the chimney must
be high enough above the roof, trees, and other nearby
obstructions to ensure that the air flows evenly across
its top. According to the International Residential Code®,
the chimney must extend at least 2 feet through the
roof and 2 feet above anything within 10 feet. However, Figure 29-6. The smoke shelf turns the incoming air back up
the dimensions on the drawings should always be the chimney.
followed.

To ensure fire safety and a smooth inner surface,
masonry chimneys are lined with a clay flue. This flue FURNACE FLUE
is installed in 2-foot sections as the chimney is built. A FIREPLACE FLUE -—\
1-inch air space is allowed between the flue lining and ” \ “

the chimney masonry, Figure 29-7. ¥ - __[
I N
Q\S‘\»“ —

FIRE

In recent years insulated, metal chimneys have 1" AIR SPACE —=]
become quite popular. These chimneys are lightweight;
they do not require massive foundation for their support.

L]

o T 11
It also takes less time to install them. Because the outer

wall of a metal chimney remains cool, it can be enclosed Figure 29-7. Plan view of a two-flue chimney.
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Figure 29-8. The framed enclosure for a metal chimney is
called a chase.

in wood, Figure 29-8. The chimney sections are slipped
together and fastened with sheet metal screws; then, the
chimney is framed with wood and covered with the speci-
fied siding and trim. A chimney enclosure of this type is
called a chase.

Prefabricated Metal Fireplaces

Constructing masonry fireplaces is time consuming. Their
great weight requires massive foundations. Engineered,
metal fireboxes have been developed that can be installed
in very little time and require only modest foundations,
Figure 29-9. The prefabricated units are available from
several manufacturers and in a variety of styles. However,
they are all similar in that they have double walls and a
complete throat with the damper in place. Most also have
a firebrick floor.

The double wall improves the heating ability of the
metal fireplace. Cool air enters the space between the
walls through openings near the bottom. The air absorbs
heat from the fire, and because warm air naturally
rises, it exits through openings near the top of the unit,
Figure 29-10. The outside surfaces of the prefabricated
unit are cooled by the circulating air; the unit can be
enclosed in wood if recommended by the manufacturer.

Figure 29-9. Prefabricated metal fireplace. Courtesy of
Majestic Company.

HOT OUT

COLD IN

Figure 29-10. Ina heat-circulating fireplace, cold air enters the
double wall at the bottom, and warm air exits at the top.

For a more traditional appearance, the exposed face of
the fireplace can be covered with masonry veneer.

Gas-Burning Fireplaces

Gas-burning fireplaces are a feature of many new homes
and are becoming more common than their wood-burning
ancestors. A gas fireplace is an appliance that is installed
as a unit. The appliance is installed in a chase, vented to
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Figure 29-11. Venting through the wall. Courtesy of Hearth & Home Technologies.

the outside, and connected to the gas supply. Any style of
architectural trim can be applied to the front of the chase
after the unit is installed.

Gas fireplaces are efficient, but some heat is lost
through the metal surfaces. It is very important that the
manufacturer’s specifications and instructions be fol-
lowed to ensure safe venting and to keep combustible
materials a safe distance from hot surfaces. Gas-burning
fireplaces can be vented straight through the build-
ing wall, Figure 29-11, or vertically through a chase,
Figure 29-12. Clearances and framing details are pro-
vided in the manufacturer’s instructions.

Fireplace Drawings

Where a gas fireplace is to be installed, most of the infor-
mation about the fireplace is found in the manufacturer’s
installation instructions. Gas appliances are fairly light-
weight, so there are no special foundation requirements.
Wood-burning fireplaces, however, are constructed on
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site from masonry materials, so the building plans and
elevations must supply all the construction information.

The foundation is normally included on the founda-
tion plan for the building. The dimensions and notes show
the location of the fireplace foundation, its size, and the
size and type of material to be used. The floor plan of
the house shows where the fireplace is located and its
overall dimensions. The building elevations show the
chimney.

More detailed information about the fireplace is
shown on the fireplace details, which usually include a
cross section, Figure 29-13. The following information
is often included on a section view of the fireplace:

O Dimensions of the firebox
O Materials used inside the firebox (firebrick)

O Materials used for the outside of the firebox and
chimney

O Ash dump, if any is included

O Lintel over the opening



10 IN. {254 MM)

(254 MM)
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INSIDE TO INSIDE
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Figure 29-12. Venting through a vertical chase. Courtesy of Hearth & Home Technologies.

O Dimensions of the hearth

O Mantel, if any is included

O Dimension from the smoke shelf to the flue
O Size of the flue

O Materials for the chimney

An elevation of the fireplace shows the exterior finish
of the fireplace, Figure 29-14. Only those features that
could not be adequately described on the section view
are called out on the elevation. However, this view shows
the exterior finish—the mantel and the trim—nbetter than
the section view does.
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-

i
§

STONE

DN

VENEER

Lo

.
“%%E;;

—
——

=

3

R

TC ENTRY
4- ///2/1

o

" P4ISEBO STONE HEART M

&t |

3.0 |

"]

372"

>
[

T it
(B8 EinI S

7

—

FIRERLACE ELELVATION

N

O

SCALE: B'=1-0"

\J

Figure 29-14. An elevation view is a good guide to the finished appearance of the fireplace.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

O Identify the firebox, smoke shelf, damper, flue, and
hearth on a fireplace section.

O List the dimensions of the outside of a fireplace, fire-
box opening, inside of the firebox, hearth, and height of
the chimney for a fireplace.

© Describe the construction, including dimensions, for
the enclosure of a prefabricated fireplace.

© Describe the finish and trim for a fireplace.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

1. What type of fireplace does the Lake House have?

2. How wide is the opening of the firebox?

10.

11.

12.

How high is the opening of the firebox?
What is the opening next to the fireplace?

Determine the overall width and length of the fire-
place, including the hearth.

Of what material is the hearth constructed?

What is used for a lintel over the firebox opening?
(Include dimensions.)

Briefly describe the foundation of the fireplace.

How far above the highest point on the roof is the top
of the chimney?

What is the total height from the playroom floor to the
top of the chimney?

What is the overall height of the brickwork involved
in the fireplace construction?

The top of the fireplace is covered with plastic
laminate on %-inch plywood. How much clearance is
there between that plywood and the chimney?

Fireplaces 211



3
UNIT

Stairs

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Identify the parts of

stairs.

O Calculate tread size and
riser size.
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Stair Parts

In order to discuss the layout and construction of stairs, you need to know the
names of the parts of a set of stairs. The main parts of a stair are defined here
and shown in Figure 30-1.

O Stringers are the main support members. The assembly made up of the
stringers and vertical supports is called a stair carriage.

O Treads are supported by the stringers. The treads are the surfaces one
steps on.

O Risers are the vertical boards between the treads.

O A landing is a platform in the middle of the stairs. Landings are used in stairs
that change directions or in very long flights of stairs.

O The run of the stairs is the horizontal distance covered by the stairs.

O The rise of the stairs is the total vertical dimension of the stairs.

STRINGER \\L

Figure 30-1. Basic stair parts.



HANDRAIL

NEWEL
POST

/
sair cove —)  Nosing

Figure 30-2. Stair trim and balustrade.

O The nosing is the portion of the tread that projects
beyond the riser.

O The underside of the nosing may be trimmed with
molding called stair cove.

O A handrailis usually required on any stairs that are not
completely enclosed.

O Balusters are the vertical pieces that support the
handrail at each step.

O The newel post is a heavier vertical support used at
the bottom of the stair.

O The balusters, newel post, and handrail together are
called a balustrade.

The trim parts and balustrade are shown in
Figure 30-2.

Types of Stairs

Stairs can be built with open stringers or housed string-
ers. Open stringers are cut in a sawtooth pattern to form
a surface for fastening the treads, Figure 30-3. Housed
stringers are routed out, so the treads fit between them,
Figure 30-4. Stairs are also called open or closed
depending on whether the space between the treads is

Figure 30-3. Open stringers and open risers.

Figure 30-4. Housed stringers and closed risers.

Stairs
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enclosed with risers. Both the kind of stringers and the
risers are shown on a section through the stairs. If the
stringers are housed, the top of the far stringer shows
on the section view. When stair lighting is specified to
be installed in the stair riser, the electrical installer must
coordinate with the carpenters to avoid a possible con-
flict with the center or mid-span stringer.

Stairs are also named according to their layout, as
seen in a plan view, Figure 30-5. Straight stairs are the
simplest design. They may or may not include a landing.
L-shaped and U-shaped stairs are used where space
does not permit a straight run. L-shaped and U-shaped
stairs have a landing at the change in directions. The car-
riages for L-shaped and U-shaped stairs include vertical
supports under the landing, Figure 30-6. Spiral stairs
require the least floor space. They are made up of winder
treads, usually supported by a center column.

Temporary stairs used only during construction are
usually of cruder construction. They are often made of
2 X 10 stringers with wooden cleats to support the
treads. Service stairs in unoccupied spaces, such as a

STRAIGHT

U SHAPED L SHAPED

SPIRAL
Figure 30-5. Stair layouts.
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cellar, are often made of 2 X 12 open stringers with 2 X
10 treads. Stairs for exterior decks are also sometimes
built with 2 X 12 open stringers, Figure 30-7. However,
the carpenter should remember that these stairs are
important to the overall appearance of the deck.

Calculating Risers and Treads

Nearly all stair details include a notation showing the
number of treads with their width and the number of
risers with their height, as shown in Figure 30-6.
Occasionally only the total run, total rise, number of
treads, and number of risers are given on the drawings,
as shown in Figure 30-7. Notice that there is one more
riser than there are treads. The builder must calculate
the size of the treads and risers. The steepness of the
stairs depends on the relationship between tread width
and riser height. If the treads are wide and the risers low,
the stairs are gradual. If the treads are narrow and the
risers high, the stairs are steep. To climb stairs with wide
treads and high risers requires an uncomfortably long
stride. To climb stairs with narrow treads and low risers
requires an uncomfortably short stride. Building codes
specify the maximum height of risers and depth of treads.
Section 3.11.5.3 of the International Building Code® speci-
fies that risers cannot be more than 73 inches high and
treads must be at least 10 inches deep. Although lower
risers and deeper treads are allowed by the code, very
low risers combined with very deep treads can make
for awkward stairs. Stairs are designed by architects to
comply with these rules and to be comfortable to climb
and descend.

To build the stairs in Figure 30-7 within these rules,
the risers must be 7% inches high and the treads must be
10 inches wide. The height of the risers can be found by
dividing the total rise by the number of risers (3'-1%" or
37% + 5 =7%"). (See Math Review 10.) The width of the
treads is found by dividing the total run by the number of
treads (3'-4" or 40" + 4 =10").

To calculate the size of the treads and risers in
stairs with landings, treat each part as a separate stair.
However, the treads and risers should be the same size
in each part.
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Figure 30-6. Stair detail with 2 X 4 studs to support the landing.
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O
Figure 30-7. Typical detail for deck stairs.
O
v CHECK YOUR PROGRESS 3. What is the length of each tread?

4. What is the rise of each step in these stairs?

? . .
Can you perform these tasks? 5. How many stringers are used under these stairs?

@ Identify the following stair parts on drawings: string- 6. What size material is used for the stringers?
ers, treads, risers, landings, nosing, stair cover mold-
ing, newel post, handrail, and baluster. Questions 7 through 13 refer to the stairs from the kitchen

to the bedroom level in the Lake House.
O Calculate desired tread width and riser heights from
the total run and rise. 7. How many risers are there, and how high is each

riser?
O List the sizes of all the parts of a stair. )
8. How many treads are there, and how wide (front to

back including nosing) is each tread?
ASSIGNMENT 9. What is the total rise of the stairs?

10. Is this stair built with open or housed stringers?
Refer to the Lake House drawings (in the packet) to com- 1
plete the assignment.
Questions 1 through 6 refer to the stairs between the
south decks of the Lake House.

. The railing at this stair extends the length of the
kitchen hall. If vertical railing supports are spaced at
16" 0.C., how many vertical supports are used?

12. How long is each vertical railing support?

1. What is the total run of the stairs between the 13. What material is used for the horizontal rails?
decks?

2. What is the width of each tread?
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Insulation and
Room Finishing

UNT |

Insulation

Thermal insulation is any material that is used to resist the flow of heat. In very
warm climates, thermal insulation is used to resist the flow of heat from the out-
side to the inside. In cold climates, thermal insulation is used to resist the flow
of heat from the inside to the outside. Insulating material is rated according
to its ability to resist the flow of heat. The measure of this resistance is the
R value of the material. The higher the R value, the better the material insu-
lates. Typical R values for sidewall or attic insulation range from R-3 to R-38,
Figure 31-1.

Thermal insulation is generally available in four forms. Foamed-in-place
materials are synthetic compounds that are sprayed onto a surface and that
then produce an insulating foam by a chemical reaction, Figure 31-2. Rigid
boards are plastic foams that have been produced in board form at a factory.
Another common type of rigid insulation is made of fiberglass that is manufac-
tured in rigid form instead of as flexible blankets, Figure 31-3. Rigid boards
are frequently used for foundation insulation, under concrete slabs, and for
sheathing. Blanket insulationis in the form of flexible rolls or batts usually made
of fiberglass wool, Figure 31-4. Loose pouring insulation can be any of a vari-
ety of materials that can be poured into place and has good insulating property.
A common pouring insulation is loose fiberglass, Figure 31-5.

The insulation is shown in the building sections. If the insulation is to
be installed between studs, joists, or rafters, it will be sized accordingly. For
example, if batts are to be used in a 2 X 4 wall, the insulation will be indicated
as 3%2inches thick—the width of a 2 X 4. Where insulation is used in ventilated
spaces, there should be room for the necessary air circulation, Figure 31-6.

Where the insulation includes a vapor barrier, such as kraft paper, foil, or
polyethylene, the vapor barrier is installed on the heated side of the wall. This
prevents the moisture in the warm air from passing through the wall and con-
densing on the cold side of the wall. Such condensation can reduce the R value
of the insulation and cause painted surfaces to blister and peel.

Wall and Ceiling Covering

By far the most widely used wall surface material is gypsum wallboard.
The most common thicknesses are % inch, %2 inch, and % inch. If gypsum board
(sometimes called Sheetrock™) is to be used over framing that is spaced more

O)
¢/

Objectives

After completing this unit,
you will be able to perform
the following tasks:

O Identify the insulation to
be used in walls, floors,
and ceilings.

O Identify the wall, ceiling,
and floor covering
material to be used.

O List all the kinds of
interior molding to be
used.
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Type

Typical Thicknesses
and R Values

Comments

Fiberglass blankets & batts

Fiberglass blowing wool

Rigid fiberglass board

Rigid urethane foamed board

Foamed-in-place urethane

3/4", R-3
21/2", R-8
31/2", R-11
31/2", R-13
31/2", R-15

6", R-19

9", R-30

12", R-38

R value depends on depth of
coverage, but is slightly less than
fiberglass blankets.

1", R-4.4

1/2", R-3.6
3/4", R-5.4
1", R-7.2
11/2", R-10.8
2' R-14.6

R value depends on thickness
depth, but is approximately the
same as rigid urethane boards.

Flexible blanket-like material. Available with
or without vapor barrier on one side

Other types of blowing or pouring insulation
include cellulose and mineral wool.

Material is similar to fiberglass blankets, but
with rigid binder to create rigid boards. Usually
faced with aluminum foil.

Plastic that has been cured in a foamed state to
introduce bubbles of air. This creates a rigid
foil.

Other plastic materials may also be foamed in
place.

O

7

Figure 31-1. Common types of thermal insulation.

o 10

Figure 31-2. Foamed-in-place insulation. Courtesy of the

Upjohn Company.

than 16 inches 0.C. or over masonry, the designer may
call for furring. Furring consists of narrow strips of
wood, usually spaced at 16 or 12 inches 0.C., to which
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Figure 31-3. Rigid insulation. Courtesy of Owens Corning

Fiberglas Corporation.

the wall covering is fastened, Figure 31-7. The furring,
if any is to be used, and the thickness of the gypsum wall-
board are indicated on the wall sections.



Figure 31-4. Blanket insulation. Courtesy of Owens Corning
Fiberglas Corporation.

15# FELT (WHEN REQ'D)
2" PLYWOOD SHEATHING
2 X 8 RAFTERS @ 16" O.C.

122

)

Figure 31-5. Blowing wool. Courtesy of Owens Corning
Fiberglas Corporation.

SHINGLES

3"

5

1 X6 FASCIA ——~

1 X 4 SOFFIT BOARD WITH 1"
CONTINUOUS SCREENED VENT

18" X 4'/4" X 16" BLOCKING 16" O.C.

54" X 10 FRIEZE BD.— Y]

- 2X6J0OISTS @ 16" O.C.

TATAYATAVATATAT

LOOD00AG

* 6" THICK INSULATION

A

o

Figure 31-6. The insulation must not block the airflow. Courtesy of Home Planners, Inc.

Ceramic tile also is frequently used on bathroom
walls. Ceramic tile may be installed over a base of water-
resistant gypsum board, plaster, or plywood.

Gypsum wallboard is the most common ceiling treat-
ment in new home construction. Suspended ceilings
are common in commercial construction. Suspended
ceilings consist of panels or ceiling tiles supported in a

lightweight metal framework. The metal framework is
suspended several inches below the ceiling framing on
steel wires, Figure 31-8.

Building sections or wall sections usually include a
typical wall and ceiling. This is representative of what is
planned for most of the walls and ceilings in the house.
However, there may be some exceptions, such as the
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WALLBOARD

—

FURRING (@) 16"0.C.

Figure 31-8. Suspended ceiling.

FRAMING (Q 24"0.C.

Figure 31-7. Furring is used to provide a nailing surface when
framing is spaced too wide or over masonry and concrete.

RLOOM FLOOR WALLS CEILING
KITCHEN QUARRY TILE GYR BD. w/WALL FRPER | /2°X12" TILE
DINING ROOM | OAK PARQUET GYR BD. GYR BD.
LIVING ROOM | CARPET/FPART. BD. | GYR BD. GYP. RD.
FAMILY ROOM | CARPET/PART. BD. | #D.BD FANEL/GHE BD. | GYP BD.
BEDROOM *] | CARPET/FART. BD. GyP BO. G4P BD.
BEODROOM*7 | CARPET /LART. BO. GYr BD. aur 80.
BEDROOMF S | CARPET /FPART. BD. GYP BD. GYP. BD.
BATH #/ CERAMIC TILE CERAMIC TILE / SYP BD- | G4P BD.
BATH #2Z CERAMIC TILE CERAMIC TILE/GYR BD | G9P BD.
CLOSETS CARPET /AR BD. | GYR BO- Gyr. 8D.
FOYER SLATE GYR BO w/WALL DAPLER | GYP. BD.

—

Figure 31-9. Room finish schedule.

bathrooms or kitchen, where water-resistant wallboard
is required. Somewhere within the contract documents,
you should find a complete list of all room finishes. This
may be on one of the drawings, or it may be written into

the specifications. Figure 31-9 shows a room finish
schedule that might be included on the drawings. It is
common for things like finish color to be left for the owner
to choose.
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Finished Floors

A list of possible floor materials would be very long.
However, most of the materials fall into one of the fol-
lowing categories: wood, carpet, ceramic, masonry,
and resilient materials such as vinyl tile. The finished
floor covering is easily found in a schedule of room fin-
ishes, butthe underlayment for each category is different.
Underlayment is any material that is used to prepare
the subfloor to receive the finished floor.

Architectural drafters seem to differ in how they
indicate what underlayment is to be used and how the
finished floor is to be installed. Some do not include any
underlayment on the drawings but rely on the builder’s
knowledge of good construction practices. This is a dan-
gerous practice. If you find this situation, the architect
should be asked for clarification. Sometimes when the
drawings do not describe the underlayment, the specifi-
cations do. Some drafters indicate the underlayment on
the floor plans. Other drafters include the details and sec-
tion of each area with different types of finished floors, so
the underlayment can be shown there.

Interior Molding

Molding is used to decorate surfaces, protect the edges
and corners of surfaces, and conceal joints or seams
between surfaces. Molding may be made of wood, plas-
tic, or metal and is available in many shapes and styles.
The shapes of commonly used wood molding have been
standardized. Each shape is identified by a number,
Figure 31-10.

Most interior molding is shown on detail drawings.
The following are some of the most common uses for
interior molding:

O Window casing

O Window stool

O Door casing

O Base (bottom of wall)

O Cove (top of wall)

O Chair rail (middle of wall)

O Trim around the fireplace mantel

O Trim around built-in cabinets
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Figure 31-10. Common shapes of wood molding.
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Figure 31-10. (continued)
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Figure 31-10. (continued)
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Figure 31-10. (continued)
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Describe the kinds of insulation to be used in walls,
around foundations, under slabs, in floors, in attics,
and as sheathing.

O List the kind and thickness of material used for the
interior surface of walls, ceilings, and floors.

© Identify areas where furring is to be used and the
spacing of the furring.

O List all the types of molding to be used for interior
trim.

ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

1. What size or rating and what kind of insulation are to
be used in each of the following locations?
a. Framed exterior walls
b. Roof

c. Under heat sink

d. Masonry walls of playroom
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10.

What type of molding is to be used as casing around
interior doors?

What type of molding is used at the bottom of interior
walls and partitions?

What kind of trim is used to cover the lower edges of
exposed box beams?

Describe the wall finish in the playroom including:
a. What the wall finish material is fastened to
b. The kind of material used for wall finish

What material is used for ceiling finish in the play-
room?

What material is used for underlayment on typical
framed floors?

What is the finished floor material at the heat sink?
What covers the interior faces of wood box beams?

What is the finished wall material in the bedrooms?
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Cabinets
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Showing Cabinets on Drawings Objectives

The layout of the cabinets can be determined by reading the floor plan and After completing this unit
.cat_uinef[ elevations t_ogether. T.he ﬂo_or plan normally includes reference marks you will be able to perform
indicating each cabinet elevation, Figure 32-1. The floor plan shows the loca- the following tasks:

tion of major appliances and may include some overall layout dimensions.
When the project has separate electrical drawings, the electrical installer

must coordinate these designated outlet locations between the electrical and

architectural drawings. There may be electrical outlets shown on the architec-

O List the sizes and types of
cabinets shown on a set

tural drawings and not shown on the electrical drawings. These variances must of drawings.

be resolved early in the rough-in stage of construction. O Identify cabinet types
More complete cabinet information is usually shown on the cabinet eleva- and dimensions in

tions, Figure 32-2. Cabinet elevations are drawn for each direction from manufacturers’ literature.

which cabinets can be viewed. These elevations show the types of cabinets,
their sizes, and their arrangement. Cabinet types and sizes are recognized by
a combination of drawing representations and commonly used letter/number
designations. Some drawings rely heavily on standard dimensioning and
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Figure 32-1. Kitchen floor plan with key to cabinet elevations.
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Figure 32-2. Elevations for Figure 32—1. Courtesy of Home Planners, Inc.

pictorial representation. This is true of the case shown
in Figure 32-2. Other drawings include a letter/number
designation for each cabinet, as shown in Figure 32-3.
The letter part of the designation represents the type of
cabinet. Architects and drafters vary in how they use let-
ter designations, but they are usually easy to understand
after a moment’s study. Some typical letter designations
are shown in Figure 32-4.

The numbers in the cabinet designation represent the
dimensions of the cabinet. Base cabinets are a standard
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height (usually 3'-0” including the countertop) and a stan-
dard front-to-back depth (usually 2'-0”) Therefore, base
cabinet designations only include two digits to represent
width in inches. Wall cabinets are a standard front-to-
back depth (usually 1'-0”), but the width and height vary.
Therefore, wall cabinet designations include four digits—
two for width and two for height. The first and second dig-
its usually indicate width, and the third and fourth digits
usually indicate height. The following example explains a
typical cabinet designation.
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Figure 32-3. Letter/number designations for cabinets. Courtesy of Robert C. Kurzon.
LETTER CABINET TYPE
W WALL CABINET
WC CORNER WALL CABINET
B BASE CABINET
D OR DB DRAWER BASE CABINET
BC BASE CORNER CABINET
RC REVOLVING CORNER CABINET
SF SINK FRONT (ALSO FOR COOKTOP)
SB SINK BASE (ALSO FOR COOKTOP)
U UTILITY OR BROOM CLOSET
oV OVEN CABINET
O

Figure 32-4. Key to typical cabinet designations.

In addition to cabinets, most cabinet manufacturers
provide a variety of accessories:

O Shelves are finished to match the cabinets, so they can
be used in open areas.

O Valances are prefinished decorative pieces to use
between wall cabinets (over a sink, for example).

O Filler pieces are prefinished boards used to enclose
narrow spaces between cabinets.

O A variety of molding may be used for trim.

Reading Manufacturers’
Literature

Cabinet manufacturers publish catalogs and specifications
describing their cabinets. The numbering systems used in
this literature are similar to those used on construction
drawings. There may be slight differences between manu-
facturers, but these are usually easy to see. Figure 32-5
is reprinted from one manufacturer’s literature. A few tips
to reading this manufacturer’s literature are listed:
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WALL cabinets

v GARDENCOURT1
NNy ®
1230 1233 1238
555;‘::::::jl%-][:lEE;][:IF;:\][‘EEE::IIE-][
FINE FURNITURE FOR THE KITCHEN AND BATH
1824 1830, 1833, 1836 1842
CORNER WALL cabinets
2424 2430 2433, 2436 2442,2448 C-2424 C-2436
Corner Wall cabinets are reversible:
can be pulled out 6” from corner.
&
3009 3012 3018 3021,3024 3027 3030, 3033, 3036 3039 3042, 3048
3015
BASE cabinets Note: Base cabinets can be converted to shallow DRAWER BURNER bases with purchase of kit.

I
H | 1] [ | (T I 1 [1 ] [ 11 I 11 ]
T-409 412 418 421,424 427 430, 433, 436 439 442,448
TRAY 415

DRAWER bases

D-412
D415
D-418
D-421
D-424

UTILITY
cabinet

84"

—

_____ S

}— Min. 22" Max. 38"

f—— Min. 36" Max. 44"
| Min. 43" Max. 51

f—— Min. 50" Max. 58"

uU-818

DROP-IN RANGE kit

i PARTS: :f
3| panet, 12°x 300" | =
|| Toe Rait i
i | Hardware

ST

2830

OVEN
cabinet

D-827

Utility and Oven cabinets can be cut down to 82" height

SINK or BURNER BASE cabinets

[ | ] [ ] £ ]

530,533, 536 542, 548

OVEN MOULDING — For finishing out installations
filler
i ]
1T ca YA
v | l v bt
Trim moulding Scribe moulding
s Ak
u."}— | W
'” - Ceiling i i
i e % !
Q) Corner Face %Pf’:];». ;
moulding moulding e
Cabinet : l,
A )
»
NSNS
Soffit moulding .
VALANCE RSSAN
1 —_
i I 13
(3" x 80") Lengths 4", 5" and 7’
cut on job

Copyright H. J. Scheirich Co., Louisviile, Kentucky 1969— Revised November 1, 1970; September 1, 1971; January 1, 1973; Janvary 1, 1974

O
\J

Figure 32-5. Cabinet catalog. Courtesy of H. J. Scheirich Co.
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After three years of intensive research and development
the H. J. Scheirich Company is proud to present the new
Gardencourt Collection. We wished to make the handsomest
cabinets possible —and the toughest . . . cabinets so well
styled they would fit into any interior, yet so well built they
would pass the most rigorous test of all — everyday use in
a busy kitchen.

We discarded all the old woodworking concepts and
created a wholly new kind of cabinetry of exceptional
structural rigidity and dimensional stability. The basic ma-

terial for all parts is made of wood fibers bonded solidly
together to provide extraordinary strength and resistance
to variations in temperature and humidity. Framework,
panels, shelves and doors—all are made of the bonded
material. Then they are totally sheathed in Vinyl with
exterior surfaces in pecan grain finish overiayed with a
clear Vinyl for added protection. These are truly “carefree”
cabinets. Produced in a modern air-conditioned factory
employing highly sophisticated machinery, Gardencourt
maintains the well known Scheirich standard of excellence.

All Scheirich cabinets are delivered complete with mounting
hardware and detailed instructions for installation. Single door
cabinets can hinge left or right. Shipped with doors attached,

they can be reversed very simply by moving one hinge screw
for each hinge into pre-drilled holes on the opposite inside front
of the cabinet frame.

CORNER WALL cabinets

C-3024 €-3030, C-3036 C-3042,C-3048

Corner Wall cabinets are reversible; can be pulled out 6” from corner.

CORNER BASE cabinets

C-427 C-442 C-448
Pulls out 97 to 13" Pulls out 7~ Pulls out 4~
from wall Corner Base cabinets arranged for use left or right

SINK fronts

ALL PURPOSE filler
L

o [
I———— 42" ,_'

=T 1
C-3000
Cut on job and Diagonal Corner
@D assemble as shown. Wall cabinet
Hardware supplied |
I_J | — 1
—{ | cut tosuit
i | END S _w
panel )
S i
AP-42 402 C-400
Revolving Shelf
Corner Base cabinet
END panels

624,630 636,642
Sink fronts above can be cut down 6

Sink Front 654

bottom included

VANITIES — GARDENCOURT & GARDENMIST

VANITY BOWL bases
b— 21—

Can be cut down 12"

IH" . Ir
601 602 603

SINGLE FACED
Use with Sink Front

DOUBLE FACED
Finished Edges

SINGLE FACED
Arranged for L or R

. DRAWER VANITY VANITY
b — bases panel
DV-12
DV-1§
DV-18

L

RV-24 RV-30, RV-36 RV-42, RV-48
g VANITY drawer TRIM moulding
PR .
S| N w— )
% —
VD-36  Can be cut down 15"

in keeping with our policy of

ALL PURPOSE filler
PR
I

AP-42  Can be used as Bowl Front

VP-1
DOUBLE FACED
Finished Edges

product , the H. J. ich Ce reserves the

and impi
right to alter specifications without general notice or obligation to make similar changes in units previously shipped.

O)
\J

Figure 32-5. (continued)
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O Cabinet heights and standard depths are dimensioned
on the left side of the page.

O Referring to these dimensions, you can see that the
first and second digits of wall cabinet numbers indi-
cate their height. Therefore, the third and fourth digits
indicate width.

O Standard base cabinets with one drawer above and
doors below are designated by three digits only. The

first digit (4) indicates a standard base cabinet. The
second and third digits indicate width.

O Base cabinets with other than one drawer above a
door are designated by a letter, but the last two digits
still indicate width.

v CHECK YOUR PROGRESS

Can you perform these tasks?
© Orient cabinet elevations to floor plans.

© Describe cabinet types and sizes indicated by typical
letter/number designations.

O List all the cabinets shown on the drawings for a
house.
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ASSIGNMENT

Refer to the Lake House drawings (in the packet) to com-
plete the assignment.

Using the catalog pages shown in Figure 32-5
on the following pages, list all the cabinets for the Lake
House kitchen.



PART

TEST

A. Refer to the Lake House drawings to determine each of the following dimensions.

1.

© © N o o B w D

N N N N —m = s e e e e e e e
W N = O © © N o o & W N = O

Northwest corner of the site to the high-water mark at the west boundary
Septic tank to the nearest property line

Width of the walk on the west side of the house

Width of the south end of the drive (in front of the garage)

Depth of the earth fill over the septic drainfield

Elevation at the butt of the most southerly maple tree to remain

Outside of the garage foundation (width X length)

Outside of the garage footing (width X length)

North to south spacing of the square steel columns

Length of the northwest square steel column

. Length of the haunch under the slab between the north steel columns
. East-west dimension inside the lower level bathroom at the widest end
. Closet in bedroom #1 (width X length)

. Inside of bedroom #1 (width X length)

. Deck between the kitchen and the garage (width X length)

. Length of the joists in the loft

. Height of the foundation wall at the overhead garage door

. Elevation at the bottom of the concrete piers for the kitchen deck

Difference in elevations at the bottom of the south garage footing and the bottom of the nearest house footing

. Elevation at the bottom of the deepest excavation
. Width of the cabinet over the refrigerator
. Width of the cabinet closest to the living room stairs

. Total thickness of a typical exterior frame wall (allow 1/2 inch for siding)
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24
25.
26.
2].
28.
29.
30.
31.
32.
33.
34.
35.

Lineal feet of soldier-course bricks in the fireplace

Lineal feet of 2 X 10 lumber in the eave of the corrugated roof

Finish floor to the top surface of the freestanding closet/cabinet unit in the kitchen (include surface material)
Length of the studs in the wall separating the playroom from the crawl space under the kitchen
Length of the steel pins that anchor the foundation walls to the footings

Length of the C8 X 11.5 structural steel beam

Outside surface of the foundation under the dining room to the centerline of the deck footings
Door in the south end of the garage (width X height X thickness)

Length of the 2 X 4 studs under the living room bench

Width of the treads in the stairs from the kitchen to the bedroom level

Rough opening for the door from the hall into bedroom #1 (width X height)

Thickness of the concrete at the haunches

B. Describe the material at each of the following locations in the Lake House. Include such considerations as the kind
of material, nominal size of masonry units, and nominal size of lumber.

1.

_ e e e e e e e e e
O o ~N oo o B W N =

S © ©® N o oA W N

Tile field pipe

Reinforcement in the concrete slabs
Rungs in the ladder to loft

Hip rafter in the northeast corner of house
Roof insulation

Roof deck

Exterior wall studs

Rafter headers at skylight

Purlins under the corrugated roof

Finished surface on the west wall of playroom

. Reinforcement in the footings

. Anchor bolts in the wood sill

. Wood sill

. Vapor barrier under the concrete slab
. Floor underlayment in the bedrooms

. Floor joists in the kitchen

. Floor joists in the bedrooms

. Stair stringers between the decks

. Railing around the south decks

20.

Top course of the foundation at heat sink
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21.
22.
23.
24
25.
26.
2].
28.
29.
30.
31.
32.
33.
34.
35.

Expansion joint at the edge of heat sink

Rafters above the loft

Posts supporting the box beams

Girder under the west wall of bedroom #1

Base plates on the posts supporting box beams
Girder under the kitchen deck joists

Finished surface of the living room bench

Housed stringer on the north side of stair to bedrooms
Stair treads

Door casings (interior)

Door casings (exterior)

Window casings (interior)

Glazing (light) in the window on south side of bedroom #1
Planks on the kitchen deck

Foundation at the west side of the kitchen deck

C. Answer each of these questions ahout the Lake House.

1

A

. How many cubic yards of concrete are required for the concrete slab at elevation 337.00 feet?

What is the length of the concrete piers between the kitchen and the garage?
How many 4’ X 8 sheets of plywood are needed to build the box beams?
How long are the rafters in the corrugated roof? (Refer to the illustrated rafter table.)

How long is the 2 X 12 hip rafter? (Refer to the illustrated rafter table.)

I]Ill|ll||l|IU]I]III]IIHI'I]I!IH]I[!II[I!l[lllyIIIUV]I'I]I!I]T]IH]IHII[IIIH'
2'3 2'2 2N 2'0 Ve

!

7 5 4 3 2
LENGTH COMMON AAFTERS PER FOOT AUN 13 98 13 42 1 1265 1237 126
- WP OR VALLEY C T " 17 e [T 172 17 08
oI F N LENGTH  OF JACKS 16 INCMES CENTERS ® 12 o 17 816 % 6 172 ¥ v
. : : 2FEET : 7 34 2 1318 b3 7% 816 24 34 4 5%
SIDE cuy OF JACKS USE 10 313 10 3ie AARRRAT] oA LAY | 1113146
- P OR VALLEY : AARRTAT Y AREE YAT 1 ARER Y] 11 11116 TOTING 1 WNe
NWRRRARRHRARNNARN NRARNRRRAARA AN
'
1 1111111 1111111 11111JA 111_1111 Llllll llll]l llllill illlll_i 111[111 1111111 lllllll

D. Answer the following questions.

1.

2.

Who should design roof trusses?
a. architect c. engineer
b. carpenter d. any of the above

Which drawing will include information about the slope of a roof?
a. building elevation c. truss detail drawing
b. truss delivery sheet d. all of the above
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3. What is a piggyback truss?

a. atruss thatis designed to be used as the top half of a large truss
b. atruss design that uses extra web members
c. atrussthatis to be placed against the side of another truss
d. a particular brand of roof truss
4. Which sheet would be the easiest one on which to find the required number of trusses of a particular type?
a. floor plan c. truss detail sheet
b. truss delivery sheet d. building elevation

5. What is the most reliable place to find the spacing between trusses?
a. truss layout c. truss detail sheet
b. floor plan d. truss delivery sheet
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PART

\

MULTIFAMILY CONSTRUCTION

)
\/

Part Il provides an opportunity for you to extend your ability to read
construction drawings. Once you have mastered the contents of Parts |
and I, you should be able to read and thoroughly understand most
residential construction drawings. Part lll helps you apply the skills
developed earlier to other types of construction and to the work of the
mechanical and electrical trades.

The Town House drawings were selected for reference in Part ll|
both because they represent quality construction in a geographic region
where many construction practices are different from those in the rest
of North America and because they are more complex than earlier
drawings, providing an opportunity to sharpen your skills. The Town
House involves more floor levels and more complex construction details,
so the drawings have more detail information, sometimes making them
more difficult to interpret. As you work through these units and the
corresponding drawings, take the time to make sure you understand all
the information about a particular feature and study all the drawings
with information about that part of the building.

The complete set of drawings for the Town House is far too large
to include in the packet that accompanies this textbook. Therefore,
selected sheets or portions of sheets are used here. To use the available
space most efficiently, some of the drawings have been reorganized and
combined—with parts of two sheets printed on one. The original sheet
and drawing numbers have been retained; therefore, all references
printed on the drawings are still applicable.
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UNIT

Orienting the
Drawings

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Locate a particular
building or plan within a
large development.

O Explain the relationships
between drawings for
construction projects
where several plans are
to be adjoined in one
building.

O Visualize a building
design by reading the
drawings.
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|dentifying Buildings and Plans

Multifamily dwellings are often built in large developments—with many similar
buildings in a single development. Some developments are completed in
phases. One phase is completely constructed and begins earning income for
the developer before the next stage is started. Figure 33-1 shows the site plan
for Hidden Valley, the development for which the Town House was designed.
Hidden Valley is to be developed in four phases. Each phase is outlined with a
heavy broken line on the site plan.

The first phase of Hidden Valley includes eleven buildings. Each building is
labeled as to building type and the parts that make up the building, Figure 33-2.
Building Type Il is made up of four separate units, each with its own floor plan.
Each unit is built like a separate building joined to the next, Figure 33-3. Each
plan is identified by a letter or letter and numeral. (The term planis used to refer
to a particular arrangement of rooms or design. This should not be confused with
the use of planto refer to a type of drawing.)

The plans in building Type Il are A, B1, B2, and A R. Each plan type is
described on separate drawings. Drawings 1 through 5 are for Plan A. Drawings
6 through 10 are for Plan B.

One technique that is used to create similar, yet different, plans is to
reverse them. A reversed plan is created by building the plan as though seen
in a mirror. The reversed plan has the same features and the same dimen-
sions, but their arrangement is reversed, Figure 33-4. In building Type Il of
the Hidden Valley development, the south end is a reversal of Plan A. This is
designated on the site plan and on Figure 33-2 as A R. The letter Rindicates
a reverse plan.

Organization of the Drawings

The drawings for a large project must be systematically organized, so informa-
tion can be found easily. Architects follow similar pattern in organizing their
drawings. The general order of drawing sheets is similar to that of specifi-
cations: site plans are first; foundation plans and floor plans, next; building
elevations, third; then, structural and architectural details; mechanical, next to
last; and electrical, last. The cover sheet usually includes an index or table of
contents for the drawing set, Figure 33-5.



Figure 33-1. Site plan. Courtesy of Berkus-Group Architects.

The index for the Hidden Valley drawing does not
indicate mechanical or electrical drawings. In some parts
of the United States, it is common practice not to prepare
separate drawings for mechanical or electrical work on
town houses. The essential information for these trades is
included on the drawings for the other trades.

Visualizing the Plan

The first step in becoming familiar with any plan should
be to mentally walk through the plan. This technique
is described in Unit 18 for the Lake House. Refer to the

@)

Hidden Valley drawings as you mentally walk through
Plan A of the Town House.

Enter through the overhead garage door on the east
side of the lowest level. The garage is an open area with
stairs leading up to the main floor. Next to the stairs there
is an area of dropped ceiling beneath the stairs on the
main floor. A note on Drawing 2 refers to Section B.

This note introduces a new consideration for anyone
reading construction drawings. Although the architect
reviews the drawings carefully, there is always a pos-
sibility that errors will appear as one did in this instance.
The dropped ceiling beneath the stairs is actually shown
on Section E.
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Figure 33-2. This is a section of the site plan at the size it was drawn. Courtesy of Berkus-Group Architects.

Figure 33-3. Building Type Il includes four housing units. Courtesy of Berkus-Group Architects.

The drawings for the Town House are printed exactly
as they were prepared for the construction job. A few
errors may remain on these drawings. Any errors that
do remain give you valuable experience in detecting and
dealing with error.

At the top of the garage stairs, there is an entry area
with an exterior door. A boxed number refers to the
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plan notes printed on Drawing 2. This note indicates a
stub wall dividing the entry from the dining room. Boxed
note references are used throughout the Town House
drawings. Reading each related note as itis encountered
will help you to better understand the plan.

As you enter the dining room and kitchen, the floor
material changes. The kitchen ceiling is dropped to 7'-6"



I

®)

Figure 33-4. A reversed plan is similar to what would be seen by looking at the plan in a mirror.

as dimensioned on Section A-A, Drawing 4. The areas with
dropped ceiling above are shown by light cross-hatching
on the floor plan. The kitchen has base cabinets on three
walls and a peninsula of cahinets separating the kitchen
and dining room. Opposite the peninsula of base cabinets,
there is a 4'-8" alcove with cabinets, Figure 33-6.

Visually walk back through the dining room along a
36"-high guard rail, plan note , to a 2-riser stair down
to the living room, Figure 33-7. At the front of the large
18'-4" X 13'-4" living room there is a fireplace, Figure 33-8.
To the left of the fireplace is a 7'-0" X 8'-0" sliding glass
door that opens onto a small courtyard. A note on the
floor planindicates a 36 MOJ RADIUS ABOVE. The legend
of symbols and abbreviations on sheet 0 shows that M0J
means measure on the job. Looking at the Front Elevation,
Drawing 5, you can see that this note refers to a window
with a 36-inch radius at the top.

From the entry area, another stair leads up to a hall
serving the bedrooms and bath, Figure 33-9. Across
the hall, a pair of 2'-6" X 6'-8" hollow core doors open

into bedroom #2. By the stairs, a door opens into bath-
room #2. This is a small bathroom with a tub, water
closet, and lavatory. At the end of the hall, you enter
the master bedroom. There is an 8'-0" X 5'-0" aluminum
sliding window at the far end of the master bedroom.
On your left as you walk into the bedroom, there is a
wardrobe closet with a shelf and pole (S&P). On your
right there is a master bath. The master bath has a 42" X
60" tub, a vanity (called pullman here), a large wardrobe
closet, and a toilet room.

To thoroughly understand the plan, you should
read all the plan notes on Drawing A-2 and locate
the features to which they refer. Then locate each of
the details, indicated by a circle. The numerals above the
horizontal line in these circles indicate the detail being
referenced. The letter and numeral below the horizontal
line indicate on which drawing the detail appears. As
you find these plan notes and details, refer to the fram-
ing plans, building sections, and elevations to thoroughly
understand each.
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Figure 33-5. Table of contents for Hidden Valley construction drawings. Courtesy of Berkus-Group Architects.
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Figure 33-6. Hidden Valley kitchen as seen from the entry.
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Figure 33-8. End wall of living room.
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Figure 33-7. Hidden Valley stairs.
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Figure 33-9. View from Hidden Valley living room.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Locate a particular building on the site plan for a large
development.

© Locate a particular plan within a multiplan building.

© Locate the drawings for a particular plan type within a
large drawing set consisting of several buildings and
plan types.
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ASSIGNMENT

Refer to the Town House drawings (including those in the
packet and Figures 33-1 and 33-2) to complete the
assignment.

1. How many buildings are included in phase one?
2. What plans are included in building Type VI?

3. In phase one, Building Il, on which side (compass
direction) is the courtyard?



How thick is the concrete slab for the garage floor in
Plan B?

What size are the floor joists under the dining room in
Plan B?

In Plan B, what supports the kitchen floor joists under
the back wall of the kitchen?

On which drawing would you find elevations of the
kitchen cabinets for Plan A? For Plan B?

On which drawing would you find details of concrete
piers under bearing posts for girders?

What is the height of the handrail at the dining room/
living room stairs in Plan B?

For each of the major rooms of Plan B listed below,
indicate the overall dimensions. Do not include clos-
ets, stairs, or minor irregularities. Allow for the thick-
ness of all walls. Walls are dimensioned to the face
of the framing.

Living room

Dining room

Kitchen

Deck

Library

Bedroom #2

Master bedroom

Q@ +~0 o0 oo

11.

12.

13.

14.

What are the tread width and the riser height for the
stairs between the living room and dining room in
Plan B?

What important feature of the living room is beside
the entry in Plan B?

How long are the studs in the partition between the
master bedroom and bedroom #2 in Plan B?

How high above finished grade is the top of the pri-
vacy fence in front of Plan B?
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UNIT

O
A4

Town House
Construction

)—

Obijectives

After completing this unit,
you will be able to perform
the following tasks:

O Identify and explain the
construction of party
walls.

O Find and interpret
detailed information
on complex residential
drawings, such as the
Town House.
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Multifamily buildings are constructed the same way as single-family build-
ings in most respects. A wall that is shared by two living units in a multifamily
structure is called a party wall, Figure 34-1. In addition to the usual require-
ments of a wall, a party wall provides more fire resistance and privacy.

The Town House party walls have stricter fire-resisting requirements in
some places than in others. In the Town House drawings, the architect refers
to party walls where the fire-resistance factor is lower. Where special fire-
code requirements must be met, the architect refers to area-separation walls.
The terms party wall and area-separation wall are often used interchangeably.
Other architects may use them with reverse meanings.

—PARTY WALL
/

‘|
l
1

= o

[ ]

]

\ 7
<

A

Z

]

UNIT A UNIT B
|

\‘ PARTY WALL
Figure 34-1. A party wall separates two or more units.



Fire-Rated Construction

Fire-rated construction serves two purposes in the event
of a fire. It slows the spread of fire, and it maintains struc-
tural support longer than non-fire-rated construction.
Approved fire caulking or fill must be used at all utility-line
fire-rated wall penetrations.

The most obvious way in which a wall, floor, ceil-
ing, or roof can slow the spread of fire is by having a
fire-resistant surface. Plaster and gypsum wallboard
are fire-resistant materials. They do not burn, and they
do not easily transmit the heat of fire to the framing
members on the other side. Of course, the thicker the
wallboard or plaster, the better it resists the flow of heat.
For this reason, party walls are often required to have
double thicknesses of gypsum wallboard on each side,
Figure 34-2.

Notice that the wallboard in Figure 34-2 is indi-
cated as type x. This is a special fire-rated wallboard.
Although all gypsum plaster is noncombustible, standard
wallboard breaks down and crumbles in the high heat of a
fire. Fire-rated wallboard holds up much longer in a fire.

Fire-rated construction is frequently used to separate
garages and mechanical rooms from living spaces. Party
walls are also fire rated to prevent a fire from spreading
between housing units. To completely separate the hous-
ing units, a fire-rated party wall should extend all the way
from the foundation to the roof.

Most building codes allow an alternative to extend-
ing the party wall through the roof. The fire-rated con-
struction may end at the bottom of the roof as long as
the roof is of fire-rated construction, Figure 34-3. This
usually means that the roofing material resists fire for as
long as the party wall does. For example, if the party wall
is required to be a one-hour code wall (it resists fire for
one hour), the roof must be covered only with material
that also resists fire for one hour.

Fire-rated walls must also prevent fire from spreading
vertically inside the wall. If left open, the spaces between
the studs in a frame wall act like chimneys, allowing
flame to spread very quickly from one level to another.
To prevent vertical flame spread, stud spaces are not
permitted to be more than one story high. The spaces
between the studs are closed off with firestops at each
level, Figure 34—4. Instead of wood firestops, the wall
cavity can be blocked off with fire-resistant fiberglass
insulation, as shown in Figure 34-2.
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Figure 34-2. Party walls often have double layers of gypsum
wallboard on one or both sides. Courtesy of Berkus-Group
architects.

Openings are usually avoided in fire-rated walls.
Where it is necessary to include a door, it is made of fire-
resistant material. The fire rating of the door must comply
with the building code. Fire-rated doors are often allowed
to have a slightly lower rating than the walls in which they
are installed. Doors in fire walls are equipped with a self-
closing mechanism.

Sound Insulation

To provide privacy between the housing units, party walls
should not allow the sound from one unit to be heard in
the next unit. The measurement of the capability of a
building element to reduce the passage of sound is its
sound transmission classification (STC), Figure 34-5.
Sound is transmitted by vibrations in any material:
solid, liquid, or gas. To slow the passage of sound, a party
wall must reduce the flow of vibrations. The materials
used in the construction of most walls vibrate relatively
well. Also, they transmit these vibrations to the air inside
the wall. The air carries the sound to the other side,
where it is transmitted to the air on the opposite side
of the wall. The electrical installer may be required to
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Figure 34-3. Fire-rated party wall in attic space.
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Figure 34-4. Firestops are installed between studs to prevent
vertical drafts inside the wall.
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Figure 34-5. Sound transmission classes.

utilize fiberglass or some other sound attenuation mate-
rial around flush device boxes. Raceways may require
installations that reduce sound transmission, such as
expansion joints, flexible raceway, or raceway offsetting
through the party wall.

The sound transmission classification of a wall can
be improved greatly by not allowing the studs to contact



both surfaces. This may be accomplished in one of two
ways. One method is to attach clips made for sound
insulation to the studs and then fasten the wallboard to
these clips. The clips absorb the vibrations. Using the
clips and sound-deadening fiberboard results in an STC
rating of 52.

An STC of 45 is achieved without clips by using
2 X 4 studs and 2 X 6 plates. The studs are staggered on
opposite sides of the wall so that no studs contact both
surfaces, Figure 34-6. The STC can be increased to 49
by including fiberglass insulation.
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Figure 34-6. Typical sound-insulated wall.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© Identify party walls in a multifamily building.

O Identify fire-rated construction on drawings.

O List the locations of firestops inside framed walls.

© Describe construction to reduce sound transmission.

ASSIGNMENT

Refer to the Town House drawings (in the packet) to com-
plete the assignment.

1. Listthe type, thickness, and number of layers of wall-
board at each of the following locations in the Town
House:

a. Area separation wall in Plan B dining room

b. Party wall in Plan B kitchen

c. Party wall in Plan B garage

d. Area separation wall in Plan B bedroom #2

e. Area separation above ceiling in Plan B master
bedroom

Party wall in Plan A living room

g. Garage ceiling under nook in Plan B

-

2. What is used to stop the vertical spread of fires
inside the party walls in the Town House?

3. How is fire prevented from spreading over the top of
the area separation walls where they meet the Town
House roof?

4. What is the total thickness of the party wall at the
library in Plan B?

5. What is done to stop the transmission of sound
through the air space in the party wall of the library
in Plan B?

6. Whatis the STC rating of the party wall of the library
in Plan B?

7. In Plan B, what is the dimension from the floor to
the bottom of the enclosure for the fluorescent
light above the master bathroom vanity cabinet and
lavatory?

8. On Plan B, on the exterior of the building below the
library window there is a sloping shelf. At what angle
does that shelf slope?

9. On Plan B, what is the total thickness of the wall
separating the master bedroom from the next living
unit?

10. What size are the floor joists in the Plan B library?
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3
UNIT

Plumbing, Heating,
and Air Conditioning

O)
¢/

Objectives All residences have a plumbing system that consists of a water supply sys-
tem; a water distribution system; and a drain, waste, and vent (DWV) system.
The water supply system provides a source of water to the structure, and the

After completing this unit, water distribution system provides hot and/or cold water to each of the fixtures

you will be able to perform requiring water in the structure. After the water is used, the drain, waste, and

the following tasks: vent system is used to dispose of the water into a municipal sewage system or
an onsite disposal system.

O Explain the basic Even though installing gas piping is not defined as plumbing, plumbers

principles of plumbing sometimes install the piping. The gas piping system supplies fuel gas to the

design. gas-fired fixtures, which might include water heaters, furnaces, ranges, and

] ) clothes dryers.
O Identify the plumbing

symbols used on
drawings. Plumbing Materials

The materials most often used for plumbing are copper, plastic, cast iron, and
black iron. A brief description of each is given in the paragraphs that follow.

Copper is frequently used for plumbing because it resists corrosion.
However, it is relatively expensive. Copper pipes and fittings may be threaded
or smooth for soldered joints.

Plastic materials are used in the water supply, water distribution, and DWV
systems. These materials are lightweight, noncorrosive, and easily joined.
While plastics are allowed in each area of a plumbing system, the plastics used
in a water distribution system must have a minimum temperature rating of 180°F
(82°C). Plastics are not suitable for some applications where high strength is
required.

Cast iron is commonly used where DWV piping passes through the foun-
dation and outside the building, where it is buried. Cast iron is strong and has
excellent resistance to corrosion. Castiron is not generally used for water sup-
ply or water distribution systems in residential construction.

Black ironis used almost exclusively for gas piping. Black iron pipes and
fittings are threaded, so they can be screwed together. Brass fittings are fre-
quently used to join black iron pipe.

Fittings

A wide assortment of fittings is used for joining pipe, making offsets at various
angles, controlling the flow of water, and gaining access to the system for ser-
vice. Most fittings are made of the same materials as the pipe. Plumbers must
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be familiar with all types of fittings so they can install their
work according to the specifications of the designer.

Couplings, Figure 35-1, are used to join two pipes
in a straight line. Couplings are generally used only where
a single length of pipe is not long enough.

Union, Figure 35-2, allows piping to be discon-
nected without having to cut the pipe. A union consists
of three parts, with one part being attached to each pipe
and a nut to secure the connection. Then the two parts of
the union are screwed together. When it becomes neces-
sary to disconnect the pipe, the two halves of the union
are unscrewed.

Elbows, Figure 35-3, are used to make changes in
direction of the piping. Elbows turn either 90°, 45°, or 22.5°.

Some fittings have a hub on each end to accept the
outside diameter of the pipe. Others, called street fittings,
have a hub on one end, and the other end is the same as the
outside diameter of the pipe. Street fittings can be joined
directly to other fittings, with no pipe between them.

Tees and wyes, Figure 35-4, have three connec-
tions to allow a second pipe to join the first from the side.
Tees have a 90° side connection. A sanitary tee has a
curve in the side connection to help direct the flow. Wyes
have a 45° side connection.

Cleanouts, Figure 35-5, allow access to sewage
plumbing for cleaning. A cleanout consists of a threaded

Figure 35-1. A coupling is used to permanently join lengths
of pipe.

Figure 35-2. A union allows the piping to be disconnected
easily.

opening and a matching plug. When cleaning is neces-
sary, the plug is removed and a drain cleaning cable,
also known as a snake or auger, is run through the line.
Cleanouts are installed in each straight run of DWV at
the base of drainage stacks, where pipe changes direc-
tion more than 45°, and several other areas dictated by
plumbing codes.

Valves are used to stop, start, or regulate the flow
of water. The faucets on a sink or lavatory are a type of

Figure 35-3. Street 90° elbow and 45° elbow.

Figure 35-4. Sanitary tee and wye.

Figure 35-5. A cleanout allows access to the system.
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valve. A valve can be used to isolate one part of a system
from the rest. Every building must have an isolation valve,
and most plumbing fixtures must have an isolation valve
located near the fixture. Bathtubs and showers do not
typically require separate isolation valves.

Design of Supply Piping

In most communities, water is distributed through a sys-
tem of water mains under or near the street. When a new
house is constructed, the municipal water department
taps (makes an opening in) this main. The supply piping
from the municipal tap to the house is installed by plumb-
ers who work for the plumbing contractor.

The main supply pipe entering the house must be
larger in diameter than the individual branches installed
from the main to each point of use. There are two basic
reasons for this. First, water develops friction as it flows
through pipes, and the greater size reduces this friction in
the long supply line. Second, when more than one fixture
is used at a time, the main supply must provide adequate
flow for both. Generally, the main supply pipe for a one- or
two-family house is %-inch or 1-inch pipe.

At the point where the main supply enters the build-
ing, a water meter is installed. The water meter mea-
sures the amount of water used. The municipal water
department relies on this meter to determine the proper
water bill for the building. The main water shutoff valve is
located near the water meter.

The cold-water distribution piping continues through-
out the house, which also provides the water supply to a
water heater. The piping system exiting the water heater
creates the hot-water distribution system serving the
entire house. The size of each pipe providing water to
each fixture is dictated by the specific fixture require-
ments and the plumbing code. Figure 35-6 shows the
water distribution system for a house.

When a valve is suddenly closed at a fixture, the
water tends to slam into the closed valve. This causes a
sudden pressure buildup in the pipes and may cause the
pipes to hammer (a sudden shock in the supply piping).
For quick-closing valves, water hammer arresters are
required by most plumbing codes. The water hammer
arrester has a piston that transmits shock waves from
the system to a gas-filled chamber, Figure 35-7. When
a valve is suddenly closed, the gas chamber acts as a
shock absorber. Although water cannot be compressed,

254 Unit 35

Openmirrors.com

gas can be. When the pressure tends to build up sud-
denly, the gas in the arrester compresses and cushions
the resulting shock.

Drainage Waste and Vent System

The main purpose of a drainage system is to remove
wastewater and solids from a building. A drain is
installed at each fixture, and all individual drains are
connected to eventually create a building drain that exits
the building. The building drain connects to a building
sewer, which conveys the wastewater and solids to a
municipal sewer, septic tank, or other approved point of
disposal. The purpose of a vent is to allow air circulation
within the system to equalize positive and negative pres-
sures within the piping. Each fixture must be protected
by a vent to ensure safe operation of the drainage sys-
tem. A vent can terminate independently through a roof
or be connected with other individual vents to create a
branch vent before terminating through a roof. A vent-
ing device known as an air admittance valve (AAV) is
accepted by some codes. When a plumbing fixture is
operated and water drains out of the system, negative
pressure causes the valve to open, allowing air to enter
as needed to equalize the pressure. When the flow
stops, gravity closes the valve, preventing the escape of
sewer gases through the valve. An AAV eliminates the
need for venting through a roof.

Traps

The sewer contains foul-smelling, germ-ladened gases
that must be prevented from entering the house. If waste-
water simply emptied into the sewer from the pipe, this
sewer gas would be free to enter the building. To prevent
this from happening, a trap is installed at each fixture. A
trap is a fitting that naturally fills with water to prevent
sewer gas from entering the building, Figure 35-8. Not
all traps are easily seen. Some fixtures, such as water
closets (toilets), have built-in traps, Figure 35-9.

Vents

As the water rushes through a trap, it is possible for a
siphoning action to be started. (The air pressure entering
the fixture drain is higher than that on the other side of the
trap. This forces the water out of the trap.)
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Figure 35-6. Hot- and cold-water piping.

To prevent DWV traps from siphoning, a vent is
installed near the outlet side of the trap. The vent is an
opening that allows air pressure to enter the system and
break the suction at the trap, Figure 35-10. Because

the vent allows sewer gas to pass freely, it must be
vented to the outside of the building. Unless protected by
an AAV, all the fixtures are usually vented into one main
vertical pipe, through the roof, Figure 35-11.
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Figure 35-7. Water hammer arrester.

SEWER GAS

Figure 35-8. A trap fills with water to prevent sewer gas from
entering the building.
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Figure 35-9. A water closet has a built-in trap.
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TRAP

Figure 35-10. Venting a trap allows air to enter the system and
prevents siphoning.

Plumbing Plans

For residential construction, the architect does not usu-
ally include a plumbing plan with the set of working draw-
ings. The floor plan shows all the plumbing fixtures by
standard symbols. These symbols are easily recognized,
because they resemble the actual fixture. The dimen-
sions of the fixtures are provided by the manufacturer on
rough-in sheets, Figure 35-12.

If the building and the plumbing are fairly simple,
plumbers may prepare estimates and bids and complete
the work from the symbols on the floor plan only. For more
complex houses, the plumbing contractor usually draws
a plumbing isometric, Figure 35-13, or a special plumb-
ing plan. The drawing set that accompanies this texthook
includes a plumbing plan and details for Plan A of the
Town House. This sheetincludes more details than would
normally be found on a plumbing plan for a single-family
housing unit. The extra details are included here to help
you understand the plumbing plan.

Plumbing plans show each kind of piping by a differ-
ent symbol. Common plumbing symbols are shown in the
Appendix. It will help you understand the plumbing plan
if you trace each kind of piping from its source to each
fixture. For example, trace the gas piping for the Town
House. The gas lines can be recognized by the letter G in
the piping symbol. The gas supply is shown as a broken
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Figure 35-11. DWV system.
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FIXTURE SPECIFICATION

O U/R 4035 NEW VENUS — vitre-
ous china floor-mounted siphon jet
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tion for 12" rough with regular-rim
bowl, requires only 3. gallons per
flush — tank furnished with Fluid-
master 400A ballcock and adjustable
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U/R 8085 lift-off seat included.

COLOR SPECIFICATION
O Acid Resisting White
O Acid Resisting Color
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Figure 35-12. Typical manufacturer’s rough-in sheet. Courtesy of Universal-Rundle.
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Figure 35-13. Single-line isometric of system shown in
Figure 35-12.

line until it is inside the garage. Broken lines are used
to indicate that the pipe is underground or concealed
by construction. Although it is not noted on this plan,
the plumbing contractor should know that the building
code requires the gas line to be run in a sleeve where
it passes through the foundation and the concrete slab,
Figure 35-14. Just inside the garage wall, the broken
line changes to a solid line. At this point, a symbol indi-
cates that the solid line (exposed piping) turns down or
away. Here, the gas piping runs above the concrete slab
and along the garage wall. A callout on this line indicates
that the diameter of the pipe is % inch. At the back of the
garage, the gas line has a tee. Both of the outlets of this

GAS PIPE

Figure 35-14. Sleeve for running gas piping under and through
concrete. Local codes specify the design of sleeves used for gas
piping. This figure shows only the basic concept.

tee are %2 inch in diameter. One side of the tee supplies
the forced-air unit (F.A.U.). The other side of the tee con-
tinues around behind the F.A.U. to another tee and then to
the water heater. The side outlet of the second tee sup-
plies a log lighter in the fireplace. This branch is shown
on the first floor plumbing plan. Notice that the log-lighter
branch is reduced further to %-inch diameter.

You should trace each type of piping in a similar man-
ner to be sure you understand it. Using colored pencils to
trace the different types of piping may eliminate some of
the confusion on crowded drawings.

Refer to the details on the drawing for clarification
of the complex areas. As you trace each line, look for the
following:

O Kind of plumbing (hot water, cold water, waste)
O Diameter

O Fittings

O Exposed or concealed

O Where line passes through building surfaces

Heating, Ventilating,
and Air Conditioning

Plans for residential construction do not usually include
sheets for HVAC (heating, ventilating, and air condition-
ing), but the floor plan often includes a small amount of
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basic information—for example, where major equipment
such as the furnace, air-handling unit, or air-conditioning
unit is to be located and where diffusers (conditioned
air outlets) and air returns are to be placed. The HVAC
contractor installs the equipment according to building
codes and industry practices without the aid of formal
drawings.

Many HVAC systems are of the forced-air type. When
heat is called for, these systems provide some means of
forcing air over a surface heated by gas, oil, or electricity.
That surface might be a combustion chamber, a liquid-
filled coil, or an electric heating element. When cooling is

SUPPLY DUCT SUPPLY OUTLET

called for, the air is forced over a cold coil from a refrig-
eration unit or a heat pump. The conditioned air is then
forced through sheet metal or plastic ducts. The ducts
carry the air to openings called diffusers throughout the
house. The air is finally picked up by the return grille and
returned to the forced-air unit, Figure 35-15.

Other types of heating systems include electric
resistance heat at the point of use; radiant floor heat, hot
water circulated through tubing in or under the floor; and
hot water circulated through baseboard heating units.
With any of these systems, cooling can only be provided
by a separate air-conditioning system.

HEATING OR
COOLING COIL _|

FILTER -]

RETURN DUCT

/
RETURN OUTLET

O

\J

Figure 35-15. The air cycle in a forced-air system.
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v CHECK YOUR PROGRESS

Can you perform these tasks?

© List the plumbing fittings shown on a plumbing plan.

© List the material and size of all piping and fittings for

waste plumbing.

O List the material and size of all piping and fittings for

supply plumbing.

© Use the manufacturer’s literature to list dimensions for

the location of plumbing to fixtures.

ASSIGNMENT

Refer to the Town House Plan A drawings (in the packet)
to complete the assignment.

1.
2.

What size pipe supplies the washing machine?

What size is the cold-water supply to the water
heater?

What size is the cold-water branch to the lavatory in
bathroom #2?

At what point does the 3%-inch cold-water branch to
the kitchen reduce to ¥2 inch for the hose bibb?

10.

11.
12.

13.

14.

15.

Does the cold-water supply turn up or down as
it leaves the bathroom area to supply the kitchen
area?

List each of the fittings that water will pass through
after it drains out of the master bathroom lavatory.

List each of the fittings that water will pass through to
flow from the main shutoff at the building line to the
shutoff on the supply side of the water heater.

What size is the waste piping from the water closet in
the master bath?

What size is the waste piping from the kitchen sink?

What size is the waste piping from the washing
machine?

Where is the air-conditioning compressor located?

Where is the tubing that connects the air-conditioning
compressor to the forced-air unit?

What size tubing connects the compressor to the
forced-air unit?

How many diffuser outlets supply conditioned air to
the rooms?

Where are the sizes of the diffuser outlets given?
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3
UNIT

Electrical

)—

O)

Obijectives Current, Voltage, Resistance, and Watts

To understand the wiring in a building, you should know how electricity flows.
Electricity is energy. To do any work (turn a motor, light a lamp, or produce
heat) the electrical energy must have movement. This movement is called
current, The amount of current is measured in amperes, sometimes called
amps. A single household-type lightbulb requires a current of slightly less than
1 ampere. An electric water heater might require 50 amperes.

After completing this unit,
you will be able to perform
the following tasks:

O Identify the electrical

symbols shown on a plan. The amount of force or pressure causing the current to flow affects the

O Explain how the lighting amount of current. The force behind an electric current is called voltage. If
circuits are to be 115 volts causes a current flow of 5 amperes, 230 volts will cause a current flow
controlled. of 10 amperes.

The ease with which the current is able to flow through the device also
affects the amount of current. The ease or difficulty with which the current
flows through the device is called the resistance of that device. As the resis-
tance goes up, the current flow goes down. As the resistance goes down, the
current flow goes up.

The amount of work the electricity can do in any device depends on both
the amount of current (amps) and the force of the current (volts). Electrical
work is measured in watts. The number of watts of power in a device can
be found by multiplying the number of amperes by the number of volts. Stated
another way, the current flowing in a device can be found by dividing the num-
ber of watts by the voltage. For example, how much current flows through a
1,500-watt heater at 115 volts? 1,500 divided by 115 equals about 13 amperes.
Figure 36-1 shows the current, wattage, and voltage of some typical electri-
cal equipment.

DEVICE AMPERES VOLTS WATTS
Ceiling light fixture 1.3 115 150
Vacuum Cleaner 6.1 115 700
Radio 0.4 115 4
Clock 0.4 115 4
Dishwasher 8.7 115 1,000
Toaster 13 115 1,500
Cook Top 32 230 7,450
Oven 29 230 6,600
Clothes Dryer 25 230 5,750
Washing Machine 10 115 1,150
Garbage Disposal 7.4 115 850

Figure 36-1. Current, voltage, and power ratings of some typical electrical devices.
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Circuits

In order for current to flow, it must have a continuous path
from the power source, through the electrical device, and
back to its source. This complete path is called a circuit,
Figure 36-2.

Many circuits include one or more switches. A switch
allows the continuous path to be broken, Figure 36-3.
By using two 3-way switches, the circuit can be controlled
from two places, Figure 36-4. \When the circuit is broken
by a switch or a broken wire, or for any other reason, it is
said to be open.

Any material that carries electric current is called a
conductor. In Figure 36-2 each of the wires is a con-
ductor. When two or more wire conductors are bundled
together, they make a cable, Figure 36-5.

In larger buildings the wiring is frequently installed
by pulling individual wires through steel or plastic pipes,

HOT CONDUCTOR

POWER
SUPPLY

Figure 36-2. A complete circuitincludes a path from the supply
to the device and back again.

SWITCH g DEVICE

POWER
SUPPLY
NEUTRAL CONDUCTOR
O
Figure 36-3. A switch is used to break (or open) the circuit.
3-WAY 3 - WAY DEV
SWITCH SWITCH ICE
POWER \ \
SUPPLY HOT CONDUCTORS
NEUTRAL CONDUCTOR
O
\J

Figure 36-4. Three-way switches allow a device to be controlled from two locations. Notice that if either switch is activated, the device

will be energized.
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Figure 36-5. This cable has two circuit conductors and one ground conductor. Courtesy of Anaconda Wire and Cable Division.
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called conduit. In houses itis more common to use cables
containing the needed wires plus one ground conductor.
The ground conductor does not normally carry current.
The ground, as it is usually abbreviated, connects all the
electrical devices in the house to the ground. If, because
of some malfunction, the voltage reaches a part of the
device that someone might touch, the ground protects
him or her from a serious shock. The current that might
otherwise flow through the person follows the ground
conductor to the earth. The earth actually carries this
current back to the generating station.

Additional protection against serious shock can
be provided by using a ground-fault circuit interrupter
(GFCI or GFI). A GFCl is a device that measures the flow
of current in the hot (supply) conductor and the neutral
(return) conductor. If a faulty device allows some of the
current to flow through a person rather than the neutral
conductor, the GFCI stops all current flow immediately.
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GFCls are so effective that the National Electric Code®
requires their use on circuits for outlets installed out-
doors, in kitchens, in bathrooms, in garages, and near any
other water hazards.

The electrical service entrance is discussed in Unit 11.
The service feeder cable ends at a distribution panel.
From the distribution panel, the electrical system is split
up into several branch circuits, Figure 36-6. Each
branch circuit includes a circuit breaker or fuse. The cir-
cuit breaker or fuse opens the circuit if the current flow
exceeds the rated capacity of the circuit. Branch circuits
for special equipment such as water heaters and air
conditioners serve that piece of equipment only. Branch
circuits for small appliances and miscellaneous use may
serve several outlets. Branch circuits for lighting are
restricted to lighting only, but a single circuit may serve
several lights. Lighting circuits also include switches to
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turn the lights on and off.
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