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PREFACE

The ultimate purpose of training Naval perscnnel is to produce a
combatant Navy which can insure victory at sea. A consequence of the quality
of training given them is their superibr state of readiness. Its result is a
victorious Navy. '

This Rate Training Manual and Nonresident Career Course (RTM/NRCC)
form a self-study package that will enable Engineering Aids to fulfill the
requirements of their rating. In this RTM/NRCC, the emphasis is placed on
you, the Engineering Aid, to acquire a basic understanding of the materials,
the procedures, the terminology, the specifications, and the construction
sequences used in the construction field. With this knowledge and experience,
you should be able to develop a quality set of drawings.

Designed for individual study and not formal classroom instruction, the
RTM provides subject matter that relates directly to the occupational quali-
fications of the Engineering Aid rating. The NRCC provides the usual way
of satisfying the requirements for completing-the RTM. The set of assign-
ments in the NRCC includes learning ¢ objectives and supporting items
designed to lead the students through the Rate Training Manual.

This RTM/NRCC was prepared by the Naval Education and Training
Program Development Center, Pensacola, Florida, for the Chief of Naval
Education and Training. Technical assistance was provided by the Naval
Facilities Engineering Command, Alexandria, Virginia; the Chief of Naval
Technical Training, Millington, Tennessee; the Naval Construction Training
Center, Port Hueneme, California; the Naval Construction Training Center,
Gulfport, Mississippi; and the Civil Engineer Support Office, Port Huenerne,
California.

1982 Edition

Stock Ordering No.
0502-LP-053-1400

Published by _
NAVAL EDUCATION AND TRAINING PROGRAM
DEVELOPMENT CENTER

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON, D.C.: 1982



THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the
sea and is a ready force on watch at home and overseas, capable of
strong action to preserve the peace or of instant offensive action to

win in war,

It is upon the maintenance of this control that our country’s glorious
future depends; the United S*ates Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy’s heritage from the past. To
these may be added dedication, discipline, and vigilance as the
watchwords of the present and the future.

At home or on distant stations we serve with pride, confident in the
respect of our country, our shipmates, and our families. -

Our responsibilities sober us; our adversities strengthen us.

Service o God and Country is our special privilege. We serve with
honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea,
under the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in
war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continucd dedication to our tasks, and in teflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.
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SUMMARY OF ENGINEERING AID 3 & 2
RATE TRAINING MANUALS

VOLUME 1

Engineering Aid 3 & 2, Volume 1, NAVEDTRA 10634-C includes chapters
on the Job Ahead; Administration and Organization; Mathematics and
Units of Measurement; Drafting: Equipment and Supplies; Drafting: Basic
Techniques, Format, and Conventions; Lettering; Drafting: Geometric
Construction; and Drafting: Projections and Sketching.

YOLUME 2

Engineering Aid 3 & 2, Volume 2, NAVEDTRA 10628 includes chapters on
Wood and Lightwood Frame Structures, Wood and Steel Frame Structures,
Concrete and Masonry, Mechanical and Electrical Systems (Materials),
Horizontal Construction, Construction Drawings, Mechanical and Electrical
Plans, Specifications, and Reproduction and Drawing Files.

VOLUME 3
Engineering Aid 3 & 2, Volume 3, NAVEDTRA 10629 will include chapters

on Construction Surveying and Material Testing. The publication date for
this Rate Training Manual will be established at a later date.
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CHAPTER 1

WOOD AND LIGHTWOOD FRAME STRUCTURES

To prepare an engineering drawing, regard-
less of type, you will find it necessary to apply a
- knowledge of the materials and methods of con-
structing wood and lightwood frame structures.
This chapter ' scribes the uses, kinds, sizes,
grades, and other characteristics of lumber; the
various structural members and their functions;
and the rough and finishing hardware.

wOOD

Of all the different construction materials,
wood is probably the most often used as well as
the most important. The variety of uses of wood
is practically unlimited. Few SEABEE construc-
tion projects, whether involving permanent
structures or temporary, are built without using
wood, Temporary uses include concrete forms,
scaffolding, shoring, and bracing. The wood
that is used for temporary construction is
removed before or after the permanent structure
is completed and is normally reusable,

. There are many types or species of wood.
Each type has its own characteristics and its
recommended uses. For most large projects, the
type and classification of wood are given in the
project specifications. For smaller projects,
which do NOT have written specifications, the
type and classification of wood are included in
the drawings. Engineering Aids should become
familiar with the different types of wood that are
used for construction. The most common type
of wood for this purpose is Douglas fir. It is
strong, straight-grained, relatively soft, and easy
to work with. In the Architectural Graphic
Standards, common woods are listed by species,
grades, uses, characteristics, and strength fac-
tors,
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LUMBER

In construction, the terms ‘‘wood,”
“‘lumber,”’ and ‘‘timber’’ have distinct, separate
meanings. WOOD is the hard, fibrous substance
which forms the major part of the trunk and
branches of a tree. LUMBER is wood that has
been cut and surfaced for construction use. .
TIMBER is lumber whose smallest dimension is
NOT less than § inches. Another term, MILL-
WORK, refers to manufactured lumber prod-
ucts, such as doors, window frames, window
casings, shutters, interior trim, cabinets, and
moldings.

Sizes

Standard lumber sizes have been established
in the United States to permit uniformity in
planning structures and in ordering materials.
Lumber is identified by NOMINAL SIZES. The
nominal size of a piece of lumber is larger than
the actual DRESSED dimensions. Dressed lum-
ber has been SURFACED (planed smooth) on
two or more sides. It is designated according to
the number of sides or edges surfaced. If sur-
faced on two sides only, the designation is S2S
(surfaced 2 sides); surfaced on all four sides, S4S
(surfaced 4 sides) or S2S2E (surfaced 2 sides, 2
edges). Lumber is ordered and designated on
drawings by its nominal size rather than by its
dressed dimensions, The difference between the
nominal and dressed sizes of lumber is impor-
tant, not only tothe  <ineering Aid, bt also to
the Builder. When actual thicknesses or widths
of lumber are not taken into consideration, the
overall dimensions ¢ the stiuctures will have
cumulative errors. /This problem will be covered
in detail later in tnis manual.) Common widths

¥
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Table 1-1.—Nominal and Dressed Sizes of Lumber . .

Thickness (Inches)

Face Width (Inches)

Item Nominal Dressed ~Nominal Dressed
2 11.2
3 2172
4 3172
5 41/2
1 3/4 6 51/2
7 61/2
Boards 11/4 1 8 71/4
9 81/4
11/2 11/4 10 91/4
11 10 1/4
12 11 1/4
14 13 1/4
16 15 1/4
2 1172
3 2172
4 3172
2 ’# 1172 5 4172
Dimension 21/2 ' 2 € 5172
Lumber 3 21/2 8 71/4
3172 3 10 91/4
. 12 11 1/4
14 13 1/4
16 15 1/4
Y
2 1172
3 2172
4 31/2
5 4172
Dimension 4 31/2 6 51/2
[.umber 41/2 4 8 7174
10 91/4
12 11 1/4
Timbers 5& 5&
Thicker Wider

1
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Chapter 1-WOOD AND LIGHTWOOD FRAME STRUCTURES

and thicknesses of lumber in nominal and
dressed dimensions are shown in table 1-1.

Classification

Lumber is classified according to its use,
size, and extent of manufacture. When classified
according to use, lumber falls into three cate-
gories: - - ’

1. Yard lumber—grades, sizes, and patterns
generally intended for ordinary const.uction and
general building purposes.

2. Structural lumber—2 or more inches in
thickness and width for use where working
stresses are required.

3. Factory and shop lumber—produced or
selected mainly for manufacture of furniture,
doors, cabinets, and other millwork.

Nominal, rough, green lumber has three
general classifications according to size:

1. BOARDS—less than 2 inches thick and. 1
or more inches wide. If less than 6 inches wide,
they may be classified as strips.

Grading

In accordance with American Lumber
Standards set by the National Bureau of Stand-
ards for the U.S. Department ot Commerce,
lumber is graded for quality. The major grades

- of yard lumber, in descending order of quality,

2. DIMENSION—ALt least 2 inches thick,

but less than § inches thick and 2 or more inches
wide. It may be classified as framing, joists,
planks, rafters, studs, and small timbers.

3. TIMBERS—smallest dimension is 5§ or
more inches. They may be classified as beams,
stringers, posts, caps, sills, girders, and purlins,

Lumber classified by extent of manufacture
consists of three types:

1. Rough lumber not dressed (surfaced) but
sawed, edged, and trimmed to where saw marks
show in the wood on the four longitudinal
surfaces of each piece for its overall length,

2. Dressed lumber surfaced by a planing
machine to attain a smooth surface and uniform
size.

3. Worked lumber dressed and also
matched, shiplapped, or patterned.

are SELECT LUMBER and COMMON LUM-
BER. Each of these grades is subdivided, also
in descending order of quality.

Select lumber has a good appearance and
good qualities for finishing. One kind of select
lumber is suitable for natural finishes, another
kind for painted finishes. Select lumber for
natural finishes is graded A or B. Grade A is
nearly free of defects and blemishes, but grade B
contains a few minor blemishes. Select lumber
for painted finishes is grade C or D. The
blemishes in grade C are more numerous and
significant than those in grade B. There are even
more blemishes in grade D than in grade C.
Either grade, C or D, presents a satisfactory
appearance when painted.

Common lumber is suitable for general con-
struction and utility purposes. It, also, is sub-
divided by grade in descending order of quality.
No. 1 common is, sound, tightknotted stock,
containing only a few minor defects. It must be
suitable for use as watertight lumber. No. 2
common contains a limited number of signifi-
cant defects but no knotholes or other serious
defects. It must be suitable for use as graintight
lumber. No. 3 common contains a few defects.
larger and coarser than those in No. 2; for exam-
ple, occasional knotholzs. No. 4 is low-quality
material, contains serious defects like knotholes,
checks, shakes, and decay. No. § common holds
together only under ordinary handling. In addi-
tion to the numerical grades, some associations
use these: construction, standard, utility, and
economy.

Structural lumber is graded according to
allowable stresses that determine its safe load-
carrying capacity. This capacity is based on
various factors, such as species of the wood,
density, moisture content, knots, cross-grain
checks, and splite, that affect the strength of
lumber. Factory and shop lumber is generally
graded by its intended use; the grades vary
greatly from use to use,

1
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Board Measure

The basic unit of quantity for lumber is -

called a BOARD FOOT. It is defined as the
volume of a board 1 foot loag by 1 foot wide by
1 inch thick. Sincé the length of lumber is
usually measured in feet, the width in inches,
and the thickness in inches, the formula for
quantity of lumber in board feet becomes:

Thickness (inches) x width (inches) x length (feet)  poard measure
12 * (board feet)

Example: Calculate the board measure of a
14-foot length of a 2 by 4. Applying the for-
mula, you get:

2xX4xX14

13 =91/3

Lumber less than 1 inch thick is presumed
1o be L)nch thick for board measure purposes.
Board measure is calculated on the basis of the
nominal, not the dressed dimensions of lumber.
The symbol for board feet is bm and the symbol
for a unit of 1,000 is M. If 10,000 board feet of
lumber were needed, for example, the quantity
would be 10Mbm.

PLYWOOD

Plywood is a panel product made from thin
sheets of wood called veneers. An odd number
of veneers—three, five, seven—is generally used
so the grains on the face and back of the panel
run in the same direction. Plywood is split-
proof, puncture-proof, and pound for pound,
one of the strongest materials available, Dry
from the mill, plywood is never “(green.” From
ovendry to complete moisture {saturation, a
plywood panel swells across or along the grain
only about 0.2 of 1 percent and considerably less
with normal exposures.

There is probably no building material as
versatile as plywood. Builders use it for concrete
forms, wall and roof sheathing, flooring, box
beams, soffits, stressed-skin panels, paneling,
partitions, doors, furniture, cabinéts, built-ins,
shelving, and hundreds of other uses.

Sizes 7

Plywood is generally available in panel
widths of 36, 48, and 60 inches, and in panel

. lengths ranging from 60 to 144 inches in 12-inch

1-4

increments. Other sizes are also available on
special order. Panels 48 inches wide by 96

~—inches long (4 by 8 feet), and 48 inches wide

by 120 inches long (4 by 10 feet), are most
commonly available. The 4- by 8-foot and larger
sizes simplify construction, saving time and
labor, . -

s
ks

Nominal thicknesses of sanded panels range
from 1/4 to 1 1/4 inches or greater, generally
in 1/8-inch increments., Unsanded panels are
available in nominal thicknesses of 5/16 to 1 1/4
inches or greater, in increments of 1/8 inch
for thicknesses over 3/8 inch. Under 3/8 inch,
thicknesses are in 1/16-inch increments,

N~—Special order ‘‘natural finish’’ veneer,
Select all heartwood or all sapwood.
Free of open defects. Allows some
repairs. -

A—Smooth and paintable. Neaily made
repairs permissible. Also used for natural
finish in less demanding applications.

B—Solid surface veneer. Circular repair
plugs and tight knots permitted.

C—Knotholes to 1*. Occasional knotholes
1/2" larger permitted providing total
width of all knots and knotholes within-a
specified section does not exceed certain
limits. Limited splits permitted. }Jini-
mum veneer permitted in exterior-type
plywood.

C--Improved C veneer with splits limited to
Pldg 1/8" in width and knotholes and borer
holes limited tc 1/4” by 1/2".

D-—Permits knots and knotholes to 2 1/27 in
width and 1/2" larger under certain
specified limits. Limited splits permitted.

Figure 1-1.—Plywood vencer grades.



Plywood is classified by type as INTERIOR
or EXTERIOR. Made of high quality veneers
and more durable adhesives, exterior plywood is
better than interior at withstanding exposure to
the elements. Even when wetted and dried re-
- peatedly or otherwise subjected to the weather,
--exterior plywood retains -its glue-bond and
withstands exposure to the elements. Intérior
plywood can withstand an occasional wetting
but not permanent exposure to the elements.

Grades

The several grades within each type of
plywood are determined by the grade of the

Chapter 1--WOOD AND LIGHTWOOD FRAME STRUCTURES

veneer (N, A, B, C, or D) used for the face and

" back of the panel. (See figure 1-1.) Panel grades

are generally designated by the kind of glue and
by the veneer grade on the back and face.
Grading is based on the nuinber of defects, such
as knotholes, pitch pockets, split, ciscolora-
tions, and patches in each face of the plywood
panel.

Identification Stamps

Stamps are placed on the edges and back of
each sheet of plywood so it can be properly iden-
tified. Figure 1-2 shows typical back and edge
stamps found on a standard sheet of plywood. It
shows all information neceded about the sheet,
except its actual size.

TYPICAL BACK-STAMP

GRADE OF VENEER ON PANEL FACE

SPECIES GRQUP
NUMBER

GRADE OF VENEER ON
PANEL BACK

-GROUP 1|

DESIGNATES THE
reeor iwon —E X TERIOR
PS1-74 qoo
]

PRODUCT STANDARD GOVERNING
MANUFACTURE

MILL NUMBER

TYPICAL EDGE-MARK

GRADE OF VENEER ON PANEL FACE
GRADE OF VENEER ON PANEL BACK

DESIGNATES THE TYPE OF PLYWOOD
EXTERIOR OR INTERIOR

PRODUCT STANDARD
GOVERNING
MANUFACTURE

SPECIES GROUP NUMBER

AC-G1 EXT-APA - PS 174 000
! A

MILL NUMBER

Figure 1-2,—Standard plywood identification symbols,

1-5
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STRUCTURAL "

.m.,.o..O

EXTERIOR GLUE

.........
.

. EXTERIOR GLUE

STANDARD

D,

rsm 000

133.429
Figure 1.3, —Struclurai snd sheathing identification
symbols.

Figure 1-3 illustrates the stamps found on the
backs of structural and sheathing panels. They
vary somewhat from the standard stamps. The
actual grade is NOT given NOR is the specnes
group. The index numbers 48/24 and 32/16 give
the maximum spacing in inches of supports. The
number to the left of the slash is the maximum
on center spacing of supports for roof decking.
The number to the right of the slash is the
maximum on center spacing of supports for
subfloors. A number O on the right of the slash
indicates that the panel should NOT be used for

subflooring/ No reference to the index number is
need en the panel is to be used for wall
sheathing,

Detailed information on specific types and
grades and their uses can be found in commer-
cial standards for the manufacture of plywoods
established by the U.S. Department of Com-
merce. General plywood characteristics and
architectural information can be found in
the following publications: 4merican Plywood
Association, National Lumber Manufacturing
Association, or the Architectural Graphic
Standards. The latter book can be found in the
battalion technical library.

 TREATMENT

When not properly treated and installed,
wood can be destroyed by decay, fungi, boring

1-6

insects, weathering, or fire. Although designed
for the specific use of the wood, treatment varies
from project to project and from one geographic
area to another. The kind and amount of treat-
ment is usually gnven by the project specifica-
tic.s. Where no written specifications exist, the '
drawings should indicate the kind and amount
of wood treatment,

Manufacturers’ cofnmercnal standards con- |

tain information on wood pretreated by
the manufacturer. NAVFAC putlications and
specifications provide technical information an
deslgn requirements for the treatment of wo;:Zil
used in buildings and structures.

FRAME STRUCTURES

In a frame building, the frame consists
mainly of wood or steel load-bearing members
that are joined together to form an internal
supporting structure, much like the skeleton of
a human body.

When a complete set of drawings is made for
a certain building, large scale details are usually
shown for typical sections, joints, and other
unusual construction features. Understanding
the different functions of the structural mem-
bers of a frame building will enable you to make
these drawings correctly and promptly.

HORIZONTAL WOOD FRAME
STRUCTURAL MEMBERS

The lowest horizontal wood frame stru:‘ural
member is the sill—a piece of dimensional
lumber which is laid flat on and bolted down to
the top of the foundation wall. Actually, it is the
wall, not the sill, that supports members joined
to the sill. The snll simply provides a nailing base
for joining such members.

Horizontal members which support the
floors in wood frame structures are called
JOISTS or BEAMS, depending on their distance
apart. Members less than 4 feet apart are called
joists; members placed 4 feet or more apart are
called beams. The usual spacing for wood frame
floor members is either 16 inches or 24 inches.
Joists are usually 2 by 8, 2 by 10, or 2 by 12,

Horizontal members which support joists at
points other than along the outer wall lines are

I



Chapter 1—WOOD AND LIGHTWOOD FRAME STRUCTURES

called GIRDERS. When the SPAN (horizontal
distance between outside walls) is longer than
can be covered by a single joist, a girder must be
placed as an intermediate support for joist ends.
Ground-floor girders are commonly supported
by concrete or masonry PILLARS and PILAS-
TERS. A pillar is a girder:support which is clear

of the foundation walls. A pilaster is set against

a foundation wall, and supports the end of a
girder. Both pillars and pilasters ‘are themselves
supported by concrete FOOTINGS. Upper-floor
girders are supported by COLUMNS.

GIRTS are horizontal wood framing mem-
bers which help to support the outer-wall ends of
upper-floor joists in balloon framing. Balloon
framing is explained later, in the discussion on

CRIPPLE STUDS

Pl ; IDOUBLETOPHEADER
{ON EDGE)

!

!

!

DOUBLE |
TRIMMER P
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|
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reom=T RIMMER ’
i sTUD Ly
l DOUBLE SUBSILL 1
1 HEADER

. u/ -
i ! b
15 o

. . /{'_;”;_’_.
-
P

oo CRIPPLE
- STUDS

sill assemblies. SOLEPLATES are horizontal
wood framing members which serve .as nailing
bases for STUDS in ‘“‘platform’* framing. Studs
and platform framing are also explained later,

TOP PLATES are horizontal wood framing
members which are nailed to the tops of wall or
partition studs.

RAFTERS are framing members which sup-
port a roof. For a FLAT roof, :hey are horizon-
tal; for a PITCHED (sloping} roof, they are
inclined. Rafters are similar in cross section to
joists, and usually have the same spacing.

A HEADER is a horizontal wood framing
member which forms the upper member of a
rough door frame, or upper or lovier member of
a rough window frame, as showr in fizure 14,

CRIPPLE STUDS
—T
g i
“Iil — | ;
-‘--F"" 'l ;
:ifffi:,,,/—*”"[wﬂ P
DOUBLE TL’J HEADER i e

(ON EDGE}

il

laems TR IMMER Uil |
STUD N
R

DOUBLE _

| TRIMMER ’ ! Lo

STUD

45.437

Figure 1-4.-—Part of 2 wall frame, showing headers.
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Similar members which form the ends of a rough
floor opening, or of the roof opening for a
dormer window or skylight, are also called
headers.

A TRUSS is a horizontal member which
consists of a framework rather than a single
piece. Trusses can be used to span spaces which
are too wide for spanning by a single-piece mem-
ber without intermediate supports. Figure 1-§

UPPER CHORD -

N GUSSET

shows a roof or rafter truss. Figure 1-6 shows

two types of trussed headers. The purpose

of trussing a header is to increase its supporting
strength when the space to be spanned is
too wide to permit the use of a single-member
header.

Joists are set on edge, and lateral support
for joists on edge is provided by between-
the-joist members called BRIDGING. There
are two kinds of bridging-~CROSS bridging
and SOLID bridging—as shown in figure
1-7. Where used over a long span, joists
tend to sway from side to side so they

45.438
Figure 1-5.—Roof or rafter truss.
e LT
. “.‘-_:_:::_-_1__: e T
PN L '
I If ’ ™
P . 4
r . "_l ‘ ; '
Al .
)
T
l: ! 'H ! '
S .
2 ' ":\“ .‘:'
At RIS
J
45.439 45.440
Figure 16, —Trussed headers, Figure 1.7. —Cruss bridging and solid bridging.
1-8
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Chapter 1—WOOD AND LIGHTWOOD FRAME STRUCTURES

are bridged to stiffen the floor frame, to
prevent unequal deflection of the joists,
and to enable an overloaded joist to receive
some assistance from the joist on either side of
it.

Joists are covered by a layer (or by a
double layer) of boards called the SUB-
FLOORING. Subflooring boards may be laid
STRAIGHT (perpendicular to the joists).
Because the subflooring helps to brace the
joists, it is considered part of the frame of the
building.

VERTICAL WOOD FRAME
STRUCTURAL MEMBERS

The principal vertical wood frame structural
members are the studs which are usually 2 by 4’s,
Figure 1.4 shows various types of studs in a wall
frame. At a building corner, studs are combined
in various ways to form a CORNER POST, as
shown in figures 1-8 and 1-9.

Board SHEATHING is nailed to outside-
wall studs to form the wall sheathing. Like
subflooring, it may be laid either straight or
diagonal and is considered part of the frame of
the building.
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Figure 1-8.-—Simplest type of corner post,
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SHORT PIECES OF
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SHORT PIECE OF
STUD STOCK FOR
NAILING BASEBOARD

48.442
Figure 1-9,—! ore solid type of corner post.

SILL ASSEMBLIES

The method of framing the studs to the
sill is called a SILL ASSEMBLY. Commonly
used sill assemblies are shown in figures
1-10, T-sill; 1-11, Eastern; 1-12, box sill;
and 1-13, sill in brick veneer construction.
The T-sill and Eastern assemblies are used
in what is called BALLOON framing, in
which studs are anchored on the sill and
are continuous (that is, in one piece) from
sil to roofline. The box-sill assembly is
used in PLATFORM or WESTERN framing, -
where studs are cut in separate lengths for
cach floor and are anchored on soleplates
resting on the subflooring. The construction
method for a sill assembly using brick veneer
as exterior siding is similar to the box-
sill assembly method except that the sill is
set in the foundation wall to allow enough
space for the brick to rest directly on the
wall.

1/
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Figure 1-10.—T-sill assembly,
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Figure 1-11.—Eastern sill assembly.
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Figure 1-12,—Box sill assembly.
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Figure 1-14 shows how upper-flooring joists
are supported by studs and the ribbon board
(also called a GIRT or LEDGER) in balloon

" .framing. Figure 1-15 shows hQw upper-floor
joists are supported in platform framing,

e . JWH& T,

ROOF FRAMING MEMBERS

The principal framing members in a roof are
the rafters—horizontal in a flat roof, inclined in
P a pitched roof. When the rafters are placed
T e farther apart, horizontal members, called
Cd < RIBAON BOARD PURLINS, are placed across them to serve as

' ﬁ the nailing or connecting member for the roof-

ing. Purlins are generally used with standard

' metal roofing sheets, such as 3- by 8-foot

/‘ : corrugated galvanized iron (G.1.) or aluminum

. sheets. The common practice is to use roofing

~ nails to install metal sheet roofing; however, for
«S.447 a more permanent structure in which heavier

Figure 1-14.—-Me!hiod of“supp:rﬂnig upper-floor joist ends ﬁ:g; fr};:tee: dal:f l:;e:ljs: rivets and metal straps are
n balloon framing, The three most common types of pitched

roofs are the SHED or SINGLE-PITCH, the
R FLoOR GABLE or DOUBLE-PITCH, and the HIP
(fig. 1-16). A shed roof has a single surface,

sloping downward from a RIDGE on one side of
the structure. A gable roof has two surfaces,
sloping downward from a ridge located between

UPPER FLOR
SOLE PLATE

LOWER FLOOR
TOP PLATE

LOVER FLOOR
U js PLATE
45.448
Figure 1-15.—Method of framing upper-floor joists and 45,449
studs in platform framing, Figure 1.16.—Common types of pitched roofs,

1-12 21)
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the sides of the structure—usually midway
between them. A hip roof is pitched on the sides
like a gable roof, and also on one or both ends.
When both surfaces of a gable roof, or all
surfaces of a hip roof, slope at the same angle,
the roof is an EQUAL-PITCH roof. When the
surfaces of the same roof slope at different
angles, it is an UNEQUAL-PITCH roof.

Roof Pitch

The PITCH (amount of slope) of a roof is
expressed as a FRACTION in which the numer-
ator is the UNIT RISE and the denominator is
the UNIT SPAN. By common practice, unit run

CUT OF ROOF

RISE IN INCHES,
(VARIABLE) §*

’,

—-{é‘d‘u”u%f»‘:

UNIT OF SPAN (24"

.
o

ppm—mmemm—— TOTAL RUN

SPAN ,
4" RISE PER _ UNIT
{ PITCH
3/4 Pncn\
5/8 PITCH i8"RISE PER UNIT OF RUN
1/2 PITCH,
512 PITCH 18" RISE PER  UNIT OF RUN
1/3 PITCH 12" RISE PER  UNIT OF RUN
1/4 PITCH "
1/6 PITCH 10" RISE PER  UNIT OF RUN
8" RISE PER  UNIT OFRUN
6" RISE PER  UNIT OF RUN
4" RISE PER___UNIT OF RUN
- PLATE
- UNIT OF spAN———-l
PLUMB LINE
RISE IN LEVEL LINE
INCHES

P
b i)
|f P
PLUMB

Figure 1-17.--Roof pitch diagram,

133.114
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is always given as 12. See the roof pitch diagram
shown in figure 1-17. Expressed in equation
form,

Unit Rise

_Unit Rise
~ 2% Unit Run

Suppose that a roof rises 8 units for every 12
units of run—meaning that unit rise is 8, and the
unit run is 12. Since the unit span is 24, the pitch
of the roof is 8/24, or 1/3. This value is also
indicated in the center view of the roof pitch
diagram in figure 1-17.

On construction drawings, the pitch of a
roof is indicated by a small ROOF TRIANGLE
like the one shown in the upper view of figure
1-17. The triangle is drawn to scale in which the
length of the horizontal side equals the unit run,
(which is always 12), and the length of the
vertical side equals the unit rise.

Roof Additions

Each of the roofs shown in figure 1-16
consists, technically speaking, of only a single
roof, even though the gable roof has two
surfaces and the hip roof four. A more compli-
cated roof consists of a MAIN roof and one or
more ADDITIONS. Figure 1-18 shows a main
hip roof plus a gable.

¢ MAIN HIP ROOF
e

. >
a\, :
' 14

e T
1.‘ ‘t/’/ _______
PR -V/’/)

. ¥
b, GABLE ADDITION

45,451
Figure 1-18.—Main hip roof and gable addition.
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GABLE DORMER

45.452
Figure 1-19,—Dormers.
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Figure 1-20.—Rafter terms,
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A roof may also contain DORMERS, as
shown in figure 1-19. The figure shows a SHED
dormer and two GABLE dormers. There are
also HIP dormers.

Rafter Nomenclature

As mentioned earlier, the pieces which make
up the main body of the framework of all roofs
are called rafters. They do for the roof what
joists do for the floor and what the studs do for
the wall. Rafters are generally inclined members
spaced from 16 to 48 inches apart which vary in
size, depending on their length and the distance
at which they are spaced. The tops of the in-
clined rafters are fastened in one of the various
common ways which is determined by the type
of roof. The bottoms of the rafters rest on the
plate member which provides a connectmg link
between the wall and the roof and is really a
functional part of both. The structural relation-
ship between the rafters and the wall is the same
in all types of roofs. The rafters are NOT framed
into the plate, but simply nailed to it. Some are
cut to fit the plate. In hasty construction, rafters
are :nerely laid on top of the plate and nailed in
place. Rafters may extend a short distance
beyond the wall to form the eaves and protect
the sides of the building,

The names of the different varieties of rafters
are shown in figures 1-20 through 1-28. Figure
1-20 is a typical roof framing plan. In order to
have a better pncture of those members that
cannot be seen in the plan view shown in figure
1-20, several types of roof framings should
be presented in isometric drawings. The follow-
ing definitions supplement the notes in the
drawings.

COMMON RAFTERS—Rafters that extend
from the plates to the ridgeboard at right angles
to both.

HIP RAFTERS-—Raftes that extend diago-
nally from the corners forn.ed by perpendicular
plates to the ridgeboard.

VALLEY RAFTERS. -Rafters that extend
from the plates to the ridgeboard along the lines
where two roofs intersect.

Lo
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Figure 1-21.—Flat axd shed roof framings.
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Figure 1-22,—Gable roof framing.
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COMMOH RAFTERS

RIDGE PLATL 7

|

SHED ROOF RAFTERS

45.453:454

HIP JACKS—Rafters whose lower ends rest
on the plate and upper ends against the hip
rafter.

VALLEY JACKS~Rafters whose lower
ends rest against the valley rafters and upper
ends dgainst the ridgeboard.

CRIPPLE JACKS—Rafters that are nailed
between hip and valiey rafters,

JACK RAFTERS—Hip jacks, valley jacks,
or cripple jacks.

TOP OR PLUMB CUT—The cut made at
the end of the rafter to be placed against the
ridgeboard or, if the ridgeboard is omitted,
against the opposite rafters, (See figure 1-20.)

SEAT, BOTTOM, OR HEEL CUT-—-The
cut made at the end of the raltér whiéh.js 1o rest
on the plate,

SIDE OR CHEEK CUT—A bevel cut on the
side of a rafter to fit against another frame
member,

oo
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Figure 1-23,—Equal-pitch roof framing,
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Figure 1-24.—Addition roof framing.
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Figure 1-25.—~Framing of gabl dormer without side walls, .
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MA IR ROOF VALLEY JACK

F
VALLEY 3 CRIPPLE COMMON RAFTER

YALLEY JACK
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.. DORMER SIDE STUD
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48,458
Figure 1-27.—Framing 31 gable dormer with vide walls,
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45.460
Figure 1-28.—Cripple jacks.

EAVE OR TAIL--The portion of the rafter
extending beyond the outer edge of the plate.

In figures 1-21 through 1-28, you will see that
some structural members are doubled. These
members are expected to carry a greater load.

1-18

-

Examples include plates, headers, rafters at
various openings, and rafters that support the
roof additions. Doubled members are also used
at openings in walls and floors,

BUILDING FINISH

Perhaps the best way to define building
finish is to say that most of those parts of a
structure which are NOT among the load-
bearing members comprise the finish. The finish
is divided into ‘‘exterior” finish (located
principally on the outside of the structure) and
““interior”’ finish (located inside).

EXTERIOR FINISH

The principal items of the exterior finish are
the cornices, the roof covering, the door and
window finish frames, and the outside-wall
covering, if any.

The order in which these principal items are
erected may vary slightly, but since the roof
cov:ring must go on as soon as possible, and it
cannot be put on until the cornices have been
constructed, the cornices are usually installed
early in the exterior finish, In general, the order
in which the exterior finish items are discussed in
the following sections is about the order in
which they are erected—except, that two or
more items may be constructed simultaneously.

Cornices

Th= rafter-end edges of a roof are called the
“‘eaves.”” A hip roof has eaves all the way
around. A gable roof has only two eaves; the
gable-end or end-wall edges of a gable roof are
called ‘‘rakes.””

The exterior finish constructed at and just
below the eaves of a roof is called a ‘‘cornice.’’
The practical purpose of a cornice is to seal the
joint between wall and roof against weather
penetration. Purely ornamental parts of a
cornice (or of any other finish, for that matter)
are called ““trim.”
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Figure 1-29 shows a simple type of cornice,
used on a roof with no rafter overhang. A roof
with a rafter overhang may have the ‘‘open”’
cornice shown in figures 1-30 and 1-31, or the
“closed’”” or ‘‘box’* cornice shown in figure
1-32. A short extension of a cornice along the

ROOF SHEATHING

CROWN MOLDING

X, 1]

/ RAFTER
FRIEZE — -

WALL SHEATHING

A

e STUD

45.493
Figure 1.29, —Simple cornice.
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gable-end wall of a gable-roof structure is called
a ‘‘cornice return’’ (fig. 1-33). Finish along the
rakes of a gable roof is called the ‘‘gable cornice
trim”’ (fig. 1-34).

Roof Covering

On pitched-roof Navy-built structures, the
roof covering most commonly used is made of
asphalt or asbestos-cement. Asphalt roofing
comes in rolls (usually 36 inches wide and called
roll roofing) and in individual shingles called
asphalt strip shingles (fig. 1-35). Asbestos-
cement roofing usually consists of individual
shingles; the size most commonly used is 12
inches wide by 24 inches long. A shingle 12
inches wide is laid with § inches exposed to the
weather and 7 inches overlapped by the next
higher course of shingles.

On flat or nearly flat roofs, the roof covering
is usually built-up. It consists of several layers
(called plies) of felt, set in a hot binder of melted
pitch or asphalt. A final layer of binder is spread
on the top of the uppermost ply of felt, and is
usually sprinkled with a layer of gravel, crushed
stone, or slag.

The usual number of plies in a built-up roof
is five. Felt comes in rolls, usually 36 inches
wide. Figure 1-36 shows how five plies of felt are
laid on an initial layer of 36-inch wide-building
paper. Note how the widths at the starting edge
of the roof vary so as to get five-ply coverage

45,494

Figure 1-30.—Open cornice without fascia.
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Figure 1-31,—Open cornice with fascis.
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Figure 1-32,—Closed or boxed comice.
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Figure 1-33.—Cornice return. Figure 1-34.—Gable cornice trim.
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Figure 1.35.—Asphait strip shingle.
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Figure 1-36.--Building paper and felt on five-ply built-up roof.

with 10 inches to the weather all the way up the
roof.

Finish Door und VWindow Frames

Figure 1-37 shows the principal parts of a
finish door frame. On an outside door, the
frame includes the side and head casings. On an
inside door, the frame consists only of the side
and head jambs; the casings are considered part
of the inside-wall covering.

Figure 1-38 shows section drawings of
outside-door frame details.

The part of a window which forms a frame
for the glass is called sash, and window sash is
considered part of the interior, not the exterior,
finish. However, a window with a sash which
is hinged at the side is called a casement
window—single casement if there is only one
sash, double casement if there are two. A
window which is hinged at the top or bottom is
called a transom window. One with a number of
horizontally hinged sashes, which open and

2
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Figure 1-37.—Principal parts of a finish door frame. 45.500
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Figure 1-39.—Head- and side-jamb details for double-hung window.

close together like the slats in a venetian blind, is
a jalousie window. A window having two sashes
which slide vertically past each other is a double-
hung window.

Basically, the finish frames for all these are
much alike, consisting principally, like a finish
door frame, of side jambs, head jamb, sill, and
outside casing (the inside casing being con-
sidered part of the inside-wall covering).
However, a double-hung window frame con-
tains some items that are NOT used on frames
for other types of windows. Section drawings
showing head- and side-jamb details for a
double-hung window are shown in figure 1-39.
Sill details are shown in figure 1-40.

Outside-Wall Covering

The wood sheathing on a frame structure is
covered with siding. This may be board siding,
or it may consist of sheets of synthetic material,
such as plywood, asphalt, asbestos-cement, or
“‘composition.’”’ Composition is a general term
applied to manufactured sheet materials, such as

1.23
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Figure 1-40.—Sill detail for a double-hung window.
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gypsum board, asphalt felt, fiberboard, and
insulation board.

There are two general types of wooden board
siding—common siding and drop siding. Com-
mon siding consists of boards which overlap
each other shingle-wise. Common siding in
boards not more ithan 4 feet long is called
clapboard. Common siding in longer lengths but
NOT more than 8 inches wide is called bevel
siding. Common siding in boards longer than
4 feet and wider than 8 inches is called bungalow
siding.

Board siding which is joined edge-to-edge
(rather than overlapping) is called drop siding.
Figure 1-41 shows three common types of drop
siding.

INTERIOR FINISH

The interior finish consists mainly of the
coverings applied to the rough inside walls,
ceilings, and subfloors. Other interior finish

AL NN,
BN\

o AT T

»HIRE EDGED SHIPLAP DRESSED AND MATCHED

45.506
Figure 1-41.—Types of drop siding.
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items dre inside door frames, doors (both inside
and outside), window sash, and stairs.

Ceiling and Wall Covering

Ceiling and wall covering may be broadly
divided into plaster and dry-wall covering. Dry-
wall covering is a general term applied to sheets
or panels of wood, plywood, gypsum, fiber-
board, and the like.

A plaster wall and/or ceiling covering
requires the prior construction of a plaster
base—that is, a plane-surface base to which the
plaster can be applied, such as gypsum lath,
fiberboard lath, or metal lath. Gypsum lath
usually consists of 16- by 48-inch sheets of
gypsum board, either solid or perforated with
holes for keying. Fiberboard lath is similar, but
made of synthetic fibrous material rather than
gypsum. Metal lath consists of screen-like sheets
of ribbed or meshed metal.

Before lath is applied to walls and ceilings,
plaster grounds are installed as called for in
the working drawings (refer back to figs. 1-38
and 1-39). These are wood strips of the same
thickness as the combined thickness of lath and
plaster. They serve as guides to the plasterers, to
insure that the plaster around door and window
frames will be of correct and uniform thickness
behind the casings.

Plastering on metal lath is usually done in
three coats, having a combined thickness of
about 5/8 inch. The first coat is called the
SCRATCH coat, because it is usually scored to
improve the adhesion of the second goft. The
second coat is called the BROWN coat. The
final, finish coat is called the WHITE, SKIM, or
FINISH coat. .

The basic ingredients for scratch-coat and
brown-coat plaster are lime putty and sand,
mixed with enough water to attain proper
spreading consistency. A finish coat is composed
of lime putty plus a dry aggregate which gives a
smooth-finish appearance, such as plaster-of-
paris, calcium sulphate, or a composition known
as Keen’s cement.

The most common materials used for drywall
finishes are gypsum-board, wood paneling,
fiberboard, and ceramic tile.

Gypsum board usually comes 4 feet wide by
any length up to 12 feet. It may be applied with

'.—,
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the long dimension either in line with or at right
angles to joists and studs. A 4-foot sheet applied
with the long dimension in line with joists or
studs which are 16 inches O.C. (that is, on
centers, meaning that the distance from the
center of one member to the center of the next is
16 inches) will cover three joists or stud-spaces.
Gypsum board is nailed on with special cement-
coated nails, the heads of which are concealed
by countersinking a little below the surface of
the board and filling the depression with joint
cement, Joints between boards are conc=aled by
cementing on joint tape.

Wood paneling and plywood come in sheets
(called panels) of various sizes, for application
either horizontally (long dimension at right
angles to joist/studs) or vertically (long dimen-
sion in line with joists/studs). For horizontal
application, lengths of stud or joist stock, called
nailers, are set between the studs or joists, along
the lines of panel joints, for the nailing of edges.

Fiberboard wall or ceiling covering usually
comes in 2- by 8-foot panels, applied (using
nailers) crosswise to joists or studs. However,
fiberboard also comes in small squares” or
rectangles called tiles. Common sizes of tiles are
12 by 12 inches, 12 by 24 inches, 16 by 16 inches,
and 16 by 32 inches. Tiles can be nailed to studs,
joists, and nailers but are more commonly glued
to a backing of wallboard.

Ceramic tile is used to cover all or part of the
walls, and sometimes the ceilings as well, in
bathrooms, shower rooms, galleys, and other
spaces subject to a high degree of dampness. In
other spaces, it may be used for ornamental
purposes. The type most commonly used is
glazed interior tile, usually 3/8 inch thick and in
4 1/4- to 6-inch squares. Margins, corners, and
baselines are covered with trimmers of various
sizes and shapes.

Ceramic tile may be set in a bed of tile
cement or in a tile adhesive provided by the
manufacturer. For a cement-bed setting against
wooden studs or joists, a layer of building paper
is laid on first, and metal lath is then applied
over the paper. A scratch-and-level coat of tile
cement, 1/2 to 5/8 inch thick, is applied to the
lath and allowed to dry. The tile is then set in a
1/4- to 1/2-inch cement-bed setting.
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For adhesive setting to joists or studs, a
backing gypsum lath is nailed on, then the
adhesive is applied to the lath.

Concrete or Masonry Wall Covering

Plaster may be applied directly to a concrete
or masonry wall. For tile setting, a layer of
plaster is usually applied to a masonry wall,
allowed to dry, and then the tile cemented to the
plaster. For a concrete wall with a good finish,
the tile may be cemented directly to the concrete.

Stairs

The two principal elements in a stairway
are the treads which people walk on and the
stringers (also called springing trees, horses,
and carriages) which support the treads. The
siraplest type of stairway, shown at the left in
figure 1-42, consists of these two elements alone.

Additional parts commonly used in a fin-
ished stairway are shown at the right in
figure 1-42. The stairway shown here has three
stringers, each of which is sawed out of a single
timber. For this reason, a stringer of this type is
commonly called a cutout or sawed stringer. On
some stairways, the treads and risers are nailed
to triangular stair blocks attached to straight-
edged stringers.

A stairway which contirues in the same
straight line from one floor to the next is called a
straight-flight stairway. When space does NOT
permit the construction of one of these, a change
stairway (one which changes direction one or
more times between floors) is installed. A
change stairway in which there are platforms
between sections is called a platform stairway.

Stairs.in a structure are divided into principal
stairs and service stairs. Principal stairs are those
extending between floors above the basement
and below the attic floor. Porch, basement, and
attic stairs are service stairs.

Window Sash

A window schedule on the construction
drawings gives the dimensions, type, such as
casement, double-hung, etc., and the number of
tights (panes of glass) for each window in the

¢
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Figure 1-42.—Parts of a stalrway.

structure. A window might be listed on the
schedule as, for example: No. 3, DH, 2 feet 4
inches by 3 feet 10 inches, 12 LTS. This mcans
that window No. 3 (it will have this number
on any drawing in which it is shown) is a
double-hung window with a finished opening
measuring 2 feet 4 inches by 3 feet 10 inches and
having 12 lights of glass. In any view in which
the window appears, the arrangement of the
lights will be shown. On one of the lights, a
figure such as 8,/10 will appear. This means that
each light of glass has nominal dimensions of
8 by 10 inches,

Figure 1-43 shows a double-hung window
sash and the names of its parts.

Finish Flooring

Finish flooring is broadly divided into
“wood’’ finish flooring and ‘‘resilient’’ finish
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flooring. Most wood finish flooring comes
in strips which are side-matched—that is,
tongue-and-grooved for edge-joining; some is
end-matched as well. Wood flooring strips are
usually recessed on the lower face and toenailed
through the subflooring into joists, as shown in
figure 1-44,

In Navy structures, wood finish flooring has
been largely supplanted by various types of
resilient flooring, most of which is applied in the
form of 6 by 6, 9 by 9, or 12 by 12 floor tiles.
Materials commonly used are asphalt, linoleum,
cork, rubber, and a plastic composition called
vinyl. With each type of tile, the manufacturer
recommends an appropriate type of adhesive for
attaching the tile to the subflooring.

Doors
Doors are made in many styles, but the type

mmost frequently used is the “‘panel’’ door shown
in figure 145,
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The most prominent items in the interior
trim are the inside door and window casings,
which may be plain-faced or ornamentally
molded in various ways. Another item is the
baseboard, which covzars the joint between an
inside wall and finish floor (fig. 146).

HARDWARE

HARDWARE is a general term covering a
wide variety of accessories that are usually made
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Figure 1-45.—Panel door.

of metal or plastic and ordinarily used in
building constryction. Hardware includes both
finishing and rough hardware.

FINISHING HARDWARE consists of items
that are made in attractive shapes and finishes
and are usually visible as an integral part of the
finished structure. Included are locks, hinges,
door pulls, cabinet-hardware. window fasten-
ings, door closers and check., door holders, and
automatic exit devices, In addition, there are the
lock-operating trim, such as knobs and handles,
escutcheon plates, strike plates, and knob
rosettes, There are also push plates, push bars,
kick piates, door stops, and flush bolts.

ROUGH HARDWARE consists of items
that are NOT usually finished for an attractive
appearance. These items include casement and
special window hardware, sliding and folding
door supports, and fastenings for screens, storm
windows, shades, venetian blinds, and awnings.

Other items may be considered hardware. If
you are not sure whether an item is hardware or
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Figure 1-46,—Baseboard.

what its function is, refer to a commercial text,
such as the Architectural Graphic Standards.

FASTENERS

The devices used in fastening or connecting
members together to form structures depend on
the kinds of material the members are made of.
The most common fastening devices are nails,
screws, and bolts.

NAILS

There are many types of nails—all of which
are classified according to their use and form.
The standard nail is made of steel wire. The wire
nail is round-shafted, straight, pointed, and may
vary in size, weight, size and shape of head, type
of point, and finish. The holding power of nails
is less than that of screws or bolts.

Th: COMMON WIRE nail and BOX nail
(view A, fig. 147) are the same, except that the
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wire sizes are one or two numbers smaller for a
given length of the box nail than they are for the
common nail. The FINISHING nail (view B,
fig. 147) is made from finer wire and has a
smaller head than the common nail. Its head
may be driven below the surface of the wood,
which leaves only a small hole that is easily
puttied. The DUPLEX nail (view C, fig. 1-47)
seems to have two heads. Actually one serves as
a shoulder to give maximum holding power
while the other projects above the surface
of the wood to make withdrawal simple. The
ROOFING NAIL (view D, fig. 1-47) is round-
shafted and galvanized. It has a relatively short
body and comparatively large head. Like the
common wire, finishing, or duplex nail, it has a
diamond point.

Besides the general-purposz nails shown in
figure 1-47, there are special-purpose nails.
Examples include wire brads, plasterboard
nails, concrete nails, and masonry nails. The
wire brad has a needle point; the plasterboard
nail a large-diameter flat head. The concrete nail
is specially hardened for driving in concrete. So
is the masonry nail although its body is usually
grooved or spiraled.

Sizes of Wire Nails

Lengths of wire nails NOT more than §
inches long are designated by the penny system,
where the letter ‘‘d’’ is the symbcl for a
penny. Thus, a 6d nail means sixpenny nail. The
thickness of a wire nail is expressed by number,
which relates to standard wire gage. Nail sizes
(penny and length in inches), gages, and approx-
imate number of nails per pound are given in
figure 147. Nails longer than % inches (called
SPIKES) are not designated by tie penny.

Nalls in Frame Construction

Rough carpentry joints are nailed with
common wire nails. For a joist end which butts
against a header joist, twenty-penny nailz, two
to each end, are driven through the header joist
into the joist end. Floor-opening headers ure
similarly fastened to trimmer joists. Qutside
floor trimmers are nailed to inside floor
trimmers with sixteen-penny nails. Joist ends are
toenailed to sills or plates with tenpenny nails,
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two to each side. Cross-bridging struts are nailed
to joists with eightpenny nails.

Members of doubled-stud plates are nailed
together with tenpenny nails. Studs are toenailed
down to sills or soleplates with eightpenny nails,
two to each side. Window headers and subsills
are nailed to studs with sixteen-penny nails,
driven thfough the stud into the end of the
header.

A common or jack rafter is toenailed to the
rafter plate with tenpenny nails, two to each
side. At the upper end (as at a ridge piece or a
hip or valley rafier), one of the pair of common
or jack rafters is nailed to the ridge piece, hip, or
valley with two or three tenpenny nails, driven
through the ridge piece, hip, or valley. The
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Figure 1-48,—Types of screws,
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corresponding rafter of the pair is toenailed at
the upper end.

Wall stud bracing is nailed to studs with
eightpenny nails, two to each stud crossing.
Board sheathing or subflooring is nailed to studs
or joists with eightpenny nails; two to each
crossing for boards up to 8 inches wide and three
to each crossing for wider boards.

Outside door and window frames are nailed
to rough-frame studs and headers with sixteen-
penny casing nails driven through the jambs into
the studs and headers. Inside door frames are
nailed to partition studs and headers with eight-
penny casing nails. Wcod exterior finish is
nailed on with sixpenny finish nails for 1/2-inch
material and eightpenny nails for thicker mate-
rial. Inside casings are nailed to jamb edges with
fourpenny casing or finish nails and to studs
with eightpenny casing or finish nails.

SCREWS

A wood screw is a fastener which is threaded
into the wood. Wood screws are designated by
the type of head (fig. 1-48) and the material
from which they are made, for example, flat-
head brass or roundhead steel. The size of a
wood screw is designated by its length in inches
and a number relating to its body diameter—
meaning, the diameter-of the unthreaded part.
This number runs from 0 (about 1/15-inch
diameter) to 24 (about 3/8-inch diameter).

Lag screws, called LAG BOLTS (fig. 1-48),
are often required where ordinary wood screws
are too short or too light, or where spikes do not
hold securely. They are available in lengths of
1 to 16 inches and in body diameters of 1/4 to
1 inch. Their heads are either square or hexago-
nal.

Sheet metal, sheet aluminum, and other thin
metal parts are assembled with SHEET METAL
screws and THREAD-CUTTING screws (fig.
1-48). Sheet metal screws are self-tapping; they
can fasten metals up to about 28 gage. Thread-
cuiting screws are used to fasten inetals that are
1/4 inch thick or less.
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Figure 1-49.—Types of bolts.

BOLTS

A steel bolt is a fastener having a head at
one end and threads, as shown in figure 1-49,
Instead of threading into wood like a screw, it
goes through a bored hole and is held by a nut,
Stove bolts range in length from 3/8 to 4 inches
and in body diameter from 1/8 to 3/8 inch. Not
especially strong, they are used only for fasten-
ing light pieces. CARRIAGE and MACHINE
bolts are strong enough to fasten load-bearing
members, such as trusses. In length, they range
from 3/4 to 20 inches; in diameter, from 3/16 to
3/4 inch. The carriage bclt has a square section
below its head which embeds in the wood as the
nut is set up, keeping the bolt from turning.
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CHAPTER 2

HEAVY CONSTRUCTION: WOOD, STEEL, AND
STEEL FRAME STRUCTURES

As a general rule, the term ‘‘heavy con-
struction”’ 'refers to a project in which large
bulks of materials and/or extra-heavy structural
members are used, such as steel, timber, con-
crete, or a combination of these materials. In the
Naval Construction Force, this would include
the construction of bridges or waterfront and
steel frame structures.

The SEABEE's construction functions, in
support of the Nevy’s and Marine's Operating
Forces, might include designing and construc-
tion of these various structures, or their
rehabilitation; therefore, you, as an EA, should
understand the terminology, the basic prin-
ciples, and the methodology used in the con-
struction of these facilities. Your knowledge of
the methods and materials used in their con-
struction will greatly assist you in the prepara-
tion of engineering drawings (original, modified,
or as-built).

This chapter will discuss the basic construc-
tion methods and materials, their components,
and their uses within the structures.

BRIDGE CONSTRUCTION

The spanning structure of a ‘‘suspension”’
bridge is supported from above by cables looped
between tall ‘‘piers.”’ A bridge other than a
suspension bridge is supported from below by
piers (specially cantilever truss bridges), or a
series of transverse structures called ‘‘bents.”’
The two main subdivisions of a ‘‘bent’’ bridge
are the ‘‘superstructure’’ (the spanning structure
which carries the roadway) and the ‘‘substruc-
ture’’ (the bents, plus the foundations on which
they are anchored).

TRESTLE AND PILE BENTS

A timber ‘‘trestle’’ bent is shown in figure
2-1. This bent is used on firm, dry ground or on
solid bottom in shallow water, A ‘‘pile’’ bent is
used in soft or marshy ground, or in water too
deep or too swift-flowing for trestle bents. In a
pile bent, the ‘‘posts’’ consist of piles driven in
the ground, and there is no sill or footing.

ABUTMENTS

The ground points which support the ends of
the superstructure of a bridge are called the
“‘abutments.’’ Figure 2-2 shows the abutment
excavation, sill, and footing for a timber trestle-
bent or ‘pile-bent bridge.

SUPERSTRUCTURE

The principal parts of the superstructure are
the decking (roadway or surface of the spanning

TRANSVERSE DIAGONAL .,p
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45,523
Figure 2-1,—Timber trestle bent.
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Figure 2-2,—Abutment sill and footing.

structure) and the girders (horizontal load-
bearing members which support the decking).
The girders are themselves supported by the caps
of the bents. On a timber bridge, the decking
consists of a lower layer of timbers, called the
flooring and an upper layer, called the treadway.
On a timber structure, the girders (each of which
extends from the cap on one bent to the cap on
the next) are often called stringers. On a con-
crete structure, steelplate girders, or reinforced-
concrete girders are used.

On an advanced base timber bridge or pier,
the stringers usually consist of timbers about 10
inches by 16 inches in cross-section, placed
about 3 feet 3 1/2 inches O.C. with the long
section dimension vertical. Girder length is com-
monly 14 feet which means that bents on a struc-
ture of this type are usually somewhat less than
14 feet apart.

PILE CONSTRUCTION

A pile is a load-bearing wood, steel, or con-
crete structural member which is driven into the
ground. A pile which sustains a downward load
is a bearing pile; one which sustains a transverse
load is a sheet pile. A bearing pile which is
driven, other than vertically, is called a batter
pile.

BEARING PILES

Timber bearing piles are usually straight tree
trunks with closely trimmed branches with the
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bark removed. The small end of the pile is called
the tip, the larger end the butt. Timber piles
range from 16 to, 90 feet in length.

A stee] bearing pile might be an H-pile (hav-
ing an H-shaped cross section) or a pipe pile
(having a circular cross section). A pipe pile
might be open-end (open at the bottom) or
closed-end (closed at the bottom).

A concrete bearing pile can be cast-in-place
or precast. A shell type is constructed, as shown
in figure 2-3, For a shell-less type, a hole is made
first, either by driving and withdrawing a man-
dre! (fig. 2-3), or by boring. The concrete for the
pile is then poured into the hole and cast against
the natural earth,

Precast concrete piles are -t in forms in a
casting yard.

SHEET PILES

Sheet piles, made of wood, steel, or concrete,
are equipped or constructed for edge-joining, so
they can be driven edge-to-edge to form a con-
tinuous wall or bulkhead, A few common uses
of sheet piles are as follows:

1. To resist lateral soil pressure as part of a
temporary or permanent structure, For example,
steel sheet piling is widely used to form
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Figure 2-3.—Shell-type cast-in-place concrete pile.
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“bulkheads’’ and ‘‘retaining walls” for the
lateral or transverse support of soil.

2. To construct cofferdams or structures
built to exclude water from a construction area.

3. To prevent slides and cave-ins in trenches
and other excavations.

A wood sheet pile might consist of a single,
double, or triple layer of planks, as shown in
figure 24,

The edges of a steel sheet pile are called IN-
TERLOCKS because they are shaped for lock-
ing the piles together edge-to-edge. The part of
the pile between the interlocks is called the
WEB. Steel sheet piles are manufactured in five
standard section shapes: (1) DEEP-ARCH, (2)
ARCH, (3) STRAIGHT-WEB, (4) Z-SEC-
TION, and (5) CORNER-SECTION.

Sections vary slightly in shape with different
manufacturers, each of whom has a particular
letter and number symbol for each section they
manufacture. (See figure 2-5.)

Concrete sheet piles are cast with tongue-
and-groove edges for edge-joining. See Builder
3 & 2, NAVEDTRA 10648-G for further discus-
sion of various types of sheet piles.

WATERFRONT STRUCTURES

Waterfront structures may be broadly di-
vided into (1) offshore structures like break-
waters, designed to create a sheltered harbor,

45.526.0

Figure 2-4.—Wood sheet piles,

(2) alongshore structures like seawalls, designed
to establish a definite shoreline and maintain it
against wave erosion, and (3) wharfage struc-
tures, designed to make it possible for ships to

lie alongside for loading and discharge.

HARBOR-SHELTER STRUCTURES

A breakwater is an offshore barrier, erected
to break the action of the waves and thereby
maintain an area of calm water inside the
breakwater. A jetty is a similar structure, except
that its main purpose is to direct the current or
tidal flow along he line of a selected channel,

The simplest type of breakwater/jetty is the
rubble-mound type shown in figure 2-6. Rock
for this structure is classified as follows:

Cap rock is the largest rock, placed at the
top.

Class A rock is rock in which 85 percent or
more consists of pieces weighing more than 2
tons each.

Class B rock is rock in which 60 percent or
more consists of pieces weighing more than 100
pounds each, but less than 2 tons (class A).

Class C rock (also called quarry waste) is any
rock smaller than class B.

For a deep-water site, or for one with an
extra-high tide range, .a rubble-mound
breakwater may be topped with a concrete cap
structure, as shown in figure 2-7. A structure of
this type is called a composite breakwater/jetty.
In figure 2-7, the cap structure is made of a series
of precast concrete boxes called ‘‘caissons,"
each of which is floated over its place of loca-
tion, and then sunk into position by loading with
class C rock. A monolithic (single-picce) con-
crete cap is then cast along the tops of the
caissons,

A groin is a structure similar to a
breakwater/jetty, but having still a third pur-
pose. A groin is used in a situation where
a shoreline is subject to alongsho.- erosion,
caused by wave or current action parallel to or
oblique to the shoreline. The groin is run out
from the shoreline (usually there is a succession

4 )
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Figure 2-7.—C nposite breakwater/jetty.

of groins at intervals) to check the along-
shore wave action or deflect it away from the

shore,

A mole is a breakwater which is paved
on the top for use as a wharfage structure.
To scrve this purpose, it must have a vertical
face on the inner or harborside. A jetty may
be similarly constructed and used, but it 3
still called a jetty,

STABLE-SHORELINE STRUCTURES

These structures are constructed parallel with
the shoreline to protect it from erosion and other

wave damage.

A seawall is a vertical or sloping wall
which offers protection to a section of the
shoreline against erosion and slippage due
to tide ana wave action. A seawall is usually
a self-sufficient type structure, such as a
gravity-type retaining wall; whereas, a bulk-
head is usually a thinner structure which
depends partly on wales carried on tie rods
extending to buried anchors. Seawalls are
classified according to the types of construction.
A seawall may be made of riprap or solid con-
crete. Several types of seawall structures are
shown in figure 2-8.

As used in port construction, a bulkhead is
a vertical retaining structure used alcng a shore,
or to form the face of a quay (pronounced key)
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Figure 2-8.—Various types of seawalls,

or the shore end of a pile wharf or approach. Its
purpose is to support and protect an area of
shore or fill from erosion. Bulkheads are
classified according to types of construction,
such as the following:

1. Pile and sheathing bulkhead.

2. Wood sheet pile bulkhead.
3. Steel sheet pile bulkhead.
4

. Concrete sheet pile bulkhead.

Most bulkheads are made of steel sheet piles.
Figure 2-9 shows a steel sheet pile bulkhead in

the course of construction. A working drawing
for such a bulkhead is shown in figure 2-10. The
plan shows that the bulkhead will consist of a
row of deep-arch web piles with a ‘‘wale’’ for
anchoring outer ends of the tie rods. The wale
will consist of two 2-inch -channels back-to-
back. The anchorage will consist of a row of
arch-web piles with a similar wale for anchoring
inner ends of tie rods which is spaced nine feet
on center.

The section view shows that the anchorage
will lie 58 feet behind the bulkhead. This view
also suggests the order of construction sequence.
First, the shore and bottom will be excavated to

2-6 4
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Figure 2-9.-~Steel sheet pile bulkhead.

the level of the long, sloping dotted line. The
sheet piles for the bulkhead and anchorage will
then be driven. The intervening dotted lines, at
intervals of 19 feet 4 inches, represent support-
ing piles which will be driven to hold up the tie

2.7

rods. These piles will be driven next, and the tie
rods then set in place. The wales will be bolted
on, and the tie rods will be tightened moderately
(they are equipped with turnbuckles for this pur-
pose). '
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Figure 2-10.-——Working drawing for steel sheet pile bulkhead.

Backfilling to the bulkhead will then begin.
The first backfilling operation will consist of fill-
ing over the anchorage, out to the sloping dotted
line. The turnbuckles on the tie rods will then be
set up to bring the bulkhead plumb. Then the re-
maining fill, out to the bulkhead, will be put in.
Finally, outside the bulkhead, the bottom will be
dredged to a depth of 30 feet.

To make it possible for ships to come
alongside the bulkhead, it will be fitted with

Ly R e
2-8 TS S
L °

a timber cap and batter fender piles, as
shown in the detail appearing in figure
2-11,

Fender piles are installed vertically at proper
intervals in the waterfront edge of wharfs or
quays to serve the following purposes:

1. They cushion a wharf from impact of
ships and protect the outer row of bearing piles
from damage.

1/
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Figure 2-11.—Cap and fender pile for bulkhead.

i

2. T}éey protect the outer face of quays from
damage/ due to the impact of ships.

3. They protect the hulls of craft from un-
due abrasion.

WHARFAGE STRUCTURES

Figure 2-12 shows various plan views of
wharfage structures. Any of these may be con-
structed of fill, supported by bulkheads, and a
QUAY is always a structure of this type.
However, a pier or marginal wharf usually con-
sists of a timber, steel, or concrete superstruc-
ture, supported on a substructure of timber,
steel, or concrete-pile bents.

Generally, QUAYS are almost completely
rigid structures; sometimes their fender piles are
backed up with heavy springs to provide a com-
bination of yielding and resistance. Fender piles
are driven at a slight batter beside each outside
pile, except on the extreme inshore wharf sec-
tions. Every third fender pile may extend 3 to 4
feet above the curb. The others are cut flush
with the curb.

2-9

Construction drawings for a 20-foot ad-
vanced base timber PIER are shown in figures
2-13, 2-14, and 2-15. Figure 2-13 is a general
plan view; figure 2-14 is a part plan on a larger
scale; figure 2-15 is a section view showing the
framing arrangements of one of the bents. A bill
of materials (not shown) gives the dimensions of
framing members and fasteners. The numbers

" shown refer to item numbers on the bill of

materials; beside each item number, the bill gives
a description of the item. From the drawings and
the bill of materials, one can derive the following
structural data about the pier.

Each length of a pier lying between adjacent
bents is calied a bay; the length of a bay is
obviously equal, then, to the horizontal distance
between bents. The general plan shows that
the advanced base 20-foot timber pier will
consist of one 13-foot outboard bay, one
13-foot inboard bay, ten 12-foot interior bays,
and as many more interior bays as are required
to reach the shore. The total distance of the out-
board bay from the shoreline will depend on
how far offshore the water begins to be deep
enough to float a ship.

45
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If a bill of materials is taken from the section

e - view (fig. 2-15), it will show that each bent will
== consist of three bearing piles (No. 1), one on the

(1 QUAY 0 centerline and the others 7 feet 6 inches from the

n centerline. The bearing piles will be braced

transversely by two 3- by 10-inch by 9-foot

| | l {I i] diagonal braces (No. 6), bolted on with 1- b
L FAZiNTERS on CAc 810E T 20-ignch bolts (Nc(>. 21) Lnd 1- by 22-inch bolts
) SGUARE PIZR (No. 22); also by one 16-foot horizontal brace

\ i \ ' (No. 5), bolted on with 1- by 20-inch bolts,
L‘ l'i l I ﬂl ul S S Additional, transverse bracing for each bent
i

0 acure-anoce men ron two  Will be provided by a pair of batter piles (No. 2)
FREIGHTERS ON EAch sioE with specified batter at 5 run to 12 rise. One pile
PREIGNTER Oh EACH S108 T of each pair will be driven on either side of the

bent, as shown. The butts of the batter piles will
. i__l be joined to 12- by 14-inch longitudinz! batter
l l l l 0' Jﬁ‘ pile caps (No. 7), each of which will be bolted to
. amE the undersides of two adjacent bearing pile caps

';;Ylgﬁif,g:{f %E?,i'g?,:'zﬁf:: ' with 1- by 28-inch bolts, in the positions shown

‘g&?ﬁ{{:‘ﬁg‘o ONE LigHTER in the part plan (fig. 2-14). The batter pile caps
will be placed 3 feet inboard of the line of the

outer bearing piles of the bents. They will be
\ S \ S § S backed by 6- by 14-inch by 2 foot 6-inch batter
—— I pile cap blocks (No. 8), each of which will be

G bolted to a bearing pile cap with four 1- by .

aSuTER SN Eadntiioe " OF (W U-TYPE MARGINAL WHARF 26-inch bolts (No. 35).
We WHARF WIOTH L» WHARF LENGTH Longitudinal bracing between the bents will
NOTE NOT T0 SCALE FOR EXPLANATION OF consist of 14-foot lengths of 3 by 10’s (Nos. 19

LAYOUT TEAMINOLOGY ONLY

and 20), bolted to the bearing piles with 1- by
45.536 20-inch bolts (No. 21) and 1- by 22-inch bolts

Figure 2-12,—Types of wharfage structures. {(No. 22).
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45.537
Figure 2-13.-—General plan of advanced base 20-foot timber pier.
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Figure 2-14.—Part plan of advanced base 20-foot timber pler.

“W " NE
45.538.0
Figure 2-15,—Section view of advanced base 20-foot
timber pler,
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The superstructure will consist of a single
layer of 4- by 12-inch planks (No. 12), laid on
nine 6- by 14-inch by 14-foot “‘inside’’ stringers
(No. 1) and two 10- by 14-inch by 12-foot ‘‘out-
side’’ stringers (No. 10). The inside stringers will
be fastened to the pile caps with 1- by 24-inch
drift bolts (these and other heavy-construction
fasteners are described at the end of this
chapter). The outside stringers will be fastened
to the pile caps with i- by 30-inch bolts (No. 34).

The deck planks will be fastened to the
stringers with 3/8- by 8-inch spikes (No. 32).
After the deck is laid, 12-foot lengths of 8 by
10’s (No. 14) will be fastened to the outside
stringers to form the curb. Lengths of curbings
will be distributed, as shown in the general plan
(fig. 2-13). You can see that the curbing will be
interrupted wherever a ‘‘cleat’’ will be located.
Cleats and other mooring hardware are de-
scribed later. The curbing will be bolted to the
outside stringers with 3/4- by 32-inch bolts.

The pier will be equipped with a fender
system for protection against the shock of con-
tact with ships coming or lying alongside. Fender
piles, spaced as shown in the part plan (fig.

PRy
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2-14), will be driven along both sides of the pier
and bolted to the outside stringers with 1- by
26-inch bolts (No. 3). The heads of these bolts
will be ‘‘countersunk’’ below the faces of the

wpiles.
- An 8- by 10-inch timber fender wall (No. 15)

will be bolted to the backs of the fender piles

with 1- by 24-inch bolts. Lengths.of 8 by 10's, '

called fender pile chocks, (No. 9) will be cut to
fit between the fender piles and will be bolted to
the outside stringers and the fender pile wales.
Spacing for these bolts is shown in the part plan.

The general plan shows that the fender
system will include two 7-pile dolphins, located
15 feet beyond the outer end of the pier. A
dolphin is a detached cluster of piles like the one
shown in figure 2-16. A similar cluster attached
to the pier is called a pile cluster.

Various types of mooring hardware are in-
stalled on a wharfage structure for the attach-
ment of mooring lines from ships. As indicated
in the generai plan, cleats, spaced as shown, are
used on the 20-foot timber pier. The bill of
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Figure 2-16.—7-pile, 12-plie, and 19-pile dolphins.
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Figure 2-17.—42-inch mooring cleat.

materials specifies 42-inch cleats; a 42-inch
mooring cleat is shown in figure 2-17. The
method of attaching a cleat to the pier is shown
in the part plan. Two 10- by 14-inch timbers are
bolted to either side of the first inside stringer
and the cleat is bolted down to the timbers.

Another common item of mooring hardware
is the bollard shown in figure 2-18. Figure 2-19
shows a method of attaching a bollard to a
timber pier.

TIMBER FASTENERS
AND CONNECTORS

In working in heavy construction, you will be
concerned with the more common types of
fasteners used in heavy construction. The next
few paragraphs will explain the methods used in
attaching these fasteners and connectors.

TIMBER FASTENERS

The BOLTS used to fasten heavy timbers
usually come in 1/2-, 3/4-, and 1-inch diameters
with square heads and square nuts. A round

O
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Figure 2-18,—24-inch bollard.

steel washer is placed under the head and the
nut, and the bolt is tightened until the washers
bite well into the wood to compensate for future
shrinkage. Bolts should be spaced not less than 9
inches O.C. Edge distance should not be less
than 2 1/2 inches, and the end distance should
not be less than 7 inches,

Drift bolts, sometimes called drift pins, are
bolts used primarily to prevent timbers from
movil.g laterally in relation to each other, rather
than to resist pulling apart. They are used more
in dock and trestle work than in trusses and
building frames. Drift bolts are long, threadless
rods, either square or round, and may have
square, wedge, or pointed ends. They are driven
into a hole bored through the member butted
against and into the abutting member. The hole

2-13
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Figure 2-19.—Method of attaching bollard to timber pier.

for the drift bolt should be one-sixteenth of an
inch larger than the diameter of the drift bolt
and about 3 inches shorter. Drift bolt diamcters
run from 1/2 inch to 1 inch and lengths vary
from 18 inches to 26 inches.

Butt joints are also fastened with a SCAB
which:is a short length of timber that is spiked or
bolted to the adjoining members at the joint, as
shown in figure 2-20.

TIMBER CONNECTORS

TIMBER CONNECTOR is a general term
applied to a variety of devices used to increase
the strength and rigidity of bolted-lap joints be-
tween heavy timbers, The SPLIT RING, as
shown in figure 2-21, is embedded in circular
grooves which are cut with a special type of bit
in the faces of the timbers which are to be
joined. Split rings come with 2 1/4-, 4-, 6-, and
8-inch diameters. The 2 1/2-inch ring takes a
1/2-inch bolt; the others take a 3/4-inch bolt. If

5.2
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Figure 2-20,—Scabs,

45.543
Figure 2-21,—Split ring and split ring joint,

more than one ring is used at a joint, the
minimum spacings center-to-center shall be 9
inches, and at least 2 1/2-ring diameters when
the pull on the joint will be parallel to the grain,
or 1 1/2-ring diameters when the pull will be

ENGINEERING AID 3 & 2, VOLUME 2
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perpendicular to the grain. Edge distance which
is measured from the center of the ring to the
edge of the member should not be less than one-
half the ring diameter plus 1 inch. End distance
which is measured from the center of the ring to
the end of the member si:ould not be less than 7
inches,

The TOOTHED RING (fig. 2-22) functions
in much the same manner as the split ring, but it
can be imbedded without the necessity of cutting
grooves in the members. The toothed ring is
embedded by the pressure produced by tighten-
ing a bolt of high-tensile strength, as shown\in
figure 2-23. The hole for this bolt is made one-
sixteenth of an inch larger than the bolt diameter
so that the bolt may be easily extracted after the
ring is embedded. It is then replaced by an ordi-
nary steel bolt.

Toothed rings come with 2-, 2 5/8-, 3 3/8-,
and 4-inch diameters. The 2-inch ring takes a
1/2-inch bolt, the 2 5/8-inch ring takes a
5/8-inch bolt, and the others a 3/4-inch bolt.
Spacings, edges, and end distances are the same
as they are for split rings.

The SPIKE GRID is used as shown in figure
2-24. A spike grid may be FLAT (for joining two
flat surfaces), SINGLE-CURVED (for joining

45.544
Figure 2-22.—Toothed ring and toothed-ring joint,
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133.199
Figure 2-23.—Embedding toothed rings.

,@. |

45.545
Figure 2-24.—Spike grids and spike grid joints.

a flat and a curved surface), or DOUBLE-
CURVED (for joining two curved surfaces).
spike grid is embedded in the same manner as a
toothed ring.

STRUCTURAL STEEL SHAPES

Structural steel forms the framework of
many types of structures, such as bridges, piers,

2-15

hangers, towers, warehouses, and shop build-
ings. The steel framework of the structure
may be visible, as in bridges and towers,
or concealed within the walls of various
types of buildings. In any case, the steel
framework carries the weight of the structure
and the applied loads.

The steel structure is a framework of struc-
tural steel members. The individual member
might be a single piece of steel or several compo-
nent pieces that are fabricated in the shop and
assembled at the jobsite.

A structural steel member which is fabri-
cated in the shop is made from one or
more STRUCTURAL STEEL SHAPES. A
wide variety of standard shapes of different
cross sections are manufactured. Figure 2-25
illustrates many -of these various shapes. The
three most common types of structural mer-
bers are the W-shape (wide flange), the S-shape
(American Standard I-beam), and the C-shape
(American Standard channel). These three types
are identified by the nominal depth, in
inches, along the web and the weight per
foot of length, in pounds. As an example,
a WI2 x 27 indicates 1 W-shape with a
web 12 inches deep, with a weight of 27
pounds per linear foot. Figure 2-26 shows
the cross sectional views of the W-, S,
and C-shapes. The difference between the
W-shape and the S-shape is in the design
of the inner surfaces of the flange. The
W-shape has parallel inner- and outer-flange
surfaces with a constant thickness, while the
S-shape has a slope of approximately 17° on the
inner flange surfaces. The C-shape is similar to
the S-shape in that its inner flange surface is also
sloped approximately 17°.

The W-SHAPE is a structural member
whose cross section forms the letter H and is the
most widely used structural mernber. It is de-
signed s0 that its flanges provide strength in a
horizontal plane, while the web gives strength in
a vertical plane. W-shapes are used as beams,
columns, truss members, and in other load-
bearing applications.

The BEARING PILE (BP shape) is almost
identical to the W-shape. The only difference
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oLD NEW
OLD  |ILLUSTRATED NEW | ILLUSTRATED
SYMBOL USE DESCRIPTION EXAMPLE | SYMBOL USE
w  |eawre W-SHAPE {WIDE FLANGE) g W w24X76
8P |1e8P73 BEARING PILE ﬁ BP | BPI4X73
I 151429 $-SHAPE (AMERICAN STD I1-BEAM) g s S15X42.9
IR K-YEYE. ¥ C-SHAPE ( AMERICAN STD CHANNEL ) 6 ¢ C9Xi3.4
M BX8M34.3 | M-SHAPE (MISC SHAPES OTHER THAN M M8X34.3
W, BP,S,&C)
M 8M17 M8X |7
Jr 7Jr.85% M7X5,5
L |12X4L144.5 | MC-SHAPE (CHANNELS OTHER THAN MC | MCI2X45
AMERICAN STD.)
Jrid |lourLaea MCI2X12.6
ANGLES !
L L3X3X4 EQUAL LEG Q? L L3x3xd
L Lexax$ UN-EQUAL LEG Q7 L L7X4ax 4
TEES, STRUCTURAL :
ST | STSWI05 CUT FROM W -SHAPE WT | WTI2X38
CUT FROM S-SHAPE ST |[sTI2x38
CUT FROM M-SHAPE MT | MTi2X38
PL | PLIBX3X2-6"| PLATE L7 | PL | PLyxIg'xx0"
BAR | BAR2{ X% | FLAT 8aR mmu? | BAR | BAR2{X L
o Os# PIPE,STRUCTURAL @ @& |ripeasTo
PIPE 4X-STRG
PIPE 4 XX-STRG

Figure 2-25.—Structural shapes and designations,
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11.30
Figure 2-26.—Structural shapes.

is that the flange and web thiciness of the bear-
ing pile are equal, whereas the W-shape has dif-
ferent web and flange thicknesses.

The S-SHAPE is distinguished by its cross
section being shaped like the letter 1. S-shapes
are used less frequently than W-shapes since the
S-shapes possess less strength and are less
adaptable than W-shapes.

The C-SHAPE has a cross section somewhat
similar to the letter C. It is especially useful
in locations where a single flat face without out-
standing flanges on one side is required. The
C-shape is NOT very efficient for a beam or
column when used alone. However, efficient
built-up mer-' ors may be constructed of chan-
nels assembled together with other structural
shapes and connected by rivets or welds.

An ANGLE is a structural shape whose cross
section resembles the letter L. Two types, as il-
lustrated in figure 2-27, are commonly used—an

—

UNEQUAL L EGS

EQUAL LECY

15,31
Figure 2-27.--Angles,
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equal-leg angle and an unequal-leg angle. The
angle is identified by the dimension and thick-
ness of its legs, for example, angle 6 by 4 by 1/2
inch. The dimension of the legs should be
obtained by :neasuring along the outside of the
backs of the legs. When an angle has unequal
legs, the dimension of the wider leg is given first,
as in the example just cited. The third dimension
applies to the thickness of the legs which always
have equal thickness. Angles may be used in
combinations of two or four to form main
members. A single angle may also be used to
connec. main parts together.

STEELPLATE is a structural shape whose
cross section is in the form of a flat rectangle.
Generally, one of the main points to remember
about plate is that it has a width of 8 inches or
more and a thickness of 1/4 inch or greater.

Plates are generally used as connections be-
tween other structural members or as compo-
nent parts of built-up structural members. Plates
cut to specific sizes may be obtained in widths
ranging from 8 inches to 120 inches or more, and
in various thicknesses. The edges of these plates
may be cut by shears (sheared plates) or be rolled
square (universal mill plates).

Plates frequently are referred to by their
thickness and width in inches, as plate 1/2 by 24
inches. The length in all cases is given in inches.
Note in figure 2-28 that | cubic foot of steel
weighs 490 pounds. This weight, divided by 12,
gives you 40.8, which is the weight (in pounds)
of a steclplate 1 foot square and 1 inch thick.
The fractional portion is normally dropped and

ONE CUBIC FOOT OF

STEEL-490 POUNDS STEELPLATE
PRIy THICKNESS NAME

2" 80 POUND
14— ——— 60 POUND
[ 40 POUND
§J'————30 POUND
}'—————— 20 POUND
CJ— i5 POUND
}'————10 POUND

40 POUND PLATE

11,32
Figure 2-28. Veight and thickness of steelplate,
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Figure 2-29,—Bars.

l-inch plate is called a 40-pound plate. In prac-
tice, you may hear plate referred to by its ap-
proximate weight per square foot for a specified
thickness. An example is 20-pound plate which
indicates a 1/2-inch plate, (See figure 2-25.)

The structural shape referred to as a BAR
has a width of 8 inches or less and a thickness
greater than three-sixteenths of an inch. The
edges of bars usually are rolled square, like
universal mill plates. The dimensions are ex-
pressed in a similar manner as that for plates; for
instance, bar 6 inches by 1/2-inch. Bars are
available in a wvariety of cross-sectional
shapes—round, hexagonal, octagonal, square,
and flat. Three different shapes are illustrated
in figure 2-29. Both squares and rounds are
commonly used as bracing members of light
structures. Their dimensions, in inches, apply to
the side of the square or the diameter of the
round.

ROOF BRACING

TRUSS

KNEE BRACE
SRACING

COLUMN

COLUMN
FOOTING
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'STEEL FRAME STRUCTURES

Construction of a framework of structural
steel involves two principal operations—fabrica-
tion and erection. Fabrication involves the proc-
essing of raw materials to form the finished
members of the structure, Erection includes all
rigging, hoisting, or lifting of members to their
proper places in the structure and making the
finished connections between members.

TYPES OF STRUCTURES

A wide variety of structures are erected using
structural steel. Basically they can be listed as
buildings, bridges, and towers; most other struc-
tures are modifications of these three.

Buildings

The steel framework carries the load of the
structure and transmits it to the foundation;
therefore, the framework must be strong enough
to carry the applied loads and stiff enough so
that it will not undergo excessive deflection
either during construction or while in service.

In figure 2-30, the vertical members whicn
support the trusses are called COLUMNS. These
columns rest on either a concrete foundation or
FOOTINGS. The load of the column is usually
spread over the top of the footing by a steel-
plate connected to the column. The roofing is

PURLINS RIDGE LINE

EAVE
STRUT

SIRTS

Figure 2-30.—Framework of a typical mill building.
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supported by the horizontal members called
PURLINS which are fitted between the trusses.

Walls in this type of building may be self-
supporting, such as brick or concrete blocks or
they may be hung on the framework, as is the
case with wood, corrugated metal, or cement-
asbestos sheets. Wall sheathing is supported on
light horizontal members, called GIRTS. The
building frame is made rigid by members in
vertical planes, which may be arranged as DI-
AGONAL BRACES or KNEE BRACES. A di-
agonal brace joins opposite corners of a
quadrangular frame. Usually, diagonal braces
are used in pairs. A knee brace does NOT extend
all the way across the diagonal of the quadri-
lateral, but it is made shorter so as to occupy
only the knee or corner. A STRUT is any small
or secondary member designed to take a load in
compression. An eave strut, therefore, is a com-
pression member which extends along the line of

COLUMN SPLICE -

g

SPAMDREL BEAM

e -
i

2-19

the eave of the building. Other bracing members
are provided either in the plane of the roof, in
the plane of the lower chords of the roof trusses,
or both. The frame illustrated is typical of the
type of framing known as mill-building con-
struction.

In multistory buildings, floor and roof loads
are carried by BEAMS and GIRDERS and sup-
ported by columns, A beam-and-column build-
ing framework usually is NOT braced with
diagonal bracing because such bracing would in-
terfere with windows or doors. Instead, the
joints between beams and columns are made
rigid by the application of several types of wind
bracing methods (designer’s choice) that can
withstand bending caused by the applied forces.
This type of construction is known as SKEL-
ETON CONSTRUCTION when the beams are
supported by columns (figure 2-31) and as
WALL-BEARING CONSTRUCTION when

45.464
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WEB VERTICALS

END POSTS

WEB DIAGONALS /

LOWER CHORD
DIAGONAL LATERAL
BRACING

INTERMEDIATE FLOOR
BRACING

OUTER STRINGER . END FLOOR
. BEAM
INNER STRINGER ¢ g pLate 8 CABIN PLATE

BEARING PLATE END PEDESTAL

45.868
Figure 2-32.—Truss bridge.

PLANK TREADWAY

RS

“\

#
it
o

4F!
o

INTERMEDIATE DIAPHRAGM " ]
: LAMINATED WOOD DECK

GIRDER SPLICE

OUTER GIRDER

S END STIFFENER
END DIAPHRAGM

Figure 2-33.—Stringer bridge span.

the beams are supported by masonry walls. In Bridges
skeleton construction, the portions of the outer

walls between windows are supported by SPAN- A bridge consists of a floor or deck, sup-

DREL BEAMS located within, or parallel to, ports, and necesrary bracing, Supporting

the walls. members for the floor consist of longitudinal
2-20
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stringers supported directly on abutments, or on
piers, towers, or a series of bents. The stringers
are supported by transverse floor beams which
are in turn supported by the main trusses (fig.
2-32). In a stringer bridge span (fig. 2-33), the
main members carrying the load take the place
of intermediate stringers. Truss members are
named according to their location in the truss.
The members on the perimeter of the truss are
the CHORD MEMBERS. Those in the interior
of the truss are the WEB VERTICALS or WEB
DIAGONALS, depending on their position. In-
clined end members of the chord, adjacent to the
abutments, are usually called END POSTS
rather than chord members. Bridge spans are
known as through spans when the traffic passes
through the main trusses and under a top lateral
bracing system, as shown in view A, figure 2-34,

{A) THROUGH TRUSS SPAN

S (B) DECK TRUSS SPAN
. <1 - [ME
& N
{C) PONY TRUSS SPAN .
D) HALF THROUGH GIRDER SPAN

- P

Ao s = -

E ' 0ECK GIRDER SPAN

Figure 2-34. - -Types of bridge spans.

"and as deck spans when the traffic passes
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above the main members and all bracing, as
shown in views B and E, figure 2-34. In
pony truss spans, as shown in view C,
figure 2-34 and half-through girder spans, as
shown in view D, figure 2-34, no top lateral
bracing is used because of the small depth of the
girders or trusses.

Towers

Towers are framework structures designed to
provide vertical support. They may be used to
support another structure, such as a bridge, or
they may be used to support a piece of equip-
ment, such as a communications anténna. Since
the prime purpose of a tower is to provide ver-
tical support to a load applied dt the top, the
compression members providing this support are
the only ones which require high-structural
sirength. The rest of the structure is designed
to stiffen the vertical members and to prevent
bending under load. Primarily, the bracing
members are designed to take loads in tension

and are based on a series of diagonals. A typical
trestle tower used in bridge construction is

shown in figure 2-35.
Preengineered Metal Structures

Preengineered metal structures are com-
monly used in military construction. They are
usually designed and fabricated by civilian in-
dustry to conform with the specifications set
forth by the Armed Forces. Rigid frame build-
ings, steel towers, communications antennas,
and steel tanks are some of the most commonly
used structures, particularly at overseas advance
bases. Preengineered structures offer an advan-
tage in that they are factory built and designed
to be erected in the shortest amount of time
possible. Each structure is shipped as a complete
kit, including all the materials and instructions
needed to erect it. There are many types of pre-
engineered structures available from various
manufacturers, such as Pasco, Endure, Butler,
and Strand Corporation. Information on no-
menclatures and various assemblies is described
in the Steelworker 3 & 2, NAVEDTRA 10653-F,
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. BOLTS
' LONGITUDINAL
RODS

CAP BEAM
Bolts are used more than any other type of

connectors. They are easy to use and, in contrast
to all other types of connectors, require little
special equipment, The development of new,
higher strength steels and improved manufactur-
ing processes have resulted in the production of
bolts which will produce strong structural steel

TRANSVERSE ! /

RODS connections,

; , Specifications for most bolted-structural
TRANSVERSE / N\ joints call for the use of high-strength-steel bolts
STRUT | tightened to a high tension. The bolts are used in

holes slightly larger than the nominal bolt size,
Joints that are required to resist shear between

B @

BUTT OR SQUARE FILLET WELD
GROOVE WELD

g

Figure 2-35.—A trestle tower.

STRUCTURAL STEEL
CONNECTORS

There are four basic connectors used in
making structural steel connections. They
are BOLTS, WELDS, PINS, and RIVETS.
Bolts and welds are the most common con- MUG WELD JEAD WELD
nectors used in military construction. Pins
are used for connections at the ends of
bracing rods and various support members
which require freedom of rotation. Com-
mercial prefabricated steel assemblies may

N N N NN W

SOUARE SINGLE DOUBLE SiNGLE DOUSLE SINGLE OOUNLE SINGLE DOUSLE
A\ v BEVEL  BEVRL v v r 4

be received in the field with riveted con- GROOVE WELDS

nectors. Types and uses of the four basic

connectors will be discussed below. Figure 2-36.—Types of welds.
2-22
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their connected parts are designated as either
friction-type or bearing-type connectors.

Bolted parts should fit solidly together when
they are assembled and should NOT be
separated by gaskets or any other type of com-
pressible material. Holes should be a nominal
diameter, not more than one-sixteenth inch in
excess of the nominal bolt diameter. When the
bolted parts are assembled, all joint surfaces
should be free of scale, burrs, dirt, and other
foreign material. Contact surfaces within
friction-type joints must be free of oil, paint, or
other coatings.

WELDS

Welding is a highly specialized skill that re-
quires technical training in order to insure com-
petence of the operator. Load-bearing parts of a
structure that are to be welded should be done
only by properly qualified personnel,

The two principal welding processes used
in structural work are ELECTRIC ARC
WELDING and OXY-MAPP ARC WELD-
ING. In the electric arc welding process, the
welding heat is developed by the #* tric arc
formed between a suitable electrode a:... the base

BUTT JOINT

EDGE JOINT

STEEL FRAME STRUCTURES

TEE JOINT

TRANSYERSE
FILLET WELD

metal. The electrode used is generally steel. Only
shielded-arc electrodes should be used. This
process of welding is preferred for structural
works. In the oxy-mapp gas welding process,
heat is obtained by burning mapp gas mixed
with oxygen as they are discharged under
pressure from a torch designed for this purpose.
This process is preferred for thinner metals,

The principal types of welds and welded
joints that are suitable for structural work are il-
lustrated in figures 2-36 and 2-37.

PINS

Pins for very large structures are manufac-
tured especially for the type of job and may have
diameters of 24 inches or more, and be several
feet in length. For most types of jobs, however,
pins generally are between 1 1/4 inches and 10
inches in diameters. The two types of pins com-
monly used are threaded bridge pins and cotter
pins (fig. 2-38). THREADELD PINS are held in
place after insertion by threaded recessed nuts
on both ends of the pin. COTTER PINS are
held in place by small cotters which pass through
holes drilled in the pins. Washers and
separators, made from lengths of steel pipe, are
used to space members longitudinally on pins.

LOHGITUBINAL
FLLET WELD

LAP JOINTS

CORNER JOINT

Figure 2-37.—Welded joints.
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NUT

THREADED
THREADED PINS

COTTER

HEAD

COTTER PINS

Figure 2-38.—Pins for structural steel connections.

Holes for small pins are drilled; larger
pinholes are bored. Engineering practice permits
boring holes with a diameter of 1 1/4 inches or
more with an adjustable hole cutter. The cotter
pinholes are usually bored one thirty-second or
one sixty-fourth of an inch larger than the
diameter of the finished pin. For bracing con-
nections where adjustable members are used, it
is acceptable to drill pinholes one-sixteenth of an
inch larger than the pin diameter. The pinholes
must be true, smooth, straight, and at right
angles to the axis of the member. They should be
bored accurately, and all holes in the same
member must he parallel.

RIVETS

Rivets are manufactured of soft steel in
various nominal sizes and lengths. The sizes used
most often in structural work are 3/4 inch and

2-24
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7/8 inch in diameter, The lengths differ accord-
ing to the thickness of materials to be connected.
Rivets are inserted in the rivet holes while they
are red hot; consequently, the holes are drilled
or punched one-sixteenth of an inch larger in
diameter than the nominal diameter of the cold
rivet. Holes for 3/4-inch diameter rivets are
drilled thirteen-sixteenths of an inch in diameter
and holes for 7/8-inch rivets are drilled fifteen-
sixteenths of an inch in diameter.

Rivets are manufactured with one whole
head already formed. The rivet shank is cylin-
drical and the second head is formed by driving
it with a pneumatic hammer. The rivet set which
is inserted in the end of the hammer has a cavity
of the proper shape to form the head of the
rivet. Most structural rivets have two full
rounded button heads (fig. 2-39). Manufactured
heads of rivets may also be obtained in counter-
sunk shape to fit into holes countersunk in the
material to be connected. When a driven-
countersunk head is to be formed, the rivet is
driven with a flat-ended rivet set to fill the
countersunk cavity in the material,

E LN N LN /"\
LENGTH  FLENGTHA S ',__J;'“L — - H
COUNTERSUNK [t S \‘_‘j’ R O R

BUTTON

MANUFACTURED HEADS COMBINATIONS OF DRIVEN HEADS

— ST
-1
yanN /Cs‘ H /g”* H
= 50 AT G
}( s 4
- | T
SUTTON GCOUNTERSUNK L A T GH = A 4]
ORIVEN HEADS - ° : "0 -
.K.x _"J_
N
Ltk Lo LA
~C = C = 39

30

)

DRIVEN MEADS MANUFACTURED
HEADS

DIMENSIONS OF RIVETS

11,292
Figure 2-39.—Structural rivets,



CHAPTER 3

CONCRETE AND MASONRY

This chapter provides information and
" guidance for the Engineering Aid engaged in or
responsible for drawing structural -and architec-
tural layouts from existing plans, engineering
sketches, or specifications. It includes infor-
mation on basic materials commonly used in
concrete and masonry construction,

Basic principles and procedures associated
with the construction of reinforced, precast, and
prestressed concrete and tilt-up construction are
also discussed in this chapter. Terminology as it
applies to masonry construction and various
masonry units is used to acquaint the Engineer-
ing Aid with the various terms used in this type
of construction.

CONCRETE

CONCRETE is a synthetic construction
materia] made by mixing CEMENT, FINE
AGGREGATE (usually sand), COARSE AG-
GREGATE (usually gravel or crushed stone)
and WATER together in proper proportions;
the product is not concrete unless all four of
these ingredients are present. A mixture of
cement, sand, and water, without coarse ag-
gregate, is NOT concrete, but MORTAR or
GROUT. Never fall into the common error of
calling a CONCRETE wall or floor a CEMENT
wall or floor. There is no such thing as a cement
wall or floor.

The fine and coarse aggregate in a concrete
mix are called the INERT ingredients; the ce-
ment and water are the ACTIVE ingredients.
The inert ingredients and the cement are
thoroughly mixed together first. As soon as the
water is added, a chemical reaction between the

water and the cement begins, and it is this reac-
tion (which is called HYDRATION) that causes
the concrete to harden.

Always remember that the hardening process
is caused by hydration of the cement by the
water, not by a DRYING OUT of the mix. In-
stead of being dried out, the concrete must be
kept as moist as possible during the initial hydra-
tion process. Drying out would cause a drop in
water content below the amount required for
satisfactory hydration of the cement.

The fact that the hardening process has
nothing whatever to do with a drying out of the
concrete is clearly shown by the fact that con-
crefe will harden just as well under water as it
will in the air.

Concrete may be cast into bricks, blocks,
and other relatively small building units which
are used in concrete MASONRY construction,

The proportion of concrete to other ma-

_terials used in building construction has greatly

increased in recent years to the point where
large, multistory modern buildings are con-
structed entirely of concrete, with concrete
footings, foundations, columns, walls, girders,
beams, joists, floors, and roofs.

REQUIREMENTS FOR
GOOD CONCRETE

The first requirement for good concrete is a
supply of good cement of a type suitable for the
work at hand. Next is a supply of satisfactory
sand, coarse aggregate, and water; all of which
must be carefully weighed and measured. Every-
thing else being equal, the mix with the best
graded, strongest, best shaped, and cleanest
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aggregate will make the strongest and most
durable concrete.

The best designed, best graded, and highest
quality mix in the world will NOT make good
concrete if it is not WORKABLE enough to fill
the form spaces thoroughly. On the other hand,
too much fluidity will result in certain defects.
Improper handling during the whole concrete-
making process (from the initial aggregate
handling to the final placement of the mix) will
cause segregation of aggregate particles by sizes,
resulting in nonuniform, poor concrete.

Finally, the best designed, best graded,
highest quality, and best placed mix in the world
will not produce good concrete if it is not prop-
erly CURED—meaning, properly protected
against loss of moisture during the earlier stages
of setting,

As you can see, the important properties of
concrete are its strength, durability, and water-
tightness. These factors are controlled by the
WATER-CEMENT RATIO or the proportion
of water to cement in the mix.

Strength

The COMPRESSIVE strength of concrete is
very high, but its TENSILE strength (meaning
its ability to resist stretching, bending, or
twisting) is relatively low. Consequently, con-
crete which must resist a good deal of stretching,
bending, or twisting, such as concrete in beams,
girders, walls, columns, and the like, must be
REINFORCED with steel. Concrete which must
resist compression only may not require rein-
forcement,

Durability

The DURABILITY of concrete means the
extent to which the material is capable of
resisting the deterioration caused by exposure to
service conditions, Ordinary structural concrete
which is to be exposed to the elements must be
watertight and weather resistant. Concrete
which is subject to wear, such as floor slabs and
pavements must be capable of resisting abrasion.
It has been found that the major factor con-
trolling durability is strength—in other words,
the stronger the concrete is, the more durable
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it will be. As mentioned previously, the chief
factor controlling strength is the water-cement
ratio, but the character, size, and grading
(distribution of particle sizes between the largest
permissible coarse and the smallest permissible
fine) of the aggregate also have important effects
on both strength and durability. Given a water-
cement ratio which will produce maximum
strength consistent with workability require-
ments, maximum strength and durability will
still not be attained unless the sand and coarse
aggregate consist of well-graded, clean, hard,
and durable particles, free from undesirable
substances (fig. 3-1).

Watertightness

The ideal concrete mix would be one made
with just the amount of water required for com-
plete hydration of the cement. This would be a
DRY mix, however, too stiff to pour in the
forms. A mix which is fluid enough to be poured
into forms always contains a certain amount of
water over and above that which will combine
with the cement, and this water will eventually
evaporate, leaving voids or pores in the con-
crete,

Even so, penetration of the concrete by water
would still be impossible if these voids were not
interconnected, They are interconnected, how-
ever, as a result of a slight sinking of solid par-
ticles in the mix during the hardening period. As
these particles sink, they leave water-filled chan-
nels which become voids when the water evapo-
rates.

The larger and more numerous these voids
are, the more the watertightness of the concrete
will be impaired. Since the size and number of
the voids vary directly with the amount of water
used in excess of the amount required to hydrate
the cement, it follows that to keep the concrete
as watertight as possible, you must not use more
water than the minimum amount required to at-
tain the necessary degree of workability.

PLAIN CONCRETE
Plain concrete is defined as concrete with no

reinforcement. This type of concrete is usually
used in a place where a heavy concentration of

6
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weight is NOT a factor, such as a sidewalk or a
driveway.

REINFORCED CONCRETE

The term ‘‘reinforced concrete’’ refers to
concrete containing steel as reinforcement and
designed on the assumption that both materials
act together in resisting force. Reinforcing steel
is used in various types of concrete construction,
such as retaining walls, foundation walis,
beams, floor slabs, and footings. However, in
certain types of .construction, such as some
pavements and floors, ~einforcing steel may not
be required.

Concrete is strong in compression but weak
in tension. The tensile strength is generally rated
about 10 percent of the compression. Thus, con-
crete works well for columns and posts which
are the compression members in a structure,
But, when it is used for tension members—for
beams, girders, foundation walls, or floors—
concrete must be reinforced to attain the
necessary strength in tension.

Reinforced Concrete Structural
Members

A reinforced concrete structure is made up of
many types of reinforced structural members,
including beams, columns, girders, walls,
footings, slabs, etc.

VERTICAL STIRRUP

BENT-UP OR TRUSS BAR

BEAM REINFORCEMENT.—Several com-
mon types of beam reinforcing steel shapes are
shown in figure 3-2. Both straight and bent-up
principal reinforcing bars are depended on to
resist the bending tension in the bottom over the
central portion of the span. Fewer bars are
necessary on the bottom near the ends of the
span where the bending moment is small. For
this reason, some bars may be bent so that the
inclined portion can be used to resist diagonal
tension. The reinforcing bars of continuous
beams are continued across the supports to resist
tension in the top in that area.

COLUMN REINFORCEMENT.—A col-
umn is a slender, vertical member which carries a
superimposed load. Concrete columns must
always be reinforced with steel unless the height
is less than three times the least lateral dimen-
sion, in which case the member is called a PIER
or PEDESTAL. Most concrete columns are also
subjected to bending., Figure 3-3 shows two
types of column reinforcement. Vertical rein-
forcement is the principal reinforcement,
Lateral reinforcement surrounds the column
horizontally and consists of individual ties (view
(a), fig. 3-3) or a continuous spiral tie (view (b),
fig. 3-3). :

A loaded concrete column shortens vertically
and expands laterally, Lateral reinforcement in
the form of lateral ties is used to restrain the
expansion, The principal value of lateral

STRAIGHT 8AR

BOLSTER (BAR SUPPORT)

45,727

Figure 3-2.— Ty pical shapes of reinforeing steel,
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Figure 3-3.—Reinforced concrete columns,

reinforcement is to provide intermediate lateral
support for the vertical or longitudinal rein-
forcement. Columns reinforced in this manner
are called TIED COLUMNS. If the restraining
reinforcement is a continuous winding spiral
which encircles the core and longitudinal steel,
the column is called a SPIRAL COLUMN. A
spiral column is generally considered to be more
substantial than a tied column due to the con-
tinuity of the spiral reinforcement, as opposed
to the many imperfect anchorages at the ends of
the individual lateral ties in the tied column, The
pitch of the spiral reinforcement can be reduced

to provide effective lateral support. The pitch of
the spiral, the size, and the number of bars are
specified by the engineer.

COMPOSITE AND COMBINATION
COLUMNS.—A structural steel or cast-iron

column thoroughly encased in concrete and rein-
forced with both longitudinal and spiral rein-
forcement is called a COMPOSITE COLUMN.,
The cross-sectional area of the metal core of a
composite column can NOT exceed 20 percent
of the gross area of the column. A structural
steel column encased in concrete at least 2 1/2
inches thick over all the metal and reinforced
with welded wire fabric is called a COMBINA-
TION COLUMN. Composite and combination
columns are often used in the construction of
large buildings.

The vertical reinforcement in a column helps
to carry the direct axial load as the column
shortens under load. Vertical bars are located
around the periphery of a column for effective
resistance to possible bending. Each vertical
rebar tends to buckle outward in the direction of
least opposition. For this reason, every vertical
rebar should be held securely, at close vertical
intervals against outward lateral movement. A
second system of ties, T, (view (a), fig. 3-3) is
necessary to confine the four intermediate ver-
tical rebars. If these ties are omitted, the eight-
bar group tends to come into a slightly circular
configuration under load. The resultant bulging

_ leads to destructive cracking of the concrete shell

35

and failure of the column. A rcund column has
an obvious advantage in this respect.

SHRINKAGE AND TEMPERATURE RE-
INFORCEMENT.—Slabs and walls must not
only be reinforced by the principal reinforce-
ment against the applied loads to which they are
subjected, but they must also be reinforced in
the lateral direction to resist the effects of
shrinkage and temperature change. Concrete
shrinks as the heat of hydration dissipates.
Depending on the extent adjacent construction
interferes, this movement of concrete tends to
become stressed in tension. A small percentage
of steel must be used to resist this force. Simi-
larly, concrete must be allowed to contract with
the lowering of temperature. A fall in tempera-
ture of about 83 °F causes as much movement as
drying shrinkage. The amount of shrinkage and
temperature reinforcement usually provided for
is approximately 1/5 of 1 percent of the area of
the cross section of concrete, as required by the
specifications.
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- Reinforcing Steel

Steel is the best material for reinforcing con-
crete because the coefficients of expansion of
both the steel and the concrete are considered
almost the same, That is, at a normal tempera-
tur€, they will expand and contract at an almost
equal rate. (At very high temperatures, steel will
expand mor€ rapidly than the concrete and the
two materials will separate.)

Steel also works well as a reinforcement for
concrete because it makes a good bond with the
concrete. This bond strength is proportional to
the contact area surface of the steel to the con-
crete. In other words, the greater the surface of
steel exposed to the adherence of the concrete,
the- stronger the bond. A deformed reinforcing
bar is better than a plain round or square one: In
fact, when plain bars of a given diameter are
used instead of deformed bars, approximately 40
percent more plain bars must be used.

The adherence of the concrete depends on
the roughness of the steel surface; the rougher
the steel, the better the adherence. Thus, steel
with a light, firm layer of rust is superior to clean
steel, but steel with loose or scaly rust is inferior.
Loose or scaly rust may be removed from the
steel by rubbing the steel with burlap.

The requirements for reinforcing steel are
that it be strong in tension and, at the same time,
ductile enough to be shaped or bent cold.

Reinforcing steel may be used in the form of
bars or rods which are either plain or deformed
or in the form of expanded metal, wire, wire
fabric, or sheet metal. Each type is useful for
different purposes, and engineers design struc-
tures with these purposes in mind.

REINFORCING BARS.—Plain bars are
usually round in cross section. They are used as
main tension reinforcement for concrete struc-
tures. They are the least used of the rod-type
reinforcement because they offer only smooth,
even surfaces for the adherence of concrete.
Reinforcing bars or rods are commonly referred
to as rebars,
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Deformed bars are like the plain bars except
that they have either indentations in them or
ridges on them, or both, in a regular pattern.
The twisted bar, for example, is made by
twisting a plain square bar cold. The spiral
ridges along the surface of the deformed bar in-
crease its bond strength ‘with ¢oncrete. Other
forms used are the round- and square-
corrtigated bars, These bars are formed with
projections around the surface which extend
into the surrounding concrete and prevent slip- ...
page. Another type is formed with longitudinal
fins projecting from the surface to prevent
twisting. Figure 3-4 shows a few of the various
types of deformed bars available, In the United
States, deformed bars are used almost exclu-
sively, while in Europe, both deformed and
plain bars are used.

There are 10 standard sizes of reinforcing
bars. Table 3-1 lists the bar numbers, weight,
and nominal diameter of the 10 standard sizes.
Bars #3 through #11, inclusive, are deformed
bars. Remember that bar numbers are based on
the 1earest number of 1/8 inches (3.175 mm) in-
cluded 1in the nominal diameter of the bar. To
measure rebar, you must measure across the
round/square portion where there is no defor-
mation. The raised portion of the deformation is
not considered in measuring the rebar diameter.

Frequently, it is recuied that reinforcing

bars be bent into various shapes. There are
several reasons for this, First, let us go back to
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Figure 3-4,—Types of deformed reinforcing bars,
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Table 3-1.—Standard Reinforcing Bars

Weight Nominal Diameter
Bar Numbers
Pounds Milli-
Per Foot Inches | meters
#2 0.167 0.250 6.3
#3 0.376 0.375 9.5
#4 0.668 0.500 12.7
#5 1.043 0.625 15.8
#6 1.502 0.750 19.0
#7 2.044 0.875 22.2
#8 2.670 1.000 25.4
#9 3.400 1.128 | 28.5°
#10 4.303 1.270 31.7
#11 5.313 1.410 34.9

the reason for using reinforcing steel in
concrete—to increase the tensile and compres-
sive strength of concrete. You might compare
the hidden action within a beam from live and
dead loads to breaking a stick over your knee.
You have seen how the splinters next to your
kpee push toward the iniddle of the stick when
you apply force, while the splinters from the
middle to the opposite side pull away from the
middle. This is similar to what happens inside
the beam,

For instance, take a simple beam ({a
beam restiug freely on two supports near
its ends). The dead load (weight of the beam)
causes the beam to bend or sag. Now,
from the center of the beam to the bottom,
the forees tend to stretch or lengthen the
bottom portion of the beam. This part is
said 1o be in tension, and that is where
the steel reinforcing bars are needed. As
a result of the combination of the concrete
and steel, the tenstle strength in the beam

3-7

resists the force of the load and keeps the
beam from breaking apart. At the exact center
of the beam, between the compressive stress and
the tensile stress, there is no stress at all—it is
neutral.

In the case of a continuous beam, it is a little
different. The top of the beam may be in com-
pression along part of its length and in tension
along another part. This is because a continuous
beam rests on more than two supports. Thus,
the bending of the beam is NOT all in one direc-
tion but is reversed as it goes over intermediate
supports.

To help the concrete resist these stresses,
engineers design the bends of reinforcing steel
so that the steel will set into the concrete just
where the tensile stresses take place. That is why
some reinforcing rods are bent in almost a zigzag
pattern. The joining of each bar with the next,
the anchoring of the bar ends within concrete,
and the anchoring by overlapping two bar ends
together are some of the important ways to in-
crease and keep bond strength. Some of the
bends which you will encounter are shown in
figure 3-5.

When reinforcing bars are bent, caution
must be exercised to insure the bends are
not too sharp. If too sharp a bend is put
into the bars, they may crack or may be
weakened.

Therefore, certain minimum bend diameters
have been established for the different bar
sizes and for the various types of hooks.
These bending details are shown in figure
3-6. There are many different types of bends,
depending on where the rods are to be
placed. For exampie, there are bends on heavy
beam and girder bars, bends for reinforce-
ment of vertical columns at or near floor
levels, stirrup and column ties, slab rein-
forcement, and bars or wire for column spiral
reinforcement.

EXPANDED METAL AND WELDED
WIRE FABRIC.—Expanded metal or wire
mesh 15 also used for reinforcing coarrete.
Expanded metal is made by partly shearing a

e wa - L
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Figure 3-5.—1 ypical reinforcement bar bends,

sheet of steel, as shovn in view (A), figure 3-7.
The sheet steel has been sheared in parallel lines
and then pulled out or expanded to to:m a ia-
mond shape between each parallel cut, Anot -,
type is square rather than diamond shap.-. :s
shown in view (B), figure 3-7. Expanded m<tai is
frequently used during plastering operations.
Welded wire fabric is available in both rolis
(fig. 3-8) for light building construction and
sheets for highways and use in buildings when
roll sizes will not give ample reinforcement. Wire
fabric is furnished in both square and rectangu-
lar patterns, welded at each intersection. The
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rectangular sizes range from 2 by 4 inches to 6 by
12 inches. The square patterns are available in 2
by 2 inches, 3 by 3 inches, 4 by 4 inches, and 6 by
6 inches. Both are furnishd in a wide variety of
wire gages. The square pattern has the same gage
in both directions, while the rectangular type
may have the same gage in both direction or the
larger gage running longitudinally.

PRECAST CONCRETE

Precasting is the fabrication of a structural
member at a place other than its final position

-
[
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Recommended sizes - 180° hook Bar size| Bor “J
d exten,
Bar extension
required for hook 29 4 2
¢d I o ——. 3 5 | 3
— N\ - = -~ 4 6 4
/
f ( o 5 7 |5
) 8 6
, 7 10 7
.4d Min. .I D = 6d for bars #3 to #8 8 11 8
D = 8d for bars #9 to #11 9 12 1 1Y
1C 1.5 |1-0%
N 1.7 {1-2%
Minimum sizes - 180° hook Bar size | Bar j
d exfen,
d Ext.
{ "2 4 1%
3 5 2%
4 5. .30
1.5 ] 6 4%
| D =5d Min. - 6 1| s
._____.l D = 5d Max. 7 9 6
8 10 7
9 11 8
Note: Minimum size hooks to be used 10 13 9
only for special conditions. N 14 10
Recommended minimum sizes - 90° hook Bar size| Bar
Ext. d exten.
$d ’———“4 n 2 k)2
| R 3 )
t 4 4 8
5 10
12d 6 1.0
Min. D - 6d for #3 tc «8 7 1.2
T D - 8d for #9 to #11 8 14
D . 10d for #14 vo #18 9 1.7
10 1-10
N 2.0
Recommended sizes - 135" stirrup hook Bar size | Bar
Ext. d exten.
- e ee P s n 2 3‘,‘6
I ') S D - 6d 3 4
4 4%
5 5/
Note: Stirrup hooks may be bent to the diameter of the supporting bars.

127.79
Figure 3-6.~Standard hook details.
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piles, girders, and roof members. Prestressed
concrete is especially well adapted to precasting
techniques.

Generally, structural members including
standard highway girders, poles, electric poles,
masts, and building members are precast by fac-
tory methods unless the difficulty or imprac-
ticability of transportation makes jobsite casting
more desirable.

Precast Concrete Floors and Roof Slabs,
Walls, and Partitions

The most commonly used precast slabs or
panels for FLOOR and ROOF DECKS are the
channel and double-T types. (See fig. 3-9.)

The channel slabs vary in size with a depth
ranging from 9 to 12 inches, width 2 to § feet,
(B) and a thickness of 1 to 2 inches, They have been

used in spans up to 50 feet. If desired or needed,
121.74 the legs of the channels may be extended across

Figure 3-7.—Expanded or dismond mesh steel reinforce- the ends and, if used in combinaiion with the top
ment,

29.182
Flgure 3-8. —Welded Wire Fabric.

of use. It can be done anywhere, although this TONGUE AND GROOVE
procedure is best adapted to a factory or yard,
Jobsite precasting is not uncommon for large
projects. Precast concrete can be produced in 133.263
several different shapes and sizes, including Figure 3-9.~Typical precast planks.

3-10
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slabs, may be stiffened with occasional cross
ribs. Wire mesh may be used in the top slabs for
reinforcement. The longitudinal grooves located
along the top of the channel legs may be grouted
to form keys between adjacent slabs.

The double-T slabs vary in size from 4 to 6
feet in width and 9 to 16 feet in depth, They have
been used in spans as long as 50 feet. When the
top-slab size ranges from 1 1/2 to 2 inches in
thickness, it should be reinforced with wire
mesh.

The tongu.-and-groove panel could vary ex-
tensively in size, according to the design require-
ment. They are placed in position much like
tongue-and-groove lumber. That is, the tongue
of one panel is placed inside the groove of an
adjacent panel. They are often used as decking
panels in large pier construction,

Welding matching plates are ordinarily used
to connect the supporting members to the floor
and roof slabs.

Panels precast in a horizontal position, in a
casting yard, or on the floor of the building, are
ordinarily used in the makeup of bearing and
nonbearing WALLS and PARTITIONS. These
panels are placed in their vertical position by
cranes or by the tilt-up procedure.

Usually, these panels are solid, reinforced
slabs, 5 to 8 inches in thickness, with the length
varying according to the distances between col-
umns or other supporting members. When win-
dows and door openings are cast in the slabs,
extra reinforcements should be installed around
the openings.

A concrete floor slab with a smooth, regular
surface can be used as a casting surface. When
casting on the smooth surface, the casting sur-
face should be covered with some form of liquid
or sheet material to prevent bonding between the
surface and the wall panel. The upper surface of
the panel may be finished as regular concrete is
finished by troweling, floating, or brooming,.

SANDWICH PANELS are panels that con-
sist of two thin, dense, reinforced concrete-face
slabs separated by a core of insulating material
such as lightweight concrete, cellular glass,
plastic foam, or some other rigid insulating
material.

These panels are sometimes used for exterior
walls to provide additional heat insulation. The

1
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thickness of the sandwich panels varies from 5 to
8 inches, and the face slabs are tied together with
wire, small rods, or in some other manner,
Welded or bolted matching plates are also used
to connect the wall panels to the building frame,
top and bottom. Caulking on the outside and
grouting on the inside should be used to make
the points between the wall panels watertight,

Precast Concrete Joists, Beams,
Girders, and Columns

Small, closely spaced beams used in floor
construction are usually called JOISTS;
however, these same beams whenever used in
roof construction are called PURLINS. The
cross sections of these beams are shaped likea T
or an I, The ones with the inverted T-sections are
usually used in composite construction where
they support cast-in-place floor or roof slabs.

BEAMS and GIRDERS are terms usually
applied to the same members, but the one with
the longer span should be referred to as the
girder. Beams and girders may be conventional
precast design or prestressed. Most of the beams
will be I-shaped unless the ends are rectangular.
The T-shaped ones can also be used.

Precast concrete COLUMNS may be solid or
hollow. If the hollow type is desired, heavy card-
board tubing should be used to form the core. A
looped rod is cast in the column footing and pro-
jects upward into the hollow core to help hoid
the column upright. An opening should be left in
the side of the column so that the column core
can be filled with grout. This causes the looped
rod to become embedded to form an anchor,
The opening is dry packed.

Advantages of Precast Concrete

It has the greatest advantage when identical
members are to be cast because the same forms
can be used several times. Other advantages
are.

Control of the quality of concrete.

Smoother surfaces, and plastering is not
necessary.

Less storage space is needed.



Concrete member can be cast under all
weather conditions.

Better protection for curing,
Weather condition do not affect erection.

Faster erection time.
PRESTRESSED CONCRETE

A prestressed concrete unit is one in which
engineered stresses have been placed before it
has been subjected to a load. When PRETEN-
SIONING is used, the reinforcement (high-
tensile-strength steel strands) is stretched
through the form between the two end abut-
ments or anchors. A predetermined amount of
stress is applied to the steel strands. The concrete
is then poured, encasing the reinforcement. As
the concrete sets, it bonds to the pretensioned
steel. When it has reached a specified strength,
the tension on the reinforcement is released.
This prestresses the concrete, putting it under
compression, thus creating a built-in tensile
strength,

POST-TENSIONING involves a precast
member which contains normal reinforcing in
addition to a number of channels through which
the prestressing cables or rods may be passed.
The chanuels are usually formed by suspending
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inflated tubes through the form and casting the
concrete around them. When the concrete has
set, the tubes are deflated and removed. Once
the concrete has reached a specified strength,
prestressing steel strands or TENDONS are
pulled into the channels and secured at one end.
They are then stressed from the opposite end
with a portable hydraulic jack and anchored by
one of several automatic gripping devices.

Post-tensioning may be done where the
member is poured or at the jobsite. Each
member may be tensioned, or two or more
members may be tensioned together after erec-
tion. In general, post-tensioning is used if
the unit is over 45 feet long or over 7 tons in
weight, However, some types of pretensioned
roof slabs will be considerably longer and
heavier than this,

When a beam is prestressed, either by preten-
sioning or post-tensioning, the tensioned steel
produces a high compression in the lower part of
the beam. This compression creates an upward
bow or camber in the beam (fig. 3-10). When a
load is placed on the beam, the camber is forced
out, creating a level beam with no deflection.

Those members which are relatively small or
which can be readily precast are normally
pretensioned. These include precast roof slabs,
T-slabs, floor slabs, and roof joists.

FRESTRESSED CONCRETE BEAM
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Figure 3-10. —Comparison of plain and orestressed concrete beame,
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LIGHTWEIGHT CONCRETE

Conventional concrete weighs approximately
150 pounds per cubic foot. Lightweight concrete
weighs 20 to 130 pounds per cubic foot, depend-
ing on its intended use. Lightweight concrete can
be made by using either gas-generating chemicals
or lightweight aggregates, such as expanded
shale, clay, or slag. Concrete containing aggre-
gates, such as perlite and vermiculite, is very
light in weight and is primarily used as insulating
material, Lightweight concrete is usually clas-
sified according to its weight per cubic foot,

Insulating lightweight concrete has a unit
weight ranging from 20 to 70 pounds per cubic
foot, and its compressive strength seldom ex-
ceeds 1,000 psi.

Structural lightweight concrete has a unit
weight up to 115 pounds per cubic foot and a
28-day compressive strength in excess of 2,000

psi.

Similightweight concrete has a unit weight of
115 to 130 pounds per cubic foot and an ultimate
compressive strength comparable to normal con-
crete. Sand of normal weight is substituted par-
tially or completely for the lightweight fine
aggregate,

The first extensive use of lightweight con-
crete was for concrete block. Present uses of
lightweight concrete include structural applica-
tions, such as cast-in-place and precast walls,
floors, roof sections, and insulation applica-
tions, such as fireproofing.

The general principles of concrete propor-
tioning may be applied to lightweight concrete
aggregates. But when the aggregates are highly
absorptive, some modifications are required.
The uniformity and quality of lightweight con-
crete depend primarily on the uniformity of the
moisture content of the aggregate,

TILT-UP CONSTRUCTION

Tilt-up concrete construction is a special
form of precast concrete building. This method
consists basically of jobsite prefabrication, in
which the walls are cast in a horizontal position,
tilted to a vertical position, and then secured in
place. Tilt-up construction is best suited for
large one-story buildings, but 1t can be used in
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multistory structures. Usually, muitistory struc-
tures are¢ built by setting the walls for the first
story, placing the floor above, then repeating the
procedure for each succeeding floor. An alter-
nate method is to cast two- to four-story panels.

The wall panels are usually cast on the floor
slab of the structure. Care must be exercised to
insure the floor slab is smooth and level and that
all openings for pipes and other utilities are tem-
porarily plugged. The casting surface is treated
with a good bond-breaking agent to insure the
panel does not adhere when it is lifted.

Reinforcement of Tilt-Up Panels

The steel in a tilt-up panel is set in the same
manner as it is in a floor slab. Mats of reinforce-
ment are placed on chairs and tied as needed.
Reinforvement should be as near the center
of the panel as possible. Reinforcing bars are
run through the side forms of the panel. When
welded wire fabric or expanded wire mesh is
used, dowel bars are used to tie the panels and
their vertical supports together. Additional rein-
forcement is generally needed around openings.

The panel is picked up or tilted by the use of
PICK-UP INSERTS. These inserts are tied into
the reinforcement. As the panel is raised into its
vertical position, the maximum stress will occur;

therefore, the location and number of pick-up
inserts is extremely important. There are
engineering manuals which provide information
on insarts, their locations, and capacities.

Tilt-up Panel Foundations

An economical and widely used method to
support tilt-up panels is a simple pad footing.
The floor slab, which is constructed first, is
NOT poured to the perimeter of the building to
permit excavating and pouring the footings.
After the panel is placed cn the footing, the
floor slab is completed. It may be connected
directly to the outside wall panel or a trench may
be lett to run mechanical, electrical, or plumbing
lines.

Another method that is commonly used, as
an alternative, is to set the panels on a grade
beam or foandation wall at floor level, Regard-
less of the type of footing, the panel should

By
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be set into a mortar bed to insure a good bond
between the foundation wall and the panel.

Panel Connections

The panels may be tied together in a variety
of ways. The location and use of the structure
will dictate what method can or can NOT be
used. The strongest method is a cast-in-place
column with the panel-reinforcing steel tied into
the column. However, this does NOT allow for
expansion and contraction. It may be preferable
to tie only the corner panels to the columns and
allow the remaining panels to move.

A variety of other methods of connecting the
pancls are also used. A BUTTED connection,
utilizing grout or a gasket, can be used if the wall
does NOT contribute any structural strength to
the structure. Steel columns are welded to steel
angles or plates secured in the wall panel,
Precast columns can also be used. Steel angles or
plates are secured in both the columns and plate
and welded together to secure the panel.

When panel connections which do not ac-
tually hold the panels in place are used, the
panels are generally welded to the foundation
and *o the roof by using steel angles or plates.
All connections must provide a waterproof
joint.  To accomplish this, expansion joint
material is used whenever necessary.

Finishes

Tilt-up panels may be finished in a variety of
ways similar to any other concrete floor or wall.
Some tinishes may require the panel to be
poured face up; others will require face-down
pouring. This may affect the manner in which
the panels are raised and set.

CONCRETE FORMS

Most structural concrete is made by placing
(called CASTING) plastic concrete into spaces
eaclosed by previously constructed FORMS.
he plastic concrete hardens into the shape
vutlined by the forms, after which the forms are
usually removed.

Forms for conerete structures must be tight,
tiewd, and strong, If the forms are NOT tight,

there will be a loss of paste which may cause
weakness or a loss of water which may cause
sand streaking. The forms must be strong
encugh and well braced enough to resist the high
pressure exerted by the concrete.

Forms, or parts of forms, are often omitted
when a firm earth surface exists which is capable
of supporting and/or molding the concrete. In
most footings, for example, the bottom of the
footing is cast directly against the earth, and
only the sides are molded in forms. Many
footings are cast with both bottom and sides
against the natural earth. In this case, however,
the specifications usually call for larger footings.
A foundation wall is often cast between a form
on the inner side and the natural earth surface
on the outer side.

Form Materials

Form material should be of wood, plywood,
steel, or other approved material, except that
forms for concrete pavement other than on
curves should be metal, and on curves, flexible
or curved forms of metal or wood may be used.
Wood forms, for surfaces exposed to view in the
finished structure and requiring a standard
finish, should be tongue-and-groove boards or
plywood. Forms for surfaces requiring special
finishes should be plywood or tongue-and-
groove board-, or should be lined with plywood,
a nonabsorptive hard-pressed fiberboard, or on
other approved material,

Foundation Forms

Foundations vary according to their use, the
bearing capacity of the soil, and the type of
material available. The material may be cut
stone, rock, brick, concrete, tile, or wood,
depending upon the weight which the founda-
tion is to support. Foundations may be classified
as wall or column (pier) foundations.

WALL foundations are built solid, the walls
of the building being of continuous heavy con-
struction for their total length. Solid walls are
used when there are heavy loads to be carried or
where the earth has low supporting strength,

These walls may be made of concrete, rock,
brick, or cut stone, with a footing at the bottom,
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The combined slab and foundation,
sometimes referred to as the THICKENED-
EDGE slab, is useful in a warm climate where
frost penetration is not a problem and where the
soil condition is especially favorable. It consists
of a shallow perimeter-reinforced footing
poured integrally with the slab over a VAPOR
BARRIER. The bottom of the footing should be
at least 1 foot below the natural gradeline and
supported on solid, unfilled, and well-drained
ground.

When the ground freezes to any appreci-
able depth during the winter, the wall of
the building must be supported by a founda-
tion or piers which extend below the frost-
line to a solid bearing on unfilled soil. In
such construction, the concrete slab and the
foundation wall are usually separate. There are
three typical methods which are suitable for
for such conditions (figs. 3-11, 3-12, and
3-13).

The most desirable properties in a vapor bar-
rier to be used under a concrete slab are: a good
vapor-transmission rating; resistance to damage
by moisture and rot; and the ability to withstand
normal usage during pouring operations. Such

" CONCRETE

ANCHOR VAPOR BARRIER

8" MINIMUM gl
(., = 8" GRAVEL FiLL
= GRADE BEAM
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BEAM REINFORCING BAR

I —d—sree. oowsL
] ] REINFORCEMENT

SPACED CONCRETE PIER
(3PREAD AT BOTTOM)
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Figure 3-11.—Reinforced grade beam for concrete slab,
Beam spans between concrete piers located below frost-
line.
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HEAT DUCT POR
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Figure 3-12.-—Full foundation wall for cold climates.
Perimeter heat duct insulated to reduce heat loss.

properties are included in the following types of
materials:

1. Fifty-five pound roll roofing or heavy
asphalt-laminated duplex barriers.

2. Heavy plastic film, such as 6-mil or
heavier polyethylene, or similar plastic
film laminated to a duplex-treated paper.

3. Three layers of roofing felt mopped with
hot asphalt.

Wall Forms

Wall forms are made up of five basic parts.
They are: (1) sheathing, to shape and retain the
concrete until it sets; (2) studs, to form a
framewsck and support the sheathing; (3) wales,
to keep the form alined and support the studs;
(4) braces, to hold the forms erect under lateral
pressure; and (5) ties and spreaders or tie-
spreader units, to hold the sides of the forms at
the correct spacing (fig. 3-14),

Wall forms may be built in place or
prefabricated, depending on the shape and the
desirability for reuse.

Wall forms are usually reinforced against
displacement by the use of TIES, Two types of

o
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Figure 3-13. —Independent concrete floor slab and wall. Concrete block is used over poured footing which is below frostline.
Rigid insulation may also be located along the inside of the block wall.

SHEATING simple wire ties, used with wood SPREADERS,
are shown in figure 3-15. The wire is passed
around the studs and wales and through small
holes bored in the sheathing. The spreader is
placed as close as possible to the studs, and the
tie is set taut by the wedge shown in the upper
view or by twisting with a small toggle, as shown
in the lower view, When the concrete reaches the
level of the spreader, the spreader is knocked out
and removed. The parts of the wire which are in-
side the forms remain in the concrete; the out-
side surplus is cut off after the forms are
removed.

Wire ties and wooden spreaders have been
largely replaced by various manufactured
devices which combine the fuaction of the tie
and spreader. Figure 3-16 shown one of these,
called a SNAP TIE. These ties are made in
various sizes to fit various wall thicknesses. The
Figure 3. 14, — Purts of typica! wall form. 29,128 tie holders can be removed from the tie rod. The
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Figure 3-15.—Wire ties for wall forms.
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Figure 3-16. Snap tie.

rod goes through small holes bored in the
sheathing and also through the wales which are
usually doubled for that purpose. Tapping the
tie holders down on the ends of the rod brings
the sheathing to bear solidly against the spreader
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washers. After the concrete has hardened, the tie
holders can be detached to strip the forms, After
the forms are stripped, a special wrench is used
to break off the outer sections of rod; they break
off at the breaking points, located about 1 inch
inside the surface of the concrete. Small surface
holes remain which can be plugged with grout, if
necessary.

Another type of wall form tie is the TIE
ROD, as shown in figure 3-17. The rod in
this type consists of three sections: an inner sec-
tion which is threaded on both ends and two
threaded outer sections. The inner section, with
the cones set to the thickness of the wall, is
placed between the forms, and the outer sections
are passed through the wales and sheathing and
threaded into the cone nuts. The clamps are then
threaded up on the outer sections to bring the
forms to bear against the cone nuts. After the
concrete hardens, the clamps are loosened, and
the outer sections of rod are removed by
threading them out of the cone nuts. After the
forms are stripped, the cone nuts are removed
from the concrete by threading them off the in-
ner sections of rod with a special wrench Jeaving
the cone-shaped surface holes. The outer sec-
tions and the cone nuts may be reused in-
definitely.

The use of prefabricated panels for form-
work has recently been on the increase. These
panels can be reused many times and reduce the
time and fabor required for erecting forms on
the site.
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Figure 3-17.--Tie rod.
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Many types of prefabricated form panels are
in use. Contractors sometimes build their own
panels from wood framing covered with ply-
wood sheating. The standard size is 2 feet by 8
feet, but panels can be sized to suit any par-
ticular situation.

Panels made with a metal frame and ply-
wood sheathing are also in common use and are
available in a variety of sizes. Special sections
are produced to form inside corners, pilasters,
etc. Panels are held together by patented panel
clamps. Flat bar ties (which lock into place be-
tween panels) eliminate the need for spreaders.
Forms are alined by using one or more doubled
rows of 2 by 4’s, secured to the forms by a
special device which is attached to the bar
ties.

Form panels made completely of steel are
also available. The standard size is 24 by 48
inches, but various other sizes are also manufac-
tured. Inside and outside corner sections are
standard, and insert angles allow odd-sized
panels to be made up as desired.

Large projects requiring mass concrete place-
ment are often formed by the use of giant panels
or ganged, prefabricated forms. Cranes usually
raise and place these large sections, so their size
is limited only by the available equipment. These
large forms are built or assembled on the
ground, and their only basic difference from
regular forms is the extra bracing required to
withstand handling.

Special attention must be given to corners
when forms are being erected. These are weak
points because the continuity of sheathing and
wales is broken. Forms must be pulled tightly
together at these points to prevent leakage of

concrete.
Column Forms

Figure 3-18 shows a column form, Since the
rate of placing in a column form is very high and
since the bursting pressure exerted on the form
by the concrete increases directly with the rate of
placing, a column form must be securely braced
by the yokes shown in the figure. Since the
bursting pressure is greater at the bottom of the
form than it is at the top, the yokes are placed

45.472

Figure 3-18.—Column form.

closer together at the bottom than they are at the
top.

Beam and Girder Forms

The type of construction to be used for beam
forms depends upon whether the form is to be
removed in one piece or whether the sides are to
be stripped and the bottom left in place until
such time as the concrete has developed enough
strength to permit removal of the shoring. The
latter type beam form is preferred, and details
for this type are shown in figure 3-19. Beam
forms are subjected to very littie bursting
pressure but must be shored up at frequent irter-
vals to prevent sagging under the weight of the
fresh concrete.

Figure 3-20 shows a typical interior beam
form with slab forms supported on the beam
sides. This drawing indicates that 3/4-inch ply-
wood serves as the beam sides and that the beam
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Figure 3-19.—Typical beam and girder forms.

bottom is a solid piece of 2-inch dimension lum- Overhead Floor and Roof Slabs
ber supported on the bottom by 4- by 4-inch T- |
head shores. The vertical side members, referred Concrete used for floor and roof slabs may
to in the figure as blocking, are placed to assist in be either precast units or cast-in-place concrete,
transmitting slab loads to the supporting shores. in accordance with the design of the structure, If
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Figure 3-20.—Typical components of beam formwork with
slab framing in,

precast units are to be used, the columns, beams,
and girders are formed as previously described.
The use of cast-in-place concrete for overhead
floors and roof slabs requires much more form-
ing and shoring. Shoring refers to the temporary
construction used to support the forms, The
supporting columns may be poured and allowed
to cure and used for support zlong with the shor-
ing, or they may be poured with the slabs and
beams.

Whenever concrete is cast in place for

overhead floors and roof slabs, its weight should
be kept to a minimum while maintaining the

designed strength. This is accomplished in a

variety of ways. One is a BEAM-AND-SLAB
floor. Here the slab is supported by a series of
parallel beams. Another type is known as a
FLAT-SLAB floor. There are no beams in this
type of construction, but the slab is supported
by thickened sections over the columns known
as DROP PANELS. Increased support is
provided at the column by enlarging its top end
into what is known as a COLUMN CAPITAL.
A third tvpe isa RIBBED SL.AB. It consists of a
series of concrete joists or ribs, containing the
reinforceraent, cast monolithically with a rela-
tively thin slab. The ribs, in turn, frame into
supporting girders. The main purpose of using a
ribbed-slah floor is to reduce the dead load by
copcentrating the 1einforcement in the ribs and
weaving out most of the concrete between them.
A variation of the ribbed slab is made by run-
ning ribs in two directions, at right i_}ngle% to one
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another, thus producing what is commonly re-
ferred to as a WAFFLE floor.

Another method of reducing the weight of
floors is to produce a series of voids. This may
be done by laying cardboard tubes with sealed
ends in rows, by using egg-crate type cardboard
core forms, or by using a type of lightweight
block, laid in rows, to replace the concrete.

MASONRY

MASONRY is that form of construction
composed of stone, concrete, brick, gypsum,
hollow clay tile, concrete block, tile, or other
similar building units or materials or a combina-
tion of these materials, laid up unit by unit and
set in mortar. This section will discuss the basic
masonry materials commonly used in construc-
tion,

CONCRETE MASONRY

Concrete masonry has become increasingly
important as a construction material. Important
technological developments in the manufacture
and utilization of the units have accompanied
the rapid increase in the use of concrete
masonry. Concrete. masonry walls properly
designed and constructed will satisfy various
buiiding requirements including fire, safety,
durability, economy. appearance, utility, com-
fort, and good acoustics.

The most common concrete masonry unit is
the CONCETE BLOCK. It is manufactured
from both normal and lightweight aggregates.
There are two types of concrete block—
heavyweight and lightweight. The heavyweight
block is manufactured from cement, water, and
aggregates, such as sand, gravel, and crushed
limestone. The lightweight blocks utilize a com-
bination of cement, water, and a lightweight ag-
gregate. Cinders, pumice, expanded shale, and
vermiculite are a few of the aggregates used in
lightweight block production. The lightweight
units weigh about 30 percent less than the
heavyweight units,

Concrete blocks are made to comply with
certain requirements, notably compressive
strength, absorpticn, and moisture content,
Compressive strength requirements provide a
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measure of the blocks’ ability to carry loads and Block Sizes and Shapes

withstand structural stresses. Absorption re-

quirements provide a measure of the density of Concrete block units are made in sizes and
the concrete while moisture content require- shapes to fit different construction needs. Units
ments indicate if the unit is sufficient'. . for are made in full- and half-length sizes, as shown
use in wall construction. in figure 3-21. Concrete unit sizes are usually
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¥igure 3-21,—Tvpical sizes and shapes of concrete masonry units,
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referred to by their nominal dimensions. A unit
measuring 7 5/8 inches wide, 7 5/8 inches high,
and 15 5/8 inches long is referred to as an 8- by
8- by 16-inch unit. When it is laid in a wall with
3/8-inch mortar joints, the unit will occupy a
space 16 inches long and 8 inches high. Besides
the basic 8- by 8- by 16-inch units, the illi-stra-
tion shows a smaller partition unit and other

units which are used much as cut brick are in
brick masonry,

The corner unit is laid at a corner or at some
similar point where a smooth rather than a
recessed end is required. The header unit is used
in a backing course placed behind a brick face
tier header course. Part of the block is cut away
to admit the brick headers. The uses of the other

specials shown are self-evident. Besides the
shapes shown in figure 3-21, a number of smaller
shapes for various special purposes are avail-
able. Units may be cut to the desired shapes with
a bolster or, more conveniently :..1 accurately,
with a power-driven masonry saw.

The sides and the recessed ends of a concrete
block are called the SHELL (fig. 3-22), The
material which forms the partitions between the
cores is called the WEB, and the hole: between
the webs are called CORES. Each of the long
sides of a block is called a FACE SHELL, and
each of the recessed ends is called an END
SHELL. The vertical ends of the face shells, on
either side of the end shells, are called the
EDGES.
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Wall Patterns

END SHELL

The large number of shapes and sizes of con-
crete blocks lend themselves to a great many
uses. Figure 3-23 illustrates but a few of the

117.106 wall patterns that can be developed using vari-
Flgure »-22,~Concrete block. ous pattern bonds and block sizes. Commercial
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