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Introduction

ome improvement is a huge subject that demands a big book. The Complete Photo Guide to Home

Improvement fits the bill. With over 200 projects and more than 2,000 color photos, all of the most popular
home remodeling subjects and projects are included in this single resource. Here's one way to look at it: If a
picture is indeed worth a thousand words, it would require an 8,000-page volume to convey in written form the
information packed into the photos in this book. And unlike the tiny pictures found in other home improvement
books, the photos within these pages are large and clear and very easy to follow.

Doing your own home remodeling work takes a combination of skills, planning, and specific information.

For example, if you decide to remodel your kitchen (the most frequently remodeled room), you should start the
process by defining the scale of the project and identifying the tasks within the larger job that you will perform
yourself. This phase corresponds to the first section of this book, “Home Improvement Basics.” If you love getting
your hands dirty this won't be your favorite part, but it is quite important.

Once you have some background information under your belt and a rough plan in your head, it's time to
tackle the skillbuilding most of us need. In “Techniques” you will find clear how-to information for just about
every task, from demolition to stripping cable. Thorough information on home wiring and home plumbing fill out
a large part of the section, followed by step-by-step instructions for installing flooring, finishing walls and ceilings,
working with windows and doors, and—finally—upgrading ventilation and lighting.

In the [inal section of the book you will move [rom the general to the more specilic. Individual chapters
on kitchen remodeling and bathroom remodeling deal with projects, planning and information that are specific
to each subject. Here you'll find a host of options for installing cabinets and countertops, for example, to
supplement the information you've encountered in the Techniques portion of the book. Converting attics and
basements also gets its own section of targeted information. And for a strong finish, we offer extended how-to
sequences for the two most common exterior improvements—roofing and installing siding.

Whether you are simply [reshening up the appearance of your house or embarking on a down-to-the studs
remodel of your bathroom, you'll find the information you need. Even if you have special remodeling needs,
such as creating accessible kitchens and baths, vou'll see that the subjects are covered. More than a quarter
of a million homeowners have relied on The Complete Photo Guide to Home Improvement as their principal
guidebook through the remodeling process. And now, with this new 3rd edition, you'll be pleased that vou chose
to join them.
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) efore you start a do-it-yoursell home

' improvement project, you should familiarize
yourself with a few basic elements of home
construction and remodeling. Take some time to
get comfortable with the terminology of the models
shown on the next few pages. The understanding you
will gain in this section will make it easier to plan
your project, buy the right materials, and clear up any
confusion you might have about the internal design of
your home.,

[f your project includes modifying exterior or
load-bearing walls, you must determine if your house
was built using platform- or balloon-style framing.
The framing style of your home determines what
kind of temporary supports you will need to install
while the work is in progress. If you have trouble
determining what type of framing was used in your

ANATOMY OF A HOUSE
WITH PLATFORM FRAMING

Platform framing (photos, left and above) is identified by
the floor-level sole plates and ceiling-level top plates to which
the wall studs are attached. Most houses built after 1930 use
platform framing. If you do not have access to unfinished
areas, you can remove the wall surface at the bottom of a wall
to determine what kind of framing was used in your home.



home, refer to the original blueprints, if you have
them, or consult a building contractor or licensed
home inspector.

Framing in a new door or window on an exterior
wall normally requires installing a header. Make sure
that the header vou install meets the requirements
of your local building code, and always install cripple
studs where necessary.

Floors and ceilings consist of sheet materials,
joists, and support beams. All floors used as living
areas must have joists with at least 2 X 8 construction.
For modification of smaller joists see page 14.

There are two types of walls: load-bearing and
partition. Load-bearing walls require temporary
supports during wall removal or framing of a door or
window. Partition walls carry no structural load and do
not require temporary supports.

ANATOMY OF A HOUSE
WITH BALLOON FRAMING

Balloon framing (photos, right and above) is identified by wall
studs that run uninterrupted from the roof to a sill plate on

the foundation, without the sole plates and top plates found

in platform-framed walls (page opposite). Balloon framing was
used in houses built before 1930, and it is still used in some
new home styles, especially those with high vaulted ceilings.

A House With Balloon Framing
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| Anatomy Details

Many remodeling projects, like adding new doors or If you will be removing more than one wall stud,
windows, require that you remove one or more studs make temporary supports to carry the structural load
in a load-bearing wall to create an opening. When until the header is installed.

planning your project, remember that new openings
require a permanent support beam called a header,
above the removed studs, to carry the structural
load directly.

The required size for the header is set by local

Recommended Header Sizes

i . : : i Rough Opening Recommended Header

building codes and varies according to the width of - .
: ) b . = ) Width Construction

the rough opening. For a window or door opening, a
header can be built from two pieces of 2" dimensional Upto 3 ft. 7" plywood between two 2 x 4s
lumber sandwiched around %" plywood (chart, right). 3ft.ro 51t %" plywood between fwo 2 x 6s
When a large portion of a load-bearing wall (or an £ty etn it %" plywood befween two 2 x 8s
entire wall) is removed, a laminated beam product can 7 1o BHL 91 clwon€ beiween tho ¢ < 105

be used to make the new header.

Top plate

- King stud

Door opening: The structural load above the door is carried by cripple studs that rest on a header. The ends of the header are
supported by jack studs (also known as trimmer studs) and king studs that transfer the load to the sole plate and the foundation of
the house. The rough opening for a door should be 1" wider and 2" taller than the dimensions of the door unit, including the jambs.
This extra space lets you adjust the door unit during installation.

THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



Jack stud |

Rough sill
™ King stud

Cripple stud ~

Sole plate —

Window opening: The structural load above the window is carried by cripple studs resting on a header. The ends of the header
are supported by jack studs and king studs, which transfer the load to the sole plate and the foundation of the house. The rough sill,
which helps anchor the window unit but carries no structural weight, is supported by cripple studs. To provide room for adjustments
during installation, the rough opening for a window should be 1" wider and %" taller than the window unit, including the jambs.

| Framing Options for Window & Door Openings
(new lumber shown in yellow)

Using an existing opening avoids Framing a new opening is the Enlarging an existing opening
the need for new framing. This is a good only solution when you're installing a simplifies the framing. In many cases,
option in homes with masonry exteriors, window or door where none existed or you can use an existing king stud
which are difficult to alter. Order a when you're replacing a unit with one and jack stud to form one side of the
replacement unit that is 1" narrower that is much larger. new opening.

and %" shorter than the rough opening.

!;(JF”(‘ Iil[f,’)‘ﬂ[‘(."”’t(f”f fﬂ'ﬂ:“.\ 13
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| Floor & Ceiling Anatomy

Joists

| Floor shown cut a’Wn_y. for clarity ;
—

Joists carry the structural load of floors and ceilings. The ends of the joists rest on support beams, foundations, or load-bearing

walls. Rooms used as living areas must be supported by floor joists that are at least 2 x 8" in size. Floors with smaller joists can be
reinforced with sister joists (photos, below).

Floors with 2 x 6 joists, like those sometimes found in attics, cannot support living areas unless a sister joist is attached
alongside each original joist to strengthen it (above, left). This often is necessary when an attic is converted to a living area. Sister
joists also are used to help support a header when ceiling joists must be cut, such as when framing a skylight shaft (above, right).

THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



| Roof Anatomy

Rafters made from 2 x 4s or 2 x 65 spaced every 16" or 24"
are used to support roofs in most houses built before 1950. If
necessary, rafters can be cut to make room for a large skylight.
Check in your attic to determine if your roof is framed with
rafters or roof trusses (right).

| wall Anatomy

Ceiling joists
Double top plate

Wall studs

Cutaway view

Load-bearing walls carry the structural weight of your home.
In platform-framed houses, load-bearing walls can be identified
by double top plates made from two layers of framing lumber.
Load-bearing walls include all exterior walls and any interior
walls that are aligned above support beams.

Trusses are prefabricated “webs” made from 2"
dimensional lumber. They are found in many houses built after
1950. Never cut through or alter roof trusses. If you want to
install a skylight in a house with roof trusses, buy a unit that
fits in the space between the trusses.

Ceiling joists

Single top plate

Wall studs

Cutaway view

Partition walls are interior walls that do not carry the
structural weight of the house. They have a single top plate and
can be perpendicular to the floor and ceiling joists but are not
aligned above support beams. Any interior wall that is parallel
to floor and ceiling joists is a partition wall.

Home Improvement Skills
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) uilding permits are required for any remodeling
L project that involves a change or addition to your
home’s structure or mechanical systems. Building
permits are issued to ensure your remodeling project
meets local building codes, which establish material
standards, structural requirements, and installation
guidelines for your project. In short, they ensure that
your (or your contractor's) work is done properly.

The areas outlined on pages 17 and 18—
room dimensions, exits and openings, light and
ventilation, and fire protection—are usually
covered by general building permits. If your
project invalves major changes to your plumbing,
electrical, or HVAC systems, you may be required
to obtain separate permits from the respective
administration departments.

Building permits are required by law, and getting
caught without them can result in fines from the city
and possible trouble with your insurance company.
Also, work done without permits can cause problems
if you try to sell your house.

Most local building codes follow the national
codes, such as the National Electrical Code, but are
adapted to meet the demands of local conditions
and legislation. Keep in mind that local codes always
supersede national codes. Always check with your

local building department before finalizing your plans.

Tip »

Here are some tips to help you prepare for the permit process:

Before issuing permits, your local building

department will require plans and cost estimates for
your project. After your plans have been approved,
you must pay permit fees, which are based on the cost
of the project. You'll also learn what inspections are
required and when you should call for inspections.

Once issued, a building permit typically is good
for 180 days. You can apply for an extension by
submitting a written request showing justifiable cause
for the delay.

e Toobtain a building permit, you must fill out a form from your local building department that includes a description of
the project; your home's address, legal description, and occupancy; and an estimate of the project cost.

¢ The building department may require two to four sets of construction documents or drawings of your project—
including floor and elevation plans—to be submitted for inspection and approval.

e Abuilding inspector will examine all construction plans and stamp or send written notification of approval

and acceptance.

¢ One set of approved documents is kept by the building official, one set is sent to the applicant, and one set is

displayed at the site until the project is completed.

e Some permits are granted by phase of construction. After the work for one phase is completed and inspected, a
permit for the next phase is issued. However, building officials will not guarantee issuance of subseguent permits.

« Allwork is inspected by a building official to ensure compliance with codes and permits.

e Your project is complete only after the local building inspector makes a final inspection and gives approval of

your site.

! THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



| Room Dimensions

Habitable rooms must be at least 7 [t.
wide and 7 ft. deep.

Ceilings in all habitable rooms, hallways,
corridors, bathrooms, toilet rooms, laundry
rooms, and basements must be at least

7 ft., 6" high, measured from the finished
floor to the lowest part of the ceiling.
Beams, girders, and other obstructions
that are spaced more than 4 ft. apart

can extend 6" below the required

ceiling height.

In nonhabitable rooms, such as unfinished
basements, ceilings may be 6 ft., 8" from
the floor, and beams, girders, and ducts
may be within 6 ft., 4" of the floor.
Habitable rooms cannot have more than
50% of their floor arca under sloped
ceilings less than 7 [t., 6" high, and no
portion of a [loor area can be under a
ceiling less than 5 [t. high.

Finished floor is not considered
measurable [loor area when it is below
sloped ceilings less than 5 ft. high or
beneath furred ceilings less than 7 ft.,

6" high.

One habitable room in a home must have
at least 120 square feet of gross floor area.
Other habitable rooms can have gross
floor space of 70 sq. ft. minimum.

Exits & Openings

Sleeping rooms and habitable basements must
have at least one egress window or exterior door
for emergency escape. Occupants must be able to
open the exit from inside the home, without a key
or tool.

An egress window must have a net clear opening
of at least 5.7 sq. ft., with a minimum height of
24" and a minimum width of 20".

Window sills on egress windows cannot be more
than 44" above the [loor.

Egress windows below ground level must have
window wells. If the wells are deeper than 44",
they must have permanent ladders or steps. The
steps can project up to 6" into the well but must
be usable when the window is fully opened. Steps

floor space for
kitchens min.

Unfinished
hasement

Kitchens cannot have less than 50 sq. [t. of gross
floor area.
Hallways must be at least 3 ft. wide.

must be at least 12" wide and project at least

3" from the wall. Ladder rungs must be less than
18" apart.

Screens, bars, grills, and covers on emergency
exits must open easily and be removable from
inside the home, without tools or keys.

Exit doors must be at least 3 ft. wide and 6
ft., 8" high. They must provide direct outside
access and operate without special knowledge
or tools,

Bulkhead enclosures may serve as

emergency exits in habitable basements if
they provide direct access to the basement
and meet the dimension requirements for
emergency exits.

Home Improvement Skills
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Natural Light & Ventilation

Ventilation includes windows, doors, louvers, and
other approved openings or mechanical systems.
Windows must equal at least 8% of the floor arca
in habitable rooms. The minimum openable area
of a window must equal at least 4% of the room’s
floor area.

In bathrooms, windows must be at least 3 sq. ft.,
and at least half of the window must open.
Windows must open and operate from inside the
room, and they must exit to a street, alley, yard,
court, or porch.

Window light can be replaced by an artificial light
il it produces 6.46 lux [rom 30" above the [loor.
Mechanical ventilation can replace operable
windows. In bedrooms, ventilation must supply
outside air at a rate of 15 cubic [t. per minute (cfm)
for each occupant. In primary bedrooms, the rate
is based on two occupants. In additional bedrooms,
the rate is based on one occupant per room.

In bathrooms, intermittent mechanical ventilation
rates must be 50 ¢fm, and continuous rates must
be 20 c¢fm. Bathroom ventilation must exhaust to
the outside.

Fire Protection

All concealed and interconnected spaces, such as
solfits, drop and cove ceilings, stair stringers, and
areas around vents, pipes, ducts, chimneys, and
fireplaces must be fireblocked to prevent fire spread.
Exterior walls must be constructed to resist [ire for
at least one hour, with exposure from both sides.
Batts or blankets of fiberglass, mineral wool, or other
approved material must be secured between wall
studs and partitions, at the ceiling and floor level,
and at 10-ft. intervals both vertically and horizontally.
Foam insulation installed in interior walls covered
with 2" wallboard or other approved material
must have a flame-spread rating of 75 or less and
a smoke-developing index of 450 or less.

Other insulation, including facings, vapor barriers,
and breather papers, must have a flame-spread
index of 25 or less and a smoke-developing index
of 450 or less.

Loose-fill insulation mounted with screens or
supports must have a flame-spread rating of 25 or
less and a smoke-developing index of 450 or less.

¥ THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT

Wall and ceiling finishes must have a
flame-classification rating of 200 or less and a
smoke-developing index of 450 or less.

Smoke alarms must be installed in bedrooms, in
hallways near bedrooms, and on each full story of
a home. Multiple alarms must be wired together
so one activation triggers all alarms.



HM Universal Design »

Universal design is intended for all people. While standard
home and product designs are based on the “average”
person—that is, the average adult male—not everyone fits
into that category. Some people are short, some tall; some
have difficulty walking, while others walk ably but find
bending difficult. And physical abilities change constantly,
as do family situations. By incorporating universal design
into your remodeling plans, you can create spaces that
work better for everyone who lives in or visits your home,
regardless of their size, age, or ability.

Universal design is simply good design that improves
everyday situations. For example, wide doorways make
passage easier for a person carrying a load of laundry as
well as for someone in a wheelchair; a lowered countertop
enables a child to help prepare dinner and allows a person
who tires easily to sit while cooking. More a way of thinking
than a set of rules, universal design can be applied to any
area of your home—from room layouts to light fixtures to
door hardware. In all cases, universal design encourages
independence by creating a safe, comfortable environment.

Many people take on remodeling projects to
accommodate changes in their households. Perhaps you
are remodeling because your aging parents are coming
to live with you or your grown children or grandchildren

are coming for an extended visit. Or you may be preparing
your home for your own retirement years. Considering
both your current and future needs is an essential part
of a fundamental universal design concept: creating a
lifespan home—one that accommodates its residents
throughout their lives. A lifespan home enables your aging
parents to live comfortably with you now and will allow
you to stay in your home as you grow older. And, while
universal design makes your everyday life easier, it will
also make your home more appealing to a wide range of
potential buyers if you choose to sell.

Much of the universal design information in this book
comes from universal design specialists, kitchen and
bath designers, physical therapists, specialty builders and
manufacturers, and organizations such as the National
Kitchen and Bath Association (NKBA). Some suggestions are
ADA (Americans with Disabilities Act) requirements; while
these generally apply to public spaces, they often are used
as guidelines for residential design. As always, be sure that
all aspects of your project meet local code requirements.

For more help with planning with universal design,
contact a qualified professional. Many kitchen and bath
designers, home builders, and product manufacturers
specialize in universal design.

Home Improvement Skills 5
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-l Working with Drawings

Drawings are necessary for any remodeling

/ project that involves construction, enlargement,
alteration, repair, demolition, or change to any
major system within your home. There are two basic
types of construction drawings: floor plans and
clevation drawings.

Floor plans show a room as seen from above.
These are uselul for showing overall room dimensions,
layouts, and the relationships between neighboring
rooms. Elevation drawings show a side view of a room,
showing one wall per drawing. Elevations are made for
both the interior and exterior of a house and generally
show more architectural detail than floor plans.

Both floor plans and elevation drawings provide
you with a method for planning and recording
structural and mechanical systems for your project.
They also help the local building department to ensure
your project meets code requirements.

‘3‘ \ i 1 Before you draw up new plans, check with your
p L= ' home's architect, builder, or your local building

= o department. These places often have copies of your
home's floor plans on file. If your home is a historic

building, vour plans may be on file at a state or local
historic office or university library.

If you are unable to obtain a copy of your home's
floor plans, you can draw your own. This process
provides you with a wealth of information about
your home. Drawings let you see how changes will
affect your home’s overall layout and feel. They also
help you plot your ideas, list materials, and solve
design problems.

Follow the steps on page 21 to create floor plans
and elevation drawings. Keep in mind that your

plans may change as your ideas develop; until you
Use existing blueprints of your home, if available, to have worked out all the elements of your design,
trace original floor plans and elevation drawings onto white
paper. Copy the measurement scale of the original blueprints
onto the traced drawings. Make photocopies of the traced
drawings, then use the photocopies to experiment with final floor and elevation plans to submit to your local
remodeling ideas. building department.

consider your plans to be drafts. When you have
arrived at a plan that meets your needs, draw up

20 ¥ THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



To create [loor plans, draw one story at a time.
First, measure cach room on the story from wall to wall.
Transfer the rooms’ dimensions to 4" grid paper, using
ascale of /4" = 1 ft. Label each room for its use and
note its overall dimensions. Include wall thicknesses,
which you can determine by measuring the widths of
door and window jambs—do not include the trim.

Next, add these elements to your drawings:

e Windows and doors; note which way the
doors swing,

e Stairs and their direction as it relates to each story.

e Permanent features, such as plumbing fixtures,
major appliances, countertops, built-in furniture,
and fireplaces.

e Overhead features, such as exposed beams, or
wall cabinets—use dashed lines.

e Plumbing, electrical, and HVAC elements. You
may want a separate set of drawings for these
mechanical elements and service lines.

e Overall dimensions measured from outside the
house. Use these to check the accuracy of your
interior dimensions.

To create elevation drawings, use the same
" =1 ft. scale, and draw everything you see on one
wall (each room has four elevations). Include:

®  (Ceiling heights and the heights of significant
features such as soffits and exposed beams.

*  Doors, including the heights (from the [loor to the
top of the opening) and widths.

¢  Windows, including the height of the sills and
tops ol the openings, and widths.

® Irim and other decorative elements.

Cilhtis POBE,

AN AN A

When your initial floor plans and elevations are
done, use them to sketch your remodeling layout
options. Use overlays to show hidden elements or
proposed changes to a plan. Photographs of your
home’s interior and exterior may also be helpful. Think
creatively, and draw many different sketches; the more
design options you consider, the better your final plans
will be.

When you have completed your remodeling plans,
draft your final drawings and create a materials list for
the project.

Draft a detailed floor plan showing the layout of the area
that will be remodeled, including accurate measurements.
Show the location of new and existing doors and windows,
wiring, and plumbing fixtures.
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Create elevation drawings showing a side-view layout of windows and doors, as viewed from both inside and outside the
home. Indicate the size of windows and doors, ceiling heights, and the location of wiring and plumbing fixtures.

Home Improvement Skills
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| Making Construction Plans

22

he best way to prepare for a remodel project is

! to create a construction plan. Having a comp[cte
construction plan enables you to view your entire
project at a glance. It helps you identify potential
problems, provides sense of the time involved,
and establishes a logical order of steps. Without a
construction plan, it's easy to make costly mistakes,
such as closing up a wall with wallboard before the
rough-ins have been inspected.

The general steps shown here follow a typical
construction sequence. Your plan may differ at several
points, but thinking through cach of these steps will
help you create a complete schedule.

1. CONTACT THE BUILDING DEPARTMENT
To avoid any unpleasant
discuss you project with a building official. Find

out about the building codes in your area and what

and expensive—surprises,

you'll need to obtain the applicable permits. Explain
how much of the work you plan to do yoursell.
In some states, plumbing, electrical, and HVAC

work must be done by licensed professionals. Also
determine what types of drawings you'll need to get
permits and whether you'll need engineer’s drawings
and calculations.
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2. CREATE YOUR DRAWINGS

Make your floor plans and elevation drawings (see
pages 20 to 21). This step also involves most of the
design work for your project; you may want to get
help from a professional for this phase.

3. GET THE PERMITS

Have your final plans reviewed by the building
inspector, and make any necessary adjustments
required to obtain all of the permits for your project.
This is also the time to schedule inspections. Find
out what work must be inspected and when to call
for inspections.

4. HIRE CONTRACTORS

If you're getting help with your project, it's best to find
and hire the contractors early in the process, as their
schedules will affect yours. It may be necessary for
some contractors to obtain their own work permits
from the building department. To avoid problems,
make sure all of the contractors know exactly what
work they are being hired to do and what work you
will be doing yourself. Always check contractors’
references and make sure any contractors are licensed
and insured belore hiring them. This is also the time
to order materials and arrange for delivery.

5. COMPLETE THE FRAMING AND MAIJOR
MECHANICAL CHANGES

Begin the construction work with any major structural
or mechanical changes. Move mechanical elements
and reroute major service lines. Complete any
rough-ins that must happen before the framing goes
up, such as adding ducts, installing under-floor drains,
or replacing old plumbing. Complete the new framing.
Build the rough openings for windows and doors, and
install the windows.

6. COMPLETE THE ROUGH-INS

Run drain, waste, and vent (DWV), water, and gas
supply lines. Install electrical boxes, and run the
wiring. Complete the HVAC rough-ins. Jot down
measurements of pipes and locations of wiring, for
[uture reference. Have the building inspector approve
your work before you close up the walls. Install any
fixtures that go in during the rough-in stage (others
will come after the wall surfaces are installed).



7. FINISH THE WALLS AND CEILINGS
After your work has passed inspection, insulate the
walls, ceilings, and pipes. Install fiberglass insulation
used as fireblocking. Make sure protector plates for
pipes and wires running through framing are in place.
Add vapor barriers as required by local code.

Make sure everything is in place belore you cover
up the framing, then finish the walls and ceilings.
I you're installing wallboard, do the ceilings first,
then the walls. Tape and finish the wallboard. Install
other finish treatments. Texture, prime, and paint the
wallboard when it's convenient. If you are installing a
suspended ceiling, do so after you finish the walls.

8. ADD THE FINISHING TOUCHES

Install doors, moldings, woodwork, cabinets, and
built-in shelving, and lay the floor coverings. The best
order for these tasks will depend on the materials
you're using and the desired decorative effects.

Install any new plumbing lixtures you have
chosen for bathrooms, and complete the drain and
supply hookups. Make electrical connections, and
install all fixtures, devices, and appliances. Get a final
inspection from the building inspector.
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-l Working Safely

Your personal safety when working on carpentry
projects depends greatly on what safety measures
you take. The power tools sold today offer many
safety features, such as blade guards, locks to prevent
accidental starts, and double insulation to reduce the
risk of shock in the event of a short circuit. It's up to
you to take advantage of these safety [eatures. For
example, never operate a saw with the blade guard
removed. You risk injury from flying debris as well as
from being cut by the blade.

Follow all precautions outlined in the owner’s
manuals for your tools and make sure you protect
yoursell with safety glasses, earplugs, and a dust mask
or respirator to filter out dust and debris,

Read the owner’'s manual before operating any power tool.
Your tools may differ in many ways from those described in
this book, so it's best to familiarize yourself with the features
and capabilities of the tools you own. Always wear eye and
ear protection when operating a power tool. Wear a dust mask
when the project will produce dust.
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Keep vour work environment clean. A cluttered
work area is more likely to result in accidents. Clean
your tools and put them away at the end of every work
period, and sweep up dust and debris.

Some materials emit dangerous fumes or particles.
Keep such materials stored away from heat sources
and out of the reach of children; always use these
products in a well-ventilated area.

Maintaining safety is an ongoing project. Take
the time to update your first-aid kit and evaluate your
workspace, tools, and safety equipment on a regular
basis. To avoid accidents, repair and replace old and
worn-out parts before they break.

Some walls may contain asbestos. Many homes built

or remodeled between 1930 and 1950 have older varieties

of insulation that included asbestos. Consult a professional
for removal of hazardous pollutants like asbestos, and if you
find asbestos or materials that may contain asbestos, do not
attempt to remove them on your own. Even if you determine
that no asbestos is present, it is a good idea to wear a particle
mask and other safety gear when doing demalition.



| First-Aid Kits

Assemble a first-aid kit. Cuts from hand or power tools
can be serious and require prompt and thoughtful
attention. Be prepared for such situations with a
well-equipped first-aid kit that is easy to find. Record
any emergency telephone numbers on the first-aid

kit or by the nearest phone so they are available in

an emergency.

Equip your kit with a variety of items (photo
right), including bandages, needles, tweezers,
antiseptic ointment, cotton swabs, cotton balls, eye
drops, a first-aid handbook, a chemical-filled cold
pack, elastic bandages, first-aid tape, and sterile gauze.

For puncture wounds, cuts, burns, and other
serious injuries, always seek medical attention as soon
as first aid—such as washing and wrapping of cuts—
has been provided.

| safe Practices

receptacle -
adapter

Keep your tools sharp and clean. Use a GFCI receptacle, adapter, or Check with a neon circuit tester
Accidents are more likely when blades extension cord to reduce the risk of to make sure the power is off before
are dull and tools are filled with sawdust shock while operating a power tool removing cover plates, exposing wires,
and dirt. outdoors or in wet conditions. or drilling or cutting into walls that

contain wiring.
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Techniques

'hile every home improvement project is different
from the others in some way, the basic skills you

need come from a common set of DIY techniques.
Building walls, running plumbing lines, and adding
electrical circuits are some of the chief techniques
you'll need to call upon. In this chapter you'll find a
condensed version of the essential information you
need to put these valuable techniques into practice
and become an accomplished do-it-yourselfer.

Once the new walls are up (but before they're
covered) you need to fill them with pipes and wires. In
the plumbing section that follows you'll learn how to
plan new lines and hookups as well as how to work with
basic plumbing materials. In the wiring section you'll
find useful instructions on working with electrical cables
and devices. A handy series of circuit maps shows vou
exactly how your remodeled room should be wired.

In this chapter:

= Demolition

= Building Walls

= Installing Wallboard

= Understanding Plumbing
= Working with Copper Pipe
= Working with Plastic Pipe
= Working with PEX Pipe

* Planning New Plumbing

» Understanding Wiring

» Working with Wire & Cable
» Working with Conduit

» Working with Boxes

= Working with Switches

= Working with Receptacles
= Planning New Wiring

» Using Circuit Maps
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"} Demolition
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any home remodeling projects actually begin

with demolition. When you're remodeling, it's
often necessary to cut or enlarge openings for new
doors or windows or even to remove entire walls. The
basic procedures for this tvpe of demolition are the
same whether you're working with doors and windows
on exterior walls or altering interior walls.

Your first step will be to determine how your
house was framed. House [raming variations will
dictate the proper procedures for creating openings in
walls or removing walls altogether. Then, you'll need
to inspect the walls for hidden mechanicals
plumbing, and HVAC lines.

After you've rerouted any utility lines, vou're ready to
remove the interior wall surfaces. If you're replacing old

wiring,

windows and doors, now is the time to remove them as
well. Where necessary, vou can now remove exterior wall
surfaces, but don't remove any framing members yet.
The next step will depend on the nature of your
project. If you are removing a load-bearing wall or creating
anew or enlarged opening in one, you'll need to build
temporary supports to brace the ceiling while the work
is being done. This step won't be necessary if you are
removing a non-loadbearing wall. Then you can remove
any wall framing members, following the applicable
procedures for load-bearing or non-loadbearing walls.
With the removal steps of the project completed,
you'll be ready to install your new windows and doors.

Disconnect
wiring here
after shutting

off power

Cutout area

Disconnect electrical wiring before you cut into walls. Trace
the wiring back to a fixture outside the cutout area, then shut
off the power and disconnect the wires leading into the cutout
area. Turn the power back on and check for current with a
circuit tester before cutting into the walls.
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Demolition is the starting point of most projects where a
window or door opening is enlarged.



" How to Install Temporary Support (perpendicular joists)

Build a 2 x 4 stud wall that is 4 ft.
wider than the planned wall opening
and 134" shorter than the distance from
floor to ceiling.

Raise the stud wall up and position
it 3 ft. from the wall, centered on the
planned rough opening.

Slide a 2 x 4 top plate between the
temporary wall and the ceiling. Check to
make sure the wall is plumb, and drive
shims under the top plate at 12" intervals
until the wall is wedged tightly in place.

" How to Install Temporary Support (parallel joists)

Build two 4-ft.-long cross braces,
using pairs of 2 x 4s nailed together.
Attach the cross braces to the double
top plate, 1 ft. from the ends, using
countersunk lag screws.

Place a 2 x 4 sole plate directly over
a floor joist, then set hydraulic jacks

on the sole plate. For each jack, build a
post 8" shorter than the jack-to-ceiling
distance. Nail the posts to the top plate,
2 ft. from the ends. Cover the braces
with the cloth, and set the support
structure on the jacks.

Adjust the support structure so the
posts are exactly plumb, and pump the
hydraulic jacks until the cross braces
just begin to lift the ceiling. Do not lift
too far or you may damage the ceiling
or floor.
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- How to Remove Wallboard

1

8" or width

First stud beyond
rough opening

Mark the width of the rough opening
on the wall and locate the first stud

on either side of the planned rough
opening. If the rough opening is more
than 8" from the next stud, use a chalk
line to mark a cutting line on the inside
edge of the stud.

Continue removing the wallboard by striking the surface
with the side of 2 hammer and pulling the wallboard away
from the wall with the pry bar or your hands.

Rough opening f

Remove the baseboards and other
trim, and prepare the work area. Make a
¥"-deep cut from floor to ceiling along
both cutting lines, using a circular saw.
Use a utility knife to finish the cuts at
the top and bottom and to cut through
the taped horizontal seam where the
wall meets the ceiling surface.
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Insert the end of a pry bar into the
cut near a corner of the opening. Pull
the pry bar until the wallboard breaks,
then tear away the broken pieces. Take
care to avoid damaging the wallboard
outside the project area.

Remove nails, screws, and any remaining wallboard from
the framing members, using a pry bar. Remove any vapor
barrier and insulation.



- How to Remove Plaster Walls

Shut off the power and inspect the
wall for wiring and plumbing. Mark the
wall area to be removed by following
the directions on page 30. Apply a
double layer of masking tape along the
outside edge of each cutting line.

BN

Break the plaster along the edges by
holding a scrap piece of 2 x 4 on edge
just inside the scored line and rapping it
with a hammer. Use a pry bar to remove
the remaining plaster.

Score each line several times with
a utility knife, using a straightedge as a
guide. Scored lines should be at least
%" deep.

Cut through the lath along the edges
of the plaster, using a reciprocating saw
or jigsaw.

Beginning at the top of the wall in the
center of the planned opening, break

up the plaster by striking the wall lightly
with the side of a hammer. Clear away
all plaster from floor to ceiling to within
3" of the marked lines.

Remove the lath from the studs,
using a pry bar. Pry away any remaining
nails, and remove any vapor barrier
and insulation.

Techniques ® 371



32

How to Make an Opening in an Exterior Wall

Building
paper
Fiberboard
sheathing |
A cross-section view of a typical exterior wall with From inside the house, drill through the wall at the corners
lap siding. of the framed opening. Push casing nails through the holes to

mark their location. For round-top windows, drill holes around
the curved outline (see variation, page 195).

Measure the distance between the nails on the outside of Nail a straight 1 x 4 flush with the inside edge of the right
the house to make sure the dimensions are accurate. Mark cutting line. Sink the nail heads with a nail set to prevent
the cutting lines with a chalk line stretched between the nalls. scratches to the foot of the saw. Set the circular saw to its
Push the nails back through the wall. maximum blade depth.
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Rest the saw on the 1 x 4, and cut

along the marked line, using the edge
of the board as a guide. Stop the cuts
about 1" short of the corners to keep

from damaging the framing members.

Reposition the 1 x 4, and make the
remaining straight cuts. Drive nails
within 12" of the inside edge of the
board, because the siding under this
area will be removed to make room for
door or window brick moldings.

Variation: For round-top windows,
make curved cuts using a reciprocating
saw or jigsaw. Move the saw slowly to
ensure smooth, straight cuts. To draw
an outline for round-top windows, use a
cardboard template.

Complete the cuts at the corner with a reciprocating saw

or jigsaw.

Remove the cut wall section. If you are working with metal
siding, wear work gloves. If you wish, remove the siding pieces
from the sheathing and save them for future use.

Technigues B
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How to Make an Opening in a Stucco Wall

Insulation

Stucco is a multiple-layer cement product applied to metal From inside the house, drill through the wall at the corners
lath. Building paper is sandwiched between the metal lath of the framed opening. Use a twist bit to drill through the

and the sheathing to create a waterproof barrier. Stucco is sheathing, then use a masonry bit to finish the holes. Push
extremely durable due to its cement base. But if you don't do casing nails through the holes to mark their locations.

the removal carefully, it's easy to crack the stucco past the
outline for the new window or door.

Brick
molding

- -
On the outside wall, measure the distance between the Match the distance between the side jambs and the edge
nails to make sure the rough opening dimensions are accurate. of the brick molding on a window or door with the legs of
Mark cutting lines between the nails, using a chalk line. a compass.

34 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



Scribe a cutting line on the stucco
by moving the compass along the
outline, with the compass point held
on the marked line. This added margin
will allow the brick molding to fit tight
against the wall sheathing.

Variation: For round-top windows,
mark the outline on the stucco, using a
cardboard template, and drill a series
of holes around the outling, using a
masonry bit. Complete the cut with a
masonry chisel.

Score the stucco surface around the
outside edge of the scribed line, using a
masonry chisel and masonry hammer.
The scored grooves should be at least
%" deep to serve as a guide for the
circular saw blade.

Break up the stucco with a masonry
hammer or sledgehammer, exposing
the underlying metal lath. Use aviation
snips to cut through the lath around the
opening. Use a pry bar to pull away the
lath and attached stucco.

Make straight cuts using a circular
saw and masonry-cutting blade. Make
several passes with the saw, gradually
deepening the cuts until the blade just
cuts through the metal lath, causing
sparks to fly. Stop cuts just ahead of the
corners to avoid damaging the stucco
past the cutting line; complete the cuts
with @ masonry chisel.

Outline the rough opening on the
sheathing, using a straightedge as a
guide. Cut the rough opening along the
inside edge of the framing members,
using a circular saw or reciprocating saw.
Remove the cut section of sheathing.

Techn iques
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' How to Remove a Partition Wall

Use a utility knife to score the intersections where the wall Use the side of a hammer to punch a starter hole in the

you're removing meets the ceiling to keep from damaging it wallboard, then carefully remove the wallboard with a pry

during wall removal. Pry away baseboard trim and remove bar. Try to pull off large sections at a time to minimize dust.

receptacle plates and switch covers to prepare for demolition. Remove any remaining wallboard nails or screws from the
wall studs.

Reroute outlets, switches, plumbing, or ductwork. Have Locate the closest permanent studs on the adjacent wall
professionals do this for you if you are not experienced with or walls with a stud finder, and carefully remove the wallboard
these systems or confident in your skills. This work should be up to these studs. Score the wallboard first with a utility knife,
inspected after it is completed. then cut through it with a circular saw.
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Remove the wall studs by cutting through them in the cut through the wall’s top plate with a circular saw or
middle with a reciprocating saw and prying out the upper and reciprocating saw. Pry out the top plate sections carefully to
lower sections. Remove the endmost studs where the wall avoid damaging the ceiling.

meets an adjacent wall or walls.

Remove the sole plate just as you did the top plate by Patch the walls and ceiling with strips of wallboard, and
cutting through it and prying up the long pieces. repair the floor as needed with new floor coverings.
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| Removing Trim

Remove trim moldings at the edges and tops of the Remove base shoe from cabinet base if the molding is
cabinets with a flat pry bar or putty knife. attached to the floor.

Remove baseboards and other trim moldings with a pry Remove valances above cabinets. Some valances are
bar. Protect wall surfaces with scraps of wood.Label the trim attached to the cabinets or soffits with screws. Others are
boards on the back side so you can replace them correctly. nailed and must be pried locse.
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- How to Remove Cabinets

Remove doors and drawers to make it easier to get at At the backs of cabinets, remove any screws holding the
interior spaces. You may need to scrape away old paint to cabinet to the wall. Cabinets can be removed as a group, or
expose hinge screws. can be disassembled.

Detach individual cabinets by removing screws that hold Countertops are usually not salvageable. Cut them into
face frames together. manageable pieces with a reciprocating saw, or take them
apart piece by piece with a hammer and pry bar.

Technigues B
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"} Building Walls

artition walls are constructed between sole plate at the bottom of the wall should be
load-bearing walls to divide space. They should fastened securely to the subfloor and joists with
be strong and well made, but their main job is to panel adhesive and 16d common nails. Use masonry
house doors and to support wall coverings. The fasteners on concrete basement floors.

| Anchoring New Partition Walls

Blocking

When a new wall is perpendicular to the ceiling or floor When a new wall falls between parallel joists, install 2 x 4
joists above, attach the top plate directly to the joists, using blocking between the joists every 24", If the new wall is aligned
16d nails. with a parallel joist, install blocks on both sides of the wall, and

attach the top plate to the joist (inset).

- How to Build a Partition Wall

1

Mark the location of the new wall on Cut the top and sole plates to length
the ceiling, then snap twao chalk lines and lay them side by side. Use a

Or use a scrap piece of 2x lumber as a combination or framing sguare to draw
template to mark layout lines for the top pairs of lines across both plates to mark
plate. Use a stud finder to locate floor the stud locations. Space the studs at
joists or roof framing above the ceiling, 16" intervals, on center.

and mark these locations with tick
marks or tape outside the layout lines.
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Mark the location of any door framing
on the top and sole plates. Refer to the
door’s rough opening specifications
when marking the layout. Draw lines for
both the king and jack studs.



Fasten the top plate to the ceiling
using 3" deck screws or 10d nails. Be
sure to orient the plate so the stud
layout faces down.

Measure the distance between the
top and sole plates at several places
along the wall to determine the stud
lengths. The stud length distance may
vary, depending on structural settling or
an out-of-flat floor. Add '/&" to the stud
length(s), and cut them to size. The extra
length will ensure a snug fit between
the wall plates.

Hang a plumb bob from the edge of
the top plate at several points along its
length to find the sole plate location on
the floor. The tip of the plumb bob should
almost touch the floor. Wait until it stops
moving before marking the sole plate
reference point. Connect the points with
a line to establish one edge of the sole
plate. Use a piece of scrap 2x material as
a template for marking the other edge.

Install the framing members. Use a
hammer to tap each stud into position,
then toenail the studs to the top and
sole plates. Fit, trim, and nail the studs,
one at a time. Tip: If the studs tend to
shift during nailing, drive pilot holes for
the nails first, or use 3" deck screws
instead of nails. (Inset) An option for
attaching wall studs to plates is to use
metal connectors and 4d nails.

Cut away the portion of the sole plate
where the new door will be, and nail

or screw the two sections to the floor
between the sole plate layout lines. Use
the cutaway door section as a spacer
for the door when fastening the plates.
Drive the fasteners into the floor framing.
For concrete floors, attach the sole plate
with a powder-actuated nail gun or with
hardened masonry Screws.

Nail the king studs, jack studs, a
header and a cripple stud in place
to complete the rough door framing.
See page 12 for more information on
framing a door opening.

(continued)
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If building codes in your area require
fire blocking, install 2x cutoff scraps
between the studs, 4 ft. from the floor,
to serve this purpose. Stagger the
blocks so you can endnail each piece.

| Tools & Materials for Framing with Steel

Drill holes through the studs

to create raceways for wiring and
plumbing. When this work is completed,
fasten metal protector plates over
these areas to prevent drilling or nailing
through wiring and pipes later. Have
your work inspected before proceeding
with wallboard.

Cover the wall with wallboard. Plan
the layout wisely to minimize waste and
to avoid butted joints with untapered
seams. If you are installing wallboard

on a ceiling as well, do that first. For
more on installing wallboard, see pages
44 t0 51.

Steel framing requires a few specialty tools and materials. Aviation snips (A) are needed to cut tracks and studs, though a miter
saw outfitted with a steel-cutting abrasive blade (B) can speed up the process. A drill or screw gun (C) is required for fastening
framing. Handy for large projects, a stud crimper (D) creates mechanical joints between tracks and studs. Plastic grommets (E) are
placed in knockouts to help protect utility lines. Protective eyewear and heavy work gloves (F, G) are necessities when working with
the sharp edges of hand-cut steel framing. Use self-tapping screws (inset) to fasten steel components. To install wood trim, use
type S trim-head screws (H); to fasten wallboard, type S wallboard screws (I); and to fasten studs and tracks together, 7" type S
panhead screws (J).
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m Joining Sections Using Steel Studs »

Steel studs and tracks have the same basic Join sections with a spliced joint (A) or notched joint
structure—a web that spans two flanged sides—however, (B). Make a spliced joint by cutting a 2" slit in the web
studs also contain a %" lip to improve their rigidity. of one track. Slip the other track into the slit and secure

with a screw. For a notched joint, cut back the flanges of
one track and taper the web so it fits into the other track;
secure with a screw.

Slip stud
Slip stud

S
Sa
-

Sy
N
Ey

Build corners using a slip stud: A slip stud is not fastened until the adjacent drywall is in place. Form L-shaped
corners (A) by overlapping the tracks. Cut off the flange on one side of one track, removing enough to allow room for the
overlapping track and drywall. Form a T-shaped corner (B) by leaving a gap between the tracks for the drywall. Secure
each slip stud by screwing through the stud into the tracks of the adjacent wall. Also screw through the back side of the
drywall into the slip stud, if possible. Where there’s no backing behind the slip stud, drive screws at a 45° angle through
the back corners of the slip stud and into the drywall.
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2 Installing Wallboard

H anging wallboard is a project that can be completed
quickly and easily with a little preplanning and a
helping hand.

Planning the layout of panels will help you reduce
waste and deal with problem areas. Where possible,
install full panels perpendicular to the framing to add
strength and rigidity to walls and ceilings. To save
yourself time and trouble during the finishing process,
avoid joints where two untapered panel ends are

44 § THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT

butted together. These are difficult to finish because
there’s no recess for the compound and tape. In small
areas, install long sheets horizontally that run the

full length of the walls, Or hang the panels vertically,
which produces more seams that need taping but
climinates butted end joints. If butted joints are
unavoidable, stagger the seams and locate them away
from the center of the wall, or install back blocking to
help mask unflattering effects.



| Tools & Prep Work
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Tools for installing wallboard include: chalkline (A), surform plane (B), compass (C), wallboard compass (D), protective masks (E),
drill with hole saw (F), trim router (G), drywall gun (H), utility knife (1), eye protection (J), tape measure (K), wallboard lifter (L), caulk
gun (M), pry bar (N), wallboard saw (0), keyhole saw (P), framing square (Q), level (R), wallboard T-square (S).

| Preparing for Wallboard Installation

Use protector plates where wires or Nail furring strips to the framing to Mark the locations of the studs on
pipes pass through framing members extend the wall surface beyond any the floor with a carpenter’s pencil or
less than 1%" from the face. The obstructions such as water pipes or masking tape. After wallboard covers
plates prevent wallboard screws from heating ducts. the studs, the marks indicate the
puncturing wires or pipes. stud locations.

Techn iques =
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How to Cut Wallboard

Position the wallboard T-square with the short arm flush Bend the scored section with both hands to break the
against the edge. Use a utility knife to score the wallboard face plaster core of the wallboard. Fold back the unwanted piece
paper along the arm of the square at the cutting point. and cut through the back paper to separate the pieces.

Smooth rough edges with a drywall rasp. One or two Where untapered panel ends will be butted together, bevel-
passes with the rasp should be sufficient. To help fit a piece cut the outside edges of each panel at 45°, removing about 4"
into a tight space, bevel the edge slightly toward the back of of material. This helps prevent the paper from creating a ridge

the panel. along the seam. Peel off any loose paper from the edge.
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" How to Install Wallboard on Flat Ceilings

Snap a chalk line perpendicular to the Measure to make sure the first panel will break on the center of a joist. If

joists, 48'%" from the starting wall. necessary, cut the panel on the end that abuts the side wall so the panel breaks on
the next farthest joist. Load the panel onto a rented drywall lift, or use a helper, and
lift the panel flat against the joists.

Drywall stilts bring you
within reach of ceilings, so

Position the panel with the leading After the first row of panels is you can fasten and finish
edge on the chalk line and the end installed, begin the next row with a half the drywall without a ladder.
centered on a joist. Fasten the panel panel. This ensures that the butted end Stilts are commonly available
with appropriately sized screws driven Joints will be staggered between rows. at rental centers and are
every 12" along the joists. surprisingly easy to use.
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How to Install Wallboard on Walls

Plan wallboard placement so joints With a helper or a wallboard lift, Measure, cut, and install the

do not fall at the corners of doors or hoist the first panel tight against the remaining panels along the upper wall.
windows. Wallboard joints at corners ceiling, making sure the side edge is Bevel panel ends slightly, leaving a 4"
often crack and cause bulges that centered on a stud. Push the panel flat gap between them at the joint. Butt
interfere with miter joints in window or against the framing and drive the starter joints can also be installed using back
door trim. screws to secure the panel. Make any blocking to create a recess.

cutouts, then fasten the field of the panel
with drywall screws driven every 12"

Measure, cut, and install the bottom row, butting the panels Variation: When installing wallboard vertically, cut each panel
tight to the upper row and leaving a %" gap at the floor. Secure 50 it's %" shorter than the ceiling height to allow for expansion.
to the framing along the top edge using the starter screws, (The gap will be covered by base molding.) Avoid placing

then make all cutouts before fastening the rest of the panel. tapered edges at outside corners; they are difficult to finish.
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How to Install Wallboard at Inside Corners

1 2

Standard 920° inside corners are installed with the first Use a “floating corner” to reduce the chances of popped
panel butted against the framing and the adjacent panel butted fasteners and cracks. Install the first panel, fastening only to
against the first. The screw spacing remains the same as on a within one stud bay of the corner. Push the leading edge of
flat wall (see page 48). the adjacent panel against the first to support the unfastened

edge. Fasten the second panel normally, including the corner.

How to Install Wallboard at Outside Corners

Cut the first panel so it is longer than the opening and Install the second panel on the adjacent wall so it overlaps
extends past the corner framing. Fasten the panel in the end of the first panel slightly. Score and snap-cut so end is
place, then score the backside and shap cut to remove the flush with first panel wall surface.

waste piece.
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How to Tape Wallboard Joints

Apply a thin layer of wallboard compound over the joint with Press the wallboard tape into the compound immediately,
a 4" or ¢" wallboard knife. To load the knife, dip it into a pan centering the tape on the joint. Wipe away the excess compound
filled with wallboard compound. and smooth the joint with a 6" knife. Let dry overnight.

Tip»

Use premixed wallboard compound for most
taping and finishing jobs to eliminate mixing.
Apply a thin finish coat of compound with a 10" wallboard Use paper wallboard tape when using premixed
knife. Allow the second coat to dry and shrink overnight. Apply wallboard compound.

the last coat and let it harden slightly before wet-sanding.
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How to Finish Inside Corners

Fold a strip of paper wallboard tape in half by pinching Position the end of the folded tape strip at the top of the
the strip and pulling it between thumb and forefinger. Apply a joint and press the tape into the wet compound with the knife.
thin layer of wallboard compound to both sides of the inside Smooth both sides of the corner. Finish as described in step 3,
corner, using a 4" wallboard knife. preceding page.

How to Finish Outside Corners

Tip »

Position corner bead on outside Cover the corner bead with three Sand joints lightly after
corners. Using a level, adjust the bead coats of wallboard compound, using a wallboard compound dries. Use
so corner is plumb. Attach with 114" 6" or 10" wallboard knife. Let each coat a pole sander to reach high
wallboard nails or screws spaced at dry and shrink overnight before applying areas without a ladder. Wear a
8" intervals. (Some corner beads are the next coat. Smocth the final coat dust mask when dry-sanding.
fastened with wallboard compound.) with a wet sander.

Tech niques
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| Understanding Plumbing

52

ecause most of a plumbing system is hidden inside

walls and floors, it may seem to be a complex
maze of pipes and fittings. In fact, home plumbing is
simple and straightforward. Understanding how home
plumbing works is an important first step toward doing
routine maintenance and money-saving repairs.

A typical home plumbing system includes three
basic parts: a water supply system, a [ixture and
appliance set, and a drain system. These three parts
can be seen clearly in the photograph of the cut-away
house on the opposite page.

Fresh water enters a home through a main supply
line (1). This fresh water source is provided by either
a municipal water company or a private underground
well. If the source is a municipal supplier, the water
passes through a meter (2) that registers the amount
ol water used. A family of four uses about 400 gallons
of water each day.

Immediately after the main supply enters the
house, a branch line splits off (3) and is joined to a
water heater (4). From the water heater, a hot water
line runs parallel to the cold water line to bring the
water supply to lixtures and appliances throughout
the house. Fixtures include sinks, bathtubs, showers,

and laundry tubs. Appliances include water heaters,
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dishwashers, clothes washers, and water softeners.

Toilets and exterior sillcocks are examples of fixtures

that require only a cold water line.

The water supply to fixtures and appliances is
controlled with faucets and valves. Faucets and valves
have moving parts and seals that eventually may wear
out or break, but they are easily repaired or replaced.

Waste water then enters the drain system. It first
must flow past a drain trap (5), a U-shaped piece of
pipe that holds standing water and prevents sewer
gases from entering the home. Every fixture must have
a drain trap.

The drain system works entirely by gravity,
allowing waste water to flow downhill through a series
of large-diameter pipes. These drain pipes are attached
to a system of vent pipes. Vent pipes (6) bring fresh
air to the drain system, preventing suction that would
slow or stop drain water from flowing freely. Vent pipes
usually exit the house at a roof vent (7).

All waste water eventually reaches a main waste and
vent stack (8). The main stack curves to become a sewer
line (9) that exits the house near the foundation. In a
municipal system, this sewer line joins a main sewer
line located near the street. Where sewer service is not
available, waste water empties into a septic system.

Water meters and main shutoff valves
are located where the main water supply
pipe enters the house. The water meter is
the property of your local municipal water
company. If the water meter leaks, or if
you suspect it is not functioning properly,
call your water company for repairs.
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| water Supply System

Water supply pipes carry hot and cold water
throughout a house. In homes built before 1960, the
original supply pipes were usually made of galvanized
iron. Newer homes have supply pipes made of copper.
In most areas ol the country, supply pipes made of rigid
plastic or PEX are accepted by local plumbing codes.

Water supply pipes are made to withstand the
high pressures of the water supply system. They have
small diameters, usually 14" to 1", and are joined with
strong, watertight fittings. The hot and cold lines run
in tandem to all parts of the house. Usually, the supply
pipes run inside wall cavities or are strapped to the
undersides of floor joists.

Hot water
supply lines

In from municipal
water supply
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Hot and cold water supply pipes are connected
to lixtures or appliances. Fixtures include sinks, tubs,
and showers. Some fixtures, such as toilets or hose
bibs, are supplied only by cold water. Appliances
include dishwashers and clothes washers. A refrig-
erator icemaker uses only cold water. Tradition says
that hot water supply pipes and faucet handles are
found on the left-hand side of a fixture, with cold
water on the right.

Because it is pressurized, the water supply
system is prone to leaks. This is especially true of
galvanized iron pipe, which has limited resistance
to corrosion.

Cold water
supply lines




| Drain-Waste-Vent System

Drain pipes use gravity to carry waste water away
from fixtures, appliances, and other drains. This waste
water is carried out of the house to a municipal sewer
system or septic tank.

Drain pipes are usually plastic or cast iron. In
some older homes, drain pipes may be made of
copper or lead. Because they are not part of the
supply system, lead drain pipes pose no health hazard.
However, lead pipes are no longer manufactured for
home plumbing systems.

Drain pipes have diameters ranging from 14"
to 4". These large diameters allow waste to pass
through easily.

Traps are an important part of the drain
system. These curved sections of drain pipe hold

Out to municipal
sewer or septic tank -

standing water, and they are usually found near
any drain opening. The standing water of a trap
prevents sewer gases from backing up into the
home. Each time a drain is used, the standing
trap water is [lushed away and is replaced by
new water.

In order to work praperly, the drain system
requires air. Air allows waste water to flow freely
down drain pipes.

To allow air into the drain system, drain pipes
are connected to vent pipes. All drain systems must
include vents, and the entire system is called the
drain-waste-vent (DWV) system. One or more vent
stacks, located on the roof, provide the air needed
for the DWV system to work.

Drain lines

Techniques
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| Working with Copper Pipe

opper is the ideal material for water supply pipes.

[t resists corrosion and has smooth surfaces that
provide good water flow. Copper pipes are available
in several diameters (page 314), but most home water
supply systems use 2" or %" pipe. Copper pipe is
manulactured in rigid and flexible forms.

Rigid copper, sometimes called hard copper, is
approved for home water supply systems by all local
codes. It comes in three wall-thickness grades: Types M,
L, and K. Type M is the thinnest, the least expensive,
and a good choice for do-it-yourself home plumbing.

Rigid Type L usually is required by code for
commercial plumbing systems. Because it is strong
and solders easily, Type L may be preferred by some
professional plumbers and do-it-yourselfers for home
use. Type K has the heaviest wall thickness and is
used most often for underground water service lines.

Flexible copper, also called soft copper, comes in
two wall-thickness grades: Types L and K. Both are
approved for most home water supply systems, although
flexible Type L, copper is used primarily for gas service
lines. Because it is bendable and will resist a mild
frost, Type L may be installed as part of a water supply
system in unheated indoor areas, like crawl spaces.
Type K is used for underground water service lines.

A third form of copper, called DWV, is used for drain
systems. Because most codes now allow low-cost plastic

pipes for drain systems, DWV copper is seldom used.
Copper pipes are connected with soldered,

Soldered fittings, also called sweat fittings, often are used to
5 ; : join copper pipes. Correctly soldered fittings (pages 278 to 280)
follow your local code for the correct I}_‘PCS ol Pi|)(‘5 are strong and trouble-free. Copper DiDe can also be jOiﬂEd
and fittings allowed in your arca. with compression fittings or flare fittings. See chart below.

compression, or [lare [ittings (see chart below). Always

Copper Pipe & Fitting Chart »

Rigid Copper Flexible Copper

Fitting Method Type M | Type L | Type K| Type L. | Type K General Comments

Soldered yes yes yes yes yes Inexpensive, strong, and trouble-free fitting method.
Requires some skill.

Compression yes no no no no Makes repairs and replacement easy.
More expensive than solder. Best used on flexible copper.

Flore no no yes ves yes Use only with flexible copper pipes. Usually used os a
gas-ine fitting. Requires some skill.
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Diameter

© Wal
thickness
grade

Grade stamp information includes the pipe diameter, the
wall-thickness grade, and a stamp of approval from the ASTM
(American Society for Testing and Materials). Type M pipe
(shown) is identified by red lettering, Type L by blue lettering.

Bend flexible copper pipe with a coil-spring tubing bender
to avoid kinks. Select a bender that matches the outside
diameter of the pipe. Slip bender over pipe using a twisting
motion. Bend pipe slowly until it reaches the correct angle, but
not more than 90°.

Fitting socket

Elbow cut |
away to

show depth
of pipe

Specialty tools and materials for working with copper
include: flaring tools (A), emery cloth (B), coil-spring tubing
bender (C), pipe joint compound (D), scldering paste (flux) (E),
lead-free solder (F), wire brush (G), flux brush (H), compression
fitting (), flare fitting (J).

Fitting socket

T-fitting

Length of pipe

Find the length of copper pipe needed by measuring between the bottom of the copper fitting sockets (fittings shown in

cutaway). Mark the length on the pipe with a felt-tipped pen.

Techn iques
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| cutting & Soldering Copper

The best way to cut rigid and flexible copper pipe is
with a tubing cutter. A tubing cutter makes a smooth,
straight cut, an important first step toward making a
watertight joint. Remove any metal burrs on the cut
edges with a reaming tool or round file.

Copper can be cut with a hacksaw. A hacksaw is
useful in tight areas where a tubing cutter will not fit.
Take care to make a smooth, straight cut when cutting
with a hacksaw.

A soldered pipe joint, also called a sweated joint,
is made by heating a copper or brass fitting with a
propane torch until the fitting is just hot enough to
melt metal solder. The heat draws the solder into the
gap between the fitting and pipe to form a watertight
seal. A fitting that is overheated or unevenly heated
will not draw in solder. Copper pipes and fittings must
be clean and dry to form a watertight seal.

Tools & Materials »

Tubing cutter with Cloth

reaming Lip Adjustable wrench

(or hacksaw Channel-type pliers

and round file) Copper pipe
Wire brush Copper fittings
Flux brush Emery cloth
Propane torch Soldering paste (flux) _
. 2 " i Protect wood from the heat of the torch flame while
Spark lighter Sheet metal ; : Vi

= soldering, using a double layer (two 18" x 18" pieces)
(or matches) Lead-free solder

: : of 26-gauge sheet metal. Buy sheet metal at hardware
Round file Rag stores or building supply centers and keep it to use with all
soldering projects.

Soldering Tips »

Use caution when soldering copper. Pipes and Prevent accidents by shutting off propane
fittings become very hot and must be allowed to cool torch immediately after use. Make sure valve is
before handling. closed completely.
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How to Cut Rigid & Flexible Copper Pipe

Cutting
wheel

Roller

Place the tubing cutter over the pipe and tighten the Turn the tubing cutter one rotation so that the cutting
handle so that the pipe rests on both rollers, and the cutting wheel scores a continuous straight line around the pipe.
wheel is on the marked line.

Reaming
point

Rotate the cutter in the opposite direction, tightening Remove sharp metal burrs from the inside edge of the
the handle slightly after every two rotations, until the cut cut pipe, using the reaming point on the tubing cutter, or a
is complete. round file.
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How to Solder Copper Pipes & Fittings

Emery cloth

Clean the end of each pipe by Clean the inside of each fitting Apply a thin layer of soldering paste
sanding with emery cloth. Ends must by scouring with a wire brush or (flux) to end of each pipe, using a flux
be free of dirt and grease to ensure emery cloth. brush. Soldering paste should cover
that the solder forms a good seal. about 1" of pipe end.

Fitting

Apply a thin layer of flux to the Assemble each joint by inserting the Use a clean dry cloth to remove
inside of the fitting. pipe into the fitting so it is tight against the excess flux before soldering the
bottom of the fitting sockets. Twist each assembled fitting.

fitting slightly to spread soldering paste.
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Prepare the wire solder by unwinding Open the gas valve and trigger the Adjust the torch valve until the inner
8" to 10" of wire from spool. Bend the spark lighter to ignite the torch. portion of the flame is 1" to 2" long.
first 2" of the wire to a 90° angle.

Fitting

Move the torch flame back and forth and around the pipe Heat the other side of the copper fitting to ensure that
and the fitting to heat the area evenly. heat is distributed evenly. Touch solder to pipe. Solder will melt
when the pipe is at the right temperature.

(continued)

Tech niques
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Lip of fitting

When solder melts, remove the torch and quickly push %" to Allow the joint to cool briefly, then wipe away excess
%" of solder into each joint. Capillary action fills the joint with solder with a dry rag. Caution: Pipes will be hot. If joints leak
liquid solder. A correctly soldered joint should show a thin bead after water is turned on, disassemble and resolder.

of solder around the lips of the fitting.

How to Solder Brass Valves

Valves should be fully open during all stages of the To prevent valve damage, quickly heat the pipe and the
soldering process. flanges of the valve, not the valve body. After soldering, cool
the valve by spraying with water.
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How to Take Apart Soldered Joints

Fitting

Turn off the water and drain the pipes by opening the Use channel-type pliers to separate the pipes from
highest and lowest faucets in the house. Light your torch. Hold the fitting.

the flame tip to the fitting until the solder becomes shiny and

begins to melt.

Remove old solder by heating the ends of the pipe with Use emery cloth to polish the ends of the pipe down to bare
your torch. Use a dry rag to wipe away melted solder quickly. metal. Never reuse fittings.
Caution: Pipes will be hot.

Tech niques



| Working with Plastic Pipe

ut rigid ABS, PVC, or CPVC plastic pipes with
#a tubing cutter or with any saw. Cuts must be
straight to ensure watertight joints.

Rigid plastics are joined with plastic fittings and
solvent glue. Use a solvent glue that is made for the
type of plastic pipe you are installing. For example, use
ABS solvent on ABS pipe. Some solvent glues, called
“all-purpose” or “universal” solvents, may be used on
all types of plastic pipe, but create an inferior bond.

Solvent glue hardens in about 30 seconds, so
test-fit all plastic pipes and fittings before gluing the
first joint. For best results, the surfaces of plastic pipes
and fittings should be dulled with emery cloth and
liquid primer before they are joined.

Liquid solvent glues and primers are toxic and
flammable. Provide adequate ventilation when fitting
plastics, and store the products away from any source
of heat.

Plastic grip littings can be used to join rigid or
flexible plastic pipes to copper plumbing pipes.

Tools & Materials »

Tape measure Plastic pipe
Felt-tipped pen Fittings
Tubing cutter Emery cloth
(or miter box Plastic pipe primer
or hacksaw) Solvent glue
Utility knife Rag
Channel-type pliers Petroleum jelly
Gloves Solvent welding is a chemical bonding process Used to

permanently join PVC pipes and fittings.

Primer and solvent glue are specific to the plumbing material being used. Do not use all-purpose or multi-purpose products.
Light to medium body glues are appropriate for DIYers as they allow the longest working time and are easiest to use. The products
work best when fresh, so buy small containers and dispose of any unused product after a few months.
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How to Cut Rigid Plastic Pipe

Elbow cut away
Waste-T cut away to show depth of fitting
to show depth of pipe

Fitting socket Fitting socket

_—re = —

Length of pipe >

{ d = i i s Gl ;-_'J. '.—'_‘ L
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Find the length of plastic pipe needed by measuring between the bottoms of the fitting sockets (fittings shown in cutaway).
Mark the length on the pipe with a felt-tipped pen.

The best cutting tool for plastic pipe is a power miter saw A ratcheting plastic-pipe cutter can cut smaller diameter

with a fine tooth woodworking blade or a plastic-specific blade. PVC and CPVC pipe in a real hurry. If you are plumbing a whole
house you may want to consider investing in one. They also
are sold only at plumbing supply stores.
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How to Solvent-Glue Rigid Plastic Pipe

Fitting sockets

Remove rough burrs on cut ends of plastic pipe, using a Test-fit all pipes and fittings. Pipes should fit tightly against
utility knife. the bottom of the fitting sockets.

Wy,
',
——

L _44
Mark the depth of the fitting sockets on the pipes. Take Apply a light coat of plastic pipe primer to the ends of
pipes apart. Clean the ends of the pipes and fitting sockets the pipes and to the insides of the fitting sockets. Primer dulls
with emery cloth. glossy surfaces and ensures a good seal.
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Solvent-glue each joint by applying a thick coat of solvent Quickly position the pipe and fitting so that the alignment
glue to the end of the pipe. Apply a thin coat of solvent glue to marks are offset by about 2". Force the pipe into the fitting

the inside surface of the fitting socket. Work quickly: solvent until the end fits flush against the bottom of the socket.

glue hardens in about 30 seconds.

Spread solvent by twisting the pipe until the marks are Wipe away excess solvent glue with a rag. Do not disturb
aligned. Hold the pipe in place for about 20 seconds to prevent the joint for 30 minutes after gluing.
the joint from slipping.
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| Working with PEX Pipe

68

ross-linked polyethylene (PEX) is growing quickly

in acceptance as a supply pipe for residential
plumbing. It's not hard to understand why. Developed
in the 1960s but relatively new to the United States,
this supply pipe combines the ease of use of flexible
tubing with the durability of rigid pipe. It can
withstand a wide temperature range (from subfreezing
to 180° F); it is inexpensive; and it's quicter than rigid
supply pipe.

PEX is flexible plastic (polyethylene, or PE)
tubing that's reinforced by a chemical reaction that
creates long fibers to increase the strength of the
material. It has been allowed by code in Europe and
the southern United States for many years, but has
won approval for residential supply use in most major
plumbing codes only recently. It's frequently used in
manufactured housing and recreational vehicles and
in radiant heating systems. Because it is so {lexible,
PEX can easily be bent to follow corners and make
other changes in direction. From the water main
and heater, it is connected into manifold fittings that
redistribute the water in much the same manner as a

lawn irrigation system.
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For standard residential installations, PEX can be
joined with very simple fittings and tools. Unions are
generally made with a crimping tool and a crimping
ring. You simply insert the ends of the pipe you're
joining into the ring, then clamp down on the ring
with the crimping tool. PEX pipe, tools, and fittings
can be purchased from most wholesale plumbing
suppliers and at many home centers. Coils of PEX are
sold in several diameters from 4" to 1", PEX tubing
and fittings from different manufacturers are not
interchangeable. Any warranty coverage will be voided
if products are mixed.

Tools & Materials »

Manifolds
Protector plates
PEX fittings
Utility knife
Plastic hangers
Crimp ring

Tape measure
Felt-tipped pen
Full-circle crimping tool
Go/mo-go gauge
Tubing cutter

PEX pipe

PEX pipe is a relatively new water supply
material that's growing in popularity,

in part because it can be installed with
simple mechanical connections. In this
example, we see a standard 4-outlet
copper manifold, with branch water lines
being attached with a crimping tool.

To ensure leak-free joints, each joint is
carefully measured with a go/no-go tool
before the water is turned on.



| PEX Tools & Materials

Specialty tools for installing PEX are available wherever PEX is sold. The basic set includes a full-circle crimping tool (A), a tubing
cutter (B), and a go/no-go gauge (C) to test connections after they've been crimped.

PEX is connected to other water supply materials with Generally, you should use the same diameter PEX as is
transition fittings, including CPVC-ta-PEX (A), copper-to-PEX (B), specified for rigid supply tubing, but in some “home run”
and iron-to-PEX (C). installations (see page 72) you can use %" PEX where " rigid

copper would normally be used.

Techn iques &
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PEX Installation

Check with your local plumbing inspector to verify
that PEX is allowed in your municipality. PEX has
been endorsed by all major plumbing codes in North
America, but your municipality may still be using an
older set of codes. Follow the guidelines below when
installing PEX:

e Do not install PEX in above-ground exterior
applications because it degrades quickly from
UV exposure.

e Do not use PEX for gas lines.

® Do not use plastic solvents or petroleum-based
products with PEX (they can dissolve the plastic).

e Keep PEX at least 12" away [rom recessed light
fixtures and other potential sources of high heat.

Do not connect PEX directly to a water heater. Use metal
connector tubes. Solder the connector tubes to the water
heater before attaching PEX. Never solder metal tubing that is
already connected to PEX lines.
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Do not attach PEX directly to a water heater.
Make connections at the heater with metallic
tubing (either flexible water-heater connector
tubing or rigid copper) at least 18" long; then join
it to PEX with a transition fitting.

Do not install PEX in areas where there is a possibility
of mechanical damage or puncture. Always fasten
protective plates to wall studs that house PEX.
Always leave some slack in installed PEX lines to
allow for contraction and in case you need to cut
off a bad crimp.

Use the same minimum branch and distribution
supply-pipe dimensions for PEX that you'd use
for copper or CPVC, according to your local
plumbing codes.

Bundle PEX together with plastic ties when running pipe
through wall cavities. PEX can contract slightly, so leave some
slack in the lines.



| Buying PEX

Color coding is a practice many PEX manufacturers have PEX combines the flexibility of plastic tubing with the
embraced to make identification easier. Because the material is durability of rigid supply pipe. It is sold in coils of common
identical except for the color, you can buy only one color (red is supply-pipe diameters.

more common) and use it for both hot and cold supply lines.

II The PEX Advantage »

PEX supply tubing offers a number of advantages over e Quiet. PEX will not rattle or clang from trapped air or
traditional rigid supply tubing: kinetic energy.
e (Good for retrofit jobs. PEX is easier to snake through

Easy to install. PEX does not require coupling joints
for long runs or elbows and sweeps for turns. The
mechanical connections do not require solvents

or soldering.

Easy to transport. Large coils are lightweight and
much easier to move around than 10-ft. lengths

of pipe.

Good insulation. The PEX material has better thermal
properties than copper for lessened heat loss.

walls than rigid supply tubing and is compatible with
copper, PVC, or iron supply systems if the correct
transition fittings are used. If your metal supply tubes
are used to ground your electrical system, you'll
need to provide a jumper if PEX is installed in midrun.
Check with a plumber or electrician.

s Freeze resistance. PEX retains some flexibility in
sub-freezing conditions and is less likely to be
damaged than rigid pipe, but it is not frostproof.

| General Codes for PEX »

PEX has been endorsed for residential use by all major «  Maximum length of individual distribution lines is 60 ft.
building codes, although some municipal codes may be e PEX s designed to withstand 210° F water for up
more restrictive. The specific design standards may also to 48 hours. For ongoing use, most PEX is rated for
vary, but here are some general rules: 180 degree water up to 100 pounds per square inch
of pressure.
e For PEX, maximum horizontal support spacing is 32" * Directional changes of more than 90 degrees require
and maximum vertical support spacing is 10 ft. a guide fitting (see page 75).
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| system Designs

Trunk-and-branch systems are configured in much the
same way as a traditional rigid copper or PVC supply systems.
A main supply line (the trunk line) carries water to all of the
outlets via smaller branch lines that tie into the trunk and
serve a few outlets in a common location.

Remote manifold systems are a hybrid between traditional
trunk-and-branch systems and home run systems. Instead

of relying on just one or two manifolds, they employ several
smaller manifolds downline from a larger manifold. Each smaller
manifold services a group of fixtures, as in a bathroom or kitchen.
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Home run systems rely on one or two central manifolds to
distribute the hot and cold water very efficiently. Eliminating
the branch fittings allows you to use thinner supply pipe in
some situations.

Choosing a PEX system »

s For maximum single-fixture water pressure:
Trunk and branch

*  For economy of materials: Trunk and branch or
remote manifold

s  For minimal wait times for hot water (single
fixture): Home run

*  For minimal wait times for hot water (multiple
fixtures used at same approximate time): Trunk
and branch or remote manifold

«  For ease of shutoff control: Home run

*  For lowest number of fittings and joints:
Home run



How to Make PEX Connections

Cut the pipe to length, making sure to leave enough extra Inspect the cut end toc make sure it is clean and smooth. If
material so the line will have a small amount of slack once the necessary, deburr the end of the pipe with a sharp utility knife.
connections are made. A straight, clean cut is very important. Slip a crimp ring over the end.

For best results, use a tubing cutter.

kidl

Insert the barbed end of the fitting Align the jaws of a full-circle crimping Test the connection to make sure it
into the pipe until it is snug against the tool over the crimp ring and squeeze is mechanically acceptable, using a go/
cut edges.Position the crimp ring so it the handles together to apply strong, no-go gauge. If the ring does not fit into
is 14" to 1" from the end of the pipe, even pressure to the ring. the gauge properly, cut the pipe near
covering the barbed end of the fitting. the cannection and try again.

Pinch the fitting to hold it in place.

Tech niques
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How to Plumb a PEX Water-Supply System

Install copper manifolds (one for hot and one for cold) in an
accessible location central to the fixtures. The manifold should
have one outlet for each supply line it will support (fixtures
that require hot and cold supply will need a separate outlet for
each). Run supply lines from the water heater and water main
to the copper manifolds. Connect the supply pipes to

the manifolds with crimp fittings
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A manifold may be attached vertically or horizontally,
but it must be anchored with correctly sized hangers screwed
to the framing members.



Starting at each fixture (and leaving at least 12" of extra Support the pipe with a plastic hanger near every floor or
pipe exposed), run appropriately sized PEX through holes in ceiling and midway up vertical runs. Also use hangers to guide
the framing to the manifolds. Pipes may be bundled together pipe near the beginnings and ends of curves and near fittings.
loosely with plastic ties. Protect the line with a nailing plate Use a plastic guide for sharp curves (inset). Do not bend PEX
at each stud location. Be sure to leave some slack in the so sharply that it kinks.

supply lines.

Cut each branch supply line to length (leave some extra in case you need to recrimp). Install shutoff valves for each outlet
(most manifolds come with preattached valves). Connect the PEX branch supply lines to the shutoff valves. Label each pipe. Use
a short length of PEX and a plug to seal any unused outlets (inset).
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| Planning New Plumbing

_"tart planning by drawing maps. Mapping vour
"home’s plumbing system is a good way to S S NI I W
familiarize yourself with the plumbing layout and can Gkl weminr By _|“'}_f_ Kl

help yvou when plannine plumbing renovation projects. Sl oot omad ol
P f=) ' i

With a good map, you can envision the best spots for HAC it el — __ Coupling
new [ixtures and plan new pipe routes more efficiently. e ———
Maps also help in emergencies, when you need to
locate burst or leaking pipes quickly. e —[>+—— Reducer
Draw a plumbing map for each floor on tracing
paper, so you can overlay floors and still read the
information below. Make your drawings to scale and ? :l:_Jr
have all plumbing fixtures marked. Fixture templates Wasla T VentT Y-fiting
and tracing paper are available at drafting supply stores. J J I
Elbow, 80° Elbow, 45° Elbow,
sweep 80°
o+—

El facin
e

Snoop around your basement for clues about the locations Use standard plumbing symbols on your map to identify

of supply, drain, vent, and gas pipes in your walls. the components of your plumbing system. These symbols will
help you and your building inspector follow connections and
transitions more easily.
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§ Understanding Plumbing Codes

The plumbing code is the set of regulations that

building officials and inspectors use to evaluate your

project plans and the quality of your work. Codes

vary from region to region, but most are based on the

National Uniform Plumbing Code, the authority we
used in the development of this book.

Code books are available for reference at
bookstores and government offices. However, they

are highly technical, difficult-to-read manuals. More

user-friendly for do-it-yourselfers are the variety of

code handhooks available at bookstores and libraries.
These handbooks are based on the National Uniform

Plumbing Code but are easier to read and include
many helpful diagrams and photos.

Plumbing code handbooks sometimes discuss
three different plumbing “zones” in an effort to
accommodate variations in regulations from state
to state. The states included in each zone are
listed below.

Zone 1: Washington, Oregon, California,
Nevada, Idaho, Montana, Wyoming, North Dakota,
South Dakota, Minnesota, lowa, Wisconsin,
Nebraska, Kansas, Utah, Arizona, Colorado, New
Mexico, Indiana, parts of Texas.

Zone 2: Alabama, Arkansas, Louisiana,
Tennessee, North Carolina, Mississippi, Georgia,
Florida, South Carolina, parts of Texas, parts of
Maryland, parts of Delaware, parts of Oklahoma,
parts of West Virginia.

Zone 3: Virginia, Kentucky, Missouri,
linois, Michigan, Ohio, Pennsylvania, New York,
Connecticut, Massachusetts, Vermont, New
Hampshire, Rhode Island, New Jersey, parts of
Delaware, parts of West Virginia, parts of Maine,
parts of Maryland, parts of Oklahoma.

Remember that your local plumbing code always

supersedes the national code. Local codes may be
more restrictive than the national code. Your local

building inspector is a valuable source of information
and may provide you with a convenient summary sheet

of the regulations that apply to your project.

The plumbing inspector is the final authority when it comes
to evaluating your work. By visually examining and testing your
new plumbing, the inspector ensures that your work is safe
and functional.

Techn iques
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GETTING A PERMIT

To ensure public safety, your community requires
that you obtain a permit for most plumbing proj-
ects, including most of the projects demonstrated in
this book.

When you visit your city building inspection
office to apply for a permit, the building ofTicial will
want to review three drawings of your plumbing
project: a site plan, a water supply diagram, and
a drain-waste-vent diagram. These drawings are
described on this page. If the official is satisfied that
your project meets code requirements, he or she
will issue you a plumbing permit, which is your legal
permission to begin work. The building official also
will specify an inspection schedule for your project.
As your project nears completion, you will be asked to
arrange for an inspector to visit your home while the
pipes are exposed to review the installation and ensure
its safety.

Although do-it-yourselfers often complete
complex plumbing projects without obtaining a permit
or having the work inspected, we strongly urge you
to comply with the legal requirements in your area. A
flawed plumbing system can be dangerous, and it can
potentially threaten the value of your home.

<— 6 of %Wpipe —p M To street
elef >
WH +} < Water heater
b \ a— 65 0f1"pipe —»
I 4 \1
' |
i 1
AL
| 8 of
i pipe
! i
i | !
: <+  §ofl'pipe ——»
l v T T ]
|_T'—| """""" bR |
| !
5 of 14" Toilet stub-outs i I
i Sink stubouts

Bathtub

=
=
@

The supply riser diagram shows the length of the hot and
cold water pipes and the relation of the fixtures to one another.
The inspector will use this diagram to determine the proper
size for the new water supply pipes in your system.
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House

Driveway

Water service 65

Sewer 65

Street

The site plan shows the location of the water main and sewer
main with respect to your yard and home. The distances from
your foundation to the water main and from the foundation to
the main sewer should be indicated on the site plan.

3" vent stack

/ 2" vent pipe
frmmmmnlme— -

——

Sink

1%" drain

il

- W
3" toilet drain

—— 3" waste stack

3" cleanout

3" drain To sewer —=

A DWV diagram shows the routing of drain and vent pipes in
your system. Make sure to indicate the lengths of drain pipes

and the distances between fixtures. The inspector will Use

this diagram to determine if you have properly sized the drain
traps, drain pipes, and vent pipes in your project.



| sizing for Water Distribution Pipes

Fixture

Toilet

Unit rating

3

Vnnirryisink
Shower
Bathtub

Dishwasher
Kitchen sink

Clothes washer

Urtility sink
Sillcock

(- - T - TR - R - T O - I - ]

Size of Size of Maximum length (ft.)—
service distribution total fixture units
mwoet | waermeter 10 60 80 100 150 200
% i 9 8 7 6 5 4
%" %" 21 23 19 17 14 11
%" 1" 44 40 36 33 @ 23
il= I 60 47 41 36 30 25
I 1" 102 87 76 67 52 44

Water distribution pipes are the main pipes extending from the water meter throughout the house, supplying water to the branch
pipes leading to individual fixtures. To determine the size of the distribution pipes, you must first calculate the total demand in “fixture
units” (above, left) and the overall length of the water supply lines, from the street hookup through the water meter and to the most

distant fixture in the house. Then, use the second table (above, middle) to find the minimum size for the water distribution pipes. Note

that the fixture unit capacity depends partly on the size of the street-side pipe that delivers water to your meter.

| sizes for Branch Pipes

& Supply Tubes

Fixture Min. Min.
branch supply
pipe size tube size

Toilet /% %"

Vanity sink " %"

Shower " %

Bathtub ' %"

Dishwasher %" %"

Kitchen sink " %"

(lothes washer W "

Urtility sink " "

Sillcock W NA.

Water heuter ' NA.

Branch pipes are the water supply lines that run from the

distribution pipes toward the individual fixtures. Supply tubes

are the vinyl, chromed copper, or braided tubes that carry
water from the branch pipes to the fixtures. Use the chart

above as a guide when sizing branch pipes and supply tubes.

| valve
Requirements

Main shutoff

Water meter

Full-bore ball valve
on house side

Full-bore gate valves or ball valves are required in the
following locations: on both the street side and house side

of the water meter; on the inlet pipes for water heaters

and heating system boilers. Individual fixtures should have
accessible shutoff valves, but these need not be full-bore
valves. All sillcocks must have individual control valves located

inside the house.

Techn iques =

i



Pipe Support Intervals

Type Vertical-run Horizontal-run
of support support
pipe interval interval
Copper 10 fi. 6 ft.
PEX 5 ft, 3,
(PVC 10 ft. 3.
PVC 10 f1. 4 ft.
Steel 1214t 10 ft.
Iron 15 ft. 5 fr.
Drain cleanouts make your DWV system easier to service. Minimum intervals for supporting pipes are determined
In most areas, the plumbing code requires that you place by the type of pipe and its orientation in the system.
cleanouts at the end of every horizontal drain run. Where Remember that the measurements shown above are
horizontal runs are not accessible, removable drain traps will minimum reguirements; local code may require supports
suffice as cleanouts. at closer intervals.
| Fixture Units | sizes for Horizontal
& Minimum Trap Size & Vertical Drain Pipes
Fixture Fixture units Min. trap size Pipe size Maximum Maximum
Shawer 7 2 fixture units fixture units
— T for horizontal for vertical
Vunlfy sink ! 1 branch drain drain stacks
'| "
Buthtub 2 1% T . )
Dishwasher 2 1"
1 "
Kitchen sink 2 1" 1% 3 4
Kitchen sink* 3 1" gt b 10
(lothes washer 2 14" 210 12 20
Utility sink 2 1"
= 3" 20 30
Floor drain 1 2
*Kitchen sink with ottached food dispaser : I il
Minimum trap size for fixtures is determined by the drain Drain pipe sizes are determined by the load on the pipes, as
fixture unit rating, a unit of measure assigned by the plumbing measured by the total fixture units. Horizontal drain pipes less
code. Note: Kitchen sinks rate 3 units if they include an than 3" in diameter should slope %" per foot toward the main
attached food disposer, 2 units otherwise, drain. Pipes 3" or more in diameter should slope 4" per foot.
Note: Horizontal or vertical drain pipes for a toilet must be 3"
or larger.
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| vent Pipe Sizes,
Critical Distances

Size of Minimum Maximum
fixture vent pipe critical
drain size distance
1%" 1" 2% ft.

%" 1" 3 fi.

7" 1% 5t

3" 2 6 ft.

4" Al 10 ft.

Vent pipes are usually one pipe size smaller than the drain
pipes they serve. Code requires that the distance between the
drain trap and the vent pipe fall within a maximum “critical
distance,” a measurement that is determined by the size of the
fixture drain. Use this chart to determine both the minimum
size for the vent pipe and the maximum critical distance.

| wet venting

Critical distance

-
= 1
e
1| 2" sink drain &
{ / ,}‘ serves as A
b wet vent for 1
b bathtub H

Wet vents are pipes that serve as a vent for one fixture and

a drain for another. The sizing of a wet vent is based on the
total fixture units it supports (opposite page): a 3" wet vent can
serve up to 12 fixture units; a 2" wet vent is rated for 4 fixture
units; a 1%" wet vent, for only 1 fixture unit. Note: The distance
between the wet-vented fixture and the wet vent itself must be
no more than the maximum critical distance (chart above).

| Vent Pipe Orientation
to Drain Pipe

Vent pipe

Drain pipe

Vent pipes must extend in an upward direction from
drains, no less than 45° from horizontal. This ensures that
waste water cannot flow into the vent pipe and block it. At the
opposite end, a new vent pipe should connect to an existing
vent pipe or main waste-vent stack at a point at least 6" above
the highest fixture draining into the system.

| Auxiliary Venting

='N

Separate 2" vent |
required if toilet-
to-stack distance
is more than 6 ft.

v

Critical distance

Fixtures must have an auxiliary vent if the distance to the
main waste-vent stack exceeds the critical distance (illustration
above). A tollet, for example, should have a separate vent

pipe if it is located more than 6 ft. from the main waste-vent
stack. This secondary vent pipe should connect to the stack or
an existing vent pipe at a point at least 6" above the highest
fixture on the system.
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| Understanding Wiring

household electrical system can be compared
with a home’s plumbing system. Electrical current

— Water flows
under pressure

flows in wires in much the same way that water flows
inside pipes. Both electricity and water enter the
home, are distributed throughout the house, do their
“work,” and exit.

In plumbing, water first flows through the
pressurized water suppl_\-’ system. In eleclricity. current
first [lows along hot wires. Current flowing along hot
wires also is pressurized. The pressure of electrical
current is called voltage.

Large supply pipes can carry a greater volume Digapie
of water than small pipes. Likewise, large
electrical wires carry more current than small
wires. This current-carrying capacity of wires is
called amperage.

Water is made available for use through the
faucets, spigots, and showerheads in a home.
Electricity is made available through receptacles, Water returns

. . under no pressure
switches, and fixtures.

Water finally leaves the home through a drain

system, which is not pressurized. Similarly, electrical " — ;
2 ! ) Water and electricity both flow. The main difference is that

current flows back through neutral wires. The current yoU Can see water (and touching water isn't ikely to kill you)
in neutral wires is not ])i‘(fSSLl]’i?.(fd and is said to be at Like electricity, water enters a fixture under high pressure and
zero voltage. exits under low pressure.

Current returns
_- under no pressure

L

White (neutral) wire

Switch
#

"'\

Light fixture -~

y\/'

\ Current flows
/ under pressure

Black (hot) wire

/
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| The Delivery System

Electrical power that enters the home is produced
by large power plants. Power plants are located in
all parts of the country and generate electricity with
turbines that are turned by water, wind, or steam.
From these plants electricity enters large “step-up”
transformers that increase voltage to half a million
volts or more.

Electricity flows easily at these large voltages
and travels through high-voltage transmission lines
to communities that can be hundreds of miles [rom
the power plants. “Step-down” transformers located

at substations then reduce the voltage for distribution

along street lines. On utility power poles, smaller
translormers [urther reduce the voltage to ordinary
120-volt current for household use.

Lines carrying current to the house either run

underground or strung overhead and attached to a post

called a service mast. Most homes built after 1950
have three wires running to the service head: two
power lines, each carrying 120 volts of current, and a

grounded neutral wire. Power from the two 120-volt
lines may be combined at the service panel to supply

current to large 240-volt appliances like clothes dryers
or electric water heaters.

Incoming power passes through an electric meter
that measures power consumption. Power then enters
the service panel, where it is distributed to circuits
that run throughout the house. The service panel also
contains fuses or circuit breakers that shut off power
to the individual circuits in the event of a short circuit
or an overload. Certain high-wattage appliances, like
microwave ovens, are usually plugged into their own
individual circuits to prevent overloads.

Voltage ratings determined by power companies
and manufacturers have changed over the years.
Current rated at 110 volts changed to 115 volts,
then 120 volts. Current rated at 220 volts changed
to 230 volts, then 240 volts. Similarly, ratings for
receptacles, tools, light fixtures, and appliances
have changed from 115 volts to 125 volts. These
changes do not affect the performance of new devices
connected to older wiring. For making electrical
calculations, use a rating of 120 volts or 240 volts for
your circuits.

Power plants supply electricity to Substations are located near the Utility pole transformers reduce the
thousands of homes and businesses. communities they serve. A typical high-voltage current that flows through
Step-up transformers increase the substation takes current from power lines along neighborhood streets.
voltage produced at the plant, making high-voltage transmission lines and A utility pole transformer reduces

the power flow maore easily along reduces it for distribution along voltage from 10,000 volts to the normal
high-voltage transmission lines. street lines. 120-volt current used in households.
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| Parts of the Electrical System

The service mast is the metal pole and weatherhead that The electric meter measures the amount of electrical power
create the entry point for electricity into your home. The consumed. It is usually attached to the side of the house, and
mast is supplied with two wires carrying 120 volts and a third connects to the service mast. A thin metal disc inside the
grounded neutral wire. The current runs to the service mast meter rotates when power is used. The electric meter belongs
from the nearest transformer. to your local power utility company. If you suspect the meter is

not functioning properly, contact the power company.

Grounding wire connects the electrical system to the Light fixtures attach directly to a household electrical
earth through grounding rods or, in older systems, through a system. They are usually controlled with wall switches. The
cold water pipe. In the event of an overload or short circuit, the two maost common types of light fixtures are incandescent
grounding wire allows excess electrical power to find its way and fluorescent.

harmlessly to the earth.
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The main service panel, in the form of a fuse box or breaker
box, distributes power to individual circuits. Fuses or circuit
breakers protect each circuit from short circuits and overloads.
Fuses and circuit breakers also are used to shut off power to
individual circuits while repairs are made.

Switches control electrical current passing through hot
circuit wires. Switches can be wired to control light fixtures,
celling fans, appliances, and receptacles.

Electrical boxes enclose wire connections. According to
the National Electrical Code, all wire splices or connections
must be contained entirely in a covered plastic or metal

electrical box. %

Receptacles, sometimes called outlets, provide plug-in
access to electrical power. A 120-volt, 15-amp receptacle
with a grounding hole is the most typical receptacle in wiring
systems installed after 1965. Most receptacles have two
plug-in locations and are called duplex receptacles

Tech niques
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Weatherhead prevents moisture
from entering the house.

Service mast creates an anchor
point for service wires

Service wires supply electricity
to the house from the utility
company’'s power lines.

Chandelier Wall switch

| 1
Switch loop Separate 120-volt circuit

/ for microwave oven.

o —T GFCI receptacles

; Separate 240-volt circuit
/ for water heater.
Electric meter measures the
amount of electrical power

consumed and displays Service panel distributes

the measurement inside electrical power into circuits.
a glass dome. '

i
B
N
N

Separate 120/240-volt

circuit for clothes dryer.
Grounding rod must be at least ¥

8 feet long and is driven into
the ground outside the house. Bonding wire to
metal grounding rod.

'\

§

,//\—/:" =4
. Bonding wire to
metal water pipe.

Jumper wire is used to
bypass the water meter and
ensures an uninterrupted
grounding pathway.
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Glossary of Electrical Terms »

Ampere (or amp): Refers to the rate at which
electrical power flows to a light, tool, or appliance.

Armored cable: Two or more wires that are grouped
together and protected by a flexible metal covering.

Box: A device used to contain wiring connections.
BX: See armored cable (Bx is the older term).

Cable: Two or more wires that are grouped together
and protected by a covering or sheath.

Circuit: A continuous loop of electrical current flowing
along wires or cables.

Circuit breaker: A safety device that interrupts
an electrical circuit in the event of an overload or
short circuit.

conductor: Any material that allows electrical
current to flow through it. Copper wire is an especially
good conductor.

Conduit: A metal or plastic pipe used to protect wires.

Continuity: An uninterrupted electrical pathway
through a circuit or electrical fixture.

Current: The movement of electrons along
a conductor.

Duplex receptacle: A receptacle that provides
connections for two plugs.

Feed wire: A conductor that carries 120-volt current
uninterrupted from the service panel.

Fuse: A safety device, usually found in older homes,
that interrupts electrical circuits during an overload or
short circuit.

Greenfield: Materials used in flexible metal conduit.
See armored cable.

Grounded wire: See neutral wire.

Grounding wire: A wire used in an electrical circuit
to conduct current to the earth in the event of a short
circuit. The grounding wire often is a bare copper wire.

Hot wire: Any wire that carries voltage. In an electrical
circuit, the hot wire usually is covered with black or
red insulation.

Insulator; Any material, such as plastic or rubber,
that resists the flow of electrical current. Insulating
materials protect wires and cables.

Junction box: See box.

Meter: A device used to measure the amount of
electrical power being used.

Neutral wire: A wire that returns current at zero
voltage to the source of electrical power. Usually
covered with white or light gray insulation. Also called
the grounded wire.

Outlet: See receptacle.

overload: A demand for more current than the circuit
wires or electrical device was designed to carry. Usually
causes a fuse to blow or a circuit breaker to trip.

Pigtail: A short wire used to connect two or more
circuit wires to a single screw terminal.

Polarized receptacle: A receptacle designed to keep
hot current flowing along black or red wires, and
neutral current flowing along white or gray wires.

Power: The result of hot current flowing for a period of
time. Use of power makes heat, motion, or light.

Receptacle: A device that provides plug-in access to
electrical power.

Romex: A brand name of plastic-sheathed electrical
cable that is commonly used for indoor wiring.
Commonly known as NM cable.

Screw terminal: A place where a wire connects to a
receptacle, switch, or fixture.

Service panel: A metal box usually near the site where
electrical power enters the house. In the service panel,
electrical current is split into individual circuits. The
service panel has circuit breakers or fuses to protect
each circuit.

Short circuit: An accidental and improper contact
between two current-carrying wires, or between a
current-carrying wire and a grounding conductor.

Switch: A device that controls electrical current
passing through hot circuit wires. Used to turn lights
and appliances on and off.

UL: An abbreviation for Underwriters Laboratories,
an organization that tests electrical devices and
manufactured products for safety.

Voltage (or volts): A measurement of electricity in
terms of pressure.

Wattage (or watt): A measurement of electrical power
in terms of total energy consumed. Watts can be
calculated by multiplying the voltage times the amps.

Wire connector: A device used to connect two or
more wires together. Also called a wire nut.
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| wiring Safety

Safety should be the primary concern of anyone working

with electricity. Although most household electrical

repairs are simple and straightforward, always use

caution and good judgment when working with electrical

wiring or devices. Common sense can prevent accidents.
The basic rule of electrical safety is: Always tum

off power to the area or device you are working on. At

the main service panel, remove the fuse or shut off the

circuit breaker that controls the circuit you are servicing.

Shut power OFF at the main service panel or the main
fuse box before beginning any work.

Then check to make sure the power is off by testing for
power with a current tester. Restore power only when the
repair or replacement project is complete.

Follow the salety tips shown on these pages.
Never attempt an electrical project beyond your skill
or confidence level. Never attempt to repair or replace
your main service panel or service entrance head.
These are jobs for a qualified electrician and require
that the power company shuts off power to your house.

Create a circuit index and affix it to the inside of the door to

your main service panel. Update it as needed.

Confirm power is OFF by testing at the outlet, switch, or
fixture with a current tester.

THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT

Use only UL-approved electrical parts or devices. These
devices have been tested for safety by Underwriters Laboratories.



N T S

Wear rubber-soled shoes while working on electrical Use fiberglass or wood ladders when making routine
projects. On damp floors, stand on a rubber mat or dry household repairs near the service mast.
wooden boards.

Extension cords are for temporary use only. Cords must be Breakers and fuses must be compatible with the panel
rated for the intended usage. manufacturer and match the circult capacity.

PETTTTITE T T ——— 1

Never alter the prongs of a plug to fit a receptacle. If Do not penetrate walls or ceilings without first shutting off
possible, install a new grounded receptacle. electrical power to the circuits that may be hidden.
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ires are made of copper, aluminum, or aluminum
covered with a thin layer of copper. Solid copper
wires are the best conductors of electricity and are
the most widely used. Aluminum and copper-covered
aluminum wires require special installation techniques
and are rarely used in new installation, due to safety
concerns.

A group ol two or more wires enclosed in a metal,
rubber, or plastic sheath is called a cable (photo,
opposite page). The sheath protects the wires from
damage. Metal conduit also protects wires, but it is
not considered a cable.

Individual wires are covered with rubber or plastic
vinyl insulation. An exception is a bare copper grounding
wire, which does not need an insulation cover. The
insulation is color coded (chart, below left) to identify the
wire as a hot wire, a neutral wire, or a grounding wire.

Wire Color Chart »

Wire color Function

White Neutral wire carrying

—_
current at zero voltage.

Black Hot wire carrying
current at full voltoge.

—

Red Hot wire carrying
current af full voltage.

White, Hot wire carrying
black markings ~ current at full voltage.

=== Green Serves as o
grounding pathway.
Bare copper Serves as 0
_—

grounding pathway.

Individual wires are color-coded to identify their function.
In some circuit installations, the white wire serves as a hot wire
that carries voltage. If so, this white wire may be labeled with
black tape or paint to identify it as a hot wire.
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| Working with Wire & Cable

In most wiring systems installed after 1965, the
wires and cables are insulated with plastic vinyl. This
type of insulation is very durable and can last as long
as the house itself.

Before 1965, wires and cables were insulated with
rubber. Rubber insulation has a life expectancy of about
25 years. Old insulation that is cracked or damaged
can be reinforced temporarily by wrapping the wire
with plastic electrical tape. However, old wiring with
cracked or damaged insulation should be inspected by
a qualified electrician to make sure it is safe.

Wires must be large enough for the amperage rating
of the circuit (chart, below right). A wire that is too small
can become dangerously hot. Wire sizes are categorized
according to the American Wire Gauge (AWG) system.
To check the size of a wire, use the wire stripper
openings of a combination tool (page 30) as a guide.

Wire Size Chart»

Wire capacity & use

Wire gauge

#6 60 amps, 240 volts; central air
conditioner, electric furnace.

#8 40 amps, 240 volts; electric range,
central air condifioner.

#1030 amps, 240 volts; window air
conditioner, clothes dryer.

#1220 amps, 120 volts; light fixtures,
receptacles, microwave oven.

#1415 amps, 120 volts; light
fixtures, receptucles.

#16  Light-duty extension cords.

#18  Thermostats, doorbells,
to 22 security systems.

Wire sizes (shown actual size) are categorized by the
American Wire Gauge system. The larger the wire size, the
smaller the AWG number.



Knob and tube wiring, so called
because of the shape of its porcelain
insulating brackets, was common
before 1940. Wires are covered with
a layer of rubberized cloth fabric, but
have no additional protection.

Flexible armored cable, sometimes called Greenfield,
was used from the 1920s to the 1940s. It was an
improvement over knob and tube wiring because
it provided a shield for the wires. Armored cable
is grounded through the metal coils: there is no
separate ground wire.

Metal conduit was installed from the 1940s until
1970. The metal walls of the conduit provide the
grounding path: no separate grounding wire is
present. Conduit is still recommended by codes for
some installations, like a basement or garage.

Early NM (nonmetallic) cable was used from 1930
until 1965. It features a rubberized fabric sheathing
that protects individual wires. NM cable greatly
simplified installations because separate wires
no longer had to be pulled by hand through a
conduit or armored cable. Early NM cable had no
grounding wire.

Modern NM (nonmetallic) cable came into use
in 1965. It includes a bare copper grounding
wire. Wire insulation and outer sheathing are
both made of plastic vinyl. Modern NM cahle
is inexpensive and easy to install.

UF (underground feeder)
cable has wires embedded
in a solid-core plastic vinyl

sheathing and includes a bare
copper grounding wire. It is
designed for installations
in damp conditions, such as
buried circuits.

Tech niques
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Coaxial cable is used to connect cable
television jacks. Coaxial cable is available
in lengths up to 25 ft. with preattached
F-connectors (A). Or you can buy bulk cable (B)
in any length.

NM (nonmetallic) sheathed cable should be
used for most indoor wiring projects in dry
locations. NM cable is available in a wide
range of wire sizes, and in either “2-wire
with ground” or “3-wire with ground” types.
NM cable is sold in boxed rolls that contain
from 25 to 250 ft. of cable.

THHN/THWN wire can be used in all conduit
applications. Each wire, purchased individually,
is covered with a color-coded thermoplastic
insulating jacket. Make sure the wire you buy
has the THHN/THWN rating. Other wire types
are less resistant to heat and moisture than
THHN/THWN wire.

Large-appliance cable, also called SER cable,
is used for kitchen ranges and other 50-amp
or 60-amp appliances that require 8-gauge
or larger wire. It is similar to NM cable, but
each individual conducting wire is made from
fine-stranded copper wires. Large-appliance
cable is available in both 2-wire and
3-wire types.

Telephone cable is used to connect telephone
outlets. Your phone company may recommend
four-wire cable (shown below) or eight-wire
cable, sometimes called four-pair. Eight-wire
cable has extra wires that are left unattached.
These extra wires allow for future expansion of
the system.

UF (underground feeder) cable is used for
wiring in damp locations, such as in an outdoor
circuit. It has a white or gray solid-core vinyl
sheathing that protects the wires inside. It
also can be used indoors wherever NM cable is
allowed.

Tips for Working With Wire »

Wire gauge Ampacity Maximum wattage load Wire “ampacity” is a

measurement of how much current

14-gauge 15 omps 1440 watts (120 volts) awire can carry safely. Ampacity

7 varies according to the size of

L AL ;;ig :E:E gig :E:Ei _the wi_res, as shown e_)t left. When‘
installing a new circuit, choose wire

10-gouge 30 amps 2880 watts (120 volts) with an ampacity rating matching the

5760 watts (240 volts) circuit size. For dedicated appliance

circuits, check the wattage rating of

8-gouge 40 amps 7680 watts (240 volts) the appliance and make sure it does
not exceed the maximum wattage

6-guuge 50 omps 9600 watts (240 volts) load of the circuit.

97 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



| Reading NM
(Nonmetallic) Cable

Cable ty;pe
(nonm_etallic)

Number of
insulated wires

Maximum voltage rating
(600 volts)

Wire gauge
NM (nonmetallic) cable is labeled with the number of
insulated wires it contains. The bare grounding wire is not
counted. For example, a cable marked 14/2 G (or 14/2 WITH
GROUND) contains two insulated 14-gauge wires, plus a bare
copper grounding wire. Cable marked 14/3 WITH GROUND has
three 14-gauge wires plus a grounding wire. NM cable also is
stamped with @ maximum voltage rating, as determined by
Underwriters Laboratories (UL).

Minimum: two 14-gauge wires

Maximum: four 12-gauge
(or three 10-gauge) wires

Maximum: four
14-gauge wires

| Reading Unsheathed,
Individual Wire

Maximum voltage rating
(600 volts)

Wire material

R e

Wire gauge Corrosion resistance code

Unsheathed, individual wires are used for conduit and
raceway installations. Wire insulation is coded with letters

to indicate resistance to moisture, heat, and gas or oil. Code
requires certain letter combinations for certain applications.
T indicates thermoplastic insulation. H stands for heat
resistance and two Hs indicate high resistance (Up to 194° F).
W denotes wire suitable for wet locations. Wire coded with an
N is impervious to damage from oil or gas.

Minimum: two

. Minimum: two
16-gauge wires

18-gauge wires

Maximum: two
14-gauge wires

1
1
1l

hlﬁ

Use wire connectors rated for the wires you are connecting. Wire connectors are color-coded by size, but the coding scheme
varies according to manufacturer. The wire connectors shown above come from one major manufacturer. To ensure safe
connections, each connector is rated for both minimum and maximum wire capacity. These connectors can be used to connect
both conducting wires and grounding wires. Green wire connectors are used only for grounding wires.

Use plastic cable staples to fasten cables. Choose staples
sized to match the cables. Stack-It® staples (A) hold up to four
2-wire cables; %" staples (B) for 12/2, 12/3, and all 10-gauge
cables; 14" staples (C) for 14/2, 14/3, or 12/2 cables; coaxial
staples (D) for anchoring television cables; bell wire staples (E)
for attaching telephone cables.

Push-in connectors are a relatively new product for joining
wires. Instead of twisting the bare wire ends together, you
strip off about %" of insulation and insert them into a hole in
the connector. The connectors come with two to four holes
sized for various gauge wires. These connectors are perfect
for inexperienced DIYers because they do not pull apart like a
poorly twisted connection can.
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- How to Strip NM Sheathing & Insulation

Measure and mark the cable 8 to
10" from end. Slide the cable ripper
onto the cable, and squeeze tool
firmly to force cutting point through
plastic sheathing.

Grip the cable tightly with one

plastic sheathing.

cut individual wires as needed
using the cutting jaws of the
combination tool.

Ccut away the excess plastic sheathing
and paper wrapping, using the cutting
jaws of a combination tool.
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hand, and pull the cable ripper toward
the end of the cable to cut open the

Peel back the plastic sheathing
and the paper wrapping from the
individual wires.

Strip insulation for each wire,
using the stripper openings. Choose
the opening that matches the gauge of
the wire, and take care not to nick or
scratch the ends of the wires.



How to Connect Wires to Screw Terminals

Strip about %" of insulation from
each wire using a combination tool.
Choose the stripper opening that
matches the gauge of the wire, then
clamp the wire in the tool. Pull the wire
firmly to remove plastic insulation.

Form a C-shaped loop in the end of

each wire using a needlenose pliers. The

wire should have no scratches or nicks.

How to Connect Wires with Push-ins

Mark the amount of insulation

to be stripped from each wire using
the strip gauge on the back of the
switch or receptacle. Strip the wires
using a combination tool (step 1,
above). Never use push-in fittings with
aluminum wiring.

Insert the bare copper wires firmly
into the push-in fittings on the back of
the switch or receptacle. When inserted,
wires should have no bare copper
exposed. Note: Although push-in fittings
are convenient, most experts believe
screw terminal connections (above) are
more dependable.

Hook each wire around the screw
terminal so it forms a clockwise loop.
Tighten screw firmly. Insulation should
just touch head of screw. Never place
the ends of two wires under a single
screw terminal. Instead, use a pigtall
wire (page 97).

)

W

Remove a wire from a push-in fitting
by inserting a small nail or screwdriver
in the release opening next to the wire.
Wire will pull out easily.

Technigues B
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How to Join Wires with a Wire Connector

Ensure power is off and test for power, Grasp the wires to Twist a wire connector over the ends of the wires. Make
be joined in the jaws of a pair of linesman’s pliers. The ends sure the connector is the right size (see page 29). Hand-twist
of the wires should be flush and they should be parallel and the connector as far onto the wires as you can. There should
touching. Rotate the pliers clockwise two or three turns to be no bare wire exposed beneath the collar of the connector.
twist the wire ends together. Do not overtighten the connector.

Option: Reinforce the joint by wrapping it with electrician’s Option: Strip %" of insulation off the ends of the wires to be
tape. By code, you cannot bind the wire joint with tape only, but joined, and insert each wire into a push-in connector. Gently
it can be used as insurance. Few professional electricians use tug on each wire to make sure it is secure.

tape for purposes other than tagging wires for identification.
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How to Pigtail Wires

Cut a é" length from a piece of insulated wire the same Join one end of the pigtail to the wires that will share the
gauge and color as the wires it will be joining. Strip %" of connection using a wire nut (see previous page).

insulation from each end of the insulated wire. Note: Pigtailing

is done mainly to avoid connecting multiple wires to one

terminal, which is a code violation.

Alternative: If you are pigtailing to a grounding screw or Connect the pigtail to the appropriate terminal on the
grounding clip in a metal box, you may find it easier to attach receptacle or switch. Fold the wires neatly and press the fitting
one end of the wire to the grounding screw before you attach into the box.

the other end to the other wires.
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How to Install NM Cable

Drill %" holes in framing members for the cable runs. This
is done easily with a right-angle drill, available at rental centers.
Holes should be set back at least 1%" from the front face of
the framing members.

Shut off power to circuit breaker panel. Use a cable
ripper to strip cable, leaving at least %" of sheathing to enter
the circuit breaker panel. Clip away the excess sheathing
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Where cables will turn corners (step 6, page 99), drill
intersecting holes in adjcining faces of studs. Measure and
cut all cables, allowing 2 ft. extra at ends entering the breaker
panel and 1 foot for ends entering the electrical box.

Cable clamp

Open a knockout in the circuit breaker panel using

a hammer and screwdriver. Insert a cable clamp into the
knockout, and secure it with a locknut. Insert the cable through
the clamp so that at least 4" of sheathing extends inside the
circuit breaker panel. Tighten the mounting screws on the
clamp so the cable is gripped securely but not so tightly that
the sheathing is crushed



12" or
less

Anchor the cable to the center of a framing member

within 12" of the circuit breaker panel using a cable staple.
Stack-It® staples work well where two or more cables must be
anchored to the same side of a stud. Run the cable to the first
electrical box. Where the cable runs along the sides of framing

members, anchor it with cable staples no more than 4 ft. apart.

Staple the cable to a framing member 8" from the box.
Hold the cable taut against the front of the box, and mark

a point on the sheathing " past the box edge. Remove
sheathing from the marked line to the end using a cable ripper,
and clip away excess sheathing with a combination tool. Insert
the cable through the knockout in the box.

At corners, form a slight L-shaped bend in the end of the
cable and insert it into one hole. Retrieve the cable through the
other hole using needlenose pliers (inset).

Variation: Different types of boxes have different clamping
devices. Make sure cable sheathing extends " past the edge
of the clamp to ensure that the cable is secure and that the
wire won't be damaged by the edges of the clamp.

(continued)
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As each cable is installed in a box, clip back each wire so Strip %" of insulation from each circuit wire in the box using
that 8" of workable wire extends past the front edge of the box. a combination tool. Take care not to nick the copper.

Continue the circuit by running cable between each pair of At metal boxes and recessed fixtures, open knockouts,

electrical boxes, leaving an extra 1 ft. of cable at each end. and attach cables with cable clamps. From inside fixture, strip
away all but %" of sheathing. Clip back wires so there is 8" of
workable length, then strip %" of insulation from each wire.
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For a surface-mounted fixture like a baseboard heater or At each recessed fixture and metal electrical box, connect

fluorescent light fixture, staple the cable to a stud near the one end of a grounding pigtail to the metal frame using a
fixture location, leaving plenty of excess cable. Mark the floor grounding clip attached to the frame (shown above) or a green
so the cable will be easy to find after the walls are finished. grounding screw.

' fom
NEL

1 Yo
KECEFTACLES

At each electrical box and recessed Label the cables entering each box to indicate their destinations. In boxes with
fixture, join grounding wires together complex wiring configurations, also tag the individual wires to make final hookups
with a wire connector. If the box has easier. After all cables are installed, your rough-in work is ready to be reviewed by the
internal clamps, tighten the clamps over electrical inspector.

the cables.

Tech niques
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| Working with Conduit

lectrical wiring that runs in exposed locations must

be protected by rigid tubing called conduit. For
example, conduit is used for wiring that runs across
masonry walls in a basement laundry and for exposed
outdoor wiring. THHN/THWN wire (page 92)
normally is installed inside conduit, although UF or
NM cable can also be installed in conduit.

There are several types of conduit available, so
check with your electrical inspector to [ind out which
type meets code requirements in your area. Conduit
installed outdoors must be rated for exterior use.
Metal conduit should be used only with metal boxes,
never with plastic boxes.

At one time, conduit could only be fitted by using
elaborate bending techniques and special tools. Now,
however, a variety of shaped fittings are available to let
a homeowner join conduit easily.

Sweep forms a gradual 90° bend
for ease in wire pulling.

Compression fittings
are used in outdoor
IMC installations,
where a rain-tight
connection is needed.

Screw-in connectors or setscrew
connectors are used to connect
flexible metal conduit.

Flexible metal conduit in 2" and %" sizes is used where rigid

| Electrical Grounding
in Metal Conduit

M Pigtail

Install a green insulated grounding wire for any
circuit that runs through metal conduit. Although code
allows the metal conduit to serve as the grounding
conductor, most electricians install a green insulated wire
as a more dependable means of grounding the system. The
grounding wires must be connected to metal boxes with a
pigtail and grounding screw (left) or grounding clip (right).

Elbow fitting is used in tight
corners ot for long conduit runs.
The cover can be removed to
pull long lengths of wire.

-==10r—1.,_/ — nM R B s

S

Single-hole & double-hole pipe
straps hold conduit in place
against walls. Conduit should
be supported within 3 ft. of
each electrical box and fitting,

and every 10 ft. thereafter. Nail straps are

driven into wooden
framing members
to anchor conduit.

conduit is difficult to install. It often is used to connect permanently

wired appliances, like a water heater.
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| Fill capacity I Metal Conduit

EMT (electrical
metallic tubing)

IMC
(intermediate
metallic
conduit)

Rigid metal
conduit

Conduit %" in diameter can hold EMT is lightweight and easy to

up to six 14-gauge or 12-gauge THHN/ install but should not be used where
THWN wires (A), five 10-gauge wires it can be damaged. IMC has thicker
(B), or two 8-gauge wires (C). Use %" galvanized walls and is a good choice
conduit for greater capacity. for exposed outdoor use. Rigid metal

conduit provides the greatest protection
for wires, but it is more expensive and
reguires threaded fittings.

EMT conduit is available in
10-ft. lengths and in 2" and %"
diameters. EMT is used primarily

| Plastic Conduit

Plastic PVC conduit is allowed by
many local codes. It is assembled

with solvent glue and PVC fittings that
resemble those for metal conduit. When
wiring with PVC conduit, always run a
green grounding wire.

for exposed indoor installations. s Setscrew coupling connects lengths Offset fitting connects an indoor
'\l i of indoor metal conduit. » metal electrical box to a conduit

| = anchored flush against a wall.
. ]
| n il

lg.:-:‘“

|~ et

- S—— ...... “Il- r—

% L-body fitting is
Intermediate metallic used in outdoor
conduit (IMC) is rated conduit 1nstallqtmns.

for outdoor use but can It has watertight
also be used indoors. threaded fittings and
It is connected with a removable cover.
watertight fittings. It
is available in 10-ft.
lengths and in '2" and
%" diameters.
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| conduit Materials & Tools

Flexible conduit

Conduit types used most in homes are EMT (electrical metallic tubing), IMC (intermediate metallic conduit), RNC (rigid
nonmetallic conduit), and flexible metal conduit. The most common diameters by far are 14" and %", but larger sizes are stocked at
most building centers.

RNC
(PVC) &
fitting

Access pull elbow

Nonmetallic conduit fittings typically are solvent welded to A thin-wall conduit bender is used to bend sweeps into
nonmetallic conduit, as opposed to metal conduit, which can EMT or IMC conduit.

be threaded and screwed into threaded fittings or attached

with setscrews or compression fittings.
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How to Make Nonmetallic Conduit Connections

r 7 R T e

Cut the rigid nonmetallic conduit (RNC) to length with a Deburr the cut edges with a utility knife or fine sandpaper
fine-tooth saw, such as a hacksaw. For larger diameter (114" such as emery paper. Wipe the cut ends with a dry rag. Also
and above), use a power miter box with a fine-tooth or plastic wipe the coupling or fitting to clean it.

cutting blade.

Apply a coat of PVC cement to the end of the conduit. Insert the conduit into the fitting or coupling and spin it
Wear latex gloves to protect your hands. The cement should be a quarter turn to help spread the cement. Allow the joint to set
applied past the point on the conduit where it enters the fitting undisturbed for 10 minutes.

or coupling.

Techn iques &
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How to Install Conduit & Wires on a Concrete Wall

Measure from the floor to position Drill pilot holes with a masonry bit, Open one knockout for each length of
electrical boxes on the wall, and mark then mount the box against a masonry conduit that will be attached to the box.
location for mounting screws. Boxes for wall with masonry anchors. Or use Attach an offset fitting to each knockout
receptacles in an unfinished basement masonry anchors and panhead screws. using a locknut.

or other damp area are mounted
at least 2 ft. from the floor. Laundry
receptacles usually are mounted at 48".

Measure the first length of conduit Anchor the conduit against the wall Make conduit bends by attaching a
and cut it with a hacksaw. Remove any with pipe straps and masonry anchors. sweep fitting using a setscrew fitting or
rough inside edges with a pipe reamer Conduit should be anchored within compression fitting. Continue conduit

or a round file. Attach the conduit to 3 ft. of each box and fitting, and every run by attaching additional lengths using
the offset fitting on the box, and tighten 10 ft. thereafter. setscrew or compression fittings.

the setscrew.
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Use an elbow fitting in conduit runs At the service breaker panel, turn

that have many bends, or in runs that the power off, then remove the cover through the conduit from the circuit
require very long wires. The cover on and test for power. Open a knockout in breaker panel outward. Remove
the elbow fitting can be removed to the panel, then attach a setscrew fitting, the cover on an elbow fitting when
make it easier to extend a fish tape and and install the last length of conduit. extending the fish tape around

pull wires. tight corners.

Trim back 2" of outer insulation Retrieve the wires through the Clip off the taped ends of the wires.
from the end of the wires, then insert conduit by pulling on the fish tape with Leave at least 2 ft. of wire at the service
the wires through the loop at the tip of steady pressure. Note: Use extreme panel and 8" at each electrical box.

the fish tape. care when using a metal fish tape inside

a circuit breaker panel, even when the
power is turned off.
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| Working with Boxes

108

he National Flectrical Code requires that wire
connections and cable splices be contained
inside an approved metal or plastic box. This shields
framing members and other flammable materials from
electrical sparks.

Electrical boxes come in several shapes.
Rectangular and square boxes are used for switches
and receptacles. Rectangular (2 x 3") boxes are used
for single switches or duplex receptacles. Square
(4 x 4") boxes are used any time it is convenient for
two switches or receptacles to be wired, or “ganged,”
in one box, an arrangement common in kitchens or
entry hallways. Octagonal electrical boxes contain wire
connections for ceiling fixtures.

All electrical boxes are available in different
depths. A box must be deep enough so a switch or
receptacle can be removed or installed easily without
crimping and damaging the circuit wires. Replace an
undersized box with a larger box using the Electrical
Box Chart (right) as a guide. The NEC also says that all
electrical boxes must remain accessible. Never cover an
electrical box with drywall, paneling, or wallcoverings.

Octagonal boxes usually contain wire connections for ceiling
fixtures. Cables are inserted into the box through knockout
openings and are held with cable clamps. Because the

celling fixture attaches directly to the box, the box should be
anchored firmly to a framing member. Often, it is nailed directly
to a ceiling joist. However, metal braces are available that
allow a box to be mounted between joists or studs. A properly
installed octagonal box can support a ceiling fixture weighing
up to 35 pounds. Any box must be covered with a tightly fitting
cover plate, and the box must not have open knockouts.
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Electrical Box Fill Chart »

Box size
and shape

Maximum number
of conductors permitted
(see Notes below)

18 16 14 12

AWG AWG AWG AWG
Junction boxes
4 x 14" Ror 0 8 7 6 5
4 1%" Ror 0 10 8 7 b
4 2%" Ror0 14 12 10 9
dx 1W"S 12 10 9 8
A TA'S I
4 2%" S 20 17 15 13
A x 114" S 17 14 12 11
Ay x 1%" S 19 16 14 13
4% x ThR" S 28 24 2 18
Device boxes
Ix2x %" 5 4 3 d
Ix 22 6 5 5 4
Ix2x 2% 7 6 5 4 .
3 2x %" 8 7 b 5
Ix2x 9 8 7 b
Ix T3 12 10 9 8
4 s x A" b 5 5 4
43 2% x 174" 8 7 6 5
4 x 2% x 2%" 9 8 / 6
Notes:

R = Round; O = Octagonal; S = Square or rectangular
Each hot or neutral wire entering the box is
counted as one conductor.

Grounding wires are counted as one conductor in
total—do not count each cne individually.
Raceway fittings and external cable clamps do not
count. Internal cable connectors and straps count
as either half or one conductor, depending on type.
Devices (switches and receptacles mainly) each
count as two conductors.

Straps (yokes) from mounting devices each count
as two conductors.

When calculating total conductors, any nonwire
compaonents should be assigned the gauge of the
largest wire in the box.

For wire gauges not shown here, contact your
local electrical inspections office.



Common Electrical Boxes

Detachable
side

Rectangular boxes are used with
wall switches and duplex receptacles.
Single-size rectangular boxes (shown
above) may have detachable sides that
allow them to be ganged together to
form double-size hoxes.

-

inc__a
Foam A
gasket |

Outdoor boxes have sealed seams
and foam gaskets to guard a switch

or receptacle against moisture.
Corrosion-resistant coatings protect all
metal parts. Code-compliant models
include a watertight hood.

T Adapter
cover

Square 4 x 4" boxes are large enough
for most wiring applications. They are
used for cable splices and ganged
receptacles or switches. To install one
switch or receptacle in a square box,
use an adapter cover.

Retrofit boxes upgrade older boxes
to larger sizes. One type (above) has
built-in clamps that tighten against
the inside of a wall and hold the box
in place.

Braced octagonal boxes fit between
ceiling joists. The metal braces extend
to fit any joist spacing and are nailed or
screwed to framing members.

Plastic boxes are common in new
construction. They can be used only
with NM (nonmetallic) cable. The box
may include preattached nails for
anchoring it to framing members. wall
switches must have grounding screws if
installed in plastic boxes.
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3Y2"-deep plastic boxes with preattached mounting nails Metal boxes should be used for exposed indoor

are used for any wiring project protected by finished walls. et szt y A
; ; 5 i wiring, such as conduit installations in an
Common stvies Inoluds singla-gang (A), dounls:gang (), unfinished basement. Metal boxes, also can be used
for wiring that will be covered by finished walls.

110

and triple-gang (C). Double-gang and triple-gang boxes
require internal cable clamps.

Plastic retrofit
boxes are
used when a
new switch
or receptacle
must fit inside
a finished wall.
Use internal
cable clamps.

Plastic retrofit light fixture box
lets you install a new fixture in
an existing wall or ceiling.

Plastic light fixture boxes with
brace bars let you position a
fixture between framing members.

Metal light fixture
boxes with heavy-
duty brace bars
are recommended
when installing
heavy light
fixtures or hanging
a ceiling fan.

GFCI plates

Sealed seams and : y va
threaded openings X 2 tch
keep moisture out. . standard duplex

‘A variety of cover receptacles, and
‘plates are available. GFCI receptacles.
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How to Locate Electrical Boxes

Heights of electrical boxes vary depending on use. In the kitchen shown here, boxes above the countertop are 45" above

the floor, in the center of 18" backsplashes that extend from the countertop to the cabinets. All boxes for wall switches also are
installed at this height. The center of the box for the microwave receptacle is 72" off the floor. The centers of the boxes for the
range and food disposer receptacles are 12" off the floor, but the center of the box for the dishwasher receptacle is 6" off the floor.

Typical Wallcovering Thickness

Consider the thickness of finished walls when mounting electrical boxes against framing members. Code requires that the
front face of boxes be flush with the finished wall surface, so how you install boxes will vary depending on the type of wall finish
that will be used. For example, if the walls will be finished with %" wallboard (A), attach the boxes so the front faces extend 4" past
the front of the framing members. With ceramic tile and wall board (B), extend the boxes 7" past the framing members. With %"
Corian® over wallboard (C), boxes should extend %"; and with wallboard and laminate (D), boxes extend %".

Tech niques
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How to Install Electrical Boxes for Receptacles

Mark the location of each box on studs. Standard Position each box against a stud so the front face will be

receptacle boxes should be centered 12" above floor level. flush with the finished wall. For example, if you will be installing

GFCI receptacle boxes in a bathroom should be mounted so 15" wallboard, position the box so it extends %" past the face

they will be about 10" above the finished countertop. of the stud. Anchor the box by driving the mounting nails into
the stud.

If installing square boxes, attach Open one knockout for each cable Break off any sharp edges that
the adapter plates before positioning that will enter the box using a hammer might damage viny! cable sheathing by
the boxes. Use adapter plates that and screwdriver, rotating a screwdriver in the knockout.

match the thickness of the finished wall.
Anchor the box by driving the mounting
nails into the stud.
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How to Install Electrical Boxes for Light Fixtures

Mounting
bracket

Wallboard

Internal
clamp

Cutaway view

Position the light fixture box for a To position a light fixture between joists, attach an electrical box to an

vanity light above the frame opening adjustable brace bar. Nail the ends of the brace bar to joists so the face of the box
for a mirror or medicine cabinet. Place will be flush with the finished ceiling surface. Slide the box along the brace bar to the
the box for a ceiling light fixture in the desired position, then tighten the mounting screws. Use internal cable clamps when
center of the room. Position each box using a box with a brace bar. Note: For ceiling fans and heavy fixtures, use a metal
against a framing member so the front box and a heavy-duty brace bar rated for heavy loads (inset photo).

face will be flush with the finished wall
or ceiling, then anchor the box by driving
the mounting nails into the framing.

How to Install Electrical Boxes for Switches

Cross block

Install switch boxes at accessible locations, usually on To install a switch box between studs, first install a cross
the latch side of a door, with the center of the box 48" from block between studs, with the top edge 46" above the floor.
the floor. The box for a thermostat is mounted at 48 to 60" Position the box on the cross block so the front face will be
Position each box against the side of a stud so the front face flush with the finished wall, and drive the mounting nails into

will be flush with the finished wall, and drive the mounting nails the cross block.
into the stud.

Tech niques
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| ceiling Boxes

Shown cutaway

Wallboard
Ceiling boxes for lights are generally round or octagonal A heavy-duty brace is required for anchoring boxes that
in shape to fit typical lamp mounting plates. The easiest way will support heavy chandeliers and ceiling fans. A remodeling
to install one is by nailing the brace to open ceiling joists brace like the one seen here is designed to install through a
from above. If the ceiling is insulated, pull the insulation away small cutout in the ceiling (inset photo).

from the box if the fixture you're installing is not rated IC for
insulation contact.

How to Install a Junction Box

1. Code violation

Knockout

Turn off power to circuit wires Test for power. The tester should not Open one knockout for each cable
at the main service panel. Carefully glow. If it does, the wires are still hot. that will enter the box using a hammer
remove any tape or wire connectors Shut off power to correct circuit at the and screwdriver. Any unopened

from the exposed splice. Avoid contact main service panel. Disconnect the knockouts should remain sealed.

with the bare wire ends until the wires illegally spliced wires.

have been tested for power.
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Locknut

Anchor the electrical box to a Thread each cable end through a Insert the cables into the electrical
wooden framing member using screws cable clamp. Tighten the clamp with a box, and screw a locknut onto each
or nails. screwdriver. See if there is any slack in cable clamp.

the cables so you can gain a little extra
cable to work with.

8 Grounding screw

Tighten the locknuts by pushing Use wire connectors to reconnect Carefully tuck the wires into the box,

against the lugs with the blade of the wires. Pigtail the copper grounding and attach the cover plate. Turn on the

a screwdriver. wires to the green grounding screw in power to the circuit at the main service
the back of the box. panel. Make sure the box remains

accessible and is not concealed by
finished walls or ceilings.
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-l Working with Switches

\ A\ [all switches are available in three general types. terminals, and four-way switches have four. Most
VVTo repair or replace a switch, it is important to switches include a grounding screw terminal, which is
identily its type. identified by its green color.

Single-pole switches are used to control a set of When replacing a switch, choose a new switch
lights from one location. Three-way switches are used that has the same number of screw terminals as the
to control a set of lights from two different locations old one. The location of the screws on the switch
and are always installed in pairs. Four-way switches body varies depending on the manufacturer, but these
are used in combination with a pair of three-way differences will not affect the switch operation.
switches to control a set of lights [rom three or Whenever possible, connect switches using the
more locations. screw terminals rather than push-in fittings. Some

Identify switch types by counting the screw specialty switches have wire leads instead of screw
terminals. Single-pole switches have two screw terminals. They are connected to circuit wires with
terminals, three-way switches have three screw wire connectors.

A wall switch is connected to circuit

wires with screw terminals or with push-in

fittings on the back of the switch. A switch

: may have a stamped strip gauge that

] & ’ o indicates how much insulation must be
L » ' stripped from the circuit wires to make

the connections.

FRONT BACK

The switch body is attached to a
Push-in fittings . metal mounting strap that allows it to
A0 g be mounted in an electrical box. Several
rating stamps are found on the strap and
! on the back of the switch. The abbreviation

rounding screw

N (LD Gely L
W Y

2 Amperage b . Wire || or UND. LAB. INC. LIST means that the
S Yoltage atings | | ,‘,‘:t‘;g; switch meets the safety standards of the

Underwriters Laboratories. Switches also
are stamped with maximum voltage and
amperage ratings. Standard wall switches
are rated 15A or 125V. Voltage ratings of
110, 120, and 125 are considered to be
identical for purposes of identification.

For standard wall switch
installations, choose a switch that has a
wire gauge rating of #12 or #14. For wire
systems with solid-core copper wiring,
use only switches marked COPPER or CU.
For aluminum wiring, use only switches
marked CO/ALR. Switches marked AL/
CU can no longer be used with aluminum
wiring, according to the National
Electrical Code.

Wire compatibilty ratings

Underwriters ’
" Laboratories Wire release
(UL) approved opening
for push-in

fittings

_ o
Mounting screw ’ ’ .:.g_m ‘.
gi l‘ ¢ A

5
Vot

|, e

Mounting strap

116 ¥ THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



| single-pole Wall Switches

A single-pole switch is the most common type of
wall switch. It has ON-OFF markings on the
switch lever and is used to control a set of lights,
an appliance, or a receptacle from a single location.

A single-pole switch has two screw terminals and a
grounding screw. When installing a single-pole switch,
check to make sure the ON marking shows when the
switch lever is in the up position.

In a correctly wired single-pole switch, a hot
circuit wire is attached to each screw terminal.
However, the color and number of wires inside the
switch box will vary, depending on the location of the
switch along the electrical circuit.

If two cables enter the box, then the switch lies in
the middle of the circuit. In this installation, both of
the hot wires attached to the switch are black.

If only one cable enters the box, then the switch
lies at the end of the circuit. In this installation
(sometimes called a switch loop), one of the hot wires
is black, but the other hot wire usually is white. A white
hot wire sometimes is coded with black tape or paint.

A single-pole switch is essentially an interruption in the black
power supply wire that is opened or closed with the toggle.
Single-pole switches are the simplest of all home wiring switches.

|Typica| Single-pole Switch Installations

Two cables enter the box when a switch is located in

the middle of a circuit. Each cable has a white and a black
insulated wire, plus a bare copper grounding wire. The black
wires are hot and are connected to the screw terminals on the
switch. The white wires are neutral and are joined together with
a wire connector. Grounding wires are pigtailed to the switch.

One cable enters the box when a switch is located at the
end of a circuit. The cable has a white and a black insulated
wire, plus a bare copper grounding wire. In this installation,
both of the insulated wires are hot. The white wire may be
labeled with black tape or paint to identify it as a hot wire. The
grounding wire is connected to the switch grounding screw.
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| Three-way Wall Switches

Three-way switches have three screw terminals and
do not have ON-OFF markings. Three-way
switches are always installed in pairs and are used to
control a set of lights from two locations.

One of the screw terminals on a three-way switch
is darker than the others. This screw is the common
screw terminal. The position of the common screw
terminal on the switch body may vary, depending on
the manufacturer. Before disconnecting a three-way
switch, always label the wire that is connected to the
common screw terminal. [t must be reconnected to
the common screw terminal on the new switch.

The two lighter-colored screw terminals on
a three-way switch are called the traveler screw
terminals. The traveler terminals are interchangeable,
so there is no need to label the wires attached to them.

Because three-way switches are installed in
pairs, it sometimes is difficult to determine which of
the switches is causing a problem. The switch that
receives greater use is more likely to fail, but you may
need to inspect both switches to find the source of
the problem.

| Typical Three-way Switch Installations

Two cables enter the box if the switch lies in the middle

of a circuit. One cable has two wires, plus a bare copper
grounding wire; the other cable has three wires, plus a ground.
The black wire from the two-wire cable is connected to the
dark common screw terminal. The red and black wires from
the three-wire cable are connected to the traveler screw
terminals. The white neutral wires are joined together with a
wire connector, and the grounding wires are pigtailed to the
grounded metal box.
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One cable enters the box if the switch lies at the end of
the circuit. The cable has a black wire, red wire, and white
wire, plus a bare copper grounding wire. The black wire

must be connected to the common screw terminal, which is
darker than the other two screw terminals. The white and red
wires are connected to the two traveler screw terminals. The
white wire is taped to indicate that it is hot. The bare copper
grounding wire is connected to the grounded metal box.



| Four-way Wall Switches

Four-way switches have four screw terminals and do
not have ON-OFF markings. Four-way switches
are always installed between a pair of three-way
switches. This switch combination makes it possible
to control a set of lights from three or more locations.
Four-way switches are common in homes where
large rooms contain multiple living areas, such as a
kitchen opening into a dining room. Switch problems
in a four-way installation can be caused by loose
connections or worn parts in a four-way switch or in
one of the three-way switches (facing page).

In a typical installation, there will be a pair of
three-way cables that enter the box for the four-way
switch. With most switches, the white and red wires
[rom one cable should be attached to the bottom or
top pair ol screw terminals, and the white and red
wires from the other cable should be attached to the
remaining pair of screw terminals. However, not all
switches are configured the same way, and wiring
configurations in the box may vary, so always study the
wiring diagram that comes with the switch.

pré
=
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|Typica| Four-way Switch Installation

Grounding wires

Four wires are connected to a four-way switch. The red

and white wires from one cable are attached to the top pair of
screw terminals, while the red and white wires from the other

cable are attached to the bottom screw terminals.

Switch variation: Some four-way switches have a wiring
guide stamped on the back to help simplify installation. For the
switch shown above, one pair of color-matched circuit wires
will be connected to the screw terminals marked LINE 1, while
the other pair of wires will be attached to the screw terminals
marked LINE 2.

Techn iques
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| Testing Switches

A switch that does not work properly may have worm or
broken internal parts. Test switches with a battery-operated
continuity tester. The continuity tester detects any break in
the metal pathway inside the switch. Replace the switch if
the continuity tester shows the switch to be faulty.

Never use a continuity tester on wires that
might carry live current. Always shut off the

power and disconnect the switch before testing
for continuity.

Some specialty switches, like dimmers, cannot
be tested for continuity. Electronic switches can be
tested for manual operation using a continuity tester,
but the automatic operation of these switches cannot
be tested.

How to Test a Single-pole Wall Switch

Attach clip of tester to one of the screw terminals. Touch
the tester probe to the other screw terminal. Flip switch lever
from ON to OFF. If switch is good, tester glows when lever is
ON, but not when OFF.
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Low-voltage bulb

Continuity tester uses battery-generated current to test the
metal pathways running through switches and other electrical
fixtures. Always “test” the tester before use. Touch the tester
clip to the metal probe. The tester should glow. If not, then the
battery or lightbulb is dead and must be replaced.



How to Test a Three-way Wall Switch

Traveler screw
terminals

Common screw
terminal

Attach tester clip to the dark common screw terminal. Touch Touch probe to the other traveler screw terminal, and
the tester probe to one of the traveler screw terminals, and flip flip the switch lever back and forth. If switch is good, the tester
switch lever back and forth. If switch is good, the tester should will glow only when the switch lever is in the position opposite
glow when the lever is in one position, but not both. from the positive test in step 1.

How to Test a Four-way Wall Switch

Test switch by touching probe and clip of continuity If switch is good, test will show a total of four continuous
tester to each pair of screw terminals (A-B, C-D, A-D, B-C, A-C, pathways between screw terminals—two pathways for
B-D). The test should show continuous pathways between each lever position. If not, then switch is faulty and must
two different pairs of screw terminals. Flip lever to opposite be replaced. (The arrangement of the pathways may differ,
position, and repeat test. Test should show continuous depending on the switch manufacturer. The photo above
pathways between two different pairs of screw terminals. shows the three possible pathway arrangements.)

Tech niques
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120-volt duplex receptacle can be wired to the

electrical system in a number of ways. The most
common are shown on these pages.

Wiring configurations may vary slightly from
these photographs, depending on the kind of
receptacles used, the type of cable, or the technique
of the electrician who installed the wiring. To make
dependable repairs or replacements, use masking tape
and label each wire according to its location on the
terminals of the existing receptacle.

Receptacles are wired as either end-of-run or
middle-of-run. These two basic configurations are
easily identilied by counting the number of cables
entering the receptacle box. End-of-run wiring has
only one cable, indicating that the circuit ends.
Middle-of-run wiring has two cables, indicating that
the circuit continues on to other receptacles, switches,
or fixtures.

A split-circuit receptacle is shown on the next
page. Each half of a split-circuit receptacle is wired
to a separate circuit. This allows two appliances of
high wattage to be plugged into the same receptacle
without blowing a fuse or tripping a breaker. This
wiring configuration is similar to a receptacle that
is controlled by a wall switch. Code requires a
switch-controlled receptacle in any room that does not
have a built-in light fixture operated by a wall switch.

Split-circuit and switch-controlled receptacles
are connected to two hot wires, so use caution during
repairs or replacements. Make sure the connecting tab
between the hot screw terminals is removed.

Two-slot receptacles are common in older homes.
There is no grounding wire attached to the receptacle,
but the box may be grounded with armored cable
or conduit.
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1 Working with Receptacles

Single cable entering the box indicates end-of-run wiring.
The black hot wire is attached tc a brass screw terminal, and
the white neutral wire is connected to a silver screw terminal.
If the box is metal, the grounding wire is pigtailed to the
grounding screws of the receptacle and the box. In a plastic
box, the grounding wire is attached directly to the grounding
screw terminal of the receptacle.

Two cables entering the box indicate middle-of-run wiring.
Black hot wires are connected to brass screw terminals, and
white neutral wires to silver screw terminals. The grounding
wire is pigtailed to the grounding screws of the receptacle and
the box.



A split-circuit receptacle is attached
to a black hot wire, a red hot wire,

a white neutral wire, and a bare
grounding wire. The wiring is similar to a
switch-controlled receptacle.

The hot wires are attached to the brass
screw terminals, and the connecting
tab or fin between the brass terminals
is removed. The white wire is attached
to a silver screw terminal, and the
connecting tab on the neutral side remains
intact. The grounding wire is pigtailed

to the grounding screw terminal of the
receptacle and to the grounding screw
attached to the box.

A two-slot receptacle is often found

in older homes. The black hot wires

are connected to the brass screw
terminals, and the white neutral wires

are pigtailed to a silver screw terminal.
Two-slot receptacles may be replaced
with three-slot types, but only if a means
of grounding exists at the receptacle box.
In some municipalities, you may replace a
two-slot receptacle with a GFCI receptacle
as long as the receptacle has a sticker that
reads “No equipment ground.”
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' How to Install a New Receptacle

Position the new pop-in box on the wall and trace around Remove baseboard between new and existing receptacle.
it. Consider the location of hidden utilities within the wall Cut away the drywall about 1" below the baseboard with a
before you cut. jigsaw, wallboard saw, or utility knife.

Drill a %" hole in the center of each stud along the opening Run the branch cable through the holes from the new
between the two receptacles. A drill bit extender or a flexible location to the existing receptacle. Staple the cable to the stud
drill bit will allow you a better angle and make drilling the below the box. Install a metal nail plate on the front edge of
holes easier. each stud that the cable routes through.
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Turn off the power at the main panel and test for power. Thread the new and old cables into a pop-in box large
Remove the old receptacle and its box, and pull the new enough to contain the added wires and clamp the cables. Fit
branch cable up through the hole. Remove sheathing and the box into the old hole and attach it.

insulation from both ends of the new cable.

Reconnect the old receptacle by connecting its neutral, Pull the cable through another pop-in box for the new

hot, and grounding screws to the new branch cable and the receptacle. Secure the cable and install the box. Connect the

old cable from the panel with pigtails. new receptacle to the new branch cable. Insert the receptacle
into the box and attach the receptacle and cover plate with
screws. Patch the opening with 1%2"-thick wood strips or drywall.
Reattach the baseboard to the studs.
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| GFCI Receptacles

The ground-fault circuit-interrupter (GFCI)

hock caused by Tools & Materials »
]

ug. It senses

receptacle protects against electrical s
a laulty appliance, or a worn cord or p :
small changes in current flow and can shut off power Gircuit tester Wire connectors
in as little as Yo of a second. Screwdriver Masking tape

GFCls are now required in bathrooms, kitchens,
garages, crawl spaces, unfinished basements, and
outdoor receptacle locations. Consult your local codes
for any requirements regarding the installation of
GFClI receptacles. Most GFCls use standard screw —
terminal connections, but some have wire leads - o Neutral
and are attached with wire connectors. Because the
body of a GFCI receptacle is larger than a standard
receptacle, small crowded electrical boxes may need to
be replaced with more spacious boxes.

The GFCI receptacle may be wired to protect only Hot wires
itsell (single location), or it can be wired to protect all
receptacles, switches, and light fixtures from the GFCI Receptacle
“forward” to the end of the circuit (multiple locations). grounding

. okl b screw

Because the GFCI is so sensitive, it is most
effective when wired to protect a single location.
screws

The more receptacles any one GFCI protects, the

more susceptible it is to “phantom tripping,” shutting A GECI wired for single-location protection (shown

off power because of tiny, normal {luctuations in from the back) has hot and neutral wires connected only

current flow. to the screw terminals marked LINE. A GFCI connected
for single-location protection may be wired as either an
end-of-run or middle-of-run configuration (page 110).

Neutral
wires

Hot wires

Grounding
wires

Receptacle
grounding
screw

A GFCI wired for multiple-location protection (shown
from the back) has one set of hot and neutral wires
connected to the LINE pair of screw terminals, and the other
set connected to the LOAD pair of screw terminals. A GFCI
receptacle connected for multiple-location protection may be
wired only as a middle-of-run configuration.
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How to Install a Single-location GFCI

Pigtail all the white neutral wires
together, and connect the pigtail to the
terminal marked WHITE LINE on the
GFCI (see photo on opposite page).

Disconnect all black hot wires from
the brass screw terminals of the old
receptacle. Pigtail these wires together,
and connect them to the terminal
marked HOT LINE on the GFCI.

If a grounding wire is available,
connect it to the green grounding
screw terminal of the GFCI. Mount

the GFCI in the receptacle box, and
reattach the cover plate. Restore power,
and test the GFCl according to the
manufacturer's instructions.

How to Install Multiple-location GFCIs

Connect the white feed wire to the
terminal marked WHITE LINE on the
GFCI. Connect the black feed wire to the
terminal marked HOT LINE on the GFCI.

Connect the other black hot wire
to the terminal marked HOT LOAD on
the GFCI.

Connect the other white neutral wire
to the terminal marked WHITE LOAD on
the GFCI.
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[ Planning New Wiring

128

areful planning of a wiring project ensures you

will have plenty of power [or present and future
needs. Whether you are adding circuits in a room
addition, wiring a remodeled kitchen, or adding an
outdoor circuit, consider all possible ways the space
might be used, and plan lor enough electrical service
to meet peak needs.

For example, when wiring a room addition,
remember that the way a room is used can change.

In a room used as a spare bedroom, a single 15-amp
circuit provides plenty of power, but if you ever choose
to convert the same room to a family recreation space,
you will need additional circuits.

When wiring a remodeled kitchen, it is a good
idea to install circuits for an electric oven and
countertop range, even if you do not have these
electric appliances. Installing these circuits now

makes it easy to convert from gas to electric appliances
at a later date.
A large wiring project adds a considerable load
to your main electrical service. In about 25 percent
of all homes, some type of service upgrade is needed
hefore new wiring can be installed. For example, many
homeowners will need to replace an older 60-amp
electrical service with a new service rated for 100 amps
or more, This is a job for a licensed electrician but is well
worth the investment. In other cases, the existing main
service provides adequate power, but the main circuit
breaker panel is too full to hold any new circuit breakers.
In this case it is necessary to install a eircuit breaker
subpanel to provide room for hooking up added circuits.
This chapter gives an easy five-step method
for determining your electrical needs and planning
new circuits.

| Five Steps for Planning a Wiring Project

Examine your main service panel (page 130). The amp
rating of the electrical service and the size of the circuit breaker
panel will help you determine if a service upgrade is needed.
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Learn about codes (pages 131 to 135). The National Electrical
Code (NEC), and local electrical codes and building codes,
provide guidelines for determining how much power and how
many circuits your home needs. Your local electrical inspector
can tell you which regulations apply to your job.
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Prepare for inspection. Remember that your work must
be reviewed by your local electrical inspector. When planning
your wiring project, always follow the inspector’s guidelines for
quality warkmanship.

Evaluate electrical loads. New circuits put an added load on
your electrical service. Make sure that total load of the existing
wiring and the planned new circuits does not exceed the main
service capacity.

Draw a wiring diagram and get a permit (pages 136 to 137). This wiring plan will help you crganize your work.
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| Examine Your Main Service Panel

The first step in planning a new wiring project is to the main service helps you determine if you need a
look in your main circuit breaker panel and find the service upgrade.

size of the service by reading the amperage rating on Also look for open circuit breaker slots in the

the main circuit breaker. As you plan new circuits panel. The number of open slots will determine if you
and evaluate electrical loads, knowing the size of need to add a circuit breaker subpanel.

Find the service size by opening the main service panel and Older service panels use fuses instead of circuit breakers.

reading the amp rating printed on the main circuit breaker. Have an electrician replace this type of panel with a circuit
In most cases, 100-amp service provides enough power to breaker panel that provides encugh power and enough open
handle the added loads of projects like the ones shown in breaker slots for the new circuits you are planning.

this book. A service rated for 60 amps or less may need to

be upgraded.

Look for open circuit breaker slots in the main circuit breaker panel or in a circuit breaker subpanel, if your home already has
one. You will need one open slot for each 120-volt circuit you plan to install and two slots for each 240-volt circuit. If your main
circuit breaker panel has no open breaker slots, install a subpanel to provide room for connecting new circuits.
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| Learn About Codes

To ensure public safety, your community requires that
you get a permit to install new wiring and have the
completed work reviewed by an appointed inspector.
Electrical inspectors use the National Electrical Code
(NEC) as the primary authority for evaluating wiring,
but they also follow the local Building Code and
Electrical Code standards.

As you begin planning new circuits, call or
visit your local electrical inspector and discuss
the project with him. The inspector can tell you
which of the national and local code requirements
apply to your job, and may give you a packet
of information summarizing these regulations.
Later, when you apply to the inspector for a work
permit, he will expect you to understand the local

guidelines as well as a few basic National Electrical
Code requirements.

The National Electrical Code is a set of standards
that provides minimum safety requirements for wiring
installations. It is revised every three years. The national
code requirements for the projects shown in this book
are thoroughly explained on the following pages. For
more information, you can find copies of the current
NEC, as well as a number of excellent handbooks
based on the NEC, at libraries and hookstores.

In addition to being the final authority of code
requirements, inspectors are electrical professionals
with years of experience. Although they have busy
schedules, most inspectors are happy to answer
questions and help you design well-planned circuits.

| Basic Electrical Code Requirements

Electrical Code requirements for living areas: Living areas need at least one 15-amp or 20-amp basic lighting/receptacle
circuit for each 600 sg. ft. of living space and should have a dedicated circuit for each type of permanent appliance, like an air
conditioner, computer, or a group of baseboard heaters and within 6 ft. of any door opening. Receptacles on basic lighting/
receptacle circuits should be spaced no more than 12 ft. apart. Many electricians and electrical inspectors recommend even closer
spacing. Any wall more than 24" wide also needs a receptacle. Every room should have a wall switch at the point of entry to control
either a ceiling light or plug-in lamp. Kitchens and bathrooms must have a ceiling-mounted light fixture.
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| selected NEC Standards & Tips

Measure the living areas of your home, excluding

closets and unfinished spaces. A sonic measuring tool gives
room dimensions quickly and contains a built-in calculator

for figuring floor area. You will need a minimum of one basic
lighting/receptacle circuit for every 600 sq. ft. of living space.
The total square footage also helps you determine heating and
cooling needs for new room additions.

Kitchen and bathroom receptacles must be protected
by a ground-fault circuit-interrupter (GFCI). Also, all outdoor
receptacles and general-use receptacles in an unfinished
basement or crawl space and garages must be protected by
a GFCl.
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Three-way switches

Stairways with six steps or more must have lighting that
illuminates each step. The light fixture must be controlled by
three-way switches at the top and bottom landings.

Furring~
strip

Cutaway

Cables must be protected against damage by nails
and screws by at least 1%" of wood (top). When cables pass
through 2 x 2 furring strips (bottom), protect the cables with
metal nail guards.



20-amp recgptacle \

15-amp receptacle®y,

Closets and other storage spaces Hallways more than 10 ft. long need at Amp ratings of receptacles must
need at least one light fixture that is least one receptacle. All hallways should match the size of the circuit. A common
controlled by a wall switch near the have a switch-controlled light fixture. mistake is to use 20-amp receptacles

entrance. Prevent fire hazards by
positioning the light fixtures so the outer
globes are at least 12" away from all
shelf areas.

Metal brace

Ty ""'";('1-"" |
0000

l‘l‘l’l‘&ll'll

Cutaway
view

A metal brace attached to framing members is required for
celling fans and large light fixtures that are too heavy to be
supported by an electrical box.

(top) on 15-amp circuits—a potential
cause of dangerous circuit overloads
because it allows you to plug in
appliances that draw over 15 amps.

Label new circuits on an index attached to the circuit
breaker panel. List the rooms and appliances controlled by
each circuit. Make sure the area around the panel is clean, well
lit, and accessible.
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Highlights of the National Electrical Code »

BY MATERIAL
Service Panel (page 130)

Maintain a minimum 30 x 36" of clearance in front of
the service panel.

Ground all 120-volt and 240-volt circuits.

Match the amperage rating of the circuit when
replacing fuses.

Locate service panels and subpanels a maximum of
79" above floor level.

Use handle-tie breakers for 240-volt loads (line to line).
Close all unused service panel openings.

Label each fuse and breaker clearly on the panel.

Electrical Boxes (page 108)

Use boxes that are large enough to accommodate
the number of wires entering the box.

Locate all receptacle boxes 12" above the finished
floor (standard).

Locate all switch boxes 48" above the finished floor
(standard). For special circumstances, inspectors will
allow switch and location measurements to be altered,
such as a switch at 36" above the floor in a child's
bedroom or receptacles at 24" above the floor to make
them more accessible for someone in a wheelchair.
Install all boxes so they remain accessible.

Leave no gaps greater than " between wallboard
and front of electrical boxes.

Place receptacle boxes flush with combustible surfaces.
Leave a minimum of 8" of usable cable or wire
extending past the front of the electrical box.

Wires & Cables (page 90)
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Use wires that are large enough for the amperage
rating of the circuit (see Wire Size Chart, page 90).
Drill holes at least 2" back from the exposed edge of
joists to run cables through. Do not attach cables to
the bottom edge of joists.

Do not run cables diagonally between framing members.
Run cable between receptacles 20" above the floor.
Use nail plates to protect cable that is run through
holes drilled or cut into studs less than 1%4" from front
edge of stud.

Do not crimp cables sharply.

Contain spliced wires or connections entirely in a
plastic or metal electrical box.

Use wire connectors to join wires.

Use staples to fasten cables within 8" of an electrical
box and every 48" along its run.

Leave a minimum %" (maximum 1") of sheathing
where cables enter an electrical box.

Clamp cables and wires to electrical boxes with
approved NM clamp. No clamp is necessary for
one-gang plastic boxes if cables are stapled within 8",
Label all cables and wires at each electrical box to show
which circuits they serve for the rough-in inspection.
Connect only a single wire to a single screw

terminal. Use pigtails to join more than one wire to a
screw terminal.

Switches (page 116)

Use a switch-controlled receptacle in rooms without
a built-in light fixture operated by a wall switch.

Use three-way switches at the top and bottom on
stairways with six steps or more.

Use switches with grounding screw with plastic
electrical boxes.

Locate all wall switches within easy reach of the
room entrance.

Receptacles (page 122)

Match the amp rating of a receptacle with the size of
the circuit.

Include receptacles on all walls 24" wide or greater.
Include receptacles so a é-ft. cord can be plugged in from
any point along a wall or every 12-ft. along a wall.
Include receptacles in any hallway that is 10-ft. long
or more.

Use three-prong, grounded receptacles for all 15- or
20-amp, 120-volt branch circuits.

Include a switch-controlled receptacle in rooms
without a built-in light fixture operated by a wall switch.
Install GFCl-protected receptacles in bathrooms,
kitchens, garages, crawl spaces, unfinished
basements, and outdoor receptacle locations.

Install an isolated-ground circuit to protect sensitive
equipment, like a computer, against tiny power
fluctuations. Computers should also be protected by
a standard surge protector.

Light Fixtures

Use mounting straps that are anchored to the
electrical boxes to mount ceiling fixtures.

Keep non-IC-rated recessed light fixtures 3" from
insulation and 4" from combustibles.

Include at least one switch-operated lighting fixture in
every room.



Grounding

Ground all receptacles by connecting receptacle
grounding screws to the circuit grounding wires.
Use switches with grounding screws whenever
possible. Always ground switches installed in
plastic electrical boxes and all switches in kitchens,
bathrooms, and basements.

BY ROOM
Kitchens/Dining Rooms

Install a dedicated 40- or 50-amp, 120/240-volt circuit
for a range (or two circuits for separate oven and
countertop units).

Install two 20-amp small appliance circuits.

Install dedicated 15-amp, 120-volt circuits for dish-
washers and food disposals (required by many

local codes).

Use GFCI receptacles for all accessible countertop
receptacles; receptacles behind fixed appliances do
not need to be GFCls.

Position receptacles for appliances that will be
installed within cabinets, such as microwaves or food
disposals, according to the manufacturer’s instructions.
Include receptacles on all counters wider than 12".
Space receptacles a maximum of 48" apart above
countertops and closer together in areas where many
appliances will be used.

Locate receptacles 18" above countertop. If backsplash
is more than the standard 4" or the bottom of cabinet is
less than 18" from countertop, center the box in space
between countertop and bottom of wall cabinet.

Mount one receptacle within 12" of the countertop on
islands and peninsulas that are 12 x 24" or greater.
Do not put lights on small appliance circuits.

Install additional lighting in work areas at a sink or
range for convenience and safety.

Bathrooms

Install a separate 20-amp circuit.

Ground switches in bathrooms.

Use GFCI-protected receptacles.

Install at least one ceiling-mounted light fixture.
Place blower heaters in bathrooms well away from
the sink and tub.

Utility/Laundry Rooms

Install a separate 20-amp circuit for a washing machine.
Install @ minimum feed 30-amp #10 THHN wire for

the dryer powered by a separate 120/240-volt major
appliance circuit.

Install metal conduit for cable runs in unfinished rooms.
Use GFCl-protected receptacles, except for fixed
appliances, such as freezers or dryers.

Living, Entertainment, Bedrooms

Install @ minimum of two 15-amp circuits in living rooms.
Install a minimum of one 15- or 20-amp basic lighting/
receptacle circuit for each 600 sq. ft. of living space.
Install a dedicated circuit for each permanent
appliance, like an air conditioner, computer, or group
of electric baseboard heaters.

Do not use standard electrical boxes to support
ceiling fans.

Include receptacles on walls 24" wide or more.
Space receptacles on basic lighting/receptacle
circuits a maximum of 12 ft. apart. For convenience
you can space them as close as é ft.

Position permanent light fixtures in the center of the
room'’s ceiling.

Install permanently wired smoke alarms in room
additions that include sleeping areas.

Outdoors

Check for underground utilities before digging.

Use UF cable for outdoor wiring needs.

Run cable in schedule 80 PVC plastic, as required by
local code.

Bury cables housed in conduit at least 18" deep;
cable not in conduit must be buried at least 24" deep.
Use weatherproof electrical boxes with watertight covers.
Use GFCl-protected receptacles.

Install receptacles a minimum of 12" above ground level.
Anchor freestanding receptacles not attached to a
structure by embedding the schedule 80 PVC plastic
conduit in a concrete footing, so that it is at least 12"
but no more than 18" above ground level.

Plan on installing a 20-amp, 120-volt circuit if the
circuit contains more than one light fixture rated for
300 watts, or more than four receptacles.

Stairs/Hallways

Use three-way switches at the top and bottom on
stairways with six steps or more.

Include receptacles in any hallway that is 10 ft. long
or more.

Position stairway lights so each step is illuminated.
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| Draw a Diagram & Obtain a Permit

Drawing a wiring diagram is the last step in planning

a circuit installation. A detailed wiring diagram helps
you get a work permit, makes it easy to create a list of
materials, and serves as a guide for laying out circuits
and installing cables and fixtures. Use the circuit maps
on pages 138 to 145 as a guide [or planning wiring
configurations and cable runs. Bring the diagram and
materials list when you visit electrical inspectors to
apply for a work permit.

Never install new wiring without following your
community’s permit and inspection procedure. A work
permit is not expensive, and it ensures that your work
will be reviewed by a qualified inspector to guarantee
its safety. If you install new wiring without the proper
permit, an accident or fire traced to faulty wiring could
cause your insurance company to discontinue your
policy and can hurt the resale value of your home.

When electrical inspectors look over your wiring
diagram, they will ask questions to see if you have

a basic understanding of the clectrical code and
fundamental wiring skills. Some inspectors ask these
questions informally, while others give a short written
test. Inspectors may allow you to do some, but not all,
of the work. For example, they may ask that all final
circuit connections at the circuit breaker panel be
made by a licensed electrician, while allowing vou to
do all other work.

A few communities allow you to install wiring
only when supervised by an electrician. This means
you can still install your own wiring but must hire
an electrician to apply for the work permit and to
check your work before inspectors review it. The
electrician is held responsible for the quality of
the job.

Remember that it is the inspectors’ responsibility
to help vou do a safe and professional job. Feel free
to call them with questions about wiring techniques
or materials.

A detailed wiring diagram and a list of materials is required before electrical inspectors will issue a work permit. If blueprints
exist for the space you are remodeling, start your electrical diagram by tracing the wall outlines from the blueprint. Use standard
electrical symbols (next page) to clearly show all the receptacles, switches, light fixtures, and permanent appliances. Make a copy
of the symbol key, and attach it to the wiring diagram for the inspectors’ convenience. Show each cable run, and label its wire size
and circuit amperage.
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How to Draw a Wiring Plan

T

-.12‘___/\;‘2
S
Draw a scaled diagram of the space you will be wiring, Mark the location of all switches, receptacles, light
showing walls, doors, windows, plumbing pipes and fixtures, and fixtures, and permanent appliances using the electrical symbols
heating and cooling ducts. Find the floor space by multiplying shown below. Where you locate these devices along the cable
room length by width, and indicate this on the diagram. Do not run determines how they are wired. Use the circuit maps on
include closets or storage areas when figuring space. pages 138 to 145 as a guide for drawing wiring diagrams.

Draw in cable runs between devices. Indicate cable Identify the wattages for light fixtures and permanent
size and type, and the amperage of the circuits. Use a appliances, and the type and size of each electrical box. On another
different-colored pencil for each circuit. sheet of paper, make a detailed list of all materials you will use.

N Electrical Symbol Key »
| (copy this key and attach it to your wiring plan)

E@ 240-volt :@ Switched @ Junction box OCF Ceiling fan
receptacle receptacle |E| Elostric daar
:®* Isolated ground _@ Weatherproof @ Ceiling opener
receptacle WP receptacle pull switch Low-voltage
=@ Duplex S O Surface-mounted transformer
receptacle TH  Thermostat light fixture Teteizian
; ; TV| .
_@ 240-volt SP Pilot-light ® Recessed jack
D dryer receptacle switch light fixture Telephone
Singleplex Single-pole Fluorescent H outlet
_e receptacle S switch m light fixture Grmika
% Fourplex S Timer _O Wall-mounted @ detector
receptacle T switch light fixture Vantan
VF
=@ GFCI duplex & Three-way O Weatherproof
GFCI| receptacle 3 switch WP light fixture
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Using Circuit Maps

he arrangement of switches and appliances along

an clectrical circuit differs for every project. This
means that the configuration of wires inside an
electrical box can vary greatly, even when fixtures
are identical.

The circuit maps on the following pages show the
most common wiring variations [or typical electrical
devices. Most new wiring vou install will match one or
more of the maps shown. Find the maps that match

your situation and use them to plan your circuit layouts.

The 120-volt circuits shown on the following
pages are wired for 15 amps using 14-gauge wire and
receptacles rated at 15 amps. If you are installing a

THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT

20-amp circuit, substitute 12-gauge cables and use
receptacles rated for 20 amps.

In configurations where a white wire serves as a
hot wire instead of a neutral, both ends of the wire are
coded with black tape to identify it as hot. In addition,
each of the circuit maps shows a box grounding
screw. 'This grounding screw is required in all metal
boxes, but plastic electrical boxes do not need to
be grounded.

Note: For clarity, all grounding conductors in
the circuil maps are colored green. In practice, the
grounding wires inside sheathed cables usually are

bare copper.

1. 120-VOLT DUPLEX RECEPTACLES

WIRED IN SEQUENCE

Use this layout to link any number of duplex receptacles
in a basic lighting/receptacle circuit. The last receptacle
in the cable run is connected like the receptacle shown

at the right side of the circuit map below. All other

receptacles are wired like the receptacle shown on the
left side. Requires two-wire cables.




2. GFCI RECEPTACLES

(Single-location Protection)

Use this layout when receptacles are within 6 [t. of a water
source, like those in kitchens and bathrooms. To prevent
nuisance tripping caused by normal power surges, GFCls
should be connected only at the line serew terminal so
they protect a single location, not the [ixtures on the load
side of the circuit. Requires two-wire cables. Where a
GFCI must protect other fixtures, use circuit map 3.

LOAD silver

3. GFCI RECEPTACLE, SWITCH

& LIGHT FIXTURE (Wired for
Multiple-location Protection)

In some locations, such as an outdoor circuit, it is
a good idea to connect a GFCI receptacle so it also
provides shock protection to the wires and lixtures
that continue to the end of the circuit. Wires from
the power source are connected to the line screw
terminals; outgoing wires are connected to load
screws. Requires two-wire cables,

LOAD brass
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4. SINGLE-POLE SWITCH & LIGHT FIXTURE e PN
(Light Fixture at End of Cable Run) 3

Use this layout for light lixtures in basic lighting/

receptacle circuits throughout the home. It is often o

used as an extension o a series of receptacles (circuit —

map 1). Requires two-wire cables. o shl i,

5. SINGLE-POLE SWITCH & LIGHT FIXTURE : A
(Switch at End of Cable Run) [ '

Use this layout, sometimes called a switch loop,

where it is more practical to locate a switch at the =

end of the cable run. In the last length of cable, both — s
insulated wires are hot; the white wire is tagged with o =

black tape at both ends to indicate it is hot. Requires

two-wire cables.
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6. SINGLE-POLE SWITCH & TWO LIGHT
FIXTURES (Switch Between Light Fixtures,
Light at Start of Cable Run)

Use this layout when you need to control two fixtures
from one single-pole switch and the switch is between
the twao lights in the cable run. Power feeds to one of
the lights. Requires two-wire and three-wire cables.

7. SINGLE-POLE SWITCH & LIGHT FIXTURE,
DUPLEX RECEPTACLE (Switch at Start of
Cable Run)

Use this layout to continue a circuit past a switched
light fixture to one or more duplex receptacles. To add
multiple receptacles to the circuit, see circuit map 1.
Requires two-wire and three-wire cables.

s [

,Gch

i1

90
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8. DOUBLE RECEPTACLE SMALL-
APPLIANCE CIRCUIT WITH GFCls &
SHARED NEUTRAL WIRE

Use this layout to wire a double receptacle circuit

when code requires that some of the receptacles be W Y
GFECls. The GFCls should be wired for single-location = ——lb
protection (see circuit map 2). Requires three-wire i I T [

and two-wire cables.

9. DOUBLE RECEPTACLE SMALL
APPLIANCE CIRCUIT WITH GFCIs &

SEPARATE NEUTRAL WIRES

If the room layout or local codes do not allow for a i

1. _‘- s it T B g i 2 il il
S]jt_lr(jd neutral wire, use ‘lh]s layout instead. The 1H T8 :”]‘h
GFCls should be wired for single-location protection — : o
(see circuit map 2). Requires two-wire cable. i I N
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10. 120/240-VOLT RANGE RECEPTACLE

This layout is for a 50- or 60-amp, 120/240-volt
dedicated appliance circuit wired with 6/3 cable, as
required by code for a large kitchen range. The black
and red circuit wires, connected to a double-pole

circuit breaker in the circuit breaker panel, each bring
120 volts ol power to the setscrew terminals on the
receptacle. The white circuit wire attached to the
neutral bus bar in the circuit breaker panel is connected
to the neutral setscrew terminal on the receptacle.

Neutral/ground

11. 240-VOLT BASEBOARD

HEATERS, THERMOSTAT

This layout is typical for a series of 240-volt baseboard
heaters controlled by a wall thermostat. Except for
the last heater in the circuit, all heaters are wired as
shown below. The last heater is connected to only
one cable. The size of the circuit and cables are
determined by finding the total wattage of all heaters.

Requires two-wire cable.

1. Y

TN T = —

=

2-WIRE
CABLE

From source

) Baseboard heater

To next heater
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12. THREE-WAY SWITCHES & LIGHT _ I e

FIXTURE (Fixture Between Switches) ' | e
(2 &l I . e
T'his layout for three-way switches lets you control
a light lixture from two locations. Each switch has

one common screw terminal and two traveler screws. s f S
Circuit wires attached to the traveler screws run o) o
between the two switches, and hot wires attached

to the common screws bring current [rom the power

source and carry it to the light fixture. Requires

two-wire and three-wire cables.

13. THREE-WAY SWITCHES & LIGHT FIXTURE .
Fixture at Start of Cable Run [ |——

Use this layout when it is more convenient to locate
the fixture ahead of the three-way switches in the
cable run. Requires two-wire and three-wire cables. 5.8 s 8
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14. FOUR-WAY SWITCH & LIGHT FIXTURE
(Fixture at Start of Cable Run)

This layout lets you control a light lixture [rom three
locations. The end switches are three-way and the
middle is four-way. A pair of three-wire cables enter
the box of the four-way switch. The white and red
wires [rom one cable attach to the top pair of screw
terminals (line 1) and the white and red wires [rom

the other cable attaches to the bottom screw terminals

(line 2). Requires two three-way switches and one
four-way switch and two-wire and three-wire cables.

15. FOUR-WAY SWITCH & LIGHT FIXTURE
(Fixture at End of Cable Run)

Use this layout when it is more practical to locate
the fixture at the end of the cable run. Requires two
three-way switches and one four-way switch and
two-wire and three-wire cables.

“ =

]

e
=]
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Flooring

Like any successful remodeling project, replacing
vour floor covering requires detailed planning and
attention to design. Flooring is not separate from

the rest of the room; it should fit into the overall
design to create a desired effect. A floor can create
excitement and become a focal point or it can serve as
a background for the rest of the room.

Through careful planning, you can choose flooring
that can be used successlully in multiple rooms, or
select a pattern or design that is repeated throughout
the room or in adjacent rooms.

Keep in mind that your flooring design will last
a long time, especially if you install ceramic tile or
wood. In most cases, the only way to change the
design of your floor is to install a new floor covering.

In this chapter:

= Installing Underlayment

= Installing Radiant Floor Mats
= Installing Hardwood Strip Flooring
= Installing Laminate Floors

= Installing Parquet Flooring

= Installing Sheet Vinyl

» FEvaluating an Existing Floor
= Installing Resilient Tile

= Installing Bamboo Flooring

s Installing Ceramic Tile

» Installing Mosaic Tile

» Installing Carpet Squares

= Refinishing Wood Floors
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| Installing Underlayment

U nderlayment is a layer of sheeting screwed or
nailed to the subfloor to provide a smooth,
stable surface for the floor covering. The type of
underlayment you choose depends in part on the
type of floor covering you plan to install. Ceramic
and natural stone tile floors usually require an
underlayment that stands up to moisture, such as
cementboard. For vinyl flooring, use a quality-grade
plvwood; most warranties are void if the flooring

is installed over substandard underlayments. If

you want to use your old flooring as underlayment,
apply an embossing leveler to prepare it for the new
installation. Most wood flooring and carpeting do not
require underlayment and are often placed directly on
a plywood subfloor.

When you install new underlayment, attach it
securely to the subfloor in all areas, including under
movable appliances. Notch the underlayment to fit
the room’s contours. Insert the underlayment beneath
door casings and moldings. Once the underlayment
is installed, use a latex patching compound to fill
gaps, holes, and low spots. This compound is also
used to cover screw heads, nail heads, and seams in
underlayment. Some compounds include dry and wet
ingredients that need to be mixed, while others are
premixed. The compound is applied with a trowel or

wallboard knife.

m Tools & Materials »

Drill Floor-patching
Circular saw compound
Wallboard knife Latex additive
Power sander Thin-set mortar
4" notched trowel 14" galvanized
Straightedge deck screws
Utility knife Fiberglass-mesh
Jigsaw with carbide- wallboard tape
tipped blade

14" notched trowel
Flooring roller
Underlayment
1" deck screws
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How to Install Plywood Underlayment

Plywood is the most common underlayment lor vinyl
[looring and some ceramic tile installations. For vinyl,
use 4" exterior-grade, AC plywood. This type has one
smooth side for a quality surface. Wood-based tloor

coverings, like parquet, can be installed over lower-
quality exterior-grade plywood. For ceramic tile, use
15" AC plywood. When installing plywood, leave !4"
expansion gaps at the walls and between sheets.

Install a full sheet of plywood

along the longest wall, making sure the
underlayment seams are not aligned with
the subfloor seams. Fasten the plywood
to the subfloor using 1" deck screws
driven every 6" along the edges and at 8"
intervals in the field of the sheet.

subsequent rows.

E.
Mix floor-patching compound and latex or acrylic additive

following the manufacturer’s directions. Spread it over seams
and screw heads, using a wallboard knife.

Continue fastening sheets of plywood
to the subfloor, driving the screw heads
slightly below the underlayment surface.
Leave 14" expansion gaps at the walls
and between sheets. Offset seams in

Using a circular saw or jigsaw, notch
the plywood to meet the existing
flooring in doorways. Fasten the
notched sheets to the subfloor.

Let the patching compound dry, then sand the patched
areas, using a power sander.

Flooring
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- How to Install Cementboard

Ceramic and natural stone tile floors usually require
an underlayment that stands up to moisture, such
as cementboard. Fiber/cementboard is a thin,
high-density underlayment used under ceramic

tile and vinyl flooring in situations where loor
height is a concern. Cementboard is used only for

Mix thin-set mortar according to the manufacturer’s
directions. Starting at the longest wall, spread the mortar

on the subfloor in a figure eight pattern using a 14" notched
trowel. Spread only enough mortar for one sheet at a time. Set
the cementboard on the mortar with the rough side up, making
sure the edges are offset from the subfloor seams.

ceramic tile or stone tile installations. It remains
stable even when wet, so it is the best underlayment
to use in arcas that are likely to get wet, such

as bathrooms. Cementboard is more expensive

than plywood, but a good investment for a large
tile installation.

Fasten the cementboard to the subfloor using 14"
cementboard screws driven every 6" along the edges and 8"
throughout the sheet. Drive the screw heads flush with the
surface. Continue spreading mortar and installing sheets along
the wall. Option: If installing fiber/cementboard underlayment,
use a %" notched trowel to spread the mortar, and drill pilot
holes for all screws.

Cut cementboard pieces as
necessary, leaving an 4" gap at all joints
and a %" gap along the room perimeter.
For straight cuts, use a utility knife to
score a line through the fiber-mesh layer
just beneath the surface, then snap the
board along the scored line.

To cut holes, notches, or irregular
shapes, use a jigsaw with a
carbide-tipped blade. Continue installing
cementboard sheets to cover the

entire floor.
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Place fiberglass-mesh wallboard
tape over the seams. Use a wallboard
knife to apply thin-set mortar to the
seams, filling the gaps between sheets
and spreading a thin layer of mortar over
the tape. Allow the mortar to set for two
days before starting the tile installation.



" How to Install Isolation Membrane

Isolation membrane is used to protect ceramic used over an entire floor. Isolation membrane is also
tile installations from movement that may occur available in a liquid form that can be poured over the
on cracked conerete floors. This product is used project area.

primarily for covering individual cracks, but it can be

Thoroughly clean the subfloor, then apply thin-set mortar Roll out the membrane over the mortar. Cut the membrane
with a 4" notched trowel. Start spreading the mortar along a to fit tightly against the walls, using a straightedge and utility
wall in a section as wide as the membrane and 8 to 10 ft. long. knife.

Note: For some membranes, you must use a bonding material
other than mortar. Read and follow manufacturer’s directions.

Starting in the center of the membrane, use a heavy floor Repeat steps 1 through 3, cutting the membrane as
roller to smooth out the surface toward the edges. This frees necessary at the walls and obstacles, until the floor is
trapped air and presses out excess bonding material. completely covered with membrane. Do not overlap the

seams, but make sure they're tight. Allow the mortar to set for
two days before installing the tile.
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| Installing Raised Underlayment Panels

Concrete floors are practical and durable—and plywood panels have dimpled plastic on the bottom.
generally cold and uncomfortable. For a fast and casy This allows air to circulate underneath so that the
makeover, vou can now find raised underlayment panels  concrete stays dry, and insulates the flooring above. The
that simply rest on the concrete and provide a surface assembled panels can support laminates and resilient
for other flooring materials. The tongue-and-groove sheets or tiles. And you can install them in a weekend.

' How to Install Raised Underlayment Panels

1

Start at one corner, and measure the length and width of Create an expansion gap around the edges. Place "
the room from that starting point. Calculate the number of spacers at all walls, doors, and other large obstacles. To make
panels you will need to cover the space in both directions. If your own spacers, cut sheets of 4" plywood to the thickness
the starting corner is not square, trim the first row of panels to of the panels, and hold them in place temporarily with

create a straight starting line. masking tape.

Dry-lay a row of panels across the room. If the last row Starting in the corner, lay the first panel with the grooved
will be less than 6" wide, balance it by trimming the first side against the %" spacers. Slide the next panel into place and
panel or the starting row, if necessary, to account for the row press-fit the groove of the second panel into the tongue of the
end pieces. first. Check the edges against the wall.
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Repeat these steps to complete the first row. If Cut the last panel to fit snugly between the next-to-last

necessary, tap the panels into place with a scrap piece of panel and the %." spacer on the far wall. Install the last panel at
lumber and a rubber mallet or hammer—ijust be careful not to an angle and tap it down. Continue working from the starting
damage the tongue or groove edges. Starting with the second point, checking after each row to be sure the panels are

row, stagger the seams so that the panels interlock. sguare and level.

When you reach the last row and last panel to complete When all the panels are in place and the finished floor is
your installation, you may have to cut the panel to fit. Measure installed, remove the spacers from around the perimeter of
for fit, allowing for the %" expansion gap from the wall. Cut the the room.

panel and fit it into place.
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| Installing Radiant Floor Mats

connect to an existing GFCI circuit, but a larger
one will need a dedicated circuit; follow the

: loor-warming systems require very little energy

to run and are designed to heat floors only;
they generally are not used as sole heat sources
for rooms.

manufacturer’s requirements.

To order a floor-warming system, contact the
manufacturer or dealer (see Resources, page 554).
In most cases, you can send them plans and they'll

A typical floor-warming system consists of one or
more thin mats containing clectric resistance wires
that heat up when energized like an electric blanket. custom-fit a system for your project area.
The mats are installed beneath the tile and are
hardwired to a 120-volt GFCI circuit. A thermostat
controls the temperature, and a timer turns the system
off automatically.

The system shown in this project includes two

Tools & Materials »

plastic mesh mats, each with its own power lead that
is wired directly to the thermostat. Radiant mats may
be installed over a plywood subfloor, but if you plan
to install floor tile you should put down a base of
cementboard first, and then install the mats on top of
the cementhoard.

A crucial part of installing this system is to use
a multimeter to perform several resistance checks to
make sure the heating wires have not been damaged

Vacuum cleaner
Multimeter

Tape measure
Scissors
Router/rotary tool
Marker

Trowel

or rubber float
Notched trowel

Electric wire fault

indicator (optional)

Radiant floor mats
12/2 NM cable
Conduit

Wire connectors
Thinset mortar

Thermostat with sensor

Junction box(es)

Tile or stone
floorcovering

during shipping or installation.

Staple gun
Hot glue gun

Electrical service required for a floor-warming
system is based on size. A smaller system may

A radiant floor-warming system employs electric heating mats that are covered with floor tile to create a floor that's cozy
under foot.
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H” Installation Tips »

~m— Dedicated circuit cable

k | Thermostat
Timer
.\

Thermostat |
sensor wire

-

"1 Electrical
conduit

Floor tile

Thinset mortar
Heating mat

Concrete or cementboard underlayment

A floor-warming system reqguires a dedicated circuit to
power and control its heating mats, thermostat, and timer.
Some smaller systems may only need to connect to an

existing GFCI circuit. Follow the manufacturer instructions.

e Each radiant mat must have a direct connection to the power lead from the thermostat, with the connection made in
a junction box in the wall cavity. Do not install mats in series.

e Do not install radiant floor mats under shower areas.

e Do not overlap maps or let them touch.

e Do not cut heating wire or damage heating wire insulation.

e The distance between wires in adjoining mats should equal the distance between wire loops measured center
to center.
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| Installing a Radiant Floor-warming System

:.‘é—a
=]
S o>
R85

Floor-warming systems must be installed on a circuit with
adequate amperage and a GFCI breaker. Smaller systems may
tie into an existing circuit, but larger ones need a dedicated
circuit. Follow local building and electrical codes that apply

to your project.

An electric wire fault indicator monitors each floor mat for
continuity during the installation process. If there is a break in
continuity (for example, if a wire is cut) an alarm sounds. If you
choose not to use an installation tool to monitor the mat, test
for continuity frequently using a multimeter.

. How To Install a Radiant Floor-warming System

Install electrical boxes to house the thermostat and timer.
In most cases, the box should be located 60" above floor level.
Use a 4"-deep x 4"-wide double-gang box for the thermostat/
timer control if your kit has an integral model. If your timer

and thermostat are separate, install a separate single box for
the timer.
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Drill access holes in the sole plate for the power leads
that are preattached to the mats (they should be over 10 ft.
long). The leads should be connected to a supply wire from the
thermostat in a junction box located in a wall near the floor
and below the thermostat box. The access hole for each mat
should be located directly beneath the knockout for that cable
in the thermostat box. Drill through the sill plate vertically and
horizontally so the holes meet in an L-shape.



Run conduit from the electrical boxes to the sill plate.
The line for the supply cable should be %" conduit. If you

are installing multiple mats, the supply conduit should feed
into a junction box about 6" above the sill plate and then
continue into the %" hole you drilled for the supply leads. The
sensor wire needs only 4" conduit that runs straight from
the thermostat box via the thermostat. The mats should be
powered by a dedicated 20-amp GFCI circuit of 12/2 NM cable
run from your main service panel to the electrical box (this is
for 120-volt mats—check your instruction manual for specific
circuit recommendations).

Clean the floor surface thoroughly to get rid of any debris
that could potentially damage the wire mats. A vacuum cleaner
generally does a more effective job than a broom.

Test for resistance using a multimeter set to measure
ohms. This is a test you should make frequently during the
installation, along with checking for continuity. If the resistance
is off by more than 10% from the theoretical resistance listing
(see manufacturer’s chart in installation instructions), contact
a technical support operator for the kit manufacturer. For
example, the theoretical resistance for the 1 x 50 ft. mat seen
here is 19, so the ohms reading should be between 17 and 21.

Finalize your mat layout plan. Most radiant floor warming
mat manufacturers will provide a layout plan for you at the
time of purchase, or they will give you access to an online
design tool so you can come up with your own plan. This is
an important step to the success of your project, and the
assistance Is free.

(continued)
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unroll the radiant mat or mats and allow them to settle.
Arrange the mat or mats according to the plan you created.
It's okay to cut the plastic mesh so you can make curves

or switchbacks, but do not cut the heating wire under any
circumstances, not even to shorten it.

e—— D

Run the thermostat sensor wire from the electrical box
down the %" conduit raceway and out the access hole in the
sill plate. Select the best location for the thermostat sensor and
mark the location onto the flooring. Also mark the locations of
the wires that connect to and lead from the sensor.
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Finalize the mat layout and then test the resistance

again using a multimeter. Also check for continuity in several
different spots. If there is a problem with any of the mats, you
should identify it and correct it before proceeding with the
mortar installation.

Variation: If your local codes require it, roll the mats out of
the way and cut a channel for the sensor and the sensor wires
into the floor or floor underlayment. For most floor materials,
a spiral cutting tool does a guick and neat job of this task.
Remove any debris.



Bond the mats to the floor. If the mats in your system have
adhesive strips, peel off the adhesive backing and roll out

the mats in the correct position, pressing them against the
floor to set the adhesive. If your mats have no adhesive, bind
them with strips of double-sided carpet tape. The thermostat
sensor and the power supply leads should be attached with
hot glue (inset photo) and run up into their respective holes in
the sill plate if you have not done this already. Test all mats for
resistance and continuity.

Connect the power supply leads from the mat or mats to
the NM cable coming from the thermostat inside the junction
box near the sill. Power must be turned off. The power leads
should be cut so about 8" of wire feeds into the box. Be sure to
use cable clamps to protect the wires.

Cover the floor installation areas with a layer of thinset
mortar that is thick enough to fully encapsulate all the wires
and mats (usually around %" in thickness). Check the wires
for continuity and resistance regularly and stop working
immediately if there is a drop in resistance or a failure of
continuity. Allow the mortar to dry overnight.

Connect the sensor wire and the power supply lead
(from the junction box) to the thermostat/timer according

to the manufacturer’s directions. Attach the device to the
electrical box, restore power, and test the system to make sure
it works. Once you are convinced that it is operating properly,
install flooring and repair the wall surfaces.
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Tongue-and-groove hardwood [looring has always been
popular with homeowners. It offers an attractive
look, is one of the longest lasting floor coverings, and
can be stripped and refinished to look like new.

Oak has been the most common type of strip
flooring because of its durability and wood graining,
and it's the species most people think of when
hardwood is mentioned. Other woods, such as maple,
cherry, and birch, are also becoming popular.

Exotic species of wood from around the world are
now finding their way into American homes as people
want a premium strip or plank floor that is unique
and stylish, and expresses their personalities. The
more than sixty exotic hardwoods include Brazilian
cherry, Australian cypress, Honduran mahogany,
tobaccowood, teak, zebrawood, and bamboo—which is
not really wood but a type of grass.

This section describes how to install nailed-
down tongue-and-groove flooring, how to install

| Installing Hardwood Strip Flooring

a decorative medallion, and how to install
tongue-and-groove strip flooring over troweled-on
adhesive. Customizing vour floor with borders,
accents, and medallions is easier than you may
think. A number of manufacturers produce a
variety of decorative options made to match the
thickness ol your {loor.

Tools & Materials »

Rosin paper Nail set
Utility knife Hammer
Chalk line Pry bar

8d finish nails Wood mallet
Drill Power nailer
Staple Pull bar

Real hardwood flooring has depth of beauty and warmth underfoot that even the highest quality laminate imitations struggle
to match.
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| How to Install Tongue-and-Groove Hardwood Flooring

Cover the entire subfloor with rosin paper. Staple the paper Make a mark on the floor 4" from the starter wall at both

to the subfloor, overlapping edges by 4". Cut the paper with a ends of the wall. Snap a chalk line between the marks. Nail

utility knife to butt against the walls. 8d finish nails every 2" to 3" along the chalk line to mark the
location for your first row.

Lay out the first 8 rows of flooring in a dry run with the Place the starter row against the nails on the chalk line.
groove side facing the wall. Make sure the first row of boards Drill pilot holes in the flooring every 6" to 8", about %" from
is straight. Arrange the boards to get a good color and grain the groove edge. Face nail the first row until the nail heads
mix. Offset the ends by at least 6". are just above the boards, then sink them using a nail set. (Be

careful not to hit the boards with your hammer or you'll mar
the surface.)

(continued)
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Tip»

To install crooked boards, drill pilot holes above
the tongue and insert nails. Fasten a scrap board

to the subfloor using screws. Force the floor board
straight using a pry bar and a scrap board placed in
front of the flooring. With pressure on the floor board,
Drill pilot holes every 6" to 8" directly above the tongue, blind nail it into place.

keeping the drill at a 45° angle.

i -L'&Iﬂ

Blind nail a nail into each pilot hole. Set the second row of boards in place To install the last board in a row,
Keep the nail heads 4" out, then set against the starter row, fitting together place the tongue and groove joints
them just below the surface, using a the tongue and groove connections. Use together, then place a flooring pull bar
nail set. a scrap board and wood mallet to tap over the end of the board. Hit the end

the floor boards together. Drill pilot holes of the pull bar with a hammer until the
and blind nail the boards. Do this for the board slides into place. Stay " away
next few rows. from the walls.
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Once you have several rows installed and have enough
room, use a power nailer. Place the nailer lip over the edge of
the board and strike it with a mallet. Drive a nail 2" from the
end of each board and about every 8" in the field. Keep a few
rows of flooring laid out ahead of you as you work, and keep
the joints staggered.

-~ m Tip »

Install a reducer strip or transition
strip between the wood floor and an
adjoining room. Cut the strip to size. Fit
the strip’s groove over the floor board’s
tongue, then drill pilot holes and face
nail. Set the nails with a nail set. Fill all
visible nail holes with wood putty.

To install around an object, cut
a notch in the board. For larger
obstacles, cut 45° miters in boards
SO grooves face away from the
object. Rip tongues off the boards.
Set the boards against the object
and flooring, fitting mitered ends
together. Drill pilot holes and face
nail in place. Apply silicone caulk
between the floor and board edge.

When you're out of room for the power nailer, drill pilot
holes and blind nail the boards. For the last rows, drill pilot
holes in the top of the boards, A" from the tongue, and face
nail them. The last row may need to be ripped to size. Pull the
last row into place using the flooring pull bar, leaving a 2" gap
along the wall. Drill pilot holes and face nail.

To reverse directions of the
tongue and groove for doorways,
glue a spline into the groove of the
board. Fit the groove of the next
board onto the spline, then nail the
board in place.
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| Installing Laminate Floors

Laminate flooring comes in a floating system that do in a single weekend. Buy the manufactured planks
is simple to install, even if you have no experience at a home-improvement or flooring store and install
with other home-improvement projects. You may laminate flooring with the step-by-step instructions
install a floating laminate floor right on top of plywood, offered in the following pages.

concrete slab, sheet vinyl, or hardwood flooring. Just
be sure to follow the manufacturer’s instructions.
The pieces are available in planks or squares in a

variety of dilferent sizes, colors, and faux [inishes— Tools & Materials »
including wood and ceramic. The part you see is !
really a photographic print. Tongue-and-groove edges Circular saw Painter’s tape
lock pieces together, and the entire floor floats on the Underlayment Chisel
underlayment. At the end of this project there are a 15" spacers Rubber mallet
few extra steps to take if your {looring manufacturer Tapping block Drawbar
recommends using glue on the joints, Scrap foam Finish nails

The rich wood tones of beautiful laminate Speed square Nail set strap clamps
planks may cause you to imagine hours of long, hard Manufacturer glue Threshold and screws

installation work, but this is a DIY project that you can

Laminate strip floors install quickly, wear well and are among the cheapest floor coverings you can find. Overall they have
improved in appearance but the lower quality products continue to be fairly unconvincing imitations of natural materials.
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. How to Install a Floating Floor

To install the underlayment, start in one corner and unroll Working from the left corner of the room to right, set

the underlayment to the opposite wall. Cut the underlayment wall spacers and dry lay planks (tongue side facing the wall)
to fit, using a utility knife or scissors. Overlap the second against the wall. The spacers allow for expansion. If you are
underlayment sheet according to the manufacturer's flooring a room more than 26 ft. long or wide, you need to buy
recommendations, and secure the pieces in place with appropriate-sized expansion joints. Note: Some manufacturers
adhesive tape. suggest facing the groove side to the wall.

Set a new plank right side up, on top of the previously laid Press painter’s tape along the cutline on the top of the plank
plank, flush with the spacer against the wall at the end run. to prevent chips when cutting. Score the line drawn in Step 3
Line up a speed square with the bottom plank edge and trace with a utility knife. Turn the plank over and extend the pencil
a line. That's the cutline for the final plank in the row. line to the backside.

(continued)
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Clamp the board (face down) and rigid foam insulation or
plywood to a work table. The foam reduces chipping. Clamp a
speed square on top of the plank, as though you are going to
draw another line parallel to the cutline—use this to make a
straight cut. Place the circular saw’s blade on the waste side of
the actual cutline.

Continue to lay rows of flocring, making sure the joints are
staggered. This prevents the entire floor from relying on just a
few joints, and keeps the planks from lifting. Staggering also
stengthens the floor, because the joints are shorter and more
evenly distributed.

168 ® THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT

To create a tight fit for the last plank in the first row, place

a spacer against the wall and wedge one end of a drawbar
between it and the last plank. Tap the other end of the drawbar
with a rubber mallet or hammer. Protect the laminate surface
with a thin cloth.

To fit the final row, place two planks on top of the last
course; slide the top plank up against the wall spacer. Use the
top plank to draw a cutline lengthwise on the middle plank.
Cut the middle plank to size using the same method as in
Step 3, just across the grain. The very last board must be cut
lengthwise and widthwise to fit.



| How to Work Around Obstacles

Position a plank and use a pencil to make two marks along Position the plank end against the obstacle. Make two
the length of the plank, indicating the points where the obstacle marks with a pencil, this time on the end of the plank to
begins and ends. indicate where the obstacle falls along the width of the board.

Use a speed square to extend the four lines. The space Install the plank by locking the tongue-and-groove joints

at which they intersect is the part of the plank that needs to be with the preceding board. Fit the end piece in behind the pipe
removed to make room for the obstacle to go through it. Use or obstacle. Apply manufacturer-recommended glue to the cut
a drill with a Forstner bit, or a hole saw the same diameter as edges, and press the end piece tightly against the adjacent
the space within the intersecting lines, and drill through the plank. Wipe away excess glue with a damp cloth.

plank at the X. You'll be left with a hole; extend the cut to the
edges with a jigsaw.
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| Installing Parquet Flooring

170

ﬂ: or a hardwood floor with great design appeal,
consider installing a parquet floor. It offers more
visual interest than strip flooring without sacrificing
the beauty and elegance of wood. Parquet comes in

a variety of patterns and styles to create geometric
designs. It can range from elaborate, custom-designed
patterns on the high end, to the more common
herringbone pattern, to the widely available and less
expensive block design.

Parquet has experienced a radical transformation
over the years. A few years ago, each individual piece
of parquet was hand-cut and painstakingly assembled
piece by picce. Today, parquet is prefabricated so the
individual pieces making up the design are available as
single tiles, which not only has reduced the cost, but
has made the flooring easier to install.

Many types and designs of parquet floors are
available, from custom-made originals to standard
patterns, but they are all installed the same way—

set in adhesive on a wood subfloor. The effort can be
very rewarding: Parquet can be used to create shapes
not possible with other wood flooring.

The finger block patter is one of the most widely
available parquet coverings and also one of the least
expensive. The configuration of perpendicular strips
of wood emphasizes the dilferent grains and natural
color variations.

Tools & Materials »

Tape measure
Chalk line
Carpenter's square
Parquet flooring
Adhesive

Notched trowel

Putty knife

Rubber mallet

100- to 150-pound
floor roller

Jigsaw

Solvent

Parquet flooring tiles are made with real hardwood and can be a great vehicle for introducing exotic wood species at a
reasonable cost. The custom parguet floor seen here is expensive, but a basic parqguet floor with stock tiles is an affordable option
and an easy DIY project.
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- How to Install Parquet Flooring

Mark the centerpoint of each wall. Snap chalk lines Lay out a dry run of panels from the center point along the
between the marks on opposite walls to establish your reference lines to adjacent walls. Place %" spacers along the
reference lines. Use the 3-4-5 triangle method to check the walls to allow for expansion. If more than half of the last panel
lines for squareness (see page 181). needs to be cut off, adjust the lines by half the width of the

panel. Snap new working lines, if necessary.

Put enough adhesive on the subfloor for your first panel, Place the first panel on the adhesive so two sides are
using a putty knife. Spread the adhesive into a thin layer with a flush with the working lines. Take care not to slide or twist the
notched trowel held at a 45° angle. Apply the adhesive right up panel when setting it into place. This panel must be positioned
to the working lines, but do not cover them. correctly to keep the rest of your floor square.

(continued)

Flooring ® 171



Apply enough adhesive for six to eight panels and spread it Set the next panel in place by holding it at a 45° angle

with a notched trowel. and locking the tongue-and-groove joints with the first panel.
Lower the panel onto the adhesive without sliding it. Install
remaining panels the same way.

After every six to eight panels are installed, tap them For the last row, align panels over the top of the last

into the adhesive with a rubber mallet. installed row. Place a third row over the top of these, with the
sides butted against 14" spacers along the wall. Draw a line
along the edge of the third panels onto the second row, cut the
panels at the marks, and install.
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To work around corners or obstacles, align a panel over
the last installed panel, then place another panel on top of it
as in step 8. Keep the top panel 4" from the wall or obstacle
and trace along the opposite edge onto the second panel (top).
Move the top two panels to the adjoining side, making sure not
to turn the top panel. Make a second mark on the panel the

same way (bottom). Cut the tile with a jigsaw and install.

Within 4 hours of installing the floor, roll the floor with
a 100- to 150-pound floor roller. Wait at least 24 hours before
walking on the floor again.

' How to Install Parquet in a Diagonal Layout

Establish perpendicular working lines following Step 1

on page 171. Measure 5 ft. from the centerpoint along each
working line and make a mark. Snap chalk lines between the 5
ft. marks. Mark the centerpoint of these lines, then snap a chalk
line through the marks to create a diagonal reference line.

Lay out a dry run of tiles along a diagonal line. Adjust your
starting point as necessary. Lay the flooring along the diagonal
line using adhesive, following the steps for installing parguet
(pages 171 to 173). Make paper templates for tile along walls
and in corners. Transfer the template measurements to tiles,
and cut to fit.

Flooring ® 173



| Installing Sheet Vinyl

Preparing a perfect underlayment is the most
important phase of resilient sheet vinyl
installation. Cutting the material to fit the contours
of the room is a close second. The best way to
ensure accurate cuts is to make a cutting template.
Some manufacturers offer template kits, or you can
make vour own. Be sure to use the recommended
adhesive for the sheet vinyl you are installing. Many
manufacturers require that you use their glue for
installation. Use extreme care when handling the
sheet vinyl, especially felt-backed products, to avoid
creasing and tearing,

Linoleum knife

Framing square

Compass

Scissors

Non-permanent
felt-tipped pen

Utility knife

Straightedge

14" Venotched trowel

J-roller

Stapler

Flooring roller

Chalk line

|‘ Tools & Materials »

Heat gun
16" V-notched trowel
Straightedge
Vinyl flooring
Masking tape
Heavy butcher
or brown
wrapping paper
Duct tape
Flooring adhesive
%" staples
Metal threshold bars
Nails

Sheet vinyl has no seams (or at least very few seams), which makes it a practical cheice for wet areas such as bathrooms.
Advancing technology has made a host of new patterns and styles available, including the mosaic tile look-alike pattern seen here.
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| Tools for Resilient Floors

Tools for resilient flooring include: a heat gun (&), J-roller (B), floor roller (C), framing square (D), sponge (E), hammer (F),
notched trowel (G), stapler (H), linoleum knife (1), utility knife ()), wallboard knife (K), chalk line (L), straightedge (M).

| Buying & Estimating

Perimeter-bond flooring Dry-back tile

Resilient sheet vinyl comes in full-spread and perimeter- Resilient tile comes in self-adhesive and dry-back styles.
bond styles. Full-spread sheet vinyl has a felt-paper backing Self-adhesive tile has a pre-applied adhesive protected by

and is secured with adhesive that is spread over the floor wax paper backing that is peeled off as the tiles are installed.
before installation. Perimeter-bond flooring, identifiable by its Dry-back tile is secured with adhesive spread onto the
smooth, white PVC backing, is laid directly on underlayment underlayment before installation. Self-adhesive tile is easier to
and is secured by a special adhesive spread along the edges install than dry-back tile, but the bond is less reliable. Don't use
and seams. additional adhesives with self-adhesive tile,

Flooring ® 175



“T he first step in preparing for a new floor covering is

evaluating your old floor. A careful examination can
help you decide whether to repair damaged areas, or
replace the flooring altogether.

Evaluating your floor is a three-step process.
Begin by identifying the existing floor material and the
installation method used. Is your sheet vinyl attached
using the full-spread method or the perimeter-bond
method? Is your carpet glued down or stretched?
Next, check the condition of the floor. Is it securely
attached or is it loose in spots? Is it chipped or
cracked? Finally, note the height of the existing floor
in relation to adjoining floor surfaces. Is it significantly
higher than surrounding floors?

A new floor covering or underlayment can often
be installed on top of existing flooring. If the existing
[looring is not sound or smooth, however, you will

| Evaluating an Existing Floor

have to do some preparation work. Applying a floor
leveler is one way to make your existing floor casier to
use. More complex preparations may involve removing
and replacing the underlayment or making spot repairs
to the subfloor.

I Warning »

Resilient flooring manufactured before 1986 may
contain asbestos, which can cause severe lung
problems if inhaled. The recommended method for
dealing with asbestos-laden flooting is to cover it with
an underlayment. If the flooring must be removed, do
not do the work yourself. Instead, consult a certified
asbestos-abatement contractor.

Determining the number and type of coverings already on your floor is an important early evaluation step. Too many layers
of flooring and underlayment can stress floor joists and ultimately cause a new floor to fail. An easy way to check for old flooring is
to remove floor vents.
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' How to Install Perimeter-bond Sheet Vinyl

unroll the flooring on any large, flat, clean surface. To For two-piece installations, overlap the edges of the sheets
prevent wrinkles, sheet vinyl comes from the manufacturer by at least 2". Plan to have the seams fall along the pattern
rolled with the pattern-side out. Unroll the sheet and turn it lines or simulated grout joints. Align the sheets so the pattern
pattern-side up for marking. matches, then tape the sheets together with duct tape.

b

Position the paper template over the sheet vinyl and tape Remove the template. Cut the sheet vinyl with a sharp
it in place. Trace the outline of the template onto the flooring linoleum knife or a utility knife with a new blade. Use a
using a non-permanent felt-tipped pen. straightedge as a guide for making longer cuts.
(continued)
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Cut holes for pipes and other permanent obstructions. Cut
a slit from each hole to the nearest edge of the flooring.
Whenever possible, make slits along pattern lines.

ke A

-

Cut the seams for two-piece installations using a
straightedge as a guide. Hold the straightedge tightly against
the flooring, and cut along the pattern lines through both
pieces of vinyl flooring.
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Roll up the flooring loosely and transfer it to the installation
area. Do not fold the flooring. Unroll and position the sheet
vinyl carefully. Slide the edges beneath door casings.

Remove both pieces of scrap flooring. The pattern should
now run continuously across the adjoining sheets of flooring.



Fold back the edges of both sheets. Apply a 3" band of
multipurpose flooring adhesive to the underlayment or old
flooring, using a 2" V-notched trowel or wallboard knife.

Lay the seam edges one at a time onto the adhesive.
Make sure the seam is tight, pressing the gaps together with
your fingers, if needed. Roll the seam edges with a J-roller or
wallpaper seam roller.

Apply flooring adhesive undermeath flooring cuts at pipes
or posts and around the entire perimeter of the room.

Roll the flooring with the roller to ensure good contact with
the adhesive.

If you're applying flooring over a wood underlayment,
fasten the outer edges of the sheet with 3" staples driven
every 3". Make sure the staples will be covered by the
base molding.
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As with any tile installation, resilient tile requires
carefully positioned layout lines. Before
committing to any layout and applying tile, conduct a
dry run to identify potential problems.

Keep in mind the difference between reference
lines (see opposite page) and layout lines. Reference
lines mark the center of the room and divide it into
quadrants. If the tiles don't lay out symmetrically along
these lines, you'll need to adjust them slightly, creating
layout lines. Once layout lines are established, installing
the tile is a fairly quick process. Be sure to keep joints
between the tiles tight and lay the tiles square.

Tiles with an obvious grain pattern can be
laid so the grain of each tile is oriented identically
throughout the installation. You can also use the

Resilient tiles have a pattern layer that is bonded to a vinyl

2| Installing Resilient Tile

quarter-turn method, in which each tile has its pattern
grain running perpendicular to that of adjacent

tiles. Whichever method you choose, be sure to be
consistent throughout the project.

H Tools & Materials »

Tape measure Heat gun

Chalk line Resilient tile
Framing square Flooring adhesive
Utility knife (for dry-back tile)

V" notched trowel

Check for noticeable directional features, like the grain of

base and coated with a transparent wear layer. Some come with
adhesive pre-applied and covered by a paper backing, others
have dry backs and are designed to be set into flooring adhesive.

the vinyl particles. You can set the tiles in a running pattern so
the directional feature runs in the same direction (top), or in a
checkerboard pattern using the guarter-turn method (bottom).
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How to Make Reference Lines for Tile Installation

Position a reference line (X) by measuring along opposite
sides of the room and marking the center of each side. Snap a
chalk line between these marks.

Measure and mark the centerpoint of the chalk line.

From this point, use a framing square to establish a second
reference line perpendicular to the first one. Snap the second
line (Y) across the room.

Check the reference lines for squareness using the 3-4-5
triangle method. Measure along reference line X and make a
mark 3 ft. from the centerpoint. Measure from the centerpoint
along reference line Y and make a mark at 4 ft.

Measure the distance between the marks. If the
reference lines are perpendicular, the distance will measure
exactly 5 ft. If not, adjust the reference lines until they're
exactly perpendicular to each other.

Flooring

181



. How to Install Dry-backed Resilient Tile

Snap perpendicular reference lines with a chalk line. Dry-fit If you shift the tile layout, create a new line that is parallel
tiles along layout line Y so a joint falls along reference line X. If to reference line X and runs through a tile joint near line X. The
necessary, shift the layout to make the layout symmetrical or new line, X1, is the line you'll use when installing the tile. Use a
to reduce the number of tiles that need to be cut. different colored chalk to distinguish between lines.

Dry-fit tiles along the new line, X1. If necessary, adjust the If you adjusted the layout along X1, measure and make a

layout line as in steps 1 and 2. new layout line, Y1, that's parallel to reference line Y and runs
through a tile joint. Y1 will form the second layout line you'll
use during installation.
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Apply adhesive around the intersection of the layout lines
using a trowel with %" V-shaped notches. Hold the trowel at a
45° angle and spread adhesive evenly over the surface.

When the first three quadrants are completely tiled,
spread adhesive over the remaining quadrant, then finish
setting the tile.

Spread adhesive over most of the installation area, covering
three quadrants. Allow the adhesive to set according to the
manufacturer’s instructions, then begin to install the tile at the
intersection of the layout lines. You can kneel on installed tiles
to lay additional tiles.

To cut tiles to fit along the walls, place the tile to be cut

(A) face up on top of the last full tile you installed. Position a
%"-thick spacer against the wall, then set a marker tile (B) on
top of the tile to be cut. Trace along the edge of the marker tile
to draw a cutting line.

(continued)
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To mark tiles for cutting around outside corners,
make a cardboard template to match the space,
keeping a %" gap along the walls. After cutting
the template, check to make sure it fits. Place the
template on a tile and trace its outline.

10

Install cut tiles next to the walls. If you're precutting all tiles
before installing them, measure the distance between the wall
and install tiles at various points in case the distance changes.
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Cut tile to fit using a utility knife and straightedge. Hold the
straightedge securely against the cutting line to ensure a
straight cut. Option: You can use a ceramic-tile cutter to make
straight cuts in thick vinyl tiles (see inset).

Continue installing tile in the remaining quadrants until
the room is completely covered. Check the entire floor. If you
find loose areas, press down on the tiles to bond them to the
underlayment. Install metal threshold bars at room borders
where the new floor joins anather floor covering.



_ How to Install Self-adhesive Resilient Tile

Once your reference lines are established, peel off the Begin installing tiles in the interior area of the quadrant.
paper backing and install the first tile in one of the corners Keep the joints tight between tiles..

formed by the intersecting layout lines. Lay three or more tiles

along each layout lines in the guadrant. Rub the entire surface

of each tile to bond the adhesive to the floor underlayment.

Finish setting full tiles in the first quadrant, then set the full Continue installing the tile in the remaining quadrants until
tiles in an adjacent quadrant. Set the tiles along the layout lines the room is completely covered. Check the entire floor. If you
first, then fill in the interior tiles. find loose areas, press down on the tiles to bond them to the

underlayment. Install metal threshold bars at room border
where the new floor joins anather floor covering.
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" Installing Bamboo Flooring

186

Ht looks like hardwood and is available in traditional
tongue-and-groove form and in laminate planks. But
bamboo is not wood. It’s really a grass—and one of the
most popular flooring materials today.

Bamboo flooring is made by shredding stalks of
the raw material, then pressing them together with
a resin that holds the shreds in their finished shape.
Not only is bamboo a fast-growing and renewable
crop, the companies that make bamboo flooring
use binders with low emissions of volatile organic
compounds (VOCs). The result is tough, economical,
and ecologically friendly. In other words, it's just about
perfect for flooring.

If you choose tongue-and-groove bamboo, the
installation techniques are the same as for hardwoods.
Bamboo is also available as a snap-fit laminate for use in

floating floors. In this project we show Teragren Synergy
Strand in Java (see Resources, page 554): thin, durable
planks that are glued to the underlayment.

Tools & Materials »

Adhesive
Carpenter’s level
Carpenter’s square
Chalk line

Cleaning supplies
Flat-edged trowel
Marking pen or pencil

Moisture level meter
Notched trowel
Rubber mallet

Scrap lumber

Shims

Straightedge
Weighted roller

Measuring tape

L! Tips for a Successful Installation »
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70." Bamboo plank flooring should be one

60° - .
S COTEN of the last items installed on any new
TN AE construction or remodeling project.
a0% 60% Allwork involving water or moisture
R meeee should be completed before floor
RANGE

installation. Room temperature and
humidity of installation area should

be consistent with normal, year-round
living conditions for at least a week
before installation. Room temperature
of 60 to 70° F and humidity range of 40
t0 60% is recommended.

About radiant heat: The subfloor
should never exceed 85° k. Check the
manufacturer’s suggested guidelines
for correct water temperature inside
heating pipes. Switch on the heating
unit three days before flooring
installation. Room temperature should
not vary more than 15° F year-round.
For glue-down installations, leave
the heating unit on for three days
following installation.



How to Install Bamboo Planks

Give the bamboo time to adjust to installation conditions. Even though thin-plank bamboo is an engineered material,
Store it for at least 72 hours in or near the room where it will it can vary in appearance. Buy all planks from the same lot

be installed. Open the packages for inspection, but do not and batch number. Then visually inspect the planks to make
store the planks on concrete or near outside walls. sure they match. Use the same lighting as you will have in the

finished room.

Inspect wood surfaces. The planks and underlayment Make sure the underlayment is level. It should not change
should have no more than 12% moisture. Bamboo planks can by more than %" over 10 feet. If necessary, apply a floor leveler
be installed on plywood or oriented strandboard at least 3" to fill any low places, and sand down any high spots. Prevent
thick. The underlayment must be structurally sound. squeaks by driving screws every 6" into the subfloor below.
(continued)

Ffooring 1 187



- ‘\-.'*T',.

Sweep and vacuum the floor surface, then measure all
room dimensions.

Check corners for squareness using the 3-4-5
triangle method.

The planks should be perpendicular to the floor joists
below. Adjust your starting point if necessary. Snap a chalk line
next to the longest wall. The distance from the wall should be
the same at both ends, leaving 12" for expansion.
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Lay the first course of planks with the tongue edge toward
the wall. Align the planks with the chalk line. Hold the edge
course in place with wedges or by nailing through the tongue
edge. This row will anchor the others, so make sure it stays
securely in place.



Once the starter row is in place, install the planks using
a premium wood-flooring adhesive. Be sure to follow the
manufacturer's instructions. Begin at the chalk line and apply
enough adnesive to lay down one or two rows of planks.
Spread the adhesive with a V-notched trowel at a 45° angle.
Let the adhesive sit for the specified time.

When the adhesive is tacky and ready to use, lay the first
section of bamboo planks. Set each plank in the adhesive by
placing a clean piece of scrap lumber on top and tapping it
down with a rubber mallet. Check the edge of each section to
make sure it keeps a straight line.

After you finish the first section, cover the next area with
adhesive and give it time to become tacky. This slows down the
project, but it prevents you from using more adhesive than you
can use—and it allows the section you just finished to set up.

When the adhesive is ready, lay down the next section of
planks. Fit the new planks tightly against the previous section,
taking care not to knock the finished section out of alignment.
If the planks have tongue-and-groove edges, fit them carefully
into place.

(continued)
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Continue applying adhesive and installing planks, one
section at a time, to cover the entire floor. When adhesive gets
on the flooring surface, wipe it off quickly.

As you finish each section, walk across it a few times to
maximize contact between the planks and the adhesive. When
all the planks are in place, clean the surface and use a clean
weighted roller. Push the roller in several directions, covering
the entire surface many times.
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At the edges and around any fixed objects, such as
doorways or plumbing pipes, leave a %" gap for expansion.
Use shims to maintain the gaps if needed. These spaces can
be covered with baseboards, base shoes, and escutcheons.

16

In places that are difficult to reach with a roller, lay
down a sheet of protective material, such as butcher paper,
and stack weights on the paper. Let the finished floor sit for at
least 24 hours, then clean the surface and remove any spacers
from the expansion gaps. Finally, install the finishing trim.



2| Installing Ceramic Tile

Ceramic tile installation starts with the same steps

as installing resilient tile. You snap perpendicular m Tools & Materials »

reference lines and dry-fit tiles to ensure the

best placement. V4" square trowel Thin-set mortar
When setting tiles, work in small sections so Rubber mallet Tile

the mortar doesn’t dry before the tiles are set. Use Tile cutter Tile spacers
spacers between tiles to ensure consistent spacing. Tile nippers Grout
Plan an installation sequence to avoid kneeling on set Hand-held tile cutter  Latex grout additive
tiles. Be careful not to kneel or walk on tiles until the Needlenose pliers Wall adhesive
designated drying period is over. Grout float 2 % 4 lumber

Grout sponge Grout sealer

Soft cloth Tile caulk

Small paint brush Sponge brush

Ceramic floor tile continues to be one of the most popular DIY floorcoverings. It is relatively easy to install, is very durable and,
depending on the style you choose, can be quite affordable.
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- How to Install Ceramic Tile

Make sure the subfloor is smooth, level, and stable. Spread Fasten it in place with 1%4" cementboard screws. Place

thin-set mortar on the subfloor for one sheet of cementboard. fiberglass-mesh wallboard tape over the seams. Cover the
Place the cementboard on the mortar, keeping a %" gap along remainder of the floor, following the steps on page 152.
the walls.

Draw reference lines and establish the tile layout (see Set the first tile in the corner of the quadrant where the
page 181). Mix a batch of thin-set mortar, then spread the reference lines intersect. When setting tiles that are 8" square
mortar evenly against both reference lines of one quadrant, or larger, twist each tile slightly as you set it into position.

using a %" square-notched trowel. Use the notched edge of
the trowel to create furrows in the mortar bed.
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Using a soft rubber mallet, gently tap the central area of Variation: For large tiles or uneven stone, use a larger trowel
each tile a few times to set it evenly intc the mortar. with notches that are at least 2" deep.

Variation: For mosaic sheets, use a %." V-notched trowel To ensure consistent spacing between tiles, place plastic
to spread the mortar and a grout float to press the sheets tile spacers at the corners of the set tile. With mosaic sheets,
into the mortar. Apply pressure gently to avoid creating an use spacers equal to the gaps between tiles.

uneven surface.

(continued)
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Position and set adjacent tiles into the mortar along To make sure the tiles are level with one another, place a
the reference lines. Make sure the tiles fit neatly against straight piece of 2 x 4 across several tiles, then tap the board
the spacers. with a mallet.

9

. - el

Lay tile in the remaining area covered with mortar. Repeat Measure and mark tiles to fit against walls and into corners
steps 2 to 7, continuing to work in small sections, until you (see pages 183 to 184). Cut the tiles to fit. Apply thin-set mortar
reach walls or fixtures. directly to the back of the cut tiles, instead of the floor, using

the notched edge of the trowel to furrow the mortar

! THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT



Set the cut pieces of tile into position. Press down on the tile
until each piece is level with adjacent tiles.

Carefully remove the spacers with needlenose pliers
before the mortar hardens.

Measure, cut, and install tiles that require notches or curves to
fit around obstacles (inset), such as exposed pipes or toilet drains.

4

Apply mortar and set tiles in the remaining guadrants,
completing one guadrant before starting the next. Inspect all
of the tile joints and use a utility knife or grout knife to remove
any high spots of mortar that could show through the grout.

(continued)
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Install threshold material in doorways. If the threshold is too long for the Prepare a small batch of floor grout

doorway, cut it to fit with a jigsaw or circular saw and a tungsten-carbide blade. Set to fill the tile joints. When mixing grout
the threshold in thin-set mortar so the top is even with the tile. Keep the same space for porous tile, such as guarry or natural
between the threshold as between tiles. Let the mortar set for at least 24 hours. stone, use an additive with a release

—

Starting in a corner, pour the grout aver the tile. Use a
rubber grout float to spread the grout outward from the corner,
pressing firmly on the float to completely fill the joints. For best
results, tilt the float at a 60° angle to the floor and use a figure
eight motion.
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agent to prevent grout from bonding to
the tile surfaces.

Use the grout float to remove excess grout from the surface
of the tile. Wipe diagonally across the joints, holding the

float in a near-vertical position. Continue applying grout and
wiping off excess until about 25 square feet of the floor has
been grouted.



Wipe a damp grout sponge diagonally over about 2 square
feet of the floor at a time. Rinse the sponge in cool water
between wipes. Wipe each area only once since repeated
wiping can pull grout back out of joints. Repeat steps 17 to 18
to apply grout to remainder of floor.

Allow the grout to dry for about 4 hours, then use a
soft cloth to buff the tile surface and remave any remaining
grout film.

Apply grout sealer to the grout lines, using a small sponge
brush or sash brush. Avoid brushing sealer on to the tile
surfaces. Wipe up any excess sealer immediately.

Variation: Use a tile sealer to seal porous tile, such as guarry
tile or unglazed tile. Following the manufacturer’s instructions,
roll a thin coat of sealer over the tile and grout joints, using a
paint roller and extension handle.

Flooring ® 197



| Installing Mosaic Tile

osaic tile is an excellent choice for smaller areas.

It requires the same preparation and handling as
larger tiles, with a few differences. Sheets of mosaic
tile are held together by a fabric mesh backing. This
makes them more difficult to hold, place, and move.
They may not be square with your guidelines when
you [irst lay them down. And mosaic tiles require many
more temporary spacers and much more grout.

A few cautions: Variations in color and texture are
just as likely among mosaic tile as individual tiles, so
buy all your tile from the same lot and batch. Mortar
or mastic intended for ceramic tile may not work with
glass mosaic tile. Finally, in projects where the finished
project will be exposed to the elements, make sure you
have adhesive and grout suitable for outdoor use.

[ E—

Tools & Materials »

Carpenter’s square Notched trowel
Chalk line Recommended
Cleaning supplies adhesive
Coarse sponge Rubber mallet
Craft/utility knife Sanded grout
Grout sealer Scrap lumber gl . .
Matlking pen Sieaightedge Mosaic tiles come in sheets (Usually 12> 12) and can be
& & made from ceramic, porcelain, glass or any number of designer
or pencil Tile nippers materials. Normally installed for their appearance, mosaics are
Measuring tape Tile spacers relatively high maintenance and prone to cracks because of all

the grout lines.

How to Install Mosaic Tile

Clean and prepare the area and then draw reference lines Select a sheet of mosaic tile. Place several plastic spacers
(see page 181). Beginning at the center intersection, apply the within the grid so that the sheet remains square. Pick up the
recommended adhesive to one quadrant. Spread it outward sheet of tiles by diagonally opposite corners. This will help you
evenly with a notched trowel. Lay down only as much adhesive as hold the edges up so that you don’t trap empty space in the
you can cover in 10 to 15 minutes. middle of the sheet.
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Gently press one corner into place on the adhesive. Slowly
lower the oppasite corner, making sure the sides remain
square with your reference lines. Massage the sheet into the
adhesive, being careful not to press too hard or twist the sheet
out of position. Insert a few spacers in the outside edges of
the sheet you have just placed. This will help keep the grout
lines consistent.

U

When you have placed two or three sheets, |lay a scrap
piece of flat lumber across the tops and tap the wood with a
rubber mallet to set the fabric mesh in the adhesive, and to
force out any trapped air.

At the outer edges of your work area, you will probably
need to trim one or more rows from the last sheet. If the space
left at the edge is more than the width of a regular grout line,
use tile nippers to trim the last row that will fit. Save these
leftover tiles for repairs.

After the adhesive has cured, usually 24 to 48 hours,
apply grout (see pages 196 to 197). With many more spaces,
mosaic tiles will require more grout. Follow the manufacturer’s
instructions for spreading and floating the grout. Clean up
using the instructions for individual tiles (see page 197).
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| Installing Carpet Squares

ost carpeting has a single design and is stretched  clean, level, dry underlayment or existing floor. If the
from wall to wall. It covers more square feet of surface underneath is waxed or varnished, check with
American homes than any other material. But if you the manufacturer before you use any adhesives on it.

want a soft floor covering that gives you more options,
carpet squares are an excellent choice.

Manufacturers have found ways to create Tools & Materials »
attractive new carpet using recycled fibers. This not
only reuses material that would otherwise become Adhesive Flat-edged trowel
landfill, it reduces waste in manufacturing as well. Aviator’s snips Marking pen
So, instead of adding to problems of resource Carpenter’s square or pencil
consumption and pollution, carpet squares made from Chalk line Measuring tape
recycled materials help reduce them. Cleaning supplies Notched trowel
The squares are attached to each other and to the Craft/utility knife Straightedge

floor with adhesive dots. They can be installed on most

Carpet tiles combine the warmth and comfort of carpet with do-it-yourself installation, custom designs, and easy replacement.
They can be laid wall-to-wall or in an area rug style, as shown above.
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| How to Install Carpet Squares

Take the squares out of the package. Be sure the room is
well ventilated. Carpet squares should be at room temperature
for at least 12 hours before you lay them down.

Make sure the existing floor is clean, smooth, stable,

and dry. Use floor leveler if necessary to eliminate any hills or
valleys. If any part of the floor is loose, secure it to the subfloor
or underlayment before you install the carpet squares. Vacuum
the surface and wipe it with a damp cloth.

Check the requirements for the recommended adhesive.
You can install carpet squares over many other flooring
materials, including hardwood, laminates, and resilient
sheets or tiles. The carpet squares shown here are fastened
with adhesive dots, so almost any existing floor provides a
usable surface.

4

Snap chalk lines between diagonally opposite corners to find
the center point for the room. In rooms with unusual shapes,
determine the visual center and mark it. Next, snap chalk lines
across the center and perpendicular to the walls. This set of
guidelines will show you where to start.

(continued)
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Lay a base row of carpet squares on each side of the

two guidelines. When you reach the walls, make note of how
much you will need to cut. You should have the same amount
to cut on each side. If not, adjust the center point and realign
the squares.

7

Fasten the base rows in place using the manufacturer’s
recommended adhesive. This installation calls for two adhesive
dots per square. As you place each square, make sure it

is aligned with the guidelines and fits tightly against the

next square.
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Check the backs of the squares before you apply any
adhesive. They should indicate a direction, using arrows
or other marks, so that the finished pile has a consistent
appearance. If you plan to mix colors, this is the time to
establish your pattern.

When you reach a wall, flip the last square over. Push it
against the wall until it is snug. If you are planning a continuous
pattern, align the arrows with the existing squares. If you are
creating a parquet pattern, turn the new square 90 degrees
before marking it.



Mark notches or draw a line across the back where the
new square overlaps the next-to-last one. Using a sharp
carpet knife, a carpenter’s square, and a tough work surface,
cut along this line. The cut square should fit neatly in the
remaining space.

At a door jamb, place a square face up where it will go. Lean
the square against the jamb and mark the point where they
meet. Move the square to find the other cutline, and mark
that as well. Flip the square over, mark the two lines using a
carpenter’s square, and cut out the corner.

Finish all four base rows before you fill in the rest of

the room. As you work, check the alignment of each row. If
you notice a row going out of line, find the point where the
direction changed, then remove squares back to that point and
start again.

Work outward from the center so that you have a known
reference for keeping rows straight. Save the cut pieces from
the ends. They may be useful for patching odd spaces around
doorways, heat registers, radiator pipes, and when you reach
the corners.

Flooring
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| Refinishing Wood Floors

204

) efinishing hardwood floors is one of the first major

! Nhome improvement projects homeowners attempt.
The tools you need are readily available for rent, but
perhaps the main reason so many DIYers attempt floor
refinishing is that it is a very invasive project that requires
a lot of planning and moving of furniture. Doing it yourself
allows you to work gradually on your own schedule.

Tools & Materials »

Staple gun Nail set

Zip door Drum sander

Painter’s tape Sandpaper

Plastic Power edge sander

Fan Rotary buffer

Pry bar Paint scraper

2 x 4 scrap Sanding block

Wood shims Tack cloth A drum sander (A) and an edge sander (B) are rental tools

that can tackle just about any floorsanding project.

Other products and tools for resurfacing and refinishing floors: Paint scrapers (C) are helpful for removing old finish in corners
and other areas that cannot be reached by sanders. When refinishing floors, chemical stripping products (D) are often a more
efficient method that yields better results. This is especially true for floors that are uneven, or for parquet and veneered floors,
which cannot be sanded. Stripper knives (E) and abrasive pads (F) are used with the stripping products. For the final finish, water-
based polyurethane (G) is poured into a paint tray (H) and applied using a wide painting pad with a pole extension (I).
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| How to Refinish Wood Floors

Staple plastic on all doorways. Place a zip door over

the entryway you plan to use for the duration of the project.
Use painter's tape and plastic to cover heating and cooling
registers, ceiling fans, and light fixtures. Finally, place afanin a
nearby window to blow the circulating dust outside.

Wedge a prybar between the shoe molding and baseboards.
Move along the wall as nails loosen. Once removed, place a
scrap 2 x 4 board against the wall and, with a pry bar, pry out
baseboard at nails. Maintain the gap with wood shims. Drive
protruding nails in floor 14" below the surface with a nail set.

Practice with the drum sander turned off. Move forward
and backward; tilt or raise it off the floor a couple of times. A
drum sander is difficult to maneuver. Once it touches the floor
it walks forward; if you stop it, it gouges the floor.

For the initial pass with the drum sander, sand with the
grain, using 40- or 60-grit sandpaper. For large scratches use
20 or 30. Start two-thirds down the room length on the right
side; work your way to the left. Raise drum. Start motor. Slowly
lower drum to the floor. Lift the sander off the floor as you
approach the wall. Move to the left 2 to 4" and then walk it
backwards the same distance you just walked forward. Repeat.

(continued)
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When you get to the far left side of the room, turn the Use a power edge sander along the walls, using the same grit

machine around and repeat the process. Overlap the sanded that you last used with the drum sander. Make a succession of
two-thirds to feather out the ridgeline. Repeat this drum overlapping half-circles as you move along the entire perimeter
sanding process 3 or 4 times using 120-grit paper. For the final of the room. Next, run a rotary buffer over the floor twice: first
pass or two use finer paper (150-grit). with an 80-grit screen and then with a 100-grit screen. Finally,

use a random orbital sander to smooth out the floor.

Use a paint scraper to get to corners and hard-to-reach Remove all plastic on doors, windows, and fixtures and then
nooks. Pull the scraper toward you with a steady downward sweep and vacuum to prepare the room for finish. Wipe up
pressure. Pull with the grain. Next, sand with a sanding block. fine particles with a tack cloth.
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Seal the sanded wood with a 1:1 mixture of water-based Allow the floor to dry. Buff the surface lightly to remove any
polyurethane and water, using a painting pad and pole. raised wood grain, using a medium abrasive pad. Vacuum the
surface, using a bristle attachment, then wipe with a tack cloth.

Apply at least two coats of undiluted polyurethane finish to When the final coat is dry, buff the surface with water and
get a hard, durable finish. Allow the finish to dry; repeat step 10 fine abrasive pad. Wait at least 72 hours before replacing the
and then add a final coat. Do not overbrush. shoe molding.
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Walls &
Ceilings

[alls and ceilings are much more than structural

V' barriers dividing your house into separate areas.

They are canvases awaiting an inspired treatment

that can set mood, distinguish space, and reflect your
personality within each individual room.

Through creative design and a thoughtful
selection of colors, textures, and materials, nearly any
wall and ceiling design you dream up can become a
reality. From basic painted wallboard and traditional
wood paneling to elegant glass block and distinct
veneer plaster finishes, there is an ever-increasing

variety of wall and ceiling finish materials available

to you. Most home centers and lumberyards keep
an impressive selection in stock and can casily
accommodate special orders.

In this chapter:

= Installing Paneling

* Installing Beadboard Wainscoting
® Building Glass Block Walls

= Applying Veneer Plaster
Paneling Ceilings

= Installing Suspended Ceilings

* Installing Acoustical Ceiling Tiles
= Installing Metal Ceilings

= Installing Base Molding

= Installing Picture Rail

= Installing Chair Rail

= Installing Crown Molding
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I Installing Paneling

Paneling is a versatile wall-surfacing material that
comes in a wide range of styles, colors, and prices.
Paneling sheets are made from a variety of materials
for numerous applications:

Solid and veneer wood paneling is durable and
casy to clean. Available in finished and unfinished
sheets, wood paneling brings a warm, rich tone to any
room. It is often used as wainscoting (pages 214 to
219) and also can be used as an inexpensive cover-up
for damaged plaster.

Laminate panels are sheets of MDF,
particleboard, or plywood faced with paper, print or
vinyl. Laminates are available in hundreds of colors,
styles, and patterns, providing a durable alternative to
paint or wallcoverings.

FRP (fiberglass reinforced plastic), extruded
plastic, and vinyl panels contain solid material
throughout the panel, creating a low-maintenance,
water-resistant wall surface for bathrooms, utility
rooms, garages and workshops, as well as numerous
commercial applications.

Tileboard is moisture-resistant hardboard coated
with melamine, providing a durable, easy-to-clean
plastic finish. It's designed to replicate the appearance
of ceramic tile, for use in bathrooms, laundry rooms,
and kitchens.

Bamboo paneling is gaining in popularity due to
its unique look and green-friendly specs. Panels are
constructed of strips of bamboo laminated to a fabric
backing, which allows it to conform to any type of
surlace, flat or curved.

Most paneling is available in 4 x 8, 4 X 9, and
4 x 10 sheets. Some manuflacturers also ofler sheets

Tools & Materials »

Pry bar Compass

Stud finder Jigsaw

Tape measure Caulk gun
Plumb bob Paneling sheets
Circular saw 4d linish nails
Straightedge Wood stain
Hammer Panel adhesive
Carpenter’s level Powdered chalk
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in sixty-inch widths. Paneling that is 14" or less

in thickness requires a solid backer of at least 2"
wallboard; paneling 3" thick or more is rigid enough
to be fastened directly to framing with sixteen-inch
0.C. spacing. Installation typically involves a panel
adhesive, either applied in beads along the wall

or framing, or troweled onto the back surface of

the panel. Make sure to check the manufacturer’s
instructions for the product you purchase.

e
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Tileboard



. How to Install Wood Paneling

Starting in the corner farthest from the entry, use a stud Lay the first paneling sheet face-side down. Measure

finder to locate the center of the stud closest to, but less than the distance from corner to the first plumb mark and add 1" to
48" from, the corner. Find and mark stud centers every 48" allow for scribing. Use a circular saw and clamped straightedge
from this first stud. Snap a plumb chalk line down the wall at to cut paneling to this measurement.

each location. Paneling seams will fall along these lines.

Position the first sheet of paneling against the wall so Spread the legs of a compass to 1%4", then run the

that the cut edge is 1" away from the corner, and the opposite, compass down the full height of the wall to scribe the corner
finished edge is plumb. Temporarily tack the top of the paneling irregularities onto the face of the paneling. Remove paneling
to the wall, from wall.

(continued)
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Lay the paneling face-side up and cut along the scribe
line with a jigsaw. To prevent splintering, use a fine-tooth
woodcutting blade. The scribed edge will fit perfectly against

the wall corner.

Apply stain or paint to the wall at the plumb lines so the
backer will not show through the slight gaps at joints. Select a
color that matches the color of the paneling edges, which may

be darker than the paneling surface.

Use a caulk gun to apply 2"-long
beads of panel adhesive to the wall at
6" intervals and in a continuous, wavy
bead about 1" back from plumb lines
(to prevent adhesive from seeping
out through the joints). For new con-
struction, apply adhesive directly to
the studs.

Attach the paneling to the top of
the wall, using 4d finishing nails driven
every 16". Press the paneling against
the adhesive, then pull it away from the
wall. Press the paneling back against the
wall when the adhesive is tacky, about

2 minutes.
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Hang the remaining paneling so
that there is a slight space at the joints.
This space allows paneling to expand
in damp weather. Use a dime as a
spacing gauge.



. How to Cut Openings in Paneling

For window, door and other openings, measure the For receptacles, switches, fixtures, and heating vents,
opening and mark the outline on the backside of the paneling. coat the edges of electrical boxes and ductwork with chalk.
Cut to size using a circular saw and straightedge. Install as you

would a full sheet of paneling (page 212).

Press the paneling against the wall, so the backside Lay the paneling face-side down. Drill 2 hole at one
presses against the outlet or vent—the chalk outline will corner of each outline, then use a jigsaw with a fine-tooth
transfer to the paneling. woodcutting blade to make the cutouts.
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Wainscoting refers to virtually any specialized
treatment of the lower three to four feet of
interior walls. The form demonstrated here, using
tongue-and-groove boards, first gained popularity
in the early twentieth century. Recently, it has re-
emerged as a stylish way to dress up a room.

‘Iypical tongue-and-groove boards for wainscoting
are made of pine, [ir, or other soltwoods and measure
14" to ¥4" thick. Each board has a tongue on one edge,
a groove on the other, and usually a decorative bevel
or bead on each edge. Boards are cut to length, then
attached with nails, most of which are driven through
the tongues of the boards. This technique, known as
blindnailing, hides the nails from view.

Once installed, the wainscoting is capped at a
height of 30" to 36" with a molding called a cap rail. The
exact height of the wainscoting is a matter of personal
preference. When installed to the height of the furniture
in the room, wainscoting provides visual symmetry.

It also allows the cap rail to double as a chair rail,
protecting the lower portion of the walls from damage.

When installed over finished wallboard,
wainscoting usually requires that nailers be fastened to

the wall studs to provide a reliable backing for nailing.
You can skip this step if you know there is consistent
blocking between the studs to substitute for this

| Installing Beadboard Wainscoting

backing. However, this is usually difficult to confirm
unless the walls were framed with tongue-and-groove
wainscoting in mind.

Wainscoting can be painted or stained. Oil-based
stains can be applied before or after installation, since
most of the stain will be absorbed into the wood and
won't interfere with the tongue-and-groove joints.

If you're painting, choose a latex-based paint; it will
resist cracking as the joints expand and contract with
changes in the weather.

_ Tools & Materials »

Pencil Tape measure
Level Paintbrush
Circular saw Tongue-and-groove
Miter saw boards

Miter box Finish nails
Hammer 1 % 3 furring strips
Nail set 2" 10d finish nails
Plane Receptacle box

Circuit tester
Pry bar

extenders, as required
Paint or stain

Tongue-and-groove wainscoting boards
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are milled with smooth faces or contoured
to add additional texture to your walls. For
staining, choose a wood species with a
pronounced grain. For painting, poplar is

a good choice, since it has few knots and
a consistent, closed grain that accepts
paint evenly.



~ How to Prepare for a Wainscoting Project

—MINWAX/
YCryZs

RECHivE L

Measure to make a plan drawing of each wall in your Condition the planking by stacking it in the room where it
project. Indicate the locations of fixtures, receptacles, and will be installed. Place spacers between the planks to let air
windows. Use a level to make sure the corners are plumb. If circulate around each board, allowing the wood to adjust to
not, mark plumb lines on the walls to use as reference points. the room’s temperature and humidity. Wait 72 hours before

staining or sealing the front, back, and edges of each plank.

Remove the baseboard moldings, along with any Mark the walls with level lines to indicate the top of the
receptacle cover plates, vent covers, or other wall fixtures wainscating. Mark a line 14" from the floor to provide a small
within the area you plan to cover. Before you begin, turn off the gap for expansion at the floor.

electricity to the circuits in the area.
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Cut a pair of boards to the widths
indicated in the calculations you
developed during the planning process.

Position the boards at the corner,
butting them to create a plumb corner.
Facenail the boards in place, then nail
the joint, using éd finish nails. Drive
the nails to within %" of the face of the
boards, then finish with a nail set.
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Begin installation at the corners.
Install any outside corners (A) first,
warking your way toward the inside
corners. In sections of a room that have
no outside comers, start at the inside
corners (B), and work your way toward the
door and window casings. Calculate the
number of boards required for each wall,
using the measurements on the drawing
you created earlier (length of wall divided
by width of one plank). When making this
calculation, remember that the tongues
are removed from the corner boards. If the
total number of boards for a wall includes
a fraction of less than ' of a board, plan
to trim the first and last boards to avoid
ending with a board cut to less than half
its original width.

x3”‘

)\

Position a piece of corner trim and
nail it in place, using éd finish nails.
Install the remaining boards (opposite,
steps 5 and é).



How to Install Wainscoting at Inside Corners

Hold a level against the first board and Cut along the scribed line with a

hold the board flush with the corner. If circular saw. Subseguent boards may
the wall is out of plumb, trim the board require minor tapering with a plane to
to compensate: Hold the board plumb, adjust for plumb.

position a compass at the inside corner
of the wall, and use it to scribe a line
down the board.

Install a second board at the corner Position subsequent boards. Leave
by butting it against the first one, then a %" gap at each joint to allow for
facenailing in at least two locations. Nail seasonal expansion. Use a level to
to within %" of the face of the board, check every third board for plumb.
then use a nail set to finish. If the wainscoting is out of plumb,

adjust the fourth board, as necessary,
tc compensate.

Hold the first board in the corner,
leaving a 4" gap for expansion, and
facenail into the center of the board

at each nailer location, using éd finish
nails. Drive the top nails roughly %" from
the edge so they'll be hidden from view
once the cap rail is attached.

| "

Mark and cut the final board to fit. If
you're at a door casing, cut the board to
fit flush with the casing (trim off at least
the tongue). If you're at an inside corner,
make sure it is plumb. If not, scribe and
trim the board to fit.
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' How to Make a Cutout

Test the receptacle (inset) to make sure the power is off. Press the back of the board that will be installed over
Then, unscrew and remove the receptacle from the box. Coat the receptacle, directly against the electrical box, to create a
the edges of the electrical box with bright colored chalk. cutting outline.

Lay the board face down and drill Facenail the wainscoting to the wall,
a large pilot hole near one corner of then reattach the receptacle with the
the outline. Use a jigsaw fitted with a tabs overlapping the wainscoting so the
fine-tooth woodcutting blade to make receptacle is flush with the opening. You
the cutout. Be careful not to cut outside may need longer screws.

the lines.
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When paneling around a
receptacle with thick stock,
you will need to attach a
receptacle box extender to
the inside of the box, then
reconnect the receptacle so
it is flush with the opening in
the paneling.



" How to Install Wainscoting Around a Window

On casement windows, install wainscoting up to the casings
on the sides and below the window. Install 14" cove molding,
quarter round, or other trim to finish the edges.

the apron.

. How to Finish a Wainscoting Project

Cut baseboard moldings (pages

242 to 245) to fit over the wainscoting
and attach them by nailing éd finishing
nails at the stud locations. If you plan to
install a base shoe, leave a small gap at
the floor.

Cut cap rail to fit as you would
contoured chair rail (page 249). At doors
and windows, install the cap rail so its
edge is flush with the side casings.

On double-hung windows, remove any window trim and
install wainscoting up to the jambs on the sides and below the
window. Cut the stool to fit over the wainscoting, then reinstall

Attach the cap rail by nailing 4d finish
nails through the flats of the moldings
at the stud locations so that nails enter
both the studs and the wainscoting. Set
the nails with a nail set.
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With its ability to transmit light, a glass block
partition wall defines separate living areas while
maintaining a sense of openness. You can find glass
block at specialty distributors and home centers in a
variety of patterns, shapes, and sizes, along with all the
products needed for the installation.

You can build vour wall to any height. Top a low
wall with a course of bullnose blocks to give it a finished
rounded edge, or with [lat block to create a shell. To build
a full-height wall, caleulate the number of courses of block
you'll have, then frame-in a header to fill the remaining
space between the finished block and the ceiling,

Because of its weight, a glass block wall requires
a sturdy foundation. A four-inch-thick concrete
basement floor should be strong enough, but a wood
floor may need to be reinforced. Contact the local
building department for requirements in your area.
Also bear in mind that glass block products and
installation techniques vary by manulacturer—ask a
glass block retailer or manufacturer for advice about
the best products and methods for your project.

"1 Building Glass Block Walls

Tools & Materials »

Chalk line

Circular saw

Jigsaw

Paintbrush

Drill

Mixing box

Trowel

Level

Pliers

Jointing tool

Nylon- or natural-
bristle brush

Sponge

2 %X 6 lumber

16d common nails

Water-based
asphalt emulsion

Panel anchors

214" drywall screws

Foam expansion
strips

Glass block mortar

8" glass blocks

V4" T-spacers

Board

Reinforcement wire

16-gauge wire

Caulk or wall trim

Baseboard

Glass block has many uses in modern up-scale homes and today’s installation systems allow homeowners to easily
work with it.
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How to Build a Glass Block Wall

/ Expansion strip

Panel anchor

Reinforcement wire

Mortar —-—!——

[
i

T-spaces / Emulsion

The block wall in this project has a sill made of two 2 x 65
cut to the exact width of the block. This provides a stable base
to help resist floor movement and protect the lower courses.
The block wall is secured to an anchor stud in an adjoining
wall, by means of metal panel anchors. Expansion strips
between the two walls allow for movement.

Determine the sill thickness based on the size of your

baseboard and thickness of the floorcovering. Rip 2 x 6 lumber

to the width of the block. If the end blocks are shaped, trim
the sill pieces to match, using a jigsaw. Fasten the sill to the
subfloor and framing below with 16d common nails. Apply
asphalt emulsion to the sill, using a paintbrush.

Dry-lay the first course of glass block, using a %" wood
spacer between the wall and the first block, and " spacers
between the remaining blocks, to set the gaps for the mortar
joints. Mark the wall position onto the floor, then remove

the blocks. Snap chalk lines along the marks to create the

sill outline.

Mark plumb lines on the adjoining wall, straight up from
sides of the sill. Mark the finished height of each course along
the lines. Fasten a panel anchor to the anchor stud at the

top of every second course, using 2" drywall screws. Cut
expansion strips to size and adhere them to the wall between
the anchors.

(continued)
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Mix only as much mortar as you can apply in about

30 minutes. Lay a %"-thick mortar bed on the sill, enough for
three or four blocks. Set the first block, using %" T-spacers at
the mortar joint locations (follow the manufacturer’s directions
for modifying T-spacers at the bottom and sides of the wall). Do
not place mortar between blocks and expansion strips. Butter
the trailing edge of each subsequent block with enough mortar
to fill the sides of both blocks.

e .
| s ; =

At the top of the course, fill the joints with mortar, and then
lay a %" bed of mortar for the second course. Lay the block for
the second course, checking each block for level and plumb as
you work.
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Lay the remainder of the course. If the wall has a corner,
work from both ends toward the center, and install the corner
piece last. Use 4" T-spacers between blocks to maintain
proper spacing. Plumb and level each block as you work, then
check the entire course, using a flat board and a level. Tap
blocks into place using a rubber mallet—do not strike them
with a metal tool.

Apply a 4" bed of mortar over the second course, then
press the panel anchor into the mortar. Repeat this process at
each anchor location.



Add reinforcement wire in the same joints as the panel
anchors, overlapping the anchors by 6. Also overlap the wire
by 6" where multiple pieces are needed. At corners, cut the
inner rail of the wire, bend the outer rail to follow the corner,
then tie the inner rail ends together with 16-gauge wire. Add
another %" mortar bed, then lay the next course of block.

Clean the glass block thoroughly, using a wet sponge and
rinsing it often. Allow the surface to dry, then remaove cloudy
residue with a clean, dry cloth. After the mortar has cured for
two weeks, apply a sealant. Caulk the seam between the glass
block and the adjoining wall, or cover the gap with trim.

Build the wall in complete courses, checking the mortar
after each course. When it is hard enough to resist light finger
pressure (usually within 30 minutes), twist off the T-spacer tabs
(inset) and pack mortar in the voids. Then, tool all of the joints
with a jointing tool. Remove excess mortar from the glass,
using a brush or damp sponge.

Reinstall the flooring, if necessary, then cut baseboard to fit
around the sill (see pages 242 to 245). If the end of your wall
has curved (bullnose) block, wrap the end with three pieces

of trim.
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| Applying Veneer Plaster

224

‘{Um "hile gypsum wallboard all but wiped out
generation of plaster products now make plaster easier
and cheaper to apply, leading to renewed popularity

traditional plaster and lath in the 1940s, a new

for this classic material.

Veneer plaster systems provide a solid, uniform
wall surface that is highly resistant to nail pops, cracks
and surface damage. A skim coat of plaster is troweled
onto a gypsum wallboard base that has a distinctive
blue color, commonly called blueboard. While
blueboard is installed like standard wallboard, it has
a highly absorptive face paper to which the wet-mix
plaster bonds. Blueboard joints do not need to be taped
as precisely as standard wallboard joints, and seams and
fastener heads do not show through the finished plaster
surface, a common problem with standard wallboard.

Veneer systems are available in one-coat and
two-coat systems. One-coat systems have a sing|c
layer of finish plaster applied directly to the blueboard
base; two-coat systems, a rough basecoat for the finish
plaster to mechanically “key” or bond to, providing
a more rigid surface. Finish plaster can be troweled
smooth or tooled for a texture. Sand and other
additives can be used to create coarser textures.

Tools and materials for installing veneer plaster include;
dry-mix veneer plaster basecoats (A); finish plaster (B),
available for smooth or textured applications; spray bottle for
moistening surfaces (C); non-adhesive fiberglass mesh tape

for covering blueboard panel seams and inside corners (D),
outside corner beads with metal beads and mesh flanges (E);
mortar hawk (F); 12" trowel (G); thin-wire rake for roughening
the base coat (H).
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Applying veneer plaster effectively does take
some time to master, but no more so than that of any
masonry technique that requires troweling. The key
is to apply the plaster in quick, short strokes, called
“scratching in,” and then to immediately trowel it over
with a steady, even stroke to smooth the plaster to a
consistent thickness, typically V" to 4"

Tools & Materials »

Stapler Metal corner bead with

Hammer mesh flanges

Heavy-duty 14" 114" wallboard screws
drill with Non-adhesive fiberglass
mixing paddle mesh tape

16-gal. drum 4" staples

Mortar hawk Clean potable water

12" trowel Dry-mix veneer

Fine-wire rake basecoat plaster (for
or broom two-coat application)
(for basecoat) Dry-mix veneer

Spray water bottle finish plaster

ONE- AND TWO-COAT VENEER
PLASTER SYSTEMS

|

Finish Finish =

One-coat veneer plaster
systems use a single, ¥"-
t0 ¥%:"-thick coat of finish
plaster applied directly to

a blueboard base. The coat
can be troweled smooth or
textured, resulting in a hard,
monolithic surface.

Two-coat veneer plaster
systems are composed of a
6" t0 %" basecoat plaster
applied to blueboard, followed
by a 's"- to ¥"-thick coat of
finish plaster. The finish coat
bonds with the scratched
basecoat surface, forming a
maore uniform and monolithic
surface than that of a
one-coat system.



. How to Apply a One-Coat Veneer Plaster System

Cover all seams first. Apply a thin Variation: Blueboard joints can also be reinforced with paper tape. Embed the tape
layer of plaster along all flat seams and in a thin plaster bed, then and cover with another thin layer to conceal the tape fully.
corner bead, feathering out the edges Note: Some manufacturers recommend setting-type compound for embedding paper
by 6". For inside corners, apply a thin tape, always follow the manufacturer’s directions for the products you use.

bed of plaster and embed the loose
tape, then cover with ancther thin layer.
Allow all taped seams to set.

After the seams have set, begin plastering the surface, beginning at one corner and moving to the opposite. Start with ceilings
and then do the walls, completing one entire surface before moving on to the next. To apply the plaster, tightly scratch in the
material up the wall (photo left), then immediately double-back over it, smoothing over the material to a thickness of s to %",

as specified by the manufacturer. Use tight, quick strokes to apply the plaster during the “scratch pass” and long, even strokes to
achieve consistency during the “smooth pass.”

(continued)
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Continue to apply plaster by scratching in and smoothing Once the plaster begins to firm, trowel the surface to
over the surface. Don't worry about uniformity and trowel fill any voids and remove tooling marks and imperfections,
ridges at this point. Rather, make sure the entire surface is integrating the surface into a uniform smoothness.
completely concealed with a relatively even plaster coat, %s"

to ¥=2"-thick.

Prior to the plaster setting, make a final pass with the Variation: For textured surfaces, skip the final troweling and
trowel to smooth the surface, using water sparingly. Do not work the surface with a texturing tool to achieve the desired
over trowel; stop before the plaster begins to darken and sets. results. Note: Sand or texture added to the plaster mixture

does not require tooling.
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. How to Apply Basecoat in a Two-Coat Veneer Plaster System

Apply a thin layer of basecoat along all flat seams and After the seams have set, tightly scratch in basecoat, then
corner bead, feathering out the edges by &". For inside immediately double-back over it, smoothing over the material
corners, apply a thin bed of basecoat and embed the loose to a thickness of %" to ", as specified by the manufacturer.
tape, then cover with another thin layer. Allow all taped seams Use tight, quick strokes to apply basecoat for the "scratch

to set. pass” and long, even strokes to achieve consistency for the

“smooth pass.”

Once the plaster begins to firm or “take up,” trowel Approximately two hours after the basecoat has set,
the surface to fill any voids and remove tooling marks and the finish coat can be applied using the same technigues as
imperfections, integrating the surface into a reasonably for a one-coat veneer plaster system (see pages 225 to 226).

uniform surface—do not over-trowel to a smooth surface.
Create keys for the final coat, using a thin-wire rake to roughen
the basecoat.
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"1 Paneling Ceilings

Tongue-and-groove paneling is a pleasing alternative
to a wallboard ceiling, particularly in a knee-wall
attic. Pine paneling is most common, but any tongue-
and-groove material can be used. These materials

are typically %" to %" thick and are attached directly
to ceiling joists and rafters (over faced insulation,
when required). Most codes require vou to install %"
wallboard as a fire stop under ceiling material thinner
than %"

Allow for waste by purchasing 15% more
material than the square footage of the ceiling;
add more for waste if the ceiling requires many
angled cuts. Since the tongue portion on most picces
slips into the groove on an adjacent piece, square
footage is based on the exposed face (called the
reveal) once the boards are installed. A compound
miter saw is the best tool for ensuring clean cuts.
This is especially important if the ceiling includes
non-90° angles.

Tongue-and-groove boards are attached with
flooring nails driven through the shoulder of the
tongue into each rafter (called blindnailing because
the nail heads are covered by the next board). Nailing
through the board face is only necessary on the first
and last course and on scarf joints.

Layout is very important to the success of a paneled
surface, because the lines clearly reveal flaws such as
pattern deviations, misaligned walls, and installation
mistakes. Before beginning the installation, measure to
see how many boards will be installed (using the reveal
measurement). If the final board will be less than 2
inches wide, trim the [lirst, or starter board, by trimming
the long edge that abuts the wall.

Il the angle of the ceiling peak is not parallel to the
wall, you must compensate for the difference by ripping
the starter piece at an angle so that the leading edge,
and every picce thereafter, is parallel to the peak.

Tools & Materials »

Chalk line

Compound miter saw

1%4" spiral
flooring nails
Circular saw Trim molding
Drill
Nail set
Tongue-and-groove
paneling

Tongue-and-groove paneling can be installed directly over rafters or joists or over wallboard. In attic installations, it's important
to insulate first, adding a separate vapor barrier if required by building codes. Local code may also reguire that paper-faced
insulation behind & kneewall be covered with drywall or other material.
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_ How to Panel a Ceiling

To plan your layout, first measure the reveal of the boards.
Fit two pieces together and measure from the bottom edge
of the upper board to the bottom edge of the lower board.
Calculate the number of boards needed to cover one side of
the ceiling by dividing the reveal dimension into the overall
distance between the top of the wall and the peak.

If the boards aren’t long enough to span the entire ceiling,
plan the locations of the joints. Staggering the joints in a three-
step pattern will make them less conspicuous. Note that each
joint must fall over the middle of a rafter. For best appearance,
select boards of similar coloring and grain for each row.

Use the calculation from step 1 to make a control line for
the first row of panels—the starter boards. At both ends of the
ceiling, measure down from the peak an egual distance, and
make a mark to represent the top (tongue) edges of the starter
boards. Snap a chalk line through the marks.

1st board 2nd board

Rip the first starter board to width by bevel-cutting the
bottom (grooved) edge. If the starter row will have joints, cut
the board to length using a 30° bevel cut on the joint end only.
Two beveled ends joined together form a scarf joint (inset),
which is less noticeable than a butt joint. If the board spans the
ceiling, square-cut both ends.

(continued)
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Position the first starter board so the tongue is on the
control line. Leave a 4" gap between the square board end
and the end wall. Fasten the board by nailing through its face
about 1" from the grooved edge and into the rafters. Then,
blind-nail through the base of the tongue into each rafter,
angling the nail backward at 45°. Drive the nail heads beneath
the wood surface, using a nail set.

Cut the first board for the next row, then fit its grooved
edge aver the tongue of the board in the starter row. Use a
hammer and a scrap piece of paneling to drive downward on
the tongue edge, seating the grooved edge over the tongue of
the starter board. Fasten the second row with blind-nails only.
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cut and install any remaining boards in the starter row
one at a time, making sure the scarf joints fit together tightly.
At each scarf joint, drive two nails through the face of the top
board, angling the nail to capture the end of the board behind
it. If necessary, predrill the nail holes to prevent splitting.

As you install successive rows, measure down from

the peak to make sure the rows remain parallel to the peak.
Correct any misalignment by adjusting the tongue-and-groove
joint slightly with each row. You can also snap additional
control lines to help align the rows.



Rip the boards for the last row to width, beveling the top Install trim molding along walls, at joints around obstacles,

edges so they fit flush against the ridge board. Facenail the and along inside and outside corners, if desired. (Select-grade
boards in place. Install paneling on the other side of the ceiling, 1 x 2 works well as trim along walls)) Where necessary,

then cut and install the final row of panels to form a closed bevel the back edges of the trim or miter-cut the ends to
joint under the ridge board (inset). accommodate the slope of the ceiling.

I[ Tips for Paneling an Attic Ceiling »

Panel
matérial

Use mitered trim to cover joints where panels meet Wrap collar ties or exposed beams with custom-

at outside corners. Dormers and other roof elements cut panels. Install the paneling on the ceiling first. Then,
create opposing ceiling angles that can be difficult to rip-cut panels to the desired width. You may want to
panel around. It may be easier to butt the panels together include a tongue-and-groove joint as part of the trim
and hide the butt joints with custom-cut trim. The trim detail. Angle-cut the ends of the trim so it fits tight to the
also makes a nice transition between angles. ceiling panels.
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S uspended ceilings are traditionally popular
ceiling finishes for basements and utility areas,
particularly because they hang below pipes and other
mechanicals while providing easy access to them.
However, the commercial appearance and grainy
texture of basic ceiling tiles make them an unlikely
choice for formal areas such as living rooms. Basic
tiles are not your only option.

Suspended ceiling tile manufacturers have a wide
array of ceiling tiles to choose from that go above and
beyond traditional institutional tiles. Popular styles
mimic historical tin tiles and add depth to the ceiling
while minimizing sound and vibration noise.

A suspended ceiling is a grid framework made of
lightweight metal brackets hung on wires attached to
ceiling or floor joists. The frame consists of T-shaped
main beams (mains), cross-tees (tees), and L-shaped
wall angles. The grid supports ceiling panels, which rest
on the {langes of the framing pieces. Panels are available
in 2 % 2-ft. or 2 x 4-[t. sizes, in a variety of styles. Special
options include insulated panels, acoustical panels
that absorb sound, and light-diffuser screens for use
with fluorescent lights. Generally, metal-frame ceiling
systems are more durable than ones made of plastic.

| Installing Suspended Ceilings

To begin vour ceiling project, devise the panel
layout based on the size of the room, placing equally
sized trimmed panels on opposite sides to create a
balanced look. Your ceiling must also be level. For
small rooms, a 4-loot or 6-foot level will work, but a
water level is more effective for larger jobs. You can
make a water level with two water-level ends (available
at hardware stores and home centers) attached to
flexible plastic tubing.

Tools & Materials »

Water level Utility knife

Chalk line Suspended ceiling
Drill kit (frame)
Aviation snips Secrew eyes

String Hanger wires
Lock-type clamps Ceiling panels
Screw-eye driver 14" drywall screws
Pliers or masonry nails
Straightedge

Suspended ceilings are the most common ceiling choice in areas, such as basements, where access to the joist cavities needs
to be maintained. They're also installed as a way to conceal problem ceilings.
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| Installing a Suspended Ceiling

Nl

Drywall or
ceiling panel

1 x valance

Build a valance around basement awning windows so they
can be opened fully. Attach 1 x [umber of an appropriate width
to joists or blocking. Install drywall (or a suspended-ceiling
panel trimmed to fit) to the joists inside the valance.

_ How to Install a Suspended Ceiling

Overall room
width

Overall room
. length

2N

Cut border L /
panels Y
‘\y \_7.’\ /

=

Cut border
panels

Draw your ceiling layout on paper, based on the exact
dimensions of the room. Plan so that trimmed border panels
on opposite sides of the room are qual width and length
(avoid panels smaller than %-size). If yO
fixtures in your plan, make sure they follow th

Il Tip »

Make a mark on one wall that
represents the ceiling height plus the
height of the wall angle. Use a water
level to transfer that height to both
ends of each wall. Snap a chalk line to
connect the marks. This line represents
the top of the ceiling’s wall angle.

Attach wall angle pieces to the studs
on all walls, positioning the top of the
wall angle flush with the chalk line. Use
114" drywall screws (or short masonry
nails driven into mortar joints on
concrete block walls). Cut angle pieces
using aviation snips.

Vertical
flange

on lower pietes

Trim wall angle pieces to

fit around corners. At inside
corners (top), back-cut the
vertical flanges slightly, then
overlap the horizontal flanges.
At outside corners (bottom),
miter-cut one horizontal
flange, and overlap the flanges.

(continued)
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Mark the location of each main on the wall angles at the
ends of the room. The mains must be parallel to each other
and perpendicular to the ceiling joists. Set up a guide string
for each main, using a thin string and lock-type clamps (inset).
Clamp the strings to the opposing wall angles, stretching them
very taut so there’s no sagging.

Install screw eyes for hanging the mains, using a drill and
screw-eye driver. Drill pilot holes and drive the eyes into the
joists every 4 ft., locating them directly above the guide strings.
Attach hanger wire to the screw eyes by threading one end
through the eye and twisting the wire on itself at least three
times. Trim excess wire, leaving a few inches of wire hanging

Measure the distance from the
bottom of a main’s flange to the

hanger hole in the web (inset). Use

this measurement to prebend each
hanger wire. Measure up from the guide
string and make a 90° bend in the wire,
using pliers.

below the level of the guide string.

Following your ceiling plan, mark the
placement of the first tee on opposite
wall angles at one end of the room. Set
up a guide string for the tee, using a
string and clamps, as before. This string
must be perpendicular to the guide
strings for the mains.
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Trim one end of each main so that a
tee slot in the main’s web is aligned with
the tee guide string, and the end of the
main bears fully on a wall angle. Set the
main in place to check the alignment of
the tee slot with the string.



Cut the other end of each main to fit, so that it rests on
the opposing wall angle. If a single main cannot span the room,
splice two mains together, end-to-end (the ends should be
fashioned with male-female connectors). Make sure the tee
slots remain aligned when splicing.

Attach tees to the mains, slipping the tabbed ends into
the tee slots on the mains. Align the first row of tees with the
tee guide string; install the remaining rows at 4-ft. intervals. If
you're using 2 x 2-ft. panels, install 2-ft. cross-tees between
the midpoints of the 4-ft. tees. Cut and install the border tees,
setting the tee ends on the wall angles. Remave all guide
strings and clamps.

Install the mains by setting the ends on the wall angle and
threading the hanger wires through the hanger holes in the
webs. The wires should be as close to vertical as possible.
Wrap each wire around itself three times, making sure the
main’s flange is level with the main guide string. Also install a
hanger near each main splice.

Place full ceiling panels into the grid first, then install the
border panels. Lift the panels in at an angle, and position them
so they rest on the frame's flanges. Reach through adjacent
openings to adjust the panels, if necessary. To trim the border
panels to size, cut them face-up, using a straightedge and
utility knife (inset).

Walls & Ceilings ® 235



| Installing Acoustical Ceiling Tiles

" asy-to-install ceiling tile can lend character to a plain Most ceiling tile comes prefinished, but it can be

.ceiling or help turn an unfinished basement or attic painted to match any decor. For best results, apply
into beautiful living space. Made of pressed mineral two coats of paint using a roller with a '4" nap. Wait
and fiberboard, ceiling tiles are available in a variety of 24 hours between coats.

styles. They also provide moderate noise reduction.

Ceiling tiles typically can be attached directly to a
drywall or plaster ceiling with adhesive. If your ceiling
is damaged or uneven, or if you have an unfinished

joist ceiling, install 1 x 2 furring strips as a base for the Tools & Materials »
tiles, as shown in this project. Some systems include
metal tracks for clip-on installation. 4-ft. level Stapler
Unless your ceiling measures in even feet, vou Stepladder 1 % 2 furring strips
won't be able to install the 12-inch tiles without some Chalk line 8d nails or 2" screws
cutting. To prevent an unattractive installation with Utility knife String
small, irregular tiles along two sides, include a course of Straightedge Ceiling tiles
border tiles along the perimeter of the installation. Plan Hammer or drill Staples
so that tiles at opposite ends of the room are cut to the Handsaw Trim molding

same width and are at least half the width of a full tile.

Acoustic tile improves the sound quality inside a home theater and reduces the transmission of sound to the rooms
surrounding it.
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. How to Install Ceiling Tile

' ¥

3“10! -.., R e . A l‘.'...\ ' T
i B 4 3 BE 10 ft., 8°
R R I e R
o D (T P o G O e T RS B T W N
»8" -48'-1—T
< 15 ft., 4* >
Measure the ceiling and devise a layout. If the length (or width) doesn't measure Install the first furring strip flush
in even feet, use this formula to determine the width of the border tiles: add 12 to with the wall and perpendicular to the
the number of inches remaining and divide by 2. The result is the width of the border joists, fastening with two 8d nails or 2"
tile. (For example, if the room length is 15 ft., 4", add 12 to the 4, then divide 16 by 2, screws at each joist. Measure out from
which results in an 8" border tile.) the wall a distance equal to the border

tile width minus %", and snap a chalk
line. Install the second furring strip with
its wall-side edge on the chalk line.

Install the remaining strips 12" on-center from the second strip. Measure from the Check the strips with a 4-ft. level.
second strip and mark the joist nearest the wall every 12". Repeat along the joist on the Insert wood shims between the strips
opposite side of the room, then snap chalk lines between the marks. Install the furring and joists as necessary to bring the
strips along the lines. Install the last furring strip flush against the opposite side wall. strips into a level plane.

Stagger the butted end joints of strips between rows so they aren't all on the same joist.
(continued)
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Set up taut, perpendicular string lines along two adjacent Cut the corner border tile to size with a utility knife

walls to help guide the tile installation. Inset the strings from and straightedge. Cutting the border tiles %" short will ease
the wall by a distance that equals that wall’s border tile fitting them. The resulting gap between the tile and wall
width plus %", Use a framing square to make sure the strings will be covered by trim. Cut only on the edges without the
are square. stapling flange.

Position the corner tile with the Fill in between the border tiles
flange edges aligned with the two string with full-size tiles. Continue working
lines and fasten it to the furring strips diagonally in this manner, toward the
with four 14" staples. Cut and install two opposite corner. For the border tiles
border tiles along each wall, making along the far wall, trim off the flange
sure the tiles fit snugly together. edges and staple through the faces of

the tiles, close to the wall.
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Install the final row of tiles, saving
the far corner tile and its neighbor for
last. Cut the last tile to size, then remove
the tongue and nailing flange along the
side edges. Finish the job by installing
trim along the edges.



Today's metal ceilings offer the distinctive elegance
of 19th-century tin tile in a durable, washable
ceiling finish. Available at home centers and specialty
distributors, metal ceiling systems include field panels
(in 2% 2-, 2 % 4-, and 2 x 8-ft. sizes), border panels
that can be cut to fit your layout, and cornice molding
for finishing the edges. The panels come in a variety
of materials and finishes ready for installation, or they
can be painted.

To simplify installation, the panels have round
catches, called nailing buttons, that fit into one another
to align the panels where they overlap. The buttons are
also the nailing points for attaching the panels. Use
1" decorative conehead nails where nail heads will be
exposed, and 2" wire nails where heads are hidden.

Install your metal ceiling over a smooth layer of %" or
14" plywood, which can be fastened directly to the ceiling
joists with drywall screws, or installed over an existing
finish. The plywood provides a flat nailing surface for the
panels. As an alternative, some manufacturers offer a
track system for clip-on installation.

| Installing Metal Ceilings

Begin your installation by carefully measuring the
ceiling and snapping chalk lines to establish the panel
layout. For most tile patterns, it looks best to cover
the center of the space with full tiles only, then fill in
along the perimeter with border panels, which are not
patterned. Make sure your layout is square.

m Tools & Materials »

Chalk line Field panels

Level Border panels with

Tin snips molding edge

Drill with 4" Cornice molding
metal bit Masking tape

Compass 14" wire nails

Metal file 1" conehead nails

%" or 12" plywood Wood block

2" drywall screws

Real metal ceilings have traditional embossed patterns with an unmistakable luxurious quality. But, they are expensive and a bit
unwieldy to install. Acoustic panels with an embossed vinyl pattern layer are much cheaper and easier to install, but are also less authentic.
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How to Install a Metal Tile Ceiling

Cornice

P e e e e 4

g =
Border panel

Field panel

Measure to find the center of the ceiling, then snap perpendicular chalk lines
intersecting the center. On the walls, mark a level reference line representing the
bottom edges of the cornice molding. Where possible, plan to install the panels so
they overlap toward the room’s entrance, to help conceal the seams.

Continue to install field panels, working along the length
of the area first, then overlapping the next row. Make sure the
nailing buttons are aligned. Underlap panels by sliding the new
panel into position beneath the installed panel, then fasten
through both panels at the nailing buttons, using 1" conehead
nails. Where field panels meet at corners, drill %" pilot holes for
the conehead nails.
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Align the first field panel with the
chalk lines at the ceiling’s center, and
attach it with " wire nails along the
edges where another panel will overlap
it. Drive the nails beside the nailing
buttons—saving the buttons for nailing
the overlapping panel.

Cut the border panels to width so they will underlap the
cornice by at least 1". Use sharp tin snips, and cut from the
edge without edge molding. Install the panels so the nailing
buttons on the molding align with those on the field panels.
Fasten through the buttons with conehead nails, and along the
cut edge with wire nails. At corners, miter-cut the panels, and
drive conehead nails every 6" along the seam.



Install each cornice piece with its At inside corners, install one cornice piece tightly into the corner, then scribe the

bottom edge on the level line. Drive mating piece to fit, using masking tape and a compass. Cut along the scribed line

1" conehead nails through the nailing with tin snips, and make minor adjustments with a metal file. You may have to cut the
buttons and into the wall studs. Don't nail mating piece several times, so start with plenty of length. If you have several corners,
the ends until the succeeding piece isin use this technigue to cut templates for the corner pieces.

place. Fasten the top edges to the ceiling.

At outside corners, cut the ends of two scrap pieces at a Using a hammer and a piece of wood, carefully tap

33° angle. Fit the pieces together at the corner, then trim and any loose joints to tighten them. If the cornice will be left

mark each piece in turn, making minor adjustments until they unpainted, file the joints for a perfect fit. If you're painting the
fit well. Use the scrap pieces as templates for marking the ceiling, seal the seams with paintable silicone caulk, then apply
waorkpieces. Fasten near the corner only when both mating two coats of paint using a roller with a 14" nap. Allow the first
pieces are in place. coat to dry for 24 hours hefore applying the second coat.
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| Installing Base Molding

aseboard trim is installed to conceal the joint

between the finished floor and the wallcovering.
It also serves to protect the wallboard at the floor.
Installing plain, one-piece basehoard such as ranch-
style base or cove base is a straightforward project.
Outside corner joints are mitered, inside corners are
coped, and long runs are joined with scarf cuts.

The biggest challenge to installing base is dealing
with out-of-plumb and nonsquare corners. However, a
T-bevel makes these obstacles easy to overcome.

Plan the order of your installation prior to cutting
any pieces and lay out a specific piece for each length
of wall. It may be helpful to mark the type of cut on
the back of each piece so you don't have any confusion
during the install.

Locate all studs and mark them with painter’s
tape, 6 inches higher than your molding height. If

you need to make a scarf joint along a wall, make
sure it falls on the center of a stud. Before you
begin nailing trim in place, take the time to pre-
finish the moldings. Doing so will minimize the
cleanup afterward.

Tools & Materials »

Pencil Pneumatic finish nail
Tape measure gun & compressor
Power miter saw Moldings

T-bevel Pneumatic fasteners
Coping saw Carpenter’s glue
Metal file set Finishing putty

. How to Install One-piece Base Molding

Measure, cut, and install the first piece of baseboard.
Butt both ends into the corners tightly. For longer lengths, it
is a good idea to cut the piece slightly oversized (up to 1"
on strips over 10 ft. long) and “spring” it into place. Nail the
molding in place with two nails at every stud location.

242 » THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT

cut the second piece of molding oversized by 6" to 10" and
cope-cut the adjoining end to the first piece. Fine-tune the
cope with a metal file and sandpaper. Dry-fit the joint, adjusting
it as necessary to produce a tight-fitting joint.



Check the corner for square with a framing square. If Adjust the miter angle of your saw to cut the adjoining

necessary, adjust the miter cut of your saw. Use a T-bevel to outside corner piece (3). Test-fit the cut to ensure a tight joint
transfer the proper angle. Cut the second piece (coped) to (inset photo). Remove the mating piece of trim and fasten the
length and install it with two nails at each stud location. first piece for the outside corner joint.

Lay out any scarf joints by placing the piece in position so Nail the third piece in place, making sure the outside corner
that the previous joi