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Introduction

"Building a house requires thousands of deci-
sions based on a million bits of information."
This was the opening line of my talk to thou-
sands of potential owner/builders who attended
my 3-week courses at Shelter Institute and, later,
Cornerstones.

Teaching that course, and an earlier house-
building course at Bowdoin College, taught me
how to convey technical design information to
people who are not professional builders. I put
that training to work in my five previous books,
which covered every aspect of building, from
retrofitting insulation in a drafty old house in
House Warming to siting, planning, and con-
structing a house in Breaking New Ground.

But still, something was missing. I'd written
all I'd wanted to about designing and construct-
ing a house, but I hadn't thoroughly covered the
topic of what to construct a house with. What's
more, it didn't seem to me that anyone else had,
either. Certainly there are thorough technical
references for architects and structural engi-
neers. But there was no thorough guide for peo-
ple without that kind of formal technical train-
ing. The fact is, the majority of people who
actually lay their hands on materials—iradesmen,
owner/builders, and do-it-yourselfers—are not
trained architects or engineers. These people
needed a book just as thorough as the ones the
architects use but that also offered explanations,
formulas, and charts that would make the infor-
mation accessible. The Visual Handbook of

Building and Remodeling, 1 believe, is that
book.

Naturally, in my previous books, I discussed
materials in the context of how to use them, as
have many other excellent how-to writers. But
the Visual Handbook focuses on the materials.
Its purpose is to enable you to decide how much
of which material of what size should be used
for any given house on any given site. You will
find some how-to information in these pages be-
cause the way materials are used is often rele-
vant in deciding which material to use. The
point is, the how-to is incidental to the what-to,
instead of the other way around. For example,
the siding chapter discusses the pros and cons of
each type of siding, from clapboards to vinyl, so
you can make an informed decision about which
is best for your particular climate and site. But it
also illustrates construction details, to help you
decide which will work best on your particular
house.

I could see right away that this had to be a vis-
ual handbook. There's no way words could de-
scribe, for example, every commercially avail-
able molding profile. But it's possible to illus-
trate each one. Two things made it possible for
me to produce this visual book. One is the won-
ders of personal computing technologies that en-
abled me to produce illustrations even though I
can't draw. The other is that I am an information
pack rat, a looter of lists, a burglar of booklets, a
swiper of spec sheets.

ix
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In this I am insatiable. No builder, no ancient
hardware clerk, no sawyer in the backwoods,
not even architects were spared my quest. I raid-
ed their files, their bookshelves, and their minds.
Over the years 1 have accumulated the best of
what they found useful in the actual building of
houses: tables, lists, government pamphlets,
manufacturers' literature, building-trade associa-
tion publications, even the instructions from a
package of asphalt shingles.

The result, I think, is a book that should be
useful to anyone who puts his or her hands on
building materials or hires others who do. If you
hire a builder, you won't be limited to his prefer-
ences but will be able to take a more active role
in deciding what materials to use. If you are an
owner/builder, this book should complement the
how-to books I'm sure you are accumulating.
And if you are a tradesman, I hope that you'll
toss a copy behind the seat of your truck for easy
reference.

By the way, the opening line of my owner/
builder course proved tobe a bit off the mark.
According to my computer, this book actually
contains 40 million bytes of information.







Abbreviations

AASHO:

ABS:

AC:
ADA:

AFUE:

ag:
amp:

ANSI:

APA:

ARM:

avg:

AWPB:

bg:
Btu:
BUR:

xii

American Association of
State Highway Officials

acrylonitrile-
butadiene-styrene

armored cable

airtight drywall ap-
proach

annual fuel utilization
efficiency

above grade
ampere

American National
Standards institute

American Plywood
Association

adjustable-rate mort-
gage

average

American Wood Pre-
servers Bureau

: breadth

below grade
British thermal unit(s)
built-up roof

centigrade; corrosion-
resistant

CCF:
CDD:
cfm:

CMU:

CPVC:

CRI:

cu ft:

db:
dbl:
DDss:

dia:
DMT:

DS:
DWV:

EER:

hundred cubic feet
cooling degree-day(s)
cubic feet per minute

concrete masonry
unit

chlorinated polyvinyl
chloride

color-rendering
index

cubic feet

. depth; pennyweight

. deciduous

decibels
double(s)

base 65°F degree-
days

diagonal; diameter

design minimum
temperature

double-strength

drain, waste, and
vent

east; modulus of elas-
ficity; evergreen;
excellent

energy efficiency ratio

EMT:

EPA:

EPDM:

Exp 1:
EXT:

Fb:

Fc:

fipt:

fnpt:

FRM:

Fv:

ga:
gal:
GEM:

GFl:

thin-wall metal con-
duit

US Environmental
Protection Agency

ethylene propylene
polymer membrane

exposure 1

exterior

. Fahrenheit; fair;

feeder; female

extreme fiber stress
in bending

compression parallel
to grain

female iron pipe
thread

female national pipe
thread tapered

fixed-rate morigage

horizontal shear

: good

gauge
galion

growing-equity mort-
gage

ground fault inter-
rupter
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Abbreviations

GPM:

HDD:

HDO:
hp:
hr:
HUD:

graduated-payment
mortgage

. heat-resistant; height;

run

heating degree-
day(s)

high-density overlay
horsepower
hour(s)

US Department of
Housing and Urban

. Development

HVAC:

Hz:

HC:

IMC:

ins:
INT:
IRMA:

heating, ventilating,
and air-conditioning

hertz

. internal diameter

impact insulation
class

intermediate metal
conduit

insert thread
interior

insulated roof mem-
brane assembly

: kelvin

: kilowatt-hour
: left; length

: pound

: linear feet

male

: maximum

MC:
min:
mipt:

mnpt:

mph:
MW:

NM:
NRC:

oc:
OD:
OSB:

0Z.

PB:
pcf:
PE:
PS:

pst:

psi:

PVC:

rec:

Ref:

moisture content
minimum; minute
male iron pipe thread

male national pipe
thread tapered

miles per hour

moderate weather

. north

nonmetallic

noise-reduction
coefficient

on-center
outside diameter
oriented-strand board

ounce

: perennial; plastic

weld; poor
polybutylene

pounds per cubic foot
polyethylene

product standard

pounds per square
foot

pounds per square
inch

polyvinyl chloride

: right; riser; rubber

recommended

reference point

RMC:

RTV:

R-value:
S
SAM:

SE:

sel str:

sgh:

SJ:
slip:
spig:
sq ft:
sqgin:

STC:

std:
SwW:
S18:
S48S:

T&G:
TCE:
THM:

USDA:

xiii

rigid metal conduit

room temperature
vulcanized

thermal resistance
south

shared-appreciation
mortgage

service entrance
select structural
single(s)

slip joint

slip fitting

spigot fitting
square feet
square inch(es)

sound transmission
class

standard
severe weather
surfaced one side

surfaced four sides

: texture; thermo-

plastic; tread
tongue & groove
trichloroethylene

trihalomethane

: underground

US Department of
Agriculture



xiv Abbreviations

V: rise

W: water-resistant; west;
width

WM: Wood Moulding and
Millwork Producers
Association

WWPA: Western Wood Prod-
ucts Association

yr: year(s)
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Design

Houses are designed for people. Residential dimensions must
therefore be tied to human dimensions.

In the sections on kitzchen dimensions, bathroom dimensions,
and bedroom dimensions you will find minimum and standard
heights, widths, and clearances for the respective rooms and
their furnishings as well as for cabinetry. Similar minimum
and standard criteria for window, closet, and passageway
dimensions will make your house a better home.

Use the 1/4-inch-scale furnishing templates and fixture and
appliance templates as tools for scaling your floor plans.

Begin your kitchen design by considering the wide range of
practical kitchen plans illustrated. A similarly wide range of
bathroom plans is illustrated.

Stair design is complex and is subject to many code regula-
tions. You will find the critical elements listed, along with a
simple table for adjusting stair treads to any ceiling height.

Nearly one-quarter of us have some form of disability. Use
barrier-free design to make the house work for all.

Much as we dislike design restraints, the various building
codes have evolved primarily to keep us from hurting our-
selves. The light, ventilation, and safety code section lists the
most important and universal provisions of the codes.

Blueprints are the visual language of building. To under-
stand the ideas of building-trade professionals and to make
yourself understood, you must learn how to read blueprints.



Design

HUMAN DIMENSIONS

Why do we need typical human dimensions to
design buildings? Because buildings are built
for people. People need to reach shelves,
move furniture around, get by each other,
work side by side, and see out windows. The
special requirements of the handicapped mean
that spaces sometimes have to be designed for
two sets of human dimensions.

The typical human dimensions shown be-
low are for an adult male of height 5 feet
10 inches. To determine typical dimensions for

other heights, simply multiply the dimensions
shown by the ratio of heights.

Example: What is the standing eye level of a
5-foot (60-inch) person?

The standing height of the figure in the il-
lustration is 70 inches, and the eye height is
66 inches. The standing eye level of a
60-inch person is therefore 60 + 70 X 66 =
57 (inches).

| 72"
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Kitchen Dimensions 3

KITCHEN DIMENSIONS

Unless you special-order or build your own, The countertop frontages shown are the
chances are your cabinetry will be of standard minimum. Cooks who use lots of pots and
dimensions. The only choice open to you is the pans or who entertain a lot will appreciate 36
height of the wall cabinets above the counter. inches to the left of the sink and a separate
Low wall cabinets make wall shelving 24 X 48-inch work surface such as the island
more accessible. On the other hand, if you shown.
plan to hang a microwave oven and a cook- Recessed counter surfaces on inside corners
book shelf under the wall cabinets, you'llneed  do not count toward either frontage or surface
greater height for a useful counter surface. area.

Std 25" ‘ , Min 4"
i e Std 15"
ey Max 15"
Walls 30"
Min 24" . Counters 18"

OO |
Std 30" O O Max 72" o

. ' 24" 1
Min 36 = 24"~ o Min 15" Min 15"
Std 18" Std 25" ——»
Max 24" Max 30"
Min 48" " _ {
" Stdsam | 8 :
Std 30"
e B Min 30"
Min 18 Sid 36"
Max 38"
Std 36"
l ]
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KITCHEN CABINETRY
* Standard modular kitchen cabinets are avail- fying counter heights should be taken seriously

able in a wide range of styles and prices. because it decreases the home's resale value.
Standard base cabinet height is 34-1/2 Cabinet widths range from 9 to 36 inches

inches, assuming a 1-1/2-inch countertop and in 3-inch increments, and 36 to 48 inches in

36-inch counter surface height. Cabinet height  6-inch increments. Exact fit is made by site-

can be raised or lowered by adding to or re- trimming standard 3 and 6-inch filler strips.

moving from the kick space. Typical modular kitchen cabinets are
Ideal counter height is considered to be the shown on this and the following page.

bottom of a bent elbow less 3 inches, but modi-

Base Cabinets

18> 435 ws"»»l o o #*36"4 k—w——A 1<~— r——»]

e J e J[ o] e ]
. el ie E] L] L
]
=
—
REGULAR BASES CORNER BASES
l<—— ~—~>4 35— fe—or—»
I I Il Il 11 |
SINK BASES SINK FRONT RANGE BASES
A PN Ceorsl s
T %, [ | mle==]r =
g Y [N =
e =
2 o o]
\(Q’ T == =

LAZY SUSAN ISLAND PLANNING CENTER




Kitchen Cabinetry

Wall Cabinets

e 18p] 36— 12" e
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24" ]
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—»| 12" la—
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L] J
REFRIGERATOR ISLAND

[e-18] —{ 12" [e— a8 4247

4

l

BROOM CLOSETS




Design

Installing Kitchen Cabinets

Installation of kitchen cabinets will go
smoothly in either new construction or remod-
eling if the standard procedure below is fol-
lowed:

1. Using a line level, find the highest point
of floor along the entire length of wall to re-
ceive cabinets.

2. Measure above the high point 34-1/2
inches, and draw a mark on the wall.

3. Using a line level and a chalk line, snap
a horizontal line to indicate the level of the
base cabinet tops (not countertop, which will
be higher).

4. Snap a second horizontal line 49-1/2
inches above the first line, or 84 inches above
the floor high point, to mark the tops of the
wall cabinets.

5. Using a stud finder (or a finishing nail
where holes will be covered by cabinets),
mark all locations of studs. Be sure the stud
marks are visible above both the 34-1/2-inch
and 84-inch heights.

6. Starting in a corner, have a helper hold
the first wall cabinet up to the 84-inch line,
drill pilot holes, and fasten through the cabi-
net back with two #10 x 2-1/2-inch screws.
Do not tighten the screws all the way.

7. When all of the wall cabinets have been
loosely hung, shim if necessary to bring all of
the fronts into alignment, then tighten the
mounting SCrews.

8. Starting at the same corner, place the
corner base cabinet, the flanking cabinets,
then the remaining cabinets.

9. Shim all of the base cabinets until the
fronts are aligned and the tops are level.

10. Drill 1/8-inch holes through the top
rails of the cabinet backs until the drill reach-
es the studs. Fasten with two #10 x 2-1/2-inch
screws per cabinet.

11. Readjust the base cabinet fronts (shim
again, if necessary). Clamp the vertical stiles
of adjacent cabinets with C-clamps, drill pilot
holes, and fasten the cabinets together with
drywall screws.

12. Finally, attach the countertop with
screws up through the base cabinet corner
blocks.
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Bathroom Dimensions

BATHROOM DIMENSIONS

Except in custom and luxurious homes, bath-
rooms tend to be of minimal dimensions. This
is probably a holdover from the early days
when the new "bath" room was stuffed into an
existing closet.

29"

le— 15" —f=—15"—

TOILET

:‘\ Nearest

fixture

Wall or fixture

32"

i_
r

N
N 7
30" min
inside
dimension

N g

Standard shower
measures
36" x 36"

SHOWER STALL

Wall or fixture

Both clearance and fixture dimensions shown
below are the minimums allowed by most
building codes. Where applicable, standard fix-
ture sizes are noted as well. Standard fixture
sizes are used in the section "Bathroom Plans."

24"
e e

)

3

i
L\ Nearest

fixture

Wall or fixture

——

54"

h____#*

LAVATORY
32" 30"
leq5"
1
/ N\ 1
-
Nearest |
fixture
Note that a
standard tub
measures
32" x 60"

BATHTUB
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BATHROOM VANITY CABINETRY

Most manufacturers of kitchen cabinets also
offer a standardized line of bathroom vanity
cabinets. Standard bathroom cabinet height is
30 inches; standard depth is 21 inches. Stan-
dard widths are 12 to 18 inches in 3-inch in-
crements, and 24 to 48 inches in 6-inch incre-
ments.

Vanity Cabinets

e T e < TR - —

— — o] - oo
SINK BASES
e 18" ] e . 21"
—~ [~ ] ?
* !Z! 30-1/2"
[
== 4
BASE DRAWER BASE

i
T —

! |

BOWL FRONT

[ ]

DRAWER




Bedroom Dimensions . 9

BEDROOM DIMENSIONS

The illustration below shows the most com- inches in room width or depth. Other bed
mon sizes of beds and minimum recommend- sizes include twin (39 x 80 inches), three-
ed bedroom sizes, based on those bed sizes quarter (48 x 75 inches), and king (72 x 84
and minimum recommended side and foot inches).

clearances of 24 inches. Dressers add 18

! 1 O - 8' 6“
l_:1 8“’“2 4" 30" e ‘.;2 4" 54" g 4"
75" 75
83" g 3"
24" 211“
TWIN FULL
g0 e { ()1 47
—— 24-- 60" g4u——- 24;- 76" g4u -]
80"
les
8 8" 80"
24" 24"

QUEEN KING
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WINDOW, CLOSET, AND PASSAGEWAY DIMENSIONS

Windows

Much thought should be given to window ge-
ometries. For exterior symmetry the tops of
all windows should align with the tops of ex-
terior doors (80 inches). Sill heights of win-
dows adjacent to counters or furniture should
be at least 42 inches; view or picture window
sills should not exceed 38 inches; no window
sill except that of a sliding glass door should be
less than 10 inches high.

Closets

Allow at least 36 inches of closet pole per oc-

cupant, with a hanger depth of 24 inches mini-
mum. Provide at least one closet per bedroom,
closets near front and rear entrances for coats,

a linen closet, and at least one generous walk-
in closet.

Passageways

Minimum widths of residential passageways are
dictated by the need to move large furnishings.
The table at upper right lists both minimum and
recommended widths of passageways.

WIDTHS OF PASSAGEWAYS

Passageway Minimum Recommended
Stairs 36" 40"
Landings 36" 40"

Main hall 36" 48"

Minor hall 30" 36"

Interior door 28" 32"
Exterior door 36" 36"
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Templates for Furnishings 11

TEMPLATES FOR FURNISHINGS

Many designers have difficulty judging the
relative sizes of spaces and furnishings. The
furnishings below and the fixtures and appli-
ances on the following page are drawn to a
scale of 1/4 inch =1 foot. A useful trick is to

photocopy, cut out, and paste these objects in
your floor plans. The sizes of many other fur-
nishings can be found in the Sears Catalog.

Better yet, take a tape measure and notepad to
your favorite furniture store.

COUCHES
Small
Large Sectional
CHAIRS
Love seat Easy Dining Folding
TABLES
30" dia
36" dia
42" dia
48" dia
54" dia
36" x 36" 48" x 48" 30" x 48" 54" x 54" 30" x 60" 36" x 72"
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TEMPLATES FOR FIXTURES AND APPLIANCES
TQILETS

II Bidet

Standard Elongated

SHOWER STALLS

Deluxe

Compact Standard
BATHTUBS
Standard
Compact Deluxe
Corner
VANITIES SINKS
Small [ {

Standard Deluxe Bar Single Standard
REFRIGERATORS WASHERS & DRYERS
10 cu ft 14cuft 20 cu ft ‘-—Eg-(-::ﬂ——-‘ Compact  Standard

DISHWASHER TRASH COMPACTER RANGES
Standard Standard Apartment Standard Deluxe
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KITCHEN PLANS

Kitchen design involves four considerations:

» appliances appropriate to cooking needs

» work surfaces for preparation, serving,
and cleaning up

« storage for food, dishes, and utensils

« arrangement of the above for efficiency

Work Centers

Kitchen tasks can be assigned to one of five
work centers. The table below shows the nor-
mal order of flow and the approximate per-
centage of trips made to each.

Work Center Trips
Sink and cleanup 35%
Cooking 25%
Preparation 20%
Serving 10%
Refrigerator and storage 10%

Lay out work centers this way:

+» Provide each center with enough counter
and storage space.

» Locate the refrigerator and food storage
center near the entrance door.

» Locate the serving center near the usual
eating area.

» Locate the sink and cleanup center on an
outside wall where natural light and an out-
door view can be enjoyed.

Work Triangle
A layout that follows the normal order of
flow will maximize the efficiency of the
kitchen. The total length of the work triangle
(paths between the refrigerator, sink, and
range) is a measure of efficiency. Less than
11 feet indicates too little counter space; more
than 26 feet indicates an inefficient layout.
The kitchen plans that follow show the
lengths of work triangles.

Basic Kitchen Plans

D

B

Single Double
counter counter
L- uU-
shaped shaped
L-shaped U-shaped
with island with peninsula
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Single Counter

Double Counter
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L-Shaped with Island
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BATHROOM PLANS

Bathroom design involves five decisions:

Who

Who will use this bathroom: children, parents,
both, or guests? Are any of them handi-
capped?

What

What will the user do in this bathroom: wash
up, shower, soak, dress for work, develop
film, wash clothes, or read philosophy books?
The bathroom has come a long way since the
outhouse. Consider all of the possibilities be-
fore settling for the bare minimum.

Privacy

People vary widely in how they regard their
bodies and natural functions. Do you need ab-
solute visual and acoustic privacy, attainable
only in the remotest corner of the third floor,
or do you enjoy bathing with your children
and/or friends?

Location

Is it handy to all who want to use it when they
want to use it? A toilet near the children's bed-
rooms allows parents to sieep through the
night. A master bath/dressing room is luxuri-
ous. An outside wall admits natural, healthful
sunlight. On the other hand, a head-of-the-
stairs location places all users on center stage.

Fixtures

Standard fixtures are the best buy. There is a
limitless variety of nonstandard fixtures avail-
able, but at much higher cost. The plans that
follow assume the use of standard fixtures and
minimum code-required clearances. If you
plan to use nonstandard fixtures, get the di-
mensions from your supplier and adjust the
plans accordingly.

Half Baths
© Do}
29"
1
} 6'0 |
—Tr

] D
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Half Baths with Laundry

70" } 103"

{Dry f o
Wash O

5| ou 9"

Full Baths

| tgr ]
, 10'9 ‘

5" 8"

69" %
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Mulii-user Baths

I 100" i

8"

g
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STAIR DESIGN

Riser and Tread Formulae
Risers and treads (see next page) are designed
together to be neither too shallow nor too
steep. If too shallow, the stairs occupy too
much space; if too steep, they are dangerous
and tiring to climb.

Rules of thumb for proportioning risers (R)
and treads (T) in inches are

R+T =171t017-1/2"
RxT =72t075"
2R+ T =241025"

Total rise (V) is the height between finished
floors. It is simply the number of steps times
the riser (R).

Total run (H) is T X (number of steps - 1).

STAIR DIMENSIONS

Stair Dimensions

Given the total rise (V) between finished
floors, what should the riser (R) and tread (T)
of each step be? In the table below, find the
approximate total rise (V) in the left column
and read across: number of steps, riser (R),
tread (T), and total run (H). Small differences
in V are made up by adjusting R and T by 1/8
inch for the required number of steps. Varia-
tions of 1/8 inch will not be noticeable when
the stairs are used.

Example: The total rise between two finished
floors is 8 feet 1 inch. In the table below we
find V = 8 feet 1-1/2 inches: thirteen steps of
R =7-1/2 inches, T = 10 inches, and H = 10
feet. We need to "lose" 1/2 inch in total rise.
For four steps we will decrease R by 1/8 inch
and increase T by 1/8 inch. The result is a to-
tal rise (V) of 8 feet 1 inch and a total run (H)
of 10 feet 1/2 inch.

Rise (V) Steps Riser (R) Tread (T) Run (H) Rise (V) Steps Riser (R) Tread (T) Run (H)
7'1-1/2" 12 7-1/8" 10-3/8" 9'6-1/8" 7'11-7/8" 13 7-3/8" 10-1/8" 10'1-1/2"
7'2-5/8" 11 7-7/8"  9-5/8" 8'1/4" 8'0" 12 8" 9-1/2" 8'g-1/2"
73" 12 7-1/4" 10-1/4" 9'4-3/4" 8'1-1/2" 13 7-1/2" 10" 10

7'4" 11 8" 9-1/2" 711" 82" 14 7" 10-1/2" 11'4-1/2"
7'4-1/2" 12 7-3/8" 10-1/8" 9'3-3/8" 8'3-1/8" 13 7-5/8" 9-7/8" 9'10-1/2"
7'6" 12 7-1/2" 10" g2" 8'3-3/4" 14 7-1/8" 10-3/8" 11'2-7/8"
77" 13 7 10-1/2" 10'6" 8'4-3/4" 13 7-3/4" 9-3/4" 9'g”
77-1/2" 12 7-5/8" 9-7/8" 9'5/8" 8'5-1/2" 14 7-1/4" 10-1/4" 11'1-1/4"
7'8-5/8" 13 7-1/8" 10-3/8" 10'4-1/2" 8'6-3/8" 13 7-7/8" 9-5/8" 97-1/2"
7'9" 12 7-3/4"  9-3/4" 8'11-1/4" 8'7-1/4" 14 7-3/8" 10-1/8" 10'11-5/8"
7'10-1/4" 13 7-1/4" 10-1/4" 103" g'g" 13 8" 9-1/2" 9'6"
7'10-1/2" 12 7-7/18" 9-5/8" 8'g-7/8" 8'g" 14 7-1/2" 10" 10'10"
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Building-Code Stair Requirements

Use "Stair Dimensions” on the previous page

to determine recommended tread (T), riser
(R), and total run (H), given the total rise (V)
between finished floors. The Uniform Build-
ing Code requires the following additional
standards, as illustrated below:

B baluster spacing (clear) 6 inches maximum
C clearance above nosing 6 feet 6 inches
minimum

L landing length and width equal to stair width
(W) minimum

LR landing railing 36 to 42 inches above
landing

N nosing 1-1/8 inches

R rise 8 inches maximum

SR stair railing 30 to 34 inches above nosing

T tread 9 inches minimum

W width of stair 36 inches minimum
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BARRIER-FREE DESIGN

The dimensions shown are for an average adult
male. For adult women the dimensions from the
ground to seat level remain the same, but all di-
mensions above seat level should be reduced by
10 percent. If the specific persons are known,
1) measure them directly, and 2) review their
particular preferences and physical limitations.
Barrier-free building design is a rapidly
evolving field, so ask your building-product and
appliance dealers about recent developments.

Human/Wheelchair Dimensions




24 Design

Walks and Ramps

~—-— 60" min Ramp 30' max

Nonskid

surface
Platform
slope
1% max

12"
e ————— L
J 18 L
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Barrier-Free Bathrooms

_| Out-swinging Cabinet at side

door
T T
O 18" min
I

/ ’ \\
4 \
4 AY
4 AY
/ 1
1]
; Turning diameter |
\ 60" min ! Side
| ' clearance
\_____/ \ ) 48" min
N /
N 7/

= b ﬂ
18" min

Front
clearance —
48" min

Tilted mirror

Outilet

C D
= T
N Grab bar
33" max
:ﬁ T
Toilet
seat
20"
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Barrier-Free Tubs and Showers

@ @
Hand-held Hand-held
shower on shower on
Controls slide bar slide bar -

|_— Controls

o
@@

HY o 4
Seat \ }

33" Seat
—
20" 20"
l Nonslip
e 18" -]
threshold
Barrier-Free Kitchens
Clear width 21"
under counter —— f—
| Staggered
Reach
21" max

n
-~
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LIGHT, VENTILATION, AND SAFETY CODE (from Uniform Building Code)

Light and Ventilation

Habitable rooms except baths must have day-
lighting windows equal to 10 percent of the
floor area or 10 square feet minimum. They
must also have ventilating windows or other
openings equal to 5 percent of the floor area
or 5 square feet minimum. As an alternate,
mechanical ventilation of five air changes per
hour may be provided.

Baths and laundries must have ventilating
openings equal to 5 percent of the floor area
or 1.5 square feet minimum. As an alternate,
they may have five air changes per hour of
mechanical ventilation.

Smoke Detectors

All dwellings must have at least one smoke
detector on the ceiling or wall of the hall out-
side bedrooms. If the bedrooms are on the
second floor, the detector must be on the ceil-
ing over the stairway.

Basements accessible from living areas
must have smoke detectors. All detectors must
be audible in all closed bedrooms.

In new construction, or when bedrooms are
added, or when the valuation of a repair or addi-
tion exceeds $1,000, the smoke detectors must
be permanently wired without on/off switches.
Otherwise, battery operation is allowed.

Fire Exits

All dwellings must have at least one door to
the outside 36 inches wide and 80 inches high
minimum, with a clear width of the exit of at
least 32 inches.

In addition, every bedroom below the
fourth floor must have at least one exterior
door or egress window, operable from the in-
side without the use of tools. Egress windows
must have sills no more than 44 inches from
the floor and minimum clear dimensions of 24
inches in height, 20 inches in width, and 5.7
square feet in opening area.

Garages

A fully enclosed garage not over 1,000 square
feet in area may be attached to or under a
dwelling with the following fire protection:

& The door from garage to dwelling should
be self-closing and of 1-3/8-inch solid-wood-
core construction.

e There should be no direct opening be-
tween the garage and a bedroom.

o The common wall between garage and
living space should be covered on the garage
side with 5/8-inch type X gypsum board.

e The garage ceiling under a dwelling
should be covered with 1/2-inch type X gyp-
sum board.
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HOW TO READ BLUEPRINTS

A picture is worth a thousand words. Never is
this statement more true than in the blueprints
for a building. The symbols below are the lan-
guage between the designer and the builder.
Learn this language if you'd like to get in on

the conversation!

Materials Wiring Plumbing
Sur Wall Ceiling Cold
urface 0 —_————
Earth light O water
Gravel Recessed @_@ Hot —_—
light water
Concrete Duplex :@ Vent
receptacle pipe
Clay tile Weatherproof :@ WP Waste
receptacle pipe
Brick Quadruple :@ Gas G G—
receptacle pipe
90° +
Metal Range % R elbow
outiet +
Tee —
Plaster Thermostat @
Fini Telephone Clean- ¥ ‘/’:
inish iack t
wood jac ou T
Framing Switch Hose
lumber S bibb
Three-way
Plywood switch Ss Gate
valve
Fibrous Four-way (M)
insulation switch Sa Meter M)
Rigid Switch & _@ Floor drain,
insulation receptacle S vent @ O
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Site

Architects have a favorite saying: "You can't build a good
house on a bad site." Which is to say, no matter how clever or
aesthetic the design, a building cannot overcome the limita-
tions of its site.

The most basic descriptors of a site are its size, shape, loca-
tion, and orientation. Plot plans display all of these specifica-
tions, and the location of the house on the site.

To develop a plot plan, you first need orientation, or direc-
tion of true north. Surveyors usually orient by the noon sun,
using expensive instruments. You can orient by noon sun
within a degree or two with only a stick and a watch. Or you
can orient by magnetic compass at any time.

Next you'll want to find the relative heights (elevations) of
each point of your site. Surveyors obtain elevations with a level.
You can rent a level and do the same.

After you pick the spot for a house, you'll want to lay out
the driveway. As you'll see, there are guidelines for driveway
slopes, widths, and turning radii.

Site grading is most economical when done at one time. If
you know you want a tennis court or other playing field, save
money by laying it out now.

When it comes time to construct the foundation, you'll need
to know your site's soil properties and whether you should take
precautions against radon in the soil.

Finally, you'll want to make the most of a site and enhance
the home's setting by landscaping. Trees can form windbreaks,
protecting a house from cold winter winds as well as lowering
fuel bills. You may want to keep some of the mature trees on
the site and add others. If so, you'll need to know how to both
plant and protect trees.

29



30

Site

PLOT PLANS

Plots of original and final site contours (lines
of equal elevation) are useful for setting foun-
dation heights, grading drainage swales, lay-
ing out leach fields, and estimating excavation
costs. Creating a plot plan with site contours
requires three steps:

1. Lay out a grid of measuring points using
a straight baseline (such as the 250-foot west-
ern boundary in the illustration below), a tran-
sit (to establish secondary reference lines at
right angles to the baseline), and a 100-foot
tape measure (to establish points along the

line). Mark the grid points with dots of spray
paint or small stakes.

2. Starting at a permanent reference point
(such as a pipe or stone referenced in the
property deed), measure the relative elevation
of each grid point, using the technique shown
in "Elevations with a Level."

3. Draw a plot plan to scale (usually 10, 20,
50, or 100 feet per inch), interpolating curves
of equal elevation (contour lines) between the
grid points. If grading is planned, draw the
proposed final contours, as well. Draw on vel-
lum if you want blueprint reproductions.

Typical Plot Plan

Pipe
432 S$75° 158'E -

N15° 32'E Pipe
.

250’

g
e
IS
S
IS

Final
grade

Stone
®

S75° 15'E Pipe

— — - QOriginal
grade
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ORIENTATION BY NOON SUN

Finding true north by the sun is very simple. Example (using almanac below):
The sun rises in the east and sets in the west.
Precisely halfway between sunrise and sunset 1. Sunrise = 6:29 AM (06:29)
(solar noon), the sun reaches its highest eleva- Sunset = 6:37PM  (18:37)
tion and lies in the direction of true, or geo- 2. Solarnoon = (06:29 + 18:37)/2
graphic, south. Find true south at your site = 24:66/2
this way: = 12:33 PM

1. Obtain the local times of sunrise and '
sunset from the newspaper or weatherman. TOday s Almanac

2. Average the times of sunris_e ar§d sunset Sun and Moon
(24-hour system) to get the precise time of SUNTISE.eeeneereresnns 6:29 AM
local solar noon. Sunset......ceceresses 6:37 PM

3. Erect a vertical stick or plumb bob where Daylight.....ceceeuee 12hr Sm
it will be struck by the noon sun. Moonrise.....eesee. 6:53 AM

4. At solar noon, mark the direction of the Moonset.....ccovnne 6:50 PM

shadow. This is the direction of true north.
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ORIENTATION BY MAGNETIC COMPASS

The earth has two sets of poles. The geo- 1. Select a reference point (a corner of the
graphic poles are the ends of the axis upon foundation, for example).
which the earth revolves. True north is the di- 2. Find the local variation (for example,
rection toward the geographic north pole. The 12°W for New York City) from the map
second set are the magnetic poles. The earth below.
is magnetic, and a floating magnetic needle 3. Hold a magnetic compass to your eye
points toward the north magnetic pole, located  and turn until the sight line reads the opposite
at 76°N latitude and 101°W longitude in of the local variation (12°E for the example).
northern Canada. You are now sighting along the true north-

In general, then, a magnetic compass south line. Have an assistant mark a second
needle will point to either the east (east varia- reference sighting point along the line.

tion) or the west (west variation) of true north.
Finding the orientation (direction of true
north) at a site is simple:

Magnetic Compass Variation

..... 00 ) 350

- 30°

25°
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ELEVATIONS WITH A LEVEL
Difference = [ (a) - (b) ]
n = 3'9-1/4"-1" 6-5/8"
=2'2-5/8"
1'6-5/8" | < >3 9-1/4"
‘-\
2" 2-5/8"
| Ref
1 Set (a - (b) = difference
1 39-2/8" - 1'6-5/8" = 2 2-5/8"
2 4'0-6/8" - 1'8-2/8" = 2'4-4/8"
( ~ 3 57-1/8" - 2'4-3/8" = 3 2-6/8"
3b) Set 3 (3a) . ) .
2 4.3/8" | 1« 5 7.1/8" Total difference = 7' 9-7/8
(2b) Set2 (2a)
3'2-3/4" 1'8-1/4"} |l¢—r ——il 413/4"
|
2 4-1/2" (1b) Set 1 (1a)
1 6-5/8" | |« » |3 9-1/4"
7' 9-7/8" 3917
2' 2-5/8"

Ref
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LAYING OUT DRIVEWAYS

The slope of a surface is the ratio of horizon-
tal run to vertical rise. The grade is the per-
centage ratio of vertical rise to horizontal run.

The table below shows minimum and maxi-
mum grades for traffic surfaces.

GRADES FOR TRAFFIC SURFACES

DEFINITION OF SLOPE AND GRADE

Example

Rise = 6"
(0.5)

Run =8’

Slope = 870.5' = 16:1
Grade = (0.5/8"x100 = 6%

Surface Minimum Maximum
Driveways in the North 1% 10% MEASURING TRICK
(Use a common 2x4 stud (96" long) and a carpenter's lev-
Driveways in the South 1% 15% el to estimate grades.)
Walks 1% 4% 2x4
Ramps — 15%

. Inches =
Wheelchair ramps — 8% grade %
Patios 1% 2%

One-Car Two-Car
Turnaround Turnaround
or additional or additional
parking parking

o'y

4

16' if drive-
{ way is long
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PLAYING FIELDS

Badminton
| . ol
- “ |
A
—
Dbl
Net 20
e Sgi
5'1"H 17
. 2N
or b 1e
. 6"
Tennis
120" min
l F 36" H
—
Dbl 3 21 } 18 —|
sgl f 47'6"
13'6 l 36
Back Fore Ne 27
court court 36" H
13'6"
®
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SOIL PROPERTIES
Soil Classifications tion Service and available free through the lo-
Soils may be classified with reference to one cal soil and water conservation district offices
or more of the following systems: in every state. These surveys show the boun-
daries between soil types on aerial photo-
+ AASHO (American Association of State graphs (see example below), as well as
Highway Officials)
« Unified (Army Corps of Engineers) o definition of local soil types (abbrevia-
+ USDA (US Department of Agriculture tions on map below) and their equivalent
Soil Conservation Service) AASHO and Unified classifications
: e depth to bedrock and seasonal high water
USDA Soil Surveys e grain size distribution
Homeowners, developers, and local govern- e permeability and expansion potential
ments should avail themselves of the Soil Sur- e engineering and agriculture suitability
veys published by the USDA Soil Conserva- e s0il pH (acidity) and natural vegetation

Typical Soil Conservation Service Soil Map

WD \ PG

sB PbB
HrB PbC

HsC
PbD HrC

WsB PiC WsB

PiD

PbB HhB
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UNIFIED SOIL CLASSIFICATION SYSTEM

Allowable Frost Expan-

Soil Bearing' Drain- Heave sion

Type Description Ib/sq ft age? Potential Potential®

BR*  Bedrock 30,000 Poor Low Low

GW Well-graded gravels, gravel-sand mixtures, 8,000 Good Low Low
little or no fines

GP Poorly graded gravels or gravel-sand mixtures, 8,000 Good Low Low
little or no fines

SwW Well-graded sands, gravelly sands, little or no 6,000 Good Low Low
fines

SP Poorly graded sands or gravelly sands, litile 5,000 Good Low Low
or no fines

GM Silty gravels, gravel-sand-silt mixtures 4,000 Good Med Low

SM Silty sand, sand-silt mixtures 4,000 Good Med Low

GC Clayey gravels, gravel-clay-sand mixtures 4,000 Med Med Low

SC Clayey sands, sand-clay mixiure 4,000 Med Med Low

ML Inorganic silts and very fine sands, rock flour, silty or 2,000 Med High Low
clayey fine sands with slight plasticity

CL Inorganic clays of low to medium plasticity, 2,000 Med Med Med?®
gravelly clays, sandy clays, silty clays, lean clays

CH Inorganic clays of high plasticity, fat clays 2,000 Poor Med High’

MH Inorganic silts, micaceous or diatomaceous 2,000 Poor High High
fine sandy or silty soils, elastic silts

oL Organic silts and organic silty clays 400 Poor Med Med

OH Organic clays of medium to high plasticity 0 Unsat Med High

PT Peat and other highly organic soils 0 Unsat Med High

Source: Permanent Wood Foundations (Tacoma, Wash: American Plywood Association, 1985).

' Allowable bearing value may be increased 25% for very compact, coarse-grained, gravelly or sandy soils or very stiff,
fine-grained, clayey or silty soils. Allowable bearing value shall be decreased 25% for loose, coarse-grained, gravelly or
sandy soils or soft, fine-grained, clayey or silty soils.

2 Percolation rate for good drainage is over 4%/hr, medium drainage is 2—-4"/hr, and poor is less than 2"/hr.

3 For expansive soils, contact local soils engineer for verification of design assumptions.

4 Added by author.

5 Dangerous expansion might occur if these soil types are dry but subject to future wetting.
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RADON

Radon is a naturally occurring, invisible,
odorless gas resulting from the radioactive
breakdown of uranium in rocks and soil. It is
estimated to cause between 5,000 and 20,000
lung cancer deaths per year in the United
States. (By comparison, cigarette smoking is
thought to cause 110,000 deaths.)

The map below shows areas that often have
high radon concentrations. Homes and build-
ing sites in these areas should be tested for
radon. For your guidance, two booklets are

available free from state radiation protection
offices and regional US Environmental Pro-
tection Agency (EPA) offices:

» A Citizen’s Guide to Radon (what it is,
how to test, how to interpret results)

e Radon Reduction Methods (methods that
a contractor or skilled homeowner might ap-
ply to lower radon levels in the home)

See chapter 4 for more information.

Radon-Producing Areas
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LANDSCAPING
Plant Hardiness Zones Approximate Range of Average Minimum
The climatic suitability of landscaping plants Temperatures for Plant Hardiness Zones, °F
is usually defined by reference to the US De- Zone 2 50 to -40
partment of Agriculture's "Plant Hardiness
Zone 3 -40 to -30

Zone Map" below. The zones refer to the
range of annual minimum temperatures expe- Zone 4 30 to -20
rienced. Planting tables often refer to the har-

R Zone 5 20 to -10
diness zones, but you should remember that
local (microclimatic) temperatures can vary Zone 6 10 0o 0
widely and that plants respond to variables Zone 7 0 to 10
other than temperature, such as soil pH, de-
Zone 8 10 to 20

gree of shade, exposure to wind, and rainfall.
Consult a local professional nurseryman be- Zone 9 20 to 30

fore selecting plants for your site. Zone 10 30 to 40

Note: The US Department of Agricuiture plans to update this map in 1990.
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TREES FOR LANDSCAPING

Height Width  Spacing
Common Name Zones = Type' feet feet feet Features
1. Quaking aspen 2-5 D 35 5 7 Excellent visual screen
2. Paper birch 2-5 D 45 20 15 White bark, very hardy
3. White spruce 25 E 45 20 10 Good for windbreak
4. Bur oak 25 D 45 20 15 Requires good soil for full size
5. Eastern red cedar 2-8 E 50 10 7 Good screen, tolerates dry soil
6. Norway maple 3-6 D 50 30 25 Grows in city, grows fast
7. Sugar maple 3-6 D 80 50 40 Beautiful foliage, sugar sap
8. Norway spruce 3-5 E 60 25 14 Grows fast, prefers sun
9. Red maple 3-6 D 40 30 25 Brilliant foliage, grows fast
10. Green ash 3-6 D 50 30 25 Grows fast, most soils
11. Eastern white pine 3-6 E 70 40 12 Grows very fast, most soils
12. Eastern hemlock 3-7 E 60 30 8 Good screen, grows in shade
13. White poplar 35 D 50 12 10 Grows very fast, short life
14. Pin oak 4-7 D 80 50 30 Keeps leaves in winter
15. Japanese cryptomeria  6-8 E 70 20 10 Good screen, grows fast
16. Oriental arborvitae 7-9 E 16 6 3 Grows fast, most soils
17. Rocky Mountain juniper 4-7 E 25 10 6 In West only, dry soils
18. Black haw 4-7 D 15 15 5 White flowers, red berries
19. American holly 6-9 E 20 8 8 Spined leaves, red betries
20. Lombardy poplar 6-8 D 40 6 4 Grows fast, all soils
21. Weeping willow 6-8 D 30 30 30 Drooping branches, wet soils
22. Sea grape 10 E 20 8 4 Very decorative
23. Northern white cedar 3-6 E 30 12 8 Good screen, loamy soil
24. Southern magnolia 8-9 E 30 10 5 Large white flowers
25. Douglas fir 4-6 E 60 25 12 Grows fast, up fo 200'

Source: W. R. Nelson, Jr., Landscaping Your Home (Urbana-Champaign: University of ilfinois, 1975).
' D = deciduous, E = evergreen.
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Trees for Landscaping (typical mature heights compared with two-story house)
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WINDBREAKS

A strategically located group of trees can re-
duce winter wind speeds around a home by 50
percent or more, reducing fuel bills. The chart
below shows measured wind speed reductions
upwind and downwind of a shelterbelt of
mixed deciduous and hardwood trees. The
maximum downwind reduction is 50 to 60
percent, occurring at a distance of five times
the average tree height. Upwind the reduction
is negligible at a distance of five tree heights.

In areas where prevailing winter and sum-
mer winds are in opposite directions, shelter-
belts can be used to block winter winds with-
out diminishing summer breezes.

The maps on the following page show the di-
rections of the predominant winter and summer

winds at weather stations across the United
States. The map should be used only as a
crude guide, however, since topography can
alter wind directions markedly.

The illustrations on the page following the
maps show overall strategies for dealing with
both wind and sun. The bottom plan shows
how both winter wind and summer sun can be
blocked without losing cooling summer breez-
es or the warming winter sun. The winter and
summer wind directions in the example are
typical for most of the eastern United States.

Wind Speed Reduction Upwind and Downwind of a Shelterbelt

100
-~ ~n -~
R o= = - oy
@
a
172]
240
=
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0

-iOH -5 (o)

<«——  Upwind

2,000 feet

0 5 70 15 20 25

30H
Distance downwind of trees ————»
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Siting for Wind and Sun

Wiﬁter

Medium density
of trees, lower
level sparse or open

5x tree height

N
House
Cooling
summer
breeze
Cold
winter N
wind

Morning sun

Cooling

summer .
breeze Noon sun (high)
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PLANTING AND PROTECTING TREES
Planting Changing Grade

Make a hole twice as wide and as deep as the
root ball, break up the sides, and refill with
the original soil. Plant trees at the same depth
as in the nursery. Water every day the first
week, then once a week until frost. Paint the
trunk to the lowest branches with white latex
to prevent sunscald.

Prune broken, diseased,
or crossed limbs

Fill with original soil

& peat moss, then

mulch heavily with
peat or compost

Original grade
New grade —

Lowering the Grade

When you grade a site, it is important to main-
tain aerated soil around existing trees. Short
of transplanting, that means maintaining the
existing grade around the tree out to its cano-
py line.

Transplanting

Brace only if trunk
is leaning, using
3 equal-spaced
wire braces

& garden hose
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Masonry

Concrete can be thought of as man-made stone. Masonry is the
art of assembling stone, brick, and other mineral units, with or
without the use of mortar. All masonry materials share the prop-
erties of massiveness, strength in compression, and immunity to
decay.

This chapter begins by describing the properties of concrete
and mortar and the procedures for estimating their required
volumes.

The section on brick walls illustrates the time-honored ter-
minology of brickwork and the classic wall bonds (patterns).
You will also find illustrated four modern methods of con-
structing residential brick walls.

You will see there are many "standard” brick sizes. Includ-
ed are coursing tables, which make it simple to lay brick walls
to any height.

Bricks may also be used to construct attractive and durable
walks and driveways. You will see how to construct brick
pavement in a variety of patterns.

Concrete masonry is construction using concrete masonry
units (CMUS, or concrete blocks). This section shows how a
steel-reinforced concrete masonry wall is constructed. It also
includes a listing of block sizes and a coursing table for laying
out walls.

Walks and drives may be constructed of concrete pavers, us-
ing the same techniques as for brick. Twenty paver styles are
illustrated.

Finally, two methods of building stone veneer walls and the
six most common patterns are shown.

47
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Masonry

CONCRETE

Concrete is man-made rock. It consists of
gravel aggregate, sand, and portland cement.
Made properly, it is as strong as most natural-
ly occurring rock and will last as long. Made
improperly, it cracks and crumbles and may
have to be replaced within a few years.

Properly made concrete has four character-
istics:

¢ It has the correct ratio of clean and well-
sized materials. The proper ratios of materials
ensure that all sand grains are surrounded by
cement and that all gravel pebbles are sur-
rounded by sand. Clean materials ensure that
all of the materials will bond, resulting in
maximum strength. ;

¢ The amount of water is correct. During
curing, the portland cement chemically com-
bines with the water (the cement hydrates).
Too little water results in unhydrated cement;
too much water leaves voids when the water
eventually escapes. As a practical matter, the
proper amount of water is the minimum that
results in a cohesive mixture.

¢ It has a long curing time. Complete hy-
dration requires many days. To prevent evap-
oration of the water, the surface of the con-
crete should be kept damp. This may require
dampening the soil or placing polyethylene or
wetted burlap over exposed surfaces for up to
a week. Freezing poses a similar problem:
The formation of ice crystals withholds water
from the hydration process. When the ice later
melts, it leaves air pockets.

¢ There is air entrainment. When concrete
is exposed to freezing, water within the cured

concrete can freeze and expand and crack the
concrete. Concrete that will be exposed to
freezing should contain an air-entraining ad-
mixture, which forms billions of microscopic
air bubbles. The tiny air pockets act as pres-
sure relief valves for freezing water.

Availability
For a very small job, such as a fence post or
two, purchase premixed 1-cubic-foot bags
containing all of the ingredients except water.
Mix in a wheelbarrow.

For up to 1 cubic yard (27 cubic feet)
of concrete, purchase sand and gravel by
the fractional yard and portland cement in
1-cubic-foot bags. Mix in a portable mixer,
which you can rent.

For more than a cubic yard, order ready-
mix concrete delivered by truck.

Specifying Ready-Mix
In addition to simplicity, a big advantage of
ready-mix concrete is the opportunity to spec-
ify exactly what you need. Unless you are a
concrete professional, discuss your applica-
tion with the ready-mix salesman. Together
you can decide the cement content (in bags
per yard), aggregate size (should not exceed
one-third of concrete thickness), percentage of
entrained air, and the need for accelerators or
retarders. You alone will have to specify the
amount of concrete (allow an extra 10 percent
for spreading of the forms and spillage) and
the time of delivery.

The following page contains tables for mix-
ing concrete and estimating required volumes.
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RECOMMENDED CONCRETE MIXES
Cement Sand Gravel Gal. WaterIf Sand  Makes
Application Sacks' cuft cu ft Dry Wet cu ft
Severe weather, heavy wear, slabs < 3" thick 1.0 2.0 2.2 5.0 4.0 3.5
Slabs > 3" thick, sidewalks, driveways, patios 1.0 22 3.0 6.0 5.0 4.1
Footings, foundation walls, retaining walls 1.0 3.0 4.0 7.0 5.5 | 5.0
'One 94-lb sack contains 1 cu ft.
ESTIMATING CUBIC YARDS OF CONCRETE FOR SLABS, WALKS, AND DRIVES
Slab Area Slab Thickness, inches
sqft 2 3 4 5 6 8 10 12
10 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4
50 0.3 0.5 0.6 0.7 0.9 1.2 1.4 1.9
100 0.6 0.9 1.2 1.5 1.9 25 3.0 3.7
300 1.9 2.8 3.7 4.7 5.6 7.4 9.4 111
500 3.1 47 6.2 7.2 9.3 12.4 14.4 18.6
Note: Amount does not include extra 10% for form spreading and waste.
ESTIMATING CONCRETE FOR FOOTINGS AND WALLS (cubic yards per linear foot)
Depth or Width or Thickness, inches
Height, inches 6 8 12 18 24
8 0.012 0.017 0.025 0.037 0.049
12 0.019 0.025 0.037 0.056 0.074
24 0.037 0.049 0.074 0.111 0.148
72 0.111 0.148 0.222 0.333 0.444
96 0.148 0.198 0.296 0.444 0.593
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MORTAR

Mortar is a mixture of cement, lime, and sand MATERIALS REQUIRED PER 100 SQUARE

for bonding unit masonry (bricks, blocks, or FEET OF MASONRY WALLS

stone) together. It differs from concrete in two

ways: 1) because it is used in thin layers, it Unit  Thickness Masonry Cement Sand

contains no gravel aggregate, and 2) because Type ofWall  Units  Sacks cuft

brick and block laying is a slow process, it Standard 4" 616 3 9

contains hydrated lime to retain water and re- brick

tard set-up. Standard 8" 1,232 7 21
brick

Availability Standard  g" 112 1 3

For small jobs requiring up to 1 cubic foot of block

mortar (about 30 8 x 8 x 16-inch blocks or 70
2 x 4 x 8-inch bricks), purchase a bag of mor-
tar mix that requires only the addition of wa-
ter. For larger jobs buy sacks of masonry ce-
ment.To each sack add 3 cubic feet of clean,
sharp sand and enough water to make the mix
plastic. Precolored mortar mixes are also
available through masonry supply outlets.

Note: Assume 20% mortar waste.

Mixing
Unless you are a professional, or more than
one bricklayer is at work, mix small batches
of mortar by hand, because it must be used
within approximately 1 hour. Do not lay ma-
sonry when there is any danger of freezing.
Calcium chloride accelerator is sometimes
used to speed set-up and lessen the chances of
freezing, but it can later cause efflorescence (a
white, powdery deposit) on wall surfaces,

Use the table at right to estimate quantities
of mortar for various masonry wall construc-
tions.
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BRICK WALL CONSTRUCTION

BRICK POSITIONS

Stretcher Header

L

Rowlock stretcher Soldier

Header

Rowlock
header

Stretcher

MORTAR JOINTS

Weather-resistant joints Non-weather-resistant joints

7

Concave V-shaped Weathered Flush Raked Struck
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Brick Wall Types type for the climate: insulated for most areas

Shown below are the four types of brick wall of the country, and of a draining-cavity type

most commonly used in residential construc- for regions with wind-driven rain.

tion. All require both good materials and Proper detailing means the use of drips at

proper design and detailing. sills; flashing at top, bottom, and heads and
Good materials consist of durable brick: sills; and the installation of weep holes at all

grade SW (severe weather) in contact with the flashing points. Caulking between masonry

earth and grade MW (moderate weather) and nonmasonry materials is mandatory.

above grade (SW in freeze areas). Sprayed or brushed waterproofing, such as sil-
Proper design means choice of the right icone, is not recommended.

SINGLE
WYTHE
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Brick Wall Bonds (Patterns)
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BRICK SIZES AND COURSING

NONMODULAR BRICK
(dimensions actual W x L x H)

N

Standard Oversize Tree-inch
3-3/4" x 8" x 2-1/4" 3-3/4" x 8" x 2-3/4" 3" x 9-3/4" x 2-3/4"

MODULAR BRICK
(dimensions nominal W x L x H)

Standard Engineer Jumbo closure
4" x 8" x 2-2/3" 4" x 8" x 3-1/5" 4" x 8" x 4"

Double
4" x 8" x 5-1/3"

Norman Norwegian
4" x 12" x 2-2/3" 4" x 12" x 3-1/5"

Jumo utili Triple . SCB‘ brick )
4"x12"xg 4" x 12" x 5-1/3" 6" x 12" x 2-2/3

8" Norwegian 6" jumbo 8" jumbo
6" x 12" x 3-1/5" 6"x 12" x 4" 8"x12"x 4"
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HEIGHTS OF NONMODULAR BRICK WALLS
Number of 2-1/4" Thick Bricks 2-5/8" Thick Bricks 2-3/4" Thick Bricks
Courses 3/8" Joint  1/2" Joint 3/8" Joint  1/2" Joint 3/8" Joint 1/2" Joint
1 0 2-5/8" 0'2-3/4" 03" 0'3-1/8" 0'3-1/8" 0'3-1/4"
2 0'5-1/4" o' 5-1/2" 06" 0'6-1/4" 0' 6-1/4" 0'6-1/2"
3 0'7-7/8" 0' 8-1/4" og" 0'9-3/8" 0'9-3/8" 0' 9-3/4"
4 0'10-1/2" 011" 10" 1'0-1/2" 1'0-1/2" 11"
5 1'1-1/8" 1" 1-3/4" 13" 1'3-5/8" 1" 3-5/8" 1'4-1/4"
6 1'3-3/4" 1 4-1/2" 16" 1'6-3/4" 1'6-3/4" 1 7-1/2"
7 1"6-3/8" 1'7-1/4" 19" 1'9-7/8" 1'9-7/8" 1 10-3/4"
8 19" 110" 20" 21 21" 22"
9 1'11-5/8" 2' 0-3/4" 2'3" 2'4-1/8" 2'4-1/8" 2'5-1/4"
10 2'2-1/4" 2'3-1/2" 2'6" 2'7-1/4" 2'7-1/4" 2'8-1/2"
11 2'4-7/8" 2'6-1/4" 29" 2'10-3/8" 2'10-3/8" 2'11-3/4"
i2 2'7-1/2" 29" 30" 3 1-1/2" 3 1-1/2" 33
13 2 10-1/8" 2 11-3/4" 33" 3' 4-5/8" 3' 4-5/8" 3 6-1/4"
14 3'0-3/4" 3 2-1/2" 36" 3'7-3/4" 3'7-3/4" 3 9-1/2"
15 3'3-3/8" 3 5-1/4" 3g" 3 10-7/8" 3'10-7/8" 4 0-3/4"
16 36" 38" 40" 4'2" 42" 44"
17 3' 8-5/8" 3'10-3/4" 4'3" 4'5-1/8" 4'5-1/8" 4'7-1/4"
18 3'11-1/4" 4' 1-1/2" 4'6" 4'8-1/4" 4'8-1/4" 4'10-1/2"
19 4'1-7/8" 4" 4-1/4" 49" 4'11-3/8" 4 11-3/8" 5'1-3/4"
20 4" 4-1/2" 47" 50" 5'2-1/2" 5 2-1/72" 55"
21 47-1/8" 4'9-3/4" 53" 5'5-5/8" 5' 5-5/8" 5'8-1/4"
22 4'9-3/4" 5'0-1/2" 586" 5' 8-3/4" 5' 8-3/4" 5 11-1/2"
23 5'0-3/8" 5'3-1/4" 59" 5 11-7/8" 5 11-7/8" 6' 2-3/4"
24 53" 56" 60" 6'3" 6'3" 6'6"

Source: Brick Sizes and Related information (McLean, Va: Brick Institute of America, 1986).
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HEIGHTS OF MODULAR BRICK WALLS

Number of Nominal Height (thickness) of Brick !
Courses 2" 2-2/3" 3-1/5" 4" 5-1/3"
1 o2 0'2-11/16" 0' 3-3/16" 04" 0'5-5/16"
2 04" 0'5-5/16" 0'6-3/8" o'g" 0'10-11/16"
3 06" 08" 0' 9-5/8" 10" 14"
4 08" 0 10-11/16" 1 0-13/18" 14" 1'9-5/16"
5 010" 1" 1-5/16" 14" 1'8" 2'2-11/16"
6 10" 14" 1'7-3/16" 2'0" 2'8"
7 12" 1 6-11/16" 1'10-3/8" 2'4" 3' 1-5/16"
8 14" 1'9-5/16" 2'1-5/8" 2'8" 3'6-11/16"
9 16" 2'0" 2'4-13/16" 3o 40"
10 18" 2'2-11/16" 2'8" 34" 4'5-5/16"
11 110" 2'5-5/16" 2'11-3/18" 3'g" 4'10-11/16"
12 2'0" 2'g" 3' 2-3/8" 4'Q" 54"
13 2'e" 2'10-11/16" 3' 5-5/8" 4' 4" 5'9-5/16"
14 2'4" 3'1-5/16" 3'8-13/16" 4'g" 6'2-11/16"
15 2'g" 3'4" 4'Q" 50" 6'8"
‘; 16 2'g" 3'6-11/18" 4'4-3/16" 54" 7' 1-5/16"
17 2'10" 3'8-5/16" 4' 6-3/8" 58" 7 6-11/18"
18 30" 4'0" 4’ 9-5/8" 6' 0" 8'o"
E 19 32" 4'2-11/16" 5'0-13/18" 6'4" 8'5-5/16"
20 34" 4' 5-5/16" 5' 4" 6'8" 8'10-11/16"
21 36" 4'8" 5'7-3/16" 7'0" 9'4"
22 3'8" 4'10-11/16" 5' 10-3/8" 74" 9' 9-5/16"
23 310" 5'1-5/18" 6' 1-5/8" 7'8" 10'2-11/16"
24 4'0" 54" 6'4-13/16" 8 o" 108"

Source: Brick Sizes and Related Information (McLean, Va: Brick Institute of America, 1986).
1 Mortar joint thickness approximately equals difference between actual and nominal brick height.
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BRICK PAVEMENT
Advantages is recommended for all. All should be sloped
Compared with asphalt or concrete, brick for drainage. Walks and drives should slope at
paving is more attractive, will not crack, and least 1/4 inch per foot (2 percent), but not
is easy to repair. more than 1-3/4 inches per foot (15 percent).

Patios should slope from 1/8 to 1/4 inch per

Details foot (1 to 2 percent). The slopes can be from
Below are designs for a walk, a driveway, and ~ one edge to the other or from the center to the
two patios. The use of grade SW brick edges.

Sailor course in concrete
3/8" expansion joint material

S NN
7777700 b 15 Ib roofing felt
2" screened stone
a <1 4 <7
) N . —«+——— Compacted earth
Ve Voo
< <
Mortared brick curb
set in concrete
WALKWAY - GRAVEL BASE S AT
N N
Bricks on edge ——» \
2" screened stone —— . kS
b
Compacted earth ——- i ¢ b.ovJ
v o VV q
Soldier course in concrete
f DRIVEWAY - BRICK ON EDGE

15 Ib roofing felt
2" sand base

«——— Compacted earth

Soldier course in concrete \‘
ATIO - SAND BASE
PATIO - S , NN NN YA

1" screened stone ——»

> =

OF S5
vv‘?v
v

PATIO - GRAVEL BASE

4" washed gravel ———»

4" pipe drain tile
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Brick Pavement Bonds (Patterns)

STACK BOND BASKET WEAVE

RUNNING BOND

HALF-BASKET BASKET ON EDGE

OFFSET BOND BASKET/WOOD GRID

DOUBLE-BASKET
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CONCRETE MASONRY CONSTRUCTION

Exterior residential walls up to 35 feet in placed on all faces of a core that is to be

height may be constructed of 8-inch-thick filled.

units. Interior load-bearing walls may be 6 The top course should be made solid, pref-

inches thick up to 20 feet in height. erably by filling and reinforcing a continuous
Foundation footings must be poured be- bond beam, as shown in the illustration below.

neath the local frost line, unless protected by Vertical reinforcement should be placed 16

shallow insulation (see chapter 4). Masonry or 24 inches on-center.

units should be dry when laid. Mortar joints
should be 3/8 inch thick, unless a slight
adjustment of height is required. Mortar
should be applied only to the perimeter of
the block, except that mortar should be

Reinforced Concrete Masonry Wall

Bond beams filled to
1-1/2" of top

Laps in vertical rebar = 30x
bar diameter at splices

Core filled with mortar; rebar
vibrated in place

Concrete masonry units

Footing (reinforcement
recommended)
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BLOCK SIZES AND COURSING

(dimensions actual W x L x H)

Partition 1/2 partition Partition
3-5/8"x7-5/8"x3-5/8" 3-5/8"x15-5/8"x3-5/8"

Double ends
5-5/8"x15-5/8"x3-5/8"

Double ends
5-5/8"x11-5/8"x3-5/8"

Double ends
5-5/8"x7-5/8"x7-5/8"

Half-hi stretcher
7-5/8"x15-5/8"x3-5/8"

Half-hi double end Half-hi
7-5/8"x15-5/8"x3-5/8" 7-5/8"x15-5/8"x3-5/8"

Double end Regular Stretcher
7-5/8"x15-5/8"x7-5/8" 7-5/8"x15-5/8"x7-5/8" 7-5/8"x15-5/8"x7-5/8"

Plain ends Half block
7-5/8"x7-5/8"x7-5/8" 7-5/8"x7-5/8"x7-5/8"

Double ends
7-5/8"x11-5/8"x7-5/8"

3-5/8"x15-5/8"x7-5/8"

Double ends
3-5/8"x7-5/8"x7-5/8"

Half jamb
5-5/8"x7-5/8"x7-5/8"

Half-hi
7-5/8"x7-5/8"x3-5/8"

Steel sash jamb
7-5/8"x15-5/8"x7-5/8"

Plain ends
7-5/8"x11-5/8"x7-5/8"
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Double ends "Regular Stretcher Single bull nose
11-5/8"x15-5/8"x7-5/8" 11-5/8"x15-5/8"x7-5/8" 11-5/8"x15-5/8"x7-5/8" 11-5/8"x15-5/8"x7-5/8"

Steel sash jamb Jamb Twin Solid-bottom U-block
11-5/8"x15-5/8"x7-5/8" 11-5/8"x15-5/8"x7-5/8" 1-5/8"x15-5/8"x7-5/8" 11-5/8"x15-5/8"x7-5/8"

Beam U-tintel U-lintel U-lintel
. 7-5/8"x7-5/8"x11-5/8" 7-5/8"x15-5/8"x7-5/8" 7-5/8"x7-5/8"x7-5/8" 7-5/8"x3-5/8"x7-5/8"

Pilaster & chimney block Pilaster Pilaster ‘ Pilaster
15-5/8"x15-5/8"x7-5/8" 11-5/8"x15-5/8"x7-5/8" 7-5/8"x15-5/8"x7-5/8" 7-5/8"x15-5/8"x7-5/8"

Chimney block Column style #1 Flue block Fiue block
14"x14"x7-5/8" 15-5/8"x15-5/8"x7-5/8" 15-5/8"x15-5/8"x7-5/8" 15-5/8"x15-5/8"x3-5/8"
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Heights of Concrete Block Walls

Number of Actual Height of Block ! Number of Actual Height of Block !
Courses 3-5/8" 7-5/8" Courses 3-5/8" 7-5/8"
1 04" og" 25 8'4" 16'8"

2 08" v 14" 26 8'8" 17" 4"
3 10" 2'o" 27 g'0" 18'0"
4 14" 28" 28 94" 18'8"
5 1'8" 34" 29 g'g" ’ 19' 4"
6 2’0" 40" 30 10'0" 20'0"
7 2'4" 4'8" 31 10'4" 20'8"
8 2'g" 54" 32 10’ 8" 21' 4"
9 3o 6'0" 33 110" 22'0"
10 34" 6'8" 34 11" 4" 22'g"
11 38" 74" 35 11'8" 234"
12 4'0" 80" 36 12'0" 24'0"
13 4 4" 88" 37 12'4" 24'8"
14 4' 8" 9'4" 38 12'8" 254"
15 50" 10' 0" 39 13'0" 26'0"
16 54" 10" 8" 40 13'4" 26'8"
17 5 8" 11'4" 41 13'8" 274"
18 6' 0" 12'0" 42 14' Q" 280"
19 64" 12'8" 43 14' 4" 28'g"
20 6'8" 13" 4" 44 14'8" 29' 4"
21 7" 14' 0" 45 150" 30'0"
22 7' 4" 14’ 8" 46 15' 4" 30'8"
23 78 15'4* 47 15'g" 314"
24 8'Q" i6' 0" 48 16' 0" 32'0"

Source: Passive Solar Construction Handbook (Herndon, Va: National Concrete Masonry Association, 1984).
! With 3/8-inch mortar joint.
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CONCRETE PAVERS

The details for paving with CMU pavers are,
for the most part, the same as for brick pavers
(see "Brick Pavement"). There is an almost
infinite variety of sizes and shapes of CMU

pavers. Some of the most common are shown
below. Many are available in colors. Check
with local suppliers before designing your
project.

{dimensions actual W x L. x H)

H

\
\

7-5/8"x15-5/8"x1-5/8" 6"x16"x2"

12"x24"x2"

15"x15"x2"

7-5/8"x15-5/8"x2-1/4"

6"x16"x2-1/4"

7-5/8"x11-5/8"x3-5/8" 7-5/8"x15-5/8"x3-5/8"

7-5/8"x15-5/8"x5-5/8"

12"x20"x4"

12"x12"x2"

v

//

=

16"x24"x2-1/4"

11-5/8"x15-5/8"x3-5/8"

~

12"x16"x2"

< =
]

A

16"x16"x2" 12"x16"x2"

5-5/8"x15-5/8"x3-5/8"

15-5/8"x15-5/8"x3-5/8"

7-5/8"x15-5/8"x7-5/8"

12"x16"x6"
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STONE VENEER CONSTRUCTION

Stone walls may be built entirely of stone or Mortar joints should be 1/2 to 1 inch thick
attached to poured concrete or concrete ma- for rubble patterns and 3/8 to 3/4 inch thick
sonry walls, but the majority of residential for ashlar (cut stone) patterns.

walls are of one of the stone veneer types To prevent staining over time, all fasteners
shown below. The wood frame simplifies in- should be stainless steel; flashing metal

sulating and finishing and eliminates the need should be stainless or hot-dipped galvanized

for bracing of the stone wall.

steel; and mortar should be nonstaining.

Solid Veneer Wall

Structural wall (either
wood frame or masonry)

Corrugated stainless tie

Exterior plywood or water-
proofing over masonry

Thin Veneer Wall

Structural wall {either
wood frame or masonry)

Scratch coat (over expanded
metal lath if wood frame wall)

Exterior plywood or water-
proofing over masonry

Stone Wall Patterns

S

Random rubble or fieldstone

Coursed ashlar

L
Random ashlar Three-height random ashlar




—

Foundation Design 66
Basements 67

Crawl Spaces 75
Slabs-on-Grade 82
Moisture Control 85
Termite Control 88
Radon Control 94

Foundations

Many homeowners think the words foundation and basement
are synonymous. In northern states this is understandable,
since about 90 percent of homes have basements. But, as the
foundation design section shows, there are many other options.
Your choice should be determined by the functions you expect
the foundation to perform.

After you choose the style (basement, crawl space, or slab-
on-grade), you must choose the material (poured concrete, ma-
sonry, or all-weather wood).

In this age of dwindling energy supplies, foundations
should be insulated against heat loss. Tables for each style of
foundation show how much insulation you should install in ten
regions of the country.

Additional sections cover the details of effective moisture
control, termite control, and radon control.

In all, 18 specific foundation designs are detailed. You
should have no problem following the large illustrations of
each.

You should also feel secure that you have a sound design.
The entire chapter is based on a comprehensive and authorita-
tive study compiled by the leading US experts in foundation
design.
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FOUNDATION DESIGN

Functions of Foundations

In selecting or designing an appropriate build-
ing foundation, one must keep in mind all of
its possible functions. It may be used to

¢ transfer building loads to the ground

* anchor the building against wind

¢ isolate the building from frost heaving

® isolate the building from expansive soil
* hold the building above ground moisture
® retard heat loss from conditioned space
* provide storage space

* provide living space

® house the mechanical systems

The Design Process
The design process (or decision-making pro-
cess) should involve these steps:

1. Select the type (basement, crawl space,
or slab).

2. Select the material (poured concrete,
masonry, or wood).

3. Decide if it is to be conditioned (heated
and cooled).

4.If it is to be conditioned, select the type
and R-value of insulation.

5. Detail structure, insulation, and finish.

6. Detail moisture control.

7. Detail termite control.

8. Detail radon control.

This chapter generally follows the order of the
above design process. It starts by defining
foundation types, at right.

BASEMENT

CRAWL SPACE

SLAB-ON-GRADE
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BASEMENTS

Recommended Insulation

The recommended configurations and R-
values (for more on R-value, see chapter 13)
of foundation insulation are given below for
combinations of conditioned and uncondi-
tioned basements, full and half depth of buri-
al, and masonry and wood construction. Rec-
ommended means that configuration having
the lowest 30-year life-cycle cost assuming

fuel inflation of 7 percent, general inflation of

5 percent, and the present fuel prices: natural

gas — $0.56/ therm, fuel oil — $0.79/ gallon,
electric heat — $0.028/ kwhr, and electric
cooling — $0.076/ kwhr.

Most of the recommended configurations
place the insulation on the outside of the foun-
dation, where it is most effective. However,
optimum R-values and savings for interior in-
sulation placement are nearly identical.

Basement Configurations

CONDITIONED

4" of exterior foam

CONDITIONED

Interior blanket above grade;

UNCONDITIONED

4' of exterior foam

4' of exterior foam below grade

[—

8' of exterior foam

R ]

8 of interior blanket

8' of interior blanket

Blanket between joists

8' of interior blanket
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RECOMMENDED INSULATION FOR BASEMENTS

Conditioned® - Full Conditioned - Half Unconditioned
Location HDDgs' CDD,5? Masonry* Wood Masonry Wood Masonry Wood Ceiling
Minneapolis 8,007 98 8'R15 R19 R19/15 R19 4'R5 R19 R30
Chicago 6,177 181 8' R10 R19 R19/10 Rt19 4'R5 R11 R30
Denver 6,014 83 8 810 R19 R19/15 Ri19 4'R5 R11 R30
Boston 5,593 74 8'R10 R19 R19/10 R19 4'R5 R11 R30
Washington 4,122 299 8'R10 R19 R19/10 R19 none R11 R11
Atlanta 3,021 415 8'R5 R19 R19/10 Ri9 none none  none
Fort Worth 2,407 1,139 8'R10  R19 R19/10 Ri9 none none none
Phoenix 1,442 1,856 8'R10  Ri19 R19/5 R19 none none  none
Los Angeles 1,595 36 none none R19/0 R11 none none  none
Miami 199 1,257 none none R19/0 R11 none none  none

! Heating degree-days, base 65°F, is the accumulated difference between the average daily temperature and 65°F
through the heating season.

2 Cooling degree-days, base 75°F, is the accumulated difference between the average daily temperature and 75°F
through the cooling season.

3 Conditioned means heated to 65°F and cooled to 75°F.

4 Masonry here means masonry block or poured concrete below grade (bg) and wood above grade (ag). Insulation val-
ues are presented as R (ag) / R (bg).
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Concrete Basement Wall with 4' Exterior Insulation

Protective coating

Gaskets or caulking above and
below rim joint

Treated sill plate

Gasket under sill plate

Slope away from
wall at 6" in 10'

Low-permeability soil

Granular backfill ————————p-

Rigid insulation

Damp-proofing or
waterproofing

Filter fabric

Coarse gravel

>

— Optional rebar
\ 1/2" anchor bolts @ 6' oc

Sealant if required
for radon control

" slab with optional
welded-wire mesh

Vapor retarder

Alternative drainpipe

4" perforated
drainpipe

C% —\ -
Genwsmxzsesrun

#4 rebar J

2" weep holes @ 8' oc
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Masonry Basement Wall with 8' Exterior Insulation

Caulking \
I

E}?ﬁgﬂ?ﬁtﬁ,ﬂa P Gaskets or caulking above and

below rim joint

Treated sill plate
Protective coating A )/,’—_—_‘ Gasket under sill plate

(. I‘
Slope away from a
" 1 * o
wall at 6" in 10 8" min - 172" anchor bolts @ 6' oc
a embedded to meet code
o a
6" min RN
! - Upper block cores
- 1 filled with concrete
@
Low-permeability soil A

Granular backfill ~————pm — _ ‘
Sealant if required

for radon control

Rigid insulation -

4" slab with optional
welded-wire mesh

Optional 2" sand layer
Vapor retarder

Damp-proofing or
waterproofing

Filter fabric Rigid insulation

Coarse gravel

4" perforated i3
drainpipe A

#4 rebar 2" weep holes @ 8' oc
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Concrete Basement Wall with Interior Insulation

Slope away from
wall at 6" in 10’

Low-permeability soil

Granular backfill ————

Optional drainage mat

|

Batt insulation

Rigid insulation caulked at all
edges to form vapor retarder

ob

b

Gasket under treated sill plate
Optional rebar

1/2" anchor bolts @ 6' oc

in place of granular fill

Damp-proofing or
waterproofing

Filter fabric

Coarse gravel

4" perforated
drainpipe

A
#4 reb

o

Finish material

Vapor retarder
insulation in stud space
Pressure-treated plate
Rigid insulation

4" slab with optional
welded-wire mesh

Vapor retarder

./

4" gravel drainage layer

2" weep holes @ 8' oc
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Masonry Basement Wall with Interior

Insulation

Flashing

Weep holes as required

Slope away from

wali at 6" in 10’
- 1

Low-permeability soil

A

Granular backfill —————f

Optional drainage mat
in place of granular fill

Damp-proofing or
waterproofing

Filter fabric

Coarse gravel ey

Batt insulation

Rigid insulation caulked at all
edges to form vapor retarder

1/2" anchor bolts @ 6' oc
embedded to 7" min

Bond beams (option: fill
cores of top courses)

Finish material
Vapor retarder

Insulation between studs

Wood deck on sleepers
Vapor retarder

4" slab with optional

welded-wire mesh \

4 perforated
drainpipe :

#4 rebar for crack control

2" weep holes @-8' oc
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Pressure-Treated Wood Basement Wall

Gaskets or caulking
above and below rim joist

—

Batt insulation

A

Rigid insulation caulked
at all edges to form
vapor retarder

Field-applied top plate -

Protective board or flashing —————»

Slope away from

wall at 6" in 10’

6" min

s i i v

Low-permeability soil

Ceiling finish

A

Insulation between studs

Pressure-treated wood

frame foundation wall

Vapor retarder

Interior finish

A

Coarse gravel backfill

on lower half of wai ———»

6-mil polyethylene membrane

Y

Pressure-treated plywood

Pressure-treated
footing plate

Gravel footing pad

4" slab with optional
welded-wire mesh

Optional 2" sand layer

Vapor retarder
4" gravel layer

drains to sump ﬂ

12 W

12 W
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Concrete Basement Wall with Ceiling Insulation

L

/17
Gaskets or caulking "
above and below rim joist ‘—<

Pressure-treated sill with gasket ‘“\’EA -
!

Slope away from

wall at 6" in 10' ‘° Insulation between floor-ceiling
:\\ joists with vapor retarder
on top side of insulation

. \ Optional rebar
1/2" anchor bolts @ 6' oc

Granular backfill —————p A Sealant if required
for radon control

1
1
i
|
11
i
|
i
!
i
!
i

Low-permeability soil

Optional drainage mat

x__. ¥ ___|

in place of granular fiif
I3
Damp-proofing or N . .
" 4" slab with optional
waterproofing welded-wire mesh
Filter fabric R Vapor retarder

Coarse gravel

4" perforated
drainpipe

#4 rebar 2" weep holes @ 8' oc
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CRAWL SPACES

Recommended Insulation
The recommended configurations and R-
values of foundation insulation are given
below for combinations of vented and unvent-
ed, 2 and 4-foot masonry and wood crawl
spaces. Recommended means the configura-
tion having the lowest 30-year life-cycle cost
assuming fuel inflation of 7 percent, general
inflation of 5 percent, and present fuel prices:
natural gas — $0.56/ therm, fuel oil — $0.79/
gallon, electric heat — $0.028/ kwhr, and elec-
tric cooling — $0.076/ kwhr.

Most of the recommended configurations
place the insulation on the outside of the foun-

dation, where it is most effective, both at stop-
ping heat flow and protecting the foundation.
However, in many situations, such as retrofits
and masonry walls, interior placement is more
practical; optimum R-values and savings for
interior insulation placement are nearly the
same. The illustration below shows interior
application.

Crawl Space Configurations

UNVENTED 4' WALL

Masonry foundation with
interior foam insulation

L

Wood foundation with
bianket between studs

UNVENTED 2' WALL

L

]

Masonry foundation with
interior foam insulation

Wood foundation with
blanket between studs

VENTED 2' WALL

[

—dl

Masonry foundation with
blanket in floor

Wood foundation with
blanket in floor
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RECOMMENDED INSULATION FOR CRAWL SPACES

Unvented 4’ Wall of Unvented 2' Wall of Vented 2' Wall of3

Location HDDgs' CDD;s>  Masonry  Wood Masonry  Wood Masonry  Wood
Minneapolis 8,007 98 ~4'R5 R19 2'R10 R19 R30 R30
Chicago 6,177 181 4'R5 R11 2'R10 R19 R19 R30
Denver 6,014 83 4'R5 R11 2'R10 R11 R19 R30
Boston 5,593 74 4'R5 R11 2'R10 R19 R19 R30
Washington 4,122 299 4'R5 none 2'R5 R11 R1o R30
Atlanta 3,021 415 4'R5 none 2'R5 none R11 R11
Fort Worth 2,407 1,139 4'R5 none 2'R5 none R11 R11
Phoenix 1,442 1,856 4'R5 none 2'R5 none R11 R11
Los Angeles 1,595 36 none none none none R11 R11

[. Miami 199 1,257 none none none none none none

" Heating degree-days, base 65°F, is the accumulated difference between the average daily temperature and 65°F
through the heating season.

2 Cooling degree-days, base 75°F, is the accumulated difference between the average daily temperature and 75°F
through the cooling season.

3 Values are for ceiling insulation.
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Concrete Crawl Space Wall with Interior Insulation

Gaskets or caulking
above and below rim joist

Pressure-treated sill plate with gasket ————__|

i
| 474

Batt insulation

(note: depends on caulking of
foam to avoid condensation
in severe climates)

Slope away from -
wall at 6" in 10’
8" min

comin i o

Low-permeability soil

Granular backfill ————»

Optional drainage mat

e e o = = o} —

y

in place of granular fill

Filter fabric

B

4" perforated

o

Coarse gravel L) *
ﬂ**$¢
nal

drainpipe (optiol N
in some soils) >
o B
%
A
-

\d

Rigid insulation caulked at all
edges to form vapor retarder

1/2" anchor boits
at 6' oc max

Rigid insulation

Vapor retarder

Optional rigid insulation may
extend horizontally on floor

#4 rebar
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Concrete Crawl Space Wall with Interior Insulation

Gaskets or caulking )
above and below rim joist *——<

Pressure-treated sill plate with gasket ——__|

Slope away from
wall at 6" in 10’

Low-permeability soil

Granular backfill ———————»

Optional drainage mat

in place of granular fill

Filter fabric

Coarse gravel

4" perforated :
drainpipe (optional
in some soils) %

*
-
®
*
E
»
»

#4 rebar

Batt insulation

Vapor retarder sealed
to subfloor above and
floor-ceiling joists

1/2" anchor bolts
@ 6'oc

Vapor retarder extends
above grade on wall

Fiberglass insulation with
vapor retarder on inside

Vapor retarder
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Masonry Crawl Space Wall with Exterior Insulation

Caulking

__\ |
Flashing over top -
of insulation

Protective coating

Slope away from
wall at 6" in 10'
8" min

6" min
Low-permeability soil

Granular backfill (option:
drainage mat or board) —————®

Rigid insulation

Damp-proofing or

waterproofing

Filter fabric —"—*ﬂ yot

Coarse gravel

4" perforated
drainpipe

Gaskets or caulking above and
below rim joist

Treated sill plate

Gasket under sill plate

Nailer for vapor retarder (option:
catch under sill plate)

1/2" anchor bolts @ 6' oc
embedded to meet code

Upper block cores filled
with concrete (option:
use bond beam)

Vapor retarder covers floor
and extends to top of wall
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Concrete Craw! Space Wall with Exterior Insulation

Rigid insulation and below rim joist

+ Gaskets or caulking above
Pressure-treated sill plate

Protective coating Gasket under sill plate

Slope away from L R )
wall at 6" in 10" ] e 1/2" anchor bolts
8" min N @ 6'oc
D
b
6" min ‘ Vapor retarder covers floor

and extends to top of wall

Rigid insulation on wall
and extending horizontally Ll N

#4 rebar
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Concrete Crawl Space Wall with Ceiling Insulation

Pressure-treated sill plate

Crawl space vent

Slope away from
wall at 6" in 10°

)|
& Insulation between floor-ceiling

joists with vapor retarder
on top side of insulation

~~————— 1/2" anchor bolts @ &' oc

Vapor retarder

#4 rebar for crack control
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SLABS-ON-GRADE

Recommended Insulation

The recommended configurations and R-
values of foundation insulation are given be-
low for combinations of exterior and interior,
vertical and horizontal insulation. Recom-
mended means that configuration having the

lowest 30-year life-cycle cost assuming fuel
inflation of 7 percent, general inflation of 5
percent, and present fuel prices: natural gas —
$0.56/ therm, fuel oil — $0.79/ gallon, electric
heat — $0.028/ kwhr, and electric cooling —
$0.076/ kwhr.

Slab-on-Grade Configurations

VERTICAL INSULATION HORIZONTAL INSULATION

4' of interior foam insulation 4' of interior foam insulation

2' of interior foam insulation 2' of exterior foam insulation

RECOMMENDED INSULATION FOR SLABS-ON-GRADE

Location HDDg;! CDD,¢? Interior Insulation Exterior Insulation
Minneapolis 8,007 98 4' R5 vertical 2' R5 horizontal
Chicago 6,177 181 4" R5 horizontal 2' R5 horizontal
Denver 6,014 83 4' R5 horizontal 2' R5 horizontal
Boston 5,593 74 4' R5 horizontal 2' R5 horizontat
Washington 4,122 299 4' R5 vertical 2' R5 horizontal
Atlanta 3,021 415 4’ R5 vertical 2' R5 horizontal
Fort Worth 2,407 1,139 4' R5 vertical 2' R5 horizontal
Phoenix 1,442 1,856 4' R5 vertical 2' R5 horizontal
Los Angeles 1,595 36 none none
Miami 199 1,257 none none

! Heating degree-days, base 65°F, is the accumulated differe!

through the heating season.

2 Cooling degree-days, base 75°F, is the accumulated diffe

through the cooling season.

nce between the average daily temperature and 65°F

rence between the average daily temperature and 75°F
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Slab-on-Grade and Integral Grade Beam with Exterior Insulation

4" slab with optional
welded-wire mesh

Vapor retarder

4" gravel layer v
Slope away from
wall at 6" in 10° ¥ _.___.___é7./_.__5__4_

Rigid insulation
(horizontal required
if footing above frost)

Pressure-treated sill plate
Protective coating

1/2" anchor bolts @ 6' oc
embedded to 7"
Concrete grade beam

#4 rebar for crack control

Pressure-treated 2x6 sill
plate overhangs foundation

for radon control if required

“ Isolation joint with sealant

Protective coating
Slope away from i
wall at 6" in 10° \‘— ‘

1/2" anchor bolts @ 6' oc
embedded to 7" min
Rigid insulation (horizontal required
if footing above frost)

#4 rebar for crack control

4" slab with optional
welded-wire mesh

Optional 2" sand layer

Vapor retarder

4" gravel layer
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Slab-on-Grade and Concrete Foundation Wall with Interior Insulation

Pressure-treated sill plate Rigid insulation in joint
with gasket with sealant for radon
control if required

N « & 4

Siope away from 8" min
wall at 6" in 10

4" slab with optional
welded-wire mesh

Vapor retarder

1/2" anchor bolts @ 6' oc
embedded to 7"

4" gravel layer
#4 rebar for crack control

Rigid insulation inside wall

Slab-on-Grade and Masonry Foundation Wall with Interior Insulation

Vapor retarder

Rigid insulation in joint with
Pressure-treated 2x6 sill = sealant in joint for radon control
plate with gasket if required :

4 4 4 4
* ‘ ATy T e — Y

Slope away from 8" min Al
wali at 6" in 10’ d

4" slab with‘optional,
welded-wire mesh
Rigid insulation

6" concrete block on 8°
concrete masonry wall

#4 rebar for crack control Vapor retarder

4" gravel layer
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MOISTURE CONTROL

Ground Covers

A ground cover membrane that restricts evap-
oration of soil moisture is the most effective
way to prevent condensation and wood decay
problems in a crawl space, as well as in an un-
conditioned full basement. However, ground
covers aren't required everywhere; a rule of
thumb is to use ground cover membranes in
cool climates where total annual precipitation

exceeds 20 inches of water (the shaded area in
the map below).

The ground cover should have a permeabili-
ty rating of 1.0 perm maximurm and should be
rugged enough to withstand foot traffic. Rec-
ommended materials include 6-mil polyethy-
lene and 45-mil ethylene propylene polymer
membranes (EPDM). Membrane edges should
overlap by 6 inches but need not be sealed.

Areas Where Vapor-Retarding Ground Covers Are Recommended

Ground cover
recommended on
crawl space floors
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Vent Requirements

A rectangular crawl space requires a mini-
mum of four vents, one on each wall, located
no farther than 3 feet from each corner. The
vents should be as high on the wall as possi-
ble to capture breezes, and landscaping
should be planned to prevent obstruction. The
free (open) area of all vents should total no
less than 1/1,500 of the floor area. The gross
area of vents depends on the type of vent cov-
er. The gross area can be found by multiply-
ing the vents’ free area by one of the factors in
the table below. In the absence of a ground
cover (if recommended), the vent area should
be increased tenfold, to 1/150 of the floor
area.

Unvented Crawl Spaces

It is not necessary to vent a crawl space for
moisture control if it is continuous with an ad-
jacent basement. Venting is also incompatible

with crawl spaces that are used as heat distri-
bution plenums (in which the space acts as a
giant warm-air duct). In such a case, duct in-
sulation is not necessary, since the foundation
is insulated around the perimeter. However,
high radon levels may require modifications,
including venting of the crawl space.

Example: What gross vent area is required for
a 1,000-square-foot dirt-floored basement
without soil cover membrane if the vents are
covered with 1/8-inch mesh screen?

From the table below, the multiplier is 12.5.
The gross vent area is therefore 1,000 square
feet + 1,500 x 12.5 = 8.33 square feet.

CRAWL SPACE GROSS VENT AREA REQUIREMENTS

Multiply Free Vent Area By:

Vent Cover Material With Soil Cover No Soil Cover
1/4" mesh hardware cloth 1.0 10

1/8" mesh screen 1.25 125
16-mesh insect screen 2.0 20
Louvers + 1/4" hardware cloth 2.0 20
Louvers + 1/8" mesh screen 2.25 225
Louvers + 16-mesh screen 3.0 30

Note: Data also apply to unconditioned full basements with dirt fioors.
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Drainage

Most drainage system failures are due to im-
proper position, slope, size, or damage during
construction. Footing drains (see below) have
two basic functions whose relative importance
depends on local conditions. They draw down
the groundwater level to below the basement
walls and floor, and they collect and drain away
water that seeps down through the backfill
from rain and melting snow. They are aided by
vertical wall and underfloor drainage blankets
and, especially in the case of exterior footing
drains, by weep holes through the footing.

A footing drain must be placed so that the top
of the pipe is beneath the bottom of the floor
slab, and the bottom of the pipe and its bedding
must be above the bottom of the footing. Drains
can be located outside the foundation, either
next to or on top of the footing, or next to the
footing beneath the floor slab. When the drain

line is inside, a gravel fill should still be provided
at the outside, and weep holes should be provid-
ed through the footing every 8 feet.

Exterior placement beside the footing is
more effective at drawing down the water ta-
ble and coupling with optional wall drainage
blankets. Interior drains are more effective for
collecting soil gas in radon control systems.

Because groundwater enters the drain line
from beneath, the pipe is placed with the two
rows of holes facing down. A foundation fab-
ric filter keeps coarse sediment from washing
into the drain line.

Drain lines are also sized and sloped to
wash out fine sediment that may infiltrate.
The common 4-inch pipe should be sloped at
least 1 inch in 20 feet, although 1 inch in 10
feet is desirable to compensate for settling af-
ter construction.

Perimeter Drain Placement

Backfill
Top of pipe below bottom of slab
Protected gravel above floor

Fabric filter

Waterproofing or damp-
proofing membrane

2" min weep holes
@ 8' oc max

r— Poly vapor barrier

~-—~— Slab

—— — —— ——— — — — — —

4" pipe sloped 1" in 20' min

Footing

Optional drain location
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TERMITE CONTROL

Termites in the United States

Termites occur naturally in woodlands, where
they help break down dead plant material and
play an important part in the nutrient cycle.
The problem is that termites don't distinguish
between wood in trees and wood in houses.
Subterranean termites, which account for 95
percent of all termite damage, are found
throughout the United States wherever the av-
erage annual air temperature is S0°F or above
and the ground is sufficiently moist (see map
below).

Subterranean Termite

Termite Hazard Distribution

Termite protection
required in wooded areas

Protection required in all areas;
if slab-on-grade, use chemical barrier
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Points of Entry _ you?). Termite control begins by blocking
Since termites occur naturally in forests and easy routes of entry from the soil to wood in
brushlands, clearing wooded sites robs ter- the structure. The most common points of en-
mites of their food supply. They adapt by try are shown below.

feeding on the wood in structures (wouldn't

Common Points of Termite Entry

|

I

'y
=>

I Wood girder /

l Masonry pier —————#»

Block foundation ——L———>

Buried site I'
debris

w—— 1
\ // -,
—— e s \ Construction I
debris

S— ——

Footing ————————»{ > &

Grade stakes
left in place
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Termite Control Measures

Termite control consists of keeping them in ® separating wood structures from the soil
the wild, rather than exterminating them with- ® minimizing cracks in slabs and walls

in the building. This is simple in concept, but e installing barriers to force termites into
difficult in practice, since termites can pass the open

through cracks as narrow as 1/32 inch. The ® treating the soil with chemicals

major strategies of termite control include * keeping the soil and foundation dry

Separation of Wood from Soil

Optional damp-proofing

under sill plate \

Reinforced concrete

cap, 4" min —\

e .
6 ‘n I!
4 1]
!
1
!
i
Slope 6" A
in 20" min I
Block foundation 1]
Desirable grade { {
) {
P 3— i
—_— }l
I
I!
I
i
1
|
i
> }

[ L

Footing

Wood girder ——»]

18" min space
24" desirable Duct

12" min with no access
18" with access

Optional area drain
at low point

Optional access trench
under girders and ducts

#5 rebar
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Soil Treatments

The purpose of soil treatment is to create a
continuous barrier in the soil surrounding the
foundation. The chemical must be applied
thoroughly and uniformly to block all routes
of termite entry. Special consideration must
be given to joints, pipes, and utility conduits
that pass through the wall and floor.

Only approved termiticides should be used.
Chemicals for pest management are controlled
by the Environmental Protection Agency
(EPA) and by state and local governments.
The most familiar termiticides and their rec-
ommended concentrations (by weight) are
shown in the table at right.

Chlordane and heptachlor were suspended in
August 1987 by the EPA. At the time of the
suspension, about two-thirds of all residential

termite treatments used these chemicals, which
are now suspected of being carcinogenic.

In anticipation of restrictions on some com-
monly used termiticides, chemical companies
have registered alternatives whose active in-
gredient is a pyrethroid—a man-made sub-
stance based on a pesticide produced naturally
in certain plants. A disadvantage is that it is
expected to be effective for a shorter time.

RECOMMENDED TERMITICIDE

CONCENTRATIONS

Chemical % by Weight
Aldrin 0.5
Chlorpyrifos 1.0
Permethrin 0.5
Isofenphos 1.0

Application of Termiticide to Slabs-on-Grade

Filler
Treated soil: 1 gallon per
L /* 10 sq ft overall
4 & s s A
T p Y

Ground ievel -
‘\ " l ’ }
L ¢

Treated soil (trenched)
4 gallons per 10 lin ft

N

. Masonry wall

-4 Treated soil (trenched)
4 gallons per 10 lin ft

Voids treated at 2
gallons per 10 lin ft
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Application of Termiticide to Crawl Spaces

Plumbing ——#=

- <
[
Treatment & Treatment Treatment  Treatment
outside wall inside wall around around
plumbing pier

Finished
grade
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Application of Termiticide to Basement Foundations

Treatment outside
foundation wall
=
Finished grade —b—;“——; ————— gt Reinforced concrete cap
Soil
Treatment under concrete
slab in basement
Slab installed after treatment
Jv
A Gravel fill
Y
| |
Pipe-and-rod hole from
base of trench to top of
footing aids distribution > - > a IS -
of chemical > S o >
B
L] L ]
D F-Y
P
D
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RADON CONTROL

What is Radon?

Radon is a colorless, odorless, radioactive gas
found in soils and underground water. An ele-
ment with atomic weight 222, radon is pro-
duced in the natural decay of radium and ex-
ists at varying concentrations throughout the
United States (see map in chapter 2). Radon is
emitted from the ground to the outdoor air,
where it is diluted to an insignificant level by
the atmosphere. Because radon is a gas, it can
travel through the soil and into a building
through cracks, joints, and other openings in
the foundation floor and walls. Earth-based
building materials such as poured concrete,
concrete blocks, brick, and adobe ordinarily
are not significant sources of indoor radon.
Radon from well water sometimes contributes
in a minor way to radon levels in indoor air.

How Does Radon Enter Buildings?

For the most part, radon gas is drawn from the

soil through the foundation when the indoor
pressure is less than the pressure outside in
the soil. Radon levels in buildings are usually
much higher in winter due to the suction
caused by

e the buoyancy of indoor air in winter
e wind on the outside

o furnaces, heaters, and fireplaces

e power exhaust fans

There are two highly effective approaches to
radon management in buildings. Neither re-
quires substantial investment, so they should
become standard practice in new construction.

The Barrier Approach

The barrier approach keeps radon out by mak-
ing it difficult for it to get in. An analogy is
building a watertight hull to keep water out of
a boat. Thus it should not be surprising that
what works to keep a basement dry also
works toward keeping radon out.

Since radon is a gas, the barrier approach
relies on infiltration control measures such as
minimizing cracks, joints, and other openings
through the foundation to the soil. Water-
proofing and damp-proofing membranes out-
side the wall and under the slab are excellent
barriers that, if performing properly, cover
cracks and joints.

The Suction Approach
Suction systems collect gas outside the foun-
dation and vent it to the outdoor air. They
keep radon out by creating a stronger suction
than that of the building itself. They are rec-
ommended by the EPA for new construction
where high potential for radon problems exists.
The suction systems consist of two parts:
the collection system and the discharge sys-
tem. Collection systems add little to the cost of
new construction, and the discharge system
can be deferred until proven necessary by tests.
The radon collection system may be inde-
pendent of the moisture drainage system, or it
may use it. Individual suction taps may be in-
stalled instead of underfloor pipe. One tap
should be provided for every 500 square feet
of floor area. A single tap is adequate for a
slab poured over a 4-inch layer of clean,
coarse gravel.
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Radon Barrier and Suction Design

k4

|

Parget on exterior face I
of masonry walls |

Waterproofing or

Bond beam or solid cap
unit for masonry walls

Walls reinforced to

minimize cracking

-

damp-proofing >

Joint cleaned before
pouring or laying wall

Reinforced footings

Optional soil gas collection
by perimeter drain; gravity
discharge to daylight

#

Interior surface of
masonry walls sealed with
epoxy paint (optional)

'//———————' Polyurethane caulk
around penetrations

such as pipes and wires

Sealant in isolation joint

Soil gas collection pipe
f and capped standpipe for

future fan collection
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Wood

Wood is nature's most wonderful building material. Its combi-
nation of strength and beauty has never been surpassed in the
laboratory. The first section of this chapter explores the nature
of wood.

The beauty of wood, however, is partly due to its imperfec-
tions. So next the chapter looks at how lumber defects affect its
grading and how lumber grade stamps are interpreted.

Wood is categorized as being either softwood (from ever-
greens) or hardwood (from deciduous trees). The "Properties
of Wood" table lists the qualities of 40 species.

A second table compares moisture and shrinkage of the
same 40 wood species.

Wood will last a long time if kept dry. The building codes
recognize that many outdoor and underground applications
lead to decay, however. This chapter lists and illustrates the ap-
plications for which the codes call for pressure-treated wood.

Finally, when is a 2x4 really a 2x4? Building projects often
require that we know the exact dimensions of the lumber. The
table of standard lumber sizes lists both nominal and actual di-
mensions of all standard categories and sizes of lumber.
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THE NATURE OF WOOD

Bark is a thick layer of dead cells, similar in
function to the outer layers of human skin, that
protects the living parts of the tree from insects
and fire. A tree is very resistant to insects as
long as its bark forms a complete barrier.

The phloem is the inner bark, consisting of
live cells that transmit nutrients, as do the
cells of the sapwood.

The cambium is a single layer of cells
where, remarkably, all tree growth occurs.
The cells of the cambium continually divide,
first adding a cell to the phloem outside and
then a cell to the sapwood inside. As a result,
a tree limb that first appears at a height of 5
feet aboveground will remain 5 feet high,
even though the tree grows taller.

Sapwood consists of the most recently
formed layers of wood and, as its name im-
plies, it carries sap up and down the tree.
When the rate of growth varies throughout the
year, or even ceases during cold winters, the
sapwood shows annual growth rings. Wide
rings are due to rapid growth in wet summers;
narrow rings indicate dry summers.

Heartwood is formed of dead sapwood
cells. Chemicals and minerals are deposited in
and between the heartwood cells, making the
wood more dense, strong, dark, and resistant
to decay than the sapwood.

The pith, at the very center of the tree, is
the overgrown remnant of the original shoot.

Rays are at right angles to the circular rings.

Not defects or cracks, as they appear, rays are
bundles of cells that transport and store food
across the annual rings.

......

Vit

—— Bark
Cambium

\—— Sapwood

3— Dry years

Wet years

Damage
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LUMBER DEFECTS

Bow is deviation from a flat plane of the wide
face, end to end. It is caused by a change in
moisture content after sawing and by fibers
not being exactly parallel to the surfaces. It
has no effect on strength. Therefore, feel free
to use a piece wherever nailing will constrain
it to a flat plane.

Cup is deviation from a flat plane of the
narrow face, edge to edge. It is caused by a
change in moisture content after surfacing. It
tends to loosen fasteners.

Crook is deviation from a flat plane of the
narrow face, end to end. It is caused by
change of moisture content after sawing and
by fibers not parallel to the surfaces, It makes
wood unsuitable for framing.

Twist is deviation from a flat plane of all
faces, end-to-end. It results from spiral wood
grain and changes in moisture content. Twist
also makes lumber unsuitable for framing.

Check is the lumber version of a stretch
mark, a rift in the surface caused when the
surface of a timber dries more rapidly than the
interior. End checks weaken a timber in shear;
other checks are mostly cosmetic. The devel-
opment of check can be very dramatic and un-
sightly in exposed beams that are dried rapid-
ly in a warm house the first winter. Solutions
include air drying for several years before use,
or treatment of timber surfaces with oil to re-
tard the drying process.

Split passes clear through the wood and is
often the result of rough handling. It consti-
tutes a serious structural weakness. Lumber
with splits should not be used in bending

(joists and rafters) or in compression as a post.

Shake is a separation of growth rings.
Lumber with shake should not be used to sup-
port bending loads (beams, Joists, and rafters),
since it must be presumed that the zone of
weakness extends the entire length of the
piece.

Wane is the presence of bark or lack of
wood at an edge. It results from a slight mis-
calculation on the part of the sawyer. It has
very little effect on strength. The main draw-
back is the lack of a full-width nailing surface.

Knots are the high-density roots of the
limbs. Knots are very strong but not well con-
nected to the surrounding wood. The rules for
use in joists and rafters are 1) tight knots are
allowed in the top third, 2) loose or missing
knots are allowed in the middle third, and
3) no knots at all over 1 inch are allowed in
the bottom third.

Cross grain occurs when a board is sawn
from a crooked log. Since wood is ten times
stronger in the direction of grain than across
the grain, a cross-grain angle greater than one
part in ten seriously weakens the wood in
bending (beams, joists, and rafters).

Decay is destruction of the wood structure
by fungi or insects. It prohibits structural use
of the wood but may enhance its decorative
value, provided the decay process has been
halted.

-Pitch pockets are accumulations of natural
resins. They have little effect on strength but
will bleed through paint and should not be al-
lowed in lumber that will be painted.
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LUMBER GRADE STAMPS

The grade stamp assures the buyer of uniform
standards. There is a bewildering number of
grade stamps, but all stamps from certified
agencies conform to the guidelines set by the
American Lumber Standards Committee.
Reading grade stamps is quite simple, as
demonstrated by the example below.

Mill number where Grade:

the lumber was - SEL STR = select structural
manufactured 1=No.1
2=No.2
M ' L L 1 0 3 =No. 3

CONST = construction

Certified agency STAND = standard
under whose UTIL = utility

rules the lumber STUD = stud

was graded

DOUG FIR S-DRY

. Moisture content (MC) at the
ingls specis o 5 SIGRN = MG e )
S % Or more
group of species having S-DRY = MC 19% or less

similar characteristics MC 15 = MC 15% or less
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PROPERTIES OF WOOD SPECIES

Below is a table of properties of North Ameri-
can wood species. For all of the numerical rat-
ings, 1 is best and 5 is worst.

Density is an indirect measure of strength.
Refer to chapter 20 for tables of density ver-
sus the holding power of nails and screws.

Paintability refers to the relative ease of
maintaining exterior painted surfaces such as
clapboards, decking, and trim.

Cupping, or deviation of the narrow face
from a flat plane, tends to loosen nails. Only
species with cupping ratings of 1 or 2 should
be used for exterior siding and trim.

Checking is cracking of the surface from
drying too quickly. It does not usually affect
strength but is unsightly.

Density Paint- Resistance Resistance Color of
Species Ib/cu ft ability to Cupping to Checking Heartwood
Hardwoods
Alder, red 25.6 3 - - Pale brown
Ash, white 374 - - - Gray-brown
Aspen, quaking 243 3 2 1 Pale brown
Basswood, American 23.1 3 2 2 Cream
Beech, American 40.0 4 4 2 Pale brown
Birch, yellow 38.7 4 4 2 Light brown
Butternut 23.7 35 - - Light brown
Cherry, black 31.2 4 - - Brown
Chestnut 26.8 3-5 3 2 Light brown
Cottonwood, black 21.8 3 4 2 White
Elm, American 31.2 4-5 4 2 Brown
Hickory, pecan 41.2 4-5 4 2 Light brown
Locust, black 43.1 - - - Golden brown
Magnolia, southern 31.2 3 2 - Pale brown
Maple, sugar 38.3 4 4 2 Light brown
Oak, red 39.3 4-5 4 2 Brown

(continued)
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Density Paint- Resistance Resistance Color of
Species Ib/cu ft ability to Cupping to Checking Heartwood
Hardwoods—Continued
Qak, white 42.4 4-5 4 2 Brown
Poplar, yellow 26.2 3 2 1 Pale brown
Sycamore, American 30.6 4 - - Pale brown
Walnut, black 343 3-5 3 2 Dark brown
Softwoods
Cedar, Alaska 27.5 1 1 1 Yeliow
Cedar, incense 23.1 1 - - Brown
Cedar, Port-Orford 26.8 1 - 1 Cream
Cedar, western red 20.0 1 1 1 Brown
Cedar, white 19.3 1 1 - Light brown
Cypress 28.7 1 1 1 Light brown
Fir, Douglas 30.0 4 2 2 Pale red
Fir, white 24.3 3 2 2 White
Hemlock, eastern 25.0 3 2 2 Pale brown
Hemlock, western 28.1 3 2 2 Pale brown
Larch 32.4 4 2 2 Brown
Pine, eastern white 21.8 2 2 2 Cream
Pine, Norway - 4 2 2 Light brown
Pine, ponderosa 25.0 3 2 2 Cream
Pine, southern 34.3 4 2 2 Light brown
Pine, sugar 225 2 2 2 Cream
Pine, western white 23.7 2 2 2 Cream
Redwood 225 1 1 1 Dark brown
Spruce, white 21.8 3 2 2 White
Tamarack 33.1 4 2 2 Brown

Source: Wood Handbook (Washington, DC: US Department of Agriculture, 1987).
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MOISTURE AND SHRINKAGE OF WOOD

The amount of water in wood is expressed as
a percentage of its oven-dry (dry as possible)
weight. For example, 1 cubic foot of oven-dry
red oak weighs 39.3 pounds. In drying from
the just-cut, or green, stage, the sapwood loses
69 percent of 39.3, or 27.1 pounds of water.
As wood dries, it first loses moisture from
within its cells without shrinking; after reach-
ing the fiber saturation point (cells dry), fur-
ther drying results in shrinkage. Eventually

Moisture Content Green, %’

wood comes to dynamic equilibrium with the
relative humidity of the surrounding air —
interior wood typically shrinking in winter
and swelling in summer. Average equilibrium
moisture content ranges from 6 to 11 percent,
depending on climatic region.

In the table below, the terms radial and tan-
gential refer to orientation relative to the
growth rings.

Shrinkage, from Green to Oven-Dry, %

Species Heartwood Sapwood Radial Tangential Volume
Hardwoods

Alder, red - 97 44 7.3 12.6
Ash, white 46 44 4.9 7.8 13.3
Aspen, quaking 95 113 3.5 6.7 115
Basswood, American 81 133 6.6 9.3 15.8
Beech, American 55 72 5.5 11.9 17.2
Birch, yellow 74 72 7.3 9.5 16.8
Cherry, black 58 - 3.7 7.1 115
Chestnut, American 120 - 34 6.7 11.6
Cottonwood, black 162 146 3.6 8.6 12.4
Elm, American 95 92 4.2 9.5 14,6
Hickory, pecan 80 54 49 8.9 13.6
Locust, black - - 4.6 7.2 10.2
Magnolia, southern 80 104 5.4 6.6 12.3
Maple, sugar 65 72 4.8 9.9 147
Qak, red 80 69 4.0 8.6 137

(continued)
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Moisture Content Green, %! Shrinkage, Green to Oven-Dry, %
Species Heartwood Sapwood Radial Tangential Volume
Hardwoods—Continued
Oak, white 64 78 5.6 105 16.3
Poplar, yellow 83 106 4.6 8.2 12.7
Sycamore, American 114 130 5.0 8.4 141
Walnut, black 90 73 55 7.8 12.8
Softwoods
Cedar, Alaska 32 166 2.8 6.0 9.2
Cedar, incense 40 213 3.3 5.2 7.7
Cedar, Port-Orford 50 98 4.6 6.9 10.1
Cedar, western red 58 249 2.4 5.0 6.8
Cedar, white - - 22 49 7.2
Cypress 121 171 3.8 6.2 10.5
Fir, Douglas 37 115 4.8 7.6 12.4
Fir, white 98 160 3.3 7.0 9.8
Hemilock 97 119 3.0 6.8 9.7
Hemlock, western 85 170 4.2 7.8 V 12.4
Larch, western 54 110 45 9.1 14.0
Pine, eastern white - - 2.1 6.1 8.2
Pine, lodgepole 41 120 4.3 6.7 11.1
Pine, longleaf 31 106 51 7.5 12.2
Pine, sugar 98 219 2.9 5.6 7.9
Pine, western white 62 148 4.1 7.4 11.8
Redwood 86 210 2.6 4.4 6.8
Spruce, Sitka 41 142 4.3 75 11.5
Tamarack 49 - 3.7 7.4 13.6
Source: Wood Handbook (Washington, DC: US Department of Agriculture, 1987).
1Moisture content is expressed as percentage of oven-dry weight. When the moisture in the wood weighs more than
oven-dry wood, this percentage will be more than 100%.
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PRESSURE-TREATED WOOD

Pressure-Treating

Pressure-treated lumber is softwood lumber
treated by a process that forces preservative
chemicals into the cells of the wood. The re-
sult is a material that is immune to decay.
Pressure-treated wood should not be used in-
side the home. All of the major building codes
require the use of pressure-treated wood for
the numbered applications detailed below and
illustrated on the following page:

1. wood embedded in, or in direct contact
with, earth for support of permanent structures

2. floor joists less than 18 inches and gird-
ers less than 12 inches from the ground

3. foundation plates, sills, or sleepers on a
concrete or masonry slab in contact with
earth, and sills on masonry foundation walls

4. posts or columns placed directly on ma-
sonry exposed to weather, or in basements

5. ends of girders entering concrete or ma-
sonry walls without a 1/2-inch air space

6. wood in permanent structures and locat-
ed less than 6 inches from earth

7. wood structural members supporting
moisture-permeable floors or roofs exposed to
the weather unless separated by an impervious
moisture barrier

8. retaining or crib walls (not illustrated)

9. all-weather wood foundations (see de-
tails in chapter 4)

10. in geographic areas where experience
has demonstrated the need, wood members
that form structural supports of buildings, bal-
conies, porches, and so forth, when exposed
to the weather without adequate protection
from a roof, eaves, overhang, or other cover-
ing to prevent moisture accumulation on the
surface or at joints between members

Typical Quality Stamp for Pressure-Treated Lumber

Trademark of the independent
inspection agency supervising

the treating plant “:

Assures that piece
has the appropriate
quantity of dry salt

per cu ft of wood
\*OUAUTY

TESTED

The material has been kiln-
dried after treatment

Earliest date indicates the year
material was pressure-treated

QUALITY
TESTED

Quality mark of the American
Wood Preservers Bureau

Foundation use (FDN}) indicates
all-weather board; LP-2 indicates
aboveground use; LP-22
indicates below-ground use

The preservative used for treatment—
chromated copper arsenate
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Pressure-Treated Wood Applications
(numbers refer to previous page)

-
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STANDARD LUMBER SIZES

STANDARD LUMBER SIZES BASED ON WESTERN WOOD PRODUCTS ASSOCIATION RULES

Nominal Dimensions

Dressed Dimensions When

inches Surfaced, inches
Product Thickness Width Dry Green
Dimension 2 2 1-1/2 1-9/16
3 3 2-1/2 2-9/16
4 4 3-1/2 3-9/16
5 4-1/2 4-5/8
6 5-1/2 5-5/8
8 7-1/4 7-1/2
10 9-1/4 9-1/2
12 11-1/4 11-1/2
>12 Off 3/4 Off 1/2
Scaffold 1-1/4 and 8 and Same as
plank thicker wider for "dimension”
Timbers 5and 5 and Nominal less1/2"
larger larger
Thickness Width
Decking 2 5 1-1/2 4
6 5
8 6-3/4
10 8-3/4
12 10-3/4
3 6 2-1/2 5-1/4
4 3-1/2
Flooring 3/8 2 5/16 1-1/8
1/2 3 7/16 2-1/8
5/8 4 9/16 3-1/8
1 5 3/4 4-1/8
1-1/4 6 1 5-1/8
1-1/2 1-1/4
Ceiling and 3/8 3 516 2-1/8
partition 112 4 7/16 3-1/8
5/8 5 9/16 4-1/8
3/4 6 11/16 5-1/8
Factory and 1 (4/4) 5 3/4 Usually
shop lumber 1-1/4 (5/4) and 1-5/32 sold
{mostly hardwoods 1-1/2 (6/4) wider 1-13/32 random
used in woodworking) 1-3/4 (7/4) 1-19/32 width
2 (8/4) 1-13/16
2-1/2 (10/4) 2-3/8
3 (12/4) 2-3/4
4 (16/4) 3-3/4

(continued)
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STANDARD LUMBER SIZES —Continued
Nominal Dimensions Dry Dressed Dimensions
inches inches
Product Thickness Width Thickness Width
Selects and 4/4 2 3/4 1-172
commons : 5/4 3 1-5/32 2-1/2
6/4 4 1-13/32 3-1/2
7/4 5 1-19/32 4-1/2
8/4 6 1-13/16 5-1/2
9/4 7 2-3/32 6-1/2
10/4 8 and 2-3/8 3/4 off
11/4 wider 2-9/16 nominal
12/4 2-3/4
16/4 3-3/4
Finish and 3/8 2 516 1-1/2
boards 1/2 3 7/16 2-1/2
5/8 4 9/16 3-1/2
3/4 5 5/8 4-1/2
1 6 3/4 5-1/2
1-1/4 7 1 6-1/2
1-1/2 8 and 1-1/4 3/4 off
1-3/4 wider 1-3/8 nominal
2 1-1/2
2-1/2 2
3 2-1/2
3-1/2 3
4 3-1/2
Rustic and 1 6 23/32 5-3/8
drop siding 8 7-1/8
10 9-1/8
12 11-1/8
Paneling 1 6 23/32 5-7/16
and siding 8 7-1/8
10 9-1/8
12 11-1/8
Ceiling and 5/8 4 9/16 3-3/8
partition 1 6 23/32 5-3/8
Bevel 1/2 4 15/32 butt, 3-1/2
siding 5 3/16 tip 4-1/2
6 5-1/2
3/4 8 3/4 butt, 7-1/4
10 3/16 tip 9-1/4
12 11-1/4
Source: Product Use Manual (Portiand, Oreg: Western Wood Products Association, 1986).
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Framing

To make a human analogy, the frame of a building is its skele-
ton. To assure that this skeleton is strong enough, we need to

‘specify how much weight it will support — the building loads.

Knowing the loads and the design values (maximum allowable
loads) for structural lumber, we can consult the span tables for
$4S lumber (surfaced on four sides) or for rough lumber to
select the proper size joists and rafters.

Builders are increasingly turning to joists made of plywood,
s0 a span table for prefabricated-wood I-joists is included here.

Normal sheathing materials are covered in chapter 7. How-
ever, stressed-skin panels, a modern development structurally
combining the strengths of joists or rafters and sheathing, are
discussed in this chapter.

Span tables are given for plank floors and roofs, often used
with the greater-than-usual joist and rafter spacing that results
from post-and-beam framing.

When loads become too large for ordinary timbers, you can
turn to glued laminated beams, and even steel beams. This
chapter includes simple span tables for both.

The section on post-and-beam framing traces the origins of
this revitalized art and illustrates the joinery which many find
so beautiful.

If you are remodeling an older home, you may be dealing
with balloon framing. If your home is less than 50 years old,
you'll probably recognize its platform framing.

Regardless of your framing system, you should find the sec-
tion on framing details helpful — especially the section on
framing for superinsulation.

109
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BUILDING LOADS

Types of Load WEIGHTS OF BUILDING MATERIALS
Building loads are the weights a building
frame is required to support or resist. There
are four types of load: Component Material Load, psf
Framing (16" oc) 2x4 and 2x6 2
® dead load — the weight of the building 2x8 and 2x10 3
matel.‘lals alone .. ) Floor-ceiling Softwood, per inch 3
® live load — the additional weight due to .
occupancy; i.e., the weights of people, fur- Hardwood, per inch 4
nishings, and stored materials Plywood, per inch 3
® snow load — the weight of accumulated Concrete, per inch 12
snow on the roof of the bu11dmg Stone, per inch 13
* wind load — the force of wind pressure Carpet 05
against the exterior building surfaces ape '
Drywall, per inch 5
Wind Snow wind Roofing Softwood, per inch 3
(positive) ﬂ (negative) Plywood, per inch 3
% ~ ﬁ Foam insulation, perinch 0.2
< Asphalt shingle 3
Asphalt roll roofing 1
Asphalt, built-up 6
Wood shingle 3
Copper 1
Steel 2
For floors and roofs, add the weights of building : Roman tile 12
components, using the table at right to find the Spanish tile 19
total dead load in pounds per square foot (psf).
Live Loads
Example: A first floor framed with 2x8 joists, Live loads are specified by building code. The
spaced 16 inches on-center, and covered with table on the following page is representative
1/2-inch plywood and wall-to-wall carpet of the major national codes, but verify particu-

weighs 3 psf + 1.5 psf + 0.5 psf = 5 psf. lars with your local building inspector.
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Snow Load
Snow load is the greater of the following:

o minimum roof live load, including the ef-
fects of snow and roof construction/repair ac-
tivities (found in the table at right)

e design snow load, 0.8 times the 50-year
ground snow load (from the map below)

Example: What is the snow load for a house in
Boston with a roof slope of 7/127

From the table at right, the minimum roof
live load for slope = 7/12 is 16 psf.

From the map below, the 50-year ground
snow load for Boston is 40 psf. The product of
0.8 and 40 psf is 32 psf, so the greater snow
load (and the answer) is 32 psf.

RESIDENTIAL LIVE LOADS

Area/Activity Live Load, psf
First floor 40
Second floor and habitable attics 30
Balconies, fire escapes, and stairs 100
Garages 50
MINIMUM ROOF LIVE LOADS

Roof Slope Load, pst

Less than 4/12 20

4/12 to less than 12/12 16

12/12 or greater 12

50-Year Ground Snow Load (psf)
10

Consult
iocal building
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DESIGN VALUES FOR STRUCTURAL LUMBER

Below are the four types of stress in wood
structures. The following pages list the maxi-
mum allowable stresses (design values) for
joists, rafters, and planks.

Fiber Stress in Bending, Fb

Loads at right angles to structural members
cause the members to bend, resulting in tension
in the fibers on the outside of the bend. Fb is one
of the two common criteria used to size joists,
rafters, and planks. Single-member Fb values
are used when a load is carried by one or two
members. Repetitive-member Fb values may be
used when at least three members share the load,
spacing is 24 inches or less, and members are .
connected by load-distributing elements.

Modulus of Elasticity, E

The modulus of elasticity predicts how much a
beam will deflect under a bending load. It is the
second common joist criterion, determining the
"bounciness” of a floor.

Horizontal Shear, Fv

Horizontal shear tends to slide wood fibers over
each other horizontally. Short beams carrying
heavy loads should be checked for shear.

Compression Parallel to Grain, Fc

Studs, posts, and columns are compressed paral-
lel to the grain of the wood. Loads on wall studs
are usually very low, but posts and columns car-
rying heavy loads should be checked.

FIBER STRESS
IN BENDING

MODULUS OF ELASTICITY
(DEFLECTION)

COMPRESSION
PARALLEL TO GRAIN
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Design Values for Structural Lumber

Stress Value Adjustment Factors

The design value tables which begin on the
next page assume normal load duration (full
load for 10 years), moisture content between
15 and 19 percent, and the presence of the
most severe checks, splits, and shakes allowed
for the grade of lumber. For differing condi-
tions, the design values should be changed by
the multiplier factors on this page.

DURATION OF LOAD

Muttipliers for Fb, Fv, and Fc

Duration of Load Multiplier
2 months, such as snow 1.15

7 days 1.25
Wind or earthquake 1.33
Impact, such as dancing 2.00

or dropped object

MOISTURE

Muitipliers for Moisture Contents (MC) other than
15 - 19 percent

Thickness and MC Fb Fv Fe E

2" - 4" thick, 15% MC max 1.08 105 1.17 1.05
2" - 4" thick, MC >19% 086 097 070 0.97

5" and thicker, MC > 19% 1.00 1.00 091 1.00

Note: This table is not applicable to southern pine.

113
SPLITS AND CHECKS
Muitipliers for Fv for Visible Splits and Checks
When No Increase in Size of Check or Split Is
Anticipated during the Life of the Structure
Length of Split Nominal 2" Nominal 3"
on Wide Face Thick or Thicker
No split or check 2.00 2.00
1/2 x width 1.66 1.68
1 x width 1.34 1.36
1-1/2 x width 1.00 1.04
2 x width or more 1.00 1.00

Source: Information for "Design Values for Structural
Lumber" was adapted from National Design Specification
for Stress-Grade Lumber and Its Fastening (Washington,
DC: National Forest Products Association, 1971).
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DESIGN VALUES FOR JOISTS, RAFTERS, AND PLANKS
(2 - 4 inches thick, 6 inches and wider)
Extreme Fiber Stress Compression  Modulus of
in Bending, Fb Horizontal Parallel to Elasticity,
Species Grade Single ‘Repetitive Shear, Fv Grain, Fc Ex10°
Douglas fir - larch Sel str 1,800 2,050 95 ‘ 1,400 1.8
No. 1 1,500 1,750 95 1,250 18
No. 2 1,250 1,450 95 1,050 1.7
No. 3/ stud 725 850 95 675 1.5
Hem - fir Sel str 1,400 1,650 75 1,150 1.5
No. 1 1,200 1,400 75 1,050 1.5
No. 2 1,000 1,150 75 875 1.4
No. 3/ stud 575 675 75 550. 1.2
Southern pine Sel str 1,750 2,000 90 1,350 1.7
No. 1 1,450 1,700 90 1,250 1.7
No. 2 1,200 1,400 90 1,000 1.6
Stud 725 850 90 625 1.4
Spruce - pine - fir Sel sir 1,250 1,450 70 975 1.5
No. 1 1,050 1,200 70 875 1.5
No. 2 875 1,000 70 725 1.3
No. 3/ stud 500 575 70 450 1.2
Note: For other species see National Design Specification for Wood Construction (Washington, DC: National Forest
Products Association, 1986).
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SPAN TABLES FOR S4S LUMBER

On the following pages are span tables for joists
and rafters, all assuming uniform loading over a
single span. Use the tables as follows:

1. Determine the total uniform load (the sum
of the dead load and the live load).

2. Find the design stress values for the species
and grade of framing lumber you plan to use.

3. Multiply the design stress values by any ap-
plicable stress adjustment factors.

4. Find in the appropriate span table the size
of framing lumber required.

5. If you are designing floor joists, consult the
deflection table below to see whether the floor
will be stiff enough. If the deflection is too great,
increase the size of the joists.

Example: What size No. 1 hem-fir joists are re-
quired for a first floor with a clear span of 14 feet
3 inches, on-center spacing of 16 inches, and a
structural subfloor?

To be conservative, allow 10 psf for the
weight of the floor (dead load). The code speci-
fies a live load of 40 psf, so the total load is 50
psf. Repetitive-member Fb = 1,400 psi and E =
1.5 x 100 psi. No multipliers apply. In the span
table on page 118, you can see that 2x10 joists
will span 17 feet 4 inches. In the table below
you can see that at an E of 1.5, those 2x10s can
span more than 15 feet 8 inches with a deflec-
tion ratio of less than 1/360.

S4S LUMBER: SPAN LIMITED BY 1/360 DEFLECTION AT 40 PSF LIVE LOAD

Spacing  Nominal Size E, 10° psi
inches oc bxd 1.0 1.2 1.4 1.6 - 1.8 2.0
12 2x6 g-02 9-09 10-03 10-09 11-02 11-07
2x8 12 - 01 12-10 13-06 14-02 14-08 15-03
2x10 15-05 16 - 05 17 - 03 18 - 00 18- 09 19-05
2x12 18 - 09 19-11 21-00 21 -11 22-10 23 -08
16 2x6 8-04 8-10 9-04 g9-09 10-02 10 - 06
2x8 11-00 11-08 12-03 12-10 13-04 13-10
2x10 14-00 14 - 11 15-08 16-05 17 - 00 17 - 08
2x12 17 - 00 18 - 01 19-01 18- 11 20-09 21-05
24 2x6 7-03 7-09 8-02 8-06 8-10 9-02
2x8 9-07 10-02 10-09 11-03 11-08 12-01
2x10 12-03 13-00 13-08 14 - 04 14 - 11 15-05
2x12 14 - 11 15-10 16 - 08 17-05 18- 01 18-10

Note: Spans are given as feet - inches.
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$4S DIMENSION LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 30 PSF
Spacing  Nominal Size Fb, psi
inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 7-02 7-10 8-05 9-01 9-07 10-02
2x6 11-03 12-04 13-03 14-03 15 - 01 15-11
2x8 14-09 16 - 02 17 - 06 18-08 18- 09 20-10
2x10 18- 11 20-08 22-04 23 - 11 25-05 26 - 09
2x12 22 - 11 25-02 27-02 29-00 30-09 32-05
24 2x4 5-10 6-05 6- 11 7-04 7-10 8-03
2x6 9-02 10-00 10-10 11-07 12-03 13—00
2x8 12-01 13-03 14-03 15-03 16-03 17 - 01
2x10 15-05 16 - 11 18-03 19-06 20-08 21-10
2x12 18-09 20-06 22-02 23-09 25-02 26 - 06
48 3x4 5-04 5-10 6-04 6 -09 7-02 7-06
3x6 8-04 9-02 9-11 10-06 11-02 11-09
3x8 11-03 12-04 13-03 14-03 15-01 15 - 11
3x10 14 - 01 15-05 16 - 08 17-10 18- 11 19- 11
3x12 17 -01 18-09 20-03 21-07 22-11 24 - 02
4x4 6-04 6-11 7-05 8-00 8-06 8- 11
4x6 9-11 10-10 11-08 12-06 13-04 14 - 00
4x8 13- 01 14 -04 15-05 16 - 07 17-07 18- 06
4x10 16- 08 10-03 19-08 21-01 22-04 23-07
4x12 20-03 22-02 o 23-11 25-07 27 - 02 28-08
96 6x6 8-09 9-07 10-05 11-01 11-09 12-04
6x8 11-07 12-08 13-08 14-08 15-06 16 - 05
6x10 14 - 09 16 -02 17 - 06 18 - 08 19-09 20-10
6x12 17 -1 19-08 21-03 22-08 24 - 00 25-04
8x8 13-03 14 - 07 15-09 16-09 17 - 09 18-09
8x10 16 - 11 18- 06 20 - 00 21-05 22 - 08 23 -11
8x12 20-07 22-07 24 -05 26 - 00 27 -07 29-01

Note: Spans are given as feet - inches.




RO s

Span Tables for S4S Lumber 117
S4S DIMENSION LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 40 PSF
Spacing  Nominal Size Fb, psi
inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 6-02 6-09 7-04 7-10 8-03 8-09
2x86 9-09 10-08 11-06 12-04 13- 01 13-09
2x8 12-10 14 -00 15-02 16-03 17 -03 18- 02
2x10 16 - 04 17 - 11 19-04 20-08 21 -11 23-01
2x12 19-10 21-09 23-06 25-01 26 -07 28-01
24 2x4 5-01 5-06 6-00 6-05 6-10 7-02
2x6 7-11 8-08 9-05 10-00 10-07 11-02
2x8 10-05 11-05 12-04 13-02 14-00 14 - 09
2x10 13-04 14-08 15-10 16-10 17 - 11 18 - 10
2x12 16- 03 17 - 09 19-02 20-07 21-10 23-00
48 3x4 4-07 5-01 5-05 5-09 6-02 6-06
3x6 7-03 7-11 8-07 9-02 9-09 10-03
3x8 9-09 10-08 11-06 12-04 13- 01 13-09
3x10 12-02 13-04 14-05 15- 04 16-04 17-02
3x12 14-10 16 - 03 17 - 06 18-09 19 - 11 21-00
4x4 5-05 6-00 6-05 6-10 7-03 7-08
4x6 8-07 9-05 10-02 10-10 11-06 12-02
4x8 11-04 12-05 13-05 14-04 15-02 16-00
4x10 14 -05 15-10 17 -01 18-03 19-04 20-05
4x12 17 - 06 19-03 20-09 22-02 23-06 24 -09
a6 6x6 7-07 8-04 9-00 9-07 10-02 10-09
'6x8 10-00 11 -00 11-10 12-08 13-05 14-02
6x10 12-09 14 - 00 15-01 16-02 17 - 01 18- 00
6x12 15-07 17 -00 18-05 19-09 20- 11 22-00
8x8 11-06 12-07 13-07 14-07 15-05 16 - 03
8x10 14 - 08 16 - 01 17 -04 18-07 19-08 20-09
8x12 17-10 19-07 21-01 22-07 23 - 11 25-03

Note: Spans are given as feet - inches.
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$4S DIMENSION LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 50 PSF

Spacing  Nominal Size Fb, psi

inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 5-06 6-01 6-07 6- 11 7-05 7-09
2x6 8-08 9-06 10-03 11-00 11-08 12-03

2x8 11-05 12-06 13-07 14 -05 15-04 16-02

2x10 14 - 08 16 - 00 17-04 18-07 19-08 20-09

2x12 17 - 09 19-06 21-00 22-05 23-10 25 - 01

24 2x4 4-06 4-11 5-04 5-08 6-00 6-04
2x6 7-01 7-08 8-05 8-11 9-06 10-00

2x8 9-04 10-03 11 - 01 11-10 12-06 13-02

2x10 11-11 13- 01 14 - 02 15-01 16- 00 16-10

2x12 14 - 06 15- 11 17 - 02 18-04 19-05 20-06

48 3x4 4-01 4-06 4-11 5-02 5-06 5-09
3x6 6-06 7-01 7-08 8-03 8-09 9-02

3x8 8-08 9-06 10-04 11-00 11-08 12-03

3x10 10- 11 11-11 12-11 13-10 14-08 16-05

3x12 13-03 14 -06 15-08 16-09 17 -09 18-09

4x4 4-11 5-04 5-09 6-03 6-07 6-11

4x6 7-08 8-05 9-01 9-08 10-03 10-10

4x8 10-01 11 - 01 12-00 12-09 13-06 14-03

4x10 12 - 11 14 -02 15-03 16-04 17-04 18- 03

4x12 15-08 17 -02 18 -07 19-10 21-00 22-02

96 6x6 ‘ 6-10 7-05 8-00 8-08 9-02 9-08
6x8 9-00 9-10 10-07 11-05 12-01 12-09

6x10 11-05 12-06 13-06 14 - 05 15-04 16 - 02

6x12 13-11 15-03 16 - 05 17-07 18-08 19-08

8x8 10-03 11-03 12-02 13-00 13-09 14 - 06

8x10 13- 01 14-04 15- 06 16 - 07 17 - 07 18- 06

8x12 16 - 00 17 - 06 18- 11 20-03 21-06 22-07

Note: Spans are given as feet - inches.
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S4S DIMENSION LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 60 PSF
Spacing  Nominal Size Fb, psi
inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 5-01 5-06 6-00 6-05 6-10 7-02
2x6 7-11 8-08 9-05 10 - 00 10-07 11-02
2x8 10-05 11-05 12-04 13-02 14-00 14-09
2x10 13-04 14-08 15-10 16-10 17-11 18-10
2x12 16-03 17 - 09 19-02 20-07 21 -10 23-00
24 2x4 4-01 4-06 4-11 5-02 5-06 5-09
2x6 6 - 06 7-01 7-08 8-03 8-09 9-02
2x8 8-06 9-04 10-01 10-09 11-05 12-00
2x10 10-11 11 -11 12- 11 13-10 14-08 15-05
2x12 13-03 14 - 06 15-08 16-09 17-09 18- 09
48 3x4 3-09 4-01 4-05 4-09 5-00 5-04
3x6 5-11 6-06 7-00 7-06 7-11 8-04
3x8 7-11 8-08 9-05 10- 00 10-07 11-02
3x10 9-11 10- 11 11-09 12-07 13-04 14-00
3x12 12 - 01 13-03 14 - 04 15-03 16-02 17 - 01
4x4 4-05 4-11 5-03 5-07 5-11 6-03
4x6 7-00 7-08 8-03 8-10 9-05 9-11
4x8 9-03 10- 01 10-11 11-08 12-05 13- 01
4x10 11-09 12-11 13- 11 14-10 15-09 16-07
4x12 14 - 04 15-08 16 - 11 18- 02 19-03 20-03
96 6x6 6-02 6-10 7-04 7-10 8-03 8-09
6x8 8-02 9-00 9-08 10 - 04 10 - 11 11-07
6x10 10-05 11-05 12-04 13-02 14-00 14 - 09
6x12 12-08 13- 11 15-00 16 - 00 17 - 00 17 - 11
8x8 9-05 10-03 11-01 11 -1 12-08 13-04
8x10 12-00 13-01 14 -02 15-02 16 - 01 17 -00
gx12 14 - 07 16 - 00 17 -03 18- 05 19-07 20-07
Note: Spans are given as feet - inches.
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SPAN TABLES FOR ROUGH LUMBER

On the following pages are span tables for
rough-sawn joists and rafters, assuming uniform
loading over a single span. Use the tables as
follows:

1. Determine the sum of dead and live loads.

2, Estimate design stress values for the spe-
cies and quality of lumber you plan to use.

3. Multiply the design stress values by any ap-
plicable stress adjustment factors.

4. Find in the appropriate rough-sawn span ta-
ble the size of framing lumber required.

5. If you are designing floor joists, consult the
deflection table below to see whether the floor
will be stiff enough.

Example: What size rough-sawn hemlock
joists are required for a first floor with a clear
span of 14 feet 3 inches, on-center spacing of
16 inches, and a structural subfloor if the
quality is equivalent to No. 2 hem-fir?

To be conservative, allow 10 psf for the
weight of the floor (dead load). The code speci-
fies a live load of 40 psf, so the total load is 50
psf. Repetitive-member Fb = 1,150 psi and
E=14x10° psi. No multipliers apply. From
the span table for rough-sawn lumber, you can
find that 2x8 joists will span nearly 16 feet, and
in the table below you can find that the 2x8 de-
flection ratio is less than 1/360 up to a span of
14 feet 8 inches.

ROUGH-SAWN LUMBER: SPAN LIMITED BY 1/360 DEFLECTION AT 40 PSF LIVE LOAD

Spacing  Actual Size E, 10° psi
inches oc bxd 1.0 1.2 1.4 1.6 1.8 2.0
12 2x6 11-00 11-08 12-04 12-11 13-05 13-10
2x8 14 -08 15-07 16 - 04 17-02 17 - 09 18- 06
2x10 18- 04 19-06 20 - 06 21-05 22-04 23 - 01
2x12 22-00 23-04 24.-08 25-06 26-09 27-09
16 2x6 10 - 00 10 - 07 11-03 11-08 12-03 12-07
2x8 13-04 14-02 14-08 15-07 16- 02 16-10
2x10 16 - 08 17 - 09 18- 08 19-06 20-03 21-00
2x12 19 - 11 21-03 22-04 23-04 24-04 25 - 01
24 2x6 8-07 9-04 9-09 10 - 03 10-07 10-10
2x8 11-08 12-04 13-04 13-08 14-02 14 -08
2x10 14-06 15-05 16 - 01 17 - 01 17- 09 18- 03
2x12 17-06 18- 07 19-07 20-05 21-03 22- 01

Note: Spans are given as feet - inches.
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ROUGH-SAWN LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 30 PSF

Spacing Actual Size Fb, psi

inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 9-05 10-04 11-02 11-11 12-08 13-04
2x6 14 -02 15-06 16-09 17-11 19-00 20-00

2x8 18- 10 20-08 22 -04 23-10 25-03 26-08

2x10 23-07 25-10 27 -10 29-10 31-08 33-04

2x12 28-03 31-00 33-06 35-09 37 -1 39 - 11

24 2x4 7-08 8-05 9-01 9-08 10-03 10-10
2x6 11-07 12-08 13-08 14-08 15- 06 16 - 05

2x8 15-05 16-10 18 - 02 19- 06 20-08 21-10

2x10 19-03 ' 21 -01 22 -09 24 - 04 25-10 27 -03

2x12 23-01 25-04 27 - 04 29-02 31-00 32-08

48 3x4 6-08 7-04 7-11 8-05 8-11 9-05
3x6 10-00 10-11 11-10 12-08 13-05 14 -02

3x8 13-04 14-07 15-09 16-10 17 - 11 18-10

3x10 16- 08 18-03 19-09 21-01 22-04 23-07

3x12 20-00 21-11 23-08 25-04 26-10 28-03

4x4 7-08 8-05 9-01 8-08 10-04 10-10

4x6 11-07 12-08 13-08 14 -08 15-06 16-05

4x8 15-05 16 - 10 18- 03 19-06 20-08 21-10

4x10 19-03 21-01 22-09 24 -04 25-10 27-03

4x12 23-01 25-04 27 -04 29 - 02 31-00 32-08

96 6x6 10-00 10- 11 11-10 12-09 13- 06 14 -03
6x8 13-04 14-07 15-09 16-10 17 - 11 18- 10

6x10 16-08 18-03 19-09 21-01 22-04 23-07

6x12 20-00 21 - 11 23-08 25-04 26-10 28-03

8x8 15-05 16-10 18-03 19-06 20- 08 21-10

8x10 19-03 21-01 22 -09 24 - 04 25-10 27-03

8x12 23-01 25-04 27 - 04 29-02 31-00 32-08

Note: Spans are given as feet - inches.
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ROUGH-SAWN LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 40 PSF

Spacing Actual Size Fb, psi

inchesoc  bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 8-02 8- 11 9-08 10-04 10-11 11-07
2x6 12-03 13-05 14-06 15-06 16-05 17 - 04

2x8 16- 04 17-10 19- 04 20-08 21:11 2301

2x10 20-05 2204 2402 25-10 27-05 28- 10

2x12 2406 26-10 29-00 31-00 32-10 3408

24 2x4 6-08 7-04 7-11 8-05 8-11 9-05
2x6 10-00 10-11 11-10 12-08 13-05 14-02

2x8 13-04 14-07 15-09 16-10 17-11 18-10

2x10 16-08 18-03 19-09 21-01 22-04 23-07

2x12 20 - 00 21-11 23-08 2504 26-10 28-03

48 3x4 5-09 6-04 6-10 7-03 7-09 8-02
3x6 8-08 9- 06 10-03 11-00 11-07 12-03

3x8 11-07 12-08 13- 08 14-08 15-06 16-04

3x10 14-05 15-10 17-01  18-03 19- 04 20-05

3x12. 17-04  19-00 20-06 21-11 23-03 24-06

4x4 6-08 7-04 7-11 8-05 8-11 9-05

4x6 10-00 10-11 11-10 12-08 13-05 14-02

4x8 13-04 14-07 15-09 16-10 17-11 18-10

4x10 16-08 18-03 19-09 21-01 2204 23.07

4x12 20-00 - 21-11 23-08 25-04 26-10 28-03

96 6x6 - 8-08 9-06 10-03 11-00 11-07 12-03
6x8 11-07 12-08 13-08 14-08 15- 06 16 - 04

6x10 14-05 15-10 17- 01 18-03 19-04 20-05

6x12 17 -04 19-00 20-06 21-11 23-03 24- 06

8x8 13-04 14-07 15-09 16-10 1711 18-10

8x10 16- 08 18-03 19-09 21-01 22-04 23-07

8x12 20-00 21-11 23-08 25- 04 26- 10 28-03

Note: Spans are given as feet - inches.



”

Span Tables for Rough Lumber 123
ROUGH-SAWN LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 50 PSF
Spacing  Actual Size Fb, psi
inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 7 -04 8-00 8-08 9-03 9-10 10-04
2x6 10 - 11 12-00 13-00 13-10 14-08 15-05
2x8 14 -07 16 - 00 17-03 18- 05 19-07 20-07
2x10 18- 03 20-00 21-07 23-01 24 - 06 25-10
2x12 21-11 24 - 00 25 - 11 27 -09 29-05 31-00
24 2x4 6-00 6-06 7-01 7-07 8- 01 8-06
2x6 8-11 9-10 10-07 11-03 12-00 12-07
2x8 11-11 13-01 14 - 01 15- 01 16-00 16-10
2x10 14 - 11 16 - 04 17-08 18-10 20 - 00 21 -01
2x12 17 - 11 19-07 21-02 22 -08 24-00 25-04
48 3x4 5-02 5-08 6-01 6-06 6- 11 7-04
3x6 7-09 8-06 9-02 9-10 10-056 10 - 11
3x8 10-04 11-04 12-03 13-01 13-10 14 - 07
3x10 12-11 14-02 15-03 16 - 04 17-04 18-03
3x12 15-06 17 - 00 18-04 19-07 20-09 21 - 11
4x4 6-00 6-06 7-01 7-07 8-01 8-06
4x6 8-11 9-10 10-07 11-03 12-00 12-07
4x8 11 -1 13-01 14 - 01 15-01 16 - 00 16-10
4x10 14 - 11 16 - 04 17 - 08 18- 10 20-00 21-01
4x12 17 - 11 19-07 21-02 22-08 24-00 25-04
a6 6x6 7-09 8-06 9-02 9-10 10-05 10- 11
6x8 10-04 11-04 12-03 13- 01 13-10 14 - 07
6x10 12- 11 14-02 15-03 16 - 04 17 - 04 18-03
6x12 15- 06 17 -00 18-04 19-07 20-09 21 - 11
8x8 11-11 13-01 14 - 01 15- 01 16- 00 16-10
8x 10 14 - 11 16 - 04 17 -08 18- 10 20-00 21 -01
8x12 17 - 11 19-07 21-02 22-08 24 - 00 25-04
Note: Spans are given as feet - inches.
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ROUGH-SAWN LUMBER: SPANS FOR TOTAL UNIFORM DEAD PLUS LIVE LOAD 60 PSF
Spacing Actual Size Fb, psi
inches oc bxd 1,000 1,200 1,400 1,600 1,800 2,000
16 2x4 6-08 7-04 7-11 8-05 8-11 9-05
2x6 10-00 10-11 11-10 12-08 13-05 14-02
2x8 13-04 14 -07 16-09 16-10 17 - 11 18-10
2x10 16- 08 18-03 19-09 21-01 22-04 23-07
2x12 20-00 21-11 23-08 25-04 26-10 28 - 03
24 2x4 5-05 6-00 6-05 6-10 7-03 7-11
2x6 8-02 8-11 9-08 10-04 10- 11 11-07
2x8 10-11 11-11 12-10 13-10 14 -08 15-05
2x10 13-07 14 -1 16 -01 15-01 16 - 00 16-10
2x12 16 - 04 17 - 11 19-04 20-08 21-11 23-01
48 3x4 4-09 5-02 5-07 6-00 6-04 6-09
3x6 7-01 7-09 8-04 9-00 9-06 10-00
3x8 9-05 10-04 11-02 11-11 12-08 13-04
3x10 11-09 12-11 13- 11 14-10 15-09 16-07
3x12 14-02 15-06 16 - 09 17 -1 19-00 20-00
4x4 5-05 6-00 6 -05 6-10 7-03 7-11
4x6 8-02 8-11 9-08 10-04 10-11 11-07
4x8 . 10-11 11-11 12-10 13-10 14-08 15-05
4x10 13-07 14 - 11 16 - 01 15-01 16 - 00 16-10
4x12 16 - 04 17 -1 18-04 20 -08 21 - 11 23-01
96 6x6 7-01 7-09 8-04 9-00 9-06 10- 00
6x8 9-05 10-04 11-02 11-11 12-08 13-04
6x10 11-09 12-11 13- 11 14-10 15-09 16-07
6x12 14-02 15-06 16-09 17 - 11 19-00 20-00
8x8 10- 11 11-11 12-10 13-10 14 -08 16-05
8x10 13-07 14 - 11 16 - 01 15 - 01 16 - 00 16-10
8x12 16 - 04 17 - 11 19-04 20-08 21-11 23-01
Note: Spans are given as feet - inches.
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SPANS FOR PREFABRICATED-WOOD I-JOISTS

The Trus Joist Corporation's TJI/25 joist is
representative of a new generation of framing “’lm
members. Available in 9-1/2 and 11-7/8-inch
depths, the Residential TJI/25 joist consists of 1-1/2

a plywood web pressure-fitted between lami- 578" plywood
nated vcneer-lqmber flanges. ! /2 perforated,
Advantages include rock-outs @ 127%°
9-1/2"
e longer spans (up to 60 feet), which elimi- 11?;/@

nate lapping over girders or wall lines

e greater strength per weight

e reduced warping, shrinkage, twisting, and
splitting

e convenient prepunched web knock-outs
for utilities

MANUFACTURER'S MAXIMUM RECOMMENDED SPANS

' Floor Roof (slope 6/12 or less)

Depth Spacing at Dead Load 10 10 10 10 10

inches inches oc atLive Load 40 20 30 40 50

9-1/2 12 16-10 23-10 21 -07 19-09 18-03
16 15-04 21-06 19-06 17-10 16-06
24 13-04 18- 08 16 - 11 15-05 13-02

11-7/8 12 20-00 28-04 25-09 23-086 21-09
16 18- 02 25-08 23-03 21-03 19 -07
24 15-10 22-03 20-02 17 - 02 14-07

Source: Residential Product Reference Guide (Boise, ldaho: Trus Joist Corporation, 1988).
Notes: Spans are given as feet - inches. Dead loads and live loads are given in pounds per square foot. Check the litera-
ture of specific manufacturers of prefabricated-wood I-joists for additional application requirements.
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SPAN TABLE FOR STRESSED-SKINPANELS

One-sxded plywood stressed-skm panels have
plywood skins glued to the tops of longitudi-
~ nal framing members. The skin and framing
 act as a single unit in carrying loads.
When designed with both top (plywood)
and bottom (gypsum drywall) skins and filled
with insulation, the stressed-skin panel offers

Butt joint
between plywood
panels

APAPS'1 plywood
top skin

insulation and a ready-to-finish ceiling. ¥ APA plywood
Numerous companies offer variations on the splice plate

theme: wall panels, panels filled with rigid - asg;‘lec;li'v':' ‘

foam msulatlon, and panels substituting . Lumber striﬁgers:

oriented-strand board (OSB) for the structural i NoN2 %o;gas ﬁrﬁamh ‘
skin. Consult manufacturers for specifications. : Ty 200 Sothem Ping

- RECOMMENDED SPANS FOR PS 1 PLYWOOD STRESSED-SKIN ROOF PANELS

40/20 4-ply or 5-ply 2x10 ' 302" 280" 264" 250" 2310" 22°10° 21°10°
o 860" 334" 314" 208" 281" 26010" 258

: Number . Allowable Single-Span Uniform Live Load, psf
. Stringer - of Stringers (10 psf dead load assumed)
Top Skin e Size {spacing) 20 .25 30 -38 40 45 50
2x4 129" 1110 111" 106
e 2x6 18"10" 175" 16'5" . 157"
3/8" APA Structural 1 2x8 «  4(12'0c) 240" - 22' 3" 20'11" 19'10"
Rated Sheathing Exp 1 - 2x10 29 11" 27'9" 26" 1" 24'Q"
: 2x12 . 35'8" 331" 310" 293" ;

! 24 1220 413 107 100" 97 92 g0
i CABB2TAPA i g 17:9" 16'5" . 154" 14'6" 139" 13'1° 127"
{ Rated Sheathing Exp 1 2x8 3(16"0c) 227" 20'11" 19'6" 185" 176"  16'8" 15 11"
\ 32/16 5-ply 2x10 27°3" . 25'3™ 1 23'8" . 22'3" 212 202" 193"
: 2x12 : 311" 29'4" 27'8" 26'1" 24'9" 237 227
E ~ : : Lo 2xd b 10'7" 910" 92" g8
;: 15/32"APAStructurall - 2x6 148 137" 128" 120"
i 'Rated Sheathing Exp 1~ 2x8 2(24"0c) 17'11" 167" 157" 14’8
%5 5py 20 27 200 188 177
iz : 212 251" 233 219" 206" e b
k : , e 434" 122" 11'F 1010° 104" 911 g7
1{ 19/32" APA : 26 192 AT 168" 1510" 152" 147" 140"
| Rated Sheathing Exp 1 2x8 4(12'0c) 244" 22°7" 7 21°83% - 20°27 193" 186" A7 40"
il
!
!
'

i
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SPAN TABLES FOR PLANK FLOORS AND ROOFS

Plank floors and roofs are used in plank-and-
beam and post-and-beam constructions. The
tables below are for tongue-and-groove planks
applied in the alternating two-span style, as
shown.

Note that two spans must be determined

e limited by Fb
o limited by deflection

FLOOR: 40 PSF LIVE LOAD; DEFLECTION RATIO 1/360

Thickness, inches  Dead Load Fb, psi E, 10° psi
Nominal (Actual) psf 900 1,200 1,500 1,800 1.0 1.2 1.4
1 (3/4) 5 3-10 4 -06 5-00 5-06 2-09 2-11 3-01
2 (1-1/2) 7 7-07 8-09 9-09 10-08 5-06 5-10 6-02
3 (2-1/2) 12 12-00 13-10 15-06 16-11 9-02 9-09 10-03
4 (3-1/2) 15 16-04 18-10 21-01 23-0t 12-10 13-08 14-05
6 (5-1/2) 20 24-07 28-05 31-09 34-09 20-04 21-08 22-09

Source: Wood Structural Design Data ( Washington, DC: National Forest Products Association, 1978).
Note: Spans are given as feet-inches.

ROOF: 20 PSF LIVE LOAD; DEFLECTION RATIO 1/180

Thickness, inches Dead Load Fb, psi E, 10° psi
Nominal (Actual) psf 900 1,200 1,500 1 ,800 1.0 1.2 1.4
1 (3/4) 7 5-00 5-09 6-05 7 -01 4-04 4-08 4-11
2 (1-1/2) 10 9-06 10-11 12-03 13-05 8-09 9-04 9-09
3 {(2-1/2) 15 14-7 i6-10 18-10 20-08 14-07 15-06 16-04
4 (3-1/2) 20 19-02 22-02 24-09 27-01 20-05 21-08 22-10
6 (5-1/2) 25 28-05 32- 09 36-08 40-02 32-04 34-04 36-02

Source: Wood Structural Design Data ( Washington, DC: National Forest Products Association, 1978).
Note: Spans are given as feet-inches.
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ROOF: 30 PSF LIVE AND SNOW LOAD; DEFLECTION RATIO 1/180

Thickness, inches - Dead Load Fb, psi E, 10° psi

Nominal (Actual) psf 900 1,200 1,500 1,800 1.0 1.2 1.4
1 (3/4) 7 4-03 4-10- -5-06 6-00 : 3-10 4-01 4-03
2 (1-1/2) 10 8-02 9-05 10-07 - 11-07 7-08 8-01 8-06
3 (2-1/2) 15 12-10 14-10 16-‘08 18-03 12-09 13-06 14-03
4 (3-1/2) 20 17-02 19-09 22-02 24-03 17-10  18-11 19-11
6 (5-1/2) 25 256-08 29-07 33-02 36-04 28-03 30-00 31-07

Source: Wood Structural Design Data ( Washington, DC: National Forest Products Association, 1978).
Note: Spans are given as feet-inches.

ROOF: 40 PSF LIVE AND SNOW LOAD; DEFLECTION RATIO 1/180

Thickness, incﬁes Dead Load Fb, psi E, 10° psi
Nominal (Actual) psf 900 1,200 1,500 1,800 1.0 1.2 14
1 (3/4) 7 3-09 4-04 4-10 5-04 3-05 3-08 3-10
2 (1-1/2) 10 7-04 8-05 9-05 10-04 6-11 7-04 7-09
3 (2-1/2) 15 11-08 13-05 15-01 16-06 11-07 12-04 12-11
4 (3-1/2) 20 15-07: -18-01 20-02  22-02 16-03 17-03 18-02
6 (5-1/2) 25 23-07 27-03 30-06 33-05 25-08 27-03 28-08

Source: Wood Structural Design Data ( Washington, DC: National Forest Products Association, 1978).
Note: Spans are given as feet-inches.
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SPAN TABLES FOR GLUED LAMINATED BEAMS

The term structural glued laminated timber
refers to an engineered assembly of selected
wood laminations bonded with adhesives. The
advantages of glued laminated timbers are
greater spans (up to 60 feet), greater strength
(laminations allow elimination of defects such
as knots), and virtual elimination of shrink-
age, check, twist, and splitting.

The floor and roof beam tables of the fol-
lowing pages are applicable for straight, sim-
ply supported beams that are laterally support-
ed by decking, joists, or purlins and restrained
against rotation at beam ends. The strength
values are for southern pine, in pounds per
square inch (psi):

e Fiber stress in bending, Fb = 2,400 psi.

e Shear stress, Fv = 200 psi.

e Modulus of elasticity, E=1.7 x 100 psi.

e Moisture content = 16 percent. For great-
er moisture, multiply Fb by 0.80.

e Deflections are limited to 1/180 of span
for roof beams, based on total load. Deflection
for floor beams is limited to 1/360 of span,
based on total load.

The allowable loads shown in the tables are in
pounds per linear foot and include dead (in-
cluding the beam) and live loads.

The tables that follow do not include all of
the sizes and wood species available. For spe-
cies and sizes available in your area, consult
your lumberyard.
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GLUED LAMINATED FLOOR BEAMS

Total Load in Pounds per Linear Foot; Deflection 1/360 of Span Based on Live Load of 80% of Total Load
Actual Size Clear Span, feet

b x d, inches 8 12 16 20 24 28 32 36 40
3x55 256 76 32

3x6.9 500 148 62 32

3x8.3 851 256 108 55 32

3x9.6 1,158 406 171 88 51 32

3x11.0 1,427 606 256 131 76 48 32

3x124 1,667 851 364 186 108 68 46 32

3x13.8 1,927 1,050 500 256 148 93 62 44 32
3x15.1 2,208 1,271 665 340 197 124 83 58 43
5x9.6 1,830 677 286 146 85 53 36

5x11.0 2,378 1,010 426 218 126 80 53 37

5x124 2,779 1,418 607 311 180 113 76 53 39
5x13.8 3,212 1,751 833 426 247 155 104 73 53
5x 15.1 3,681 2,118 1,108 567 328 207 139 97 71
5x16.5 4,190 2,378 1,415 737 426 268 180 126 92
5x17.9 4,747 2,642 1,648 936 542 341 229 161 117
5x19.3 5,357 2,919 1,897 1,170 677 426 286 201 146
6.75x12.4 3,752 1,914 819 419 243 153 102 72 52
6.75x 13.8 4,336 2,363 1,124 575 333 210 140 99 72
6.75x 15.1 4,969 2,860 1,496 766 443 279 187 131 96
6.75x 16.5 5,657 3,211 1,848 994 575 362 243 170 124
6.75x17.9 6,408 3,567 2,151 1,264 732 461 309 217 158
6.75x 19.3 ' 7,231 3,941 2,477 1,550 914 575 385 271 197
6.75 x 20.6 8,137 4,336 2,824 1,767 1,124 708 474 333 243
6.75 x22.0 9,138 4,752 3,192 1,998 1,362 859 575 404 295
8.75x23.4 10,252 5,192 3,476 2,242 1,529 1,030 690 485 353
Source: Glued Laminated Timbers (Vancouver, Wash: American Institute of Timber Construction, 1988).
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GLUED LAMINATED ROOF BEAMS
Total Load in Pounds per Linear Foot; Deflection 1/180 of Span Based on Total Load

Actual Size , Clear Span, feet

b x d, inches 8 12 16 20 24 28 32 36 48
3x5.5 409 121 51 26

3x6.9 679 237 100 51 30

3x83 978 409 173 88 51 32

3x9.6 1,332 592 274 140 81 51 34

3x11.0 1,641 773 409 210 121 76 51 36 26
3x124 1,917 978 550 298 173 109 73 51 37
3x13.8 2,216 1,208 679 409 237 149 100 70 51
3x15.1 2,540 1,462 822 526 315 198 133 93 68
5x9.6 2,220 986 457 234 135 85 57 40 29
5x11.0 2,735 1,288 682 349 202 127 85 60 44
5x12.4 3,196 1,631 917 497 288 181 121 85 62
5x13.8 3,693 2,013 1,132 682 395 249 167 117 85
5x15.1 4,233 2,436 1,370 863 525 331 222 156 113
5x16.5 4819 2,735 1,628 1,019 682 429 288 202 147
5x17.9 5,459 3,038 1,895 1,186 809 546 366 257 187
5x19.3 6,160 3,357 2,181 1,365 931 674 457 321 234
6.75x12.4 4,314 2,201 1,230 671 388 245 164 115 84
6.75x 13.8 4,986 2,718 1,503 921 533 336 225 158 115
6.75x 15.1 . 5,714 3,289 1,801 1,127 709 447 299 210 153
6.75x 165 6,506 3,692 2,125 1,330 907 580 388 273 199
6.75x17.9 7,370 4,102 2,474 1,549 1,056 737 494 347 253
6.75x19.3 8,316 4,532 2,848 1,783 1,216 879 617 433 316
6.75x 20.6 9,358 4,986 3,247 2,032 1,386 1,003 757 533 388
6.75x 22.0 10,509 5,465 3,671 2,298 1,567 1,133 856 647 471
6.75x23.4 11,790 5,971 3,997 2,578 1,758 1,272 961 750 565

Source: Glued Laminated Timbers (Vancouver, Wash: American Institute of Timber Construction,1988).
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SPAN TABLE FOR STEEL BEAMS

Steel beams often provide the most cost- al, or if the beam is being used near its limit,

effective solution, even in residential con- consult with a structural engineer to check for

struction, when the loads to be carried are shear, deflection, and end constraints.

heavy. The table below shows the uniformly c ct ¢ ¢

distributed loads that can be carried by the F__L_’ .

most common steel beam: shape W, type A36 U=2xC U=4xC

steel (actually I-shaped and called an I-beam). cl ¢ cl ¢l ¢ ¢
The table can also be used for concentrated

loads by first converting the concentrated U=267xC U=48xC '

loads, C, to their equivalent uniform loads, U,  _ load concentrated at a point

as shown at right. If the application is unusu- U = equivalent uniformly distributed load

Beam Actual Size Clear Span, feet

Type b x d,inches 8 12 16 20 24 28

w8x10 4 7-7/8 15,600 10,400 7,800

wax13 4 8 19,800 13,200 9,900

w8x15 4 8-1/8 23,600 15,700 11,800

wsx18 5-1/4 8-1/8 30,400 20,300 15,200

wsx21 5-1/4  8-1/4 36,400 24,300 18,200

Wsx24 612 7-7/8 41,800 27,900 20,900

W10x12 4 9-7/8 21,800 14,500 10,900 8,700

W10x15 4 10 27,600 18,400 13,800 11,000

W10x17 4 10-1/8 32,400 21,600 16,200 13,000

W10x19 4 10-1/4 37,600 25,100 18,800 15,000

W10x22 5-3/4 10-1/8 46,400 30,900 23,200 18,600

W10x26 5-3/4  10-3/8 55,800 87,200 27,900 22,300

W10x30 5-3/4 10-1/2 64,800 43,200 32,400 25,900

Wi2x14 4 11-7/8 29,800 19,900 14,900 11,900 9,930 8,510

W12x16 4 12 32,400 22,800 17,100 13,700 11,400 9,770

wi12x19 4 12-1/8 42,600 28,400 21,300 17,000 14,200 12,200

Wi2x22 4 12-1/4 50,800 33,800 25,400 20,300 16,900 1 4,50Q

W12x26 6-1/2  12-1/4 66,800 44,500 33,400 26,700 22,300 19,100

Source: Manual of Steel Construction (New York: American Institute of Steel Construction, 1969).
Note: Loads are given in pounds. i
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POST-AND-BEAM FRAMING

Evolution

Also known as post-and-girt and post-and-
lintel, the post-and-beam framing system was
already well developed in Europe before the
discovery of America. The main method of
fastening the heavy timbers, the mortise-and-
tenon joint (see following pages), was devel-
oped sometime between 200 BC and 500 BC,
and the self-supporting braced frame was de-
veloped around AD 900.

The system is characterized by the use of
large, widely spaced load-carrying timbers.
Vertical loads are carried by posts at the cor-
ners and intersections of load-bearing walls.
Plates and girts collect distributed roof and
floor loads from rafters and joists and transfer
them to the posts. Wall studs carry no vertical
loads, being used merely for attachment of
wall sheathing.

Post-and-beam framing requires a higher
degree of carpentry skill than the so-called
stick systems. First, the integrity of the frame
depends on the choice and meticulous execu-
tion of the wood-peg-fastened joints. Second,
the entire frame is precut, each intersecting
member being labeled. Finally — usually in a
single day — the members are assembled into
large wall sections called bents, and then
raised with much human power and convivial-
ity. Raising day is the moment of truth for the
lead framer.

The post-and-beam system evolved more
from economic necessity than from aesthetic
sensibility. Large timbers were more plentiful,
circular-saw and band-saw mills were not
available to slice timbers into sticks, and nails

were still made by hand, which made them
much too costly to use in the quantities
needed for stick framing.

Modern Developments

The post-and-beam frame enjoys a new popu-
larity today, but not for economic reasons.
Even proponents acknowledge that a well-
executed timber frame is more expensive than
a frame employing wood-saving and labor-
saving trusses, metal fasteners, and power
nailing. The appeal of the timber frame lies

in its material and craftsmanship, as well as
nostalgia.

The post-and-beam frame of today remains
unchanged. In fact, most framers try simply to
emulate the best of the past. What have
changed, however, are the insulation and the
sheathing systems. Few contractors still prac-
tice the classic in-fill system, whereby wall
studs are placed between the load-carrying
posts to support exterior sheathing and in-
terior finish.

Foam-filled stressed-skin panels dominate
the market now. Widely available from doz-
ens of manufacturers, most consist of exterior
panels of oriented-strand board (OSB) and in-
terior sheets of gypsum drywall, separated by
either urethane or expanded polystyrene foam.

Wiring and plumbing were developed well
after the timber frame. To this day, artful con-
cealment of pipes and wires requires detailed
planning on the part of the designer.
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Typical Post-and-Beam Frame

Ridge pole ———— il 77 : ve
k 7 Rafter
Collar tie - ’ — ./
- Purlin® ———— e 5 - 'Second
: = : k rear-
plate
Girt
Second
front Segor]d
plate - end girt
' Brace
Chimney .
POSt: S gl End girt
Front - e : Stud
plate. ——» ]
Brace
. : Sill
Girt ————— ]
Corner post’

Silf =
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Common Post-and-Beam Trusses

SIMPLE , QUEENPOST

KINGPOST KINGPOST WITH STRUTS

HAMMER BEAM SCISSORS
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Post-and-Beam Lap Joints

THROUGH HALF LAP CORNER HALF LAP

HOUSED

BIRD'S MOUTH HOUSED LAPPED DOVETAIL

BEVELED-
SHOULDER BIRD'S MOUTH

LAPPED HALF DOVETAIL
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Mortise-and-Tenon Joints

THROUGH MORTISE
AND TENON WITH SHOULDERS OPEN MORTISE AND TENON

HOUSED MORTISE AND TENON STUB MORTISE AND TENON

MORTISE AND TENON
WITH DIMINISHED HAUNCH WEDGED DOVETAIL TENON
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BALLOON FRAMING

The balloon frame developed in response to at
least three innovations in the construction in-

dustry:

« invention of the machine-made nail,
which made nailing far less expensive than
hand-pegged joinery

¢ more advanced circular-saw mills, which
lowered the cost of standardized sawn lumber

e development of a housing industry, which
promoted standardization of materials and
methods

In the balloon frame, there is no requirement
for lumber more than 2 inches thick. Plates,
sills, and posts are all built up from 2-inch
stock. Front and rear girts are replaced by rib-
bons (or ribbands), 1 x 6-inch or 1 x 8-inch
boards let into the studs as a support for the
joists. Studs now carry most of the vertical
load. Bracing is supplied by sheathing panels
or by diagonally applied sheathing boards.

The balloon frame gets its name from the
fact that the studs run unbroken from sill to
top plate, regardless of the number of stories,
making the frame like a membrane or balloon.
Both the major advantage and disadvantage of
the system derive from this fact. In drying,
lumber may shrink up to 8 percent in width,
but only 0.1 percent in length. Since the over-
all dimensions of a balloon frame are con-
trolled by length, shrinkage cracks in stucco
and plaster finishes are minimized.

The major disadvantage of the balloon
frame is the necessity of fire-stopping the ver-
tical wall cavities, which otherwise would act

as flues in rapidly spreading fire from base-
ment to attic. A related disadvantage is the
difficulty of insulating the wall cavities,
which typically open into the basement at the
foundation sill. ,

Because of the fire danger, and because of
the scarcity of long framing members, the bal-
loon frame has been replaced almost entirely
by the platform frame, discussed in the next
section. Framing details for both systems are
similar and are shown in later pages.
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Typical Balloon Frame

Ratfter
Attic
floor
joist
Double
top plate ——
Second-
Stud > <X < g floor
joist
Ribbon, or
ribband
i First-
brace floor
brace —— | foor
~———— Built-up
girder
Girder
Sill o

Foundation
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PLATFORM FRAMING

The platform frame solved the fire-stop prob-
lem of the balloon frame. Each story of a plat-
form frame is built upon a platform consisting
of joists, band joists, and subfloor. Story
builds upon story. After completion of the
first-story walls, the second platform is built
identical to the first as if the first-story walls
were the foundation. Short of modular panels,
the platform house is the ultimate in standard-
ization, requiring the lowest levels of carpen-
try skill and the fewest standard sizes of
lumber.

The platform frame standardized the use of
band joists and sole plates. The sole plate and
top plate of each wall automatically provide
fire-stopping and nailing surfaces for both ex-
terior sheathing and interior drywall. The ad-
vent of gypsum drywall and other forms of
paneling made frame shrinkage less impor-
tant. Bracing is provided either by the structur-
ally rated exterior sheathing panels, by diag-
onally applied sheet metal wind braces, or
more rarely, by let-in 1 x 4-inch wood braces.

Optimum Value Engineering

Many cost-saving refinements to the platform
frame have been promoted under the name of
"optimum value engineering":

Roof trusses, spanning greater distances but
using less material, save both material and la-
bor. In addition, trusses eliminate the need for
interior walls to support long ceiling joists.

Uniform 24-inch on-center framing uses a
third less wood, reduces heat loss through the
frame, and simplifies the modular system.

One-inch sill and sole plates are structural-
ly adequate and cut wood use by half.

Three-inch interior walls save a quarter of
the 5 percent of interior space lost to walls.

Off-center spliced joists, where butting
joists are spliced with plywood and the girder
overhangs alternate, span greater distances for
the same depth.

Elimination of bridging eliminates a very
time-consuming task. Tests have shown that
bridging does little to stiffen a floor and that
long joists can be prevented from twisting
with a single 1x3 nailed across the bottom
edges of the joists.

Single-layer floors, such as APA Sturd-I-
Floor nonplywood panels, are rigid enough to
span 24 inches and are smooth enough to
serve as a base for carpet and sheet flooring.

Simpler corner posts, essentially two single
end studs from the intersecting walls, elimi-
nate waste and heat loss. Blocking for drywall
is provided by metal drywall backup clips.
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Typical Platform Frame

Rafter
- Aftic
floor
joist
Double
top plate fslggf nd-
“joist
Stud ————»
Sole plate
Band
joist
Double
top plate
Let-in First-
brace —— | floor
joist
- Built-up
Soie plate girder

Band
joist

-  Girder
Sill post

Foundation ————
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FRAMING DETAILS

Floors

LAPPED AND BUTT JOINTS
OVER BEAM OR INTERIOR PARTITION

FLOOR EXTENSION ; FLOOR EXTENSION
PERPENDICULAR TO JOISTS PARALLEL TO JOISTS
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Walls In the Frost Belt (areas with more than
Walls are usually framed either of 2x4 studs 4,000 heating degree-days), superinsulation
16 inches on-center or of 2x6 studs 24 inches (over R-19) is gaining in popularity. Four
on-center. framing details for R-22 to R-30 walls are

shown on the following pages.

INTERSECTION OF INSIDE
AND OUTSIDE WALLS

INTERSECTION OF INSIDE
- AND OUTSIDE WALLS

OUTSIDE CORNER #1 OUTSIDE CORNER #2 OUTSIDE CORNER #3
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Framing for Superinsulation
Superinsulation can be achieved by using
thicker studs, by double-studding (two walls
with a cavity between), or by adding a layer
of foam either behind the drywall on the in-
side or as sheathing outside. The four systems
below, however, solve the thorny wiring/
vapor retarder problem. With all four systems

2x2 NAILERS
ON 2x6 STUDS

SPACERS ON 2x4 STUDS

the vapor retarder is placed over the inside of
the studs before installation of the horizontal
nailers. Wiring is run along the nailers with-
out penetrating the vapor retarder, and the
thickness of the nailers (1-1/2-inch minimum)
places the wiring inside the wall surface far
enough to satisfy the National Electrical
Code.

2x3 NAILERS I

ON 2x4 STUDS

2x4 NAILERS WITH
CUTOUTS ON 2x4 STUDS
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‘ . - If the frame is the builyding'sy skeleton, then the Sheathing isits
thing Panels 147 : . . U Sl A
APA Shaathing Panals skin. Sheathing functions to enclose the building in an airtight
Floor Sheathing 152 barrier, to strengthen its studs, joists, and rafters by tying them

together, to brace the building against racking (twisting) under
wind and seismic forces, and to provide a base for ﬂooring,
Wall Sheathing 154 siding, and roofing. - ‘

By far, most sheathing is done with panels manufactured by
a member of, and under the inspection of, the American Ply-
wood Association (APA). The APA publishes a wide range of
builder-oriented literature on its products. All of the material in
this chapter is adapted from its booklet Residential and Com-
mercial. ' :

The chapter begins by showing and explaining the grade
stamps for all of the APA sheathing panels.

- Next, illustrations and tables show you all you'll ever need

to know about floor sheathing, underlayment for carpeting and
sheet flooring, wall sheathing, and panels for roof sheathing.

Underlayment‘ 1563

Roof Sheathing 155

146
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AMERICAN PLYWOOD ASSOCIATION SHEATHING PANELS

Panels for sheathing can be manufactured in a
variety of ways: as plywood (cross-laminated
wood veneer), as composites (veneer faces
bonded to reconstituted wood cores), or as
nonveneered panels (including waferboard,
oriented-strand board, and certain classes of
particleboard).

Some grades of veneered panels are manu-
factured under the provisions of US Product
Standard PS 1-74/ANSI A199.1 for Construc-
tion and Industrial Plywood, a detailed manu-
facturing specification developed cooperative-
ly by the plywood industry and the US
Department of Commerce. Other veneered pan-
els, however, as well as an increasing number of
performance-rated composite and nonveneered
panels, are manufactured under the provisions of
American Plywood Association performance
standards that establish criteria for specific des-
ignated construction applications. These APA
performance-rated panels are easy to use and
specify because the recommended end use and
maximum support spacings are indicated in the
APA trademarks.

The list at right describes the face (outside)
veneer grading system. The two panel sides
are often of different grade so that less expen-
~ sive veneers can be used on the side of the
panel that will not show. ,

The tables on the following pages consti-
tute a field (or lumberyard) guide to APA
sheathing, including veneered and nonve-
neered panels, and panels intended for exteri-
or (moist) and interior (dry) conditions. Read
the labels carefully. They contain a lot of in-
formation.

Plywood Veneer Face Grades

N — Smooth surface "natural finish" veneer
is select, all heartwood or all sapwood. It is
free of open defects and allows not more than
six repairs, wood only, per 4 x 8-foot panel,
made parallel to the grain and well matched
for the grain and color.

A — This smooth, paintable veneer allows
not more than 18 neatly made repairs, boat,
sled, or router type, and parallel to the grain.
It may be used as natural finish in less de-
manding applications.

B — Solid-surface veneer permits shims,
circular repair plugs, tight knots to 1 inch
across the grain, and minor splits.

C Plugged — Improved C veneer has splits
limited to 1/8-inch width and knotholes and
borer holes limited to 1/4 x 1/2 inch. It admits
some broken grain. Synthetic repairs are also
permitted.

C — This veneer has tight knots to 1-1/2
inches. It has knotholes to 1 inch across the
grain with some to 1-1/2 inches if the total
width of knots and knotholes is within speci-
fied limits. Repairs are synthetic or wood.
Discoloration and sanding defects that do not
impair strength are permitted. Limited splits
and stitching are allowed.

D — Knots and knotholes to 2-1/2-inch
width across the grain, and 1/2 inch larger
within specified limits, are allowed. Limited
splits are permitted. This face grade is limited
to interior (exposure 1 or 2) panels.
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EXTERIOR PANELS

Typical APA Available
Grade Stamp Thicknesses Grade Designation, Description, and Uses
APA 5116 APA Rated Sheathing EXT
RATED SHEATHNG 3/8 Exterior sheathing panel for subflooring and wall and roof sheath-
48/24 23/32INCH 1/2 (15/32) ing, siding on service and farm buildings, crating, pallets, pallet
SIZED FOR SPACING 5/8 (19/32) bins, cable reels, etc; manufactured as conventional veneered
3/4 (23/32) plywood, as a composite, or as a nonveneered panel
000
NRB -108
APA 5/16 APA Structural 1 & 2 Rated Sheathing EXT
RASTT%PJCST'EAMTH!]‘G 3/8 For engineered applications in construction and industry where re-
39/16 122INCH 1/2 sistance to permanent exposure to weather or moisture is re-
5/8 (19/32) quired; manufactured as conventional veneered plywood, as a
SIZED FOR SPACING 3/4 (23/32) composite, or as a nonveneered panel; unsanded, structural 1
000 more commonly available
INT EXT GLUE
PS 1-83 C-CNRB-108
APA APA Rated Sturd-I-Floor EXT
For combination subfloor-underlayment under carpet where severe
RATED Swggéﬁh%%ﬂ 5/8 (19/32) moisture conditions may be present, as in baicony decks; high
200C 3/4 (23/32) concentrated and impact load resistance; manufactured as con-
SIZED FOR SPACING ventional veneered plywood, as a composite, or as a nonveneered
000, panel; available square-edge or tongue-and-groove
PS-1-83
APA APA A-C EXT
AC 1532 INCH 1/2 (15/32) For use where the appearance of only one side is important: sof-
GROUP 1 fits, fences, structural uses, boxcar and truck linings, farm build-
EXTERCR ings, tanks, trays, commercial refrigerators
000
PS-1-83
APA APA B-C EXT
B-C 1¥32INCH 1/2 (15/32) Utility panel for farm service and work buildings, boxcar and truck
GROUP 1 linings, containers, tanks, agricultural equipment: also as a base
EXTEROR for exterior coatings for walls and roofs
000

PS-1-83
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Typical APA Available
Grade Stamp Thicknesses Grade Designation, Description, and Uses
APA
“:%E:tt?;::g' APA Underlayment C-C Plugged EXT
15/32 INCH 3/8 For application over structural subfloor; smooth surface for applica-
GROUP 2 1/2 tion of carpet and high concentrated and impact load resistance;
EXTERIOR 5/8 (19/32) touch-sanded:; for areas to be covered with thin resilient flooring,
000 3/4 (23/32) {using panels with sanded face)
PS-1-83
P ]
APA APA C-C Plugged EXT ,
cc ch.i,?ag?ncn 3/8 (11/32) For use as an underlayment over structural subficor, open soffits,
:moup 2 1/2 (15/32) and other similar applications where continuous or severe moisture
EXTERIOR - 5/8 (19/32) may be present; smooth surface for carpet and high concentrated
000 3/4 (23/32) and impact load resistance; touch-sanded
PS-1-83
e ————anmeea
APA APA B-B Plyform Class 1 & Class 2 EXT
PLYFORM Concrete form grades with high reuse factor; sanded on both sides
B-g 18/92INCH 5/8 (19/32) and mill-oiled unless otherwise specified; special restrictions on
EXTE‘;‘;C‘:S 1 3/4 (23/32) species; also available in HDO for very smooth concrete finish, in
000 structural 1 (all plies limited to group 1 species), and with special
PS-1-83 overlays
3/8 (11/32)
[MARINE A-A EXT-APA PS1:63 000 | 1/2 (15/32) APA B-B EXT
5/8 (19/32) Utility panel with solid faces
3/4 (23/32)
1/4,3/8 APA Marine EXT
[WAFINE A-A EXT-APA P51:63 000 | 1/2,5/8 ideal for boat hulls; only of Douglas fir or western larch; special
3/4 solid jointed core construction
APA HDO EXT
- 3/8,1/2 High-density overlay; hard semi-opaque resin-fiber overlay on both
(oo aaciBraa r@ oo | 5/8,3/4 faces; abrasion resistant; for concrete forms
APA MDO EXT
[0 es ez pa-araPstssow | 3/8,172 Medium-density overlay; smooth, opaque, resin-fiber overlay on
5/8,3/4 one or both faces; ideal base for paint, indoors and outdoors

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).
Note: Thicknesses are given in inches.
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INTERIOR PANELS
Typical APA Available :
Grade Stamp Thicknesses Grade Designation, Description, and Uses
RATEllgsl:éATHING 5/16 APA'Rated Sheathing Exp 1or2 .
39/1 ‘6 1522 INCH 3/8 Specially designed for subflooring and wall and roof sheathing, but
STEDFORSPACNG 7/16 : also used for a broad range of other applications; manufactured as
EXPOSURE 1 1/2 (15/32) conventional veneered plywood, as a composite, or as a nonve-
000 5/8 (19/32) neered panel; exposure 1 for long construction delays
1 3/4 (23/32)
‘ F:!EATH!NG
RATS%%SCTURAL 5/16 APA Structural 1 & 2 Rated Sheathing Exp 1
24/0 - 3/8INCH 3/8 Unsanded panel grades for use where strength is of maximum im-
SIZED FORSPACING 1/2 (15/32) portance: structural diaphragms, box beams, gusset plates, and
EXPOSURE 1 5/8(19/32) stressed-skin panels; manufactured as conventional veneered ply-
Wm%?@rxs—-“‘xr GLUE 3/4 (23/32) wood; as a composite, or as a nonveneered panel
1

APA

RATEDSTURDIFLOOR APA Rated Sturd-I-Floor Exp 1 or 2
24 oc 2332INCH ~Specially designed as combination subfloor-underlayment; smooth
‘SZEDFORSPACNG 5/8 {(19/32) surface for application of carpet and high concentrated and impact
TEGNETWIDTHAT-12 3/4 (23/32) load resistance; manufactured as conventional plywood, as a com-
EXPOSURE posite, or as a reconstituted wood panel ( waferboard, oriented-
PS1:83 UNDERLAYMENT strand board, structural particleboard); available square-edge or
NREL106 FLA UM-65 tongue-and-groove
APA
RATEDSTURDHLOOR
48 oc =" APA Rated Sturd-l-Floor 48 oc (2-4-1) Exp 1
SZEDFORSPACNG..* . 1-1/8 For combination subfloor-undertayment on.32" and 48" spans and
BEXPOSURET "+ for-hieavy timber roof construction; manufactured only as.conven-
_';—m&?r%n.us tional plywood; available square-edge or tongue-and-groove
NRB-108 PS 1-83 .
— APA
UNDEF:‘;A/;::&g: e - APAfUnde'rlayment INT - e e
GROUPT - 3/8 (11/32) For application over structural subfloor; smooth surface for applica-
INTERIOR 1/2:(15/32) tion of carpet.and high concentrated and impact load resistance:
: OOQ R 5/8(19/32) ~ > touch-sanded; for areas fo be covered with thin resilient flooring,
PS 183 EXTERORGLLE 34 (23/32) (using panels with fully sanded face)
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Typical APA Available
Grade Stamp Thicknesses Grade Designation, Description, and Uses

\

|

APA 1/4
3/8 (11/32) APA A-D INT
A-D 2;51:%2[;2(1;” 1/2 (15/32) For use where appearance of only one side is important: paneling,
5/8 (19/32) built-ins, shelving, and partitions
INTERIOR 3/4 (23/32)
000
PS 1-83 EXTERIOR GLUE
M
=—PA_
P 1/4
B-D 15/32INCH 3/8 (11/32) APA B-D INT :
GROUP 2 1/2 (15/32) Utility panel with one solid side; good for backing, sides of built-ins,
5/8 (19/32) shelving, etc.
INTERIOR 3/4 (23/32)
PSS EXERORGLE
B e ————
APA APA C-D Plugged INT
C-D PLUGGED 3/8 (11/32) For built-ins, wall and ceiling tile backing, cable reels, and walk-
15/32 INCH 1/2 (15/32) ways; not a substitute for underlayment or Sturd-I-Floor due to lack
GROUP 2 5/8 (19/32) of their indentation resistance; touch-sanded; also available with
INTERIOR 3/4 (23/32) exterior glue
000
PS 1-83 EXTERIOR GLUE
1/4
3/8 APA A-A INT
["AA G1 INT-APA P51-83 000 | 12 For applications with both sides on view: built-ins, cabinets, furni-
5/8 ture, partitions; smooth face, suitable for painting
3/4
1/4
3/8 APA A-B INT
[~AB G4 INT-APA PS1-83 000_| 12 For use where appearance of one side is less important but where
5/8 two solid surfaces are necessary
3/4
1/4
3/8 (11/32) APA B-B INT
[(BEG2ZINTAPAPSIE3 000 | /2 (15/32) Utility pane! with two solid surfaces
5/8 (19/32)
3/4 (23/32)

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).
Note: Thicknesses are given in inches.
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FLOOR SHEATHING

APA Panel Subflooring

The limiting factor in the design of subfloors
is deflection under concentrated loads at panel
edges. The span ratings in the table below ap-
ply to APA (American Plywood Association)
rated sheathing grades only and are the mini-
mum recommended for the spans indicated.
The spans assume panels continuous over two
Or more spans with the long dimension across
supports.

Spans are limited to the values shown be-
cause of the possible effect of concentrated
loads. Although the allowable uniform loads
vary between panels, all panels marked with
span ratings will carry at least 75 psf on their
maximum span before reaching the usual de-
flection limit of 1/360 of the span.

APA panel subflooring may also be glued
for added stiffness and to reduce squeaks, us-
ing the nailing schedule in the table below.

Leave 1/8" spacing
at all edges

Provide adequate
ventilation and use
ground cover vapor
retarder in craw! space

APA PANEL SPAN RATINGS AND RECOMMENDED NAILING

Panel Span Rating Maximum Nail Size Nalil Spacing, inches Staple Spacing, inches
{or group number) Span, inches and Type Edges Middie Edges Middie
30/12 12 8d common 6 10
24/16 16 6d common 6 10
32/16 16 8d common 6 10 4 7
36/16 16 8d common 6 10
42/20 20 8d common 6 10 2-1/2 4
48/24 24 8d common 6 10
1-1/8" groups 1 & 2 48 10d common 8 6
1-1/4" groups 3 & 4 48 10d common 6 6

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).




Underlayment

153

UNDERLAYMENT

APA Panel Underlayment

Nonstructural
flooring material

Provide 1/32"
space between
panel edges

No blocking required
if underlayment joints
offset from subfioor joints

Stagger end joints of
underlayment panels

APA PANEL APPLICATION AND NAILING RECOMMENDATIONS

Plywood Grades and Minimum Spacing, inches
Species Group Application Thickness, inches Fastener Edges Middle
Groups 1,2,3, 4,5 Over smooth subfloor 1/4 18 gauge staples or 3 6
APA underlayment INT 3d ring shank nails
APA underlayment EXT Over lumber subfloor 11/32 16 gauge staples or 3 6
APA C-C plugged EXT or other uneven surface 3d ring shank nails 6 8
Same grades as Over lumber fioor to 4" 1/4 18 gauge staples or 3 6

above, but group 1

wide; face grain perpen- 3d ring shank nails

dicular to boards

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).
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WALL SHEATHING

APA Panel Wall Sheathing

Rated panel sheathing
eliminates let-in bracing
Leave 1/8" space at all panel
edge and end joints unless
otherwise recommended

by manufacturer

Block horizontal joints
used for bracing

APA rated sheathing
applied with long
dimension across studs

Filler strip if required

6" min clearance,
siding to grade

RECOMMENDED NAILING SCHEDULE FOR APA WALL SHEATHING

Spacing, inches

Span Rating Stud Spacing, inches Nail Size Edge Middle
12/0, 16/0, 20/0, 16 6d up to 1/2" 6 12
orwall-16oc 8d if thicker :
24/0, 24/16, 32/16, 24 6d upto 1/2" 6 12
or wall-24oc 8d if thicker

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).

RECOMMENDED STAPLING SCHEDULE FOR APA WALL SHEATHING

Spacing around Peri- Spacing at Middle
Panel Thickness, inches Staple Length, inches meter of Panel, inches of Panel, inches
5/16 1-1/4 ' 4 8
3/8 1-3/8 4 8
12 1-1/2 4 8

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).
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" ROOF SHEATHING

APA Panel Roof Sheathing

Leave 1/8" space at all panet edge and end joints
unless otherwise recommended
by manufacturer

Panel clip or T&G
edges if required
Follow roofing
manufacturer's
recommendations

Protect edges of exposure 1
or 2 panels against exposure 10
weather, or use exterior panel starter strip

APA rated sheathing

ALLOWABLE LOADS FOR SHEATHING APPLIED PERPENDICULAR TO RAFTERS

Panel Panel Maximum Span, inches Allowable Live Load, psf (with dead load 10 psf)
Span Thickness - With Edge No Edge Spacing of Supports, inches

Rating inches Support Support 12 16 20 24 32
16/0 5/16, 3/8 16 16 55 30

20/0 5/16, 3/8 20 20 70 50 30

24/0 3/8, 1/2 24 20 90 65 55 30

24/16 7116, 1/2 24 24 135 100 75 40

32/16 1/2, 5/8 32 28 135 100 75 55 30

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).

MINIMUM FASTENING SCHEDULE FOR APA ROOF SHEATHING

Panel Nail Spacing, inches Staple Length, Spacing, inches
Thickness, inches Size Edges Middle inches Edges Middie
5/16 6d 6 12 i-1/4 4 8
3/8 6d 6 12 1-3/8 4 8
7/16, 15/32, 1/2 6d 6 12 1-1/2 4 8

Source: Residential and Commercial (Tacoma, Wash: American Plywood Association, 1982).
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Siding

The first section identifies the function of siding (protection of
the walls from moisture) and illustrates the three principles
which all sidings must follow.

Next the advantages and disadvantages of all of the common
siding options are compared.

The rest of this chapter is filled with illustrations and tables
designed to help you successfully install vinyl siding, hard-
board lap siding, cedar shingles, the various horizontal wood
sidings, vertical wood sidings, combined plywood sheathing/
siding, and stucco.

Whether and with what to cover your siding is detailed in
chapter 14 on finish.
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THE FUNCTION OF SIDING

Aside from decoration and a possible dual
role as structural sheathing, the function of
siding is to keep the structure and interior of a
building dry. If the siding is painted, it must
be allowed to dry from both sides.

Water penetrates siding in one or more of
three ways:

« as bulk water flowing downward under
the force of gravity

« as rain water driven horizontally by the
pressure of wind _

« as rain water drawn upward by capillarity
(surface tension acting in small spaces)

The three problems are prevented in three
very different ways:

« gravity - by flashing at horizontal junc-
tures of building surfaces and materials

« wind - by venting the back side of siding
to equalize air pressures

« capillarity - by eliminating capillary-sized
gaps between siding courses, using round
head nails or wedges

The illustrations below show examples of
each technique. Details specific to each type
of siding are presented in the following pages.

Siding Moisture Control

GRAVITY
(FLASHING)

Flashing

WIND
(WINDSCREEN)

CAPILLARITY
(AIR GAPS)

Vented air space
(windscreen)

Air gap
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 SIDING OPTIONS

In the chart below, care includes the cost of
maintaining appearance as well as integrity.
Vinyl and aluminum are not subject to main-
tenance, but bright colors may fade over time.
Life assumes proper maintenance and may

vary widely under differing conditions.

Cost is for materials only and does not in-
clude the cost of professional installation. In
general, labor costs are lower for vinyl, alumi-
num, and plywood. Labor also varies with re-
gion: Stucco, for example, would cost least in
the Southwest (SW), where it predominates.

Ease of installation

SIDINGS COMPARED
Material | Care Life,yr  Cost Advantages --Disadvantages
Aluminum None 30 - Medium Ease of installa- Susceptibilify to denting,
! tion over existing rattling inwind -
sidings
Fire resistance
Hardboard Paint 30 Low Low cost Susceptibility fo
Stain , Fast installation moisture in some
Horizontal Paint 50+ Medium Good looks if of Slow installation
wood Stain to high high quality Moisture/paint problems
: None '
Plywood Paint 20 Low Low cost Short life
Stain : Fast installation Susceptibility to
: . ~moisture in some
Shingles Stain 50+ High - Good looks Slow installation.
None ‘ Long life
Low maintenance o
~ Stucco | None 50+ Low to Longlife ~ Susceptibility to moisture
medium -Good looks inSW- - o
: Low maintenance
Vertical Paint 50+  Medium Fastinstallation  Barn lookifnot
wood Stain , o of highest quality
None - Moisture/paint problems
Vinyl None 30 - Low ~ Low cost ' Fading of bright colors

No fire resistance

over existing sidings -
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VINYL SIDING

Below are the most common vinyl and alumi- o Nail in the center of slots.

num sidings and installation accessories. e Do not nail too tightly.

Some variations exist between manufacturers. e Leave at least 1/4-inch clearance at all
The basic rules for installation are universal, Stops.

however: e Do not pull horizontal sidings up tight.

e Strap and shim all uneven walls.

—]

UNDERSILL TRIM

L 4

STARTER STRIP

== OUTSIDE CORNER ;

|

QUARTER-ROUND
SOFFIT MOLDING

DOUBLE 4" HORIZONTAL

e

INSIDE CORNER %
’ F CHANNEL

H DIVIDER §
DRIP CAP

J)

SOFFIT
DOUBLE 6" HORIZONTAL J CHANNEL COVE TRIM
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instaliation of Vinyl Siding

STEP 1. STARTER STRIP STEP 2. INSIDE CORNER

> K]

!“3" B
=== 210 | 2 e 2
{

d
\/ 3/4" lower than
starter strips

STEP 3. OUTSIDE CORNER STEP 4. FIRST PANEL

\

3/4" lower than —~—
starter Strips \
STEP 5. ADDITIONAL PANELS

STEP 6. OVERLAPPING JOINTS

==
= =2 =
== =
1
[}
1
[}
1
1
1
i

( 1/4" gap

| =]

k 1" overlap (cut away top)
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STEP 7. WINDOW TOPS AND SIDES STEP 8. FIT PANELS TO WINDOWS

N I

1 1
STEP 9. UNDEREAVES TOP COURSE STEP 10. CUT AND PUNCH
TOP COURSE

==
N

1/4"

STEP 11. SNAP TOP COURSE IN PLACE STEP 12. FIT GABLE ENDS

r't y; le'T: r:i“—r

famaem S s I e et
e

| s B v B sonm S md




—

162

Siding

HARDBOARD LAP SIDING

Hardboard lap siding may be cut with either
fine-tooth hand or power saws. The cutting
action should be into the appearance face of
the siding, i.e., face up with hand saws and
table saws and face down with portable circu-
lar saws.

Lap siding may be applied directly to studs
or over sheathing. Studs should be spaced 16
inches on-center in both cases. An air-barrier
membrane should be used when the siding is
applied directly to studs or over board sheath-
ings.

Use only corrosion-resistant nails. Nails
should penetrate framing members by 1-1/2
inches minimum (8d nails for studs only; 10d
nails over sheathing).

Allow at least 6 inches between the siding
and the ground or any area where water may
collect. A starter strip 1-1/2 inches wide and
the same thickness as the siding should be in-
stalled level with the bottom edge of the sill
plate. Nail the starter strip with the recom-
mended siding nails. Cut, fit, and install the
first course of siding to extend at least 1/4
inch, but no more than 1 inch, below the start-
er strip. Nail the bottom edge of the first
course of siding 16 inches on-center and
through the starter strip at each stud location.
Maintain contact at the joints without forcing.
Leave a space of 1/8 inch between the siding
and window or door frames and corner boards.
Caulk this space after the siding is installed.

- All joints must fall over studs and be nailed
on both top and bottom on each side of the
joint. Stagger succeeding joints for best ap-
pearance.

The second and all succeeding courses of
siding must overlap the previous course a
minimum of 1 inch. Locate nails 1/2 inch
from the bottom edge and not more than 16
inches on-center. Nail through both courses
and into the framing members.

Install shim strips for continuous horizontal
support behind the siding wherever it is
notched out above or below openings.

Use wooden corner boards at least 1-1/8
inches thick or formed metal corners (availa-
ble from distributors) at all inside and outside
corners.

Factory-primed siding should be painted
within 60 days after installation. If it is ex-
posed for a longer period, lightly sand the
primer, or reprime the siding with a good-
quality exterior primer that is compatible with
the final finish coat.

Unprimed siding should be finished within
30 days after installation. If the finish will be
paint, prime the siding with a good-quality
compatible exterior primer. N

More detailed application instructions are
available form hardboard siding manufac-
turers.
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Installation of Hardboard Lap Siding

Sheathing

Building paper

Treated nail

Starter strip

STARTER COURSE

Drip-cap flashing over casing
but under building paper

No joints at
window edge

Trim 1-1/8"
thick min

Leave 1/8" gap;
caulk

DOORS AND WINDOWS

Sheathing and
building paper

Trim 1-1/8"
thick min

Leave 1/8" gap;
caulk

OUTSIDE CORNER

Sheathing
Building
paper

Trim 1-1/8"
thick min

Leave 1/8" gap;
caulk

Starter strip

INSIDE CORNER
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CEDAR SHINGLES
SPECIFICATIONS
Length, Butt, Bundies/ Maximum Exposure and Nails
Grade inches inches Square Single Course Double Course
Red Cedar
No. 1 blue label 16 0.40 4 7-1/2 3d 12 &d
{premium grade, 100% heartwood, 18 0.45 4 8-1/2 3d 14 5d
100% clear, 100% edge grain) 24 0.50 4 11-1/2 4d 16 6d
No. 2 red label 16 0.40 4 7-1/2 3d i2 &d
(good grade, 10" clear on 16" shlngie, 18 0.45 4 8-1/2 3d 14 5d
16" clear on 24" shingle) 24 0.50 4 11-1/2 4d 16 6d
No. 3 black label 16 0.40 4 7-1/2 3d 12 5d
(utility grade, 6" clear on 16" shmgle 18 0.45 4 8-1/2 3d 14 5d
10" clear on 24" shingle) 24 0.50 4 11-1/2 4d 16 6d
No. 4 undercoursing 16 0.40 2o0r4 7-1/2 5d - -
(for bottom course in 18 0.45 2o0r4 8-1/2 5d - -
double-coursed walls)
No. 1 or 2 rebutted-rejoined 16 0.40 1 7-1/2 3d 12 5&d
(machine frimmed, square 18 0.45 1 8-1/2 3d 14 5d
edged, top grade)
White Cedar
Extra (perfectly clear) 16 0.40 4 7-1/2 3d 12 5d
1stclear (7" clear, no sapwood) 16 0.40 4 7-1/2 3d 12 5d
2nd clear (sound knots, no sapwood) 16 040 4 7-1/2 3d 12 5d
Clear'wall (sapwood, curls) 16~ 040 4 7-1/2 3d 12 5d
Utility (undercoursing only) 16 0.40 4 3d 5d
Note: Exposure.is given in inches.
COVERAGE
Length, Coverage of One Square at Exposure, inches
inches 4 5 7 8 9 10 k! 12

16 80 100 120 140 160

18 72 90 100 . . .127 145 163

24 ~ ' 80 93 106 120 133 146 160

Source; Exterior and Ihterior Product Glossary (Bellevue, Wash: Red Cedar Shingle & Handsplit Shake Bureau, 1980).




Cedar Shingles

Installation of Cedar Shingles

Sheathing
(building paper
optional)

Nails 1" above
overlying butt,
3/4" from edges

Double starter
course (overlap
1-1/2" min)

Bottom 1" below sill

STARTER COURSE

Space courses 1o
align with top and
bottom of casings

Drip-cap flashing

No top layer joints
at edge line

Trim 1-1/8"

thick min

Leave 1/8" gap;
caulk

DOORS AND WINDOWS

Sheathing

Building paper
optional ———

f\

Trim 1-1/8"

thick min

Leave 1/8" gap;
caulk R

OUTSIDE CORNER

Sheathing

Building paper
optional

Trim 1-1/8"

thick min

Leave 1/8" gap;

caulk
Doubile starter

course

INSIDE CORNER
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- HORIZONTAL WOOD SIDING
Materials and Patterns Nailing

Most horizontal siding is of either redwood or
western red cedar. The heartwoods of both
have superior decay resistance and dimen-
sional stability. Local species are also used,
however, in regions where the price difference
is great enough. Eastern white pine is popular
in the Northeast. Not as decay resistant, it is
easily worked and holds paint nearly as well
as redwood and cedar. Consult your lumber-
yard for local variations in both species and
pattern.

Moisture

Wood changes in width and thickness with

changes in moisture content. To minimize di-

mensional change after installation, siding

should be installed after its moisture content

has come to equilibrium with the air.
Minimize moisture problems:

* Specify kiln-dried vertical-grain siding.

¢ Use a narrow siding.
- e Precondition the siding for moisture.

e Select patterns that allow for shrinkage
and expansion.

® Permit the siding to stabilize before ap-
plying any finish.

After siding has been installed, it can still
pick up moisture before it is painted or
stained. Later, when the siding dries, joints
may open up, or buckling may occur. It is
good practice to prime or prefinish all sides,
edges, and ends after it has reached equilibri-
um with the air and before it is installed.

Nails for applying wood siding should be rust
resistant: stainless steel, hot-dipped galva-
nized, or high-tensile-strength aluminum.
Don't use electroplated galvanized or unfin-
ished (bright) nails.

Nails should be strong enough for nailing
without predrilling. They should not make an
unsightly pattern, cause splitting when driven
near the end or edge of the siding, or pop after
being driven flush.

Recommended penetration into a solid
wood base (either studs or wood sheathing) is
1-1/2 inch minimum, or 1-1/4 inch with ring
shank nails. Longer nails are required for in-
stallation over other than solid wood sheath-
ing and may require predrilling to avoid splits.

Horizontal wood siding should be applied
to studs 24 inches on-center maximum when
applied over solid sheathing and 16 inches on-
center when applied without sheathing.

Estimating Coverage

The area factors in the table on the following
page make it easy to determine the approxi-
mate board footage of siding needed for the
various patterns and sizes shown. Simply mul-
tiply the length and width of the area to be
covered, times the appropriate area factor.
Add a 10 percent allowance for trim and
waste to the resulting figure.
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HORIZONTAL WOOD SIDING

Nominal Size, Dressed Size, inches Area

Pattern inches Total Width Face Width Factor
1/2x4 3-1/2 3-1/2 1.60

PLAIN BEVEL 12x6 5-1/2 5-1/2 1.33
(CLAPBOARD) 3/4 x8 7-1/4 7-1/4 1.28
3/4x 10 9-1/4 9-1/4 1.21

3/14x6 5-1/2 5 1.20

RABBETED BEVEL 1x8 7-1/4 6-3/4 1.19
(DOLLY VARDEN) 1x10 9-1/4 8-3/4 1.18
1x12 11-1/4 10-3/4 1.12

1x4 3-3/8 3-1/8 1.28

1x6 5-3/8 51/8 117

TONGUE & GROOVE 1x8 7-1/8 6-7/8 1.16
1x10 9-1/8 8-7/8 1.13

1x6 5-3/8 5-1/8 1.17

DROP (T&G {10 o1 S 1

OR SHIPLAP) X .

1x12 11-1/8 10-3/4 1.10

1x6 5-3/8 5 117

1x8 7-1/8 6-3/4 1.16

SHIPLAP 1x10 9-1/8 8-3/4 1.13
1x12 11-1/8 10-3/4 1.10

1x6 5-3/8 5 1.17

: 1x8 7-1/8 6-3/4 1.16

CHANNEL SHIPLAP 1x10 9-1/8 8-3/4 113

1x12 11-1/8 10-3/4 . 1.10

. 1x6 5-3/8 5 1.17

1x8 7-1/8 6-3/4 1.16

V - SHIPLAP 1x10 9-1/8 8-3/4 113

1x12 11-1/8 10-3/4 1.10

1x6 5-7/16 4-15/16 1.22

1x8 7-1/8 6-5/8 1.21

LOG CABIN 1x10 9-1/8 8-5/8 1.16

Note: These sizes are typical, but sizes vary with manufacturer.
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Installation of Horizontal Wood Siding

PLAIN BEVEL : : ' RABBETED BEVEL
; Stud
::‘”d i Sheathing
eat mg Air barrier
Nail must penetrate
i solid wood by 1-1/2"
1" min overlap 1/8" expansion
- ‘ clearance -
Air barrier/ - g
building paper All nails must be
o ) aluminum, stainless
Nail'tip clears tip steel, or hot-dipped
of undercourse galvanized
TONGUE & GROOVE , V - SHIPLAP
: N\ Stud
Stud g Sheathing
- Sheathing ~Air barrier

J Nail- must penetrate
: \ SR solid wood-by 1-1/2"
Blind nail 4” & 8"

widths only; double- Nails for all patterns
nail wider patterns must be aluminum,
as with V-shiplap - pas stainless steel, or hot-

dipped galvanized

Air barrier ~
OUTSIDE CORNER ' INSIDE CORNER
Caulk ‘ Sheathmg N
Siding \ : '
Air barrier - Air barrier : X
Sheathing con ; ‘

- Caulk joints

Source: Redwood Siding Patterns and Application (Mill Valley, Calif: California Redwood Association).
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VERTICAL WOOD SIDING

Materials and Patterns

Vertical siding, due to its more rustic charac-
ter, is less often of redwood or western red ce-
dar and more often of a local, rough-sawn
species. With the exception of the shiplap and
channel shiplap patterns, all recommended
patterns are of simple square-edge design. For
utility buildings, unfinished (rough-sawn)
boards are most often used. For a less rustic
appearance use S1S (surfaced one side)
boards.

Moisture
Wood changes in width and thickness with
changes in moisture content. To minimize di-
mensional change after installation, siding
should be installed after its moisture content
has come to equilibrium with the air.

The recommended procedure is this:

e Use as narrow a siding as practical (a rule
of thumb is width < 8 x thickness).

e Precondition the siding for moisture.

e Select patterns that allow for movement.

e Treat both sides of siding with water
repellent before installation.

Vertical wood siding is rarely painted. Un-
painted wood naturally changes color with ex-
posure to sunlight and water. One method for
preserving the appearance of either stained or
unfinished siding is to immediately bleach the
wood to approximate its ultimate aged appear-
ance. Most paint and stain manufacturers offer
some sort of bleach for this purpose.

Nailing

Recommended nailing patterns are shown on
the following page. Nails for applying verti-
cal wood siding should be rust resistant: stain-
less steel, hot-dipped galvanized, or high-
tensile-strength aluminum. Do not use electro-
plated galvanized or unfinished (bright) nails.

Nails should be strong enough for nailing
without predrilling. They should not make an
unsightly pattern, cause splitting when driven
near the end or edge of the siding, or pop after
being driven flush.

Recommended penetration into a solid
wood base (either studs or wood sheathing) is
1-1/4 inches minimum with ring shank nails.
Longer nails are required for installation over
other than solid wood sheathing and may re-
quire predrilling to avoid splits.

Estimating Coverage

Coverage depends on the width of the boards,
battens (if any), and overlap. Overlaps should
be 1/2 inch minimum. Allow at least 10 per-
cent waste for cutting and defects; allow more
for poorer grades.
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Installation of Vertical Wood Siding

BOARD & BATTEN

Batten

Board
Horizontal

blocking 24" oc

Horizontal strapping

'@ 24" oc if over
foam sheathing

Air barrier

Sheathing

Stud

BOARD & BOARD

Boards

Horizontal strapping

@ 24" oc if over
foam sheathing

Horizontal
blocking 24" oc

Y

Sheathing

Air barrier

blocking 24" oc

' Siding

Stud

REVERSE BOARD & BATTEN

Board

Batten

Horizontal

blocking 24" oc

Air barrier

Sheathing

Stud

CHANNEL SHIPLAP

Stud

Horizontal strapping

@ 24" oc if over
foam sheathing

Horizontal

Air barrier

Y

Sheathing

Source: Redwood Siding Patterns and Application (Mill Valley, Calif:-California Redwood Association).
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Vertical Wood Siding Joints

OUTSIDE CORNER INSIDE CORNER

Stud
Sheathing

Caulk joints
Corner board

Siding Air barrier
Air barrier

Stud

Siding

Corner
board

Caulk
joints

Sheathing

BELTLINE JOINT BEVELED BUTT JOINT
Sheathing
Siding
Air barrier
-t Joist
Batten Horizontal
blocking
Flashing Sheathing
Air barrier
Siding Stud
Stud

Source: Redwood Siding Patterns and Application (Mill Valley, Calif: California Redwood Association).
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PLYWOOD SIDING
APA Sturd-I-Wall side of the wall to avoid condensation prob-

The APA Sturd-I-Wall system consists of
APA (American Plywood Association) 303
plywood panel siding applied directly to studs
or over nonstructural fiberboard, gypsum, or
rigid foam insulation sheathing. (Nonstructur-
al sheathing is sheathing not recognized by
building codes as meeting both bending and
racking strength requirements.)

Since the single layer of plywood panel sid-
ing is strong and rack resistant, it eliminates
the cost of installing separate structural
sheathing or diagonal wall bracing. Panel sid-
ings are normally installed vertically but may
also be placed horizontally (face grain across
supports) if horizontal joints are blocked.
Maximum stud spacings are 16 inches on-
center for vertical panels and 24 inches on-
center for horizontal panels, unless otherwise
indicated in the grade stamp.

Over Foam Sheathing
When installing panel siding over rigid foam in-
sulation sheathing, drive the nails flush with the
siding surface, but avoid over-driving, which
can result in dimpling of the siding due to the
compressible nature of the foam sheathing.

Plywood sidings are occasionally treated
with water repellents or wood preservatives to
improve finishing characteristics or durability.
If the siding has been treated, be sure the sur-
face treatment is dry, to avoid chemical reac-
tion with the foam sheathing.

Because of the high resistance of foam
sheathing to vapor transmission, an effective
vapor barrier must be installed on the warm

lems in the wall cavity. When rigid foam insu-
lation sheathing is used, building codes also
generally require 1/2-inch gypsum drywall, or
other materials of equivalent fire rating, on the
inside surface of the wall for fire protection.

Nailing

All panel siding edges should be spaced 1/8
inch minimum and backed with solid framing
or blocking. Use nonstaining, noncorrosive
nails to prevent staining of the siding. Nail
panel edges 6 inches on-center with 6d box or
siding nails for panels up to 1/2 inch thick;
use 8d nails for thicker panels.

In addition to 1/8-inch minimum edge spac-
ing and the use of straight studs, nailing se-
quence can also be a factor in achieving a flat
wall surface. The recommended nailing pro-
cedure is to first position the siding panel,
maintaining the recommended edge spacing,
and lightly tack at each corner. Next install
the first row of nails along the edge adjacent
to the preceding panel, from top to bottom.
Remove the remaining tacking nails, then nail
the row at the first intermediate stud. Contin-
ue with the other studs, finishing at the edge
opposite the preceding panel. Complete the
installation by nailing along the top and bot-
tom plates.
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Plywood Siding

APA 303 Siding Patterns
APA 303 (American Plywood Association)
sidings include a wide variety of surface tex-
tures and patterns, most developed for best
performance with stains. The most common
patterns are shown below. Actual dimensions
of groove spacing, width, and depth may vary
with manufacturer.

Plywood sidings also come in a wide varie-

ty of face veneer grades. Consult your local
siding distributor or retailer for the most ap-
propriate grade, considering the pattern, spe-
cies, and finish desired.

The use of plywood siding is necessarily a
trade-off: Against the convenience and sav-
ings of a combined sheathing and siding, one
must weigh the more pleasing bold relief and
longer life of board sidings.

ROUGH SAWN
-t 48" >

TEXTURE 1-11 (T1-11)
48-3/8"
4" or8"oc

CHANNEL GROOVE
48-3/8"

4" or 8" oc

KERFED ROUGH SAWN

v

L ;:3/}8;’*?"

|

REVERSE BOARD & BATTEN

L

48-3/8"
1/2"

1” GROOVE

o o

*

R

|n 1 - 1
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Plywood Siding Joint Details

(VIEWED FROM TOP)
VERTICAL T1-11 AND VERTICAL
BUTT & CAULK | CHANNEL GROOVE ; BATTEN

Caulk with

Caulk with
butyl or butyl or
polyqrethane polyurethane
INSIDE : OUTSIDE ,
CORNER JOINT CORNER JOINT
Caulk with
butyl or
polyurethane
(VIEWED FROM SIDE)
HORIZONTAL : s HORIZONTAL HORIZONTAL
SHIPLAP : : : BUTT & FLASH : BANDBOARD

2

Galvanized
- or-aluminum

Galvanized
oraluminum
. flashing
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Stucco

STUCCO

Stucco is a mixture of sand, cement, lime, and
water. The most common formula is four
parts sand to one part portland cement, with a
smaller amount of lime. The amount of water
is adjusted for workability. A good starting
point for the mix is shown in the table on the
following page.

Bases

Stucco can be applied over any suitably rigid
base. Cast-in-place concrete and concrete ma-
sonry block walls are ideal. Wood frame walls
can be used, provided they are rigidly braced
and covered with metal reinforcement.

Metal reinforcement comes in several
styles: welded wire, woven wire, and expand-
ed metal lath. The latter consists of sheet met-
al, slit and deformed to provide an open grid
that is usually self-furring (held out from the
base wall by a constant distance). If the metal
reinforcement is not self-furring, it should be
attached and held 1/4 inch from the base with
special furring nails. The metal reinforcement
should be galvanized or otherwise treated to
be noncorTosive.

The metal reinforcement must be firmly at-
tached and rigid. Joints should overlap a mini-
mum of 1 inch and be made only over a solid
backing. For open framing without sheathing,
this means at the studs.

Mixes

Achieving the proper mix is the aspect requir-
ing the most experience. (Stucco is not a good
candidate for do-it-yourself application.) As
in most masonry work, the key is workability.

The mix must flow well enough to form a
smooth and level coat, but not well enough to
sag after application. Also, the amount of sand
in the mix influences both strength and sus-
ceptibility to later cracking. For convenience,
the same mix is used for both the scratch
(first) coat and the brown (second) coat, with
more sand being added to the brown coat.

A factory mix is usually used for the finish
coat. The manufacturer's recommendations
should be strictly followed.

Control Joints

Control joints allow movement without crack-
ing of the stucco due to thermal expansion
and contraction, wetting and drying, and
slight movements of the underlying structure.
Over concrete masonry, control joints in the
stucco are only required over the control
joints in the masonry. Over wood walls, con-
trol joints should be spaced no more than 18
feet apart, but in no case so as to create un-
jointed panels of over 150 square feet.

Application
The scratch coat should completely fill the met-
al reinforcement and be scored or scratched
horizontally for good bonding. It should be
kept moist for a minimum of 12 hours and al-
lowed to set 48 hours before the next coat. The
brown coat (if there is one) should be kept moist
for 12 hours and allowed to set for 7 days. The
finish coat requires wetting for 12 hours.
Painting stucco is not recommended, since
complete paint removal would be required be-
fore repair or recoating of the stucco.
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OPTIMUM CURING TIMES INSIDE CORNER AND SOFFIT
Coat Keep Molst, hours  Total Set, days e ‘ P
Seandh - 12 5 Structural wall
Brown e 7 Cut reinforcement
Finish 12 2 : '
Casing bead
(wired to
e reinforcement)
TYPICAL STUCCO MIX
Component Cubic Feet  Gallons Pounds
Sharp sand 2 15 200
Portland cement 1/2 3-3/4 47 Control Joints
Lime I8 2 12 VERTICAL (EVERY 18' MAX)
Water : 3/4 6 48 :

Stucco Accessories

SOFFIT DRIP
SCREED

FOUNDATION OR
WEEP SCREED

E
EAD

-Structure :
Backing

Reinforcement
cut at joint

Finish

HORIZONTAL

Structure

Reinforcement =
cut at joint

Control

joint wired to
reinforcement

Backing paper
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Stucco

Concrete masonry
with struck joints
minimum

1/4"
finish coat

minimum

3/8"

3/8" brown coat
1/8" minimum

scratch coat
finish coat

E
3
E
£
5
®
o]

scratch coat
Corner bead

t———— Corner bead

OVER CONCRETE MASONRY

Application of Stucco

Galvanized self-furring

L
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Roofing

Terms such as eaves, soffit, fascia, and ridge are referred to
throughout this chapter, so before you look up the installation
details of your favorite roof, read the first section, “Roof Ter-
minology.”

If you are trying to decnde what kind of rooﬁng to install;
read the second section, “Roofing Materials.”

The following sections, the real meat of the chapter, de-
scribe in words and illustrations how to install 11 different
types of roofing. They range from the rather industrial built-up
roof, through three varieties of roll roofing, ubiquitous asphalt
shingles, classic cedar shingles and shakes, and regional mate-
rials such as slate and Spanish tile, to preformed metal panel
and standing-seam roofing.

Although ventilation is not roofing, proper ventllatlon of the
space beneath the roofing is imperative for the proper opera-
tion and maximum lifetime of the roof. Ventilation removes
moisture in winter and heat in summer. It is also absolutely the
best way to prevent the destructive buildup of ice dams.

Gutters is another roof-related subject. The best time to
install, replace, or repair gutters is when you are roofing, so a
description of the typical gutter system and all of its parts is
included.
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Roof Terminology

ROOF TERMINOLOGY

Function of the Roof

The primary function of a roof'is to shield the
building beneath from moisture damage,
whether from rain, snow, or ice. The primary
design characteristics controlling the success
of a roof are pitch (angle) and coverage (over-
lap) of the roofing material.

Pitch and Slope

The pitch of a roof is the vertical rise divided
by the total span. The slope of a roof is verti-
cal rise divided by horizontal run.

Example: A roof peak is 8 feet above the top

plate. The total span (building width) is 24 feet.
The pitch is 8/24, or 1/3; the slope is 8/12, usu-
ally expressed as inches of rise per 12 inches of

run, or 8/12. Exposure is the down-slope
width of roofing material exposed after instal-
lation. Coverage is the number of layers.of
roofing that cover from surface to underlay-
ment.

Example: A toof is covered with asphalt shin-
gles measuring 12 inches x 36 inches. The
bottom 5 inches of each shingle are exposed.
Thus, the exposure is 5 inches and the cover-
age is double (the coverage varies from dou-
ble to triple, but the average is double).

Parts of a Roof
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Cornice Terminology

Roofing - Roofing
kDrip edge Drip edge
Fascia Fascia
Lookout block

Soffit vent
Soffit Soffit vent
Frieze board Soffit

e Frieze board-
Siding Siding

Roofing

Drip edge
Fascia
Drip edge
Fascia
Siding
Soffit
Frieze board
Siding
Drip edge : : 5 ‘ Drip edge
Shingle molding Lo ' Shingle molding

— Fascia ' L - Fascia
Soffit o O
Lookout block - ; Fascia block

Frieze board e
Siding Siding
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ROOFING MATERIALS
The type of roofing material selected is a Be aware also of rapid changes in the in-
function of regional architectural style as well dustry. Preformed metal panels are rapidly re-
as performance. The most common material placing standing-seam, and single-ply mem-
by far is the ubiquitous asphalt shingle. How- brane is replacing the old-fashioned built-up
ever, the mark of a quality home in Vermont roof.

may be slate; in much of ski country, standing-
seam; in the Southwest, Spanish tile.

ROOFING MATERIALS
Minimum Life Relative Weight, pounds/
Roofing Type Slope years Cost 100 square feet
ASPHALT SHINGLE
m 4 15-20 Low 200 - 300
BUILT-UP
0 20 Medium 200
PREFORMED METAL
3 30-50 Low 50
ROLL
2 10 Low 20

(continued)
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ROOFING MATERIALS—Continued

Minimum  Life Relative Weight, pounds/

Roofing Type ‘ Slope years Cost 100 square feet
SELVAGE

1 15 Low 130
SLATE

5 100 High 750 - 4,000
SPANISH TILE

5 100 High 1,000 - 4,000
STANDING-SEAM

3 30-50 Medium 75

3 50 . High 300

3 25 Medium 150
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Built-Up Roof (BUR)

BUILT-UP ROOF (BUR)

Built-up roofing is commonly used on flat or
very-low-slope roofs where a completely im-
pervious membrane is required. Two-ply,
three-ply, or four-ply coverage is achieved by
overlapping the 36-inch-wide felts by 19, 25,
or 27 inches.

Proper application is very labor intensive
and requires experience to properly seal roof
edges and penetrations. Because leaks are dif-
ficult to diagnose and repair, professional in-
stallation is recommended.

The most common BUR (illustrated on the
following page) offers no way to ventilate the
insulation between the roof deck and the wa-
terproof membrane. An effective vapor barri-
er is mandatory beneath the insulation wher-
ever average January temperatures are below
40°F or indoor relative humidities are above
50 percent. Even with a vapor barrier, the
roofing manufacturer's instructions may call
for a vent mechanism in order to avoid blis-
tering of the roof membrane.

A variation on the roof illustrated is the In-
sulated Roof Membrane Assembly (IRMA).
In the IRMA roof, the insulation consists of
tongue-and-groove sheets of waterproof ex-
truded polystyrene placed over, rather than
under, the built-up membrane. Stone ballast
anchors the foam insulation against wind and
protects the foam from ultraviolet degradation.

The IRMA roof has several significant ad-
vantages: '

e No vapor barrier is required, since the
waterproof membrane (itself a vapor barrier)
is on the warm side of the insulation.

e Leaks are easily found and repaired after
removal of the unfastened foam panels.

e The BUR membrane lasts longer, being
protected against sunlight and the thermal
stresses of wide temperature swings.



—

184 Roofing

Built-Up Roof (BUR)

Gravel

Bitumen

Roofing felt
(12" exposure)

Bitumen

Base felt
(36" exposure)

Bitumen

Rigid
insulation

Bitumen

Roof deck
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EXPOSED-NAIL ROLL ROOFING

Mineral-surfaced roll roofing is best applied
in warm weather. If the temperature is below
45°F, the roofing should first be unrolled and
laid flat in a warm space. Extreme care must
be used in handling the roofing in cold weath-
er to avoid cracking. In warm weather, unroll
the roofing, cut it into 12 to 18-foot lengths,
and stack it on the roof for several hours, or
until the top sheet lies flat. This precaution
will reduce the tendency of the roofing to
buckle during application as it expands and
relaxes from its tightly rolled condition.

Proper sealing of lap joints is critical to
avoid leaks on low-slope roofs, so use only
the plastic cement recommended by the man-
ufacturer. Warm it if necessary to facilitate
even spreading. Also, use only the amount
recommended, as excess cement tends to
bubble.

The illustration on the following page
shows application parallel to the eaves. Appli-
cation perpendicular to the eaves is also
possible.

Begin by flashing all roof edges as shown.
Valleys are flashed with mineral-surfaced roll
roofing of the same color. First apply a half
strip (18 inches wide), mineral surface down,
the full length of the valley, using a minimum
number of nails 1 inch from the edges. Next
cover that with a full-width sheet, mineral
surface up, with minimum nailing 1 inch from
the edges.

Apply the first course as a full-width sheet
overhanging the deck by 3/8 inch at the eaves
and rakes. Nail the sheet 1 inch from the top
edge, 3 inches on-center. If more than one

length is required, cement and overlap the
next length by 6 inches, then fasten it with a
double row of nails 4 inches on-center.

The second and succeeding courses are ap-
plied in exactly the same way as the first, ex-
cept each course.overlaps the preceding by 2
inches minimum. The sheet is nailed first at
the top, allowing for easier correction of rip-

~ ples, before cementing and nailing of the bot-

tom edge and end laps.

At valleys and ridges, the sheets are
trimmed to butt at the ridge or valley intersec-
tions. Chalk lines are snapped 5-1/2 inches to
both sides of the intersection, and 2-inch-wide
strips of plastic cement are applied. Cut sheets
of roofing into 12-inch-wide strips, apply
them lengthwise over the intersection, and
nail them 3 inches on-center, 3/4 inch from
the edges.
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Exposed-Nail Roll Roofing

FLASHING AND COVERING

3" edge flashing

Roof deck

Nails18" oc Roofing

1" from edge

Perimeter nailing
3" oc 1" from edge

Top lap 2" End lap 6’ Double row of nails 4" o¢

VALLEY FLASHING

Roof deck
Roofing

Valley of 90 ib roli roofing
18" face down + 36" face up
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CONCEALED-NAIL ROLL ROOFING

Mineral-surfaced roll roofing is best applied
in warm weather. If the temperature is below
45°F, the roofing should first be unrolled and
laid flat in a warm space. Extreme care must
be used in handling the roofing in cold weath-
er to avoid cracking. In warm weather, unroll
the roofing, cut it into 12 to 18-foot lengths,
and stack it on the roof for several hours, or
until the top sheet lies flat. This precaution
will reduce the tendency of the roofing to
ripple during application as it expands and
relaxes from its tightly rolled condition.

Proper sealing of lap joints is critical to
avoid leaks on low-slope roofs, so use only
the plastic cement recommended by the manu-
facturer. Warm it if necessary to facilitate
even spreading. Also, use only the amount
recommended, as excess cement tends to
bubble.

The illustration on the following page
shows application parallel to the eaves. Appli-
cation perpendicular to the eaves is also
possible.

Begin by flashing all roof edges as shown.
Valleys are flashed with mineral-surfaced roll
roofing of the same color. First apply a half
strip (18 inches wide), mineral surface down,
the full length of the valley, using a minimum
number of nails 1 inch from the edges. Next
cover that with a full-width sheet, mineral sur-
face up, with minimum nailing 1 inch from
the edges.

Next apply 9-inch-wide (one-quarter roll
width) strips of roofing to eaves and rakes,
nailing them 4 inches on-center 1 inch in from
each edge. The strip edges should overhang

eaves and rakes by approximately 3/8 inch to
form a drip edge.

The first full course of roofing is applied
with edges even with those of the underlying
edge strips. Nail the top edge 4 inches on-
center, taking care that the bottom of the suc-
ceeding course will completely cover the
nails. If more than one length is required, ce-
ment and overlap the next length by 6 inches,
then fasten it with a double row of nails
4 inches on-center. After the top edge is fully
nailed, one person lifts the bottom edge while
a second fully coats the eaves and rake edge
strips with plastic cement. Thoroughly press
the bottom and ends of the sheet into the
coated edge strips.

The second and succeeding courses are ap-
plied in exactly the same way as the first, ex-
cept that each course overlaps the preceding
by at least 2 inches; 3 inches is better. The
sheet is nailed first at the top, allowing for
easier correction of ripples, before cementing
and nailing of the bottom edge and end laps.

At valleys and ridges, the sheets are trimmed
to butt at the ridge or valley intersections. Chalk
lines are snapped 5-1/2 inches to both sides of
the intersection, and 2-inch-wide strips of plastic
cement are applied. Cut sheets of roofing into
12-inch-wide strips, apply them lengthwise over
the intersection, and nail them 3 inches on-
center, 3/4 inch from the edges.
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Concealed-Nail Roll Roofing

FLASHING AND COVERING

3" edge flashing

9" strip

Double .
row 4" oc Cpéﬁgﬁt
Nails 4" oc
Roofing ——————-qc-® _ . _ .l AN W N
3"top lap 6" end lap Double row @ 4" oc
VALLEY FLASHING

Deck

Roofing

Plastic cement

Valley of 90 Ib roll roofing -
18" face down + 36" face up
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DOUBLE-COVERAGE ROLL ROOFING

Double-coverage roll roofing consists of 17
inches of mineral surfacing, intended for ex-
posure, and 19 inches of selvage (nonmineral-
surfaced) to be cemented and lapped. Like the
other forms of roll roofing, it is best applied in
warm weather in order to avoid cracking and
buckling.

In warm weather (over 45°F), unroll the
material, cut it into lengths of 12 to 18 feet,
and stack it on a flat area of the roof. Allow it
to stand until the top sheet lies flat. In cold
weather do the same indoors, but be careful
not to tear or crack the sheets during transport.

Cementing of the laps is the most critical
part of the operation, so use only a plastic ce-
ment recommended by the roofing manufac-
turer, and prewarm the buckets by immersion
in warm water if the weather is cold.

The roofing is customarily applied parallel
to the eaves, as shown in the illustration. Be-
gin by flashing all roof edges and valleys.
Valleys are flashed with mineral-surfaced roll
roofing of the same color. First apply a half
strip (18 inches wide), mineral surface down,
the full length of the valley, using a minimum
number of nails 1 inch from the edges. Next
cover it with a full-width sheet, mineral sur-
face up, with minimum nailing 1 inch from
the edges. The regular courses are then
trimmed 3 inches back from the valley inter-
section, fully cemented to the flashing, and
nailed through the selvage portion only.

The starter course is formed by splitting a
sheet into a 17-inch-wide mineral-surfaced
strip and a 19-inch-wide selvage strip. Put the
mineral-surfaced strip aside for the final

course, and apply the selvage as a starter strip,
overhanging both eaves and rakes by 3/8 inch.
Nail the strip 12 inches on-center in two rows:
1 inch above the eaves, and 5 inches from the
top. Do not cement the starter strip directly to
the deck. Coat the entire exposed surface of
the starter strip with plastic cement.

The first regular course is a full-width sheet
placed with the bottom edge and ends flush
with the edges of the starter strip. Press the
mineral-surfaced portion of the sheet into the
cement (a roller is handy), and nail the sel-
vage portion to the deck in two rows, 5 inches
and 13 inches from the top edge. Succeeding
courses are applied in the same fashion, ex-
cept in this order: Nail top sheet, lift bottom
of top sheet and apply cement, and press top
sheet into cement.

End laps are formed by nailing the surfaced
portion of the bottom strip 4 inches on-center
and 1 inch from the end, applying a 6-inch-
wide band of plastic cement to the entire
width, and nailing the top strip through the
selvage only.

Hips and ridges are finished by covering
them with 12-inch-wide strips of roofing.
Trim and butt the underlying courses at the in-
tersections. Apply the 12 x 36-inch pieces in
exactly the same way as the regular courses,
starting with a 12 x 17-inch piece of selvage.
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Double-Coverage Roll Roofing

FLASHING AND COVERING

3" edge flashing

19" selvage strip
nailed and cemented

Two rows of nails 12" oc
§" and 13" from top edge

VALLEY FLASHING

19" selvage Deck

strip-nailed

and cemented Valley of 90.Ib
roll roofing
18" face down
+ 36" face up

Roll roofing




—

Asphalt Shingles

191

ASPHALT SHINGLES

Underlayment and Drip Edges

Begin by installing a drip edge at the eaves.
Next apply 15-pound asphalt-saturated felt
underlayment, using a minimum number of
nails. Take care to align the felt with the eaves
so that the printed lines can serve as guide-
lines in installing the shingles. Overlap under-
layment courses at least 2 inches and end laps
4 inches. Finally, install a drip edge over the
underlayment along the rakes.

Eaves Flashing

Where there is any possibility of ice dams, in-
stall an eaves flashing of mineral-surfaced roll
roofing or special plastic or rubber ice-shield
membrane from the eaves to a point at least
12 inches inside the wall line.

Valley Flashing

Valleys are flashed with mineral-surfaced roll
roofing of the same color. First apply a half
strip (18 inches wide), mineral surface down,
the full length of the valley, using a minimum
number of nails 1 inch from the edges. Next
cover with a full-width sheet, mineral surface
up, with minimum nailing 1 inch from the
edges. Shingle courses will be bevelled and
trimmed along a line 3 inches from the center
of the valley.

Shingle Application

Begin with a starter strip of shingles from
which the mineral-surfaced portion has been
removed. Remove 3 inches from the end of
the first strip so that the cutouts of the first
regular course will not fall over a starter joint.

Nail the strip 12 inches on-center 3 inches
above the eaves, placing the nails to miss the
cutouts of the course to follow.

The first course begins with a full-length
shingle strip. Install it with the butts of starter
and first course aligned. If there is a dormer,
snap vertical chalk lines to both sides of the
dormer so that vertical alignment of the inter-
rupted courses can be maintained.

For the most common three-tab shingle,
nail it in a line 5/8 inch above the cutouts and
1 inch from each end. With each succeeding
course, remove an additional 6-inch width
from the first shingle in the row, and line up
the butts over the tops of the underlying cut-
outs. For other types of shingle, follow the
manufacturer's directions for nailing.

A less regular effect can be created by re-
moving 4 inches from each succeeding
course. The tabs then line up every third
course rather than every other course. The dis-
advantage is the need to measure more often.

For flashing details at pipes, chimneys, and
abutting walls, see the following pages.

For further information about all types of
asphalt roofing, see the Asphalt Roofing
Manufacturer's Association's Residential
Roofing Manual.
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Asphalt Shingles

FLASHING AND COVERING

Deck

Drip edae Eaves
p edg flashing

Shingles
staggered 6"

Starter strip

VALLEY FLASHING

Lap 6" at edges

Lap under-
layment 2"
at top and
4" at ends

Shingles
staggered 6"

Valley of 90 Ib roll roofing
18" face down + 36" face up
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Flashing Walls and Penetrations
Siding > — Nail flashing at cutouts
Flashing extends I— Plastic cement
at least 5" up wall ————— I } | .///’
Trimmed shingles 7 7 7 |4 .
VA A A A AAY 4
7 7 7 7 7 7 7 /2
7 7 7 7 77 7 2
ROOF BUTTING WALL
\
Underlayment
up side wall
7 4" min
Metal step flashing
B
Siding over
Bed end shingle flashing 7 4
inplastccement S /N | o e
7  J 2 Z
e S A % l
ROOF BUTTING SIDE WALL
Shingle cut to Neoprene boot Top shingle set in

fit around pipe flashing plastic cement

Ve v

VENT PIPE
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Flashing a Chimney

STEP 1
Apply asphalt primer to bricks; apply metal
base flashing to front, overlapping shingles 4"

STEP 3
Install wood cricket at rear, and shingle to
edge; embed rear corner flashings in cement

STEPS5 .
Set front and side cap flashings 1-1/2" into
raked joints; refill with mortar

STEP 2

Nail metal step flashing over plastic cement;
bed overlapping shingles in plastic cement

STEP 4
Embed rear base flashing in plastic cement;
nail flashing to deck only

STEP 6
Install rear corner cap flashings; install
rear cap flashing suitable o situation
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CEDAR SHINGLES

Being wood, cedar shingles periodically be-
come soaked. For the longest life, wood shin-
gles should be applied over sheathing strips
spaced the same as the exposure of the shin-
gles. To allow for swelling, shingles should be
spaced at least 1/4 inch, regardless of esti-
mated moisture content.

In areas where ice dams occur, the eaves
should be flashed with 30-pound asphalt-

saturated felt or special ice-shield membrane
to 24 inches inside the wall line.

The first course should be doubled, with an
eaves projection (drip edge) of 1 inch and
joints spaced 1-1/2 inches minimum. Succeed-
ing courses should be laid with exposure and
nailing as shown in the table below.

RED CEDAR SHINGLES
Maximum Exposure Nails for

Shingle Length @ Roof Slope New Re-
Grade inches <«4in12 >4in12 Roof roof Description
No. 1 16 3-3/4 5 3d 5d Premium grade of shingle for roofs;
blue label 100% heartwood, 100% clear,

18 : 4-1/4 5-1/2 3d 5d 100% edge grain

24 5-1/2 7-1/2 49 6d
No. 2 16 3-12 4 3& 5d Good grade; flat grain permitted;
red label \ 10" clear on 16" shingle; 11" clear on

18 4 4-1/2 3d 5d 18" shingle; 16" clear on 24" shingle

24 5-1/2 6-1/2 4d 6d
No. 3 16 3 3-1/2 3d 5d Utility grade; flat grain permitted;
black label 6" clear on 16" and 18" shingles;

18 3-1/2 4 3d 5d 10" clear on 24" shingie

5-1/2 4d 6d

24 5

Note: Exposure is given in inches.

ESTIMATING COVERAGE
Shingle Square-Foot Coverage of 4 Bundies (nominal square) at Weather Exposure of
Length 31727 4" 4-1/2" 5" 5-1/2" 6" 7 8" 9" 10~
16" 70 80 90 100 110 120 140 160
18" 72 81 90 100 108 127 145 163
24" 80 93 106 120 133

Source for tables: Exterior and Interior Product Glossary (Believue, Wash: Red Cedar Shingle & Handsplit Shake

Bureau, 1980).
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Cedar Shingles

APPLICATION

Roof sheathing: oc
spacing = exposure

Two nails per shingle:
1" from edges and
1" above butts

Exposure

30 Ib asphalt-
saturated felt to
24" inside wall line

\‘\‘\‘\‘l&\‘\‘

Double starter course Projection 1" at eaves, 3/8" at rakes

OPEN-VALLEY FLASHING

10" min —] —
NN N N

]

18 ga galvanized steel flashing with
center crimp and 1/2" edge returns
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CEDAR SHAKES

For the longest life, shakes should be applied
over sheathing strips spaced the same as the ex-
posure of the shakes. To allow for swelling,
shakes should be spaced at least 1/2 inch.

In areas where ice dams occur, eaves
should be flashed with 30-pound asphalt-
saturated felt to 24 inches inside the wall line.

The first course should be doubled, with an
eaves projection of 1 inch and joints spaced
1-1/2 inches minimum. An 18-inch-wide strip
of 30-pound asphalt-saturated felt should be
applied over the top of each course, twice the
exposure above the butt. Use the exposures
and nailing listed in the tables below.

CEDAR SHAKE SPECIFICATIONS

Max Exposure Nails for

Shake Length Butt @ Slope New Re-
Grade inches  inches 4in12 Roof roof Description
No.1 18 1/2-3/4 7-1/2 6d 7d First split to uniform thickness with
hand split & steel froe, then sawn to produce
resawn 18 3/4-1-1/4 7-1/2 7d 8d two tapered shakes

24 3/8 10 6d 7d

24 1/2-3/4 10 _ 6d 7d

R

24 3/4-1-1/4 10 7d 8d
No. 1 24 1/2-5/8 10 6d 7d Split with steel froe, then reversed
taper split and resplit with taper
No. 1 18 3/8 7-1/2 6d 7d Same thickness throughout;
straight split split with steel froe and mallet

3/8 10 6d 7d

Note: Exposure is given in inches.

ESTIMATING COVERAGE
Shake Length Square-Foot Coverage of 5 Bundles (nominal square) at Exposure of
Type inches 5-1/2" 7-1/2" 8-1/2" 10" 11-1/2"
Hand split 18 55 75 85 100
& resawn

24 75 85 100 115
Taper split 24 ’ 75 85 100 115
Straight split 18 65 90 100

24 75 85 100 115

Source for tables: Exterior and Interior Product Glossary (Bellevue, Wash: Red Cedar Shingle & Handsplit Shake

Bureau, 1980).
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Cedar Shakes

APPLICATION

Roof sheathing: oc
spacing = exposure

18" wide 30 Ib felt
over tops of shakes

Exposure

30 Ib asphalt- ' N\
saturated felt to : . T
24" inside wall line \ .. ;

Nail 1" from edges
and 1" above butts

Starter
course -

Projection 1" at
eaves, 3/8" at rakes

OPEN-VALLEY FLASHING
10" min —»] e

[N NN RN NN

\
_——
>

18 ga galvanized steel flashing with
center crimp and 1/2" edge returns
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SLATE

"Standard" roofing slate is 3/16 inch thick.
With the customary 3-inch lap, a square (100
square feet of roof covered) weighs up to 750
pounds. Thicker slates weigh proportionally
more. Thus, the decision to roof with slate
should be made before framing the roof.

Slate color is usually designated as falling
into one of eight groups: black, blue-black,
gray, blue-gray, purple, mottled purple and
green, green, and red.

Application and flashing of slate is similar
to that of asphalt shingles (see the sections on
asphalt shingles). The differences are de-
scribed below.

Size
Slates are cut to uniform size, varying in

length or depth (in 2-inch increments) from 10

to 26 inches, and width (in 1 and 2-inch incre-
ments) from 6 to 14 inches.

Overlap and Exposure

Standard overlap is 3 inches, with 2 inches for
slopes over 12/12 and 4 inches for slopes less

than 8/12. Exposure is determined by the slate
dimension and overlap using this formula:

Exposure = (slate length - overlap) / 2
Example: A 16-inch slate with standard
3-inch overlap would be applied with ex-

posure (16 - 3) / 2, or 6-1/2 inches.

Joint overlap should be 3 inches minimum
and one-half of a slate ideally.

Nailing

Slates come prepunched with nail holes 1/4 to
1/2 inch below the top edge and 1-1/4 to 2
inches from the edges. Special slate punches
or a masonry drill must be used to create addi-
tional holes in the field. Most slate failures are
due to the use of inferior shingle nails. Use
only copper slating nails, available from slate
distributors.

Use 3d nails for slates to 18 inches long, 4d
for slates over 18 inches, and 6d nails at hips
and ridges. Nail length should be twice the
slate thickness plus 1 inch for sheathing pene-
tration. Thus, a standard 3/16-inch slate calls
for nails 1-3/4 inches long.
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Slate

- 30 Ib asphalt-
saturated felt

Roof sheathing

30 Ib asphalt-
saturated felt

Starter slate
height=
exposure + 3"

Cant strip
(shingle wedge)

STARTER COURSE
Plastic cement Cdpper nails Plastic cement
Plaster iath
30 Ib felt
SADDLE RIDGE STRIP SADDLE RIDGE

Copper flashing
- Return bend

30 Ib asphaitfelt

Plaster lath
Plastic cement -

SADDLE HIP
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SPANISH TILE

The System and Its Parts

4— 1x4 strip
toenailed

30 ib felt

(d) (e)

[

(a) Cover starter (b} Ridge cover

W Y

{c) End band (d) Field tile

o %

(e) Eaves closure (f) Gable rake

instaliation

STEP 4

STEP 1 STEP 2 STEP 3

Install right gable-rake Lay first field tile in Install left gable-rake Install 1x4 ridge nailer;
tiles, with first one mastic, covering gable- tiles; nail 1x3 on edge starting and ending with
overhanging eaves 2"; rake tile nails; space as nailer for end-closure cover-starter tiles, lay
install eaves closures remaining field tiles tiles; set end tiles in ridge-cover tiles in mastic

flush with eaves for roof width mastic and nail to 1x3 tinted to match roof
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PREFORMED METAL PANEL

Gable trim

Filler strip

Panel
Strapping

Screen

Fascia
EAVES VENT RIDGE VENT
TYPICAL PATTERNS
Panel Net Panel

Pattern Width Width Length
Name inches inches feet Finishes Pattern Cross Section
Strongbarn 26 24 6-30 Galvanized - PR —
Paneldrain 32 30 6-36 Galvanized '

painted M_m
Channeldrain 38 .30 6-36 Galvanized :

painted Y . o WY o, WY AT 2
Channeldrain 2000 38 36 6 -40 Galvanized

painted AN\
Alutwin : - 24 - Aluminum D e e W5

- painted
24 5-36  Gavanized  _AA A

§ - V-Crimp 26

Note: Strongbarn is a registered trademark of Granite City; Paneldrain; Channeldrain, and 5-V Crimp are registered
trademarks of Wheeling Corrugated; and Alutwin is a registered trademark of Alumax.
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STANDING-SEAM
Thickness Pounds per Expansion

Type of Metal Relative Cost inches 100 Square Feet inches'
Aluminum Medium 0.032 60 0.46
Copper Very high 0.022 ' 125 0.34
Galvanized steel Low 0.022 110 0.23
Stainless High 0.018 80 0.35

Terne Medium 0.015 90 - 025
Terne-coated stainless Very high 0.015 90 0.32

1 Indicates expansion per 30’ of length as a result of 100°F change in temperature.

Seams STEP 1 STEP 2

BATTEN SEAM

DOUBLE-LOCK
STANDING-SEAM

STANDING-SEAM

RIDGE SEAM EAVES SEA\/
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VENTILATION

Building codes generally require both open
attics and cathedral ceilings to have net free
vent openings of 1/300 of the ceiling area.
Ceilings without vapor barriers require a ven-
tilation ratio of 1/150. Louvers and screens re-
duce net free areas by the factors below.

Vent Covering Factor
1/8" screen 1.25
1/16" écreen 2.00
Louvers and 1/8" screen 2.25
Louvers and 1/18" screen 3.00

Example: What is the required total gross vent

opening for attic vents with louvers and

1/8-inch screen in a 25 x 40-foot house?

Ceiling area = 25' x 40' = 1,000 sq ft

Vent factor = 2.25

Gross area = 2.25 x 1/300 x 1,000 sq ft
=7.5sqft

The gross vent area should be split between
inlets and outlets. The illustration below dem-
onstrates the superiority of the soffit/ridge
vent combination.

Ventilator Effectiveness

GABLE END VENTS ONLY

. GABiLkEk END AND SOFFIT VENTS

SOFFIT AND TURBINE VENTS
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The Cause and Cure of Ice Dams

Ice dams are so common in snow country that
many hoineowners mistakenly believe them to
be inevitable. As with most problems around
the home, however, understanding the cause
points to the cure. _

The illustration at bottom left shows an ice
dam in action. The attic floor is well insulat-
ed, but so is the roof, due to an accumulation
of insulating snow. With insufficient attic
ventilation, the attic temperature falls some-
where between that of the living space below
and the air outside. Water from melting snow
flows toward the eaves. The roofing at the
eaves is closer to ambient air temperature,
however, so the meltwater refreezes. As the
ice builds up, it creates a dam for further melt-

water. If the backed-up meltwater extends be-
yond the coverage of the roofing material, the
water penetrates the roofing.

The illustration at bottom right shows the
cure: continuous soffit and ridge vents with
insulation baffles providing a minimum
2-inch air channel. Attic air and roofing now
follow the ambient air temperature, eliminat-
ing the simultaneous melting and refreezing
of the snow cover.

An alternate, or perhaps backup, solution is
installation of a continuous 36-inch-wide wa-
terproof membrane under the starter course at
the eaves. Several products are available for
this special application.

lce Dam Prevention

Snow
Water
Ice
35°F
0°F
AN ]
70°F
INSUFFICIENT VENTILATION

~—

Snow
2" airway
Baffie
0°F

=

PROPER VENTILATION




206

“

Roofing

GUTTERS

w— —

Gutters are widely available in plain or paint-
ed aluminum or plastic. Less widely distribut-
ed are galvanized steel or copper. Gutters and
downspouts usually come in 10-foot lengths,
although some are available in lengths of 26
and 33 feet as well.

Several different gutter profiles and hang—
ing systems are available. Your lumberyard or
hardware store may offer one style in alumi-
num and another in plastic. Whatever type
you choose, your source will be able to pro-
vide all of the accessories needed for a com-
plete installation.

Use the illustration of a typrcal system on
the following page to determine the number of
each accessory needed for your installation.
You would be wise to sketch the dimensions
of your house, particularly the profile of the
critical rooffeaves/fascia area. An experienced
clerk can then verify the pieces needed.

Before installation, as a final check, lay out
all pieces on the ground in their final relative
positions.

Use a line level (Ievel on a string) to rnark
the fascia with the proper slope. The slope
should be 1 inch per 16 feet minimum, from
one corner to another on a short building, or
from center to both ends on a longer building.
If the building is extremely long, intermediate
low points and downspouts may be required.

 Begin installation at a building corner. At-
tach end cap, downspout, or corner miter as
required before attaching the first length of

gutter. If a support molding is planned, install

it before the gutter, to facilitate handling of
the gutter. ,

Attach the gutter to the fascia with hangers
every 2-1/2 feet on-center. Fascia hangers
such as the style K fascia hanger illustrated -
are the most popular. Connect sections of gut-
ter with slip joints as you go. The slip joints
are later caulked with gutter mastic or silicone
sealant.

If the downspout drscharges into an under-
ground drainage system, install strainers over
the inlet of each gutter outlet to prevent clog-
ging of the underground system. If the down-
spout discharges aboveground, install an el-
bow and a leader (horizontal section of
downspout) leading away and down-slope
from the building foundation.

Finally, if there are trees near your house,
install a strainer cap over the gutter outlet to
prevent clogging by leaves. Most gutter prob-
lems can be avoided by periodic removal of
debris. Many gutter failures are due to the
freezing of backed-up water, which destroys
the mastic seal. Also, the weight of ice can
prove more than the gutter hangers can bear
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Typical Gutter System Parts

Slip connector
End section
Hanger

End cap

Qutlet

Facia bracket

Gutter spike
Ferrule
Gutter section

- AN Style A elbow Style B elbow
/' (diverts in or out) (diverts right or left)

K fascia hanger

ta——  Downspout
clincher

)
77
\

(&  Downspout

GUTTER CROSS-SECTION STYLES

Style K Style D Half-round

~
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Windows and Doors

Can you imagine your house without windows? Windows per-
form more functions than any other component of a house. The
more you know about windows, the more they can do for you.

Windows are made of glass. It used to be that glass was
glass. Now there are space-age glazings. How do they compare
with plain glass; how to each other? “About Glass” shows you
the differences in amount of light passed and winter and sum-
mer insulation values. It also shows you how to avoid conden-
sation on your windows in winter and what thickness of glass
you need to withstand hurricane winds.

“About Windows” spells out all of the things windows can
do and the types of windows you can buy at a lumberyard.
Whether you are building a new house or replacing an existing
window, you need to know how windows are measured. Roof
windows and skylights are not as familiar as windows, so a
section on a typical skylight line is included.

If you are installing a whole wall of windows (for a spectac-
ular view or for a solar greenhouse, for example), you should
be interested in site-built windows - patio door glazings that
can cut your window costs by half.

The second half of this chapter is about doors: their func-
tions, how they are constructed, and how to install a prehung
door. “Interior Doors” illustrates a typical line (including
folding doors) and the sizes in which they are available.

Finally, there is a section on the door to the basement.
Whether you are building new or converting the basement to a
more accessible space, you can find the size of steel bulkhead
door that will fit your house.



About Glass

209

ABOUT GLASS

Types of Glass

Sheet glass is produced by drawing a sheet
of glass from the molten liquid. It is the low-
est in cost but has noticeable waviness due to
variations in thickness.

Float glass is produced by floating glass on
a tank of molten tin. It is much flatter than
sheet glass and nearly as flat as plate glass.
Float glass has largely replaced both sheet and
plate glass.

Plate glass is produced by grinding and
polishing to a high degree of flatness. It is
used primarily for large display windows.

Tempered glass is produced by rapid cool-
ing of the glass to achieve unrelieved tension
in its surfaces. The process results in five
times the impact strength of untempered glass
and relatively harmless small fragments when
it is shattered. Building codes generally re-
quire tempered glass for glazed doors (patio
and French doors) and overhead windows
(skylights and sloped sun space glazings).

Heat-absorbing glass is produced in vari-
ous degrees and shades by adding chemicals
to the glass. It is designed to absorb solar en-
ergy and reduce building cooling loads.

Reflective glass is produced by depositing
metallic film on one or more of the glass sur-
faces. It is designed to reflect solar energy and
reduce building cooling loads. Low-E glass
utilizes a selective coating that reflects in-
frared waves, or heat energy, but not visible
light. Heat Mirror is a selectively coated plas-
tic film suspended between ordinary glazings
for the same purpose.

Thermal Characteristics of Glazings
Aside from the choice of tempered glass for
safety, the key decision in selection of glazing
type involves heat and light transmission char-
acteristics. The table on the following page
lists these characteristics for a number of glaz-
ing types. The terms used in the table are ex-
plained below:

Visible light transmission is the percentage
of light in the visible spectrum that passes

‘through rather than being absorbed or reflect-

ed by the glazing.

Shading coefficient is the ratio of the total
solar heat gain of the glazing to the gain of a
single 1/8-inch-thick clear glazing.

Relative gain is the calculated total heat
gain, in British thermal units (Btu) per hour,
of 1 square foot of glazing when exposed to
solar radiation of 200 Btu/square foot-hour,
no exterior shading, and outside air 14 F°
warmer than inside air.

Winter nighttime R is the R-value at the
center of the glazing (ignoring the effects of
the window frame) with no sunlight and a
glass temperature of 70°F.

Summer daytime R is the R-value at the
center of the glazing (ignoring the effects of
the window frame) with solar radiation of
248.3 Btu/square foot-hour and a temperature
difference of 14 F°.
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THERMAL CHARACTERISTICS OF GLAZINGS

Visible Light Shading Relative Gain Winter Summer
Glazing Type Transmission, % Coefficient  Btu/sq ft-hr _ Nighttime R  Daytime R
Single Glazing
Clear 1/8" 90 1.00 215 0.86 0.96
Clear 1/4" 88 0.95 204 0.88 0.96
Heat-absorbing 1/4"! 41 0.69 154 0.88 0.91
Heat-reflecting 1/4"2 52 0.71 157 0.88 0.91
Acrylic plastic 1/8" 92 1.02 0.94 1.02
Acrylic plastic 1/4" 90 1.00 1.04 1.12
Glass block 6"x6"x4" 60 - 80 167 1.76
Double Glazing
Clear 1/4", 1/2" space 80 0.82 172 2.00 1.70
Heat-absorbing, 1/2" space’ 36 0.54 116 2.04 1.79
Heat-reflecting, 1/2" space? 46 0.56 119 2.04 1.79
Heat Mirror, 1/4" space '
HM44 Clear 37 0.34 73 3.2 2.8
HM55 Clear 46 0.40 85 3.2 2.8
HM66 Clear 54 0.48 101 3.2 28
HM88 Clear 69 , 0.66 137 3.1 27
HM44 Gray 17 0.23 51 3.2 2.8
HM44 Bronze 22 0.25 55 3.2 : 2.8
Low E, 1/2" space®
Clear 74 0.78 163 3.2 2.8
Bronze 57 0.64 132 . 3.2 2.8

! Ford Glass Sunglas Grey.
2 Ford Glass Sunglas Bronze.
3 Peachtree Twinsul Low E.
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Condensation and Glazings
Condensation is destructive to windows. If
the window sash are untreated, condensate
draws wood volatiles and pigments to the sur-
face, leaving stains. An untreated sash will
eventually deteriorate from dry rot.
Condensate appears on cold windows for the
same reason it appears on the outside of a cold
drink. The ability of air to hold water vapor
drops with decreasing temperature. As room
air comes into contact with the cold glass, it
drops in temperature, depositing excess water
vapor on the surface as liquid condensate.

The graph below shows the outdoor air tem-
perature at which condensation first appears
on windows, as a function of indoor relative
humidity. An inside temperature of 70°F is as-
sumed.

Example: What window R-value is required to
prevent condensation at an indoor temperature
and relative humidity of 70°F and 40 percent
and an indoor temperature of 0°F? The inter-
section of 0°F outdoor temperature and 40
percent relative humidity occurs just below
the R =2 curve. A double-glazed window of
R-2 will therefore prevent condensation.

Glazing R and Condensation

100%
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80% |- e
| , | Rz
T0% | SRS AN S “53
= : :
© : :
€ 60% | O
E az
g :
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Qutside air temperature, °F
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Wind Loads on Glazing Example: What uniform wind load will a 36 x
For the purpose of load analysis, vertical win- 80-inch sheet of double-strength (DS) float
dows in walls can be considered as walls. The glass withstand? What if we switch to tem-

maximum uniform load a glazing can safely pered glass of the same thickness? The area is
support is a function of the glazed area, glaz- 3 x 6-2/3 feet = 20 square feet. From the
ing thickness, and type of glass. The graph be- chart, annealed DS will support 20 pounds per
low assumes regular annealed float glass, sup-  square foot (psf). From the factors above,
ported on all four sides. For other glazings, tempered glass of the same size will support
multiply the loads in the chart by 4.0 x 20 psf = 80 psf.
If you live in a high-wind area and plan to
e storm windows — 1.0 install unusually large windows, consult a lo-
* factory-sealed double glazings — 1.5 cal commercial glazing distributor for advice
e tempered single glazing — 4.0 on wind loads.

Maximum Glazing Area vs Pressure

/!
/

Maximum allowed area of glass, sq ft

10 15 20 25 30 4
Wind pressure on glass, Ib/sq ft
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ABOUT WINDOWS

Window Functions
In common with walls, windows are expected
to keep out

e winter wind

e winter snow

o rain in all seasons

e bugs and other flying objects
¢ highway noise

e winter cold

e summer heat

They are expected, at the same time, to let in

e outside views

e natural light

e ventilating air

e winter solar gain

Window Types

The illustration on the next page shows eight
basic types of residential windows available
from dozens of manufacturers.

Double-hung windows contain two sash,
both of which slide up and down. A variation
is the single-hung window, in which the top
sash is generally fixed.

Casement windows hinge to one side,
which is specified when a unit is ordered.
They are very effective at capturing breezes,
provided they open toward the prevailing
breeze.

Fixed windows are often used in conjunction
with operable windows of other styles. Inexpen-
sive "window walls" can be constructed of patio

doors and site-built fixed windows utilizing
patio door glazing units of the same size.

Awning windows are used for ventilation at
low levels, such as in a sun space, or as high
windows in bathrooms and kitchens.

Sliding windows are an inexpensive alter-
native for high windows in bathrooms and
kitchens.

Skylights, also known as roof windows, are
extremely effective summer exhaust ventila-
tors. They are also more effective in admitting
natural daylight than are vertical windows of
the same size.

Bay windows add space to rooms (often
with window seats) in addition to adding an
architectura&es’rgn feature to an elevation.
They most often are assembled from a center
fixed unit and two double-hung or casement
flankers.

Bow windows are more elegant and expen-
sive expressions of the bay. They are most of-
ten assembled from fixed and casement units
of the same unit dimensions.
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Residential Window Unit Types

DOUBLE-HUNG CASEMENT FIXED

SLIDING SKYLIGHT

BAY | BOW




“
About Windows 215

Window Anatomy and Terminology

Outside casing ———»

Parting stop .«————— Inside casing
Rail
Stop
Glazing Upper sash
Check rail, or ) =
meeting rail Lower sash
Jamb
Stop
Stool
Rail Apron

Sill
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Specifying Window Measurements
Window manufacturers list four sets of di-
mensions (width x height) for each window.
They are explained here, from the largest to
the smallest:

Unit dimension is the overall size of the
window unit, including casing if provided.
With a casing, unit dimension will be larger
than the rough, or framing, opening. With a
nailing flange instead of casing, the unit di-
mension will be the dimensions of the jambs,
or less than the rough opening.

Rough opening is the width and height of the
framing opening. To allow for framing tolerance

and leveling of the unit, manufacturers add from
1/2 to 1 inch to jamb width and height.

Sash size is the actual width and height of
the sash. There may be more than one size of
sash in a double-hung window or a window
assembled from multiple units.

Glass size is the actual size of the window
glazing.

Architects require unit size (dimension) to
produce building elevations, and glass size for
heat gain/loss calculations. Builders require
rough opening, framing sill height, and loca-
tion on the plan to the center of the unit.

Window Measurements
-t Rough opening >
- Sash size >
[T 1

[ Gilass size

4 Unit dimension : >
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Skylights
The illustrations and table below describe
Velux-America, Inc. Roof Windows and Sky-
lights. Roof Windows pivot so that both sides
may be cleaned. Skylights may be fixed or pivot
from the top.

The following models are available:

TPS - window with top hinge/bottom handle
GGL - window with center pivot/top handle
VS - opening skylight/crank handle

FS - fixed skylight (FSF has vent flap)

The illustration below left shows the defini-
tions of unit dimension and rough opening.
Rough opening in the roof sheathing is 1/2
inch larger than the unit width and height, re-
gardless of whether the opening is relieved
(angled) as shown.

The illustration below right and the table
show critical installation measurements for
units used for sitting and standing views.

Several other manufacturers offer roof
windows. Ask for more information at your
lumberyard.

Blocking
Rafter header
Rafter

INSTALLATION MEASUREMENTS FOR DIFFERENT ROOF PITCHES

Size Number 1+ 6 44+5 2+8 3
A 38-1/2 46-1/2 55 62-7/8
B 74 76 78 80 |74 76 78 80 74 76 78 80| 74 76 78 80

CatDh =30° |60 62 64 66 [5 58 60
35 |58 59 62 64 |53 55 &7
40° |55 57 59 61 |50 52 54
45° |52 54 56 58 (47 48 51
50° |50 52 54 56 |44 46 48

62 52 54 56 58| 48 50 52 54
59 48 50 52 54| 44 46 48 47
56 44 46 48 50| 32 41 43 45
53 41 43 45 47 1 35 37 39 4
50 37 39 41 431 31 33 38 37

Note: Measurements are in inches.
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Velux Roof Window and Skylight Sizes

Unit 21-1/2" 2712 30-5/8" 36-7/8" 44-3/4" 52-5/8"
sSize - r .} T 1 f 1 T 1 T 1
27-1/2"
38-1/2"
L -
S TPS
VS
FS
461/ | FSF FSF
) 5 4
TPS TPS
VS
FS
FSF
55" :
: 8
GGL (egress)
62-7/8"

Note: For rough openings in 3
new construction - add 1/2" to height and width GGL (egress)
remodeling - add 1" to height and width
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SITE-BUILT WINDOWS

When there is no need for a window to open,
particularly if there are several such units, in-
stalling bare factory-sealed glazing units in
the field will save money.

Insulated Glazing Units
Many glass companies manufacture both cus-
tom and standard-size patio door replacement
units. Due to volume, standard tempered-glass
patio door units offer the greatest value. Stan-
dard patio door glazing sizes include: 28 x 76,
33x 75, 34x76, 46 x 75, and 46 x 76 inches.

Insulated glass units are assembled by
bonding two panes of glass to an aluminum
spacer. The spacer is filled with a desiccant
material, designed to absorb moisture and
keep the cavity condensation free for the life
of the unit (generally guaranteed for 10
years). The sealant may be one or more of the
following: silicone, urethane, polysulfide, or
polyisobutylene. If the unit is of patio door
size, the glazing will most often be tempered,
since building codes require tempered or
safety glass in doors, within 10 inches of
doors, within 18 inches of the floor, and for
overhead or sloped glazings.

The greatest drawback to site-built windows
is the high rate of failure of the glass seals.
Failure is usually due to one of three causes:

e improper installation, where the unit is
subjected to stress

e sloped installation, where the span is too
great for the glass thickness, resulting in shear

e the use of site sealants that are incompati-
ble with the glazing unit sealant

As a rule, installation at slopes of greater than
20° from vertical voids manufacturers' war-
rantees. Units can be double-sealed for ap-
proximately 20 percent higher cost.

The next two pages show details for instal-
lation of glazing direct to framing and within
separate frames (jambs). In both cases the
keys to success are these:

e Float the glazing unit within the frame.
All of the weight of the unit should rest on
two 4-inch-long strips of neoprene rubber (ask
for setting blocks at a glass store) placed one-
quarter of the unit width from each bottom
corner.

e Don't let the glass surfaces touch wood
anywhere. Glazing tape compressed between
the unit and the wood stops distributes stress-
es and seals the unit against infiltration.

e Seal against moisture incursion with a
compatible caulk. Ask the unit manufacturer
for a specific recommendation.

e Provide for moisture drainage. Outside
sill and stop must slope away from the unit.
Inside sills should also slope away if in a
high-humidity environment. Angle 1/8-inch
weep holes from both sides of the setting
blocks to outside the siding.
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Installation Direct to Framing

MULLION JAMB

#14 x 2-1/2" hex screw

i Caulk
Brick mold
}‘{,’:—- Weather-seal washer Glazing tape :JF“
% UGS:clamping bar Caulk —

EPDM gasket Caulk

3/4" wood support Glazing tape ——]
<¢——— Treated or Treated or

rot-resistant rot-resistant

2x4 framing 2x6 framing —p»!

SILL M
Glazing unit k

Compatible caulk

Butyl glazing tape

Wood stop

Neoprene
setting block

Siding i
Sheathing

—~
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Installation in Jambs

MULLION
Quarter round
Glazing tape

Caulk —\

Treated or
rot-resistant
mullion ——— ]

SILL
Glazing unit

Compatible caulk

Buty! glazing tape

JAMB

Brick mold —a

Quarter round
Glazing tape
Caulk

aulk

Glazing tape

Treated or
rot-resistant
2x6 jamb —p

Compatible caulk

Butyl glazing tape

Wood stop

)

Neoprene
setting block

Treated or rot-
resistant sill

Siding

Sheathing i
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ABOUT DOORS
Functions Right-Handed or Left-Handed?

Exterior doors function in numerous ways:

They let people in and out. This is not as
trivial as it may seem but relates to the design
of a welcoming entryway - an architectural
subject by itself.

They let large objects in and out. The mini-
mum width for an entry door (and some interi-
or doors as well) should be 3 feet to facilitate
moving furniture and appliances.

They keep intruders out. All entrance doors
should have quality dead-bolt locks as well as
the common latch set. In urban areas an addi-
tional lock, operated only from the inside,
would be worthwhile.

They keep out winter wind and cold. Except
for custom doors intended for historic preserva-
tion, the great majority of exterior doors sold
today are steel with foam-insulated cores.
These represent a giant advance over the clas-
sic wood door, in thermal performance if not
appearance. Compared with an R-value of 1.5
for the classic wood-paneled door, the foam
core door has an R-value of 6 to 12, reducing
conductive heat loss by 75 to 85 percent. The
best metal doors also incorporate magnetic
weather strips, virtually eliminating infiltration.

They let in summer breezes, winter solar
gain, and natural daylight. The original func-
tion of the storm door was the same as the
storm window: to reduce winter heat loss by
conduction and infiltration. These losses have
largely been eliminated by the steel door. How-
ever, a combination "storm" door may still be
desirable for summer ventilation.

When ordering a prehung door, you must
specify its "handedness." The illustration be-
low shows how handedness is defined.

Door Handedness

LEFT-HAND RIGHT-HAND
DOOR DOOR

If a door opens toward you and the door knob is on the
left, the door is left-handed.

If a door opens toward you and the knob is to the right,
the door is right-handed.

The following pages will show the construc-
tion and installation of both interior and exte-
rior classic wood and modern prehung doors.
In addition, step-by-step instructions will be
given for installing prehung doors.
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Classic Wood Door Installation

EXTERIOR DOOR

HEAD (SIDE VIEW)
Siding
Sheathing
Flashing

Casing

Door frame ———————

Door

JAMB (TOP VIEW)
Siding
Sheathing

Casing

Door frame ——————P»]

Door

SILL (SIDE VIEW)
Door

o

V.

Threshhold s RIS
Door sill o

Siding
Sheathing

Band joist

Foundation sill

INTERIOR DOOR .

HEAD (SIDE VIEW)

Drywall —————————

Casing ]

Door frame

Door ~{‘ ‘ '

JAMB (TOP VIEW)

Drywall ———————

Casing 'H ]

Door frame ————————

Door .
SILL (SIDE VIEW)

Door > .
Threshhold

(optional with 5

carpeting) ————— P
Finish floor ———3»

Subfloor —————8=

Joist > -

AN A
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Modern Prehung Door Installation

EXTERIOR DOOR b " INTERIOR DOOR

HEAD (SIDE VIEW)

HEAD (SIDE VIEW)

Siding
Sheathing - Drywall
* Flashing Casihg
Casing — Adjustable
Door frame door frame
Weather strip Door
Steel-door with :
foam insulation L
JAMB (TOP VIEW) : : JAMB (TOP VIEW)
Siding >
g e
Sheathing Drywall
Casing
Casi .
asng Adjustable
Door frame door frame
Weather strip 5
Steel door with ‘ ' Door
foam insulation  ———— Lo g
SILL (SIDE VIEW) i
Steel door with i ke SILL (SIDE VIEW)
foam insulation ———— g
. Door
Weather strip :
. Threshhold
Daor sill {optional with
carpeting) p—
Siding Finish floor —————— o
Sheathing AR : Subfloor W} N
Band joist —L /) : Joist O T <
Foundation sill > §
2@ ]
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Installing Prehung Doors

1. Make sure the rough opening in the wall
framing is about 1 inch wider and 3/4 inch
higher than the prehung door frame. The
frame wall should be plumb (vertical), and
the opening square. Squareness of the open-
ing can be checked either by measuring the
opposite diagonals (they should be equal) or
with a large piece of plywood with two
factory edges.

2. Make sure the bottom of the door will clear
the finish floor. For interior doors, cut the bot-
tom of the casing so that the door will just clear
the finish floor. For exterior doors, make sure
there is a spacer board under the sill to bring the
sill bottom level with the finish floor.

3. Place the prehung door unit in the fram-
ing opening. Do not nail anything yet. Place
solid shims between the hinge-side jamb and
stud at all hinges and at the bottom.

4. Square the prehung unit within the rough
opening. The unit is square when the space
between the top of the door and the head jamb
is uniform all the way across. Shim at the top
or bottom of one of the side jambs to make
the unit square. For example, to reduce the
space at the lock side of the head jamb, shim
the jamb at either the top of the lock side or
the bottom of the hinge side.

5. Fasten the hinge jamb. Nail the hinge
jamb through the shims to the stud, using two
16d galvanized finish nails at each hinge and
the bottom.

6. Align the lock jamb. Do not use a level
for this step: It's too late! Close the door
gently. Adjust the lock-side jamb until it
meets the door evenly.

7. Fasten the lock-side jamb. Shim the lock-
side jamb at three points, and nail through the
shims into the stud with two 16d galvanized
finish nails at each point.

8. Fasten the exterior casing. If the casing
does not sit flush on the exterior sheathing,
shim between the casing and the sheathing,
and nail through the casing and shims with
16d galvanized finish nails. After siding, caulk
between the casing and the siding ends.
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INTERIOR DOORS
Interior doors are available in three forms:
i v \id ¥ il

door only, prehung door in a 4-9/16-inch-wide Helght of Door o6 o8
jamb, and prehung door with a split jamb, Width of Door 20 20
adjustable in width from 4-3/8 to 5-1/4 inches. 24 24

All doors are 1-3/8 inches thick. Rough- o g > 6"
opening width and height are both the size of '
the door plus 2-1/2 inches. Most doors are 28 28
available in the widths at right. 30 30

Typical Styles (Brockway-Smith Company)

Lauan Birch Fir "~ Fir Molded
Hollow or solid-core Hollow or solid-core Two-panel Five-cross-panel Six-panel holiow

Plﬁe
M-1051

Pine ' Pine
M-1073 M-1074
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Fcﬂding Doors Width & Height
. . . . . of Door Unit Width of:
Folding doors are available without jambs in feet & inches Door Only Jamb Opening

heights of both 6 feet 6 inches and 6 feet 8

. . . ; Two-Door Units
inches. For jamb-opening heights, add 1/2

. 2-0 x 6-6 or 6-8 11-3/4" 20
inch.

All units include all necessary hardware: 2-4x6-60r6-8 -4 24
guide tracks, top and bottom pivots, hinges, 2-6x6-60r6-8 1'2-3/4° 2'6
and knobs. 2-8x6-60r6-8 1'3-3/4" 2'g"

The illustration below and the tabie at right 3-0 X 6-6 or 6-8 1'5-3/4" 30"

show the typical units available from the
Brockway-Smith Company.

Four-Door Units

4-0 x 6-6 or 6-8 11-3/4" 40"
5-0 x 6-6 or 6-8 1'2-3/4" 50"
6-0x6-6 or 6-8 1' 5-3/4" 60"

Lauan or birch flush-panel Pine colonial-panel

Pine louver-panel Pine full-louver
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BULKHEAD DOORS

The table below and illustrations on the follow- Areaway Dimensions
ing page describe steel bulkhead doors and stair
stringers available from the Bilco Company.

To design a basement bulkhead installation,
take the following steps:

1. Determine the height of grade above the
finished basement floor.

2. Find the appropriate height range in'the
table below.

3. Read across the table to find the dnnen-
sions of the concrete areaway (illustration at
right) and the recommended sizes (illustra-
tions on the following page). '

BILCO BASEMENT BULKHEAD INSTALLATION DIMENSIONS

Height of Grade Door | Extension Stringer Number of
above Floor H' L w Style Required Style Treads
28033 F5i4" 34" e SL none SL. 4
34103 11" 4'1-12 34 Y- St .~ none SL 4
#0472 goaw re 3 o] none o} 6
48't054'2 . 56 50" 38" B none B 7
55'1060" 6'2-1/4" 58" 40 c none C 8
61t 68 e1012 e 40 c none c 8
61106'8" 6 10-1/2" 68" 40 C 12" . 0+E 9
6974 TeIs &8 40 c 12" 0+E 9
6907 4" 7'6-3/4" 7> g0 c 18" B+E 10
7 5ot g3 72 a0 c 18" B+E 10
75081 | 8'3"'   7'9" ‘ 40 c 24 C+E 11

1 Helght above fmrshed basement floor.
2 Maximum height of house wall = 74",



”

Bulkhead Doors 229

Bulkhead Styles (Bilco Company)

SIZE SL SIZE C WITH EXTENSION

TYPICAL STANDARD INSTALLATION TYPICAL INSTALLATION WITH EXTENSION

Size C door with
Size B door
—
Size O stringer
. I with size E

12" extension
extension

' 10-1/2°
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Supply Distribution The maze of piping in a basement may seem to you to be about

System 231 as organized as a plate of spaghetti. Viewing it as three separ-
Supply Layout and ate systems (cold supply, hot supply, and waste) makes it a lot
Fittings 233 clearer. That's the approach of this chapter.
Drain, Waste, and The first section looks at the supply distribution system: the
Vent (DWV) 239 materials you are allowed to use, the appropriate size of pipe
Venting Rules 244 for each fixture, and how the whole system fits together.
DWV Fittings 246 ‘ The next section looks at the supply layout and fittings.
Roughing-in 251 Nothing will gain you more respect at the hardware store than
Pipe Installation 252 being able to ask for a "drop ell with threaded outlet," instead
Water Treatment 254 of a "bent gizmo about 6 inches long with threads at each end."

‘To that end, you’ll find a complete field guide to polyethylene,
.copper, and polyvinyl chloride (PVC) supply fittings.

The remaining part of plumbing is the drain, waste, and vent
(DWYV) system. Rather than on water pressure, it depends on
gravity to make its mixture of liquids and solids flow. For this
reason it is subject to stringent rules regarding pipe sizes,
slopes, and venting (introduction of air). You’ll find both the
rules and the physics behind them.

- A second field guide illustrates and names 80 species of
“plastic DWV fittings. Whether you are installing a new system
or adapting plastic to an old cast-iron system, you'll find just

-~ the fittings you'll need.

-How do you know where the plpes g0 before you have the
ﬁxtures in hand? The roughing-in guide shows you.

Are you uncertain about how to connect all those pipes and
fittings? “Pipe Installation” leads 'you, step-by-step, through
all of the modern types: polyethylene, polybutylene, PVC,

- chlorinated PVC (CPVC) plastic, acrylomtrﬂe-butadlene-
«styrene (ABS) plastic, and copper.

~_ Finally, the guide to water treatment shows you what equip-
mcnt you need to cure 11 common water qnahty problems

¥
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SUPPLY DISTRIBUTION SYSTEM

Purpose

The supply system is the network of piping or
tubing that distributes cold and hot water un-
der pressure from the city water main or home
well to each fixture in the building. Both the
water heater and any water treatment equip-
ment are part of the distribution system.

Materials

Supply water is under pressure of up to 160
pounds per square inch (psi) and may be con-
sumed by humans, so the materials allowed are
strictly specified by plumbing codes. Materials
allowed under the Uniform Plumbing Code (the
most widely used, although not universal) are

listed in the table below.

ALLOWED SUPPLY PIPING MATERIALS

Material Form Advantages Disadvantages

Chlorinated PVC (CPVC)  10', 20' lengths Hot-water approved More expensive than PVC

Jointed by cement or Must be supported 3' oc
threads :
Lightweight /

Copper Pipe 10', 20' lengths Fast and easy to Water hammer may damage
Type K (thick) green assemble Susceptible to freeze damage
Type L (medium) blue
Type M (thin) red

Copper Tubing 30, 60', 100 coils Requires fewer fittings More expensive than pipe
Type K (thick) green Flare and compression
Type L (medium) blue fittings may be used

Withstands a few
freezings
Galvanized steel 21' lengths Strong High cost (due to threaded joints)
Corroded by soft (acidic) water
Susceptible to scaie from hard-
water deposits
Polybutylene (PB) Coils Installed with fewer Difficult to join
fittings Not allowed by ali codes
No freeze damage
Not susceptibie to water
hammer
Polyethylene (PE) 100, 120, 160 psi Low cost Cold-water approved only

Polyvinyi chloride (PVC)

rated coils

10', 20' lengths

Long lengths
Good from well to house

Low cost
Lightweight

Jointed by cement or
threads

Cold-water approved only

Source: Uniform Plumbing Code Hustrated Training Manual (Walnut, Calif: International Association of Plumbing and

Mechanical Officials, 1985).



232

Plumbing

Sizing Supply Pipes

A water supply system is similar in function
to an electrical wiring system, in distributing
water to fixtures throughout the building. If
the building is serviced by utility water, the
water arrives through a 3/4 or 1-inch copper
pipe from the water main. If the water comes
from an individual well, it probably comes

from the well via a flexible polyethylene pipe.

The illustration below shows how water is
distributed to the individual fixtures. Starting
from the point where water first enters the
building, a pipe of 3/4-inch internal diameter
(all pipes are specified by internal diameter,
or ID) runs to the vicinity of every fixture re-

quiring water. Because most fixtures consume

cold-water pipe for the run through the build-
ing. From these two main supply pipes run
smaller branch pipes to individual fixtures.
The primary reason for sizing pipes is to
make the flow to each fixture relatively inde-
pendent of the others. Who has not experienced
a sudden temperature change while showering?
The perfect temperature is achieved by balanc-
ing the hot and cold flows. Unless you have a
temperature control valve, fluid friction causes
a change in pressure at the shower when water
is drawn elsewhere along the same pipe, result-
ing in a change in the proportion of hot and
cold. Making the main 3/4 inch and the branch-
es 1/2 inch or smaller minimizes this effect.
The illustration shows the recommended sup-

hot water as well, a 3/4-inch branch pipe runs ply pipe IDs for each fixture.
through a water heater before pairing with the
Typical Supply Pipe Sizes
Water heater
- Tub/shower

3/4" 34"

1/2"

N

3/4" hot supply

= (Y

3/4" cold supply
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SUPPLY LAYOUT AND FITTINGS

The hot-water and cold-water supply piping
for the simple bathroom below illustrates the
names of the most common residential supply
fittings. :

Most supply fittings for polyethylene, cop-
per pipe and tube, and polyvinyl chloride
appear on the pages that follow.

1. Reducing tee, 3/4" x 3/4" x 1/2" 8. Shut-off valve 5 C\
2. Reducing elbow, 3/4" x 1/2" 9. Supply tube, 3/8" ©
3. 90° elbow, 1/2" 10. Type L pipe, 3/4"

4. Valve body 11. Type L pipe, 1/2"

5. Drop ell with threaded outlet 12. Coupling, 3/4" 1

6. Shower arm

7. Threaded nipple, 1/2"
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Polyethylene (PE) Supply Fittings

Tee (AxBxC),
ins x ins x ins

Reducing tee,
ins x ins x ins

L

ins x ins x fipt

Reducing tee,
ins x ins x fipt

Note:
ins = insert thread

fipt = female iron pipe thread
mipt = male iron pipe thread

s .

Tee,
ins x ins x mipt

Cross,
ins x ins x ins x ins

Coupiling,
ins x ins

Plug,
ins

G

90 reducing ell,
ins x fipt

©
o
8

ins x mipt

©
o
e

ins x ins

90 reducing ell,
ins x ins

]

Female adapter,
ins x fipt

.

Male adapter,
ins x mipt

l;

Male adapter reducing,
mipt x ins

——ti.

—r—

Maie adapter reducing,
ins x mipt

Reducer coupling,
ins x ins
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Copper Supply Fittings

oo
R ,
Coupling with stop Eccentric coupling Male adapter, Reducing male adapter,
copper to mnpt copper to mnpt
P Y
Coumiﬂgﬂﬂm stop Union, copper to copper Female adapter, Male street adapter,
copper to fnpt fitting to mnpt
) Union, copper to fnpt Reducing female adapter, 45 street elbow,
Reducing coupling copper to fnpt fitting to fitting
Note: * aoa \
mnpt = male national pipe l l c— )
thread tapered
fnpt = female national pipe ‘w
thread tapered _N

Union, copper to mnpt Female street adapter, 45 street elbow,
fitting to fnpt fitting to copper

(continued)
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Copper Supply Fittings— Continued

N

N\

90 street elbow,
fitting to fitting

45 street elbow,
fitting to copper

)

(-

90 elbow long-turn,
copper to copper

90 street elbow,
fitting to fitting

90 elbow, 90 reducing elbow,
copper to copper copper to copper

90 street elbow,
fitting to copper

90 reducing elbow,
copper to copper

90 street eibow, 90 elbow,
copper to copper copper to fnpt

-

S s
" Tee, Cross-over coupling,
ali copper copper to copper
Street tee, Return bend,
copper to fitting to copper copper to copper
Reducing tee, Reducer,
by OD sizes fitting to copper
Reducing tee, End plug,
copper to copper to copper fitting end

Tube cap,

Air chamber,
fitting end tube end
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Polyvinyl Chloride (PVC) Supply Fittings

Tee,
slip x slip x slip

Reducing tee,
slip x slip x slip

Reducing tee,
slip x slip x slip

a0 ell, 5 .
Transition tee, 90 ell, fipt x fipt slip x slip
slip x slip x insert slip x slip
Note:

fipt = female iron pipe thread

IPS = iron pipe size
IPT = iron pipe thread

mipt = male iron pipe thread

slip = slip-fitting end
spig = spigot end
TT = thread-to-thread

Tee,
slip x slip x fipt

Reducing tee,
slip x slip x fipt

Reducing tee,
slip x slip x fipt

90 ell reducing,
slip x fipt

90 ell,
fipt x fipt

90 ell reducing,
slip x fipt

90 street ell,
spig x slip

90 street ell,
mipt x slip

9 street ell,
mipt x fipt

Side outlet ell,
slip x slip x fipt

45 ell,

Cross,
slip x slip x slip x slip

(continued)
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Polyvinyl Chloride (PVC) Supply Fittings— Continued

Coupling, -
slip x slip

Reducer couling,
slip x slip

Coupling,
fipt x fipt

IPS to PIP adapter,
spig x slip

Riser extension,
fipt x mipt

Fal adte,
slip x fipt

le ad ucing,
slip x fipt

Male adte,
mipt x slip

Male adapter reducing,
mipt x slip

ey

Reducer bushing,
spig x slip

m

Reducer bushing,
spig x fipt

TT bushing,
mipt x fipt

IPT adapter,
mipt x fipt

slip

fipt

Plug,
spig

Plug,
mipt

Saddle,
pipe OD x slip

Saddle,
pipe OD x fipt

[ T

.

Deep coupling
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DRAIN, WASTE, AND VENT (DWV)

After water has been delivered to a fixture, it
must be safely disposed of, regardless of
whether it has been used or contaminated with
waste. The drain, waste, and vent (DWV) sys-
tem differs from the supply system in three
important ways:

e Wastewater may include solids as well as
liquids (so the pipes must be larger).

e The flow is by gravity alone (so the pipe
must slope). _

e Waste often generates sewer gas (S0 pro-
vision must be made to prevent sewer gas
from flowing back into the building).

The DWYV system always contains three
things:

e Traps, retaining plugs of water, seal
against the back flow of sewer gas.

e Drain lines carry liquid waste from fix-
tures. Vertical drains are called stacks; hori-

zontal drains, branches. Pipes carrying dis-
charge from water closets are also called soil
lines; pipes not carrying toilet effluent are
called waste lines.

e Vent lines introduce air from above the
roof to drain lines wherever necessary to pre-
vent loss of trap water seals. Wet vents are
vents which, under very specific rules, can
serve as drain lines as well.

The table below describes the DWV materials
allowed by code.

DWV MATERIALS
Material Advantages Disadvantages
Cast iron Durable Heévy (requires structural support)
Not attacked by chemicals Difficult to cut
Not affected by boiling water Very time-consuming, expensive
Galvanized steel (same as for cast iron) Expensive
Jointed by threads only
Susceptible to rust on the inside
PVC and ABS Low cost Limited to 140°F

Solvent-welded or threaded

Lightweight

Prone to physical damage
Damaged by some chemicals
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A Simple Drain, Waste, and
Vent System
The illustration below shows the function and
terminology of each element in a simple
DWYV system. Pipe sizes and slopes, types of
traps, and placement of vent pipes are all
strictly dictated by code.

Tables for sizing traps, drains, and vents are
contained on the following page.

DWV Piping

3" vent stack

1-1/2" branch vent

-

N e
~ o

Tub/shower

(=TT e D
1 1 i
I b "
11 H 1l
i H 1
1 X
i i 8 ¥
[ -
I i 2 ::
;: }: Water 2 i
Hi N .
!l Lavatory || Closet & 11 Kitchen sink
[ 11
11 :: ::
i1
P I '
1
P
|

’___________J
| ; 1-1/2" waste

& 3" house drain
PR
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Fixture Units

The fixture unit was created in order to de-
scribe the peak rate of liquid discharge
through a drainpipe. At the time of its defini-
tion, the smallest discharge was typically from
a lavatory (bathroom sink), so the lavatory was

assigned one fixture unit. For estimating pur-
poses, a fixture unit is also equivalent to 7.5
gallons per minute. The table below assigns
fixture units and minimum required trap sizes
for common residential fixtures.

Fixture Minimum Fixture Minimum
Fixture Units Trap Size, inches Fixture Units Trap Size, inches
- Bathtub 2 1-172 Sink, private bar 1 1-1/2
Bidet 2 1-172 Sink, kitchen 2 1-1/2
Ciothes washer 2 2 Sink and dishwasher 3 1-1/2
Drinking fountain 1 1-1/4 Urinal, wall 2 1-1/2
Floor drain 2 2 Wash basin, single 1 1-1/4
Laundry tub 2 1-1/2 Wash basin pair 2 1-1/2
Shower stall ‘ 2 2 Water closet, private 4 3
Showers, per head 1 2 Water closet, public 6 3

Source: Uniform Plumbing Code lllustrated Training Manual (Wainut, Calif: International Association of Plumbing and

Mechanical Officials, 1985).

Drain and Vent Pipe Sizing

The table below shows the maximum number
of connected fixture units and maximum
length for drain and vent pipes.

Pipe Size, inches 1-1/4 1-1/2 2 2-1/2 3 4
Drain Pipe
Vertical  Max fixture units 1 2! 162 322 48 256
Max length, feet 45 65 85 148 212 300
Horizontal Max fixture units 1 1 82 142 35 216
Max length, feet no limit
Vent Pipe
Vertical  Max fixture units 1 8 24 48 84 256
Max length, feet 45 60 120 180 212 300
Horizontal Max fixture units 1 8 24 48 84 256
Max length, feet 45 60 120 180 212 300

Source: Uniform Plumbing Code llustrated Training Manual (Walnut, Calif: international Association of Piumbing and

Mechanical Officials, 1985).
1 Except sinks and urinals.
2 Except 6-unit traps or water closets.
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Traps

A trap is a fitting designed to trap a volume of
water in order to block the back passage of
sewer gas. The illustration below shows a
P-trap.

P-Trap
‘Fixture
tailpiece
Inlet Outlet|  Trap arm
Crown weir
Upper dip
Lower dip

Traps can fail in three ways (see numbered
illustrations of “Trap Failures” below):

1. If the fixture tailpiece is too tall, the fall-
ing water may develop enough momentum to
carry it past the outlet weir. For this reason
the code requires tailpieces to be as short as
possible; but in no case longer than 24 inches
(except clothes-washer standpipes, which
should be between 18 and 24 inches).

2. If the wastewater completely fills the
trap and outlet arm to a point below the outlet,
the weight of water in the outlet may siphon
the water behind it out of the trap.

3. If the trap arm is too long for its diame-
ter, fluid friction may cause the waste to back
up until it completely fills the outlet, resulting
in siphoning, as in case 2.

Trap Failures

Ventstack

“Branch vent *

X

*:Branch vent not required
if X short (see table on %
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Approved Trap Types
T 7
l«— 30"max—¥f— 30"max—>]
P-trap Continuous wastes

3 sinks max, in same room

Integral traps; Drum trap
example: water closet {may be prohibited locally)

Disapproved Trap Types

bt b

Full S-trap Crown-vented S © P-trap with x less than
. twice trap arm diameter

L 1 [ A

Trap Iafger than trap arm Two traps on same arm Serial traps
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VENTING RULES

Every fixture must have a trap, and every trap ~ HORIZONTAL LENGTH OF TRAP ARMS
must be vented. The table at right shows the (slope of arm 1/4 inch per foot)
maximum allowed length of unvented trap

arm. The illustration below shows the three Trap Arm Maximum Arm Length
principal vent types: Pipe Size, inches (trap weir to vent)

1-1/4 26"

Individual vents are lengths of vent pipe 1-1/2 36"

serving single-fixture traps. They may vent di-
rectly to the outside or connect to the rest of

the vent system. 3 60"

- Common vents serve two fixture traps. 4 and larger 100"

2 50

They may vent directly to the outside or be
connected to the rest of the vent system.

Wet vents are vertical lengths of pipe which
serve both as drains for upper fixtures and as
vents for lower fixtures. A wet vent must be at
least one pipe size larger than the required
drain for the upper fixtures, but not less than
2 inches. All fixtures served must be on the
same floor of the building. '

Vent Types
INDIVIDUAL VENT COMMON VENT WET VENT

Stack vent ——»

Loog vent

< Individual vent <+—— Common vent

Wet vent —»]

==
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Two-Story Wet Venting

The illustration below shows wet venting on
two floors. Note that the vent(s) for the first
floor must all connect to the stack vent (verti-
cal vent, which continues through the roof to
the outside) at a point at least 6 inches higher
than the rim of the highest fixture. This rule
protects the vents in case of plugged drains.

3" stack
to roof 2" foop vent
17 fixture units
Clothes (— )
washer Shower ' \
2 fixgure 2 fixture units 8 f!xture 7 fixture g:;::
units units units "
4 fixture
units

Lavatory pair

2 fixture units ‘Ej

e <7
o

Water
closet

Kitchen sink Lavatory 4 fixture
2 fixture units 1 fixture unit units

Tub
2 fixture units

Wet
vent

v
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DRAIN, WASTE, AND VENT FITTINGS

The drain, waste, and vent piping for the sim-
ple bathroom below illustrates the use and ter-
minology of the most common DWV fittings.

The pages which follow contain illustra-
tions of most DWYV fittings available through
plumbing distributors.

Typical DWV Fittings

1. Male iron pipe adapter, 1-1/2" 6. 3" sanitary tee with 1-1/2" inlets

2. P-trap, 1-1/2" 7. Schedule 40 pipe, 3"

3. Sanitary tee, 1-1/2" " 8. Schedule 40 pipe, 4"

4. Schedule 40 pipe, 1-1/2" S. Adapter to 4" sewer pipe, 3"
7 5. Elbow, 1-1/2" 10. Trap adapter, 1-1/2" to 1-1/4"

11. Reducing closet flange, 3" by 4"
12. 90° elbow, 3"

13. 45° elbow, 3"

14.Y branch, 3"

15. Clean-out adapter, 3"

16. Threaded clean-out plug, 3"

1. v
Pe, 10 7
\' i
]
4 6

- Ot
\
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Plastic DWYV Fittings
v '-l« . iaaan
Sewer & drain adapter, Fitting flush bushing, Fitting adapter, Adapter,
P x sewer & drain fitting x P fitting x F PxM
Coupling, Fitting trap adapter, Fitting flush adapter, Fitting adapter,
PxP fitting x SJ fitting x F fitting x M
R i
Repair coupling, Trap adapter, Fitting swivel adapter,
PxP PxSJ fitting x F
J
. Adapter, Fitting swivel adapter, Soil pipe adapter,
Soil pipe adapter, FxP fitting x F P x spigot
P x hub
M L
Note:
F = female
M = male
NPT = national pipe thread S

P = plastic weld
SJ = slip joint

Fitting tray plug adapter,
fitting x NPT straight

No hub soil pipe adapter,
P x no hub

(continued)
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Plastic DWV Fittings — Continued

—L
|

_

Vent tee,
PxPxP

Fitting tee,
fitting x P x P

|

Fixture tee,
PxPxF

I

Test tee;
PxPxF

S

45Y,
PxPxF

~ L

i—

TWo-way clean-out tee,

PxPxP

45Y,
PxPxP

A
fitingx P x P

r

Tee,
PxPxP

22-1/2 ell,
PxP

22-1/2 fitting ell,
fiting x P

\>

90 fitting ell,
fitting x P

L

|

90 fitting closet eli,
fitting x P

90 fitting long-turn eli,
fitting x P

(-

90 fitting vent ell,
fitting x:P.

(7

90 eli,

&g

@)

90 ell with side inlet,
PxPxP

\

90 vent eli,

L

90 closet ell,
PxP

-

|

90 ell,
PxP

/90 long-turn ell
CPXP '

\>

45¢el,PXP

>

45 fitting ell; -

3,

fitting x P.
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Closet flange, P

Fitting clean-out,
fitting x clean-out

Adj Ioset flange, P

Fitting adj closet flange,
fitting

Closet ﬂang with Cap, F
knock-out test piug

Note:

F = female
M = male R
P = plastic weld Nipple,
SJ = slip joint MxM
adj = adjustable

dbl = double

Offset closet flange, P

Db! te w/ 9 side inlet,
PxPxPxPxP

Dbl ee w/o 90 inlets,
PxPxPxPxPxP

45dbl Y,
PxPxPxP

PxPxP

Dbl tee,
PxPxPxP

Nl

Dbl fixture tee,
PxPxPxP

Fitting dbl fixture tee,
fitingx PxP x P

Dbl tee,
FxFxPxP

Dbl long-turn TY,
PxPxPxP

(continued)
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Plastic DWV Fittings—Continued

S

S

P-trap with clean-out,

P x SJ x clean-out

&

P'trapa

x
@

S
QS

P-trap with clean-out,

P x P x clean-out

&

P-trap,
PxP

Note:

F = female

M = male

P = plastic weld
SJ = slip joint
adj = adjustable
dbl = double

P-trap with union,
Px

CL__!A@

P-trap with union,
PxP

P-trap with union,

v
x
m

Swivel drum trap,
P x P x clean-out

Aok

Tee with 90 R and L inlets,
PxPxPxPxP

1

Tee with 90 L inlet,
PxPxPxP

o

Tee with 90 R inlet,
PxPxPxP

—u—

Return bend w/ clean-out,
P x P x clean-out

—u—

Return bend,
PxP

A\

Long radius TY,
PxPxP

(¢

60 eli,

PxP
Ell with high heel inlet,
PxPxP

e

Ell with low heel iniet,
PxPxP

Test tee,
Px P"x clean-out
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ROUGHING-IN

Both supply and DWYV piping require cutting For bidets the equivalent distance averages 15
holes in floors, walls, and sometimes framing. inches but is not as critical, since there is no
The cutting of holes and running of pipes prior  tank to consider.
to installation of fixtures is called roughing-in.
The illustration below shows normal rough-
in dimensions for bathroom fixtures. Use the
lavatory dimensions shown for kitchen sinks
as well, except for counter rim height, which
is normally 36 inches for kitchen counters.
The most variable dimension is distance
from the center line of the toilet discharge to
the wall. For most water closets this dimen-
sion is 12 inches, but check with the supplier.

Normal Bathroom Rough-In Dimensions

Note:
a - varies. 10" to 14"; most 12°
b - varies 3" to 11"
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PIPE INSTALLATION

Flexible Polyethylene (PE)
Tools: backsaw or hacksaw, utility knife, reg-
ular screwdriver, bucket of hot water.

1. Cut the pipe squarely using a fine-tooth
saw or knife.

2. Remove the burrs from inside the pipe
with a utility knife.

3. Slip on a stainless steel hose clamp (two
clamps if the joint will be inaccessible).

4. If the pipe is cold, soak the end in hot
~water until it becomes pliable. Wrapping it in
a towel and pouring on hot water works as
well. Do not use a torch, as the plastic may
permanently stretch and require starting over.

5. Insert the fitting entirely to the shoulder.

6. Position hose clamp(s) 1/4 to 1/2 inch
back from the shoulder of the fitting, and
tighten them well, but not enough to extrude
plastic into the clamp slots.

Polybutylene (PB) with Insert Fittings
Tools: polybutylene-tubing cutting tool, poly-
butylene hand-crimping tool, crimp ring
measuring gauge.

1. Make sure the tubing and all of the insert
fittings are marked . Reject any fittings or tub-
ing with gouges, cuts, cracks, abrasions, or oth-
er defects. Reject tubing that has been kinked
or that has faded from exposure to sunlight.

2. Caut the tubing squarely using the
polybutylene-tubing cutting tool.

3. Remove inside and outside burrs with
the utility knife.

- 4. Slide a crimp ring onto the tubing. The
fit must be snug. Do not use any lubricants.

5. Position the crimp ring 1/8 inch from the
fitting shoulder. To prevent the ring from
moving, it may be necessary to squeeze the
ring slightly with your fingers or pliers. The
ring must be on the tubing straight.

6. Center the crimping tool exactly over the
crimp ring. Make a straight crimp 90° to the
tubing, closing the tool handles completely.
Do not crimp a second time.

7. Check the crimped ring with the crimp
ring measuring gauge. If the gauge does not
fit over the ring, the ring is undercrimped. Do
not attempt to recrimp! Cut out the fitting and
ring, replace them, and try again.

8. After completion, pressure-test the entire
system to 200 psi for 2 hours. Defective joints
must be cut out and replaced.

All bends in tubing must have radii of at
least ten times the outside diameter of the tub-
ing. Support horizontal tubing runs every 32
inches, and vertical runs every 48 inches, but
loosely so that the tubing can move. Provide 6
inches of slack for every 50 feet of run, to al-
low for thermal expansion.

Brass or copper threaded fittings should be
used to connect polybutylene tubing to other
threaded metal fittings. Always solder sweat-
adapter fittings before joining them with poly-
butylene tubing, as excess heat may damage
the tubing.

Do not use insert fittings under slabs. Keep
polybutylene away from excess heat.
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Polyvinyl Chloride (PVC) and Plastic
Tools: backsaw or hacksaw, miter jig, utility
knife, pencil, cleaner/primer, and the appro-
priate solvent cement.

1. Make sure you have adequate ventila-
tion. The solvent is extremely volatile.

2. Cut the pipe squarely using a fine-tooth
saw and miter jig. A backsaw works best.

3. Remove burrs from both inside and out-
side of the cut pipe, using a utility knife. Do
not clean the outside of the pipe with sand-
paper, because the pipe tolerance is critical.

4. Preassemble, without cementing, as
much piping as possible; line up and check
slopes; and mark both sides of all joints with
pencil. '

5. (PVC only; not plastic) Paint the inside
of the fitting and outside of the pipe with
cleaner/primer to remove grease from
surfaces.

6. Brush on solvent cement (solvent type
CPV or all-purpose for PVC and CPVC plas-
tic pipe; any type for ABS plastic). Apply a
heavy coat first to the pipe, then a light coat to
the fitting socket.

7. Immediately push the pipe into the sock-
et with a twisting motion, and line up the pen-
cil marks.

8. Look for a bead of excess solvent. If it’s
not there, you didn't use enough. Pull apart the
joint immediately, and reapply solvent to the
pipe.

9. If the bead is present, hold the pipe firm-
ly in the joint for about a minute. The socket
is slightly tapered, and the pipe may try to
back out.

10. If you make a mistake, forget trying to
disassemble the joint. It is welded. Cut the en-
tire fitting out and start over.

Copper Pipe with Sweat Fittings
Tools: tube cutter, half-round file, steel wool
or emery.cloth, solder flux, solder, clean
cloth, propane torch.

1. Cut the pipe to length with the tube
cutter.

2. Remove inside burrs (a tube cutter leaves
no outside burr) with the half-round file.

3. Clean the ends of the pipe and fitting
socket with fine emery cloth or steel wool. To
clean fitting sockets, plumbers often use spe-
cial round wire brushes.

4. Blow out the fitting and wipe the pipe
with a clean rag to remove any copper parti-
cles or bits of steel wool. '

5. Apply solder flux to both surfaces. You
can use a special flux brash or your finger.
The flux prevents the clean copper surfaces
from oxidizing when heated.

6. Slide the fitting all the way onto the
pipe, and rotate it to distribute the flux.

7. Heat both pipe and fitting with the torch.
Both should be heated to the same tempera-
ture, so expose each proportional to its mass.
Do not overheat them. The joint is hot enough
when the solder melts upon contact.

8. Apply solder until it appears all around
the joint. A length of solder equal to the diam-
eter of the pipe is enough. If the fitting isa
valve, remove the stem to protect the washer.

9. Don't move the joint for at least 30 seconds.

10. If the joint leaks, drain all of the water
from the line (solder melts at over 400°F and
will never get beyond 212°F until all water is
removed). Heat the joint, pull it apart, and
remove excess solder by striking the pipe
against a hard object. Repeat steps
5 through 9.
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WATER TREATMENT

Water from both municipal systems and home
wells is increasingly polluted with herbicides,
pesticides, fertilizers, and organic solvents.
This is in addition to the "natural” pollutants:
iron, manganese, calcium, magnesium, hydro-
gen sulfide, radon, asbestos, ‘suspended solids,
and decayed organic matter.

The table below shows the available treat-
ments for each contaminant. Many treatments
reduce more than one contaminant, although
with varying effectiveness.

When more than one treatment is employed,

the order of treatment becomes important.
Sediment should always be removed first,
since it may clog or otherwise impair the ef-
fectiveness of other systems. Also, chlorina-
tion (to kill bacteria) should always be fol-
lowed by a "taste and odor" activated-carbon
filter if the water is for consumption.

Several companies specializing in water
treatment equipment offer free testing and
consultation (Sears is one). Given the com-
plexity of treating multiple contaminants, it is
advisable to use these services.

WATER TREATMENTS

Problem and/or Sediment
Symptoms Chlorine  Fiiter

Limestone
Neutralizer

Chemical
Distiller Filter

Carbon Reverse
Filter Osmosis

Water
Softener

Bacteria: disease .

Hard water: deposits,
little lather

Acid water: corroded
pipes, green stain .

Cloudy water - .

Red water: red stains,
metallic taste -

Red slime: slime in
toilet tank .

Brown water: stains

Water with rotten egg
smell .

Metals: copper, lead,
mercury, sodium, zinc

Pesticides

Organics: TCE {trichio-:
roethylene), THM
(trihalomethane) ,

Sources: 'Planning for an Individual Water System;-3d ed (Athens, Ga: American Association for Vocational Instructional

Materials, 1973) and Sears Catalog (Chicago: Sears, 1987).
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Wiring

As with most things in life, wiring is scary only if you don't
understand it. That is why this chapter begins with simple cir-
cuit theory, comparing the electricity in a wire to water in a
hose. The theory is simple, but it explains the functions of all
of the elements in a typical residential system: hot wires,
grounded wires, grounding wires (they are different), switches,
receptacles, circuit breakers, and the service entrance.

“Residential Loads” shows you what circuits the National
Electrical Code requires, the voltage and amperage of each, and
how to determine the size of the service entrance your home
needs.

“Materials for Wiring” explains the color code for wire insu-
lation, the current-carrying capacity of each wire and cable size,
and the number of wires electrical boxes are allowed to contain.

The code is very particular about how electricity gets from
the utility pole to your service entrance box. “Service Drops
and Entrances” illustrates the six possible methods, from tem-
porary service during construction to underground service.

“Running Cable” and “Running Conduit” illustrate the
code requirements for the two common ways of getting elec-
tricity around the building.

Last, whether you are adding circuits or troubleshooting a
defective circuit, you should find the illustrations in “Wiring
Switches, Receptacles, and Lights” a clear guide to which wire
goes where.

255
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CIRCUIT THEORY
Volts, Amps, and Ohms The first relationship, the power formula,

A useful analogy can be made between the
flow of water and the flow of electric current.
In the illustration below, the pump creates wa-
ter pressure in the pipe; the faucet turns the
flow on and off; the energy in the falling water
is converted to work in the paddle wheel; and
the spent (with zero energy) water flows back
to the pump intake. Similarly, in an electric cir-
cuit, the generator creates an electrical pressure
(measured in volts); the switch turns the flow
of electrons or current (measured in amps) on
and off; the current flowing through the motor
is converted to work; and the spent (zero ener-
gy) current flows back to the generator.

All of the useful theory in residential wiring
can be summed up in two relationships:

Watts = volts X amps (power formula)

allows us to convert wattage ratings, found on
electric devices such as lights and appliances,
to amps. We need amps because this is the
way wires and circuits are rated.

The second relationship, Ohm’s law, allows
us to understand why lights and appliances
may draw different amperage even though
connected to the same voltage.

Amps = Yolts (Ohm's law)
ohms
A Water Analogy
Flow ﬂé] Amps (current)
{current) 1
Faucet L i
Switch
Pump (control) (control) @ >
(pressure)

Device

Generator
/\/ volts
(pressure)
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Circuits

With only a slight extension in complexity, we
can increase the utility of a circuit (illustration
below). The light bulb shows that we can

switch on and off any sort of an electrical de-
vice. The plug and receptacle show that we
can extend the circuit with power cords.

= W r
Switch Recept
Generator acle P Plug
N S
~, N
==

Light S

L J L

Circuit Breakers

The illustration below shoys how we can con- power, and smaller individual breakers, each

nect a number of circuits to the set of wires en-
tering a building. The service entrance box (also
known as the circuit breaker box) contains a
imain circuit breaker for disconnecting all the

Service entrance box

connected to a separate household circuit. A
grounding bus bar (heavy copper bar with
screws) and two breaker bus bars make connec-
tions simple.

7

Branch circuit

Switch

Recep-

tacle Plug

o P %:
Light

Main
¢ breaker
b/ﬂ//‘ °
g @ 2 //‘. f
a x
©
HO R s
ol N
(O]
/‘ Hot wire
1 o
d L]
Grounded wire
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Grounding
Notice that the return wire at the bottom is la-
belled grounded wire. There must be a differ-
ence in voltage between the upper and lower
wires for current to flow. Rather than have
both wires float at an arbitrary voltage (such
as 1,000 volts!), the power company connects
the grounded wire to the earth, or ground.
That way, in a 110-volt circuit, the worst
shock you can receive is 110 volts, even if
you are standing barefoot on the ground.
Don't try it: It can still kill you. But at least
there is one wire we can safely touch (the
grounded wire) in every circuit.

The illustration below shows a further safe-
ty refinement. All receptacles, and most plugs,
have three prongs. The third prong is connect-

grounding wire increases safety by connecting
the outside of any metal electrical box, tool,
or appliance directly to ground. Provided the
grounding wire is intact, there is no way we
can receive a shock by touching the electrical
box, tool housing, or appliance cabinet.

A final safety refinement is the recent code
requirement for a special circuit breaker,
called a ground fault interrupter (GFI), in any
circuit serving the bathroom, kitchen, garage,
swimming pool, or other outdoor location.
This circuit breaker trips, not only when the
hot wire carries too much current (is overload-
ed), but when the current in the hot wire dif-
fers from the return current in the grounded
wire. A current difference means that some
current is leaking, possibly returning to

ed to a third wire, the grounding wire. The ground through your body.
Service entrance box
Main
. @ breaker /‘
1
® b 1 ® Branch circuit
5 | |4 ,
; ® § 1 ® Switch Recep
] s| |4 i Plug
e ® _g 14 e S s tacle S
° =
g ) ® a” — = — — g Device
(95 ® 5 | (= Q
/T L4 ||Hotlack) | | T
| re |
— | _ Z—_ _ _ || Grounding (bare)_
Grounded (white)
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RESIDENTIAL LOADS

Required Circuits _

The National Electrical Code requires four
types of circuits in a residence: general light-
ing, small appliance, individual appliance, and
ground fault circuit interrupt.

General Lighting—The name lighting cir-
cuit is misleading. The code means lighting
plus wall receptacles into which lights, radios,
vacuum cleaners, and so forth are plugged.
The code requires 3 watts per square foot of
living space (equivalent to one 15-amp circuit
per 600 square feet or one 20-amp circuit per
800 square feet) but does not specify the num-
ber of receptacles which may be connected to
each circuit. The rule of thumb is 12 outlets
(receptacle pairs) for 15-amp circuits, 16 out-
lets for 20-amp circuits. While appliances are
allowed, the sum of the appliance ratings must
not exceed 50 percent of the circuit rating.

The code goes on to require a light con-
trolled by a permanent wall switch in all habit-
able rooms, hallways, stairways, and attached
garages. Such lights may be plugged into
switched wall receptacles, but lights in kitch-
ens and baths and at entrance doors must be
permanently wired.

Small Appliance—Two separate 20-amp,
120-volt circuits are required for small appli-
ances such as toasters, blenders, and coffee-
pots. Both circuits must be present in the
kitchen, and one or more in the pantry and
dining and family rooms. These circuits may
not be used for lighting but may serve the re-
frigerator and freezer.

Individual Appliance—Some appliances
and devices draw enough current to warrant
individual circuits. The usual voltages and

_currents of these circuits follow:

Appliance Voits Amps
Clothes dryer 120/240 30
Clothes washer 120 20
Dishwasher 120 20
Garbage disposal 240 20
Kitchen range 120/240 50
Oil burner 120 20
Water heater : 240 30
Water pump 240 20

Check with your appliance dealer for elec-
trical ratings. For example, a dishwasher may
contain a booster water heater, requiring a
higher rating.
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Computmg Buildmg Loads 2. List and total other loads: baseboard or
The code specifies a method for computing - radiant heating, general lighting at 3 watts per
the building load, which then determines the square foot, small appliance circuits at 1,500
reqmred capacxty of the service entrance: = watts, the laundry circuit at 1,500 watts, and
other major appliances.

: 1 Compute the heatmg, ventzlatmg, and 3. Compute the fotal derated load: 10,000
air-conditioning (HVAC) load, the larger of watts, plus 40 percent of (other loads -
65 percent of central electric heating (not in- 10,000), plus the HVAC load.
cluding baseboard) or 100 percent of air- + 4. Service entrance amperage =

condmonmg (AC). - total derated load + 240 volts.

 EXAMPLE BUILDING-LOAD CALCULATION

Load : : ; | ~Calculation  watts
HVAC Load 65% of central electric heat {none) 0.65x.0 .0
100% of 35,000 Btu/hrAC (5,000 watts) 1.00 x'5,000 5,000
Other Loads Electric baseboard, 70 in ft 70 ft x 250 watts/ft 17,500
: General lighting for 2,000 sq f 2,000sqftx 3watts/sqft 6,000
* ‘Small appliances; 2 circuits 2% 1,500 watts 3,000
Laundry circuit ) 1 x1 ,500 waltts | 1;500
~ Clothes dryer _ e S o 5800
W’aiér*heatér : = e 4,500
Range/oven ) ' , 12,000
- 50,300
\_\ S
Derated Load 10,000 watts | 10,000
0.40 x (total other loads - 10, 000 watts) , k 0.40 x 40;300 / / 16,120
HVACload o S 5000

31,120
Service amps = total derated load + 240 volts R
: =31, 120+ 240 .
g 130 amps (1 50-amp servnoe entrance)
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TYPICAL APPLIANCE WATTAGES

Appliance Watts Appliance Watts
Air conditioner Room, 7,000 Btu/hr ) 800 Humidifier Portable 80

Central, 35,000 Btu/hr 5,000 Iron 1,100
Blanket 200 Lightbulb ' rated
Blender 375 Microwave Small 1,200
Clothes dryer  Electric 5,800 Large 1,800

Gas 500 Mixer 200
Clothes washer 600 Motor, running  1/4 hp 600
Coffee maker 1,000 1/3 hp 660
Computer Personal 60 ‘ 1/2hp 840
Copy machine 1,500 3/4 hp 1,140
Dehumidifier 25 pints/day 575 1hp 1,320
Dishwasher ‘ 1,000 1-1/2hp 1,820
Disposal 400 2hp 2,400
Electric heat Baseboard/foot 250 3hp 3,360
Fan Attic 500 Projector 360

Bath 100 Range 12,000

Kitchen 250 Refrigerator Frost-free 350

Ceiling 50 Regular 300

Window, 20-inch 275 Sewing machine 90
Freezer 500 Stereo 40 watts/channel 225
Fryer, deep fat 1,500 Sunlamp 275
Frying pan 1,200 TV, color 9-inch 30
Furnace Blower 1,000 21-inch 120

Qil burner ' 300 Toaster/oven 1,200
Hair curler 1,200 ~ Vacuum cleaner 650
Hair dryer 1,200 Waffle iron Single ‘ 600
Heat lamp 250 Double 1,200
Heater Portable radiant 1,500 Water heater 4,500
Heating pad 75 Water pump Shallow 660
Hot plate Per burner 800 Deep 1,320

Source: Home Wind Power (Washington, DC: United States Department of Energy, 1981).
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terminal on a receptacle or switch

red second hot wire when there are two,~ ,

as in a 240-volt circuit
white —
screw on receptacle -

bare or green — groundmg wire; connects

~.to green screw

grounded wire; connects to sﬂvcr

o wlre\"and Cable Types : e
Al wire insulation must be labeled, 1dent1fy
mg the type of msulaﬁon'

o H ]‘for heat—re31stant j
R for rubber

:blﬂf—‘k hOt, connects to the darkest screwV T for therm0pla'stict -

‘W for water-resistant

Cables"(two or moré wires sheathed iﬂdsixiglc
protective jacket) are similarly labeled:

AC for armored (metal) cable
C for corrosion-resistant
F  forfeeder

For convemence, the code allows white wires ~~ NM  for nonmetallic

to be used as hot leads, provided the visible
‘,pomon of the wire is pamted or taped black.

U forunderground
. SE for service entrance cable

WIRE (SINGLE-LEAD) LABELS

WIreType ,  Label

"pr@e‘réhdcottonbraid’ o RH

0! 510 140°F (sa°0)

e Gener pumose to 140°F (60"0) and water resistant

General | purpase 1o 167°F. (75"0) and water resistant -
al pt rpose mdoorto 140°F (60"0)

Generai purpose mdoor to 140°F (60°C) and water res:stant
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CABLE (MULTIPLE-LEAD) LABELS

Cable Type Label Specifications

Armored sheathing over piastic-insulated wire ACT General purpose

Armored sheathing over rubber-insulated wire ACU General purpose

Plastic or cotton-braid sheathing NM General purpose, dry-only to 140°F (60°C)
Plastic or neoprene sheathing NMC Wet or dry to 140°F (60°C); OK in barns
Plastic sheathing over neoprene-insulated wire SE Aboveground service entrance

Rubber and neoprene sheathing USE Underground service entrance
Thermoplastic sheathing UF . Underground feeder and branch circuits
Ampacity of Wire code specifies the current-carrying capacity

Because all wire has electrical resistance, the
flow of electrons (current) generates heat and
raises the temperature of the conductor. The

(ampacity) of each wire depending on its size,
insulation type, and temperature rating, as
shown in the table below.

AMPACITY OF COPPER WIRE IN CABLE AND CONDUIT

Maximum Current / Voltage Drop per 100 Feet
Wire Diameter Resistance Types T
Size inches ohms/100 feet and TW Type THW Type SE
° 14 0.064 0.248 15A/37V 15A/3.7V
[ ] 12 0.081 0.156 20A/31V 20A/31V
o 10 0.102 0.098 30A/29V 30A/29V
L) 8 0.128 0.062 40A/25V 45A/28V
® 6 0.184 0.039 55A/2.1V 65A/25V
' . 4 0.232 0.024 70A/1.7V 85A/20V 100A/24V
. 2 0.292 0.015. 95A/14V 115A/1.7V 125A/19V
‘ 1 0.332 0.012 130A/16V 150A/1.8V
. 2/0 0.419 0.008 175A/14V 200A/186V

Note: A = ampacity; V = voltage drop.
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Box Capacity
All wire connections, whether to switches, re-

ceptacles, and light fixtures or as junctions be-

tween branch circuits, must be made within a
code-approved box having an approved cover
plate. The code specifies the number of con-
ductors allowed on the basis of box volume.

By conductor, the code means anything that
occupies an equivalent volume. To arrive at
the number of conductors, add

 each wire ending in the box

e each wire running unbroken through the
BoR: AL s i e
e each device, such as a switch or receptacle
e each cable clamp or fixture stud ‘
e all grounding wires lumped as one

Box volume is usually ‘st'a‘mped on the box.
I not, compute the volume from the inside di-

‘mensions using the formulae in chapter 21. To

arrive at the number of conductors allowed,
divide the volume by the factors below:

2.0() cubic inches

#14 wire

#12 wire 2.25 cubic inches

#10 wire 2.50 cubic inches
#8 wire 3.00 cubic inches
#6 wire 5.00 cubic inches

The table below lists the results for the most
common boxes. Extender rings and raised
cover plates that increase volume are availa-
ble for some box styles. ‘

CONDUCTORS ALLOWED PER BOX

- Outside Dimension , Wire Size
Box 'Shape .inches #6 #8 #10 o #2 4
Square 4x1-1/4 6 7 8 9
4x1-1/2 4 7 8 9 10
4x2-1/8 -6 10 12 13- 15
41116 x 1-1/4 5 8 10 11 12
41116 X 1-1/2 5 9 1 13 14
Round & octagonal 4x1-1/4 4 5 5 6
4x1-1/2 5 6 6 7
; . 4x2-8 4 7 8 9 10
Rectangular C 2x3x2-1/4 3 4 4 5
2x3x2-1/2 4 5 5
2x3x2-3/4 4 5 B
2x3x3-1/2 3 6 7 8
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0 9)
| o
0 0

Common Electrical Boxes

Round pancake Octagon box Metal handy box
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SERVICE DROPS AND ENTRANCES

The service drop is the portion of wiring from
-the electric utility company's secondary distri-
bution system (generally overhead wires on
poles) to the first point of attachment on the
building.

The service entrance conductors are the
wires extending from the point of attachment
of the service drop to the building's service
entrance equipment (service entrance box).

The information presented here is based on
the National Electrical Code. All local utilities
adhere to the code, but some have even strict-
er requirements. So check with your local
utility before installing a service drop or
entrance.

The type of service installed depends on ca-
pacity (maximum amps), height of the build-
ing, type of exterior building surface (mason-
ry, metal siding, wood, and so forth), and
whether the owner or zoning calls for under-
ground service.

The illustrations on the following pages
show the specifications for various types of
service:

Temporary service is used while a build-
ing is under construction. It generally ceases
as soon as the building's service entrance
equipment has been installed and inspected.

Cable service is commonly used on
wood-sided buildings when the building
height is sufficient to provide the required
clearance above the ground.

Conduit service is used for capacities
over 200 amps and for buildings with metal,
stucco, or masonry siding. The conduit

may be made of steel, aluminum, or PVC
plastic.

Rigid steel masts are used when the build-
ing is too low to provide adequate clearance
for the service drop. Neither aluminum nor
PVC conduit may be substituted for rigid steel
in masts.

Mobile-home service is used when the
building (in most cases a mobile home) is
temporary, subject to excessive movement, or
structurally inadequate to support a rigid steel
mast.

Underground service is provided at the
owner's discretion (and added cost some-
times) or to comply with local zoning.

Minimum required clearances for all types
of service drops are

¢ 10 feet above ground

¢ 10 feet above sidewalks

¢ 15 feet above residential driveways
e 18 feet above public ways (streets)
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Temporary Service, 100 Amps Maximum

Service drop, J-hook, and meter
supplied by utility company;

all other materials property

of service customer

Bottom of drip loop
must be at least 10’

above ground T 3

Dimensions of pole 6" x 6" or 5" min;
burial depth of pole 4' min

Suitable building may
be substituted for pole

Rear brace in line with service drop

Wood braces 2" x 4" min;
stakes 2" x 3" x 3' deep

4' min
5' max

\

g

Service head

SE cable

Meter socket
and meter

Rain-tight service
disconnect device
with lock

Ground conductor
and 8' ground rod
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Cable Service, 200 Amps Maximum Conduit Sérvice, 400 Amps Maximum

L

Conduit

Meter

4" min
5 'max

k 4; min
5" max
"LB" condulet

Service
entrance box

Service
entrance box

Grade —
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Rigid Steel Mast for Low Building

.,
W RSN ‘—
-~ g~ W /]e-

2" or 2-1/2" rigid steel ———»
conduit must be guyed if
more than 30" above roof;
if overhanging roof by less
than 4', vertical clearance
may be 18"; if greater,
consult electrical code

Clamps to studs or
blocking, not more
than 30" apart —————————

4' min
5' max

Meter Ill :
Service m
entrance box

Grade ™

Mobile-Home Service on Pole

Pole diameter
6" min at top;
8" at ground

SE cable
or conduit ——————»

Clips at 24" max —»-gd

4' min
5' max

Meter

Service
disconnect

Supply

cord ——————>

Grade
—
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Underground Service, 400 Amps Maximum

e Insulated grounding

bushing Underground
‘- (wide) meter
Two-tiole U-clips at soc;ket

top, bottom, and

under each coupling Insulated

' - grounded
bushing

— 4 'min .
5" max

«———— Rigid-or inter-
mediate conduit Steel rigid
' conduit

Steel conduit within
18" of grade

Insulated
bushing

Service

ce or 36" min 24" min
~'secondary within 6’
cable of pole or L

__building
6" soil with

no rocks over

and under

cable
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Underground Cable
— <+ 12"
PRIMARY CABLE (OVER 240 VOLTS) AR
s s
12" Plastic marker tape
Clean backfill containing
" " no rocks larger than
36" 30 5" in diameter
— Soil with no rocks
"
1
Secondary cable
Ny % Primary cable
SECONDARY CABLE (UP TO 240 VOLTS) - f o
/7
120 | g Plastic marker tape
Clean backfill containing
" " no rocks larger than
30" 24 5" in diameter
l & Soil with no rocks
L
Secondary cable
12"
JOINT ELECTRIC AND TELEPHONE T 7/—/ .
" 4 - ‘
12" Plastic marker tape
e
/! Clean backfill containing
36" 30" no rocks larger than
5" in diameter
— in = Soil with no rocks
6" ’ / Telephone cable
ry
Secondary cable
i A Primary cable
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RUNNING CABLE

‘With modern NM cable and plastic boxes,

running cable is a simple process. The illustra-
tion below shows the code guidelines. Note
the specification that cable must be at least
1-1/2 inches back from framing faces or be
protected by 18-gauge steel plates.

Bend radius
greater than 5x
cable diameter
Staple cable
every 4' 6" min
Staple within
8" of box with
no connector
Nonmetallic
box >
Staple within
12" of box
with-connector
Metal box
Holes over
1-1/2"from

|'stud face

-48"

lo

-

18 ga steel
overcable if
within 1-1/2°
of stud face
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RUNNING CONDUIT

Some codes require the use of rigid conduit
throughout a building; others require conduit
only for certain applications, such as wiring
on masonry walls.

The three grades (thicknesses) of rigid met-
al conduit are

EMT - thin-wall metal conduit
IMC - intermediate metal conduit
RMC - rigid metal conduit

EMT is the easiest to use and the most com-
mon but may not be acceptable by local code.
All conduit comes in straight 10-foot lengths
and must be connected using only fittings ap-
propriate to the application. Fittings (see illus-
tration) are designed for either dry inside lo-
cations or wet outside locations. Outside
fittings may be used either inside or outside.

Rules for Running Conduit

e Conduit is always installed, or run, be-
fore the wire it will contain. Wires are pulled
through the conduit a section at a time, using
a special, stiff pulling wire.

o A box or special pulling fitting must be
provided for every 360° of accumulated bend
in the conduit.

o Metal conduit is grounded, so no separate
grounding wire is required; a white grounded-
neutral wire is required, however.

¢ The size of the conduit is dictated by the
number and type of wires it contains (see the
tables at right).

Bending Conduit

Always use a conduit bender specifically de-

signed for the size conduit being installed.
The illustration at the bottom of the following

page shows the operation of bending conduit:

1. Measure the desired finished distance of
the bend. This is usually the distance to a wall.

2. For 1/2-inch conduit, add 2-1/4 inches to the
finished distance and mark the conduit. For other
sizes see the marking on the conduit bender.

3. Line up the mark with the arrow on the
bender, and pull back until the conduit makes
a 90° angle with no pull on the bender handle.

CONDUIT WIRE CAPACITY
Type THW Wire
Conduit Wire Size
Size, in 14 12 10 8 6 4 2
1/2 6 6 5 2
3/4 6 6 4 2
1 6 5 4 3 2
1-1/4 6 6 5 4
1-1/2 6 6 5
2 6 6
Type TW Wire
Conduit Wire Size

Size, in 14 12 10 8 6 4 2
1/2 6 4 4

3/4 6 6 3 2
6 5 4 3 2
1-1/4 6 6 5 4
1-1/72 6 6 5
2 6 6
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Bending Conduit

\ Corner-pulling elbow

- Side condulet \\

Back condulet

Break-apart elbow

BENDING CONDUIT MAKING A KICK-BEND (OFFSET)

Length required

‘ '_7 Length + 2-1/4"
(for 1/2" EMT)

L— -Finished length ———nl
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Conduit Fittings

INSIDE (DRY) USE ONLY

. e =
Coupling Set-screw connector Oftset connector

- [

Uy

90° bushed elbow LB condulet Pulling elbow

OUTSIDE (WET) USE

el

Coupling Connector Oftset connector

90°-connector L.B conduiet LL or LR condulet
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WIRING SWITCHES, RECEPTACLES, AND LIGHTS

What to Do with the Grounding Wire

’ Groun’dirig ‘
wire

G

Q -
T \&

PLASTIC BOX, MIDCIRCUIT

Bl
ZJo

3¢

g1

=l | U Dum

PLASTIC BOX, MIDCIRCUIT

0=0

3

. B¢

METAL BOX, END OF CIRCUIT METAL BOX, MIDCIRCUIT
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Receptacles
\_*_/
¥iaY
\ *

RECEPTACLES AT END OF CIRCUIT

r

SWITCH-CONTROLLED RECEPTACLE

.«—— Break connection

=1

SPLIT-CIRCUIT RECEPTACLE
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LIGHT AT END OF CIRCUIT
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Lights on Three-Way and Four-Way Switches

LIGHT BEYOND THREE-WAY SWITCHES

(continued)
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Lights on Three-Way and Four-Way Switches — Continued

THREE-WAY SWITCHES BEYOND LIGHT

FOUR-WAY SWITCHES
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Insulation

Sealing your house against both winter heat loss and summer
heat gain requires the creation of what building scientists term
the thermal envelope. Just as a knowledge of wood or fiber-
glass is required in order to construct a watertight boat, so an
understanding of R-values is required to construct an energy-
efficient home.

Walls, floors, and ceilings consist of building materials, air
spaces, and insulations. So you'll find tables of R-values of
building materials, R-values of surfaces and trapped air
spaces, and R-values of insulation materials.

R-value, however, is not the only important quality of an in-
sulation. Some insulations can be used only in walls and attics;
some can be used under roofing shingles; some can be buried
between the foundation wall and the earth. A table of the
characteristics of insulation materials will help you select the
right one for every application. Another section will quantify
the advantages of compressing fiberglass insulation.

You'll learn how to calculate the actual R-value of a con-
struction. But to save you some calculation, this chapter in-
cludes an extensive illustrated table of the R-values of walls,
roofs, and floors.

Of course, insulation is not the only component of a tight
house. You will learn about the recent discoveries regarding
air/vapor barriers: why and where they are needed and how
they work.

A heat leak hit list guides you through your home, looking
for 39 air leaks you probably never knew existed. But telling
you where to look is not enough. You will find 42 clear illus-
trations of how to apply and install caulks and weather strips,
plus tables detailing which type to use in every situation.

281
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THE THERMAL ENVELOPE

The thermal envelope is the set of building
surfaces separating the conditioned (heated
and cooled) volume of a building from the out-
doors and ground. It includes floors, above
grade walls, foundation walls, ceilings (or
roofs), windows, and doors.

To be effective, the thermal envelope must
meet these conditions:

¢ All surfaces of the envelope must be insu-

lated to an appropriate R-value (measure of
thermal resistance) for the climate.

Thermal Envelope

¢ The entire envelope must be sealed on
the warm side by an effective air/vapor barrier.

¢ Doors and windows must be weather-
stripped against infiltration.

This chapter describes constructing thermal
envelopes in a heating climate. Cooling-
climate techniques are the same, with the ex-
ception that air/vapor barriers should be on
the outside rather than the inside of building

- surfaces.

Insulation

¢ Continuous air/vapor
barrier on warm side

Insulation or
high-R glass

o

—— Insulation may be
placed inside or
outside foundation
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UNDERSTANDING R-VALUES

The Conduction Equation HEAT CONDUCTION
Heat flow (either loss or gain) through a

building surface is described by the conduc-

tion equation (see the illustration at right)

«— AT —>

H=AXAT/R
where: H = British thermal units
(Btu) per hour through

the surface AN H ‘>
A = area of surface in square feet

AT = difference in temperature in F°
R = R-value of the surface

Adding R-values

Most building surfaces consist of numerous
parts, each with differing thickness and R-
value. The illustration below shows how R-
values add up through the construction. Com-
ponent R-values are from the tables and charts
later in this chapter.

ADDING THE R-VALUES OF A WALL

Outside surface 0.25

Clapboard siding, 1/2" 0.63
(softwood boards) '
——

- Plywood sheathing, 1/2" 0.63

<«———— R-19 fiberglass batt 18.00
«——— Gypsum drywall, 1/2" 0.45
< Inside surface 0.68

Total through wall section = 20.64
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R-VALUES OF BUILDING MATERIALS

R-Value R-Value R-Value R-Value
Building Material per Inch for Unit Building Material per inch for Unit
Boards and Panels Masonry
Gypsum drywall 0.90 Cement mortar 0.20
Hardboard Gypsum fiber concrete 0.60
Medium density 1.37 Sand and gravel or stone
High-density underlay 1.22 aggregate 0.09
High-density tempered 1.00 Lightweight aggregate
Laminated paperboard 2.00 120 ib/cu ft 0.18-0.09
Particieboard 80 Ib/cu ft 0.40-0.29
Low density ) 1.41 40 Ib/cu ft 1.08-0.90
Medium density 1.06 20 Ib/cu ft 1.43
High density 0.85 Perlite, expanded 1.08
Underlayment 1.31 Stucco » 0.20
Plywood, fir 1.25 Masonry Units
Vegetable fiber sheathing 264 Brick
Wood 90 Ib/cu ft 0.20
Hardwood 0.90 120 ib/eu ft 0.11 ‘
Softwood 1.25 Clay tile, hollow
Flooring : One-cell, 3" 0.80
Carpet with fibrous pad 2.08 One-cell, 4" 1.1
Carpet with rubber pad 1.23 Two-cell, 6" 1.52
Cork tile, 1/8" 0.28 Two-cell, 8" 1.85
Terrazzo 0.08 Two-cell, 10° 2.22
Tile - linoleum, vinyl, 1/8" 0.05 Three-cell, 12" 2.50
Wood
Hardwood 0.90

Softwood 1.25
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. R-Value R-Value R-value R-value
Building Material perinch  for Unit Building Material perinch  for Unit
Concrete block, normal weight 7 Sand aggregate 0.18
8" empty cores 1.11-0.97 Vermiculite aggregate 0.59
8" perlite cores 20 Roofing
8" vermiculite cores 1.92-1.37 Asbestos-cement shingle 0.21
12" empty cores 1.23 Asphalt roll (90 Ib) 0.15
Concrete block, medium weight ' Asphalt shingle 0.44
8" empty cores 1.71-1.28 Built-up asphalt, 3/8" 0.33
8" perlite cores 3.7-2.3 Slate, 1/2" 0.05
8" vermiculite cores 3.3 Wood shingles (nort‘furred) 0.94
8" expanded polystyrene beads 3.2 Siding
Concrete block, lightweight Shingles
6" empty cores 1.93-1.65 Asbestos-cement 0.21
6" perlite cores 4.2 Wood, 16" (7" exposure) 0.87
6" vermiculite cores 3.0 Wood
8" empty cores 3.2-1.90 Drop 1" x 8" 0.79
8" perlite cores 6.8-4.4 Bevel 1/2" x 8" 0.81
8" vermiculite cores 5.3-3.9 Bevel 3/4" x 10" 1.05
8" expanded polystyrene beads 4.8 Aluminum or steel
12" empty cores 2.6-2.3 Hollow 0.61
12" perlite cores 9.2-6.3 With 3/8" backer 1.82
12" vermiculite cores 5.8 With 3/8" backer and foil 2.96
Stone 0.08 Source: 1989 Fundamentals Handbook (Atianta: Ameri-
can Society of Heating, Refrigerating, and Air-conditioning
Metals Negligibie Engineers, 1989).
Plasters Note: Cell means core of hollow masonry unit.
Cement, sand aggregate 0.20
Gypsum‘
Lightweight aggregate 0.64
Perlite aggregate. 0.67
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R-VALUES OF SURFACES AND TRAPPED AIR SPACES

R-VALUES OF SURFACES

Type of Surface
Surface Heat Flow Nonreflective Foil-Faced
Still Air
Horizontal Upward 0.61 1.32
45° slope Upward 0.62 1.37
Vertical Horizontal 0.68 1.70
45° slope Down 0.76 2.22
Horizontal Down 0.92 455
Moving Air, Any Position
7.5 mph wind Any 0.25 -
15 mph wind Any 0.17 .-

Source: Handbook of Fundamentals (Atlanta: American Society of Heating, Refrigerating, and Air-conditioning
Engineers, 1977).

R-VALUES OF TRAPPED AIR SPACES

Type of Surface
Orientation Thickness, inches Heat Flow Season Nonreflective One Foli-Faced
Horizontal 3/4 Upward Winter 0.87 2.23
3/4 Downward Winter 1.02 3.55
4 Upward Winter - 0.94 2.73
4 Downward Winter 1.23 8.94
45° slope 3/4 Upward Winter 0.94 2.78
3/4 Downward Summer 0.84 3.24
4 Upward Winter 0.96 3.00
4 Downward Summer 0.90 4.36
Vertical 3/4 Outward Winter 1.01 348
3/4 Inward Summer 0.84 3.28
4 Outward Winter 1.01 3.45
4 inward Summer 0.91 “3.44
Source: Handbook of Fundamentals (Atianta: American Society of Heating, Refrigerating, and Air-conditioning . . ..
- Engineers, 1977). e R
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R-VALUES OF INSULATION MATERIALS

R-Value  R-Value R-Value R-Value
Insulation Material perinch  for Unit insulation Material perinch for Unit
Blankets and Batts Expanded rubber 4.5 Ib/cu ft 4.6
Fiberglass Fiberglass 4 - 9 Ib/cu ft 40-4.4
3-1/2" 11 Perlite 26
3-5/8° 13 Phenolic 8.0
6-1/2" 19 Urethane 56-6.3
7" 22 Isocyanurate 5.6-6.3
g ' 30 Sprayed or Foamed Fill
13" 38 Cellulose 3.0-4.0
Rock wool Urethane 56-6.2
3-1/2" 11 Source: Handbook of Fundamentals (Atianta: American

Society of Heating, Refrigerating, and Air-conditioning En-

3-5/8" 13 gineers, 1977).
6-1/2" 19
7 22
Loose Fill
Cellulose 28-37
Fiberglass 0.7 Ib/cu ft 22
Fiberglass 2.0 Ib/cu ft 4.0
Perlite 2.8
Rock wool 3.1
Sawdust or shavings 2.2
Vermiculite 2.2
Wood fiber 33
Rigid Board

Molded polystyrene 0.9 Ib/cu #t 3.6
Molded polystyrene 1.6 ib/cu ft 44
Extruded polystyrene 1.9 Ib/cuft 5.0
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CHARACTERISTICS OF INSULATION MATERIALS

Rated Maximum  Use As Resistance to
R/inch Service Vapor Water Moisture Direct
Type of Insulation (range) Temp, °F  Barrier? Absorption Damage Sunlight Fire
Roll, Batt, or Blanket .
Fiberglass 3.0-38 180 unfaced: P G E E G
Rock wool 3.0-38 >500 unfaced: P G E E
Loose Fill
Fiberglass 22-40 180 P G E E G
Rock wool 2.8-37 >500 P G E E E
Cellulose 28-37 180 P P P G F
Perlite | 25-4.0 200 P F G E G
Treated perlite 34 200 P G G E G
Rigid Board
Expanded
polystyrene 36-44 165 P P G P P
Extruded
polystyrene 5.0 165 G E E P P
Phenolic 65-83 300 G G E E P
Urethane,
isocyanurate 56-6.3 200 G G E P
Fiberglass board 38-48 180 F G E E G
Sprayed in Place
Cellulose 3.0-40 180 G P F G F
Foamed in Place
Urethane 5.6-6.8 165 E E E P P

Note: E = excellent; G = good; F = fair; P = poor.
Source: Rodale Product Testing Report - Insulation Materials (Emmaus, Pa: Rodale Press, 1982).
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COMPRESSING FIBERGLASS

The R-value per inch of fiberglass insulation The chart below shows the actual R-values of
increases with density. Therefore, when a fi- nominal R-11, R-19, R-30, and R-38 batts when
berglass batt is compressed into a smaller cav-  squeezed into various wall cavity thicknesses.
ity, the total R-value of the batt decreases, but  For example, an R-19 batt (actually 6-1/4 inches
the R-value per inch increases, making the thick and R-3.04/inch) rates R-18 and R-3.27/
oversize batt a better performer than the batt inch in a 2x6 (5-1/2-inch-thick) wall, and R-13
designated for the space. and R-3.71/inch in a 2x4 (3-1/2-inch-thick) wall.

R-Values of Compressed Batts

R-valuefinch

2.5 3.0
100

Percent of original thickness

60 |l NV SN, U Y AN N

40 . i ' i :
0 5 10 15 20 25 30 35 40
Total R-value of compressed batt
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R-VALUES OF WALLS, ROOFS, AND FLOORS

In the pages that follow, a variety of walls, Wherever foam is shown, an average R-value
roofs, ceilings, and floors are shown, along of 6.0/inch is assumed. Correction factors for
with their computed average R-values. Note other R-values are listed in the table below.

that the average R-values of the assemblies are CORRECTION FACTORS FOR RIGID FOAM
often less than the R-values of the insulations INSULATIONS

alone. This is due to the greater conductivity

: : Correction
of thf: fra}mlng. Ij’or this reason, staggered Type of Foam Rinch Factor/inch
framing is sometimes used. Expanded polystyrons 20 20

The average R-values listed were computed as Extruded ool 5'0 1'0
N . T N ~1.
shown in the example below, using component T p° yelyrene
R-values from the tables and charts in the previ- Urethane/isocyanurate 60 0.0
ous pages. Phenolic 8.0 +2.0
Sample Calculation of Average R-Value
A - B Section  Section
Outdoor surface, A-A B-B
emissivity = 0.90 0.25 0.25
Clapboard siding, 1/2* 0.63 0.63
Plywood sheathing, 1/2" © 0.63 0.63
2x4 stud, 16" oc 4.38
R-19 fiberglass batt 18.00
~—— Gypsum drywall, 1/2" 0.45 0.45
L Indoor surface, emissivity = 0.90  0.68 0.68
= A . Section R-value 7.02 20.64
Section U (1/R) 0.1425 0.0484
Framing area factor 0.20 0.80
U contribution (section 0.0285 0.0387
U x framing area factor)
Total U ' 0.0672
Average R-value (1/U) 14.9

Note: Calculation uses framing area factor of 0.20 for stud sections and 0.80 for between stud sections.
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Frame Walls - Interior Insulation

TG il

2x4 studs / R-11 batt R-11.6 2x6 studs / R-19 batt R-17.2

P o A R R R OB YR Ao b et S R e O e S e e R B B e R
Blown cavity plus 1" foam R-19.9 Double 2x4 studs / R-11 batis R-20.7

e

IR
LN

Blown cavity plus R-11 batt R-22.8 2x4 studs / R-11 batts R-31.7

AODPAAEAADIY

AR
A

Blown cavity plus two R-11 batts ~ R-33.8 Blown cavity plus R-11 & 22 batts  R-44.8

N AALS
ORI

AN AN) A\ AN A AN A AN
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Frame Walls - Exterior Insulation

2x4 studs / R-11 batt R-15.6 2x4 studs / R-11 batt R-17.1
plus 3/4" foam sheathing plus 1" foam sheathing

2x6 studs / R-11 batt R-22.6 2x6 studs / R-11 batt R-25.6
plus 1" foam sheathing plus 1-1/2" foam sheathing

Full 4" cavity blown R-134 Full 4" cavity blown with R-19.4
with cellulose cellulose, plus 1" foam

: ] w
A

Full 4" cavity blown with cellulose  R-34.8 Unfilled wall cavi
plus two R-11-batts

, plus 11" R-34.8
plywood truss-with R-38 batt
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Masonry Walls

(D¢

Brick veneer with 2x4 R-12.1

studs and R-11 batt Brick, 2" foam, 4" block, R-15.3
and strapping

A
8" masonry block with R-12.8 8" masonry block and 2" foam R-14.4
2x4 studs and R-11 batt

< <
PO
N . -
8" solid masonry and 3" foam R-21.4
8" solid masonry with R-12.3

2x4 studs and R-11 batt

8" solid masonry with 4" R-18.9 8" solid masonry with 6" R-26.9
expanded polystyrene . expanded polystyrene
toam and stucco finish foam and stucco finish
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6" cellulose R-16.5
12" cellulose R-35.7
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Roofs and Ceilings
Vented ceiling with R-11 batt R-9.8

Vented ceiling with R-30 batt R-25.4

Y

Vented ceiling with R-11 R-18.8
batt and 1-1/2" foam ,

Cathedral ceiling with 1-1/2" R-25.3
roofers and 3-1/2" foam

Vented ceiling with R-19 batt R-16.5

Vented ceiling with R-11 R-14.3
batt and 3/4" foam

P

Vented ceiling with R-19 R-25.5
batt and 1-1/2" foam

AL

Unvented roof with R-19 R-17.2
batt and 3-1/2" foam

-
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Floors
R-11 batt over craw! R-13.9 R-19 batt over crawl R-20.9
or basement or basement
R-30 batt over craw! R-30.6 Open to air beneath R-21.8
or basement R-11 batt and 1-1/2" foam

Open to air beneath R-28.8
R-19 batt and 1-1/2" foam

3/4" sleepers and adds R-3.7
3/4" foam over slab to R of slab

AP

< <
2x4 sleepers and adds R-10.4
R-11 batt over slab to R of slab

2x4 sleepers and adds R-14.2
3-1/2" foam over slab to R of slab
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AIR/VAPOR BARRIERS

Humidity and Condensation
Unfortunately, stopping infiltration is not as
simple as wrapping a building in plastic. Such
an approach might lead to moisture problems
within the building and its materials. To un-
derstand why, we need to understand the be-
havior of moisture in air.
~ The illustration below (a form of the psychro-
metric chart) describes the behavior of the gase-
ous form of water, water vapor, in ordinary air.

The horizontal scale is air temperature; the verti-
cal scale is humidity, expressed as pounds of
water vapor in a pound of air. The moisture con-
dition of air can always be described by a single
point on the chart. Point A, for example, repre-
sents air at 70°F and a certain moisture content.
One of the properties of a mixture of air and
water vapor is saturation: Like a sponge, air can
hold only a limited amount of water vapor be-
fore becoming saturated. The warmer the air,

Psychrometric Chart

Humidity, pounds of water vapor per pound of air

40 50 60

70 80 920 100

Air temperature, degrees F
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the more water vapor it can hold. This phe-
nomenon is demonstrated by the chart’s up-
permost curve, known as the saturation curve.
Air at any point on the saturation curve con-
tains 100 percent of the possible water vapor
for that temperature. Air anywhere else (such
as at point A) contains a percentage of the sat-
uration amount. This percentage is known as
the relative humidity of the air, Thus, the air at
point A is characterized as having a tempera-
ture of 70°F and relative humidity of 40
percent.

The air at point A is typical of the air in a
building in winter. To illustrate the potentially
damaging behavior of moist air in winter, let
the air at point A flow into a cooler space
such as an unheated attic. No water vapor is
added or removed as the air flows; only the
temperature changes as the air loses heat to its
new surroundings. On the psychrometric
chart, this parcel of air simply moves horizon-
tally to the left until it strikes the saturation
curve (its dew point) at point B. As the air
cools further, it slides down the saturation
curve, forcing water vapor out as liquid (wa-
ter) or solid (ice), which is typically deposited
on the coldest solid surface, the underside of
the roof sheathing.

Sources of Moisture
The air in buildings in winter is often said to
be dry, which means it has low relative humid-
ity. Actually, interior winter air usually con-
tains more water vapor than the outside air.
The table (above right) lists the amounts of
water vapor (in liquid equivalents) evaporated
into building air from typical sources, includ-
ing the activities of a family of four.

Insulation
SOURCES OF WATER VAPOR

Quarts
Source per Day
Construction materials first year 40 -
Standing water in basement i 30
Damp basement or crawl space 25
Greenhouse connected to house 25
Humidifier - large 20
Drying 1 cord of firewood 16
Ciothes dryer vented to inside’ 13
Respiration/perspiration - 4 people 4.7
Clothes washing k 2.1
Unvented gas range 1.3
Cooking without lids 1.0
Houseplants - average number 0.5
Dish washing 0.5
Floor mopping 0.4
Showering/bathing 0.3

Source: Walls, Windows and Roofs for the Canadian Cli-
mate (Ottawa: National Research Council of Canada, 1973).

Moisture Transfer

As shown in the illustration on the following
page, water vapor can move from warm living
spaces to cooler spaces (wall, ceiling, and
floor cavities and attics) in two different ways:

1. convection - the bulk motion of air, of
which water vapor is but a component

2. diffusion - movement of water vapor mole-
cules alone as they spread by random motion
from an area of higher concentration (inside) to
an area of lower concentration (the cavity or
outdoors)
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Permeance of Building Materials
Material placed on the warm side of a build-
ing surface to retard diffusion of water vapor
is called a vapor barrier. Material intended to
retard convection is called an air barrier. Mate-
rial which accomplishes both is termed an air/
vapor barrier. A material qualifies as a vapor
barrier if its permeance is 1.0 perm or less.

Material Permeance, perm

Building Materials

Brick, 4" 0.8-1.1

Concrete, 8" 0.4

Gypsum drywall, 1/2" 38

Plaster (unpainted), 3/4" 15-20

Plywood, interior glue, 1/2° 1.0

Plywood, exterior glue, 1/2 0.4

Softwood, 3/4" 2.9
Buliding Papers (air barriers)

15 Ib asphalt-impregnated felt 5.6

Spun-bonded plastic fiber 25-94
Insuiation

Loose fill, blanket and batt >50

Expanded polystyrene 2.0-58

Extruded polystyrene 1.2
Paint

Qil or alkyd, 3 coats 03-1.0

Latex VB paint, 2 coats 03-0.6
Films

Aluminum foil, 1 mil (0.0017) 0.0

Polyethylene, 4 mil 0.08

Source: Handbook of Fundamentals (Aflanta: American
Society of Heating, Refrigerating and Air-conditioning
Engineers, 1977).

Transport of Water Vapor
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The Airtight Drywall Approach

The time-honored approach to controlling
moisture condensation in building cavities has
been the installation of a vapor barrier on the
warm side. Vapor diffusion theory indicates
that a low-perm barrier such as polyethylene on
the warm side, coupled with an outside surface
of at least five times greater permeability, will
limit diffusion into the cavity and guarantee es-
cape of that moisture to the outside. The meth-
od calls for lapping of barrier joints at framing
and repair of all holes and tears.

This approach is still taught in most building
books and required by most building inspec-
tors, but an increasing number of building sci-
entists believe that vapor diffusion plays but a
minor role in moisture problems. They believe

that the winter buoyancy (stack effect) of warm
inside air is so powerful that air continually in-
vades the building basement and lower walls
and escapes upward and outward through ceil-
ing and upper-wall openings, carrying 10 to
100 times as much moisture as the diffusion
process alone. The air-barrier approach (also
descriptively termed the airtight drywall ap-
proach, or ADA) stops airflow into and out of
the building at the warm surfaces through care-
ful detailing and gasketing at top and bottom of
drywall panels and framing joints. A polyethy-
lene membrane may also be used to block air-
flow, but latex vapor-barrier paint is commonly
employed to retard vapor diffusion. The illus-
tration below shows a typical ADA gasketing
detail at a floor/exterior wall intersection.

ADA Gasketing

Open-cell neoprene or EPDM gaskets

Siding

1-1/2" foam sheathing

2" rigid foam backer

2 coats vapor-barrier
paint over drywall

Cavity insulation
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CAULKS AND WEATHER STRIPS

Airflow in Winter .

New houses are, or should be, built with care-
ful attention to air/vapor barriers - continuous
barriers designed to stop air leakage between
the building interior and building cavities and/
or the outside. ‘

Most houses built prior to 1980, however,
are replete with unintentional cracks and holes.
In fact, all of the seemingly miniscule openings
in the average pre-1980 dwelling add up to an
open area of approximately 2 square feet. Be-
cause of these leaks, infiltration (intrusion of
cold outside air) accounts for between 25 and
50 percent of winter heating bills.

Although infiltration is most noticeable
when cold winter wind pushes air around
doors and windows, the major fraction of
leakage occurs steadily and almost without
notice as warm buoyant inside air finds its
way out of the top of the building, to be
replaced by cold outside air flowing in at
lower levels (illustration at right).

A Heat Leak Hit List
The leaks in our "hot-air balloons" are not ob-
vious until we look for them. The illustration
and accompanying table on the following pag-
es catalog 39 separate air/heat leaks in the
normal residential building shell, along with
their typical leakage areas in square inches.
Whether designing, building new, or weath-
erizing an older home, the illustration and
table serve as a useful heat leak audit, point-
ing to the possible heat leaks and their relative
importance. '

Winter Airflow

STACK EFFECT WITH
NO FLUE ‘e

Sy Neutral
=55 pressure

STACK EFFECT
WITH FLUE




Insulation

1
izstoao

12

22
24,
25

[
E
2 .
Py - WAL o
£ !
L od d
€ e
2 = %
X oW
3 t
o a0 44.. )
pran)
N o
b= o =




Caulks and Weather Strips 303
AIR LEAKAGE IN BUILDINGS
Heat Leak Area, square inches Heat Leak Area, square inches
Celling 23. Attic hatch 6
1. General per 100 sq ft 0.05 Weather-stripped 3
2. Dropped ceiling, per 100 sq ft 24. Air-lock entry (deduct) -4
No piastic vapor barrier 78 25. Storm door (deduct) -3
With plastic vapor barrier 8 Windows (weather-stripped)
3. Chimney framing 12 26. Double-hung 0.8
Sealed 1 27. Horizontal slider 0.6
4. Whole-house fan, closed louvers 8 28. Awning 0.2
Covered with tight box 0.6 29. Casement 0.2
5. Lighting fixtures 30. Fixed 0.2
Recessed 4 Door and Window Frames
Surface 0.3 31. Masonry wall 2
6. Pipe or duct 1 Caulked 0.4
Caulked at ceiling 0.2 32. Wood wall 0.6
Interior Walls Caulked 0.1
7. Pocket door 5 Vents
8. Pipe or duct in wall 2 33. Range, damper open 9
9. Recessed cabinet 0.8 Damper closed 2
10. Electric outlet or switch 0.2 34. Dryer, damper open 4
With cover plate gasket 0.03 Damper closed 1
Exterior Walls 35. Bathroom, damper open 3
11. General per 100 sq ft 0.8 Damper closed 1
12. Sill on masonry 65 Fireplace
Caulked 13 36. Fireplace, damper open 54
13. Band or box sill 65 Avg damper closed 9
Caulked 13 Tight damper 5
14. Floor/wall joint 27 Stove insert 2
Baseboard caulked 7 Heat and Hot Water
15. Duct in wall 9 37. Ducts in unheated space 56
16. Pipe in wall 2 Caulked and taped 28
17. Electric outlet or switch 0.2 38. Furnace
With cover plate gasket 0.05 With retention head burner 12
18. Poly vapor barrier (deduct) =30 With stack damper 12
19. Styrofoam sheathing (deduct) -15 With both of above 9
Doors 39. Gas/oil boiler or water heater 8
20. Attic fold-down 17
Weather-stripped 8 Source: Cataloguing Air Leakage Components in Houses
Iinsulated cover 2 (Princeton, New Jersey: Princeton University Center for
21. Patio sliding 16 Energy and Environmental Studies, 1984).
22. Entrance 8
Weather-stripped 6
Magnetic seal 4
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Caulks and Caulking

With caulks, the old adage "you get what you
pay for" holds true. The table below describes
the characteristics of common caulks.

The best-performing caulks are, unfortu-
nately, either not commonly available at hard-
ware stores or very difficult to apply.

Oil and vinyl latex are such poor perform-
ers that they are not recommended for perma-
nent sealing applications.

For the average homeowner, that leaves acryl-
ic latex, silicon acrylic latex, and silicone.

Silicone is the best for joints with very
large movement. It cannot be painted, how-
ever, and doesn't adhere well to plastics,
pressure-treated wood, or unprimed wood.
Paintable silicones still don't hold paint as
well as the latexes.

Silicon acrylic latex is the best compromise
for the homeowner. It stretches well, holds
paint, adheres to almost anything, and is easy

to apply.

CHARACTERISTICS OF CAULKS

Type of Relative Life Ease of Drying Timeto  Adhe- i':lauxr;\ m\a:;n Problem
Caulk Cost years  Application Skin Cure sion Gap Stretch Notes
Oil Low 1-3 G 1 day Months F 1/4" 1% 6,7
Vinyl latex Low 3-5 E 1/2hour 1 week F 1/4" 2% 6,7,8
Acrylic latex Low 5-10 E 1/2hour 1 week G 4 2% 6,9
Silicon acrylic latex  Medium 10-20 G 2hours 1 week G i/2" 10% 2
Butyl rubber Medium 5-10 F 1day 6 months G 12" 5% @ 6
Polysulfide Medium 20 + P 1day 1 month E 3/4" 25% 4,‘ 56,7
Polyurethane High 20 + P iday 1month . E 3/4" 25%

Silicone High 20 + G 1hour 1 week G 1" 50% @ 1,2,3,7
Urethane foam High 10-20 P 1/2hour  1day G 2" 1% 4,6

Notes: E = excellent; G = good; F = fair; P = poor.
1. Can't be painted.

2. Won't adhere well to plastics.

3. Won't adhere to treated lumber.

4. Application temperature over 60°F.

5.:Not available at hardware stores.

6. Degrades in direct sunlight.

7. Requires priming on porous surfaces.

8. Interior use only.

9. Requires priming over metal.
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PROFESSIONAL CAULK APPLICATION GUIDE

Application

Most Suitable Caulk or Sealant

Wood to wood

Wood to masonry

Wood to metal

Masonry to masonry

Polyethylene

High temperatures

High humidity

Ali acrylic sealants, provided gap is less than 3/8 inch

Silicone sealants for gaps greater than 3/8 inch

Buty! rubber for gaps up to 1/2 inch

Polysulfide for gaps up to 3/4 inch and for damp conditions

All acrylics for gaps up to 3/8 inch
Butyl rubber for gaps up to 1/2 inch
Silicone sealant for gaps up to 1 inch and for great movement

Urethane foam sealant for gaps greater than 1 inch, but not for large gap movement

Buty! rubber for gaps up to 1/2 inch

Polysulifide for gaps ranging from 3/8 to 3/4 inch

Grouts and special water-stop fillers for gaps over 3/4 inch
Paolysulfide for large gap movement

Acoustic sealant (not an adhesive; must be supported mechanically with staples or
other support)

Silicone sealants (effective at fairly high temperatures, but their temperature limit
should not be exceeded)

Room-temperature-vulcanized (RTV) silicone sealant (suitable for
high temperatures, but requires specialized application procedures)

High-temperature stove sealants or muffler cement

Most silicones (particularly if containing mildew retardants)

Source: Air Sealing Homes for Energy Conservation (Ottawa: Energy, Mines and Resources Canada, 1984).
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Caulking and Sealing Technique
Successful sealing requires three steps:

1. Select the best caulk or sealant for the
application (consult the table on the previous

page).

2. Prepare the surfaces exactly as recom-
mended by the sealant manufacturer. Note
that brands can vary in fomulation and sur-

face preparation.

3. Apply the sealant with the proper tech-
niques, as shown in the illustrations below.

Surprisingly, caulk joints fail more often
from use of too much rather than too little
sealant. For narrow joints, push rather than
drag the tip. For wide joints, first install flexi-
ble backer rod, in order to limit the depth of
the joint.

Correct

Incorrect

Caulk

Masonry foam
backer rod

Caulk pulls away
from backer rod,
not joint surfaces
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Sill and Baseboard

Foundation

Polysulfide
or acrylic

Plug of acrylic
sealant

Acoustic sealant
and staples

Urethane
foam

Acrylic (applied
with finger)
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Floor and Wall Penetrations

Acrylic caulk
around pipes

Duct tape
applied to all joints

Polyethylene stapled
over acoustic sealant

Duxseal
inside &
outside

Foam backer rod
around large
piping holes
: N
Acrylic.caulk : )
around small
piping holes ———_ SRR N
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Ceiling

Silicone
caulk

Acrylic or
silicone

/

\
Acrylic or
silicone

Silicone
caulk

Top wrapped
with duct tape

Polyethylene

Stapled to
acoustic caulk

(continued)
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Ceiling—Continued

Acrylic caulk

Silicone
caulk

Acoustic
sealant

Canopy

......... \
Prefab chimney
Bathroom vent Muffler cement
Sheet metal
=55 B Silicone
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Weather Strips

While caulks are designed to seal joints having
limited movement, weather strips are intended
to seal operable joints such as those around
doors and windows. The table below describes
the best of the common household strips. Note
that weather strips should never be painted.

THE BEST OF THE WEATHER STRIPS COMPARED

Type of Weather Strip Relative Cost

Comments

Closed-cell foam Medium
on attachment strip

Closed-cell rubber Low
Hollow and foam- Low to
filled tube medium
Plastic V-shape Low to
medium

Seals well on doors and windows;
installed by nailing attachment strip to
door or window jamb

Operation of door or window may be
hindered if installed too tight

Not for sliding windows and doors
Effective when under compression
(doors, hinged windows, clamped attic
hatches, and so forth)

Does not work with large gap variation

Instaliation simple but relies on effective
surface adhesion

Good if properly installed

Does not require significant pressure to
create seal

Effective and versatile for use through-
out house

Strips may be supplied with self-
adhesive backing

Protection against failure of adhesive
backing supplied by stapling through
back edge
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Window Frame and Sash
Plastic V
weather strip
—
Masonry foam / |
backer rod - {
Urethane
foam r\ %
/ Compression-type
weather strip

Plastic V

weather strip
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Door Jambs
V-strip V-strip Outside
]
Inside
Outside Inside
Door
Tubular Qutside
V-strip /
/
\<$@ Inside
Outside Inside 4
|
Door
Tubular V-strip Outside
/

Outside

Inside

Inside
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Door Sweeps and Threshholds

Outside

Outside

Inside

Inside

Outside

Outside

Inside

~ Inside
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Floors, Walls, and
Ceilings

Floors, walls, and ceilings are the surfaces we live with. It's impor-
tant to select the best material and to install it properly to achieve
long-term performance. ‘

This chapter starts at the bottom, with carpets and resilient
floors. It shows you the differences between carpet materials and
weaves, and which are best for which room. Quality homes have
always contained an abundance of ceramic tile. All of the stan-
dard shapes and sizes of mosaic, quarry, paver, and wall tiles are
illustrated. A table also lists and explains the use of the four types
of tile-setting adhesives and mortars.

Hardwood floors also are hallmarks of quality homes. Today
you can buy unfinished or prefinished hardwood flooring in three
styles: strip, plank, and parquet. This section shows you interest-
ing parquet patterns, how to estimate coverage, and how to install
wood flooring over concrete or wood subfloors.

Gypsum wallboard is one of the most popular of all homeown-
er projects. In this section you'll find the variety of wallboards,
how to estimate all of the materials needed to finish a room, and
techniques from a professional manual.

A section on solid wood paneling shows the patterns common-
ly available, how to estimate quantities, and installation.

Suspended ceilings are simple and inexpensive solutions for
hiding basement pipes and wires, or lowering high ceilings.
Provided are step-by-step procedures for installing this engi-
neered system.

Most people blame the manufacturer when paints and other fin-
ishes fail. But more often, the problem is that the wrong finish
was used. This section will help you avoid that mistake and find
out what went wrong the first time.

Finishing touches include simple ways to install shelving, and
the complete collection of standard wood moldings available
through your lumber dealer.

315
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CARPET AND RESILIENT FLOORS

Carpet
Most wall-to-wall carpeting is produced by
looping yarns through a coarse-fiber backing,
binding the backs of the loops with latex, then
applying a second backing for strength and di-
mensional stability. Finally, the loops may be
left uncut for a tough, nubby surface or cut for
a soft, plush surface.

The quality of carpeting is determined
mostly by its face weight, defined as ounces
of yarn (pile) per square yard.

Installation
There are two basic carpet installation
methods:

Padded and stretched carpeting is stretched
over a separate pad and mechanically fastened
at joints and the perimeter. Soft foam pads are
inexpensive and give the carpet a soft, luxuri-
ous feel. The more expensive jute and felt pads
give better support and dimensional stability
and make the carpet last longer.

Glued-down carpets are usually used in
areas such as offices and stores, where carpets
are subjected to heavily loaded wheel traffic.
They are usually glued down with carpet ad-
hesive with a pad. This minimizes destructive
flexing of the backing and prevents rippling.

Fiber Materials

Manufacturers prefer to specify the trade
names of their yarns rather than chemical
type, since they all claim to have variations
with superior qualities. However, the general
characteristics are as shown below.

CARPET MATERIALS
Fiber Advantages Disadvantages
Acrylic Resembles woo! Not very tough

(rarely used) Attracts oily dirt
Nylon Very tough None
(most common) Resists dirt

Resembles wool

Low static buildup

Less resilient
Attracts oily dirt

Polyester Soft and luxurious

deep pilings

Polypropylene Waterproof

indoor-outdoor Resists fading
Resists stains
Easy to clean

Crushes easily

Wool Durable
Easy to clean
Feels good
Easily dyed

Most expensive
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CARPET TYPES

Type of Weave Characteristics and Best Uses

Even-height, tightly spaced uncut loops. Texture is hard and pebbly. Hard-
wearing and easy to clean. Ideal for offices and high-traffic areas.

Uneven height in patterns. Tightly spaced uncut ioops. Texture is hard and
pebbly. Hard-wearing and easy to clean. Ideal for offices and high-traffic
areas.

Evenly cut yarns with minimal twist. Extremely soft, velvety texture. Vac-
uuming and footprints appear as different colors, depending on light condi-
tions. Ideal for formal rooms with light traffic, such as living rooms and bed-
rooms.

Evenly cut yarns with tight twist. Extremely soft, velvety texiure. Vacuum-
ing and footprints appear as different colors, depending on light conditions.

\V‘W‘V W w w w w w lrg?)ﬁ: ;?r formal rooms with light traffic, such as living rooms and bed-

Combination of both plush and level-loop. Hides dirt fairly weil. Ideal for
family rooms and children's bedrooms.

Cut, tightly twisted yarns that twist upon themselves. Texture is rough.
Hides dirt extremely weli and is nearly as tough as level-ioop. Ideal for en-
tries, family rooms, and children's bedrooms.
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Resilient Flooring

No-wax cushion vinyl has eliminated all com-
petition in the resilient-flooring market.
Available as 12-foot-wide rolls and as 9 x 9
and 12 x 12-inch tiles, cushion vinyl consists
of a shiny (no-wax) clear vinyl coating, col-
ored vinyl substrate, high-density vinyl foam,
and a felt back. The roll material may be
loose-laid, with double-sided tape or joint ad-
hesive only at seams, or it may be fully glued
down. Tiles are meant to be glued down.
Some are self-sticking; others are applied
over vinyl adhesive.

The primary measure of quality and lon-
gevity is the thickness of the clear no-wax
wear layer. When the wear layer is worn
through, the flooring has to be replaced or
periodically treated with a vinyl dressing or
wax. .

All resilient flooring must be applied over a
solid, smooth base. If the base is not smooth,
the reflective vinyl will appear wavy. If the
base is not solid (plywood with a missing
knot, for example), women's heels or other
heavily loaded objects may punch through.

The table at right describes adequate bases
for resilient flooring.

BASES FOR RESILIENT FLOORING

Existing Floor

Cover or Repairs

Plywood subfloor, not
rated as underlayment

Plywood rated as
underlayment

Single-layer
board subfioor

Subfloor plus finish
floor of strips less
than 3 inches wide

Subfloor plus finish
floor of strips more
than 3 inches wide

Concrete

Hardboard, particle board,
or plywood underlayment

None needed

Plywood or particle board
underlayment, 5/8 inch mini-
mum

Replace damaged strips;
renail loose spots;
sand smooth

Hardboard, particle board,
or plywood underlayment

None needed, bﬁt clean
thoroughly by degreasing
and wire brushing
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CERAMIC TILE

Ceramic tiles for flooring and walls are avail-
able in four forms, all except wall tile in both
glazed and unglazed finishes:

Mosaic tile is premounted and spaced on fabric
backing. Nominal inch dimensions of standard
tileare 1 x 1,2 x 1, and 2 x 2, all 1/4 inch thick
with 1/16-inch grout joints. Nonstandard, but
common, tiles are 1-inch and 2-inch hexagons.

Quarry tile is formed by extrusion from clay
or shale. Units are available with nominal inch
dimensions of 3x3,4x4,6x3, 6x6,8x4,
and 8 x 8, all by 1/2 inch, plus 6 x 6 and 8 x 4
by 3/4 inch. Nonstandard tiles are common in
hexagonal and Spanish pattemns.

Paver tile is formed by compressing clay
dust. Nominal inch dimensions are 4 x 4, 6 x 6,
and 8 x 4, all by 3/8 inch, plus 4 x 4, 6 x 6, and
8 x 4, all by 1/2 inch. Hexagons and Spanish

-tiles also are available.

Wall tile (glazed only) is intended for deco-

rative interior applications. Nominal inch

dimensions include 4-1/4 x 4-1/4, 6 x 4-1/4,
and 6 x 6, all 5/16 inch thick, as well as hexa-
gons, octagons, and Spanish patterns.

Mortars and Adhesives

A wide variety of materials is available for
setting tiles. The choice of material depends
on the application (wet or dry, freezing or not)
and the skill level of the tile-setter. The table
below and the illustration on the following
page compare the most common materials.

Grout

Grout (the material filling the joints ) may be
the same as the tile-setting material, except that
organic adhesive may be used only for tile-
setting. In addition to the materials below,

there is latex grout - essentially dry-set grout
with liquid latex, which gives it more flexibility
and water resistance.

TILE-SETTING MATERIALS
Material Form Bed, inches Advantages Disadvantages
Organic adhesive  Ready-mix mastic 1/16 Easy application; Interior-only suitability;
low cost; resistance to immersion
flexible bond
Epoxy mortar 2 or 3 parts 1/16—-1/8 Excellent resistance to Limited working time;
mixed at site water and chemicais; difficult application
very strong bond
Dry-set mortar Dry mix of 1/4 Immersion resistance; Requirement of being
portiand cement, freeze-resistance kept moist for 3 days
sand, and additives before grouting
Portland cement  Portland cement, 3/4 walls; Aliowance for slight Presoaking of tiles
mortar sand, and water 1-1/4 floors leveling of required; metal lath

mixed at site

reinforcement
recommended

uneven surfaces
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Mortars and Adhesives for Tile-Setting

Tile »] —X -" -" - ]
Plaster, Adhesive ——— = - ]
i or gypsum Double foor —
drywall Joist
Adhesive ORGANIC ADHESIVE
jt———— Tile
Epoxy grout
Tile
ORGANIC ADHESIVE Epoxy mortar
Concrete ———»f O o Q ©
o o
g a
“+ Masonry wall EPOXY MORTAR & GROUT
Dry-set
mortar
[ ¢— Tile
Tile
Dry-set
mortar > —
Concrete o O O 0 O
DRY-SET MORTAR o o
g a
g | DRY-SET MORTAR
- Solid backing
Metal lath
Scratch coat Tile
Mongr bond
Mortar coat Mortar bed
with reinforcement >
Bond coat Membrane 3 o Q o
e Tile Concrete —— o (o
a a
PORTLAND CEMENT MORTAR PORTLAND CEMENT MORTAR
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Standard Tile Trim Units
The ceramic tile industry has standardized not
only basic tile shapes and dimensions, but the
dimensions of various trim and accessory
units as well. The illustrations below show
most of the standardized trim units for
mosaic, quarry, paver, and wall tiles. For
illustrations of all units, contact the Tile
Council of America.

In the illustrations, tile dimensions are
listed as length x height.

Mosaic Tile Trim (all 1/4" thick)

T

1"

1" x 1"
surface
bull nose

-
D)

2"y "
bead

T

i

oy "
surface
bull nose

1" x1"

cove
o

1" x 2“
surface
bull nose

"y 4"

1
L

2" X 2"
surface
bull nose
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Quarry Tile Trim

I

. A
4"x4"x1/2" 8"x4"x 1/2" 8" x6"x 1/2" 4" x6"x 1/2" 6" x 8" x 3/4"
6" x.4" x.1/2" bull nose bull. nose bull nose bull nose

bull nose

cove

6" x4"x.1/2"

x5 X1

6"x.6" x 1/2" 6" x 2" x 3/4" 6"x5"x1/2" 6" x5" x 3/4"
double double cove cove cove
bull nose bull nose
‘ le " .l
~ 6 >
6" x 6" x 3/4"
5" window sill

or step nosing

6" x 6" x 3/4"
window sill
or step nosing

B x5 " x 34"

cove base _cove base
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Paver Tile Trim (1/2" thick unless noted)

Q ] M)
8" ———‘ e
6" 5-1/2" 5-1/2"
4-1/4"
| \J \3 JL
6"x 6" 6" x 5-1/2" 6" x 5-1/2" o 4-1/4" x 4-1/4"
bull nose cove cove base bull nose
REEY
~
38" —>‘ le—
™)
8"
6"
J» 4" 4-1/4"
g,, X g surface 6" x 6" surface 8" x 4" surface 4-1/4" x 4-1/4"
X bull nose bulf nose surface
bull nose bull nose
'\
6" ‘4______ &
4" [ ‘]
L/ _L
6" x 6" double 8" x 4" double 6" x 6" window sill
bull nose bull nose or step nosing




324 Floors, Walls, and Ceilings

Wall Tile Trim (thickness 5/16")

-~

4-1/4"
6" x 3/4" 6" x 2" 6" x 3-3/4" 6" x 4-1/4" 4-1/4" x 6" 6" x 5-5/8"
bead bull nose bull nose bull nose 6" x 6" base

bull nose

G‘n
4-1/4" ’
6"x 2" 4-1/4" x 4-1/4" 4;1/4" X 6" 6" x 3-3/8" 6" x 3-7/8" 4-1/4" x 5-5/8"
surface 4-1/4" x 6" surface cove cove 6" x 5-5/8"
bull nose surface bull nose cove
s bull nose L

<l

6"x3-7/8" 6" x 3-7/8" 6" x:5-5/8" 6" x'5-5/8" . 4-1/4"% 3-7/8" . Bix 5"
base base = - - . base ba§e . o COVE curb.
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HARDWOOD FLOORS

Hardwood flooring is available in three
styles: strip, plank, and parquet.

Strip flooring is tongue-and-grooved on all
four edges, making for a very secure installa-
tion without visible nails. Lengths vary by
grade. The table below shows the standard
cross-sectional sizes (thickness x width) and
the board feet to order to cover a specified
floor area. The table assumes a 5 percent
cutting-waste factor.

Plank flooring is the same as strip flooring,
except widths range from 3 to 8 inches. Be-
cause of its greater width, plank flooring is
subject to more swelling and shrinkage with
change in humidity. Standard planks should
be installed with a gap the thickness of a putty
knife. Laminated plank is also available in
three-ply construction.

Since plank flooring is sold by the square
footage of its face dimensions, simply multi-
ply the floor area by 1.05 to allow for waste.

ESTIMATING HARDWOOD STRIP FLOORING (board feet, assuming 5% waste)

Floor Area Cross-Sectional Sizes, inches
square feet 3/4 x 1-1/2 3/4 x 2-1/4 3/4x3-1/4 1/2x1-1/2 1/2x2 3/8 x 1-1/2 3/8x2
5 8 7 6 7 7 7 7
10 16 14 13 14 13 14 13
20 31 28 26 28 26 28 26
30 47 42 39 42 39 42 39
40 62 55 52 55 52 55 52
50 78 69 65 69 ‘ 65 69 65
60 93 83 77 83 78 83 78
70 108 97 90 97 91 97 91
80 124 11 103 111 104 111 104
90 140 125 116 125 117 125 117
100 155 138 129 138 130 138 130
200 310 277 258 277 260 277 260
300 465 415 387 415 390 415 390
400 620 583 516 553 520 553 520
500 775 691 645 691 650 691 650

Source; Oak Flooring Institute, Memphis, Tenn, 1986.
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Parquet ﬂoofiﬁg consists of either slats

(precisely milled short strips) or blocks (strips

preassembled into square units). Slats are
usually square edged. Blocks may be square
edged or, more commonly, tongue-and-
grooved onall foursides.
“‘Most blocks are 5/16 inch thick. Face di-
mensions vary with manufacturer but are
usually 6x6,8x8,9x9,10x10,0r12x 12
inches. o i '
- The illustration below shows a few of the
dozens of parquet patterns which can be
either purchased as blocks or assembled
from strips. ' :

Parquet Patterns

£2

/{\;\//;\\//:"

N

ENON
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Installation SLAB WITH PLYWOOD SUBFLOOR
Solid wood flooring is subject to dimensional
change when its moisture content changes. \
Make sure the flooring never gets wet, is stored g:zzb;:::ing Blind nail
in a dry location, and is allowed to equilibrate Face nail Building paper
for at least 5 days at the installation site. =\ Underlayment

When flooring is installed over a slab with
plywood subfloor (illustration at right), the slab
must be dry and must not be located below
grade. Tape a 1-square-foot piece of clear poly-
ethylene to the slab for 24 hours; if no condensa-
tion appears, the slab is dry.

Apply cold cut-back asphalt mastic with a
fine-tooth, 100-square-foot-per-gallon trowel.
After it dries 1-1/2 hours minimum, unroll
6-mil polyethylene over the entire area with
6-inch overlaps. Walk on the entire surface to
make sure the mastic makes contact. (Small bub-
bles may be punctured.) Nail 3/4-inch sheathing
or underlayment grade plywood to
the slab, leaving 3/4-inch spaces at walls and
1/4 inch between panels. Nail or cement finish
flooring to the plywood per manufacturer's
instructions.

Strip flooring may also be installed over a
slab and wood sleepers. Lay pressure-treated
2 x 4 x 18 to 48-inch random-cut sleepers 12
inches on-center in asphalt mastic (enough for
100 percent contact). Stagger and overlap the
sleepers at least 4 inches. Leave 3/4 inch at
walls. Cover with polyethylene, lapping joints at
sleepers. A

With conventional wood joist construction
over a basement or crawl space, outside cross-
ventilation must be provided. Crawl space earth
must also be covered with polyethylene. The
subfloor should be either 5/8-inch or thicker
performance-rated exterior or underlayment ply-
wood or 3/4-inch square-edge, group 1, dense
softwood boards laid diagonally on joists with

Polyethylene
'/ in mastic
Q

9o o C Qo
SLAB AND WOOD SLEEPERS
Hardwood
’/ flooring
— —————a—— Polyethyiene
2x4 sleeper
on mastic
o Q Q o O o Q Q
AV < o O O ©  «  Concrete
o O ° 1) o O ©° siab
QO 0 O O
< Polyethylene
«——— Gravel fill
CRAWL SPACE .
Hardwood strip
flooring
————— Asphalt building
/ paper
|<——— Subfloor

L g————— Floor joist

1/4-inch spaces. Plywood must be laid with face
veneer across joists.
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GYPSUM WALLBOARD
Gypsum Wallboard Types Fastening Schedule
Gypsum wallboard, due to its low cost, ease The illustration on the following page shows
of application, ease of finishing, and superior maximum fastener spacing. Select fastener
fire and acoustic properties, is the most com- lengths for adequate framing penetration:
mon wall material. The table below shows the
readily available types and sizes of gypsum e ring shank nails 3/4" into wood
wallboard and their applications. ® type W screws 5/8" into wood

® type S screws 3/8" into metal
Fasteners ¢ type G screws 3/8" into gypsum

Various specialized fasteners have been de-
veloped specifically for gypsum drywall (see
the table on the following page). The appro-
priate type depends not on the type of drywall,
but on the type of substrate being fastened to.
The drywall screw has proven so technically
superior in wood-to-wood applications, as well,
that it is now available in lengths to 3 inches.

GYPSUM DRYWALL PRODUCT TYPES

. . Edge Thickness Lengths
Type Application Types inches feet
Regular Usual wall and ceiling applications - Tapered; 1/4 6to12
‘ in-dry locations where special square; 3/8 61016
fire rating-not required rounded 1/2 6to16
5/8 6to 16
Foil-backed Same as regular, but with Tapered; 3/8 6to 16
aluminum foil back face rounded; 1/2 61016
suitable as vapor barrier “square 5/8 6to 16
Water-resistant Moist areas such Tapered 1/2 8,11,12
(type W) as bathrooms; 5/8 8,11,12
as base for ceramic tile ;
Fire-rated Walls and ceilings . Tapered: 12 “6to16

(type X). - with increased fire rating ..rounded; ‘ 5/8 6to 16
' . square
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FASTENERS FOR GYPSUM WALLBOARD

Type Common Length Application Base Penetration
L - ,
= 1-1/4" Single layer of wallboard to 3/4"
- wood framing or furring
RING SHANK NAIL
W 1-1/4" Wallboard to wood framing or 5/8"
furring
TYPE W SCREW
1" Wallboard to sheet metal studs 3/8"
and furring
TYPE S SCREW
W 1-5/8" Wallboard to gypsum wallboard 3/8"
or wood framing
TYPE G SCREW

Gypsum Drywall Fastening

—»‘ }4—- 3/8" to 1/2" e
o) o]

o T o o} o] o
e} e] o o o o o)
o] O O O [e]
NAILS:
7" max on ceiling
8" max on wall
o o] o] o e}
o SCREWS:
0 framing 16" oc - 16" max on ceiling o o
- 12" max on wall
framing 24" oc - 12" max on ceiling
o o - 12" max on wall o o
o o e} o] 0 o o
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Estimating Drywall Materials

The illustration at right and table below allow

simple estimation of the materials required for
the walls of a normal room with ceiling height
up to 8 feet: L

1. Measure the room perimetef in feet.
2. Divide the perimeter by 4.
3. Deduct for each

o window (A) 1/4 sheet
edoor(B) .. e 1/3 sheet
o fireplace (C) ~ “ 142 sheet
e patio door or bay window (D) 2/3 sheet

4. Round up to the next whole sheet.

5. Find in the table below the quantity of
nails or screws, gallons of ready-mix joint
compound, and feet of joint tape.

DRYWALL SUPPLY ESTIMATOR

Sheets : Nailé, pounds ' 'Screws, pounds Ready-mx : Joint

Drywall  1-Vdinch  158inch  1-1/4inch 1-58inch  Compound,gal  Tape, feet
8 10 14 0.8 10 2 85
10 13 1.7 1.0 13 118
12 15 20 12 1s 142
14 18 24 14 8 166
16 20 27 16 2.1 190
8 23 8118 24 213

T e g e gy Ty 237

e e a7 oy 29 260
24 81 a1 25 o3y 285

2 TR T S I R N S X I VI
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Floating Corner Technique

The cracking of ceiling/wall joints and room
corners is minimized by a technique known as
floating. Drywall is always applied to the ceil-
ing first, then the wall panels are shoved up
tightly beneath.

Where the ceiling/wall joint runs parallel to
the ceiling framing (see the illustration at top
left), the ceiling panel is nailed or screwed at
its edge, and the wall panel is not.

Where the ceiling/wall joint is perpendicu-
lar to the ceiling framing (see the illustration
at top right) neither edge is fastened.

At room corner joints (see the illustration at
bottom right), the edge of the underlying, or
first-applied, sheet floats.

} I
< I
s $
|
) |
. J T ‘___ 7“
Underlying panel 8"
8"
JOINT PARALLEL I
TO CEILING JOISTS 1 A JOINT PERPENDICULAR o i
TO CEILING JOISTS --;\/\—

1

4

j i
Underlying panel

ROOM CORNER
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Drywall Joint Taping

To achieve a perfectly smooth finish surface, -

the joints between sheets of gypsum drywall
are taped and covered with joint compound.
Tapered-edge boards have the twodpnger
edges tapered to facilitate the process. Dry-
wall should be applied either horizontally or
vertically, in order to minimize the number of
cut, or square-edge, joints, which require a
much wider application of compound. The il-
lustration below shows the normal three-coat
process.

1. Fill the tapered area with compound, us-
ing a 6-inch trowel. Apply reinforcing tape,
and press it into the compound so that no more
than 1/32 inch of compound remains under the
tape edges. Remove the excess compound.

2. After thorough drying, apply a second
coat about 8 inches wide. At square-edge
joints, 12 to 16 inches may be required.

3. After the second coat has dried, lightly
sand or wipe it with a damp sponge to remove
ridges. Apply a 12-inch-wide final coat with a
12-inch trowel. Lightly sand before painting.
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Metal Drywall Trim Accessories

The illustration below shows a variety of met-
al trim accessories designed to protect ex-
posed drywall edges from mechanical damage
and produce a neat finish with minimal effort
or skill.

The trim is of lightweight perforated steel,
which cuts easily with tin snips. The best results
on corner and L-beads are obtained when the
trim is bedded and nailed into joint compound,
then finished in the same way as paper tape.

Metal Drywall Trim Accessories

L - bead

LK - bead

LC - bead

U - bead

%

Corner bead

[

A\

Control joint
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Achieving Fire Ratings
Walls with 45-minute and 1-hour fire ratings are
often required in residential construction. For
example, the Uniform Building Code requires a
1-hour rating for the wall separating a dwelling
from an attached garage and, unless that wall ex-
tends to the roof, a 45-minute rating for the gar-
age ceiling. Commercial buildings may require
even greater fire ratings.

Gypsum drywall is ideally suited to fire-rated
construction because the material of which it is

formed contains chemically bound water in
the ratio of 1 quart to 10 pounds of drywall.
The temperature of the drywall and the fram-
ing that it protects cannot rise much above
212°F until all of the water has been convert-
ed to steam and driven off.

The illustration below shows drywall con-
structions that achieve fire ratings from 1 to
4 hours. The framing can be either wood or
steel. :

Fire-Rated Constructions

5/8" type X wallboard screw-attached
horizontally to both sides of 3-5/8"
screw studs, 24" oc

N |

1-HOUR RATING
GA No. WP 1200

M

Two layers 1/2" type X wallboard
screw-attached vertically to both
sides of 2-1/2" screw studs, 24" oc
X ,

2-HOUR RATING
GA No. WP 1615

" Three layers 1/2" type X wallboard each
side of 1-5/8" screw studs, 24" oc. First
layers vertical, face layer horizontal.

_

3-HOUR RATING
GA No. WP 2921

" Four layers 1/2" type X wallboard each
side of 1-5/8" screw studs; 24" oc. First
layers vertical, face layer horizontal.

4-HOUR RATING
GA No. WP 2970
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WOOD PANELING
Nothing beats the warmth of real wood panel- 1. Calculate the gross area by multiplying
ing, whether it be of irreplaceable old walnut ceiling height by room perimeter, in feet.
or inexpensive knotty pine. The table below, 2. Deduct the areas of windows and doors
from the Western Wood Products Associa- to get the net area.
tion, allows estimation of the board feet re- 3. Multiply the net area by the appropriate
quired to cover walls: area factor in the table below, and add 10 per-
cent for waste, to get board feet.
WOOD PANELING COVERAGE
Nominal Width, inches Area
Paneling Style Size, inches Total Face Factor
1x4 3-1/2 3172 1.14
1x6 5-1/2 ’ 5-1/2 1.09
r J 1x8 7-1/4 7-1/4 1.10
SQUARE-EDGE BOARD 1x10 . 914 9-1/4 1.08
1x12 11-1/4 11-1/4 1.07
1x4 3-3/8 3-1/8 1.28
,__11 [;J 1x6 5-3/8 5-1/8 1.17
1x8 7-1/8 6-7/8 1.16
TONGUE-AND-GROOVE 1x10 9-1/8 8-7/8 1.13
1x12 11-1/8 10-7/8 1.10
1x6 5-7/16 5-1/116 1.19
o a ~ 1x8 7-1/8 6-3/4 1.19
PROFILE PATTERN (various) 1x10 9-1/8 8-3/4 1.14
1x12 11-1/8 10-3/4 1.12
1x6 5-3/8 5 1.20
- N 1x8 7-1/8 6-3/4 1.19
V-JOINT RUSTIC 1x10 9-1/8 8-3/4 1.14
1x12 11-1/8 10-3/4 1.12
1x6 5-3/8 4-7/8 1.23

r____l————‘“—F 1x8 7-1/8 6-5/8 1.21
1x10 9-1/8 8-5/8 1.16

CHANNEL RUSTIC 1x12 11-1/8 10-5/8 1.13
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Wood paneling can be applied horizontally,
vertically, diagonally, or in any combination
thereof. It is particularly simple over exposed
studs (see the illustration below). Only verti-
cal installation requires the addition of either
horizontal blocking or 1x4 strapping, spaced
36 inches on-center maximum.

Over a masonry wall (see right), 1x4 strap-
ping should be fastened with either masonry
nails or construction adhesive 36 inches on-
center maximum. If the masonry wall is be-
low grade, first apply a 6-mil vapor barrier,
stapling it to the sill plate. Then install 1x4
furring, 36 inches on-center maximum, with
masonry nails. An alternative is to install a
stud wall and then wire and insulate between
the studs before paneling.

Paneling over Masonry

Paneling

Furring
strip

Vapor
barrier

Masonry —1

Paneling Patterns

\
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Trim
If the paneling has relief, baseboards will look
better installed flush than installed over the pan-
eling. Flush baseboards may be installed over
furring strips, as in the illustration below, or over
2x4 blocking between the studs. There should be
sufficient blocking to catch not only the base-
board, but the bottom of the paneling as well.
The illustrations at right apply to either
door or window trim.
If the paneling is applied directly to the ex-
isting wall surface, simply remove the exist-

\ -t Paneling
\ | ——t— Furring
~ | ———1+—— Baseboard

T

T

FLUSH BASEBOARD

ing door and window trim and replace them
with square-edge strips of the same thickness
and species as the paneling.

If the paneling is furred out, use jamb ex-
tenders to bring the jambs out to the finish
wall surface, and apply casing over the joint.

Electrical switch and receptacle boxes can
be left in place with convenient extension
collars, available from electrical suppliers and
larger hardware stores.

Paneling

Existing plaster
Finish strip

|

PANELING OVER EXISTING PLASTER

Paneling
Furring
Jamb extender
“—\ PR S T, N Y
)

PANELING OVER FURRING
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SUSPENDED CEILINGS

)

—————

A suspended ceiliz1g isa simple and inexpen-

sive way to achieve a level ceiling beneath an -

existing ceiling or roof, whether flat or not. A
strong point is the convenience of "dropping
in" fluorescent fixtures at any point. A weak-
ness is an office look, not appropriate to resi-
dences except in utilitarian rooms such as
laundries, game rooms, or workshops.

Install a suspended ceiling as follows:

1. Plot the dimensions of the room on a large
piece of 8 x 8-inch graph paper. Let each
square represent either 3 or 6 inches. On the
plot, draw a 2 x 4-foot grid so that the spaces
next to the perimeter are symmetric and as
large as possible (see the illustration below).

Laying Out é Ceiling Grid

1o
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2. If the original ceiling is flat and level,
measure down to the level of the new ceiling
(allowing 6 inches minimum for recessed
light fixtures) and snap a chalk line around the
perimeter of the room. If the ceiling is not lev-
el, establish a level perimeter with a line level.
Double-check the level by running the line
level around the perimeter in the opposite di-
rection and comparing.

3. Fasten sections of wall angle with the
bottom flanges at the level of the chalk line.
Nail them into studs if possible. Don't be shy
about poking holes in the wall to find stud lo-
cations—as long as the holes are above the
suspended-ceiling level.

4. Stretch strings along the positions of the
main tees. Use a plumb bob or level to mark
the locations where the string intersects the
ceiling joists overhead. Again, don't be afraid
to poke holes to find the joist locations:
They'll never be seen.

5. Cut suspension wires 12 inches longer
than the distance between the old ceiling or
ceiling joists and the wall angle, and fasten a
wire at each marked intersection. After fasten-
ing, make a right-angle bend in the wire at the
level of the stretched string.

6. (See the illustration at top right.) Deter-
mine, from the layout sketch, the distance
from the wall to the first intersection with a
cross tee (1 foot 6 inches in the layout exam-
ple on the previous page). Measure this dis-
tance from the end of a main tee, and select
the slot just beyond. From the slot, measure
back toward the original end, and mark. Cut
the main tee 1/8 inch shorter than the mark,
which allows for the thickness of the wall
angle.

Cutting Main Tee

First
beyond mark ,

Mark distance

Measure back dustance

less 1/8" and cut off end

7. Install all of the main tees, repeating
step 6 each time. Main tees are 12 feet long,
but splice fittings are available if required.

8. Install the cross tees by snapping the end
tongues into the main tee slots. Cross tees at
the perimeter will have to be cut to fit.

9. Install the wiring for any recessed light
fixtures.

10. Drop in the ceiling panels, cutting pe-
rimeter panels as necessary with a utility knife
and straightedge.
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PAINTS AND OTHER FINISHES

Exterior Finishes

When it comes to finishing newly applied sid-
ing, there are six basic choices: no finish at
all, water-repellent preservatives, semitrans-
parent stains, paint, solid-color stains, and
transparent coatings.

No finish—1It should be noted that paints
and stains do not necessarily preserve wood. If
protected from excessive running water, such
as by a moderate to large roof overhang, wood
beveled siding and shingles may last a century
or more. More specifically, paint and stain
preserve an appearance. The decision is a
tough one because, once painted, exterior
wood requires some sort of recoating every
5 to 10 years at best.

Water-repellent preservatives—These keep
water out of wood and thus reduce the me-
chanical stresses of swelling and shrinking.
The addition of a preservative chemical pre-
vents mildew and dry rot in horizontal mem-
bers such as deck joists and window sills. Pre-
servatives usually have no color of their own
but darken natural wood somewhat. The very
large drawback is that they need to be reap-
plied every few years—an unlikely prospect
for the average home.

Semitransparent stains—They are most of-
ten water-repellent preservatives with light pig-
mentation. In addition to supplying the positive
qualities of a repellent and preservative, the
stains penetrate the wood surface without form-
ing a skin. Thus, they impart color but cannot
fail by peeling. These treatments must be ap-
plied over unpainted wood. Service life is
greatest when applied to rough-sawn or already

weathered natural wood, due to greater
absorption.

Paint—For the best overall job of protect-
ing wood outdoors, paint forms a protective
coating. Oil-based paint seals out moisture
better, but latex paint is more flexible and less
likely to fail by cracking and peeling. Latex
paint has become increasingly popular, espe-
cially with amateur painters, because it is
easier to apply, dries quicker than oil-based
paint, and cleans up with water. Cleanup for
oil paints requires mineral spirits. A proper
application of latex or oil paint lasts as long as
10 years.

The disadvantage of paint and other film-
forming finishes, such as solid stains, is that
recoating causes a buildup that eventually has
to be laboriously removed.

Solid-color stains—L.ike paint, solid-color
stains completely obscure the natural color and
grain of the wood. They can be latex or oil-
based. They have much more pigment than oth-
er stains. As a result, they form a film like paint
and can even peel as paint does. Solid-color
stains can be used over old paint or stain, and in
fact, these stains are quite similar to thinned
paint. The film layers can build up, but because
the stain is thinner than paint, the surface can be
recoated many more times before it needs to
be stripped. Solid-color stains are not recom-
mended for areas that will be walked on.

Transparent coatings—Forget urethanes,
shellacs, and varnishes for exterior use! No
matter what the manufacturer claims, the fin-
ish will crack and peel within a few years, re-
quiring total removal, or at least extensive
sanding before recoating.



”
Paints and Other Finishes : 341

PERFORMANCE OF EXTERIOR COATINGS

~ Water-Repellent Semitransparent Paints and
Type of Exterior Preservative Stain Solid Stains
Wood Surface Suitability Life, years  Suitability  Life, years Suitability  Life, years
Siding
Cedar and Redwood
Smooth (vertical grain) Good 1-2 Fair 2-4 Good 4-6
Rough-sawn or weathered Good 2-3 Excelient 5-8 Fair 35
Pine, Fir, Spruce, etc. ;
Smooth (flat grain) Good 1-2 Poor 2-3 Fair 3-5
Rough (flat grain) Good 2-3 Good 4-7 Fair 35
Shingles
Sawn Good 2-3 Excellent 4-8 Fair 35
Split Good 1-2 Excellent 4-8 NA NA
Plywood
{Douglas fir & southern pine)
Sanded Poor 1-2 Fair 2-4 Fair 3-5
Rough-sawn Poor 2-3 Good 4-8 Fair 3-5
Medium-density overlay NA NA NA NA Excellent 6-8
Plywood (cedar and redwood)
Sanded Poor 1-2 Fair 2-4 Fair 3-5
Rough-sawn Poor 2-3 Excelient 5-8 Fair 35
Hardboard (medium density)
Smooth
Unfinished NA NA NA NA  Good 46
Preprimed NA NA NA NA Good 4-6
Textured
Unfinished NA NA NA NA Good 4-6
Preprimed NA NA NA NA Good 4-6
Miltwork (usually pine)
Windows, doors, trim Good NA Fair 2-3 Good 3-6
Decking
New (smooth) Good 1-2 Fair 2-3 Poor 2-3
Weathered (rough) Good 2-3 Good 3-6 Poor 2-3
Glued Laminated Members
Smooth Good 1-2 Fair 3-4 Fair 34
Rough ) Good 2-3 Good 6-8 Fair 3-4
Waferboard NA NA Poor 1-3 Fair 2-4

Source: Wood Handbook (Washington, DC: United States Department of Agricuiture, 1987).
Note: NA = not applicable.
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Interior Paints
Practically speaking, there are three types of
interior pnmer and two types of i mtenor paint:

Prtmer—sealer is des1gned to prevent bleed-
through of wood resin contained in knots and
pitch pockets. It's a good idea to apply at least
two coats of primer-sealer to knots in wood
before painting. Since primer-sealers are gen-
erally white, they cannot be used under clear
finishes. v

Latex primer is the best first coat over gyp-
sum wallboard, plaster, and concrete. It adheres
well to any surface except untreated wood (it
raises the wood grain) or gloss oil paint. It can
be applied over gloss oil paint, provided the sur-
face is sanded to give the latex a grip.

Alkyd primer is just the opposite of latex
primer: Alkyd primer is the best first coat

over raw wood but should not be used on
wallboard or masonry.

Latex paint is the most popular interior fin-
ish because it cleans up with water (warm,
soapy water works best). It-can be applied
over gypsum wallboard, plaster, and masonry.
Wood should be primed with alkyd primer
first. Latex also adheres to latex and flat oils.
Avoid gloss oils and alkyds other than primers.

Alkyd paint has nearly replaced natural oil
paint. It has the same good qualities as natural
oil such as linseed, but it is nearly odor free.
Alkyd can be applied over any other paint or
bare wood. It should not be applied to bare
gypsum wallboard, plaster, or masonry.

The table below compares the advantages and
disadvantages of the interior paints.

INTERIOR PRIMERS AND PAINTS

Materials Advantages Disadvantages
Primer-sealer o “Stops bleeding of knots ‘Stains white; must be painted
: i Dries extremely quickly Requires alcohol for cleanup
Latex primer Cleans up with water ~“'Not good on wood
Dries quickly unless humid
Relatively odor free ; ; T
Alkyd primer Best wood primer Not good on gypsum wallboard
Suitable primer for all paint types Requires paint thinner for cleanup
Latex @aint Cleans up with water "Requires primer over wood
. ‘Dries quickly Notas tough as-alkyd. -
Relatively odor free Doesn't adhere to gloss finishes
oy - Inexpensive i Wets and loosens walipaper -
Akyd'paint ' Prowdes tough finish : "‘Dnes relatrvely slowly .
g Relatively odor-free ‘Requires paint thinner for cleanup

~ Adheres to. aﬂ ather gaints e

- Requires primer over masonry, .
L plaster gypsum wallbaard
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Diagnosing Paint Failures
We blame the manufacturer when paint fails
prematurely. Ninety percent of paint failures,

or inadequate preparation of the surface. Use

however, are due to either moisture problems

the table below to find out what went wrong
and what can be done to correct the problem.

PAINT FAILURES
Symptom Possible Causes Suggested Cures
Alligatoring Top layer only Second coat applied before first coat dry Remove to bare wood
To wood Paint too thick; lost flexibility Remove to bare wood
Blistering Top layer only Paint applied in hot sun Paint on cloudy days
Surface oily or dirty Wagsh with detergent
Latex over heavily chalked oil paint and rinse
To wood Moisture driving paint off (from roof Eliminate moisture source
leak, ice dam, impervious sheathing, Strap under siding
bath or kitchen humidity, gutter leak) Wedge under siding
Checking of plywood Expansion, contraction, and delamination Sand plywood and paint
of plywood veneers Replace plywood
Cracking Top layer only Inflexible paint Scrape and wire-brush
Use latex paint
To wood Inflexible paint Remove to bare wood
Use primer and latex
Flaking off masonry Inadequate preparation of masonry Wire-brush loose paint

Mildew /mold Inside

Outside

Peeling inside

Rust stains

Wrinkling and sagging

Cold wall or ceiling due to no insulation
Lack of air movement

Warm, humid outside air with no
direct sunlight

inadequate moisture storage of sheathing;
rain wicking under siding

Steel siding nails

Too cold application (below 50°F)
Second coat applied too soon
Too much paint

Apply masonry conditioner
Apply 2 topcoats exterior latex

Treat with bleach, insulate,
leave closet doors open

Scrub with 1/2 cup bleach/galion
water, rinse, prime
Use mildew-resistant paint

install fiberboard or wood
sheathing
Strap under siding

Sand all rust, set nails 1/8",
prime, fill with caulk, paint

Sand smooth, paint over
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Clear Floor Finishes :
Finishing wood floors is one of the most con-

 troversial subjects in house buildirig and re-

modeling. All floor experts agree that there is
not yet a wood finish that stands up to heavy
foot traffic and retains its original beauty for
more than a few years. v

Many preservationists favor the oldest ap-
proach of all - nothing! Wood is tough and re-
silient and, except for stains which penetrate
deeply, can be cleaned with water, detergent,
and ammonia (except oak, which ammonia
will turn black). 4 :

If you do decide to finish, however, you
have two basic choices:

Penetrating finishes sink into the wood
without forming a separate surface skin:
These include linseed oil, tung oil, and vari-
ous proprietary penetrating resins, The basic
approach to long-term care is periodic clean-
ing and simple reapplication.

Surface finishes form hard "eggshell" skins
on top of the wood. Length of life is primarily
a function of the number of coats applied ini-

: tially. Four coats of urethane last twice as

long as two coats. Once the eggshell finish

- has been penetrated, water easily penetrates
-and begins to stain the wood. Refinishing usu-

ally requires complete stripping of the old
finish.

CLEAR FLOOR FINISHES
Finish Advantages Disadvantages
No finish - “Never requires removal Most difficult to keep clean
: ) Doesn't highlight wood grain
Doesn't control splintering
Penetrating ' :
Tung-oil . Easy to renew Darkens wood
+ Linseed-oil «iv .:Cannot be damaged. by puncture Not abrasion resistant
Resinoils - . .. inx-Simpletoapply. o Needs to be retreated often‘(once per year)
Surface G o S ‘ )
Lacquer . Quick drying .Difficult to apply (dries too rapidly)
Shellac Can be refurbished without removal Stained by water
-./Spirit varnish e : 1 Toobrittle for softwoods (pine, fir)
Alkyd varnish . Compatible with-other undercoats : Slow dfying :
Simple to apply
Durable
Polyurethane Easy to apply (brush, .ragr, spbnge) Darhage requires: complete removal

Resistant to-water and alcohol

-.--Very high gloss possible

Two-part e Toughestﬁnis'ﬁbfall
(urea-formaldehyde base) =~

Too brittle for application over softwood
=~ Canbe applied_ only over bare wood
Requires professional application
 Excessive wood fost in removal

e

i e
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SHELVING

No residence or office has enough shelving. Ad-
justable shelving (shown on the following page)
is the most convenient and flexible. Fixed shelv-
ing, however, is lower in cost and, if well execut-
ed, looks more finished.

Below is a variety of simple fixed shelving re-
quiring minimal skills and tools.

For fixed shelving, carefully consider the heights
of the items to be shelved. Book heights, forexam-
ple, range from 8 inches for small paperbacks to
more than 15 inches for oversize coffee-table edi-
tions. You'll probably get at least one additional
useful shelf by carefully measuring your needs.

’Fixed Shelves

N

~J

DADO

.

NO JOINERY

CLEATS

S

g

N

DOVETAIL

L—
WALL CLEATS & DADOED UPRIGHTS
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Adjustable Shelves

.
=N  S—ar
]

: 5.

45° & 90° KERFS SPLIT 2X4
WITH 7/8" HOLES

CABINET o ) DOWELS o o
BRACKET

STANDARD & FLUSH
BRACKETS CLIPS
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WOOD MOLDINGS

Wood moldings are strips of wood milled
with plane (flat) or curved surfaces continu-
ous over their lengths. The name molding de-
rives from the fact that they are so perfectly
smooth, they appear to be molded of plaster.
In fact, they were first intended to be painted
to resemble the stone carvings found on clas-
sical Greek and Roman buildings.

The purposes of moldings include decora-
tion (such as edging for paneling), protection
(such as chair rails), and concealment (such as
base and cove moldings):

Crown, bed, and some cove moldings are
milled from thin stock but installed at an an-
gle at the wall/ceiling intersection. This al-
lows the molding to be wide, yet follow irreg-
ularities in the wall and ceiling.

Quarter rounds are designed to both cover
and reinforce the joint between paneling and a
frame.

Base shoes are used alone or on top of reg-
ular board stock to cover the wall/floor joint
and to protect the base of the wall. '

Astragals cover panel joints and sometimes
'simply add decorative relief.

Screen moldings are used to fasten and cov-
er the edges of screening material in door and
window frames.

Casings visually frame windows and doors
and cover the joint between the door or win-
dow frame and the plaster or drywall finish.
They are hollow on the back side in order to
still lie flat despite possible cupping.

Brick moldings provide casings for doors
and windows in masonry walls.

Drip caps are designed to shed water over
doors and windows but have been mostly re-
placed by metal flashings.

Stops are used on both door and window
frames to stop or constrain the motion of the
door or sash.

Panel strips and mullion casings are used
to join large sections of paneling or to join
several window units together.

The most common species of wood used in
moldings is ponderosa pine. Other species
used in significant quantities are sugar pine,
fir, larch, cedar, and hemlock. Clear wood in
long lengths is increasingly more expensive,
so manufacturers have turned to finger joint-
ing to eliminate defects. As large wood
moldings become more expensive, plaster
moldings have become more available, partic-
ularly for restoration work.

The Wood Moulding and Millwork Produc-
ers Association (WM) promulgates standard
molding patterns. The illustrations that follow
contain full-scale sections of the most popular
patterns of the WM Series, the latest (1977)
standard. Regional millwork distributors gen-
erally offer selections of these patterns, custo-
mized to local demand.
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CROWNS 11/16 x 4-1/4 916 x 1-5/8 9/16 x 3-1/4

1116 x 3-5/8

_9/16x1-3/4

=

Note: Dimensions are in inches.
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BEDS

/

9/16 x 2-1/4

-

9/16 x 1-3/4

-

9/16 x 1-5/8

-

9/16 x 1-1/2

COVES

9/16 x 2-3/4

RN

9/16 x 2-1/4

A

9/16 x 1-3/4

A

9/16 x 1-5/8

L

3/4x7/8

N\

3/4 x 3/4

~_

11/16 x 1-1/8

~\

11/16 x 7/8

N\

5/8 x 3/4

N\l

1/2x1/2
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HALF ROUNDS QUARTERROUNDS = FLAT ASTRAGALS

11/16 x 1-3/4

1-116x 1-1/16

11/16x 1-3/8

‘ 716 x 34
1116 x1-38 SCREEN MOLD

38 x3/4

3/4 x3/4
5/16 x 5/8

14x3/4

1/4x3/4

5/8 x 5/8 1/4x1/4 1/4x3/4
' GLASS BEADS
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CASING

N

1116 x 2-1/4

R

11/16 x 2-1/4 J————

5/8 x 2-1/4

B

11/16 x 2-1/2

)

11/16 x 2-1/4

N

11/16 x 2-1/2

\

11/16 x 2-1/4

ﬁ

11/16 x 2-1/2

—

1116 x 2-1/4

T

5/8 x 2-1/4

11/16 x 2-1/2

=

11/16 x 2-1/4

—

11/16 x 2-1/4

(—W

11/16 x 2-1/4

]

11/16 x 2-1/4

|

11/16 x 2-1/4
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i}
5 BASE CAPS BRICKMOLD = . , COﬁNER GUARDS

11/16 x:1-3/8

1-1/16 x 2
other:width: 1-3/4

1116 x1-1/8

A6 x 1:1/4 :
1-1/4x 2

1116 x 1-1/8 DRIP CAPS

PANEL MOLDINGS

916x1-1/8

11/16 x 1-3/4
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SHINGLE / PANEL MOLDINGS BATTENS

9/16 x 2-1/4
1116 x 2-1/2

11/16 x 1-5/8
HANDRAILS

11/16x 2
11/16 x 1-5/8

1-1/4 x 2-1/4

11/16 x 2-1/2
9/16x 2

1-1/2x 1-11/16

/

/

j

:

f

11/16 x 1-3/4

¢

11/16 x 1-1/2 1-1/2x 1-11/16
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CHAIR RAILS

11/16.x 2-1/2 9/16 x 2-1/2

PICTURE MOLDINGS

116x3 1-1/16x 3
BACK BANDS :

1116 x 1-1/16 o 11ex 118

WAINSCOT / PLYCAP MOLDINGS 11716 x 1-3/4 11118 x1-3/4

MAEXTAB  1px14/4
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CASINGS

J

11/16 x 2-1/4

J

5/8 x 2-1/4

E

11/16 x 2-5/8

_

11/16 x 3-1/4
other widths: 3-1/2, 4-1/4

[

9/16 x 3-1/4
other widths: 3-1/2, 4-1/4

1116 x 2-1/4
other width: 2-1/2

5/8 x 3-1/4

AN

]

9/16 x 2-1/4
other width: 2-1/2

11/16 x 3-1/2

11/16 x 3-1/4

11/16 x 3-172

UL
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I B

BASE MOLDINGS

9/16x 3 . 12x3 9/16x 3 12x3

other heights: other heights: other heights: . - other heights: -

3-1/4, 3-1/2, 3-1/4, 3:1/2 8-1/4, 3-1/2, e 2-114,2-1/12, 916 x 3-1/4
4-1/4,5-1/4 4-1/4,4-172 ~31/4,3-1/2 ; -
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STOPS

RN

7/16 x 1-3/8
other widths: 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

RN

3/8x1-3/8
other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

R

7116 x 1-3/8
‘other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

3/8x1-3/8

other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

7/16 x 1-3/8

other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

3/8 x1-3/8

other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

D

7/16 x specified widths

D

3/8 x specified widths

0

7/16 x 1-3/8
other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

3/8 x 1-3/8

other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

7/16x 1-3/8

other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4

3/8 x 1-3/8

other widths: 3/4, 7/8, 1-1/8,
1-1/4, 1-5/8, 1-3/4, 2-1/4




358 Floors, Walls, and Ceilings

PANELSTRIPSMULLIONCASINGS  ~ RABBETEDSTOOLS

116 x 2-1/4, 2-1/2, 2-3/4, 3-1/4

1-3/4,2,2-1/4

1-1/16 x 2-3/4, 3-1/4, 3-5/8

2:1/4,2-1/2, 2-3/4, 3-1/4

116 X 2-3/4, 3-1/4,3-5/8
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Decorating with Wood Moidings items such as screens, fences, and trellises can
A variety of decorative effects can be be constructed of S4S structural frames and
achieved by applying simple moldings to lattice in-fill. On this and the next page are
building surfaces. Walls, ceilings, and doors ideas from the Wood Moulding and Millwork
are all candidates. In addition, stand-alone Producers Association.
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Heating

Americans have learned that energy supplies can no longer be
taken for granted. No longer is the heating system a neglected,
mysterious object in the nether regions of our homes that we
try not to think about. Winter comfort requires that we have
the right type of heating system, properly sized to the heat load
of the house.

This chapter begins with a simple form for calculating heat
loads, both for the coldest day of winter and for the entire
winter.

Next you'll learn how the various heating systems work and
the pros and cons of each.

Most of us have considered switching fuels at some time.
Many of us supplement our main heating systems with wood
stoves. “Comparing Fuels and Efficiencies” gives you a sim-
ple method for comparing the cost per useful Btu of all fuels
and a chart that shows the percentage fuel savings from install-
ing a more efficient system.

If you are going to have a fireplace anyway, why not make it
as fuel efficient as possible? “Fireplaces” contains detailed,
energy-efficient plans for both standard and Rumford fire-
places.

For others, a wood stove is a more practical alternative to
the fireplace. “Wood Stove Installation” shows the fire code
requirements for stove and stovepipe clearances. It also shows
how to vent a wood stove into an existing fireplace.

If you don't already have a sound and safe masonry flue, the
last section will be helpful to you. It shows every detail of how
to install metal prefabricated chimneys in six typical situations.

361
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HEAT LOADS

Two types of heat Ioad (rate of heat loss) are i

deszgn heat laad the rate of heat loss in Bnt-‘ .
1sh thennal units (Btu) per hour when the out-

sxde temperamre isatthe deszgn minimum tem-
1 or the site; used to sme the heatmg

the entire heatmg season, used to estxmate the -
annual heatmg blll :

Use the work sheet on the following page to esti-
mate both of these loads for your home. An ex-
ample work sheet also follows

, Heat Load Work Sheetinstructions

Lme] Usehnehfyouhaveanunheated

attic. Get the R-value from chapter 13, oruse

3.0 &xeattlclsumnsulated S

Line 2. Usehne21fthece11mglstheunder-
side of the roof. . Get the R-value from chapter
- 13, 0ruse301ftheroof1sunmsulated

- Line(s) 3. Get the wall R-values from chapter ‘

13 cr'use401fﬂ1ewalhsunmsulated.Usea .
‘ Ting foreachdﬂferent secnonof wall.

annual heat load, the total heat loss in Btu for :

.k and 6,830 for an electric heat t pump.

‘ cdncfbte' slab. Use R—20 if the slab is uninsu-

lated. Add the msulatlon R-value (from chapter
13) if it is msulated
Line 8. Use this line if your home has a base-

ment. UseR-5if the foundation is uninsulated.

Add the msulatxon R—value (ﬁ‘om chapter 13) if-

- 1tlsmsulated.

~ Line 9. For air changes per hour use 1.5 fora

i drafty house, 0.75 for a typical 10 to 30-year-old

house, 0.50 for an average new house, and 0.25
for a new “energy-efficient” house. Heated vol-
ume is 8x heated floorarea.

‘Line 10. Add up all of the numbers appeanng
in the right-hand column above this line. ~

Line 11. First enter the sum from line 10.
Next enter 65 minus the design minimum tem-
perature (DMT97_5%) from the table of cities fol-

i1 lowing the example work sheet. Multiply the en-
tries and enter the result in the right column,

Your heating contractor can use this result to

_ size your heating system.

Line I2. Enter the sum from line 10,

- Next find heating degree-days, base 65°F,

- (HDD;s) from the table of cities following the

 example work sheet. Mumply the entries. The
- result is the total annual heat loss.

~ To estimate fuel requirements, divide this

. numberby 100,000 for gallons of oil; 70,000

per hundred cubic feet of gas; 3410 for
kilowatt-hours (kwhr) of electnc-res1stance
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Work Sheet for Design Minimum and Annual Heat Loads

Heat Loss Calculations Results
1. Ceiling under attic sqft+ ceiling R-value =
2. Cathedral ceiling sq ft + ceiling R-value =
3. Exterior wall #1 sqft+ wall R-value =
Exterior wall #2 sqft+ wall R-value =
Exterior wall #3 sq ft + wall R-value =
Exterior wall #4 sq ft+ wall R-value =
Exterior wall #5 sq ft + wall R-value =
Exterior wall #6 sq ft + | wall R-value =
4. Exterior door #1 sq ft + door R-value =
Exterior door #2 sqft+ door R-vaiue =
Exterior door #3 sqft+ door R-value =
5. Window type #1 sqft+ window R-value =
Window type #2 sqft+ window R-value =
Window type #3 sqft+ window R-vaiue =
6. Fioor over crawl sqft+ floor R-value =
7. Slab-on-grade sq ft + total slab R-value =
8. Foundation wall sq ft + total wall R-value =
8. Air changes per hour x 0.018 x heated volume cuft =

10. Sum of results from all lines above =

11. Design heat load: line 10 X (65°F - DMT) Btu/hr

12. Annual heat load: line 10 X 24 x HDDgs = Btu/yr
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Sample Heat Load Calculations
The next page contains an example work
sheet showing the calculations for design heat
load and annual heat load for the small house
in Boston, Massachusetts shown at nght

The house is deliberately kept snnple in or-
der to clarify the calculations. Many homes
will have more than one type of exterior wall,
foundation, or window, and they will 1 require
mulnple entnes for these items.

~Linel. Theceﬂmg measures 30 x 40 feet,
so its area is 1,200 square feet. Chapter 13
gives an R-value of 35.5 for its two R-19
batts. .. ,

Line 3. After the areas of wmdows and .
doors are deducted, the remaining area of ex-
terior wall is 996 square feet. The 2x6 wall
with R—19 batts has an R-value of 17.2.

Line 4. The first exterior door is solid wood
Wxth storm and has a combmed R-value of
3.0. The second has an msulated core and
R-value of 6 O ‘ ~

- 8 windows

 House for Heat Load Example

: 2doors ‘
nac —4quit

VQlume of heated space = 9,600 cublc foet
ZAir exchange rate : 0.5 changes per hour

 Linell. ,Frojm the table ,folleWing the ex-
ample work sheet, DMTg7 54, is 6°F for Bos-
ton. The result for this line is a de51gn heat

- load at 6°F of 16,963 Btu per hour.

Lme 12 From the same table, for Boston
,621. The result -of muluplymg
three numbers;cm lme 12 is the annual heat

. Vlead‘ 38,785,000 Btu.

If the house were heated w1th 011 the ap-

~ proximate winter fuel consumption would be
the annual heat load dlvxded by 100 000, or
- 388 gallons ofoil.
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Example Work Sheet for Design Minimum and Annual Heat Loads

Heat Loss Calculations Results
1. Ceiling underattic _ 1,200 sqft+ 35.5 ceiingR-value = 33.8
2. Cathedral ceiling sqft+ ceiling R-value =
3. Exterior wall #1 996 sqft+ 17.2 wall R-value = 57.9
Exterior wall #2 sq ft + wall R-value =
Exterior wall #3 sqft+ wall R-value =
Exterior wall #4 sq ft + wall R-value =
Exterior wall #5 sqft+ wall R-value =
Exterior wall #6 sqft+ wall R-value =
4, Exterior door #1 20 sqft+ 3.0 door R-value = 6.7
Exterior door #2 20 sqft 6.0 door R-value = 3.3
Exterior door #3 sq ft + door R-value =
5. Window type #1 84 sqft+ _ 2.0 window Rvalue = _42.0
Window type #2 sq ft + window R-vaiue =
Window typé #3 sq ft + window R-value =
6. Floor over crawl 1,200 sqft+ _20.9 floor R-value = 57.4
7. Siab-on-grade sq ft+ total slab R-value =
8. Foundation wall sq ft + total wall R-value =
9. Airchanges perhour __0.50  x0.018 x heated volume _9, 600 cut = 86.4
10. Sum of results from all lines above = 287.5

11. Design heat load: line 10 287.5 x 59  (65°F-DMT) = 16, 963 Btuhr

12. Annual heat load: line 10 287.5 x24x 5,621 HDDgs= 38,785,000 Btuiyr
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i

DESIGN MINIMUM TEMPERATURE AND HEATING
' ~DEGREE-DAYS FOR US AND CANADIAN CITIES

"cny - . o DMI'w.S% HDDso HDDss  HDDg . HDDgs
Nabama’&mmgham = s m wm wm oo
Aanses,LileRock 19 984 1817 2414 3,354'
Canfom;a.l.osAngetes_‘ w8 64 209 gag 1819
Colorado; Denver : ‘ e 2 2,592 i 3,588 - 4733 . . 6,016
Connecticut, Hartford 1 2,971 3,948 5,075 6350
Delawars, Wimington 12 1978 2,829 3818 4940
DC, Washington | 12 2004 2869 3864 5,010
Florida, Orlando » 33 3 126 48 733
Georgla. Atianta 18 758 1,362 2,150 3,095

 Idaho, Boise : 4 2420 3395 453 5,833
Hinois, Chicago o 2,954 3881 4940 6,127
indiana, lndlanapohs 0 2511 3,403 4421 5577
lowa, Des Moines 7 B9t 4435 5510 - - 6710
Kansas, Topoka 3 225 a5 41w s
Kentucky Louiswlle o 8 o 131'6, :H'2.625 s 3,563 14,645
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City DMTg7.5% HDDso HDDss HDDgo HDDes
New Jersey, Newark 11 2,056 2,908 3,905 5,034
New Mexico, Albuquerque 14 1,497 2,292 3,216 4,292
New York, Syracuse -2 3,215 4,218 5,366 6,678
North Carolina, Greensboro 14 1,202 1,916 2,797 3,825
North Dakota, Bismarck -24 5,235 6,364 7,627 9,044
Ohio, Columbus 2 2,524 3,438 4,491 5,702
Oklahoma, Tulsa 12 1,245 1,910 2,731 3,680
Oregon, Salem 21 1,265 2,220 3,411 4,852
Pennsylvania, Pittsburgh 5 2,63? 3,574 4,669 5,930
Rhode Island, Providence 6 2,566 3,543 4,669 5,972
South Carolina, Columbia 20 590 1,094 1,772 2,598
South Dakota, Rapid City -9 3,681 4,749 5,965 7,324
Tennessee, Nashville 12 1,195 1,874 2,720 3,696
Texas, Dallas 19 505 943 1,543 2,290
Utah, Salt Lake City 5 2,648 3,612 4,725 5,983
Vermont, Burlington -12 4,142 5,230 6,464 7,876
Virginia, Richmond 14 1,296 2,021 2,909 3,939
Washington, Seattle 28 1,386 2,393 3,662 5,185
West Virginia, Charleston 9 1,726 2,540 3,488 4,590
Wisconsin, Madison -9 4,086 5,143 6,352 7,730
Wyoming, Casper -11 3,723 4,850 6,131 7,555
Alberta, Edmunton 96’ 6,317 7,563 9,016 10,650
British Coiumbia, Vancouver 51" 1,791 2,781 4,041 5,588
Manitoba, Winnipeg 95! 6,925 8,062 9,338 10,790
Nova Scotia, Halifax 57 3,457 4,500 5,746 7.211
Ontario, Ottawa 83! 4,912 5,965 7,158 8,529
Quebec, Normandin 7,037 8,308 9,762 11,376

! Design temperature difference (same as 65°F - DMT) is used in Canada.
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HEATiNG SYSTEMS

Hydronic Boiler ,
The hydronic, or forced-hot-water system
heats water in a gas or oil boiler and circu-

lates it through loops of pipe to distribute heat

to separate heating zones.

-Annual fuel utilization efficiencies
(AFUEs) are similar to those of furnaces:
about 85 percent for high-efficiency models
and about 90 percent for condensing boilers.

Pros include even heating, ease of zoning
with separate thermostats, and small, easy-to-
conceal pipes. ,

‘Cons include no air cleaning or humidifica-
tion and no sharing of ducts with air-
conditioning.

Steam Boﬂer :

In a steam system steam is produced in a
ted oil or gas boiler, circulated
msulated plpes to room radlators and

vapo iz on' The condensed water then
drams back to the boiler for reheating.
) boﬂers are now only for replace-

- Hydronic Boiler

T !

mmm ,,,,,,,,,,, :

Convecto
Rl Air vent -

Supply risér—->
Expansion tank —
Circulator pump

Burner

Steam Boiler
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Warm-Air Furnace
The first furnaces distributed heat by natural con-
vection of warm, buoyant air through large ducts.
The modern warm-air furnace is a great improve-
ment. Heat is produced by clean and efficient
combustion of gas or oil, and the warm air is dis-
tributed evenly throughout the building by a
blower, supply and return ducts, and registers.
AFUEs average about 84 percent for high-
efficiency furnaces and 93 percent for condens-
ing furnaces.

Pros include circulation and filtration of air,
humidification and dehumidification, possible
integration with heat exchangers, and duct-
work that can be shared with air-conditioning.

Cons include bulky, hard-to-conceal ducts,
noise at high air velocity, and sound transmis-
sion between rooms.

Coal/Wood Stove
Solid-fuel (wood or coal) stoves heat both by
radiation to the immediate surroundings and
by natural convection of warmed air.

Pros include inexpensive fuel and radiant
heat that helps to define social spaces.

Cons are smoke and pollution, dangerous
creosote deposits in the chimney, no thermo-
static control, and messy wood and ashes.

Warm-Air Furnace

Coal/Wood Stove

Stairway

return Supply
register
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Electric-Resistance and Radiant Heat
Electric-resistance baseboards and radiant ceiling
panels convert electricity to heat with 100 per-
cent. efﬁc1ency, no heat goes up a flue. However,
the generation of electnmty from fossil fuels is
typically only 40 percent efficient, makmg elec-
tricity the most expensive "fuel.” Exceptions
you should i investigate include regionally lower
. cost due to hydropower, and utility i moenttves for
using and storing lower-cost off-peak power.
Pros include inexpensive installation, room-
by-room thermostatic control, and freedom
from pipes and ducts. Proponents of radiant
heat also claim it to be the most natural and
comfortable of all heat distribution systems.
Cons include the highest operating cost
and lack of air cleaning and humidification.

Heat Pumps

Heat pumps operate on the same principle as
refrigerators. By compressing and expanding -
‘a gas (the refrigerant), they reverse nature and
pump heat from a cooler "source" to a warmer
"sink." By reversing the pump, you can cool
as well as heat ahouse. - :

 air. These air-source heat pumps are cost-
effective only in warm regions where air tem-
perature rarely dips below 45°F. For more
northern areas, _consider more expensive but
more efficient water-source and ground-
source heat pumps.
Pros clude circulation and ﬁltratlon of air,
umidification and dehumidification, and
~and axr-condmonmg ‘

Electnc Baseboard and Radiant Panels
' ~'Radiant panel i

Most hea pumps extract ‘heat from outsule '

Heat Pump
- |Return —
5 =i —? ’_,.M"
Supply dudt g
Air handler & -
heat exchanger
Compr -
i 8 i
)
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COMPARING FUELS AND EFFICIENCIES

The only way to compare heating costs is on ENERGY CONTENT OF FUELS
an apple-to-apple basis, in this case cost per

Btu of useful heat: Fuel Btu per Unit
Coal Anthracite 15,000 b
Cost per Btu = F%_;IIJ)E Bituminous 13,000 b
Cannel 11,000 b
where Lignite 11,000 Ib
F = Btu content of a unit of fuel Electricity 3,412 kwhr
P = price per unit of fuel, Gas Natural 1,030 cuft

AFUE = annual fuel utilization

. Propane 91,600 gal
efficiency, percent

Qil - #1 (kerosene) 134,000 gal

The table at right lists the Btu contents of #2 (residential) 139,000 gal

fuels in their customary quantities. Coal is #4 150,000 gal

also sold by the ton. Natural gas is also sold #6 153,000 gal
by t'he 100 cubic feet and the nearly Wood Ash 25.0 x 106 cord

equivalent therm (100,000 Btu content).
Beech 28.0 x 108 cord
Example: What is the cost of 1 million (10°) Birch, white 234 x10° cord
Btu of useful heat from #2 fuel oil at $1.10 Birch, yellow 25.8 x 108 cord
per gallon, burned in a furnace with an AFUE Fir, Douglas 21.4 x 10° cord
i 9
rating of 82 percent? Hemlock 185x10°  cord
H 6
c Buu = 100 x $1.10 Hickory 30.6 x 10 cord
ost per Btu = 139,000 x 82 Maple, red 24.0 x 108 cord
= $9.65 x 10°° Maple, sugar 29.0 x 108 cord
Cost per 10° Btu = $9.65 Oak, red 240x10°  cord
E le: What is th 105 Btu of h Oak, white 30.6 x 108 cord
- Example: at is the cost per tu of heat ) .

. Pine, pitch 22.8 x 10° d
from a 60 percent-efficient wood stove ne p"? x10 cor
burning red oak at $95 per cord? Pine, white 158x10°  cord

Poplar 17.4 x 108 cord
Cost per 10Btu = 10 1006)( $95 Spruce 17.5x 108 cord
24.0x 10°x 60 Tamarack 23.1 x 108 cord

= $6.60
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Savings from Increased Efficiency

The cost-per-Btu formula on the previous page -
can also be used to calculate the savings real-
ized from increasing heating-system efficien-
cy. The table below is more convenient, how-

Example: How long will it take for a flame

~retention head burner replacement to pay back

its cost if the burner increases the estimated
annual efficiency of a boiler from 60 to 75
percent? The present fuel bill is $1,200 per

ever, because i it shows the reduction in annual
heating bill as a percentage of the present bill.

year, and the new burner costs $400.

From the table below, the annual savings
will be 20 percent of $1,200, or $240. The
$400 cost will be paid back in $400+$240 =
1.7 years. This is equivalent to receiving 60
percent interest on the $400 investment.

Example; What savmgs will be reahzed ona
heating bill of $700 by installing a new gas
furnace if the AFUE is increased from 65 to
85 percent? .

From the table below, the annual savings
will be 23.5 percent of $700, or $164.50.

PERCENTAGE FUEL SAVINGS FROM INCREASED ANNUAL EFFICIENCY

From To AFUE, %
AFUE,% 55 60 65 70 75 80 85 90 95 100
40 273 333 385 429 46.7 50.0 529 556 579 600
45 182 250 308 357 400 438 47.1 50.0 526  55.0
50 09.1 16.7 23.1 28.6 333 375 412 444 474 500
55 00.0 08.3 154 214 26.7 31.3 35.3 389 421 450
60 00.0.. 077 14.3 20.0 250 294 333 368 400
65 o 00.0 07.1 133 188 235 278 " 316 35.1
70 00.0 06.7 125 176 222 26.3 30.0
75 - o 00.0 06.3 18 167 211 250
80 00.0 05.9 11.1 15.8 20.0
85 00.0 05.6 105 150
9% : ' 000 053 100
o 050

N ' ' 00.0
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FIREPLACES

Standard Fireplace with Exterior Air
The modified standard fireplace design illus-
trated on the following page offers two key
advantages: It uses outside air for combus-
tion, and it cuts down on infiltration of cold
air caused by replacement of warm air used
for combustion. Both factors mean greater ef-
ficiency. To reduce infiltration when the fire-
place is not in operation, tight-fitting dampers,
louvers, and glass screens should be used.

The intake is located in an outside wall or
in the back of the fireplace and requires a
screened closable louver, preferably one that
can be operated from inside the house.

To ensure sufficient air, the passageway
should have a cross-sectional area of at least 55
square inches. The insulated passageway can
be built into the base of the fireplace assembly
or channeled between joists in the floor.

The inlet brings the outside air into the fire-
box. A damper is required for volume and di-
rection control. The damper is located in the
front of the firebox, and although its dimen-
sions may vary, most openings will be about
4-1/2 % 13 inches.

The air intake pit, located directly below the
inlet, should have the same dimensions and
should be about 13 inches deep.

CONVENTIONAL FIREPLACE DIMENSIONS

Finished Fireplace Opening Rough Brickwork Flue Size Steel Angle

A B C D E F G H J LxM N

24 24 16 11 14 18  8-3/4 32 19 8x12 A-36
26 24 16 13 14 18  8-3/4 . 34 21 8x12 A-36
28 24 16 15 14 18 8-3/4 36 21 8x12 A-36
30 29 16 17 14 23 8-34 38 24 12x 12 A-42
32 29 16 19 14 23 8-3/4 40 24 12x12 A-42
36 29 16 23 14 23 8-3/4 4 27 12x12 - A48
40 29 16 27 14 23 8-3/4 48 29 12x 16 A-48
42 32 16 29 14 26 8-3/4 50 32 16x 16 B-54
48 32 18 33 14 26 8-3/4 56 37 16 x 16 B-60
54 37 20 37 16 29 13 68 45 16x 16 B-72
60 40 22 42 16 31 13 72 45 16 x 20 B-72
72 40 22 54 16 31 13 84 56 20x 20 C-84

Source: Energy Efficient Fireplaces (Reston, Va: Brick Institute of America).

Note: Dimensions are given in inches.



374 ‘Heating

Standard Fireplace with Exterior Air

SECTION .

PLAN VIEW

Air passage
Ash drop

Air damper

A
, !———!
: : I : Air damper
| lL e Intake pit
N
|

g¢———— Ash pit
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Rumford Fireplace with Exterior Air
Most of the heat that can be gotten from a
fireplace is radiated heat. There is a particular
class of fireplace design, featuring shallow
fireboxes with obliquely flared sides and
backs, that produces the maximum amount of
radiated heat. This design is called the Rum-
ford fireplace. The design rules below and the
illustration on the following page provide de-
tails and dimensions for a Rumford fireplace
and guidance on how it should be designed
and built.

If you combine this data with the informa-
tion on using outside air for combustion and
draft, and glass screens, you can achieve the
maximum in energy-efficient fireplace design.
A Rumford fireplace, with exterior air supply
and glass screens for the opening, will provide
the most radiated heat, the least infiltration,
and the best all-around energy performance to
be found in true (noninsert) fireplaces.

Design Rules for Rumford Fireplaces

e The width of the firebox (D) must equal
the depth (O).
e The vertical portion of the firebox (E)
must equal the width D).
o The thickness of the firebox (I minus O
- should be at least 2-1/4 inches.

e The area of the fireplace opening (A X B)
must not exceed ten times the flue opening area.
e The width of the fireplace opening (A)
and its height (B) should each be two to three

times the depth of the firebox (C).
e The opening height (B) should not be
larger than the width (A).

e The throat (G) should be not less than 3
nor more than 4 inches.

e The centerline of the throat must align™
with the center of the firebox.

e The smoke shelf (R) should be 4 inches
wide.

e The width of the lintel (O) should be not
less than 4 nor more than 5 inches.

e The vertical distance from lintel to throat
(P) must be at least 12 inches.

e A flat plate damper is required at the

throat and must open toward the smoke shelf.
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Rumford Fireplace with Exterior Air

SECTION PLAN VIEW

Ash drop ——
Air damper

" FRONT ELEVATION
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WOOD STOVE INSTALLATION

Clearances RADIANT STOVE
Wood and coal stoves are classified as circulat- NO REAR pROTE’cﬂoN

ing, radiant, or cookstove. A circulating stove
has two walls: an inner wall surrounding the
firebox, and an outer wall. Heated air rises, Stove-
drawing cool air from the floor into the space . Pipe
between the inner and outer walls. Because the 18 Side
air circulates, clearances for this type of stove
are less than those needed for a radiant stove. ]
Much of the heat from the single-walled ra- ‘\2%?
diant stove is in the form of infrared radiation. ~
Clearances are greater because the infrared /
energy radiates into combustible materials
and changes their composition, lowering the
temperature at which they can spontaneously
combust. Since the changes are not always
evident, proper clearances should be main-
tained to prevent the possibility of fire.

Stovepipes ordinarily run cooler than the RADIANT STOVE,
stoves to which they are connected. However, REAR PROTECTION
in case of a chimney fire, the stovepipe may
temporarily become much hotter than the erétga?‘;%‘; Shee

stove. Clearances are therefore specified for
stovepipes as well.

Combustible materials include anything
that can burn. Examples are the wood box,
magazine racks, furniture, draperies, and
wood paneling. Even a gypsum-drywalled or
plastered wall is combustible since the wood
studs behind the surface can burn.

The illustration at right shows minimum
side and rear clearances for radiant stoves
and single-walled stovepipes, both with and
without protection of combustible surfaces.

The tables on the the next pages list more
detailed specifications.

1" from wall




MlNlMUM CLEARANCES FOR WOOD-BURNING STOVES WITH NO PROTEC'"ON , L
Cookstove =~ Cookstove © UL-Listed

fSurlacq Radlqm ‘ Clrculaﬂng Lined Flrepot Unlined Firepot Stoveplpe + Stoves
Cailing 36" s o8 sy fnstall
T ‘ : s L following - -
Front . 36" 24" Cookmg room ‘Cooking room 187 - directions .
Side 3" 122 Firing side 24" Fifing side 36" 18" ' £

’ » Opposite side 18" . Opposite side 18" s
Rear 36" - 128 oo R e 18

MINIMUM CLEARANCES FOR WOOD-BURNING STOVES WITH ADDED PROTECT!ON k :
Mlnlmum Protectlon COvorlng e Where the: Requirad Clearance with No Protection Is:

All Combustible Sur!aces 36 inches 18inches = . 12 inches »
; Above Sides . Rear Above Sides Rear Above Sides Rear

28-gauge sheet metalspaced1" . 18" 12 12" 9". .. 6" 8" 6" 4 4

from wall and 1" from floor -~ - L : ]

,22-gauge sheet metaion 1" 18" 12" 12" 4" 3 3" 2" 2" 2"

mineral fiber batts reinforced with
wire or equivalent, spaced 1"
from wall and 1" from floor

FLOOR CLEARANCES AND RECOMMENDED ‘Chimneylﬂbof Clearances

ar : 24-gauge sheet metal
6"to 18" o f 24-gauge st A‘meta}ever 174"

Lessthan 6" L
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Installing a Wood Stove in a Fireplace Fireplace Installations
Except for the modern prefabricated fireplace

insert, wood stoves are far more efficient than

fireplaces. The reasons are these: ABOVE
FIREPLACE

o A wood stove radiates heat in all direc-
tions, rather than from the opening only.

e A wood stove convects warm air to the
room from all of its surfaces, rather than up
the chimney.

e A wood stove draws the minimum
amount of air required for combustion, rather .
than 10 to 100 times that required. |/ \l

—

The illustration at right shows three ways

to connect a wood stove to a fireplace. INTO

THROAT
Above the fireplace provides the best draft,

produces the least mess, and is the safest. If
there is not already a clay-lined thimble in-
stalled, call a mason or stove specialist to do
the conversion.

Into the throat provides nearly as good a
draft, provided the sheet metal throat plate is
tight fitting. For safety, make sure the throat l l \i

plate is fastened securely. An advantage of
this method is that a small stove can fit par-

tially into the fireplace, particularly if the out-
Jet is vertical rather than horizontal as shown. THROUGH
Through a cover panel provides the least COVER PANEL
draft and results in messy black creosote de-
posits over the entire interior surface of the
fireplace. It may, however, be the simplest
option, provided the fireplace already has
glass fire screens. An approved panel, such J
_]

as a stove mat, may be cut to fit inside the
frame of the fireplace screens.

[ \
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, should be no longer than
'cal chimney ,helght

eplpe that has a diameter as large
here the plpe Joms the stovc.

Slope pipe 1/4" per kfo;o‘i of un

L /- — Place seams on top

[ <—Sméll end down
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Metal Prefabricated Chimneys

METAL PREFABRICATED CHIMNEYS

Offset to Avoid Ridge Through Attic Insulation
Round top Round top

/ heg¢—— Storm collar / ht—— Storm collar
?[w Adjustable Adjustable
flashing flashing

Resupport
Elbow/offset

Locking bands

Maximum incline 96" g¢——— Chimney pipe

Elbow/offset
. . . Attic insulation
< Attic insulation shield shield
e !
| ) 1
1 J ¥ Finish
k Finish support p;éiags:ppon
Pipe adapter
Pipe adapter

| ¢————— Smoke pipe . g—— Smoke pipe
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— e

Through Occupied Space Above

:Stérmmuar,
Adjustable
flashing ——

Full enclosure or
insulation shield

Fire-stop/
wall'spacer

Full enclosure in
occupied areas,
storage areas,
or.closets

Finishsupport A L_

~ Through Steep-Pitch Roof =~

- Roofbrace - 2feet

-High-pitch”~ minimum
flashing. .. +

2

Roof support
under flashing

Pitched ceiling plate

Suspended length long
enough to provide 18"
minimum clearance

Chimney pipe adapter

with three screws -~
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Tee-Supported Outside Chimney Fireplace Chimney

Round top —————% Y %—-—— Round top
r

Storm collal
N ~ / Ag——— Storm collar
ﬁ/ Adjustable
flashing
Maximum height )
of installation 85’
2" minimum chimney .
clearance to wall > e Attic enclosure or
’ insulation shield ——»-
Wall band needed
every 8' minimum » Jo— Chimney pipe
Use locking bands
at every joint
/ N
Fire-stop/wall spacer
Fire-stop/
wall spacer
Fire-stop/trim collar
\ . < Anchor plate
Chimney extension »
Finishing collar — »
Smoke pipe ————»
Wall support kit
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size of cooler for your home.

Cooling

The object of this chapter is to help you achieve cool comfort

for the lowest possible cost. You'll find there are numerous

‘ techniques you can employ before resorting to mechanical air-
: condmomng To understand how and why these other tech-

niques work, the chapter begins by explammg the relatlonshlp

- between cooling and comfort.

Inexpensive attic radiant barriers have been shown to result
in dramatic cooling savings in southern states.

You' ve always known that window shading cuts down on
solar gain in summer, but this chapter shows you exactly how
much you will save using different types of shades and differ-
ent widths of roof overhang.

“Moving Air with Fans” shows you how to select and size
the right type of fan for your cooling needs, from a small oscil-
lating fan in the kitchen, or an: old-fashioned but surprisingly
effective ceiling fan, to large window and whole-house fans.

If you live in a dry climate, chances are excellent that you
can cool air by 20 degrees or more with an economical evapo-

_rative cooler. Here youll find a table hstmgthe evaporative

cooli ntial for your area and Tmu : tlmatmg the

If all of the above fail to cool you sufﬁcxently, use the work

__ sheet: provided for calculatmg the size of air condmoner need—
£ “ed to cooi elther a smgle room or the whole house
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COOLING AND COMFORT

Many people think of temperature as the only
variable affecting their comfort. In fact, as the
human comfort chart below illustrates, humid-
ity, air movement, and radiation all strongly
affect our comfort:

Relative humidity affects the rate of evapora-
tion from the skin. Since evaporation of perspi-
ration absorbs heat, it lowers the temperature of
the skin. Thus, at high temperatures, we are
more comfortable at lower relative humidities.

Air movement across the body increases

heat loss from the body and allows us to feel
comfortable at higher temperatures. Ina 5
mph breeze, for example, the average person
would feel comfortable at up to 87°F at 60
percent relative humidity, and up to 93°F at
20 percent relative humidity.

Radiation adds heat to the body. The chart
below shows that radiation of 150 Btu/square
foot-hour (approximately the level of midday
winter solar radiation) allows the average per-
son, dressed in normal clothing, to be comfort-
able down to a temperature of 45°F!

The Human Comfort Zone

100
| 400 fymp |
=L (4.5 oy

Anr movemenét raises U;;per limit
9. 80 ; [T WD, WU B X
3
2 ,
3 70 - -
£ i
]
ey
= i
n i
o 60} Radiation depresses lower limit
150 Btu/sq ft-hr
40
0 10 20 30 40 50 60 70 80 90 10

Relative humidity, %




 ATTIC RADIANT BARRIERS

nt bamer'ls not msulatlon It does
conducted heat, as msulataon does.
You can pick up a Styrofoam. cup of hot cof-
fee because the Styrofoam is retardmg the
conduction of heat from the inside of the cup
to the outside. But you'd have a rough time
drmkmg hot coffee from an aluminum beer
can. The heat would conduct right through

 Radiant heat cons1sts of rays of energy that "
‘travel through air space and don't become heat

until they strike an object An aluminum barri-
er works because it is ‘capable of refle

E he sheathmg is the s1mp1est and
~cheapest method for new constmcuon The -

" Whlchever method you use,
~rier with the foil facmg down into the attic

Attached to the bottam of the raﬁers is the

easiest, most effective retrofitting method.
- Slmply staple the matenal to the unders1d.e of

1‘mstall the barf

space. At first, the foil would work equally

well facmg up or down. However, dust would
collect on upward-facing foil, preventmg the

kbarner from working.
This dust problem also makes 1t meffectlve
to install the barner over attlc ﬂoor msulatlon

. facmg up.

Note that small tears or gaps in the radlam

. barner will not s1gmficant1y reduce overall
,performance

to98percentoftherad1antheatﬂ1at trikesit.

'Attic Sectlon with Three Posslble
. Locations for Radiant Barrier

Below rafter facmg
down

_'Under she athmg

i i vvvvvvvv
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WINDOW SHADING

A high percentage of summer heat gain comes
through windows as solar radiation. Surpris-
ingly, much of the radiation is diffuse or re-
flected, and not directly from the sun. As a re-
sult, it pays to shade all windows, regardless
of the direction they face. The single excep-
tion is passive solar glazings in northern
states, which should have calculated over-
hangs as shown in chapter 17.

The tables in this section are based on pre-
liminary research performed at the Florida So-
lar Energy Center for 30° north latitude. Sum-
mer solar gain is not very sensitive to latitude,
however, so the results are applicable
throughout the southern United States.

Roof Overhangs
The illustration and table at right show the
i)ercentage reductions in heat gain through the
entire cooling season for 4 X 4-foot windows
when shaded by continuous overhangs of vari-
ous widths, W. The reductions are seen to be
nearly independent of window orientation.

Of course, there are reasons other than solar
shading for building overhangs:

e A 2-foot overhang protects siding and
windows and doors from the weathering ef-
fects of rain. In addition, windows can be left
open without worrying about sudden showers.

e A 6 to 8-foot overhang is common for
porch roofs, which are very common in the
South.

e A ten-foot overhang could be provided by
a carport or vine covered patio.

Roof Overhang

PERCENTAGE SUMMER HEAT GAIN
REDUCTION FROM ROOF OVERHANGS

Window Width of Overhang (W), feet

Facing 1 2 3 4 6 10
North 16 32 44 54 66 78
East 14 32 47 58 72 84
South 17 35 47 56 67 79
West 15 32 47 58 71 83
Avg 16 33 46 57 69 81

Source: Comparison of Window Shading Strategies for
Heat Gain Prevention (Cape Canaveral, Fla: Florida Solar
Energy Center, 1984).



ﬂ [Cobnﬁg e

es unnl at 90° slope, netlung

 can be seen. The table indicates that much of

‘the shadmg benefit is achieved with a slope of
30°, at which point the top half of the

Awning with Sides -

NETSAVINGS FROM SHADING, kwhr/sq ft-yr |

_ Window Tinted “Sliver Charcoal Avming Awning

Faclng "Glass -~ Fllm " Screen  No Slde &SIdes
' Jacksonvulle 30,5° N Latitude

MNomh 15 36 38 29
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MOVING AIR WITH FANS

During the cooling season in hot, humid re-
gions of the United States, air-conditioning
costs are the largest part of the monthly utility
bill. In Florida, for example, air-conditioning
accounts for about 30 percent of the total an-
nual electric bill in an all-electric home. To a
large extent, fans can reduce the need for air-
conditioning by raising the upper limit of the
comfort zone.

There are three generic types of fans in
common use:

e air-circulating, which cool by air motion
o whole-house, which cool by air exchange
e attic vent, which lower attic temperatures

Air-Circulating Fans

Air-circulating fans include oscillating, box,
and ceiling fans. The breeze they create can
easily allow air conditioner setbacks of 5 to
10 F°, lowering the air-conditioning bill by 40
to 80 percent.

Portable oscillating fans are best at cooling
small areas, such as people sitting at desks or
working in the kitchen. Larger box fans can be
placed in doorways to move large volumes of
air between rooms. The quietest and most effi-
cient by far, however, are ceiling fans. A ceil-
ing fixture can usually be easily converted to
a ceiling fan plus light. The illustration below
shows required clearances and proper fan size.

. Sizing Ceiling Fans

Mininium 10"

C:ES::D

Minimum 7'
for safety

MINIMUM FAN SIZE
Largest Room Diameter of
Dimension, feet Fan, inches
12 or less 36
12t0 16 48
1610 18 52

Over 18 2 fans
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Moving Air with Fans

Window Fan as a Whole-House Fan e Place the fan to blow out in a room far
Whole-house fans are effective, but they are from the cooled rooms.
also expensive, difficult to retrofit, and power e Open windows in the rooms to be cooled
hungry (500 to 700 watts). Operated properly,  and all intervening doors.
a window fan can be nearly as effective: o Close all other windows.

e Locate the specific areas you wish to Get ready to enjoy a cooling breeze through
cool, such as the two bedrooms below. your bedroom without the noise of a fan.

Air Exchange with a Window Fan




Att!c Vent Fans ‘ T
Poweled am:: vent fans venulate the amc but

- with recomnended natural ventllatlon and in-

sulauon 1eve1s do not need attic vent fans.
Such‘vent fans typlcally cost more to operate
the recommende value of attlc msulatlon

(see chapter 13) with : an attic radiant barrier as

described earlier in this chapter. For effective
natural attic ventilation, use continuous soffit
vents at the eaves plus ridge vents at the peak.

The coolmg effect of a breeze depends on
its velocity. Air velocity can be approximated
if you know the total area through which the v

‘breeze i is blowing (such as total open area of

inlet windows) and the fan rating in cfm.
 The cha;rt below shows ranges of fan cfm

'versusfansxzeforﬂiefansdtscussedmthls

chapter, as well as their approximate efficien-
cies in cfm per watt of electrical consumption.
Notethatcellmg fans are at least three times
more efficient than any other type. =

Fan Size and Efficiency

8,000
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EVAPORATIVE COOLERS
When water evaporates, it absorbs heat. This As a rule of thumb, evaporative coolers are
is why you feel so cool when you emerge recommended wherever the temperature drop
from swimming on a dry, breezy day. (DB - WB ) is more than 20F° and the cooled

Evaporative coolers (also known as swamp air would be below 79°F. The table on the
coolers) utilize this phenomenon to lower air following page lists these criteria for selected
temperature. As the illustration below shows, cities. Cities which approximately meet both
hot, dry air blown through a water-soaked pad criteria appear in italics.
emerges as humid, but much cooler, air. The To size an evaporative cooler

temperature drop can be predicted:
1. Compute the volume of house air.

Temperature drop =E X (DB - WB) 2. Find the recommended minutes per air
where change for your location.
E = cooler efficiency, percent 3. Divide the house volume by minutes to
DB = intake air dry bulb temperature find the recommended cooler capacity in cfm.
WB = intake air wet bulb temperature 4. If your home is very energy efficient, di-

vide cfm by 2; if not insulated, multiply by 2.

How Evaporative Coolers Work

95°F Evaporative 75°F
45% relative cooler 85% relative
- humidity humidity
b
4
Hot A : Cool
dry D A moist
air air

=
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Cooling
POTENTIAL FOR EVAPORATIVE COOLING -
co e e e o5 Minutes e ture - Minutes
Locatlon l‘3FB v‘!g DFr?F"?eol:::("’F gl:;:gl: Location ?l'-'B “!IE D;‘?P’TmesF c':’:;:;
AL Birmingham 96 74 18 78 NR  NVlasVegas 108 66 34 74 3
AZ, Phoenix 108 71 30 79 2 NH,Concod 90 72 14 76  NR
AR LitleRock 90 76 18 81 NR NJ, Newark 94 74 16 78  NR.
CA LosAngsles 93 70 18 75 2 NM, Albuquerque 96 61 28 68 3
CO,Denver 83 59 27 66 NY,Syacuise 80 73 14 76 NR.
CT, Hartford 9174 - 14 77 NR NC, Greensboro 83 74 15 78 NR
DE, Wilmington 92 74~ 14 78 NR ND, Bismarck 95 68 22 73 3.
DC, Washington 93 75 14 79 NR OH, Columbus 92 73 15 ’ 77 NR
FL, Orlando %4 76 14 80 NR OK; Tulsa 101 74 22 79 13
GAAtlanta 94 74 16 78 NR OR,Poland 89 68 17 72 NR
ID, Boise 9% 65 25 71 4 PA, Pittsburgh 91 72 15 76 NR
IL, Chicago 94 75 15 79 o NR V RI, Providence 89 73 13 76 NR
IN,Indianapolis 92 74 14 78 NR SC,Coumbia 97 76 17 80 NR
IA,DesMoines 94 75 15 79 NR SD, RapidCity 95 66 23 72 3
KS, Topeka 9 75 20 79 2 TN,Nashvile 97 75 18 73 NR
KY,losvile 95 74 17 78 NR  TXDalls 102 75 22 g0 2
LA BatonRouge 95 77 14 81 NR UL SatlakeCly 97 62 28 69
ME,Potland 87 72 12 75 NR VT,Burlington. 88 72 13 75 NR
MD,Balimore 9 77 12 80 NR VA, Richmond 95 76 15 80 NR
MABoston 91 73 14 77 NR WA, Seattie 8 68 14 71 NR
MI, Detroit 91 73 14 . 77 NR WV,Charleston 92 74 14 78 NR
MN.Duth 85 70 12 73 NR  WiMadson 91 74 14 77 R
k 76 17 80 'NR WY, Casper 92- 58 27 6 < 4
7518 80 NR. wNoktek;:N’R means not recommended for this loca
60 . 25 66 3 w‘mth good evaporative cooling potential appear in falics.
L e _ Temperature drop assumes a cooler efficiency of 80%.
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AIR-CONDITIONING

If all else fails to cool you into the comfort
zone, you have no choice but to air-condition.
Air conditioners, powerful but expensive
tools, lower humidity as well as temperature.
What you need first is an estimate of your
peak cooling load, the number of Btu per hour
that need to be removed under the worst con-
ditions of the cooling season. The work sheet
and tables that follow allow you to find that
load, whether you are cooling just a bedroom
or the entire house, no matter where
you live in the United States.

You may wish to photocopy the work sheet
so that you will be able to calculate the peak
cooling load for a second room.

Carefully read the instructions for each line
before entering any numbers. An example
calculation follows the work sheet.

When you are done, look for an air condi-
tioner whose rated cooling capacity closely
matches your peak cooling load. The appli-
ance efficiency label lists the capacity as well
as the energy efficiency ratio (EER), the ratio
of Btu of cooling to watts consumed. '

Cooling Factors
(for line 9 of air conditioner work sheet)




= - Cooling '

Instructions for Work Sheet

lated attic; otherwise use line 2. Fmdﬂaeshadmgf

factor in column 1 of table 1. The msulanen fac-

tor is 0.8 x the nommal R-value of the msula—

tion. (See chapter 13 for insulation R-values. )

Use 24 if thereisno insulation. =~ :

Line 3. Follow the same instructions as for

lines 1 and 2. Exterior walls are those facing the
: OutSId& Include doors but not windows. =

Line4. Intenerwalls are those that separate
the cooled space from unconditioned spaces. If
you are cooling the entire house, there will be no
interior walls. The insulation factoris 0.8 x the
nominal R-value of the wall insulation, or 2.4 if
there is none.

Lme 3. Getthe ﬂoor factor from table 2; the
msulauon factor is as in line 4.

Line 6. Enter the total floor area of the cooled
space. Estimate air changes per hour as 0.4 for
the tlghtest posmble house to 1.3 fora

TABLE 1. SHADING FAcroas e

Roof; Wall, Celllng “Windows

Lmex 1 and 2 Use hne 1 1f you have a venu-

Lme Calculate wmdow areas as helght X

Unshaded areas L 1 00 1, DO
Fully shaded areas f 070 020
Pamally shaded by awmng, 0.90 0.65 =
overhang small trees : :
Shaded msuiebyshades 0.45 -
drapes fims . . ,
TABLE 2 FLOOR FACTORS
Floor Above L : : Factor
Open crawl space , 1.0

: Closed crawl space ‘ 0.0
Full basement - 0.0
Unconditioned room -~ - f 0.9
Ground (slab-on-grade) 0.1
TABLE 3. GLAZING FACTORS
Type of Glazing Line 7 Line 8

: Single-glazed window -~ 1.0 1.0
e Double-glazedwmdow 05 08
g ,0;33‘; i

Tnple-glazed window = 065

~_walls, floors, or other mass -

- TABLE 74. THERMAL MASS FACTORS

Factor

Bulldlng Construction
Lsghtwoodtrame f i 1.00
. Solldv‘masonry or wood frame with 090
‘ Wbﬂd:frame*wtth:masenmmteﬁm

080 . -
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Work Sheet for Sizing Air Conditioners

Heat Source Calculations Resuits
1. Roof over ventilated attic sq ft x 44 x shading factor + insulation factor =
2. Cathedral ceiling or sq ft x 48 x shading factor + insulation factor =

roof over unventilated attic

3. Exterior wall facing

north sqftx18x___ shadingfactor +___ insulation factor =

east sqftx28x___ shadingfactor +___ insulation factor =

south sqftx24x____ shadingfactor +___ insulation factor =

west sqftx28x__ shadingfactor +___ insulation factor =
4. Interior walls facing sqft x12 +__  insulation factor =

unconditioned rooms

5. Floors over unconditioned sq ft x 20 x floor factor + insulation factor =
spaces

6. Infiltration: area of living space sq ft x air changes per hourx 1.6 =

7. Window conduction sqft x16x glazing factor =

8. Window solar gain

north sqftx16x___~ shadingfactor +_ giazing factor =
east, south, southeast . sqftx80x__ shading féctor +_____ glazing factor =
waest, southwest, northwest sqftx140x __ shadingfactor +__ glazing factor =
northeast sqftx50x___ shading factor +___ glazing factor =

9. Sum of lines1-8 x cooling factor from map =

10. Utility gain watts being consumed in space x 3.4 =

11. People gain number of people in space x 600 =

12. Peak cooling load, Btu/hr:  sum of lines 9 - 11 x thermal mass factor =
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Cooling

Sample Air Conditioner Calculation
The next page contains a completed form

* showing the calculations for the required ca-
pacity of an air conditioner for the small
house in Boston Massachusetts shown at

Line' 1. The ceiling measures 30 x 40 feet,

so its area is 1,200 square feet. The roof, how-

ever, is pitched 30°;so its area is 1,386 square
feet. (If you don't know how to do this calcu-
lation, see the relationships between the sides

of a triangle in chapter 21.) The unshaded roof
has a shading factor of 1.00, from column 1 of

table 1. The insulation factor is 0.8 X the nom-
inal R-value of 38.

‘Line 3. The north and south walls are each
320 square feet, less the window area of 21
square feet, or 299 square feet. The east and
west walls measure 219 square feet by the
same process. The west wall is fully shaded,
so its shading factor (table 1) is 0.70. The rest
are unshaded, so their shading factors are -
1.00. The nominal R-values of 19 are multi-
,‘p’lied by 0.8 to get insulation factors of 15.2.

_ Line 4. The entire house is air-conditioned,
50 the interior walls have no effect. ,

Line 5. The house sits on a vented (open)
crawl space, so the floor factor is 1.0.

Line 6. There are 0.50 air changes per hour.

Line 7. The glazmg factor, from column 1
of table 3, for double—glazed windows is 0.5.
~Line 8. Both east and south windows are
- entered on onie line. The shading factors are
same as for the walls in line 3. The glazing
, .factor of O 8 is found In column 2 of table 3.

House for Air Condltloner Example

8windows. ... =40sqft >

| gq/

Air exchange rate = 0.5 changes per hour

“Ceiling R-38; walls R-19; floor R-19 over vented crawl
-21-sqft of windows facing N, S, E, W

West wall fully shaded; other walls and roof unshaded
Spring and fall utility bills average 350 kwhr
3 occupants in summer

- Line 9. The sum of yther,results column for

all of the lines above is 13,921. Boston's cool-

ing factor of 0.75 is found from the map at the
beginning of this section.
_ Line 10. The electric utility bills for the

: ‘sprmg and fall months show an average con-

sumption of 350 kilowatt-hours per month.
Line 12. There are three occupants of the
home during the eoohng season.
Line 12. The thermal mass factor for a hght
wood frame house (1.00) is found in table 4.

‘The sum of lines 9 through 11 is 13,906, so the
~ peak cooling load is 13,906 Btu per hour. This is
~asmall load for a house and could be satisfied
by two 7,000 Btu/hr room air condluoners

It
i
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Example Work Sheet for Sizing Air Conditioners

Heat Source Calculations Results

1. Roof over ventilated attic 1,386 sqftx44x_1.00 shading factor + 30.4 insulationfactor=2, 006

2. Cathedral ceiling or sq ft x 48 x shading factor + insulation factor =
roof over unventilated attic

3. Exterior wall facing

north 299 sqftx18x_1.00 shadingfactor +_15.2 insulation factor=__ 354

east 219 sqftx28x 1.00 shadingfactor + 15 .2 insulation factor=__ 403

south 299 sqftx24x_1 .00 shading factor + 15 .2 insulation factor = 472

west 219 sqftx28x 0 .70 shading factor +_15 .2 insulation factor = 282
4. Interior walls facing sqftx 12 + insulation factor =

unconditioned rooms

5. Floors over unconditioned 1,200sqftx20x__1. 0 ficorfactor + 15.2 insulationfactor=1,579
spaces

6. infiltration: area of living space_1, 200sqt x 0.50 airchanges per hourx 1.6 = 960

7. Window conduction 84 sqft x16x 0.5 glazing factor = 0 72

8. Window solar gain :
north 21 sqftx16x 1 .00 shading factor +_0 .8 glazing factor = 420
east, south, southeast 42 sqftx80x_1.00 shading factor + 0.8 glazingfactor= 4,200
west, southwest, northwest 21 sqftx140x 0. 70 shadingfactor + 0.8 glazingfactor= 2,573
northeast sq ftx 50 x shading factor +____ glazing factor =

9. Sum of lines1-8 13,921 x 0.75 cooling factor from map = 10,440

10. Utilty gain 350 x 1.4_= 490 watts being consumed in space x 3.4 = 1,666

11. People gain 3 number of people in space x 600 = 1,800

12. Peak cooling load, Btuhr:  sumof lines9-11 x_1 .00 thermal mass factor = 13,906
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_and what can we expect

- perfor
: Warm and cold dlsappomtment

~Smce man constmcted the first rudtmentary shelter e:has al- :
- ways mstmctlvely utilized free energy from the sun. What is

passive solar — today" What are the techniques and materials,
in terms of lowered fuel bills? -
After several decades of expenmentauon builders and home-

. owners ahke have settled on two basic passive solar system

bpes: the direct gam, or solar-tempenng, approach and the

: greenhouse

- Ifyouare con31denng bulldmg a solar-tempered home or
thmkmg of addmg a solar greenhouse -you'll need to know the
ce factors that spell the dlfference between radlant ;

- e solar deszgn procedure guides you through the
ction of an appropriate solar goal for your climate, the colors

: and matena]s you should use, and the amounts and areas of heat-

" absorbing 'constmctlon matenals you should prov1de for 24-hour
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WHAT IS PASSIVE SOLAR?

There are many techniques for reducing ener-
gy consumption in buildings. Techniques
such as increasing insulation, caulking and
weather-stripping, and using high-
performance windows and doors have been
described in previous chapters. These energy
conservation techniques are primarily buffers
against cold climates, reducing the rate of
escape of interior heat.

There are, however, techniques that capture
free energy from the sun, reducing, and in
some cases eliminating, the need for conven-
tional central heating sources. These solar
techniques can be roughly divided into two
categories: active and passive solar heating.
Passive techniques rely upon the interrelation-
ship of heat from the sun, mass of the build-
ing, and siting; with these they capture, store,
and release solar energy. With little if any in-
creased cost, and with no noisy equipment to
maintain, passive solar has become the tech-
nique of choice.

" During the last 15 to 20 years, designers
have learned a lot about the actual perfor-
mance of passive solar structures. This chap-
ter contains a condensation of that knowledge
in the forms of simple graphs, tables, and de-
sign procedures that allow the design of near-
optimum residential passive solar buildings
anywhere in North America.

Passive solar, of course, is no substitute for
standard energy conservation techniques. An
underlying assumption for all that follows is a
very high level of energy conservation. State
and local energy standards should be consid-
ered the minimum for any passive solar design.

Guidelines for energy conservation in con-
junction with passive solar design include the
following:

o Insulate walls, roofs, and floors one step
beyond the local norm, i.e., if the code calls
for R-19 walls, make them R-25.

o Select triple-glazed, Low-E, or Heat Mir-
ror windows, and insulated doors.

e Reduce air infiltration through the use of
continuous air/vapor barriers and caulking and
weather-stripping of all openings.

e Reduce the area of windows and doors on
the north side of the building.

e Orient the building and openings to maxi-
mize the effects of cooling summer breezes
and minimize the effects of winter winds.

e Utilize landscape elements to provide
summer shade and to block winter winds.

o If natural deciduous shading is not possi-
ble, provide overhangs and projections to
shade glazings during the cooling season.

e Ventilate roofs and attics to avoid con-
densation damage and summer overheating.



, restones or skyhghts The ra_f
d1at10n stnkes and is absorbed by f] oors




Passive Solar System Types 403

Sun Space or Greenhouse ' Isolated
Attached sun spaces are frequently construct- Sun Space
ed as extensions to homes. They are generally
considered secondary use spaces, in which
heat is either collected and vented directly to
the living space or is stored for later use. The
solar energy collected by the sun space is gen-
erally used to heat both the sun space and the
adjacent living space.

Sun spaces are designed for one of two ba-
sic modes of operation. In the first, the sun
space is isolated from the living space (illus-
tration at top right) by an insulated wall and
doors which may be closed. As a result of this
isolation, the sun space is not treated as part
of the conditioned space, and its temperature
is allowed to fluctuate beyond the range of
human comfort. In the second case, the sun
space is integrated with the living space
(illustration at bottom right), and its. tempera-
fure is controlled with auxiliary heat or heat

from the main living areas. Integrated
Integration is desirable when the space is Sun Space
primarily a living space. Isolation is desirable
when the sun space is used primarily as a @
greenhouse, generating more water vapor than 2
the house can safely absorb without causing o,
condensation and mildew. &
Sun space glazings are usually tilted for W,
maximum light penetration and collection, but s{,’,’,’er

the tilt results in increased summer heat gain.
Two solutions are deciduous shade trees to
block direct summer sun and ventilating win-
dows and doors left open during the summer.

In northern areas sun space glazings should
either be of a high-performance type (Low-E — -
or Heat Mirror) or covered at night with a Y
form of movable window insulation.
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PERFORMANCE FACTORS

How well a passive system works depends
upon 12 factors. Five of these factors are in-
corporated into a simple design procedure at
the end of this chapter. Those factors are

e system type

e available daily radiation

e local climate

e area of south glazing

e thermal mass size and placement

A sixth factor, building insulation level, is as-
‘sumed to be very high. The remaining factors
are assumed by the design procedure to be the
best possible:

e solar access (clear view of the sun)
e orientation of glazing

o tilt of glazing

o shading by trees and overhangs

# absorptivity of interior surfaces

. heat Capacity of thermal mass

Solar Access .

The amount of solar heat that reaches glazing
is affected by its orientation to the sun and the
fraction of energy blocked by permanent out-
side objects such as trees and buildings. Opti-
mum solar access permits no shadmg between
the hours of 8 AM and 4 PM from September
21 through March 21. These hours and days
are represented by the shaded area in the chart

you'll find sun charts for latitudes in the United
States and southern Canada. Your latitude can be
found on page 32.

On the charts, the vertical axis represents
the angle of the sun above the horizon; the
horizontal axis represents the direction east or
west of true south. To plot obstructions on
your sun chart, you need to determme their
azimuths and altitudes.

‘To find azimuth, first find true south as de-
scribed on pages 31 and 32. Then, simply use
a protractor and a piece of string as shown in
the illustration on the next page. Standing at
the proposed location of the glazing, point the
zero on the protractor to true south and the

string toward the object. The string will lie

on the azimuth reading.

To find altitude, sight the top of an object
along the straight edge of the protractor, and
read altitude where the string crosses the out-
side of the scale. Take as many readings as
you need to plot the outlines of all obstructing
objects on the sun chart, as shown in the

“Optimum Solar Access” and “Margmal Soiar

Access” examples on page 406.
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Sky Chart for 40° North Latitude
90°
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Optimum Solar Access
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. Altitude above horizon
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The illustration above shows a near-optimum neighboring building. The chart shows that the
solar access. The illustration at bottom shows glazing will receive less than 50 percent of the
a marginal level of solar access, caused by ~  possible clear-day radiation. More shading

shrubs and trees between 3 and 4 PM anda will make the site unsuitable for solar design.
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28° North Latitude
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Optimum Solar Access
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The illustration above shows a near-optimum neighboring building. The chart shows that the
| solar access. The illustration at bottom shows glazing will receive less than 50 percent of the
]’ a marginal level of solar access, caused by possible clear-day radiation. More shading

li shrubs and trees between 3 and 4 PM and a will make the site unsuitable for solar design.
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28° North Latitude
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36° North Latitude
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Glazing Onentation o o ~ have 50 to 100 percent of their wmdows on
A key circumstance that makes passwe solar ~the south wall and v1rtua11y no glazing on the
: heatmg possible is the fact that the sun is low-  north wall. Nonsolar houses usually have ap-

_er in the southern sky in the winter than itis proxnnately 25 percent of thelr glazmg on
 in the summer. As the chart below shows, each of the four sides.
this means that south—facmg wmdows willte- Whil the chart below ; gives clear-day radla.
ceive more solar heat in winter than in sum- " - tion at 40 degrees north latitude, the principle
- mer, while for north,east and west expo- : applies throughout the northern hemxsphere

sures, the reverseis true. : The Btu wﬁl change, but the curves wﬂl re-
, Ttus is Why passxve solar bulldmgs usually ~ main the same. -

Clear-Day Radlation at 40° North Latitude
-3, ooo \ —~

S Hoﬁz;onta!' :

2500 | e

; smarradtation,BtU/SqUa"e foot-day
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Shading i - South Roof Overhang
As explained in chapter 16, south vertical A
glazings must be shaded to prevent summer
overheating. You can use a variety of awnings
and inside or outside shades and shutters. But
the most practical, attractive, and maintenance-
free ways to prowde shade are deciduous trees
and roof overhangs. i

Save existing. shade trees and mcorporate
them into the siting of the building. If trees
prove insufficient, roof overhangs can be built.
Use the formula below to find the proper over-
hang projection from the site latitude and height
of eaves above the window sill. Select 100 per-
“cent shade May 10to0 August 1if youhaveno :
trees. : ' H

‘OH=HxF

where .
OH = overhang s honzontal projection
e helght from eaves to window sill
: actor found in the table below

; funy i g hmé 21 Omh_facmg e _ FACTORS FOR SOUTH-FACING OVERHANGS
dow located at 40° north latitude if the wm— E
i feet 2 inches lower than the ::m Jun§ 21 lg:l;ot)% saaa:ew Aug1.
, T e 28 0.09 o018
=72 =86" L 2 0.16 0. 25
4@ 02 o4
48

07 o0
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Solar Absorptance

Once through the glazing, transmitted solar
energy striking an interior surface can do one
of two things:

1. be reflected to another room surface or -
back through the glazing

2. be absorbed (converted from radiant en-
ergy to sensible heat) by the surface

The fraction not reflected, but converted to
sensible heat, is termed the absorptance of the
surface. The proper absorptance of room sur-
faces is more complicated than one might at
first assume. If all light were absorbed, room
lighting conditions would be poor, with all of
the light coming from a single direction. If lit-
tle of the light were absorbed in the first sev-
eral reflections, much of the radiation would
escape back through the windows. Light ab-
sorbed by lightweight surfaces results in heat-
ed air and little thermal storage.

Solar designers recommend the following
rules of thumb:

o Lightweight objects should be light in
color to avoid overheating of the room air,
promote more even light distribution, and re-
flect radiation onto more massive surfaces.

o Surfaces of massive objects should be
dark in color and be placed to receive direct
sunlight in order to efficiently collect and
store heat.

e Ceilings should be white, and deep rooms
should have light-colored back walls to dif-
fuse light more evenly.

e Masonry floors should not be covered
with wall-to-wall carpeting.

Example: A room has both wood-paneled and
brick walls. Make the paneled walls light in
color and the brick walls dark.

Example: A combined living/kitchen space
has both wood and slate floors. You may car-
pet the wood floor, but leave the slate floor
uncovered.

SOLAR ABSORPTANCE OF SURFACES

Material Solar Absorptance
Fiat black paint 0.95
Water 0.94
Dark gray slate 0.89
Dark brown paint 0.88
Dark blue-gray paint 0.88
Brown concrete 0.85
Medium brown paint 0.84
Medium light brown paint 0.80
Light gray oil paint 0.75
Red oil paint 0.74
Red brick 0.70
Concrete 0.65
Medium yellow paint 0.57
Medium blue paint 0.51
Light green paint 0.47
White semigloss paint 0.30
White gloss paint 0.25
White plaster 0.07
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Heat Storage Capaclty of Bunldmg
Materials

Thermal mass is the amount of heat absorbed :

by a material as its temperature rises, ex-
pressed as Btu/F°. The specific heat of a ma-
terial is its thermal mass per pound. Note that
the specific heat of water is exactly 1.00, the
highest of all natural materials. a

As shown in the illustration at right, the
benefit of bmldmg thexmal mass into a house
is that the house becomes less responsive to
extremes in outdoor temperature. This means
the house won't get too hot during the day or
cold at night. The wider the outdoor tempera-
ture swing, the more beneficial the mass.

The table at right shows that there is little
reason to turn to exotic materials. Masonry
floors and walls, exposed wood, and extra- -
thick gypsum drywall are all effective storage
masses. Water has been included in the table -
and the design procedures at the end of the
chapter, in case you wish to go supersolar.

You have already seen how material and '
color can affect the efficiency of thermal

mass. A third efficiency factor is ﬂuckness.
not.

‘When it comes to thermal mass, thicker i
necessaniy better. If a wall is too tthk, it re-
mains too cool to become a heat source. If
too thin, it warms too quickly and returns its
~heat before evening, when it is needed. -

Optimum thicknesses for common heat
storage matenals are

8to 12inches
10 to 14 inches
6 or more inches

Temperature Swing and Thermal Mass

80
[ ,"‘--.'~ -
O‘ "O ; <
© T L e - N
3 70 ST ; h“\ .
g i NS
g. > h A Sy
£ ‘ ‘ R
@ —— Exterior insulation, b
= . extramass
i lnsulated house,
60 S -no-extra.mass-
: e Outdobr air
0 6 12 18 24
' " ““Elapsed time, hours

HEAT CAPACITIES OF MATERIALS

Speciﬂc Heat - Density Heat Capacity .
Material

Btu/lb-F° - Ib/euft Btu/cu ft-F°

 Brick 020 123 248
_Cement 016 120 192
Concrete 0.22 144 817
Gss 018 154 77

Gypsumdrywall 026 8 202
lon " o012 450 540
Limestone 022 108 224
Mable 021 162 34.0
Sand o1 946 181
Whnteoak
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GLAZED AREA AND SOLAR SAVINGS

South-Facing 'Resulting Fuel Savings for Window Types, range of percent
Window Areaas ~ Double- - Triple- -~ Quadruple- Double-Glazed
R .. % of Floor Area Glazed Glazed .-Glazed Plus R-9
City =~ X)X (Y- (Y2) (Y1)-(Y2) (Y1) -(Y2) (Y1) -(Y2)

Abama, Birmingham  9-18  22-37  27-45 28-48 34-58

Arizona,Phoenix . 6-12  G7-60  41-66  43-88  48.75
Arkansas,LileRock ~~ 10-19  23.38 28-47  30-51 37-62
Ca‘li'forriki‘é,yik.bsj/\kkhgkgleé iy 5.9 36-58 39-63 - 40-64  44-72
Colorado, Denver 1228 27-43 34-54 38-60  47-74
Connecticut, Hartiord S 17-35 0 14-19 24-36 28-43 - 40-64
Delaware, Wilmington ~~~~~~ 15:20  19-30 26-42 30-48 39-63
DC,Washington  12.23  18-28  25-40 . 28-48 37 - 61
Florida, Orlando 8-6 3052 33-55  34-58 37-63
Georgia, Atlanta . 8-17 22.36 26-44 28-48 34-58
| Idaho, Boise a2 27-38  35-50 38- 56 48-71
 Hlinois, Chicago . 17-35 7 27 847 meer
Indiana, Indianapolis  14-28 . 5.2t 23.35 27-42 . 37-60
o 19-25 30-44 36-52 50-75
24-35  32-48 35-54  45-71
1827 24-30  27.44  35-59
1417 25-3  31-45  45-69
o728 26-39 29-46  40-64
1817 23-338 2641 39-81
Notrec - - 24-33 :
. 24-40
R
5.3
35-56

lowa, Des Moines:

Minnesota, Duluth
Mississippi, Jackson
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South-Facing  Resuiting Fuel Savings tor Window Types, range of percent

Window Area as Double- Triple- Quadruple- Double-Glazed
% of Floor Area Glazed Glazed Glazed Plus R-9
City (X1) - (X2) (Y1) -(Y2) (Y1)-(Y2) (Y1)-(Y2) (Y1) -(Y2)
New Hampshire, Concord 17 - 34 13-15 25-35 30-44 45 - 68
New Jersey, Newark 13-25 19-29 26 - 42 30-48 39 - 64
New Mexico, Albuquerque 11-22 29 - 47 35-57 38 - 61 46 -73
New York, Syracuse 19- 38 Not rec 20-29 25 -37 37-59
North Carolina, Greensboro 10 - 20 23-37 28 -47 31-51 37-63
North Dakota, Bismarck 25 -50 Not rec 27-36 35-47 56 -77
Ohio, Columbus 14 -28 13-18 ‘ 21-32 25 -39 35-57
Oklahoma, Tulsa 11-22 24-38 30 - 49 33-54 41 - 67
Oregon, Salem 12-24 21-32 27-33 30 -47 37-59
Pennsylvania, Pittsburgh 14-28 12-16 20-30 23-37 33-55
Rhode Island, Providence 15-30 17 - 24 26 -40 29-46 40-64
South Carolina, Columbia 8-17 25 - 41 29-48 31-52 36 - 61
South Dakota, Pierre 22-43 21-33 35-44 41-54 58 - 80
Tennessee, Nashville 10-21 19- 30 24 -39 27 -44 33-56
Texas, Dallas 8-17 27 -44 31-51 33-55 38 - 64
Utah, Salt Lake City 13-26 27 -39 31-51 33-57 48 -72
Vermont, Burlington 22 -43 Not rec 23-33 29 -42 46 - 68
Virginia, Richmond 11-22 21 -34 27-44 30-49 37 - 61
Washington, Seattle 11-22 21-30 28 - 41 31-46 39-59
West Virginia, Charleston 13-25 16-24 22-35 25-40 32-54
Wisconsin, Madison - 20 - 40 15-17 28-38 34 -48 51-74
Wyoming, Casper 13-26 27-39 38 - 53 41-60 53-78
Alberta, Edmunton 25- 50 Not rec 26 - 34 34- 44 54-72
British Columbia, Vancouver 13-26- 20-28 27 - 40 31-45 40 - 60
Manitoba, Winnipeg 25 - 50 Not rec 26 - 34 34-45 54 -74
Nova Scotia, Dartmouth 14-28 17 - 24 27 - 41 32-49 45-70
Ontario, Ottawa 25-50 Not rec 28 - 37 36 - 49 59 - 80
Quebec, Normandin 25-50 Not rec 26-35 34-45 54 -74

Source: Passive Solar Design Handbook, vol 3 (Washington, DC: United States Department of Energy, 1980).
Note: Not rec = not recommended at this site.



Passive Solar Heating -

Sizmg anq Placmg Storage Mass

ings, and furnishings. If they didn't, they'd all

overheat on sunny days. The table below shows i

the approximate areas of south- -facing windows in

~ average-insulated and well-insulated wood frame

homes before overheating occurs.
SOUTH WINDOW AREA LIMITS :
(window area as percentage of floor area)
Degree-  Average Jan Average Well-insulated
Days' Temp, °F - House? House®
4000 40 oo 6
5000 3 13 6
6,000 25 13 7
7,000 20 14 7

1 See chapter 15 for heatmg degree-days, base 65°F.
2R-11 walls, R-19 ceiling, double-glazed windows.
3 R-25 walls, R-38 ceﬂmg, triple-glazed wmdows

Example: With no additional mass,' whatis

the maximum allowable area of south-facing
window for a 1,800-square-foot home in Bos-

~ton (6, 000 DDSS) constructed with R-25 walls,
R~49 celhng, and R-3 windows?

- The energy efficiency of the home is elose =
to the well-insulated house in the table, so the

app:oppate percentage is 7, and the maximum

Tl Coample above v 5 ypical HiGrisolar

| homeFOf the highei’ fuel Savirlgs listed in the ta-
‘ . ,hO“SC Wlth a masonry rearwaﬂr .

s have mass in their floors, walls, ceil-

2is 0.07 x 1,800 = 126 square feet.

Adding Mass
In the pages that follow, five distinctly different
~ storage mass patterns are shown. For each, an
 accompanying table specifies the material, thick-
ness, and surface area of mass required for each
- square foot of glazing in excess of the norm.

- Example: Assuming you wish to achieve 25
percent solar savings for the home in Boston,
“you will need about 15 percent of the floor area
in south glazing. You therefore need additional

thermal mass to compensate for 15 percent -

7 percent = 8 percent of the floor area, or 144

square feet of glazing. Using pattern 1 (“Floor

‘or Wall in Direct Sunlight”) and assuming a

bare 6-inch concrete slab as the mass, you’ll
find you need 3 x 144 square feet = 432 square
feet of slab in direct sunlight.

The Mass Patterns
Pattern 1 corresponds to a home with a ma-

~ sonry floor. The floor may be a concrete slab-

on-grade, or it may consist of a masonry veneer

_ over a wood or concrete base.

Pattern 2 nnght represent al me w1th one

‘or more exposed masonry ‘walls or a home w1th -
- an extra-thick plaster or drywall ceiling. o

Pattern 3 might occur when a building is re-
modeled, exposing an mtenor masonry party

- owall It could also represent a large masonry

fireplace.
~ Pattern 4 typically represents a solar green—

Pattem 5 is not very comm
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Pattern 1:

Floor or Wall in Direct Sun

Pattern 1 is defined as storage mass that has
one surface exposed to the living space and a
back surface that is insulated. The exposed
surface is further defined as being in direct
sun for at least 6 hours a day. Architecturally,
this pattern combined with pattern 2 is useful
for direct-gain passive solar rooms.

The mass can be either a directly irradiated
floor slab, as shown, or a directly irradiated
outside wall (inside walls are considered in
pattern 3). As with patterns 2 and 3, the mass
element is one-sided; that is, heat moves into
and out of the mass from the same surface.

MASS SIZING FOR FLOOR OR WALL IN
DIRECT SUN

Material Sq Ft of Mass per Sq Ft of Window

Thickness Concrete Brick Gypsum Oak Pine
12" -— — 76 — e

1" 14 17 38 17 21
1-172" — _ 26 e —

2" 7 8 20 10 12

3" 5 6 - 10 12

4" 4 5 — 11 12

6" 3 5 — 11 13

g" 3 5 — 11 13

Example: The design procedure has resulted
in 100 square feet of south-facing glass in a
room with 200 square feet of floor and 380
square feet of windowless wall. Does a
4-inch concrete slab provide enough thermal
mass to prevent overheating?

According to the table, you should provide
4 square feet of 4-inch concrete slab for each
square foot of glazing. That would require
400 square feet of slab. Increasing the slab
thickness to 8 inches would still require 300
square feet of slab. Therefore you must either
reduce the glazed area or add further mass,
using one of the other four patterns.
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MASS SIZING FOR FLOOR WALL OR CEILING
IN lNDlRECT SUN ~

Material _ SqFt of Mass per Sq Ft of Window
Thickness Concrete ‘Brick - Gypsum Oak Pine

1/2" i

 ~;”4~ - =
ooy 0. 57 28 .36
In a snnple dxrect-galn space, some of the g i e 39
mass will be of pattern 1 (a floor slab near the : ‘
solar glazing, for example), and some mass S T
will be of pattem 2 (the ceiling, for example). 3 oo 17 .20
Much of the mass in such a space will be di- oo . S92
rectly irradiated some of the time and indirect- : e
ly n'radlated the rest of the day. In these cases, , : iy : ,
an interpolation between pattern 1 and pattern ' : ooo— e 22
2 must be carried out, as described in pattern 1. T

mass is rece:vmg not dlrect radlanon but re-

st 17 2

Example: You have decided to use an 8-inch
concrete slab for the room described in mass
pattern 1. This leaves 33 square feet of glaz-
ing to provide mass for. How many square
feet of 8-inch brick wall wxll be requlred to’

_provide the mass? . ‘ ;
Accordmg to the table ,above 10 square
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Pattern 3:

Floor, Wall, or Ceiling Remote from Sun
As in patterns 1 and 2, the storage mass in this
pattern is one-sided. The difference is that the
mass receives neither direct radiation nor re-
flected radiation. It is instead heated by the
room air that is warmed as a result of solar
gains elsewhere in the building.

This pattern is useful for storage materials
in spaces deeper within a passive building,
away from the rooms receiving solar gains.
However, the solar-heated air must reach the
remote mass either by natural or forced air cir-
culation.

Reasonable judgment is required here - a
hallway open to a south room could be includ-
ed, a back room totally closed off from the
solar-heated space should be excluded.

MASS SIZING FOR FLOOR, WALL, OR CEILING
REMOTE FROM SUN

Material Sq Ft of Mass per Sq Ft of Window
Thickness Concrete Brick Gypsum Oak Pine
172" — e 114 — —_
1" 27 32 57 32 39
1-1/2" — — 42 — —
2" 17 20 35 24 27
3" 15 17 — 26 28
4" 14 17 — 24 30
6" 14 18 — 28 31
8" 15 19 — 28 31

Example: Your remodeling plan calls for re-
moving half of a wood-framed gypsum wall
to open the south-facing kitchen to the living
room. The remaining wall has an 80-square-
foot fireplace of 8-inch brick on the living-
room side. You plan to add a south-facing
window in the kitchen. How many square feet
of window will the mass of the fireplace bal-
ance?

According to the table above, the fireplace
alone will account for only 4 square feet of
window. Obviously, you must look else-
where for thermal mass.
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Pattem 4
' FulI Ma onry Wall or Water Watl in

1s exposed g Spac
the other side. In other words the sunht s1de
is isolated from the 11vmg space.

This pattern is useful for isolated sun spaces
and greenhouses. The storage wall may have
high and low vents or be unvented, as shown,
without affectmg the values in the table.

The performance of the wall i improves with
thickness up to about 18 inches but is not very
sensitive to variations in thickness within nor-
mal buildable ranges. For brick walls, higher-

density bricks (with water absorption of less

than 6 percent) are recommended over bricks
of lower density. Note that the mass surface
area refers to the area th unlit side only.

'Matenat and .

MASS SIZING FOR MASS WALL OR WATER

WALL IN DIRECT SUN

Sq Ft of Mass Surface

Thickness per Sq Ft of WIndow

‘e"tmckbnck s

12"th|ckconcrete S k

8" thick water wall - 1

Example You are conmdenng addmg an at—
tached solar greenhouse The primary purpose

of the greenhouse will be ; growing plants. The

greenhouse structure should therefore be iso-
lated to avoid excess humidity in the 11vmg
space. - :

As the table above shows, 1 square foot of
8-inch bnck, 12-inch concrete or 8-mch wa-
ter wall (water contamers) for each square

foot of glazing will conveniently provide all

of the required thermal mass.
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Pattern 5:
Partial Masonry Wall or Water
Containers in Direct Sun
Similar to pattern 4, mass in this pattern is
sunlit on one side and exposed to the living
space on the other side. The distinction is that
there is free air circulation around this mass
material so that heat may be gained by the liv-
ing space from either side of the partial wall
or from all sides of the water containers.

This pattern may represent a freestanding
masonry wall or a series of water containers.

The mass is assumed to be in full sun for at
least 6 hours. As with pattern 4, the wall
thicknesses listed are not very sensitive to var-
iations, and the wall surface area listed is for
one side of the wall only. Water containers are
listed in the table at right as gallons per square
foot of glazing.

MASS SIZING FOR PARTIAL MASS WALL OR
WATER CONTAINERS IN DIRECT SUN

Material and  Sq Ft of Storage Mass Surface
Thickness per Sq Ft of Window

8" thick brick 2

6" thick concrete 2

Water containers 7 gallons per sq ft

of window area

Example: You plan to add a greenhouse with
160 square feet of south-facing glazing. Un-
like the example in pattern 4, however, you
plan to use the space for living rather than
growing. You'd like the greenhouse to'be
open to the adjacent kitchen. Will a 3-foot-
high by 20-foot-long room divider constructed
of 8-inch brick provide sufficient thermal
mass?

The area of the room divider exposed to di-
rect sunlight is 60 square feet. According to
the table above, the room divider alone will
account for only 30 square feet of glazing.
You will probably need to employ a pattern 1
brick floor as well.
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‘Proper hghtmg around the home is unportant for safety, for
i readmg, for workmg for atmosphere and for the kmg-term ,
~health of ; your eyes. In order to understand why different light
~sources and intensities are recommended for different applica-

tions, you need to understand the relatlonshlps between lzght
and seeing.

sy “Lamps” shows you the great vanety of bulb shapes and

bases available today. A table on lamps hsts the color charac-
teristics and efficiencies of more than 30 mcandeseent, fluores-

" cent, and hlgh-mtensuy-dlscharge lamps for use in and around
‘the home.

- Perhaps the most useful sectlon in this chapter is “nghtmg
Guidelines for the Home” — specific hghtmg recommenda—

- tions for 28 apphcatwns in the home




”

Light and Seeing 425
LIGHT AND SEEING
Light Units o Light Measurements
The relationship between lighting units is dis- -
played in the illustration at right. A point light '1“?(')“;{;':‘%?;
source with a strength (candlepower) of 1 can- 1 lumen/sq '
dela results in an illuminance of 1 footcandle,
or 1 lumen per square foot. Since a sphere of
radius 1 foot has a surface area of 12.57 square
feet, the total light output is 12.57 lumens.
Illumination levels are usually given in
footcandles, although lumens per square foot Sou‘;clze of
. . . . n =
is equivalent. Total lamp output is always giv- o
en in lumens.
The intensity of light falling on a surface is flluminance Luminance
the illuminance. The intensity of light given A
off or reflected by a surface is its luminance. /
For non-light-emitting surfaces,
Luminance = illuminance X reflectivity —
Surface reflectivity = R
B=RxA
Example: What is the luminance of a surface
of reflectivity 0.50 when illuminated at an in- - -
tensity of 100 footcandles? The Visual Field
Luminance = illuminance X reflectivity Seen only Seen by Seen only by
= 100 footcandles x 0.50 by left eye both eyes right eye
= 50 footcandles
Visual Acuity

As shown in the illustration at right, the human
eye can detect light from nearly an entire half
sphere (radius 90°). The ability to discriminate
among small details, however, is limited to a ra-
dius of about 1°, the central field. The area sur-
rounding the central field is the surround.

The ability of the eye to discern the small
details of a task within the central field is de-
termined by four factors:

\ §

Y \
Vot
Lo

30° 50° 70° 90°

..
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e size of the field

e contrast between detail and background
e time (eye fatigue) -

° bnghtness of the task

The size of a task can be magmﬁed bya
lens. In the case of pnnted material, contrast
is maximized by printing black on white. Lu-
minance is a function of both illumination and
task reflectance. Deficiencies in size, contrast,
and time can all be compensated to a degree
by an increase in illumination.

Glare
An area anywhere within the visual field that
has sufficient luminance to cause either dis-
comfort or a reduction in visual acuity is an
area of glare. Direct glare is illumination di-
rect from a light source, such as a window or
exposed lamp. Reflected glare is light which
has been reflected from a shiny or glossy sur-
face, usually within the task area.

For optimum visual comfort, the luminance
of the task should be slightly greater than the
luminance of the surround. The table below

lists maximum recommended luminance ratios.

Since the response of the eye is logarithmic,
the ratios are deceptive. A ratlo of 10to 11is
only 3- 1/2 camera f—stops .

Maximum Ratlo

Compared Areas

Taskto ad;aeent area . ' , ~.3to1

Tasktoromolodarksurface 1010

Taskto remote'iiéhféudaee o 0.1t01

Window fo adjacent wall 20101
| ithin v 401

‘Taskto any area within visual field

Color
Most objects emit no light; they simply reflect
incident light received from a light source or
luminaire. The perceived color of an object is
determined by the color (energy content at
different wavelengths) of the light source and
the reflectivity of the object at the conespond-
ing wavelengths.

- Objects which reflect all wavelengths
equally are termed white, and light sources

~which emit light of all frequencies are termed

white lights. Not all wavelengths are emitted
equally, however, even from white lights. For
incandescent sources, the wavelength of most
intense emission increases with the tempera~
ture of the source.

A measure of peak emission wavelength is
the color-correlated temperature of the source.
Direct light from the sun is at a color tempera-
ture of about 6,000°Kelvin (K). Due to selec-
tive absorption and scattering in the atmos-
phere, the sun's color temperature falls to
about 3,500°K an hour before sunset. The
color-correlated temperatures of incandescent
sources range from about 2,400 to 3, 100°K.
Most fluorescent lamps have color—correlated
temperatures between 3,000°K (warm white)
and 4,200°K (cool white).

Incandescent lamps emit light at all wave- -
lengths. Fluorescent and other gas-discharge
lamps emit light only at specific wavelengths.
Color rendition may therefore be different be-
tween incandescent and ‘gas-discharge lamps
even though their color-correlated tempera-
tures may be the same. The color-rendering
index (CRI) compares lamp output with natu-
ral daylight at all frequencies; w1th a CRI of
100 mdlcatmg a perfect match. L
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LAMPS

Light Sources )

Lamps fall into one of three broad categories,
depending on the way in which they convert
electricity to light:

Incandescent lamps emit light from filaments
heated to incandescence by an electric current.
Efficiencies range from about 10 to 20 lumens
per watt. Quartz-halogen lamps achieve higher
efficiencies, of about 15 to 24 lumens per watt,
through the use of higher-temperature fila-
ments. Strong points include low initial cost,
wide range of available output for the same
base style and bulb size, and ability to concen-
trate the light beam. Weak points are high oper-
ating costs and relatively short lives.

Fluorescent lamps emit light from phosphor
coatings stimulated by high-voltage discharge
through the mercury-vapor-filled bulbs. Rare
earth phosphor additives modify color output.
Ballasts are required to limit the arc current.
Excluding the tiniest lamps, efficiencies range
from about 70 to 90 lumens per watt, including
ballast power. Strong points include long lamp
life, low operating cost, and low operating tem-
perature. Weak points include size, color rendi-
tion, and 60 Hz hum and flicker.

High-intensity-discharge (HID) lamps emit
light directly from electric arcs through metal
vapor. Color rendition is inappropriate for res-
idential applications, but efficiencies range up
to 144 lumens per watt.

Efficiencies of Light Sources

4,000 g
é 3,000} | : -
€ Fluorescent ey HID .y
=2 lamps * ; Imercury Lol
- ¢ lamps S
3 R R T
5 2000}~ OO 1% = -
o T pe
f ; \__‘ Incandescent
0 25 50 - 75 100 125

Lamp input, watts
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CHARACTERISTICS OF COMMON LAMPS (Sylvanla)
Type - fLam_p e = Temp, °K CRI Lumens ~'Watls perWatt
Incandescent A19,frosted, 25 watt 2900 3857 2% 14

ST A19;frosted, 40 watt” 2,900 480 40 42
 A19, frosted, 60 watt 2,950 . 890 60 15

A9, frosted, T5watt 3,000 1210 75 16

A19, frosted, 100 watt 3,050 2850 150 18

12V ﬁdaffz;habgen, 20wat 290 300 194 15
 12Vquartz-halogen, 45 watt 3100 980 445 22

Fluorescent  Twin tube 27K 2,700 8. 600 9 7

© Incandescentfiuorescert 2,750 89 1,110 3 37

Deluxe warm white 2,950 74 1,550 30 52

Warm white o 3,000 52 2360 30 79

Designer 3000K R 3,000 67 3,300 40 83

80

91

Royalwhite . 3000 80 2400 30
Octron3100K = . = 3100 75 3650 40
White = e 3450 57 1,900 30 63
Octron 3500K ‘ 3,500 75 3650 40 et
Naturalwhite 3,600 86 3050 55 85
" Designer 400K : 4,100 67 8,800 9% 93
* Octron 4100K - 410 75 3,650 91
Deluxe cool white 4100 89 2100 58
Litewhite - 4150 48 4300 2
Coolwhite 4200 62 . 3150
- Design 50 5,000 90 1,610
L Daylight =~ 6300 76 1900 30
Highintenslty  Mercury, Warmtone 3300 52 3,700 100
discharge Mercury, Brite White Deluxe 4000 45 3650 100
- ~ Mercury, clear S 5,900 22 3380 100
~ Metal halide, clear 3200 65 6800 100
~ Metal haide, coated 3900 70 16000 250
High-pressure sodium, Lumalox 2000 22 880 100
_High-pressure sodium, Unalox 190 20 11,700 150 78

S538 88

B2BLLLSYI
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Lamp Bases

S E S S

q h
N’
del " .
Single-contact  Double-contact Mini Candelabra Intermediate  ° kog. tact Medium
bayonet bayonet screw Mini-can medium
% screw
Admedium Medium Medium Position-oriented Mogul 3 contact
skirted skirted skirted mogul mogul
Mogul Mogul Single-pin Single-pin Single-pin Single-ended  Single-ended
prefocus bipost T-12 T-8 T-6 bipin, 7 & 9 watt  bipin, 13 watt
Hi % % — S ]
. U u UU
Mogul bipin Medium 2 pin Medium bipost Medium bipin Medium bipin Miniature
T-8 lamp T-12 lamp bipin
i 5 @ b
N
Recessed Candelabra 4 pin Medium Medium

double-contact prefocus circline side prong prefocus
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LIGHTING GUIDELINES FOR THE HOME

Area Application Guidelines

" Bathroom Small mirrors Use 75-walt incandescents or 20-watt warm white fluorescents on each side of
the mirror about 30 inches apart. Install a 100-watt incandescent or 40-wat fiu-
orescent ceiling fixture as well.

Large mirrors For mirrors 36 inches or wider, install three or four 60-watt incandescents in a
22.inch-minimum-width fixture, or install a 36 to 48-inch diffused fluorescent fix-
ture along the top of the mirror. For a theatrical look, install 15 to 25-watt G

bulbs along the top and sides.
Shower light Use a 60-watt incandescent in a wet-location ceiling fixture. Also, check your lo-
cal code.
Toilet compartment Install either a ceiling or wall fixture with a 60 to 75-watt incandescent or a 30 to
40-watt fluorescent lamp.
Bedroom General Install a ceiling fixture or track lighting of wattage sufficient to provide 10 foot-

candles of uniform lighting. Instalt small ceiling lights in large closets.

Reading in bed Provide an individual 75 o 100-watt incandescent or 22 to 32-watt fluorescent
{amp, with the bottom of the shade at eye level and 22 inches to the side of the
center of the book. As an option, headboard track lighting should provide one
20 to 50-watt incandescent R bulb for each person, mounted 30 inches above
matiress level.

Dining room Chandelier Provide a total of 200 to 300 watts of incandescent lamps. The bottom of the
chandelier should be at least 12 inches narrower than the table and 30 inches
above the surface. If the room ceiling is higher than 8 feet, raise the chandelier
3 inches for each additional foot.

Buffet server Flank a buffet with sconces 60 inches above the floor. Use 25 to 60-watt shield-
ed incandescent bulbs or 15 to 25-watt unshieided decorative bulbs. Track
lights of 50 to 75 watts may be substituted 2 to 3 feet apart, 9 to 12 inches from
the wall.

Entrance Foyer In areas of less than 75 square feet, use 100 watts incandescent or 25 t0 40
‘watts fluorescent. For larger areas use 150 to 180 watts incandescent. Consid-
er wall lamps flanking a mirror, a pendant over a table, or a chandelier.

Qutside Flank the door with a pair of 25 to 60-watt incandescent wall fixtures 66 inches
above standing level at the door. If only one fixture is possible, mount it atthe
lock side of the door.

Haliway Ceiling or wall Install at least one fixture every 10 feet. Recessed or frack accent lighting for
wall art is acceptable.

Kitchen Ceiling Install either incandescent or fluorescent ceiling fixtures sufficient for 50 foot-
candies of general lighting.

Sink and range install over the front edge of the counter two downlights with 75-walt reflective
flood lamps spaced 18 inches apart. Range hoods require 60-watt incandes-
cents.

(continued)
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LIGHTING GUlDELlNES—Contlnued

Dinette

Living & family - - General*
Reading
Music stand

 Television

Game table k

Track Accent

Wall grazing

Pron

iluminated

Area e ,Applloatkm -Guidelines.
i Undercabmet Mount as close tothecabmetfrontaspossnbleSwattsperfootofﬂuorescent
g iy o ‘ﬁxtures Coveratleasttwo-ﬂwurds ofthetotalcounterlengm L
lsland counter Ughtamslandmssame asasmk. o

Installa pendant or track Ilghtmg of 120 watts mcandesoant or 32 to 40 watts

'ﬂuorescent over the tabIe ar eounter

lnstall a combmatron of acoent wall—grazmg, and wall-washmg track lighting
sufﬁcient fo achieve 10 footcandles average

: ‘Ugmmesameasformdmgmbed

Install one 75-watt reﬂechve or parabollc reflector ﬂood lamp inarecessed or
track fixture 12 inches to the left and 24 inches in front of the music. Twofix-
tures 30 inches apart are even better.

: Prowde Iow-level hghtmg te avmd reflections from the screen.

lnstall one recessed 150-watit lncandesoent or 40-watt fluorescent fixture over

~ each half of the table. For a card or pool table, mount a single 100-watt shad-
ed pendant ' nches above'the center of the table.

: flnstall 2510 So-watt moessedor track reflector bulbs 16t024 mches apart
overthebar ,

" Hiluminate trees and bushes with spotlights mounted hrgh on walls or from

ground level ‘Do not altow hght fo shine at ne;ghbonng houses.

mngorwaliﬁxmresatboﬂ'ltopandboﬁom Contmlthemfromboth

’ Iocahonsw:thtmee-way f , ,
: -to‘m'offhe , ethedeskand'lchtwsfromthefrontedge

Ceslxng-moumedﬁxmresshouldbeanmedatamdegree angle from the verti-
calto prevent ligl 1 shining in anyone's eyes and to avoid reflections‘on the
] ﬁxturensmqmredfore@objectbemaceem
ed. To locate the ceiling fixture, the horizontal distance from the wall should be
57percemofmevemca1dxstanoefromﬂ1eoenterofmeobjecttomecemng

For dramatic shadow: onsurfamssudwasdrapenes stone, orbnck, mount
mewacksto,zimhesfmmﬁmwd!mmﬁMresspacedmesamedxstance

ﬂuorescentﬁxh:raoverthefmnte@eofﬂ’uebemh :
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Sound

The quality of sound in our homes has a great effect on the
quality of our lives. When we play music or engage in conver-
sation, we want to hear clearly and hear well. On the other
hand, when junior is playing what teenagers call music, or the
neighbors upstairs are fighting, we don't want to hear at all.

In this chapter you'll see how to achieve quality sound in a
room and what to do about a room that either rings or is acous-
tically flat.

You'll also find guidelines for acceptable levels of sound
transmission between rooms and between floors. Tables of
sound transmission classes of walls and sound transmission
classes and impact insulation classes of floor-ceilings show
specific construction techniques for reducing sound transmis-
sion to almost any level.

433



QUALITY OF SOUND

Sound is the sensatlon produced when pres- average of coefficients at 250, 500, 1,000, and
sure ‘waves in the acoustic range of frequen- 2,000 Hz. The table on the following page
cies strike the eardrum A typical young per-  lists typical NRCs for home surfaces.

son can hear s over the range of 2() to

SOUND INTENSITIES

: sorptlon echo, standmg-wave amphficanon 8 ""'““S“Y’ ~ ,SOUnd Souree i
and reverberatlon time. T 0 Threshold of hearing

10 E Rustiing leaves =
e e 20 Rural background
Sound mtensxty is measured in dec1bels (db) 8. Bedroom conversation
The 0 db level is defined as a sound energy 40 Living-room conversation
level of 10° 16 watts per square centimeterand 50 ~Large office activity —
,corresponds roughly to the smallest soundde- g  Face-to-face conversation
tectable by human A 10dbincrease ininten- -~ Auto interior at 55 mph
‘ times in the powcr of S 80 Face-to-face shouting
‘the sound wave and is perceived as a do hng . Downtown traffic
of volume. The table at right lists charac‘ Tis-
Table saw
tic sound mtcnsmes
B L Symphony orchestra maximum
Absorptlon . i - Elevated train from platform
 The fraction of energy absorbed by asufface 130  Threshold of pain (rock concert)

Jet engme :







Echo

Anechoisa sound reﬂecuon. To be perceived

ected wave must ar-
after the, direct wave.
Smce sound travels at about 1 000 feet per sec-
ond, an echo must have traveled at least 60 feet
furtherthan the direct sound (see 1Hustrat10n at
right). Thus, echoes occur only in rooms more
than 30 feet long. Echoes are stronger when
the reflecting surface is highly reflective and
is concave toward the listener (focuses the Te-
ﬂected wave toward the hstener) '

asa distinct sound, the

Standing Waves ;
 If the dimensions of a room are a muluple of
the wavelength of a sound (ﬂlustranon at:
nght), the sound wave is reinforced by reﬂec-
tion. Frequencws are thus selecnvely amph—
fied, distorting the tota] sound. The problem is

lel room surfaces and room dnnensmns in
sunple ratios, such as 1/4 1/3, and so forth

short a reverberatlon txme is acousncally dead;
too lon reverberanon time confuses sounds.

e 30 feet minimum —_—

‘Echoina Rbom"

[Examples of Standing Waves

1/2 wavelength

1 wavelength

2 wavelengths

Acceptable Room Reverberatlon Times
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Calculation of Room Absorption and
Reverberation Time

Calculation of the total absorption in a room
allows determination of the room's reverbera-
tion time in seconds:

1. Calculate the areas of all surfaces, in-
cluding the room furnishings.

2. Multiply each surface area by its 500 Hz
absorption coefficient.

3. Sum the products to obtain the total ab-
sorption.

4. Calculate reverberation time, T = V+ 20A.

Example: What is the 500 Hz reverberation
time of a 12 X 15 x 8-foot room having a bare
wood floor, gypsum drywall ceiling, smooth
plaster walls, two 3 X 5-foot windows covered
by pleated velour drapes, and 40 square feet
(floor area) of fabric-upholstered furniture?

Surface Area, sq ft o at 500 Hz Product
Floor 140 0.10 14.0
Celling 180 0.05 9.0
Wall 402 0.04 16.1
Drapes 30 0.49 14.7
Furniture 40 0.56 224
Total room absorption, A = 76.2
. 440
Reverberation time = 2(1)’x 762" 0.94 seconds

The volume of the room in question is 12 X
15 x 8 feet = 1,440 cubic feet. Referring to the
graph of acceptable reverberation times on the
previous page, you find 0.3 to 0.8 seconds for a

room of this volume. Thus, the computed rever-
beration time falls outside the acceptable
range. Carpeting the floor (carpet on foam
pad, o = 0.57) would increase total room ab-
sorption to 142 and bring the reverberation
time down to an acceptable 0.51 seconds.
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SV‘OUND,TRANS'MISSION

Sound can beftranszmtted through a wa}I

floor, or ceiling in three ways as seen. m thc

1Hustranon at ngh :

Leaks or opemngs aﬁow sound to pmpa-
gate as though the wall, floor, or ceiling didn't
exist. Examples are space under a door, back-
to-back electrical fixtures, rough-in holes for
pipes, and heating ducts connecting rooms.

Airborne sounds set a building surface into
motion, causing it to reradiate to the other
side, much like the two heads of a drum.

Impact of an object falling on a floor caus-
es the attached ceiling to radiate sound to the
room bélow

Walls and ﬂoor-celhngs are rated by thelr
abilities to reduce sound transmission. The re-
duction is measured in decibels, where 10 db
corresponds to a factor-of-10 difference in
sound energy and a factor-of-2 difference in
Ioudness The tabic at right shows the effects
g of various levels of sound reduc- :

‘alls are 1 und transmission class
O, ughly the sound reduction at 500 Hz,
aking into consideration frequencies from
125t0 4“‘ Hz as well. Floor-ceilings are rat-
ed by both STC and lmpact insulation class
(IIC), a measure of the nmse heard when ob~

)))””)),

EFFECTIVENESS OF SOUND REDUCTION

db- Effect on Heaflng

25 ~Little effect; normal ~speechr heard clearly

30 Loud speech understood fairly well

35 Loud speech audible but not understood -
40 - Loudspeechheardasamurmur =

45 Loud speech a strain to hear :

50 Loud speech not heard at all .







SOUND TRANSMISSION CLASSES OF WALLS—CantInued S

kWallType . } . stc Descrlpuon'

' 5/8“ fire-rated gypsum wallboard nailed to both svdes of 2xd wood
STC35  studs, 16" oc :

- - : : 5/8" fire-rated gypsum wallboard. Base layer nad-apphed to 2x4
M ‘ , STC 40 wood studs, spaced 24" oc. Face layer nail-applied.
! b < , 5/8" flre-rated gypsum wallboard. One side screw-applied to resment
o STC 43 - furing channel, spaced 24" oc, on 2x4 studs spaced 16" oc. Other-
- ’ - = snde nailed direct to studs . : . o
o } E L : - : 5/8“ ﬁre-rated gypsum wallboard nanled on both sides to staggered
N : m ; STC 46’ 2x4 wcod studs 16" oc; on smgle 6" plate ,

: Lo 5/8" fire-rated gypsum wallboard One side screw-applied to resilient
STC50 - furring channel, spaced 24" oc, on 2x4 studs spaced 16" oc. Other
: g side nalled dafect to studs. 31 /2" ﬁberglass instud cav:ty o

S Two layers of 5/8"‘trre-rated gypsum waltboard One snde serew-
-8STC S50 - applied to resilient furring channel, spaced 24" oc, on 2x4 studs
: S spaced 16" oc. Omer élde naxled dlred to studs :

i Two layers 5/8“ ﬁre-rated gypsum waltboard nailed on both sides to
STC 51 staggered 2x4 wood studs 16" oc on smgie [ plate

e ‘f5/8'ﬁreoratedgypsumwallboard Basi
STC58 6" oc. Face layer applied horizontally,
o TOW woodstudsm"oconseparateplates.
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sTC

c.

SOUND TRANSMISSION AND IMPACT INSULATION CLASSES— Continued

Floor-Celiing Type.

l‘ N
A.H.é .....

sTC53

STC 53

STC 53 "
ST054’
. sTCss

- STCS57

iC 51

ic4s

c7a

liC 50

ncst

ncrz

ncse

Ceiling 5/8" gypsum de'ywalt"’
with 3" fiberglass between

Des,o’rlptlonw L

25/32" wood stnp floonng nalled to 2x3 sleepe:s glued ;
between joists to 1/2" insulation board, stapled to 1/2" ply-
wood on 2x joists at 16" oc with 3" i f‘berglass batts. Ceil-
ing 5/8" gypsum drywall screwed to res:llent channels

- 25/32" wood strip floonng on l/2" plywood subfloor on 2x

joists at 16" oc with 3" fiberglass batts. Celllng 5/8" ¢ gyp—
sum drywall nalled o separate jOlsts ;

44 oz carpet and 400z pad on 1-5/8" of 75 pcf perlite/.
sand concrete over 5/8" plywood subfloor on 2x joists at
16" oc. Ceiling 5/8" gypsum drywall screwed to resilient
channels.

25/32" wood strip floonng nalled to 2x3 sleepers glued to
3" wide strips of 1/2" insulation board, nailed above the
floor joists 1o 1/2" plywood subfioor on 2x joists at 16" oc
Ceiling 5/8" gypsum drywall nailed to separate joists.

& 112 fiberglass batts between plsts and sleepers

5/16" wood block floonng glued to 1/2" plywood underlay—
ment, glued to 1/2" soundboard over 1/2" plywood subfioor
on 2x joists at 16" oc. Ceiling 5/8" gypsum drywall screwed
to resallent channels with 3" ﬁberglass between jolsts ‘

carpet and pad ont/2" plywood underlayment glued to

112" soundboard over 5/8" subfioor on 2x joists at 16" oc
Ceiling 5/8" gypsum drywall screwed to resullent channels

with 3" tlberglass between plsts

Vinyi flooring glued to1/2" plywood underlayment over

1x3 furring strips between joists, on top of 1/2" sound-

board, over 5/8" plywood stibfloor on 2x joists at 16" oc. -
Ceiling 5/8" gypsum drywall screweéd to reslllent channels
thh 3 ﬂberglass between lolsls s
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Nails 444

Wood Screws 452

A Variety of Screws and
Bolts 454

Metal Framing Aids 456

Adhesives 459

Fasteners

Houses consist of thousands of pieces, held together by what
seems like millions of fasteners. What is the right type, how
long should it be, how much will it hold, and how many should
I use? These are the questions that must be answered every day
on a construction project. And these are the answers this
chapter provides.

“Nails” provides a field guide to 38 types of nails and 52
different applications. It shows you the relationship between
pennyweight (d) and nail length. It lists the type, size, and
number of nails to use in every step of residential construction.
It even contains tables showing you exactly how much force
you can expect a single nail to resist, in 32 species of wood.

“Wood Screws” shows how to drill just the right pilot hole
for each size of screw. It also contains tables of allowable
holding power for screws.

“A Variety of Screws and Bolts” contains illustrations of
screws, bolts, screw heads, and washers.

Metal framing aids are a boon to both contractors and do-it-
yourselfers, resulting in stronger fastening in less time than re-
quired using more traditional methods of nailing. Illustrated
are 27 of these useful aids.

Finally, modemn chemistry has produced nothing more amazing
than the variety of adhesives you can buy at your local hardware
store. Unfortunately, they all claim to be the best for every appli-
cation. Hopefully, the adhesives guide will clear up the confusion.
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A Variety of Nails

T B

Barbed: for fastening shingles or
other flexible materials

(qaad )?

Boat spike: long spike used
in timber construction

(I B

Brad: finishing nail less
than 1 inch long

l]llllll 1=

/ Box: for nailing thin dry
wood close to edge

HAIIIILAL il .

Cement-coated box: coated with
resin that increases holding power

[mEEaE =

Casing: similar to finishing, but with dulled
point to penetrate thin trim without splitting

| EERAN! B>
Common: for rough and heavy construction

E Concrete: hardened steel

nail with diamond point

Fluted concrete: hardened steel nail with
fluting to increase holding power )

( >
Escutcheon pin: small nail
used to attach escutcheons

AR b=

Fence: large-head nail for
holding weathered boards

[ —T>

Finishing: slender nail that
can be set below surface

{1 — -
Cut finishing: finishing nail
used in historic restoration

Dﬂnu D]

Blunt flooring: nail with blunt tip to prevent
splitting hardwood flooring

l —

Cut flooring: for
historic restoration

Drive-screw flooring: nail with screw-drive
1o increase holding power

>

Annular drywall: for attaching drywall to
framing; rings increase holding power

TR

Gutter spike: for attaching gutter to fascia

(continued)
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--suchas for bam doors

| {im 7]

Annular hmge hmge wnth rings to
“increase holdmg power ;

Lath: small nail for -~
installing wood lath S

Offset head: foruse
with power nailer -

Parquet flooring: thin nail to
prevent splitﬁn”g par;qugt:

A 'Variety of Nails —Continued

nge for attaching large hmges e

[ EEEE B>

Scaffold nail with double head to make nanl
easy to pull for: temporary fastenmg S

[ T
Shingle: for attaching -
- cedar shingles

Cut shingle: used in
historic restoration

 mmenize |

IS

e Pole bamn; {arge-spike for
attachmg fran'ung to poles o

is Roofing for attachmg asphalt
rooﬁng to undedayment ,

Builtup roofing: for attaching

EHUU g >
- Siding: used to install '
beveled wood siding

" Screw-thread siding: nail with a screw
thread to increase holding power

Cement-coated sinker: used
to mstall underlayment

ii Bl TR
, Slatmg used foattach -

roofmg slates .

AERRERERNRRERRI RIS

Ring shank underlayment: nail with
nngs toincrease holdmg powef

BBBB \\

Spska, common nati
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Nails

Estimating Nail Requirements

Use the table below and the residential nailing
schedule on the next two pages to estimate
your requirements, in pounds, for the most

al building nails. Note that
special coatings such as electroplating, etch-

common residenti

ing, and glue add insignificantly to nail

weight. Ho

crease weight by 20 percent.

allow 5 percent for waste.

t-dip galvanizing, however, can in-
You should also

Example: How many pounds of nails are required
to fasten headers to joists for a 24 x 40-foot
floor? In the table on the next page, you can find
three 16d common nails needed per connection.
There are 33 joists, so you need 3 nails X 33
joists X 2 connections = 198 nails. In the table be-
low, you can find 49 16d common nails per
pound, so you need 4 pounds. Adding 20 percent
for galvanized finish and 5 percent for waste, you

should allow 5 pounds.
NAILS PER POUND
Length  Penny- Type of Nail
inches weight(d)  Box Casing Common  Drywall Finishing Roofing Siding Spike
1 2 —_ — 876 — 1351 195 — —_
1-1/4 3 635 — 568 375 807 170 _— —
1-1/2 4 473 473 316 329 584 152 —_ —
1-3/4 5 406 406 271 289 500 133 — —
2 6 236 236 181 248 309 112 236 —
2-1/4 7 210 — 161 —_ 238 — 236 —
2-1/2 8 145 145 106 — 238 — 210 —
3 10 94 94 69 —_ 121 — 94 —
3-1/4 12 87 — 63 — — — —_ —
3-1/2 16 71 71 49 — 90 — — —
4 20 52 - 31 — 62 — - —
4-1/2 30 — — 24 — — - — —
5 40 — — 18 — — —_ - —
5-1/2 50 — — 18 — —_ — — -
6 60 - - 14 — - — _ _
7 — — — 1 — — — — 6
8 — — — — — — — — 5
10 - - —_ —_ _ — - — 3
12 — — — — — — — — 25

"

Source: Keystone Steel and Wire Pocket Nail Guide (Peoria,
Note: Sinkers up to 12d are 1/8

Sinkers 16d or larger are 1/4" sl

1il: Keystone Steel and Wire Company, 1989).
shorter than common nails of the same penny size.

horter than common nails of the same penny size.
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NAILING SCHEDULE FOR LIGHT CONSTRUCTION
Application : Method Number Size  Type of Nalil
Finish  Casings Face-nail — — Casing, 1-1/2" min into base
Moldings ' Face-nail — — | ‘ Finishing, 1-1/2" min into base
Floor Board subfioor Face-nail 2 8  Common
' Plywood subfioor Face-nail 6" oc 8d Common
2x6, T&G Subﬂoor Face-nail 2 16d Common
2x6, T&G finish floor  Blind-nail 1 16d Casing
Softwood finish Face-nail 2/16" oc 8d Common
T&G hardwood strip Blind-nail 16" oc &d Blunt flooring
Underlayment Face-nail 6" oc 1-1/4" Ring shank underlayment
Frame Header to joist End-nail 3 16d Common
Header to sill Toenail 16" oc 10d Common
Joist to sill Toenail 2 10d Common
Bridging to joist Toenail 2 8d Common
Ledger to beam Face-nail 3/16" oc 16d Common
Sole plate to stud End-nail 2 16d Common
Topplate to stud End-nail 2 - 16d Common
Stud to sole plate Toenail 4 8d Common
Sole plate to j‘oist Face-nail 16" oc 16d Common
Doubled studs Face-nail 16" oc 10d Common
Dodble top plate Face-nail 16" oc 10d Common
Double header Face-nail 12" oc 12d Common
Ceiling joist to top plate Toenail 3 8d Common
Ow)eﬂapping ;msts Face-nail 4 16d Common
Rafter to top plate Toenail 2 8d Common
Ratfter to ceiling joist . Face-nail 5 10d Common
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Application Method Number Size Type of Nail

Rafter to hip or valley  Toenail 3 10d Common

Ridge board to rafter" End-nail 3 10d Common

Rafter to rafter Toenail 4 8d Common

Collar tie (2") to rafter Face-nail 2 12d Common

Coliar tie (1") to rafter  Face-nalil 3 8d Common

Let-in brace (1) Face-nail 2 each stud 8d Common

Corner studs Face-nail 12" oc 16d Common

Built-up beams (3 or 4) Face-nail 32" oc each side 20d Common
Paneling 3/4" wood Blind-nail 24" oc 6d Finishing

Hardboard Face-nail 8" oc 2" Annular drywall

Plywood Face-nall 8" oc 3d Finishing

Gypsum drywall Face-nail 6" oc 1-1/4" Annular drywall
Roof Asphalt, new Face-nail 4 7/8" Roofing

Asphalt, reroof Face-nail 4 1-3/4" Roofing

Wood shingle, new Face-nail 2 4d Shingle

Wood shingle, reroof  Face-nail 2 6d Shingle
Sheathing  3/8" plywood Face-nail 6" oc 6d Common

1/2" & over plywood  Face-nail 6" oc 8d Common

1/2" fiberboard Face-nail 3"oc 1-1/72" Roofing

3/4" fiberboard Face-nail 3"oc 1-3/4" Roofing

3/4" boards Face-nail 6" oc 8d Common

Foam board Face-nail 12" oc —_ Roofing, 1/2" into base
Siding Bevel and lap Face-nail 16" oc 8d Aluminum siding

Drop and shiplap Blind-nail 16" oc 8d Finishing

Plywood Face-nail 8"oc 7d Aluminum siding

Hardboard Face-nail 16" oc 2" Hardboard siding

Shingles Face-nail 2 4d Aluminum siding

Source: Wood Frame House Construction (Washington, DC: US Department of Agricuiture, 1975).
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Holding Power of Common Nails Nail holding power can be increased by

The tables in this section show the withdrawal i '

resistance (force required to pull straight out) e surface etching or coating

and lateral resistance (sideways force to pull » annular or spiral threads

out) of common nails driven perpendicular to e clinching (bending the tips over)

the grain. Assumptions include bright com-

mon nails, and seasoned wood that will re- Holding power is decreased by

main dry or wet wood that will remain wet. .

Nails driven into unseasoned wood lose much ¢ blunting the points

of their holding power as the wood dries. ¢ end-nailing (does not resist withdrawal)
Holding power increases with wood densi- e toenailing (33% reduction)

ty or specific gravity. The tables are grouped
either by species group or by specific gravity.
Use the table below to determine either.

WOOD SPECIES GROUPS AND OVEN-DRY SPECIFIC GRAVITIES

Specles Specific Specles Specific

Group  Gravity Wood Species Group  Gravity Wood Species
| 0.75 Hickory and.pecan 0.43 Sitka spruce
0.68 Beech 0.42 California redwood (closed grain)
0.67 Oak; red and white 0.42 Hem-fir
0.66 Birch, sweet and yeliow 0.42 Ponderosa pine - sugar pine
0.42 Red pine
] 0.55 .. Southern pine ' pne

0.42  Spruce-pine-fir
041 Easternsprice
- 0:40 Idaho white pine

054 Sweet gum and tupelo
0.51 . Dbuglas fir - larch
049 ~ Ponderosapine
o k v 041  Eastern cottonwood
0.40 Waestern white pine
0.39 Coast Sitka spruce
0.38 Eastern white pine
0.37 California redwood (open grain)
0.36  Balsamfir
'0:36  ‘Engelmann sprice - alpine fir
4035 "'Western-cedars -
031 Nomhemwhitocedar

# n 0.48 Douglas fir, south
' 0.48 Southern cypress
047  Mountain hemlock
0.46 Northern pine
0.45 “Eastern hemlock - tamarack
044  Lodgepole pine
043 Eastem hemlock
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ALLOWABLE LATERAL LOADS FOR COMMON NAILS (pounds)

Species Common Nail Size, d
Group 6 8 10&12 16 20 30 40 60
1 77 (1.2) 97 (1.4) 116 (1.5) 133(1.7)  172(20) 192(21) 218(23) 275 (2.7)
i 63 (1.3) 78 (1.5) 94 (1.7) 108(1.8) 139(2.2) 155(23) 176(25) 223 (2.9)
n 51 (1.5) 64 (1.7) 77 (2.0) 88 (2.2) 114 (25) 127(27) 144(3.0) 182(3.5)
v 41 (1.6) 51 (1.9) 61 (2.1) 70 (2.3) 91 (2.7) 102(29) 115(3.2) 146(3.7)

Source: National Design Specification for Stress-Grade Lumber and Its Fastening (Washington, DC: National Forest
Products Association, 1971). .
Note: Inches of penetration into member holding point shown in parentheses.

ALLOWABLE WITHDRAWAL LOADS FOR COMMON NAILS (pounds)

Specific Common Nall Size, d

Gravity ' 6 8 10&12 16 20 30 40 60
0.75 76 88 99 109 129 139 151 177
0.68 89 69 78 85 101 109 118 138
0.66 55 64 72 79 94 101 110 128
0.62 47 55 62 68 80 86 94 110
0.55 35 41 46 50 59 64 70 81
0.51 29 34 38 42 49 53 58 67
0.47 24 27 31 34 40 43 47 55
0.45 21 25 28 30 36 39 42 49
0.43 19 22 25 27 32 35 38 44
0.41 17 19 22 24 29 31 33 39
0.39 15 17 19 21 25 27 29 34
0.37 13 15 17 19 22 24 26 30
0.33 10 1" 13 14 17 18 19 23
0.31 8 10 11 12 14 15 17 19

Source: National Design Specification for Wood Construction (Washington, DC: National Forest Products
Association, 1986).

Note: Loads are per inch of penetration into member holding point.
1 Based on oven-dry weight and volume.
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- WOOD SCREWS

Screws are designed to draw two pieces to-
gether. For maximum effectiveness, the first - Top piece
piece is drilled out to the diameter of the -~ :
body, while the receiving piece is drilled just
large enough to prevent splitting. Drill sizes o o
for pilot holes are shown in the table below. Pilot diameter

Maximum wood-screw loads for different — Bottom piece
wood spec1es are given on the following page. o

Body diameter

WOOD-SCREW PILOT HOLE DIMENSIONS |

; » ; - Screw Size
Hole : 2 3 5 6 8 10 12 14 16
Body dia, inch 564 332 764 18 964 532 36 732 1564  17/64

Pilot Drill: Softwood .~ #65  #58  1/16° 564 564 332 7664 118 11/64 316

 Hardwood #56  #54 564 332 332 7/64 8 - 5/32 732 154
Body drill #4237 U8 9k4 94 1164 316 732 14 932
Countersmk dia, inch 5/32 316 72 14 932 1132 38 716 15/32 11716
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ALLOWABLE LATERAL LOADS FOR WOOD SCREWS (pounds)

Species Wood-Screw Size

Group 6 8 10 12 14 16 18 20
| 91 (0.97) 129(1.15) 173(1.33) 224(1.51) 281 (1.69) 345(1.88) 415(2.06) 492 (2.24)
1] 75 (0.97) 106(1.15) 143 {1.33) 185(1.51) 232 (1.69) 284 (1.88) 342 (2.06) 406 (2.24)
m 62(0.97) 87(1.15) 117(1.33) 151(1.51) 190 (1.69) 233(1.88) 280(2.06) 332(2.24)
[\ 48 (0.97) 68 (1.15) 91(1.33) 118(1.51) 148 (1.69) 181 (1.88) 218 (2.06) 258 (2.24)

Source: National Design Specification for Stress-Grade Lumber and Its Fastening (Washington, DC: National Forest
Products Association, 1971).
Note: Inches of penetration into member holding point shown in parentheses.

ALLOWABLE WITHDRAWAL LOADS FOR WOOD SCREWS (pounds)

Specific Wood-Screw Size

Gravity 12 6 8 10 12 14 16 18 20
0.75 220 262 304 345 387 428 470 511
0.68 181 215 250 284 318 352 386 420
0.66 171 203 235 267 299 332 364 396
0.62 151 179 207 236 264 293 321 349
0.55 119 141 163 186 208 230 253 275
0.51 102 121 140 160 179 198 217 236
0.47 87 103 119 136 152 168 184 201
0.45 79 94 109 124 138 154 169 184
0.43 72 86 100 113 127 141 154 168
0.41 66 78 91 103 116 128 140 153
0.39 60 71 82 93 105 116 127 138
0.37 54 64 74 84 94 104 114 124
0.33 43 51 59 67 75 83 91 99
0.31 38 45 52 59 66 73 80 87

Source: National Design Specification for Wood Construction (Washington, DC: National Forest Products
Association, 1986).

Note: Load is per inch penetration into member holding point.
1 Based on oven-dry weight'and volume.
2 ajlowable loads assume 19% moisture content or lower.
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A VAmETY OF SCREWS ANDBOLTS” =

Flat head weod screw: : : E Lag bolt i . ' '

for fastenmg wood to wood Fn ' “for heavy loads in wood

-l\\\\\\\\\\\\lk\\

2N
wg

Oval head wood screw '

decorative - ' i Carriage bolt:-
bolt will not turn-- -

- Round head wood screw:

: ' Hex head bolt:
used with-washer for heavy loads

gm B 1))

for thin metal o : ~Square head bolt:
e : : ) replaced by hex head

- (o

€
Oven head machine screw: : i b
: olderdesign ‘ Round head bolt:
- R ‘ : ~ olderdesign. = .

Oval head machme SCrew:
attracmve _

;g{;_tﬁ;

- Fillister head cap Screw:
small, strong-headed .

Fillister head machine screw: - ot -
-small, strong-headed -« oo o forsteel fo steef
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Screw and Bolt Heads

D

Siotted

Frearson

S

Tamper-proof

Phillips

Iinternal torx

Tamper-proof

Combination
Phillips/slotted

¥

Clutch

©

Tamper-proof
hexagon

External torx

4320
W)=,

Tamper-proof
torx

Washers

0

Flat USS

Internal-
tooth

External-
tooth

Internal-external-
tooth

Split-
lock
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Fasteners

Metal frammg aids do not represent an admis-

 sion of incompetence on the part of a builder.

They are an improvement over older tech- -

niques such as end-nailing and toenailing, let-

in bracing, and splicing with wood cleats.
Use metal framing aids to

. sépératé: wood from moisture
e strengthen butt and splice joints
e support rafter and beam ends

] bl\'aCe'fWalls against racking :
¢ reinforce cutouts in studs and joists
® provide hurricane resistance

The fOlloWing pages illustrate a few of the

Kant-Sag metal framing aids for residential
construction. Your lumberyard is sure to carry
this or another similar product line.

U-post base: for

Kant-Sag Metal Framing Aids

@
(6]

post {o concrete

¢ Multipurpose
framing anchor

-Post anchor; ;
holds post above concrete V ~. posttobeam

00
0

L Post beam cap: for

¢ Stairangle: ' Truss plate: for
.. supports steps. .- truss connections
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Heavy-duty joist support:
for joist to header

Heavy-duty overhang:
for joist to header

Purlin hanger: for
purlin to rafter

Joist support: for
joist to header

Overhang joist support:
for joist to header

Beam-and-purlin hanger:

for purlin to rafter

=/

&300000000

o o o o

OOOOOOOOOOOOO/
—y

o o © ©

/)

p—

J

Truss hanger: for
floor truss to header

Joist angle: for
joist to header

o [T
o] O O
o |o
0
0
0 o |o®
PN
0o
Heavy-duty joist support:

decorative black

(continued)
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Kant-Sag Metal Framing Aids—-Continued ‘

7

Wraparound brace: Quic

g .
kstrip: for Strap tie: Truss spacer:
for diagonal bracing diagonal bracing ties rafter tops locates truss tops

One-piece hurricane tie:

: SR : for rafter to top plate
0 . -Sill anchor: for :

Humcane tie: fbr
rafter to top plate

sill to concrete

. Fence bracket: ; - Protection plate:  Plywood clip: for

. forraltopost - protects wiring sheathing edges
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ADHESIVES

The adhesives described here and in the table
on the next page are household glues, adhe-
sives generally available at hardware stores.
There are literally thousands of adhesives on
the market, but 99 percent are varjations on
the following 11 generic products:

Aliphatic glue, otherwise known as carpen-
ter's glue, is a water-based, yellow-drying
wood glue. It is relatively fast setting and
forms a strong bond with wood. Use it for
woodworking projects except for furniture.

Catalyzed acrylic glue is a waterproof adhe-
sive which comes in two parts. It sets up in
about 1 minute and achieves full strength in
about 15 minutes. It will bond most materials,
including those with greasy surfaces.

Clear cement is also known as model or air-
plane cement. It works best on porous materi-
als such as open-grain wood, fabric, and paper.
It sets up extremely fast and dries to an almost
invisible clarity.

Contact cement is unique in that it bonds af-
ter drying. Spread cement on both surfaces and
leave it until dry to the touch. When the two
coated surfaces are brought together, they bond
instantly and permanently. The cement is not
very strong, but it is water resistant, making it
perfect for bonding sheets of plastic laminate to
plywood or particleboard for kitchen and bath-
room countertops.

Cyanoacrylate, also known as instant-setting
glue, bonds almost instantly to any nonporous
material. Some varieties will bond wood weakly,
but none can be used on paper or foam. One
problem is that they bond to skin extremely well.

Epoxy glue comes in two components meas-
ured and mixed at the time of application. The
bond is extremely strong between nonporous
materials, and it is water and chemical resist-
ant. The chemicals are clear, but color and me-
tallic fillers are sometimes added to make it
appear like epoxy glass, plastic, steel, and so
forth. Use it to bond metals and plastics.

Plastic resin glue is based on urea-
formaldehyde and comes in a dry powder that
is mixed with water at the time of application.
It is an extremely water-resistant and strong
wood glue. It requires clamping overnight, -
however, and dries to a red-brown color. It is
excellent for gluing furniture.

Resorcinol glue, also known as waterproof
glue, is a two-part mixture of liquid resin and
powder catalyst. It is slow to cure but forms a
strong and completely waterproof bond be-
tween porous surfaces, particularly wood. It is
too difficult for most home applications.

Silicone rubber is primarily a caulk, but it
is waterproof, clear, and extremely flexible,
making it the best for bathroom applications.
A drawback is that it can't be painted.

Urethane adhesive offers strength and flexi-
bility. It requires overnight clamping and dries
to an ugly, rubbery finish, but its bond strength
to wood and its flexibility make it perfect for
repairing indoor furniture, toys, and tools.

White wood glue is a low-cost, water-
soluble, easy-to-use glue that bonds fairly
well to porous materials such as wood, paper,
and fabric. Strength of bond is only moderate,
however, and it has little water resistance. It is
good for children's projects.
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ADHESIVES GUIDE

Adhesive Type

Set Time

Wood Glass

- Bond Strength ~ Water Reslstanbe‘

Wood Glass

Gap
Filling

Color
Dry

Aliphatic (carpenter’s) glue

Catalyzed acrylic glue

Clear (a:rplane) cemént 5

Contact cement

Cyanoacrylate (instant) glue

Epoxy glue, regular set
Epoxy glue, quick set
Plastic resin: -

Resorp‘in/ol” (waterproof) glue

Silicone rubber
Urethane adhesive
White wood glue :

thro
~15min
10 min
/5min
"1kmin ,
2hr
Smin
24 hr
8hr
8hr
Bﬁr ,
1hr

£ P

O m " mmT oM nomom
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E

Yellow

- Brown

Clear

Brown

Clear

Clear

Clear to white
Red to brown
Clear or white
White:

White

Note: E:#Qxc’ellent; G = good; F = fair; P = poor..
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462 Finance and Measurement
HOME MORTGAGE TYPES
Loan Type How Loan Works - 'Pros and Cons
Adjustable-rate Interest rate tied to published financial Interest rate lower initially. Interest and
(ARM) - ;. index such as prime lending rate. Most payments usually increase over time.
Sl - have annual and lifetime caps. , e S
Assumable «B'uyer takes over seller's ‘mortgage. Mortgage usually fixed-rate at below-
G L o : . market interest rate. .
Balloon Payments based onlong term (usuatly 30 Réﬁnancing required at unknown interest
: years), but entire principle due in short term rate at time of balloon payment. B
(usua!ly 3105 years). , ' i o ;
Buy-down Selter pays part of rnterest for first years, Loan more affordable for buyer whose in-
' ‘ . come is expected to rise.
le,eerate, Interest rate and monthly payments lnterest rate usually higher. Equity grows
(FRM) - constant for life of loan (usually‘ 30 years). slowly in early years.
Graduated-payment Payments increase for frrst few years, then .~ -Loan more affordable for buyer
{(GPM) remam constant Interest rate may vary. . whose i income is expected to rise.
Grbwtng-equity Payments increase annually, with increase Buyer equity increases rapidly, but buyer
(GEM) applied to pnncrpte lnterest rate usually must be able to make increased payments.
constant. :
lnterest-only Entire payment goes toward interest only ‘ Requires lowest payments. Owner equity
o Pnncrple remains at ongrnal amount consists of down payment plus
~ : S ; appreciation.
Owner-financed Se‘!ler holds either ﬁrst or second mortgage. tnterest rate may be: hrgher than
‘(seller take back): : < market rate
Renegoﬁabte Sameas ad;ustabl&rate mortgage but tnterest rate and monthly payment
(rollover) interest rate ad;usted less often.: variable; but frxed for longer periods.
Reverse annuity Lender makes monthly payments to Prowdes monthly income to borrower but
borrower. Debtincreases overtimeto . decreases equity.
maximum percentage of appratsed
: value of property.
Shared-appreciation Lender charges less interest in exchange Makes property more affordable. Reduces
(SAM) for share of appreciation when property owner's: gain upon sale.
Wraparound Exxstmg tower-lnterest toan combined with  Decreases interest rate.
(blended-rate) ~new additional loan for single loan with G ,
intermediate interestrate. . . :
Zero-interest ‘No interest charged. Fixed monthty pay- Sale price usually inflated. One-time fee
rest) : ,rnents usually over. short ferm. . :

maybechamsd Motaxdeductron
allowed (
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INTEREST ON LOANS

Monthly Payment ,

The table below shows monthly payments for
each $1,000 borrowed for fixed-interest rates
from 0 to 18 percent and for periods from 1 to 40
years. Monthly payments at other interest rates
can be accurately interpolated using the figures
in the table.

Example: What are the monthly payments on a
10-year, $1,000 loan at 11 percent interest?
From the table, the payments at 10 and 12 per-
cent are $13.22 and $14.35. Since 11 percent is
the average of 10 and 12 percent, the monthly
payment is ($13.22 +$14.35) + 2 = $13.78 for
each $1,000 borrowed.

Total interest Paid

Knowing the monthly payment, it is easy to find
the total interest paid over the life of a loan. To-
tal interest is the difference between the sum of
the payments over life and the original amount.

Example: For a 30-year, 12 percent, $100,000
mortgage, what is the total interest paid?
From the table, the monthly payment for each
$1,000 is $10.29. Therefore, the total lifetime
payment is 100 X 12 months x 30 years X
$10.29 = $370,440. Since the original loan is
for $100,000, the total interest paid is the dif-
ference: $270,440.

MONTHLY PAYMENTS FOR FIXED-RATE LOANS
(payment for each $1,000)

Rate Years

% 1 2 3 4 5 10 15 20 30 40
0 83.33 41.67 27.78 20.83 16.67 8.33 5.56 417 2.78 2.08
1 83.79 42.10 28.21 21.26 17.09 8.76 5.98 4.60 3.22 2.53
2 84.24 42.54 28.64 21.70 17.53 9.20 6.44 5.06 3.70 3.03
3 84.69 42.98 29.08 2213 17.97 9.66 6.91 5.55 4.22 3.58
4 85.15 43.42 29.52 22.58 18.42 10.12 7.40 6.06 4.77 418
5 85.61 43.88 2098  23.03 18.88 10.61 7.91 6.60 5.37 4.83
6 86.07 44.33 30.43 23.49 19.34 11.11 8.44 717 6.00 5.51
7 86.53 44.78 30.88 23.95 19.81 11.62 8.99 7.76 6.66 6.22
8 86.99 45.23 31.34 24.42 20.28 12.14 9.56 8.37 7.34 6.96
9 87.46 45.69 31.80 24.89 20.76 12.67 10.15 9.00 8.05 7.72
10 87.92 46.15 32.27 25.37 21.25 13.22 10.75 9.66 8.78 8.50
12 88.85 47.08 . 33.22 26.34 22.25 14.35 12.01 11.02 10.29 10.09
14 89.79 48.02 34.18 27.33 23.27 15.53 13.32 12.44 11.85 11.72
16 90.74 48.97 35.16 28.35 24.32 16.76 14.69 13.92 13.45 13.36
18 91.68 49.93 36.16 29.38 25.40 18.02 16.11 15.44 15.08 15.02
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GEOMETRIC FIGURES

Plane Shapes (two-dimensional)

TRIANGLE

Perimeter =a+b+¢

SQUARE
Area=ab. -
_Perimeter = 4a

RECTANGLE
Area = ab
Perimeter = 2a + 2b

PARALLELOGRAM -
Area=bh
’, Perimeter = 2a+2b

TRAPEZOID- -
Afea- h gb + c)

Penmeter a+ b +c+d

: N—SIDED POLYGON

Area = 2ab

CIRCLE

Area = nrz
Penmeter = 2nr

CIRCULAR SECTOR

Perimeter = 0.01745rA°

CIRCULAR SEGMENT
r2 nA° - sinA°
A

C=2r snyn-—z-

Area =

ELLIPSE
Area =mnab -
Perimeter (approxsmate)

{2(a®+

PARABOLA

3
Perimeter=b (1 +

C!RCLE/SQUARE
Area =0. 2146a

‘ Penmeter 2a+*’2"




Geometric Figures
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Solid Bodies (three-dimensional)

o

CUBE
Area = 632
Volume = a°

RECTANGULAR PRISM
Area = 2ab + 2ac + 2bc
Volume = abc

SPHERE
Area = 4nr?

Volume = %"

ELLIPSOID
Volume = ”—aéb—q

=2

|

7 @

CYLINDER
Area = 2rr2 + 2nrh
Volume = nréh

CONE v
Area =nr V12 + hS + mr

Volume = 1—"~23—h

SPHERICAL SEGMENT
Area = 2nra

Volume = “—iz—(gﬁ)

PARABOLOID

Volume = ’5';3
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TRIGONOMETRY

RIGHT TRIANGLE

ANY TRIANGLE

BR= a2+c2-~2§ccoéB

DEFINITION OF RATIOS OF SIDES (TRIG FUNCTIONS)

sinA=alc sin B=blc sinC=1
cos A=blc cos B = a/c cosC=0
tanA=ab - tanB=Db/a tanC=oo
PYTHAGOREAN THEOREM

a2 +b?=c?

c=Val+b®

LAW OF COSINES

- bPec? Zhocosh cos A= Ba-d

al+c?-b?
cosB= 2ac

2 -
c?= a2+ b?-2abcosC °°Sc=a_”+2fi—cz

LAW OF SINES
a b [+

sinA = sinB T sinC

- sinA
= sinB’ ¢

ol
{7
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Trigonometry ' 467
Trigonometry Tables
Deg Sin Cos Tan Deg Sin Cos Tan Deg Sin Cos Tan
1 .0175 .9998 .0175 3 5150 .8572 .6009 61 .8746 4848 1.8040
2 .0348 .9994 .0349 32 5299 .8480 6249 62 .8829 4695 1.8807
3 .0523 .9986 .0524 33 5446 .8387 .6494 63 .8910 4540 1.9626
4 .0698 .8976 .0699 34 .5592 .8290 .6745 64 .8988 4384 2.0503
5 .0872 .8962 .0875 35 .5736 8192 .7002 65 .8063 4226 2.1445
6 .1045 .9945 .1051 36 .5878 .8090 .7265 66 9135 L4067 2.2460
7 1219 .9925 .1228 37 .6018 .7986 .7536 67 .9205 3907 2.3559
8 1392 .9803 .1405 38 6157 .7880 .7813 68 9272 3746  2.4751
9 1564 .9877 .1584 39 .6293 7771 .8098 69 .9336 3584  2.6051
10 1736 .9848 1763 40 .6428 .7660 .8391 70 .8397 3420 2.7475
11 .1908 .9816 .1944 41 .6561 7547 .8693 I .9455 3256 2.9042
12 .2079 9781 2126 42 .6691 7431 .9004 72 .8511 .3090 3.0777
13 .2250 9744 .2309 43 .6820 7314 .9325 73 .9563 2924 3.2709
14 2419 .9703 .2483 44 .6947 7193 .8657 74 .9613 2756 3.4874
15 .2588 .9659 2679 45 .7071 7071 1.0000 75 .9659 .2588 3.7321
16 2756 9613 .2867 46 7193 .6947  1.0355 76 .9703 2419  4.0108
17 2924 .9563 .3057 47 7314 6820 1.0724 77 9744 2250 4.3315
18 .3090 9511 .3249 48 7431 6691 1.1106 78 9781 2079 4.7046
19 .3256 .9455 .3443 49 .7547 6561 1.1504 79 .8816 .1908 5.1446
20 .3420 .9397 .3640 50 .7660 6428 1.1918 80  .9848 1736 5.6713
21 .3584 .9336 .3839 51 7771 6203 1.2349 81 .9877 .1564 6.3138
22 3746 .9272 4040 52 .7880 6157 1.2799 82 .9903 1392 7.1154
23 .3907 .9205 4245 53 .7986 6018  1.3270 83 .9925 1219 8.1443
24 4067 .9135 4452 54 .8090 .5878 1.3764 84 .9945 1045 9.5144
25 4226 .9063 4663 55 8192 5736 1.4281 85 9962 .0872 11.4301
26 4384 .8988 4877 56 .8290 5592 1.4826 86 9976 .0698 14.3007
27 4540 .8910 .5095 57 .8387 5446 1.5399 87 .9986 .0523 19.0811
28 .4695 .8829 5317 58 .8480 5299 1.6003 88 .9994 .0349 28.6363
29 .4848 8746 .5543 59 .8572 5150 1.6643 89 .9998 .0175 57.2900
30 .5000 .8660 5774 60 .8660 5000 1.7321 80 1.000 0000 oo

Note: Deg = degrees of angle; Sin = sine; Cos = cosine; Tan = tangent.
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~ UNITS AND CONVERSIONS o | -
Converting Inches to Feet mCHEs-I&FEET convsnéidn v
ery oft ullﬂmg calculations, exact , : Gl
measurements in feet and inches must be con- wme F,acﬂo,, ' Partial  Fraction
verted to feet and decimal fractions. For somey' . lnches of Foot _ Inches  of Foot
people this is a simple matter; for those who 1 0883 116 0052
g:}?; the process baffhng, the table at rlght will 5 ey 18 otoa
To make the conversion from mches to dec- P A 316, . 0156
imal fractions of a foot, find the decimal frac- 4 3333 14 0208
tion for the number of whole inches (left half 5 4167 - 5/16 .0260
of table) and the decimal fraction for the par- 6 5000 a8 0313
tial inches (right half of table), and add them ; ;
togeth o 5833 e .0365
8 6667 SR oM7
" Example 1: Find lhedeclmal value of 13 feet 9 7500 9/16 0459
7-9/ 16 inches. | | 10 8333 58 0521
] 3,{ | ' 110"000, " 1 ete7 11116 0573
7" = 0.5833' . 12 1.0000 34 0625
9/16" = 00469 ' ~ ' ‘ 13116 0677
Total = 13 6302' k o 7/8 0729

e 15116 .
Example2 Fmd thedecnnal value of the o /»16, % 9781‘
floor area of a ular room of width 10 feet

i 8-1/2 inches and length 12 feet 3-5/8 inches.

Wzdth 10’ = 100000

; 8" ,_.. : 6667' e
12t = a7
Totfal width = 10.7084 7084

Lengm 12'

non u; W
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Unit Conversions

Multiply By To Get Multiply By To Get

Length Mile 1,760 Yards

Centimeter 0.3937 Inches Mile 1,609 Meters

Centimeter 10 Millimeters Mile 1.609 Kilometers
Centimeter 0.01 Meters

Inch 2.54 Centimeters Area

Inch 0.0833 Feet Square centimeter  0.1550 Square inches

Inch 0.0278 Yards Square centimeter 100 Square millimeters
Foot 30.48 Centimeters Square centimeter  0.0001 Square meters
Foot 0.3048  Meters Square inch 6.4516 Square centimeters
Foot 12 Inches Square inch 0.0069 Square feet

Foot 0.3333  Yards Square inch 7.72x10*  Square yards

Yard 91.44 Centimeters Square foot 929 Square centimeters
Yard 0.9144 Meters Square foot 0.0929 Square meters
Yard 36 Inches Square foot 144 Square inches
Yard 3 Feet Square foot 0.1111 Square yards
Meter 39.37 Inches Square yard 8,361 Square centimeters
Meter 3.281 Feet Square yard 0.8361 Square meters
Meter 1.094 Yards Square yard 1,296 Square inches
Meter 100 Centimeters Square yard 9 Square feet

Meter 0.001 Kilometers Square meter 1,550 Square inches
Kilometer 3,281 Feet Square meter 10.765 Square feet
Kilometer 1,094 Yards Square meter 1.1968 Square yards
Kilometer 0.6214 Miles Square meter 10,000 Square centimeters
Kilometer 1,000 Meters Square meter 1.0x10%  Square kilometers
Mile 5,280 Feet Square kilometer 1.076x107  Square feet

(continued)
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Unit Conversions— Continued
: 7o Get
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Finance and Measurement

- To Get

Square kilometer -
: Squaré Ri!ometer
Square kilometer

1.197x10°
- osmet
E ;‘1.10;10?,;:

- 2.788x107.
Square mile 3.098x10°
Square milé - | 640
2590

- Square mile

Square mile

Volume
0.0610
1,000
1.0x10%
16387
- 5.787x10%
- 02642
1.0568
1000

Cubic centimeter
Gubic ‘céntimeter
Cubic ceriﬁmeterv
Cubic inch |
Cubic inch -
Liter
"Lite’r |
CLiter-
Ga""“ S 008
calonts 4
Gallon,US - 281
Galon,US 3785

Cubicfoot . -

Square yards -
Square miles
Square meters

Square feet

' S'quare‘ yards

Acres

Square kilometers

" Cubiciinches
< Cubic millimeters -
 Cubic meters
Cubié cé_ntimeiers

Cubic feet

Gallons; US

‘Quarts
Cubic contimeters.

’ Barrels(mgallons)
' Quans ' ‘

Cubicinches

':Cubic centimeters

Cubic centimeters-

Cubic meters

Cubic yard
ikl vara
Cubic me;ter‘
Cubic meter
Cubic meter
Cubic m‘eter;

Cubic meter

Mass

Pound

Pound

Ton, US short
Ton, US:long:

~Ton, metric

-Ton, metric

Gram

Gram

Gram

Gram

Ounce
Ounce
Ounce
Pound
Pound
Pbund

~Kii¢gram :

. 4:667x10*

. 0.0284

. 04536

27

 6.102x10%

35.320

13003
-1.0x108

1,000 .-

4.448
3217
12,000
2,240
2,205
1,000

- 0.0353

2.205x10%3

15432
2835

0.0625 -
-453.6

16

. Ounces

Cubic inches

Cubic feet
Cubic inches -
Cubic feet -

Cubic yards

- Cubic centimeters

Liters

Newtons

Poundals

~Pounds

:Pounds

~Pounds

Kilograms
Ounces
Pounds r
‘Kilogrén;r's " :
’Grainé'

Grams

' ,Kilograrﬁs
‘Pounds
- Grams -
 Kilograms

-Ounces
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GAUGES USED IN BUILDING
GAUGE DIAMETERS (inches) WEIGHTS OF METAL SHEET
American
Wire American us Brown & Standard Pounds Per Square Foot
Gauge Standard Standard Sharpe Wire Gauge  Aluminum " Steel Copper
5/0 .4305 4375 - 5/0 5.92 17.58 19.95
4/0 .3938 4063 4600 4/0 5.41 16.08 18.24
3/0 .3625 .3750 4096 3/0 4.98 14.80 16.79
2/0 3310 .3438 .3648 2/0 4.55 13.52 15.34
1/0 .3065 3125 .3249 1/0 4.21 12.52 14.20
1 .2830 .2813 .2893 1 3.89 11.56 13.11
2 .2625 .2656 2576 2 3.61 10.72 12.16
3 .2437 .2500 2294 3 3.35 9.95 11.29
4 .2253 2344 .2043 4 3.10 9.20 10.44
5 .2070 .2188 1819 5 2.85 8.45 9.59
6 .1820 .2031 .1620 6 2.64 7.84 8.90
7 A770 .1875 .1443 7 2.43 7.23 8.20
8 .1620 1719 A 285 8 2.23 6.62 7.51
10 1350 .1406 1019 10 1.86 5.51 6.25
12 .1055 1094 .0808 12 1.45 4.31 . 489
14 .0800 .0781 .0641 14 1.10 3.27 3.71
16 .0625 .0625 .0508 16 0.86 » 2.55 2.90
18 0475 .0500 .0403 18 0.65 1.94 2.20
20 .0348 .0375 .0320 20 0.48 1.42 1.61
22 .0286 .0313 .0253 22 0.39 117 1.33
24 | .0230 .0250 .0201 24 0.32 0.94 1.07
26 0181 .0188 0159 26 0.25 0.74 0.84
28 ~.0162 0156 .0126 28 0.22 0.66 0.75
30 - 0140 0125 .0100 30 0.19 0.57 0.65
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Glossary

Absorptance: ratio of energy ab-
sorbed by a surface to the amount
striking it.

Absorption: weight of water ab-
sorbed, expressed as percentage of
dry weight; interception of radiant
energy or sound waves.

Absorptivity: (see absorptance).

Accelerator: chemical added to
concrete to speed setting.

Active solar collector: mechani-
cal system for collecting solar heat.

Admixture: substance added to
mortar to change its properties.

Aggregate: granular materials
used in masonry.

Air barrier: material or surface de-
signed to prevent passage of air, but
not water vapor.

Air-entrained concrete: con-
crete containing microscopic air
bubbies to make it less susceptible
to freeze damage.

Alkyd: synthetic resin paint base.
Alkyd resin has largely replaced lin-
seed oil.

Alternating current (AC): elec-
trical current which reverses direc-
tion regularly (60 hertz, or cycles
per second, in the US).

Altitude: vertical angle of the sun
above the horizon.

Ampacity: ampere-carrying ca-
pacity of a wire.

Ampere: unit of electrical current.
Often abbreviated amp.

Anchor bolt: bolt set into a foun-
dation to fasten it to the building
sill.

Apron: vertical panel below the
window sill.

Ash drop: opening in the floor of
a fireplace for ash disposal.

Ashlar: one of several masonry
patterns, consisting of large rectan-
gular units of cut stone.

Asphalt: waterproof organic lig-
uid used to waterproof.

Asphalt plastic cement: asphalt
used to seal roofing materials to-
gether.

Awning: shading device mounted
above a window.

Awning window: single window
sash hinged at the top and swinging
outward.

Azimuth angle: direction to the
sun, usually measured from true
north. Solar azimuth is measured
east or west from true south.

Backer rod: foam rope used to fill
large gaps before caulking.

Backfill; material used to fill exca-
vation around a foundation.

Balloon frame: wood frame in
which studs are continuous from the
sill to the top plate of the top floor.

Baluster: vertical member under a
railing.

Baseboard: horizontal molding at
the base of a wall. Also known as
mopboard.

Batten: thin molding of rectangu-
lar section used to cover a joint.

Bay window: window that pro-
jects from a wall.

Beam: horizontal structural mem-
ber designed to support loads in
bending.

Bearing wall: wail that supports a
load from above.

Bevel cut: wood cut made at any
angle other than 0° or 90°.

Bitumin: substance containing oil
or coal-based compounds; asphalt.

Blocking: short member bracing

between two longer framing mem-
bers.

473
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: ‘Boller: central heanng apphance ‘
_that generates erther hot water or
steam.

Bond‘ s(rength of adhesmn Also

one of several patterns in which ma-
sonry units may be lald

' Bow window' “same as a bay win-

Braced frame: heavy-timber
frame braced in the ¢ corners by
' lrghter members -

Branch elrcuit‘ one of several crr-' g

cuits in a building, originating at the
service entrance panel and protected
bya separate circuit breaker or fuse

. Brick recnangular masonry unit
hmﬂenedbyﬁrmgmakﬂn

Brick mold‘ standard wood mold—

~“ing used as outside casing around
doors and wmdows o o

Brick ve {,eer. brick facing over :

‘ Caslng- msrd
whrch covers space between a win:

Glossary

Bull nose: rounded i masonry unit
- for use in corners.

,Bundle: paekege‘ofi’shi‘nglt“a"sT :
Bus bar: rectangular metal (usual-

Iy copper) bar for carrying large

- electrical current.

Butt‘bottnm edge ofaroofslnngle s ey:
- flue gases by natural convectron

Butt joint: joint in which two
members meet without overlap or.
mrter

Calclum chloride: concrete ac
celerator.

Cant strlp beveled stnp around'n
the penmeter of a roof.

Caplllarity movement of water .

through small gaps due to adhesron G

and surface tension. -

Casement w indow: window
: hmged on the side and opening out-

ward

T outside moldmg

~ Cavity wall: masonry wall witha
- continuous space between the in-

side and oulside beicks Bt acts o

. trarght line made by
, strmg coated by col- ’

Check cracks in the surface of -

wood resulting from drying (and
shnnkmg) of the surface faster than

mcal tube for ventmg

kChlmney ﬂre., burnmg of creosote

and other deposrts w1thm a chlmney

, Circult two or more wires carry

ing electricity to lights, receptacles,
swrtches, or appliances.

Circuit breaker electromecham—

cal device that opens when the ¢ cur-
Tent exceeds its rating. - :

, CIapboard board for overlapping

as horizontal srdmg
Closed valley roof valley where

- the shmgles extend in an unbroken
lme across the valley mtersectlon

Collar: preformed vent pipe ﬂash-

mg Alsothepartofanapphance e

stmetural member de-
srgned to carry a vertrcal load i in
sion.

o Common mﬂ large-drameter nall
- for rough frannng S

- c«:mpresslon. acuon of forces to
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Double-hung window: window
with vertically sliding upper and
lower sash. If the upper sash is fixed,
the window becomes single hung.

Double-strength glass: sheet
glass of nominal thickness 0.125
inch.

Dovetail: flared mortise and tenon
that form a locking joint.

Downspout: vertical section of
pipe in a gutter system.

Draft: air pressure difference be-
tween the inside and outside of a
chimney. Also the rate of flue gas
or combustion airflow.

Drip cap: molding at the top of a
window or door.

Drip edge: material designed to
force water to drip from roof rakes
and eaves.

Drywall: interior finish material in
large sheets: Plywood paneling and
gypsum drywall are two examples.

Drywall nail: special, ringed nail
for fastening drywall.

Duct: enclosure for distributing
heated or cooled air.

Duct tape: aluminized cloth tape
used to seal duct joints.

Eaves: lower edge of a sloped
roof.

Eaves flashing: flashing at eaves
designed to prevent leaking from an
ice dam. e

Egress window: window whose
clear dimensions are large enough
that it can serve as a fire exit.

Glossary

Elastic modulus: ratio of stress
to strain in a material. Also known
as the modulus of elasticity.

Elbow: right-angle bend in stove-
pipe.-

Elevation: view of a vertical face
of a building.

EN: L-shaped pipe fitting.

Energy efficiency: percentage of
energy in fuel that is converted to
useful energy.

Envelope: collection of building
surfaces that separate the building
interior from the outside, i.e., roof,
walls, floor, windows, and doors.

Exposed-nail roofing: mineral-
surfaced roll roofing where nails
are exposed.

Exposure: portion of roofing or
siding material exposed after instal-
lation.

Extension jamb: addition to a
door or window jamb to bring the
jamb up to full-wall thickness. Also
known as a jamb extender.

Face:side of a mésc‘mry unit or
wood panel intended to be exposed.

Face brick: brick intended to be
used in an exposed surface.

Face nailing: nailing perpendicu-
lar to the face or surface.-Also
called direct nailing.

Fahrenheit: temperature scale de-
fined by the freezing (32°) and boil-
ing-(212°) points of water."

Fascia: vertical flat board at a cor-
nice. Also spelled facia.

Fastener: any device for connect-
ing two members.

Felt: fibrous sheet material for
roofing.

Finger joint: wood joint formed
by interlocking fingers.

Finish coat: final coat of a
material. :

Finish grade: final ground level
around a building.

Finish nail: thin nail intended to
be driven flush or countersunk.

Fire-stop: framing member de-
signed to block the spread of fire
within a framing cavity.

Flashing: material used to prevent
leaks at intersections and penetra-
tions of a roof,

Float glass: glass formed by
floating molten glass on molten tin.

Flue: passage in a chimney for the
venting of flue gases or products of
combustion.

Flue gases: mixture of air and the
products of combustion.

Fluorescent light: lamp that
emits light when an electric dis-
charge excites a phosphor coating.

Footing: bottom section of a foun-
dation that rests directly on the soil.

Forced-air system: heat transfer
system using a blower.

Foundation: section of a building
that transfers the building load t
the earth. :
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Frame: assemblage of structural
support members.

Frieze: middle section of an entab-
lature, between the architrave below
and the cornice above. In wood con-
struction, the horizontal board be-
tween the top of the siding and the
soffit. Also a decorative band near
the top of a wall.

Frost heave: expansion of the
earth due to freezing of interstitial
water.

Frost line: maximum depth of
freezing in the soil.

Furnace: appliance that generates
hot air.

Furring: strip of wood that pro-
vides space for insulation or that
levels an uneven surface.

Gable: upper, triangular portion of
an end wall.

Gable roof: roof having gables at
opposite ends, each equally pitched.

Gasket: elastic strip that forms a
seal between two parts.

Girder: main supporting beam.

Girt: horizontal beam framed into
the posts.

Glare: excessive contrast in lighting.

Glass: transparent material com-
posed of silica (sand), soda (sodium
carbonate), lime (calcium carbonate),
and small quantities of other minerals.

Glass block: glass molded into
hollow blocks that serve to support
loads and pass light.

Glossary

Glazing: glass or other transparent
material used for windows.

Gloss paint: paint with a high
percentage of resin that dries to a
highly reflective finish.

Grade: level of the ground.

Ground: any metal object that is
connected to and serves as the earth
in an electrical system.

Grounded wire: wire in a circuit
that is connected to the ground and
serves to return current from the hot
wire back to the ground. Identified
by a white insulation jacket.

Ground fault interrupter: cir-
cuit breaker that trips on leakage of
current.

Grounding wire: bare or green
wire in a circuit that connects metal
components, such as appliance cab-
inets, to the ground.

Grout: very thin mortar applied to
masonry joints.

Gusset: flat plate used on either
side of a wood joint to aid in con-
nection.

Gutter: horizontal trough for col-
lecting rain water from a roof.

Gypsum: calcium sulfate, a natu-
rally occurring mineral.

Gypsum drywall: rigid paper-
faced board made from hydrated
gypsum and used as a substitute for
plaster and lath.

Handrail: upper rail in a balus-
trade.
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Hard water: water rich in calcium.

Hardwood: wood from a decidu-
ous tree.

Head: top element in many struc-
tures.

Header: beam over a door or win-
dow for supporting the load from
above. Also any beam which
crosses and supports the ends of
other beams. Also a brick placed to
tie two adjacent wythes together.

Heartwood: portion of the tree
from the pith (center) to the sap-
wood.

Heat-absorbing glass: glass
containing additives that absorb
light in order to reduce glare,
brightness, and solar heat gain.

Heat capacity: quantity of heat
required to raise the temperature of
1 cubic foot of a material 1 F°.

Heat Mirror: trade name for plastic
film treated with selective coating.

Heat pump: mechanical device
that transfers heat from a cooler to a
warmer medium.

Hip: convex intersection of two
roof planes, running from eaves to
ridge.

Hip shingle: shingle covering a hip.

Hot wire: current-carrying wire
that is not connected to the ground.

Humidifier: appliance for adding
water-vapor to the air.

Hydrated lirne: quicklime and
water combined. Also called slaked
lime.



: uydme methodofdsstnbutmg
~ heat by ho 'water o .

l-beam. steeI beam whose sectlon
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air through cracks holes and _}Omts.
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wavelength longer than that of red
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: Inslde sill wmdow stool

Insulating glass. factory-sealed
double or tnple glazmg
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: Insulation board- wood fiber
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Glossary

Kilowatt: 1,000 wats. Abbreviat- :
ed kw.

Kilowatt#hour: unit of electrical -

~.energy consumed. One thousand:

watts of power for a 1-hour dura-
tion. Abbreviated kwhr.

- Knot: section of the base of a ':k

branch enclosed in the stem from

. which it arises; Found in lumber :

suchaspme i

Landing platform between orat
the ends of stalrways "

Latex paint. water—based pamt.

,Lath perforated base for apphca-’

tion of plaster. Formerly wood
now usually metal.-

Lattice: fromework of crossed
stnps of wood plast:c or meta.'l

Leader honzontal section of

downspout.

Ledger strip: stnp ‘of wood form-
Jinga ledge on a girder or sill for -

snpportmg the bottoms of j _]OlStS

Let-in brace. comer brace of 1x4

‘lumber cut into studs

S Limer ; mm carbonate When

heated, it becomes quicklime.

’Llnseed oil: oﬂ from the seed of ‘

the flax plant

Lintel: solid member abové, a door
or wmdow that cames the Ioad
. \above s g :

: 'lee oad, temporary load im:
 posed:
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i than 90°.

Lookout: wood member support- -
ing the end of an overhanging rafter.

Louver:‘ slanted slat of wood, plas-
tic, or metal: Used to admit air but -
b}ock rain and vrsrbzhty S

Lumen' measure of total hght out—
put. A wax candle gives off about

-13 lumens;a 100-watt incandescent

bulb about 1,200 lumens:

Masonry: construction consisting

.of stone, brick, or concrete block.

Masonry cement: cement to which
water and sand must be added.

- Masonry primer: asphalt primer
for bonding asphalt-based products

to masonry.

Mastic. thlck-bodred adhesrve or
sealant, .

Membrane roof: roofing consist-

mg ‘of a single waterproof sheet:

Metal |ath sheet metal slxt and 8
formed intoa mesh for use asa .
plaster base: ,

MH. one-thousandth of an mch

” Millwork hmkhng componems ‘man-
, ufacnn'ed ina woodworkmg piant.

Mineral spirits petroleum—based
solvent for orl-based pamts and var-

Miter. to cut atan angie other (o

‘ ‘Miier' }oint' Jomt where each mem-
: berxsmxteredatequal angles o

: Wulera«repeated dimension.
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Pores: large-diameter wood cells
that open to the surface.

Portiand cement: strong, water-
resistant cement consisting of silica,
lime, and alumina.

Preservative: water repellent lig-
uid containing fungicide.

Pressure-treated wood: wood
that has been injected with preser-
vative under pressure.

Primer: first coating, applied prior
to regular paint.

Psychrometric chart: graph
showing the properties of water va-
por in air.

Purlin: a horizontal member per-
pendicular to, and supporting,
rafters.

Quarter round: molding whose
section is that of a quarter of a circle.

Rabbet: a rectangular shape con-
sisting of two surfaces cut along the
edge or end of a board.

Racking: distortion of a building
surface from the rectangular in its
plane.

Radiant heating: method of heat-
ing whereby much of the heat transfer
is accomplished by radiation through
space from warm building surfaces
such as floors, walls, or ceilings.

Rafter: roof beam running in the
direction of the slope.

Rall: horizontal member of a door
or window sash."Also the top mem-
ber of a balustrade.

Glossary

Rebar: abbreviation for reinforc-
ing bar. Usually applied to steel
bars used in concrete.

Receptacle: electrical device into
which a plug may be connected.

Reflectance: decimal fraction of
light incident on a surface that is re-
flected and not absorbed. Absorp-
tance equals 1 minus reflectance.

Reflective glass: glass treated to
reflect a fraction (the reflectance)
of incident light.

Reflectivity: (see reflectance).

Register: grill or grate covering
the outlet of a duct.

Reinforcement: (see rebar).

Relative humidity: amount of
water vapor in air compared with
the maximum amount possible, ex-
pressed as a percentage.

Resorcinol glue: plastic resin
glue that withstands water.

Retrofit: to upgrade a structure us-
ing modern materials.

Return: general term for a right-
angle turn.

Reverberation time: measure of
the length of time a sound wave
will bounce around a space before
being absorbed.

Ribbon: horizontal strip (usually
1x4) let into studs to support joist
ends. Also called a ribband.

Ridge: junction of the top of op-
posing roof planes.

Ridge board: vertical board be-
tween the upper ends of rafters.

Ridge vent: continuous, pre-
fabricated outlet ventilator placed
over an opening at the ridge.

Rise: vertical increase in one step
of a stair. Also the total vertical
span of a stairway from landing to
landing, or any vertical change.

Riser: vertical board between stair
treads. Also a vertical pipe.

Roll roofing: low-cost asphalt
roofing in roll form.

Roof overhang: horizontal pro-
jection of the roof beyond the wall.

Run: horizontal span of a flight of
stairs.

R-value: measure of resistance to
heat flow.

Saddle: pitched section of roof be-
hind a chimney or between a roof
and the wall toward which it slopes.
Its purpose is to avoid trapped
water.

Safety glass: one of a number of
types of glass that have been
strengthened or reinforced for safety.

Sapwood: wood between the
heartwood and the bark, in which
the sap runs.

Sash: frame holding the panes of
glass in a window or door.

Saturated felt: felt impregnated
with asphalt in order to make it wa-
ter resistant.
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Scratch coat: first coat of plaster.
It is scratched to provide better
bonding with the next coat.

Screen molding: thin wood
molding for covering the edge of
screening.

Sealant: compressible material
used to seal building joints, etc.

Sealed glass: panes of glass with
a sealed air space between.

Sealer: liquid applied to unfin-
ished wood to seal the surface.

Selvage: portion of roll roofing
meant to be overlapped by the suc-
ceeding course.

Sensible heat: heat required to
raise the temperature of a material
without changing its form.

Service drop: wiring from the
utility pole to the service entrance
conductors leading to the meter.

Service entrance box: box
housing the electrical panel contain-
ing the main breaker and branch cir-
cuit breakers.

Shading coefficient: ratio of so-
lar gain to the solar gain through a
single layer of clear, double-
strength glass.

Shake: wood shingle formed by
splitting rather than sawing. Also a
lumber defect in which the growth
rings separate.

Shear: the effect of opposing
forces acting in the same plane of
a material.

Sheathing: layer of boards over
the framing but under the finish.

Glossary

Shellac: resinous secretion of the
lac bug, dissolved in alcohol.

Shelter belt: band of trees and
shrubs planted to reduce wind speed.

Shim: thin, tapered piece of wood
used to level or plumb.

Shingle: small, thin piece of mate-
rial, often tapered, for laying in over-
lapping rows as in roofing or siding.

Shiplap: rabbeted wood joint used
in siding.

Siding: exterior finish for a wall.

Sill: lowest horizontal member in a
frame. Also the bottom piece of the
window rough opening.

Single-phase wiring: wiring in
which the voltage exists only as a
single sine wave. This is the type
used in residences.

Single-strength glass: glass of
thickness 0.085 to 0.100 inches.

Skylight: window set into a roof.
Slab-on-grade: concrete slab

resting directly on the ground at
near-grade level.

Sleeper: wood strip set into or on
concrete as a fastener for flooring.

Slider: window that slides horizon-
tally. Also calied a sliding window.

Soffit: underside of a roof over-
hang, comice, or stairway.

Soffit vent: inlet vent in the soffit.
It may be individual or continuous.

Softwood: wood from coniferous,
mostly evergreen, trees.
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Soil line or pipe: pipe carrying
human waste.

Solar radiation: total electro-
magnetic radiation from the sun.

Solar-tempered heating sys-
tem: system deriving a significant
fraction of the heating requirement
from the sun.

Solder: metal alloy with a low
melting point used in joining pipes,
electrical wiring, and sheet metal.

Span: distance between supports.

Specific heat: ratio of the heat
storage capacity of a material to that
of an equal weight of water.

Square: 100 square feet of cover-
age. Also a carpentry tool for meas-
uring and laying out.

Stack effect: buoyancy of warm
gases within a chimney.

Standing-seam: metal roofing
technique of folding the upturned
edges of adjacent sheets to form a
weatherproof seam.

Standing wave: sound wave in a
space of a dimension equal to a
multiple of the sound's wavelength,

Stile: vertical outside frame mem-
ber in a door or window sash.

Stool: interior horizontal, flat
molding at the bottom of a window.

Stop (molding): thin molding for
stopping doors on closure or hold-
ing window sash in place.

Storm door or window: remova-
ble, extra door or window for reduc-
ing winter heat loss.
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Story: space between two floors.
Also spelled storey.

Stringer: side member into which
stair treads and risers are set.

Strip flooring: flooring of narrow
strips with matched edges and ends.

Stucco: plaster applied to the exte-
rior. ‘

Stud: vertical framing member to
which wall sheathing and siding are
attached.

Subfloor: first floor laid over the
floor joists. The subfloor may also
serve as the finish floor.

Supply plumbing: pipes supply-
ing water to a building.

Suspended ceiling: modular
ceiling panels supported in a hang-
ing frame.

Tab: exposed portion of an asphalt
shingle between the cutouts.

Taping: finishing gypsum drywall
joints with paper tape and joint com-
pound.

Tempered glass: glass that has
been cooled rapidly to produce sur-
face tension. The result is a
stronger-than-normal glass that
shatters into relatively harmless
cubical fragments when broken.

Tenon: beam-end projection fitting
into a mating tenon or hole in a sec-
ond beam.

Tension: pulling apart; the oppo-
site of compression.

Termiticide: chemical for poison-
ing termites.

Glossary

Terne metal: sheet metal coated
with a lead-and-tin alloy. Used in
roofing.

Therm: 100,000 Btu.

Thermal mass: measure of the
ability of a material to store heat
(for later release).

Thimble: protective device in-
stalled in a combustible wall
through which a stovepipe passes.

Threshold: beveled wood strip
used as a door sill.

Tie beam: beam placed between
mating rafters to form a triangle and

prevent spreading. Also known as a
collar tie.

Tilt angle: angle of a collector or
window from the horizontal.

Timber: lumber that is 5 or more
inches thick.

Toenailing: nailing a butt joint at
an angle.

Tongue and groove: flooring
and sheathing joint in which the
tongue of one piece meets a groove
in a mating piece.

Touch-sanding: sizing structural
wood panels to a uniform thickness
by means of light surface sanding.

Transit: surveying instrument,
usually mounted on a tripod, for
measuring horizontal and vertical
angles.

Trap: section of plumbing pipe de-
signed to retain water and block the
flow of sewer gas into a building.

Tread: horizontal part of a step.
The nosing is physically part of the
tread but doesn't count from the de-
sign standpoint.

Trim: decorative building elements
often used to conceal joints.

Truss: framing structure for span-
ning great distances, in which every
member is purely in tension or in
compression.

Tung oil: fast-drying oil from the
seed of the Chinese tung tree. Used
as a penetrating wood finish.

Ultraviolet radiation: radiation
of wavelengths shorter than those of
visible radiation.

Underlayment: sheet material or
wood providing a smooth, sound
base for a finish.

U-value: inverse of R-value.

Valiey: intersection of two pitched
roofs that form an internal angle.

Vapor barrier: material or surface
designed to block diffusion of water

vapor.

Varnish: mixture of drying oil and
resin without pigment. With pig-
ment added, it becomes enamel.

Veneer: thin sheet of wood formed
by slicing a log around the growth
rings.

Vent: pipe or duct allowing inlet or
exhaust of air.

Vermiculite: mica that has been ex-
panded to form an inert insulation.
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Wall: any vertical structure whose
height exceeds three times its thick-
ness.

Wane: area of missing wood in
lumber due to misjudgment of the
log during sawing.

Water hammer: sound made by
supply pipes when water is suddenly
stopped by the quick closing of a
valve.

Water softener: appliance that re-
moves calcium ions from water.

Water table: level of water satura-
tion in soil. Also a setback at foun-
dation level in a masonry wall. -

Watt: unit of electrical power.
Watts equal volts across the circuit
times amps flowing through it.

Weather strip: thin, linear mate-
rial placed between a door or win-
dow and its jambs to prevent air
leakage.

Weep hole: hole purposely built
into a wall to allow drainage of
trapped water.

Wind brace: T-section of metal
strip let in and nailed diagonally to
studs to provide racking resistance to
awall.

Wythe: single thickness of ma-
sonry in a wall.
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Sources and
Credits

Chapter 1: Design

"Human Dimensions" adapted from
Building Construction Hlustrated,
by Francis Ching (NY: Van Nos-
trand Reinhold, 1975). :

"Kitchen Dimensions” adapted
from Low Cost Wood Homes for
Rural America, by L. O. Anderson
(Washington, DC: Department of
Agriculture, 1969).

"Installing Kitchen Cabinets” adapt-
ed from Install Kitchen Cabinets—
Do It Yourself Guide (84 Lumber
and Home Centers).

"Bathroom Dimensions" adapted
from Bathroom Design (Washington,
DC: National Association of Home
Builders, 1978).

"Kitchen Plans" adapted from
Kitchen Planning Principles. Equip-
ment. Appliances (Urbana-
Champaign, TIl: Small Homes
Council - Building Research Coun-
cil, University of Illinois, 1984).

"Bathroom Plans" adapted from
Bathroom Design (Washington,
DC: National Association of Home
Builders, 1987).

"Stair Design" adapted from Dwell-
ing Construction under the Uniform
Building Code, © 1985 ed (Whittier,
Calif: with permission of the pub-
lishers, the International Conference
of Building Officials, 1985).
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"Building-Code Stair Require-
ments” adapted from Dwelling
Construction under the Uniform
Building Code, © 1985 ed (Whittier,
Calif: with permission of the pub-
lishers, the International Confer-
ence of Building Officials, 1985).

"Barrier-Free Design" adapted from
Handbook for Design: Specially
Adapted Housing (Washington,
DC: Veterans Administration,
1978).

"Light, Ventilation, and Safety
Code" adapted from Dwelling Con-
Struction under the Uniform Build-
ing Code, © 1985 ed (Whittier,
Calif: with permission of the pub-
lishers, the International Confer-
ence of Building Officials, 1985).

Chapter 2: Site

"Magnetic Compass Variation"
adapted from Geodetic Survey,
1975 (Washington, DC: Depart-
ment of the Interior, 1975).

"Laying Out Driveways" adapted
from Wood Frame House Construc-
tion (Washington, DC: Department
of Agriculture, 1975).

"Typical Soil Conservation Service
Soil Map" adapted from Soil Survey
of Cumberland County, Maine
(Washington, DC: Department of
Agriculture, 1974).

"Radon-Producing Areas" adapted
from "The Radon Report,” New
Shelter Magazine, January 1986.

Chapter 3: Masonry

"Brick Positions" adapted from
How Big Is a Brick? (McLean, Va:
Brick Institute of America).

"Brick Wall Types" adapted from
Brick Walls for Housing (McLean,
Va: Brick Institute of America).

"Brick Sizes and Coursing" adapted
from How Big Is a Brick? (McLean,
Va: Brick Institute of America).

"Brick Pavement” adapted from Ex-
terior Brick Paving (Reston, Va:
Brick Institute of America).

"Block Sizes and Coursing"
adapted from Passive Solar Con-
struction Handbook (Herndon, Va:
National Concrete Masonry Asso-
ciation, 1984).

"Concrete Pavers" adapted from

Passive Solar Construction Hand-
book (Hemndon, Va: National Con-
crete Masonry Association, 1984).

Chapter 4: Foundations

All materials adapted from Building
Foundation Design Handbook (Oak
Ridge, Tenn: Oak Ridge National
Laboratory, 1988).
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Chapter 5: Wood

"The Nature of Wood" adapted
from Wood Handbook (Washing-
ton, DC: Department of Agricul-
tare, 1987). 3

"Lumber Defects" adapted from
Wood Handbook (Washington, DC:
Department of Agriculture, 1987).

"Lumber Grade Stamps" adapted
from Product Use Manual (Port-
land, Oreg: Western Wood Products
Association, 1986). Stamp used
with permission of West Coast
Lumber Inspection Bureau.

"Pressure-Treated Wood" adapted
from Building Code Requirements
for Pressure Treated Wood (Arling-
ton, Va: Society of American Wood
Preservers, 1983).

Chapter 6: Framing

"Framing Details" adapted from
Wood Frame House Construction
(Washington, DC: Department of
Agriculture, 1975).

Chapter 7: Sheathing

All material adapted from Residen-
tial and Commercial (Tacoma,
Wash: American Plywood Associa-
tion, 1982).

Chapter 8: Siding

"Vinyl Siding" adapted from Instal-
lation Instructions for Horizontal
and Vertical Solid Vinyl Siding
(Valley Forge, Pa: Certainteed Cor-
poration, 1984).

"Hardboard Lap Siding" adapted
from Hardboard Siding Application
and Storage Instructions (Palatine,
Iil: American Hardboard Associa-
tion, 1983).

"Vertical Wood Siding" adapted
from Redwood Siding Patterns and
Application (Mill Valley, Calif:
California Redwood Association).

"Plywood Siding" adapted from
Residential and Commercial (Taco-
ma, Wash: American Plywood
Association, 1982).

"Stucco" adapted from "Sticking
with Stucco," Professional Builder,
September 1987.

Chapter 9: Roofing

"Exposed-Nail Roll Roofing"
adapted from Residential Asphalt
Roofing Manual (Rockville, Md:
Asphalt Roofing Manufacturers As-
sociation, 1984).

"Concealed-Nail Roll Roofing"
adapted from Residential Asphalt
Roofing Manual (Rockville, Md:
Asphalt Roofing Manufacturers As-
socidtion, 1984).

"Double-Coverage Roll Roofing"
adapted from Residential Asphalt
Roofing Manual (Rockville, Md:
Asphalt Roofing Manufacturers As-
sociation, 1984).

" Asphalt Shingles” adapted from
Residential Asphalt Roofing Manu-
al (Rockville, Md: Asphalt Roofing
Manufacturers Association, 1984).

"Cedar Shingles" adapted from Ex-
terior and Interior Product Glos-
sary (Bellevue, Wash: Cedar Shake
& Shingle Bureau, 1980).

485

"Cedar Shakes" adapted from Exte-
rior and Interior Product Glossary
(Bellevue, Wash: Cedar Shake &
Shingle Bureau, 1980).

"Standing-Seam" adapted from
"Metal Roofing," Fine Homebuild-
ing, December 1984.

Chapter 10: Windows and Doors

"Skylights" adapted from The Com-
plete Guide to Roof Windows and
Skylights (Greenwood, SC: Velux
America, Inc, 1987).

"Site-Built Windows" details from
Dale McCormick, Cornerstones En-
ergy Group, Brunswick, Maine.

"Classic Wood Door Installation”
adapted from Wood Frame House
Construction (Washington, DC: De-
partment of Agriculture).

"Modemn Prehung Door Installation”
adapted from Technical Data—
Insulated Windows and Doors (Nor-
cross, Ga: Peachtree Doors, 1987).

"Bulkhead Doors" adapted from
Planning for a Wooden Door Re-
placement (New Haven, Conn: The
Bilco Company, 1985).

Chapter 11: Plumbing

"Drain, Waste, and Vent" adapted
from Uniform Plumbing Code Illus-
trated Training Manual (Walnut,
Calif: Internationdl Association of
Plumbing and Mechanical Officials,
1985).

"Venting Rules" adapted from Uni-
form Plumbing Code Illustrated
Training Manual (Wainut, Calif: In-
ternational Association of Plumbing
and Mechanical Officials, 1985).
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"Water Treatment” adapted from
Planning for an Individual Water
System, 3d ed (Athens, Ga: Ameri-
can Association for Vocational In-
structional Materials, 1973) and
from Sears Catalogue (Chicago:
Sears, 1987).

Chapter 13: Insulation

"R-Values of Compressed Batts"
data from Owens-Coming Fiberglas.

"R-Values of Walls, Roofs, and-
Floors" adapted from Major Con-
servation Retrofits (Washington,
DC: Department of Energy, 1984).

"Caulks and Weather Strips" adapted
from Air Sealing Homes for Energy
Conservation (Ottawa: Energy,
Mines and Resources Canada, 1984).

"Heat Leaks in the Home" adapted
from Cataloguing Air Leakage
Components in Houses (David
Harrje, Gerald Gbom, Washington,
DC: American Council for an Ener-
gy Efficient Economy, 1982).

Chapter 14: Floors, Walls, and
Ceilings

"Ceramic Tile" adapted frbm A}ner-
ican National Standard Specifica-
tions for Ceramic Tile (Princeton,

NI: Tile Council of America, 1981).

"Installation” adapted from-Oak
Flooring Institute literature

(Memphis, Tenn: Oak Flooring In-
stitute, 1986).

"Gypsum Wallboard" adapted from
Using Gypsum Board for Walls and
Ceilings (Evanston, III: Gypsum
Association, 1985)..

"Achieving Fire Ratings" adapted
from Gypsum Wallboard Construc-
tion (Charlotte, NC: Gold Bond
Building Products, 1982).

"Wood Paneling" adapted from
Miracle Worker's Guide to Real .
Wood Interiors (Portland, Oreg:
Western Wood Products Associa-
tion, 1986).

"Suspended Ceilings" adapted from
Install Suspended Ceiling — Do It
Yourself Guide (84 Lumber and
Home Centers).

"Wood Moldings" adapted from
WM|Series Wood Moulding Pat-
terns (Portland, Oreg: Wood
Moulding and Millwork Associa-
tion, 1986).

Chapter 15: Heating

"Fireplaces" adapted from Energy
Efficient Fireplaces (Reston, Va:
Brick Institute of America).

"Wood Stove Installation" adapted
from Recommended Standards for
the Installation of Woodburning
Stoves (Augusta, Maine: Maine
State Fire Marshal's Office, 1979).

"Metal Prefabricated Chimneys"
adapted from Model SSII Metal-
bestos Chimney Systems by Selkirk
(Nampa, Idaho: Selkirk Metalbes-

tos Company, 1986).

Chapter 16: Cooling

"Attic Radiant Barriers" adapted
from" Désigning and Installing
Radiant Barrier Systems (Cape
Canaveral: Florida Solar Energy
Center, 1984)."

"Window Shading" adapted from
Comparison of Window Shading
Strategies for Heat Gain Prevention
(Cape Canaveral: Florida Solar En-
ergy Center, 1984).

"Air Conditioning" adapted from

"Air-Conditioning Guide," New
Shelter, July 1984,

Chapter 17: Passive Solar

"Passive Solar System Types"

adapted from Passive Solar Con-
struction Handbook (Herndon, Va:
National Concrete Masonry Associ-
ation, 1984). -

"Factors for South-Facing Over-
hangs" adapted from Passive Solar
Construction Handbook (Herndon,
Va: National Concrete Masonry As-
sociation, 1984). .

"Solar Absorptance” adapted from
Passive Solar Design Handbook,
vol 3 (Washington, DC: Depart-
ment of Energy, 1980).

"Heat Capacities of Materials"
adapted from Passive Solar Design
Handbook, vol 3 (Washington, DC:
Department of Energy, 1980)."

"The Mass Patterns™ adapted from
Adding Thermal Mass to Passive
Designs: Rules of Thumb for Where
and When (Cambridge, Mass:
Northeast Solar Energy Center,
1981).

Chapter 18: Lighting
"Lamps" adapted from Large Lamp

Ordering Guide (Danvers, Mass:
Sylvania Lighting Center, 1986).
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Sources and Credits

Chapter 19: Sound

"Sound Transmission" adapted
from Noise-Rated Systems (Taco-
ma, Wash: American Plywood As-
sociation, 1981) and Minimum
Property Standards, vol 1 & 2
(Washington, DC: Department of
Housing and Urban Development).

Chapter 20: Fasteners
"Metal Framing Aids" adapted from

Kant-Sag Product Catalog (United
Steel Products Company).
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Page references in italic indicate illustrations.
Boldface references indicate tables.

A

Acrylic latex, 304
ADA gasketing, 300, 300
Adhesives, 459, 460
for setting tiles, 319, 319, 320
Air barriers, 297, 297, 298, 299, 299, 300, 300
Air-circulating fans, 389, 389
Air-conditioning, 395, 395
sample calculations for, 398, 398
work sheet for, 397, 399
instructions for, 396, 396
Airflow in winter, 301, 30!
Air movement, comfort and, 385
Airplane glue, 459, 460
Air spaces, trapped, R-values of, 286

Airtight drywall approach for moisture condensation

control, 300, 300

Aliphatic glue, 459, 460

American Plywood Association (APA)
panel subflooring, 152, 152, 152
roof sheathing, 155, 155
sheathing panels, 147, 148-51
Sturd-1-Wall, 172
303 siding patterns, 173, 173
underlayment, 753, 153
wall sheathing, 154, 154

Ampacity of wire, 263, 263

Amps, 256, 259

APA. See American Plywood Association

Appliances
circuits for, 259, 259
templates for, 12, 12
typical wattages of, 261

Asphalt shingles, 181, 181, 191, 192-94

Astragals, 347, 350

Attic floors; R-values of, 294

Attic radiant barriers, 386, 386

Attic vent fans, 392, 392

Awnings, window, 388, 388, 388
Awning windows, 213, 214

B

Balloon framing, 138, 139
Bark, definition of, 97
Barrier-free design, 23, 23-26
Basement foundation design, 66, 67, 67, 68,
69-74
Base shoes, 347, 350
Bathroom
dimensions, 7, 7
fixtures, 17
rough-in dimensions for, 251, 251
plans, 17, 17-20
Bathroom vanity cabinetry, 8, 8
Bay windows, 213, 214
Beams
glued laminated, span tables for, 129, 130--31
steel, span table for, 132, 132,132
Bedroom dimensions, 9, 9
Bed moldings, 347, 349
Bending conduit, 273, 274
Block sizes and coursing, 60—61, 62
Blueprints, reading of, 28, 28
Boilers, 368, 368
Bolts, 454-55
Bow, definition of, 98
Bow windows, 213, 214
Brick
mioldings, 347, 352
pavement, 57, 57-58
sizes and coursing, 54, 55-56
Brick wall construction, 51, 52, 52-53
Building, gauges used in, 472
Building code, 22,27
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Index

Building loads, 110-11, 110, 110, 111, 111, 260,
260
Building materials
permeance of, 299, 299
R-values of, 28485
weights of, 110
_ Buildings, heat leaks in, 301, 302, 303
Built-up roof (BUR), 181, 181, 183, 184
Buikhead doors, 228, 228, 228, 229

C

Cabinetry
bathroom vanity, 8, 8
kitchen, 4, 5-6, 6
Cable
running, 272, 272
underground, 271
Cable labels, 263
Cable service, 266, 268
Cable types, 262
Cambium, definition of, 97
Capillarity, siding and, 157, 157
Carpenter's glue, 459, 460
Carpets, 316, 316, 317,317
Casement windows, 213, 214
Casings, 347, 351, 355
Catalyzed acrylic glue, 459, 460
Caulking, 304, 305, 306, 306
of ceiling, 309-10
of floor and wall penetrations, 308
of sill and baseboard, 307
Caulks, 304, 304, 305
Cedar shakes, 182, 182, 197, 197, 198
Cedar shingles, 164, 165, 182, 182, 195, 195, 196
Ceiling fans, 389, 389
Ceilings, 315, 338-39
caulking of, 309-10
R-values of, 290, 295
sound transmission and, 439, 439-40,
43940
suspended, 338, 338-39, 339
weights of building materials for, 118
Cement, 459, 460
Ceramic tile floors, 319, 319, 320, 321, 32]-24
Check, definition of, 98

Checking, definition of, 101
Checks, multiplier factors for, 113
Chimney(s)
connecting stove to, 380, 380
flashing, 194
metal prefabricated, 38183
Circuits, residential loads, 259-60, 259
Circuit theory, 256-58, 256, 257, 258
Circulating stove, 377
Clear cement, 459, 460
Clear floor finishes, 344, 344
Closet dimensions, 10, 10
Coal stove, 369, 369
Color, light and, 426
Compass, site orientation by, 32, 32
Compression parallel to grain, 112, 112
Concealed-nail roll roofing, 181, 181, 187, 188
Concrete, 48, 49
Concrete masonry construction, 59, 59
Concrete pavers, 63, 63
Condensation, 297-98
glazings and, 211, 211
Conduction equation, 283, 283
Conductors, 264, 264
Conduit
rigid metal, grades of, 273
running, 273, 273, 274-75
Conduit fittings, 275
Conduit service, 266, 268
Contact cement, 459, 460
Convection, 298
Conversions, mathematical, 468, 468-71
Cooling, 38499
air-conditioning, 395-99
attic radiant barriers, 386, 386
comfort and, 385, 385
evaporative coolers, 393, 393, 394
fans 389-92, 389-92, 389
window shading, 387, 387, 387, 388, 388, 388

’ Cdpper pipe, installation of, 253

Copper supply fittings, 235-36

Cornice terminology, 180

Cove moldings, 347, 349

Crawl space foundation design, 66, 75, 75, 76,
77-81

Crawl spaces, venting of, 86, 86

Crook, definition of, 98
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Cross grain, definition of, 98
Crown moldings, 347, 348
Cup, definition of, 98
Cupping, definition of, 101
Cyanoacrylate glue, 459, 460

D

Dead loads, 110
Decay, definition of, 98
Density (wood), definition of, 101
Design, 1-28
barrier-free, 23, 23-26
bathroom
dimensions, 7, 7
plans, 17, 17-20
bathroom vanity cabinetry, 8, 8
bedroom dimensions, 9, 9
blueprint reading, 28, 28
foundations, 66, 66
human dimensions, 2, 2
kitchen
cabinetry, 4, 5-6, 6
dimensions, 3, 3
plans, 13, 14-16
light, ventilation, and safety code, 27
stairs, 21-22, 21, 22
templates for fixtures and appliances, 12, 12
templates for furnishings, 11, /1
window, closet, and passageway dimensions,
10,10 .~
Diffusion; 298
Door jambs, weather stripping of, 313
Doors, 208, 20912, 222-29
bulkhead, 228, 228, 228, 229
classic wood; installation of, 223
folding, 227, 227
functions of; 222
handedness of, 222, 222
interior, 226, 226, 22627, 227, 227
modern prehung, installation of, 224, 225
wood molding decoration of, 359, 360
Door sweeps and thresholds, weather stripping of,
. 314 ~
Double-coverage roll roofing; 181, 181,189, 190
Double-hung windows, 213, 214 :

Index

Drain, waste, and vent systern. See DWV system
Drainage, 38, 87, 87
Drain pipe sizing, 241, 241
Drip caps, 347, 352
Driveways
brick pavement for, 57, 57
concrete for, 49
laying out, 34, 34, 34
Drywail
Joint taping, 332, 332
materials, estimating, 330, 330, 330
fasteners for, 328, 329, 329
fastening of, 328, 329
fire ratings for, 334, 334
floating corner technique, 331, 331
trim accessories, metal, 333, 333
types of, 328, 328
DWYV system
components of, 239
drain and vent pipe sizing, 241, 241
fittings, 246, 246, 247-50
fixture units, 241, 241
function and terminology of, 240, 240
materials for, 239
traps, 242, 242, 243

E

Echo, 436, 436

Electricity. See Wiring

Electric-resistance and radiant heat, 370, 370
Energy costs and efficiency, 371, 371, 372, 372
Epoxy glue, 459, 460

Evaporative coolers, 393, 393, 394
Exposed-nail roll roofing, 181, 181, 185, 186

F

Fans, moving air with, 389-92, 389-92, 389
Fasteners, 443-60 : '
-adhesives, 459, 460
metal framing aids, 456, 456--58
nail(s), 444-46. s
holding power of, 450, 450~-51
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light construction schedule, 44849 . Framing, 109-45
requirement estimates, 447, 447 balloon, 138, 139
screws and bolts, 454-55 building loads, 11011, 110,110, 111, 111
. wood screws, 452, 452, 452, 453 design values for structural lumber, 11213, 112,
Fiber of carpet, 316, 316 113,114
Fiberglass batts, 289, 289 V installation glazing direct to, 219, 220
Fiber stress, 112, /12 platform, 140, 141
Finance, 461, 462, 463, 463 post-and-beam, 133, 13437
Finishes span tables for
clear floor, 344, 344 glued laminated beams, 129, 129, 130-31
exterior, 340, 340 plank floors and roofs, 127, 127, 127-28
Fire exits, building code for, 27 prefabricated-wood I-joists, 125, 125, 125
Fireplaces : rough lumber, 120, 120-24
installing wood stove in, 379, 379 S48 lumber, 115, 115-19
Rumford, with exterior air, 375, 376 steel beams, 132, 132, 132
standard, with exterior air, 373, 373, 374 stressed-skin panels, 126, 126, 126 -
Fire ratings for gypsum drywall, 334, 334 for superinsulation, 145, 145
Fixed windows, 213, 214 Framing aids, metal, 456, 456-58
Fixtures, templates for, 12, 12 Framing details
Fixture units, 241, 241 floors, 142
Float glass, 209 stairways, 143
Floating, 331, 331 : walls, 144, 144, 145, 145
Floor penetrations, caulking of, 307 » Fuels, cost and efficiency comparison of, 371, 371,
Floors, 315, 316-27, 344 . 372,372
carpet for, 316, 316, 317, 317 Furnishings, templates for, 11, 17
ceramic tile, 319, 319, 320, 321, 321-24
framing details for, 142
hardwood, 325-27, 325, 326, 327
plank, span tables for, 127, 127, 127 G
resilient, 318, 318 Garages, building code for, 27
R-values of, 290, 296 Gauge diameters, 472
sheathing, 152, 152, 152 Geometric figures, 46465
sound transmission and, 439, 43940, 439-40 Glare, 426, 426
weights of building materials for, 110 Glass, types of, 209
Fluorescent lamps, 427, 428 Glazing(s)
bulb shapes for, 430 condensation and, 211, 211
Foam insulations, rigid, correction factors for, 290 thermal characteristics of, 209, 210
Footings, concrete for, 49 : wind loads on, 212, 212
Foundations, 65-95 Glazing units, insulated, 219
basement, 67, 67, 68, 69-74 » Glue, 459, 460
crawl space, 66, 75, 75, 76, 77~-81 Grade of surface, 34, 46
design, 66, 66 Gravity, siding and, 157, 157
moisture control, 85-87, 853, 86, 87 Ground covers, 85, 85
radon control, 94, 95 Grounding, 258, 258, 276
slab-on-grade, 66, 82, 82, 82, 8384 Grout for setting tiles, 319
termite control, 88-91, 88, 89, 90, 91, 91-93 Gutters, roofing, 206, 207

Frame walls, insulation of, 291-92 . Gypsum wallboard. See Drywall
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H : :

Hardboard lap siding, 162, 163

Hardwood floers, 325«27 325,326, 327

Hardwoods
moisture and,shnnkage of, 103-4
properties of species of, 101-2

Heartwood, definition of, 97

Heat-absorbing glass, 209

Heating, 36183
fireplaces, 373, 373, 374, 375, 376 -
metal prefabricated chimneys, 381-83
passive solar (see Passive solar heating)

wood stove installation; 377,377, 378, 378, 379,

379, 380, 380

Heating systems, 368-70; 368-70

cost and efficiency comparison of, 371, 371,

372,312

Heat leaks, 301, 302, 303
Heatloads =

for major cities; 36667

sample calculations of, 364, 364

types of, 362

work sheet, 363, 365

instructions for, 362
Heat pumps, 370,:370 :
High-intensity-discharge lamps, 427
Home, heat leaks in, 301, 302, 303
Home mortgage types, 462
Horizontal shear, 112, 112"
Horizontal wood siding, 166, 167 168
~ Human dimensions, 2, 2
‘Humidity, 297-98 :
" comfort and, 385, 385
HVAC load, 260,260 -

- Hydronic boiler, 368, 368

Index

Insulated roof membrane assembly (IRMA),
183.
Insulation, 281-314 el
air/vapor barriers, 297-300,297, 298, 299,
299, 300
for basement foundation, 67
caulks ‘and weather strips, 301-14
materials, characteristics of, 288
compressing fiberglass, 289, 289
for crawl space foundatlon 75,76
R-values
of building matenals, 284-85
of compressed batts, 289, 289
of insulation materials, 287
of surfaces and trapped air spaces, 286
understanding, 283, 283
of walls, roofs, and floors, 290, 290-96,
290
for slab-on-grade foundation, 82, 82
super-, framing for, 145, 145
thermal envelope, 282, 282
Interest on loans, 463, 463

J
Jambs, installation of glazing in, 219, 221
Joint details, plywood siding, 174
Joint(s)
- control, in stucco, 175, 176
mmand—tenon, 137
- post-and-beam lap, 136
“vertical wood smmg, 171
Joists
design values for, 114 ,
TH/285, span table for, 125, 125, 125

K
E Kant-Sag:metal frammg aids, 456-58
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L Materials
Lamps blueprint symbols for, 28
bases for, 429 building
bulb shapes for, 430 permeance of, 299, 299
characteristics of, 428 R-values of, 28485
types of, 427 insulation
Landscaping characteristics of, 288
plant hardiness zones for, 40, 40, 40 R-values of, 287
trees for, 41, 42 Measurement, 461, 46472
Level, elevations with a, 33 gauge diameters, 472
Lighting, 424-32 geometric figures, 464—65
building code for, 27 trigonometry, 466, 467
home guidelines for, 431~32 units and conversions, 468, 46871
lamps, 427, 427, 428, 429-30 weights of metal sheet, 472
seeing and, 425-26, 425, 426 Metal framing aids, 456, 45658
Lights, wiring for, 278-80 Metal sheet, weights of, 472
Live loads, 110, 111 Mobile-home service, 266, 269
Load, duration of, multiplier factors for, 113 ‘Modutlus of elasticity, 112, 112
Loans, interest on, 463, 463 Moisture, sources of, 298, 298
Lumber Moisture content
rough-sawn, span tables for, 120, 120-24 horizontal wood siding and, 166
S48, span tables for, 115, 115-19 multiplier factors for, 113
standard sizes of, 107-8 vertical wood siding and, 169
structural, design values for, 112-13, 112, © Moisture control, 76, 85-87, 85, 86
113,114 siding for, 157, 157
Lumber defects, 98, 99 Moisture transfer, 298, 299
Lumber grade stamps, 100, 100 Moldings, wood, 347, 348-60, 359
Luminance, 425, 426 Mortar

for masonry, 50, 50

for setting tiles, 319, 319, 320
Mortar joints for brick wall construction, 51
Mortgages on home, types of, 462

M Mortise-and-tenon joints, 137
Magnetic compass, site orientation by, 32, 32 Mosaic tile trim, 321
Masonry, 47— 64 Mullion casings, 347, 358

block sizes and coursing, 60-61, 62
brick pavement, 57, 57-58
brick sizes and coursing, 54, 55-56

brick wall construction, 51, 52, 52-53 N

concrete, 48, 49 Nailing

concrete masonry construction, 59, 59 horizontal wood siding, 166
concrete pavers, 63, 63 plywood siding, 172
mortar, 50, 50 slate roof, 199

paneling over, 336, 336 vertical wood siding, 169
stone veneer construction, 64, 64 Nail(s), 44446

Masonry walls, insulation of, 293 holding power of, 450, 450—51
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Nail(s) (continued)
light construction schedule 448-49
requirement estimates, 447, 447
National Electrical Code, 259, 262, 266
Noise. See Sound
Noise-reduction: coefﬁments, 435
Noon sun, site orientation by, 31,37 -

0

Ohms, 256
Optimum value engineering, 140
Orientation, site, 31, 31, 32, 32 ‘

P
Paintability, definition of, 101
Paints
as exterior finishes, 340, 341
failures of, 343, 343
interior, 342, 342
Panels, sheathing, 147, 148-51
Panel strips, 347, 358
Parquet flooring, 326, 326
Passageway dimensions, 10, 10
Passive solar heating, 400423
design procedure
glazed area and fuel saving, 415, 416-17
heat loss; 415
mass addition; 418
mass patterns, 418-23; 41 9—23 419-23
sizing and placing storage mass, 418, 418
performance factors, 404
glazing orientation, 410, 41 0
glazing tilt, 411, 411
heat capacity of thermal mass, 414, 414,
414
shading; 412, 412, 412
solar absorptance, 413, 413
. solar access, 404, 405, 406, 406—9
" system types of; 402-3, 402-3 " '
technique of; 401
Patios, brick pavement for, 57,57
Paver tﬂe tnm, 323 g

Index

Pipe installation, 25253
Pitch pockets, definition of, 98
Pitch of roof, 179
Pith, definition of, 97
Plank flooring, 325
Planks, design values for, 114
Plant hardiness zones, 40, 40, 40
Planting trees, 46, 46
Plastic pipe, installation of, 253
Plastic resin glue, 459, 460
Platform framing, 140, 141
Playing fields, 35-36
Plot plans, 30, 30
Plumbing, 230-54
blueprint symbols for, 28
drain, waste, and vent (DWV) system, 239-42,
239,240,241, 242,243
pipe installation, 252-53
roughing-in; 251, 251
supply distribution system, 231-32, 231, 232
supply layout and fittings, 233, 233-38
venting rules, 244, 244, 244, 245, 245
water treatment, 254, 254
Plywood siding, 172~73, 173-74
Plywood veneer face grades, 147
Polybutylene pipe, installation of, 252
Polyethylene pipe, installation of, 252
Polyethylene supply fittings, 234 ,
Polyvinyl chloride pipe, installation of, 253
Polyvinyl chloride supply fittings, 237-38
Post-and-beam frammg, 133, 134-37
Preformed metal panel roofing, 182, 182 202,
202
Prehung doors, 224, 225
Pressure-treated wood, 105, 105-6
Primers, 342, 342
Psychrometric chart, 297
P-trap, 242
PVC pipe, installation of, 253
PVC supply fittings, 237-38

Quarry tile trim, 322
Quarter rounds, 347, 350
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Radiant heat, 370, 370

Radiant stove, 377, 377

Radiation, 385

Radon, 39, 39
control of, 94, 95

- Rafters, design values for, 114

Rays, definition of, 97

Receptacles, wiring for, 277

Reflective glass, 209

Residential loads, 259, 259, 260, 261

Resilient flooring, 318, 318

Resorcinol glue, 459, 460

Rigid steel masts, 266, 269

Roll roofing, 181, 181, 185, 186, 187, 188,

189, 190

Roofing, 178-207
asphalt shingles, /181, 181, 191, 192-94
built-up roof (BUR), 181, 181, 183, 184
cedar shakes, 182, 182, 197, 197, 198
cedar shingles, 182, 182, 195, 195, 196
concealed-nail roll, 181, 181, 187, 188
double-coverage roll, 181, 181, 189, 190
exposed-nail roll, /81, 181, 185, 186
gutters, 206, 207
materials, 181, 181-82, 18182
preformed metal panel, 181, 181, 202, 202
slate, 182, 182, 199, 200
Spanish tile, 182, 182, 201
standing-seam, /82, 182, 202, 203
terminology, 179, 179-80
ventilation, 204-5, 204, 204, 205

Roof overhangs, 387, 387, 387

Roofs, 179
plank, span tables for, 127, 127-28
R-values of, 290, 295
sheathing, 155, 155
slope of, 111, 111, 179
weights of building materials for, 110

Roof windows, 213,214, 217,217,217,218

Roughing-in, 251, 251

Rumford fireplaces with exterior air, 375, 376

R-values
adding, 283, 283
average, calculation of, 290
of building materials, 284 -85

Index

of compressed fiberglass batts, 289, 289
of floors, 290, 296

of insulation materials, 287 -

of roofs and ceilings, 290, 295

of surfaces and trapped air spaces, 286
understanding, 283, 283

of walls, 290, 291-93

S

Sapwood, definition of, 97
Saturation curve, 298
Screen moldings, 347, 350
Screws, 45455
wood, 452, 452, 452, 453
Sealing technique, 306, 306
Seams, roofing, 182, 182, 202, 202
Service drops and entrances, 266, 267-71
Shake, definition of, 98
Shakes, cedar, 182, 182, 197, 197, 198
Sheathing, 14655 .
APA sheathing panels, 147, 148-51
floor, 152, 152,152
foam, plywood siding over, 172
roof, 155, 155
underlayment, 153, 153
wall, 154, 154
Sheet glass, 209
Shelving, 345, 345-46
Shingles
asphalt, 181, 181, 191, 192-94
cedar, 164, 165, 182, 182, 195, 195, 196
Siding, 156-77
cedar shingles, 164, 165
function of, 157, 157
hardboard lap, 162, 163
horizontal wood, 166, 167, 168
options for, 158, 158
plywood, 172-73, 173-74
stucco, 175, 176, 176-77
vertical wood, 169, 170-71
vinyl, 159, 159-61
Silicon acrylic latex, 304
Silicone, 304 ‘
Silicone rubber, 459, 460

495
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Site, 29—46
driveway layout, 34, 34, 34
elevations with a level, 33
landscaping, 40, 40, 40, 41, 42
orientation by magnetic compass, 32, 32
orientation by noon sun, 31, 3/
planting and protecting trees, 46, 46
playing fields, 35-36
plot plans, 30, 30
radon, 39, 39
soil properties, 37, 37, 38
windbreaks, 43, 43—45
Site-built windows, 219, 22021
Skylights, 213, 214, 217,217,217, 218
Slab-on-grade foundation design, 66, 82, 82, 82, 83— 84
Slate roof, 182, 182, 199, 200
Sliding windows, 213, 214
Slope
of roof, 179
of surface, 34
Smoke detectors, building code for, 27
Snow load, 111, 111
Softwoods
moisture and shrinkage of, 104
properties of species of, 102
Soil
classification of, 37, 38
surveys of, 37, 37
Soil treatment, termite control by, 91, 97-93, 91
Solar heating. See Passive solar heating
Sound, 433—42
absorption of, 434, 434, 435, 437
decibels and hearing, 438
intensity of, 434, 434
quality of, 434, 434, 434, 435, 436, 436, 437, 437
reverberation of, 436, 436, 437, 437
transmission of, 438, 438, 438
STC and HC ratings of floor-ceilings, 441,
441-42, 441-42
wall classes and, 439, 439-40, 43940
Spanish tile roofing, 182, 182, 201
Span tables
for glued laminated beams, 129, 130-31
for plank floors and roofs, 127, 127, 12728
for prefabricated-wood I-joists, 125, 125, 125
for rough lumber, 120, 120-24
for §4S lumber, 115, 11519

Index

for steel beams, 132, 132,132

for stressed-skin panels, 126, 126, 126
Split, definition of, 98
Splits, multiplier factors for, 113
Stains, as exterior finishes, 340, 341
Stairways, framing details for, 143
Standing-seam roofing, 182, 182, 202, 202
Steam boiler, 368, 368
Steel bulkhead doors, 228, 228, 228, 229
Stone walls, 64, 64
Stops, 347, 357
Stovepipes, 377, 380, 380
Stressed-skin panels, span table for, 126, 126, 126
Stress value adjustment factors, 113, 113
Strip flooring, 325, 325
Structural glued laminated timber, definition of,

129

Stucco, 175, 176-77, 176
Sun

site orientation by, 31, 31

siting for, 45
Superinsulation, framing for, 145, 145
Supply layout and fittings, 233, 233-38
Supply pipes, 231, 232, 232
Surfaces, R-values of, 286
Suspended ceilings, 338-39, 338, 339
Switches, wiring for, 279--80

T

Tempered glass, 209
Templates
for fixtures and appliances, 12, 12
for furnishings, 11, 17
Temporary service, 266, 267
Termite control, 88-91, 88, 89, 90, 91-93, 91
Termiticides, recommended concentrations of,
91
Thermal envelope, 282, 282
Tile floors, ceramic, 319, 319, 320, 321, 321-24
Traffic surfaces, grades for, 34
Transplanting, 46
Traps, 242, 242, 243, 244
Trees
for landscaping, 41, 42
planting and protecting, 46, 46



Trigonometry, 466, 467
Twist, definition of, 98

U

Underground cable, 271
Underground service, 266, 270
Underlayment, 153, 153
Uniform Building Code, 334
Urethane adhesive, 459, 460

A"
Vapor
barriers, 299, 299, 300, 300
sources of, 298, 298
transport of, 298, 299
Veneer panels, grading system for, 147
Ventilation
building code for, 27
roofing, 204-5, 204, 204, 205
Venting rules for traps, 244, 244, 244, 245, 245
Vent pipe sizing, 241, 241
Vent requirements, 86, 86
Vertical wood siding, 169, 170-71
Vinyl siding, 159, 159-61
Visual acuity, 425-26
Visual field, 425
Volts, 256, 259

w

Walks
brick pavement for, 57, 57
concrete for, 49
Wall penetrations, caulking of, 307
Walls
brick, 51, 52, 5254, 5556
concrete for, 49
concrete block, 62
framing details for, 144, 144, 145, 145
gypsum wallboard, 328-34
reinforced concrete masonry, 59, 315,
328-37

Index
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R-values of, 290, 293
sheathing, 154, 154
sound transmission classes of, 439, 439-40,
439-40
stone, 64, 64
wood paneling for, 335-36, 335, 335, 336, 337,
337
Wall tile trim, 324
Wane, definition of, 98
Warm-air furnace, 369, 369
Washers, 455
Waterproof glue, 459, 460
Water treatment, 254, 254
Water vapor
barriers, 299, 299, 300, 300
sources of, 298, 298
transport of, 298, 299
Watts, 260, 261
Weather stripping
of door jambs, 313
of door sweeps and thresholds, 374
of window frame and sash, 372
Weather strips, 311, 311, 311
Wet venting, two-story, 245, 245
‘Wheelchairs, dimensions for, 23-26
White wood glue, 459, 460
Whole-house fans, 390, 390, 391, 391
Wind, siding and, 157, 157
Windbreaks, 43, 43—45
Wind loads on glazing, 212, 212
Window fan as whole-house fan, 391, 397
Window frame and sash, weather stripping of, 312
Windows, 208, 209-21
anatomy and terminology of, 215
dimensions of, 10, 10
functions of, 213
measurements for, 216, 216
site-built, 219, 220-21
skylights, 213, 214, 217, 217,217,218
types of, 213, 214
Window shading, 387, 387, 387, 388, 388, 388
Window sill, caulking of, 307
Winter, airflow in, 301, 30/
Wiring, 255-80
ampacity, 263, 263
 blueprint symbols for, 28
boxes, 264264, 265
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Wiring (continued)
circuit theory, 25658, 256, 257, 258
color code, 262
labels, 262, 262, 263
materials, 262-64, 262, 263, 264, 265
residential loads, 25960, 259, 260, 261
running cable, 272, 272
running conduit, 273, 273, 27475
service drops and entrances, 266, 26771
switches, receptacles, and lights, 27680
Wood, 96-108. See also Lumber
lumber defects, 98, 99
lumber grade stamps, 100, 100
moisture and shrinkage of, 103, 103-4
nature of, 97, 97
pressure-treated, 103, 105-6

Index

species, properties of, 101, 101-2
standard lumber sizes, 107-8
Wood doors, 223, 226, 22627, 226, 227, 227
Wood moldings, 347, 348-60, 359
Wood paneling, 335-36, 335, 336, 337, 337
Wood screws, 452, 452, 452, 453
Wood shakes, 182, 182, 197, 197, 198
Wood shingles, /182, 182, 195, 195, 196
Wood siding
horizontal, 166, 167, 168
vertical, 169, 17071
Wood stove, 369, 369
clearances for, 378, 378
installation of, 377, 377, 378, 378, 379, 379,
380, 380
Work centers in kitchen, 13, 13
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