SUBCOURSE EDITION
EN0113 6

CONSTRUCTION PRINT READING

READINESS /
PROFESSIONALISM

A
|
P
1),

THE ARMY INSTITUTE FOR PROFESSIONAL DEVELOPMENT

ARMY CORRESPONDENCE COURSEPROGRAM




INTRODUCTION

PURPOSE OF SUBCOURSE

The Army's scientific advancement places an ever-increasing demand on the technical capabilities of its
personnel. The technical know-how of greater numbers of troops must be improved through training. Each
individual is obligated to keep abreast of this progress. Construction print reading is a key skill for technical
students. Fortunately, a formal education is not essential for achieving proficiency in this important subject; the
study of correspondence courses such as this can provide the essential skills.
COURSE CONTENT

This subcourse is designed to include all printed material necessary for the subcourse in this single booklet.

The subcourse consists of five lessons and an examination as follows:

Lesson 1. Principles and Methods.
2. Architectural Drawings.
3. Utilities Drawings.
4. Heating, Air-Conditioning, and Refrigeration Drawings.
5. Bills of Materials.
Examination.

Ten credit hours are allowed for this subcourse.
HOW TO STUDY

The format of this subcourse is designed to facilitate student self-pacing and eliminates the necessity of
submitting each lesson for grading. Each lesson consists of a text study assignment, review questions and answers,
and a number of self test exercises based on the lesson objectives intended to test your comprehension of that lesson.
After completing study of the lesson, you should answer the self test questions in the space provided, then check
against the correct answers. A comparison of your answers with those given by the U.S. Army Engineer School
(USAES) will indicate your knowledge and understanding of the material presented.






LESSON 1

PRINCIPLES AND METHODS

TEXT ASSIGNMENT ......coiviirimrimrensen e

................................ Attached Memorandum.

LESSON OBJECTIVES

Upon completion of this lesson n Principles and Methods, you should be able to accomplish the following in the

indicated topic areas:

1. Line Conventions. Interpret the established line conventions and symbols used on engineering drawings.

2. Projections. Explain the principles of orthographic projections, perspective drawings, and isometric

projections.

3. Orthographic Drawings. Describe the fundamentals of orthographic drawings, and how they are used to

construct objects.

4. Special Views. List and describe the various special views used to supplement an orthographic drawing,

including sections and auxiliaries.

5. Reproduction of Construction Prints. List and explain the different methods used to reproduce construction

prints.

6. Construction Print Format. Describe the format of a construction print.

7. Fundamentals of Interpretation. Interpret simple orthographic drawings by relating them to the isometric

views of the objects.

ATTACHED MEMORANDUM

Section | Meaning of Lines

1-1. DRAWINGS

a. A picture is worth a thousand words. Man
has used pictures as a means of communication for
many years. It would be almost impossible for an
engineer or an inventor to describe the size and shape
of a simple object without a drawing of some kind.
For example, if an engineer designed a simple object
such as that shown in the engineer's sketch in figure
1-1 it would be difficult to convey his idea to the
person who is to fabricate the object without a
drawing to show the shape, size, and location of the

holes. A working drawing of the object is also shown
in figure 1-1.

b. Drawing or sketching is the universal
language used by engineers, technicians, and skilled
craftsmen. Whether this drawing is made freehand or
by the use of drawing instruments (mechanical
drawing), it is needed to convey all the necessary
information to the individual who will fabricate and
assemble the object whether it be a building, ship,
aircraft, or mechanical device.
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1-2. LINE CONVENTIONS

In order to include all the necessary information
on a drawing in a meaningful manner, different types
and weights of lines are used to represent the features
of the object. The meaning of a line with certain
characteristics has been standardized, and will be the
same on any drawing. These line conventions must
be understood in order to read drawings. The line
conventions most often encountered in construction
prints are described below and shown in figure 1-2.
Application of these line conventions are
demonstrated in figure 1-3.

a. Visible Lines. A heavyweight unbroken
line is used for the primary feature of a drawing. For
drawings of objects, this line convention represents
the edges, the intersection of two surfaces, or the
surface limit that is visible from the viewing angle of
the drawing. This line is often called the outline.

b. Hidden Lines. A medium weight line of
evenly spaced short dashes represents an edge, the
intersection of two surfaces, or the surface limit
which is not visible from the viewing angle of the
drawing.

c. Center Lines. A thin (light) line composed
of alternate long and short dashes of consistent length
is called a center line. It is used to signify the center
of a circle or arc and to divide an object into equal or
symmetrical parts.

d. Dimension Lines. A solid continuous line
terminating in arrowheads at each end. Dimension
lines are broken only to permit writing in dimension.
On construction drawings the dimension lines are
unbroken. The points of the arrowheads touch the
extension lines which mark the limits of the
dimension. The dimension is expressed in feet and
inches on architectural drawings and in feet and
decimal fraction of a foot on engineering drawings.

e. Extension Lines. Extension line is a thin
(light) unbroken line that is used to indicate the
extent of the dimension lines. The extension line
extends the visible lines of an object when it is not

convenient to draw a dimension line directly between
the visible lines. There is always a small space
between the extension line and the visible line.

f. Leaders. A leader is a thin (light) line
terminated with an arrowhead that is used to indicate
the part or feature to which a number, note, or other
information refers.

g. Phantom Lines. A medium weight line
made of long dashes broken by two short dashes is
called a phantom line and indicates one of three
things: the relative position of an absent part, an
alternative position of a part, or repeated detail which
is not drawn.

h. Stitch Lines. A medium line made of short
dashes evenly spaced and labeled used to indicate
stitching or sewing.

i. Break Lines. A thin (light) line interrupted
by a z-shaped symbol. The break line indicates that
the object has been shortened to save space on the
drawing. The true length is indicated by the
dimension specified. The short break line convention
varies with shape and material, figure 1-4, and
indicates that part of the object has been cut away to
show section detail or hidden features.

jo Cutting Plane Lines. A pair of short, heavy
lines with arrowheads projected at 90 degrees
indicates the cutting plane when a drawing includes a
section view. Letters (AA, BB, etc.) are usually
placed at the arrowheads to identify the section view.
The arrowheads show the viewing direction of the
section view. Where necessary, the section lines may
be connected by a line of short, heavy dashes
indicating the exact path of the cutting plane.

k. Section Lines. When a drawing includes a
section, the surface or surfaces which are in the
cutting plane are indicated by section lines. When
the object sectioned is all one material, the section
lines are usually closely spaced parallel lines of
medium thickness. Where different materials are
involved, different section conventions are used to
distinguish between them.



LINE CONVENTIONS

NAME ICONVENTION| DESCRIPTION AND APPLICATION EXAMPLE
HEAVY UNBROKEN LINES
VISIBLE
LINES ‘USED TO INDICATE VISIBLE
EDGES OF AN OBJECT
)
" MEDIUM LINES WITH SHORT T
! EVENLY SPACED DASHES. {
HIDDEN : 1
LINES b S
! USED TO INDICATE CONCEALED
: EDGES L/}
' THIN LINES MADE UP OF LONG AND
I SHORT DASHES ALTERNATELY SPACED
LINES I USED TO INDICATE SYMMETRY
H ABOUT AN AXIS AND LOCATION OF
l CENTERS
4 - . ————— ]
THIN LINES TERMINATED WiTH
e —
ARROWHEADS AT EACH END
DIMENSION EADS
LINES
USED TO INDICATE OISTANCE
v MEASURED
THIN UNBROKEN LINES r—— —
EXTENSION
LINES USED TO INDICATE EXTENT OF
DIMENSIONS

Figure 1-2. Line conventions.




LINE CONVENTIONS
NAME CONVENTION| DESCRIPTION AND APPLICATION EXAMPLE
THIN LINE TERMINATED WITH ARROW-— ‘%xzo UNC-28
LEADER HEAD OR DOT AT ONE END . 7O
P b
USED TO INDICATE A PART, '{:1'
DIMENSION OR OTHER REFERENCE
' MEDIUM SERIES OF ONE LONG DASH —
PHANTOM [ AND TWO SHORT DASHES EVENLY SPACED) —
OR : ENDING WITH LONG DASH
DATUM LINE | USED TO INDICATE ALTERNATE POSITION
i OF PARTS, REPEATED DETAL OR TO
INDICATE A DATUM PLANE
]
' MEDIUM LINE OF SHORT DASHES EVENLY
STITCH ! SPACED AND LABELED
LINE i USED TO INDICATE STITCHING OR
' SEWING
THIN SOLID RULED LINE WITH
SrEAx _/\/_ FREE-HAND ZIG-ZAGS
(LONG) USED TO REDUCE SIZE OF DRAWING
—M REQUIRED TO DELINEATE OBJECT AND
(WOO0D) REDUCE DETAIL
> THICK SOLID FREE-HAND LINES
BREAK ‘i i
{SHORT)
USED TO INDICATE A SHORT BREAK
CUTTING OR
VIEWING ! THICK SOLID LINES WITH ARROWHEAD
PLANE TO INDICATE DIRECTION IN WHICH
VIEWING n SECTION OR PLANE IS VIEWED OR
PLANE 4 TAKEN .
OPTIONAL
- -
CUT TING -— = T
e o ] HICK SHORT DASHES @
CWPLEX OR - -
OFFSET {' USED TO SHOW OFFSET WITH ARROW- (oa)
VIEWS -d HEADS TO SHOW DIRECTION VIEWED b

Figure 1-2. Continued.
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REVIEW QUESTION 1

What type of line is used to represent concealed features such as an edge, the intersection of two surfaces, or a
surface limit of an object not visible from a certain viewing angle? (para 1-2,b) (fig 1-2)
REVIEW QUESTION 2

When it is not convenient to draw a dimension line directly between the visible lines of an object, it becomes

necessary to indicate the extent of the dimension lines by extending the visible lines. What type of line is used to
extend the visible lines? (para 1-2,e)(fig 1-2)



ANSWER TO REVIEW QUESTION 1

Concealed features are shown by using the hidden line convention which is a medium line with short evenly

spaced dashes. (para 1-2,b)(fig 1-2)

ANSWER TO REVIEW QUESTION 2

An extension line is a thin unbroken line which is used to extend visible lines. (para 1-2,e) (fig 1-2)

Section Il. Projections, Views, and Dimensions

1-3. INTRODUCTION

In learning to read a construction print, you must
develop the ability to visualize the object, figure 1-5.
This is done by learning to properly interpret the
various types of lines, dimensions, sections, details,
symbols, and other media that are used to describe
the object or parts of an object on a construction
print.

Figure 1-5. Visualizing from a print.

1-4. PROJECTIONS

An object can be viewed and therefore drawn
from an infinite number of positions. Some views
are easier to draw and interpret than others. It is
common to present an object on a drawing as an
orthographic projection or as a pictorial drawing. In
an orthographic projection, the object is presented as

if it were viewed through a transparent drawing plan
from an infinite distance (fig 1-6). An orthographic
projection is made by projecting each point on the
object perpendicular to the drawing plane. A
pictorial drawing, such as the perspective projection
in figure 1-6, presents the object as it would appear to
the eye.

a. Orthographic Projection.  Almost all
drawings intended for production or construction are
drawn by orthographic projection.

(1) The major advantage of an orthographic
projection is that it shows every part of an object that
is parallel to the drawing plane in true relative size
and position.

(2) The numbers of views to be used in
projecting a drawing are governed by the complexity
of the shape of the drawing. Complex objects are
normally drawn showing six views; that is both ends,
front, top, rear, and bottom. Figure 1-7 shows an
object placed in a transparent box. The projections of
the object on the sides of the box are the views seen
by looking straight at the object through each side. If
the outlines are scribed on each surface and the box
opened and laid flat, the result is a six-view,
orthographic projection drawing. It should be noted
that the rear view may appear in any one of four
positions (to the right of the right side view or left of
the left side view, above the top or below the bottom
view).

(3) As a general rule, you will find that
most drawings will be presented in three views. For
a simple object, three views are adequate to
completely describe the object when dimensions are
added (fig 1-8).
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Figure 1-6. Orthographic versus perspective projection.
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Occasionally, you will see two-view drawings,
particularly cylindrical objects. The most common
three-view drawing arrangement shows the front, top,
and right side view of an object.

(4) In a three-view drawing, the front view
shows the most characteristic feature of the object.
Note in figure 1-8 that the right side or end view is
projected to the right of the front. Also notice that all
the horizontal outlines of the front view are extended
horizontally to make up the side view and all the
vertical outlines of the front view are extended
vertically to make up the top view. By studying the
drawing you should obtain the following information
about the object: the shape of the object, its overall
length (2 1/8 inches), its width (1 1/2 inches), and its
height (1 3/8 inches). It is notched 1 1/8 inches from
the right side and 7/8 inch from the bottom. After
having studied each view of the object, you should be
able to visualize the object as it appears in figure 1-9.
If a hole is drilled in the notched portion of the
object, the drawing would appear as in figure 1-10.
The position of the hole is indicated by hidden lines
in the front and side views and as a circle in the top
view. The location of the center of the drilled hole is
indicated by a center line.

FRONT

Figure 1-9. Interpretation of three-view drawing
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Figure 1-10. Hidden lines in a three-view drawing.

b. Pictorial Drawings. It is easier to visualize
an object if its features can be shown in a single
view. Where it is necessary for the drawing to show
the appearance of an object with more than one side
visible in a single view, pictorial drawings are used.
Three types of pictorial drawings may be
encountered: projections, oblique drawings, and
perspective drawings.

(1) Projections. The principle of pictorial
projections is the same as orthographic projection,
but the object is rotated and tilted so that more than
one face is projected on the drawing plane as shown
in figure 1-11. Since the faces of the object are not
parallel to the drawing plane, lines are foreshortened
and do not appear in true length. If each object plane
forms a different angle with the drawing plane, the
amount of foreshortening is different along the axis
of the drawing. This is called a trimetric projection
(fig 1-11) and three different scales must be used. If
the object is rotated so that two planes form the same
angle with the drawing plane, the amount of
foreshortening will be the same along two axes. This
is called a dimetric projection (fig 1-11) since only
two scales are used. If the object is tilted so that all
three planes form the same angle with drawing plane,
the scale will be the same
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Figure 1-11. Pictorial projections of a cube.
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along all three axes. This is called an isometric
projection (fig 1-11), and is the most common type in
technical work. All lines parallel with one of the
three principal axes are foreshortened by the same
amount (to about 81 percent of true length) on an
isometric projection. In isometric drawing (fig 1-11)
the common practice is to enlarge the scale factor so
that lines appear in true length. Remember, however,
that this applies only to lines which are parallel to
one of the axes.

30° : 3 scaLe

4s° / 5SCALE

(2) Oblique drawings. In oblique
drawings (fig 1-12) the front face of the object is
drawn in orthographic form, full scale. One or more
sides are then added at an angle to the front face,
either full scale, or foreshortened. Any angle and
scale may be used.

(a) Cavalier drawing. An oblique
drawing in which the receding or oblique lines are
drawn full-scale at 45 degrees is called a cavalier
drawing (fig 1-12). The result does not create a
realistic appearance, but allows the use of one scale
for the entire drawing.

oo ;%SCALE
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30° OR 45°
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SCALE

CABINET DRAWING

Figure 1-12. Oblique drawings of a cube

(b) Cabinet drawing. A cabinet
drawing is an oblique drawing which uses half-scale
measurements on the oblique sides (fig 1-12). These
drawings are commonly drawn with the oblique lines
at 30 degrees or 45 degrees to the front plane. The
name comes from the fact that it is often used for
drawings of cabinet work.

(3) Perspective drawings. The most
realistic pictorial is the perspective drawing. In this
type of drawing, the receding lines converge at a
vanishing point on a horizon, just as they appear to

13

do when you look at an object. The perspective may
be two-point (two vanishing points) as illustrated in
figure 1-13 or one-point (one vanishing point) as
illustrated in figure 1-14. In a one-point perspective,
the front face appears as if you were looking at it
head-on. The viewing angle may be changed by the
selection of different positions relative to the horizon
(fig 1-14). Perspective drawings are more difficult to
draw than projections or oblique drawings, because
the scale changes continuously along the receding
lines; for this reason, they are not practical for
construction drawings.
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Figure 1-13. Two-point perspective drawing.

Figure 1-14. One-point perspective drawings.
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14. SPECIAL VIEWS

When complex objects are involved, three-view
drawings are often not sufficient to convey all the
necessary details. Special views are added to provide
additional information. The special views which may
be encountered are auxiliary and rotation views,
sections, phantom views, developments, and
exploded views.

a. Auxiliary Views. If a feature of an object is
in a plane which is not parallel to one of the drawing
planes, it will not appear in true size or shape in any
of the three normal views. The sloping surface of the
object in figure 1-15, for example, appears in both the
top and right side views but is foreshortened in both.
In this case, an auxiliary projection is added. The
auxiliary view is obtained by projecting lines to a
drawing plane which is parallel to the slanted face.
The auxiliary view is normally placed alongside a
view which shows the true length of the edge of the
slanted surface as shown in figure 1-16. In this case,
the auxiliary view is related to the front view. If the
feature to be covered in an auxiliary view is not in a
plane Figure 1-16. Auxiliary view arrangement,

AUXILIARY

FRONT:

Figure 1-15. Auxiliary projection principle
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Figure 1-16. Auxiliary view arrangement.

perpendicular to one of the normal orthographic
drawing planes, or if there is not enough room in the
normal position, the auxiliary view will be placed
somewhere else on the drawing. In this case; the
auxiliary view will usually be labeled as "view A" (or
B, C, etc) with an arrow pointing to the face.
Auxiliary views do not usually show the entire object
as seen from the auxiliary view angle; only the
surface parallel to the auxiliary drawing plane is
covered. Figure 1-17 shows an auxiliary view
compared with a right side view of the same object.
Note that the circles appear as ellipses in the right
side view, and the distances between centers are
foreshortened. The auxiliary view only shows the
slanted face of the object, the holes appear in true
shape, and the distances in true length.

s £~ —17—7

Figure 1-17. Auxiliary and side views compared.



b. Rotation. Occasionally, if no confusion
will result from the practice, a separate auxiliary view
is omitted and a side or top view is provided, drawn
as if the object was bent to bring the slanted surface
parallel to the drawing plane (fig 1-18). This is
called a rotation, and the fact that it has been done
will be indicated in some manner on the drawing. In
figure 1-18, for example, the fact that one view is
higher than the other, plus the curvature of the upper
center line shows immediately that the right hand
view is a rotation.

N

Figure 1-18. Rotation.

c. Sections. Section views are used to give a
clear view of the interior or hidden features of the
object which normally cannot be clearly observed in
conventional outside views. A section view is
obtained by cutting away part of an object to show
the shape and construction at the cutting plane. The
most common position of the cutting plane is through
the longest dimension, or main longitudinal axis and
parallel to the front view as shown in figure 1-19.
The cutting plane may be drawn parallel to any plane
of projection if it shows the required features of the
object. When section views are drawn, the part that
is cut by the cutting plane is marked with close
spaced, parallel (section) lines. The section lines
indicate the surfaces which were created by the
cutting plane and which do not exist on the uncut
object. When two or more parts are cut in one view,
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a different slant or style of section line is used for
each part. All rules of projection apply, but hidden
lines complete understanding of the view. Notice
how the cutting plane is shown on a drawing as
[lustrated in [1] figure 1-19. The cutting plane in [2]
illustrates where the imaginary cut is made. The
object as it would look if were cut in half is shown in
[3]. The section view as it would appear on a
drawing is shown in [4].
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Figure 1-19. Action of the cutting plane.




(1) Full-sections. When the cutting plane
is a single continuous plane passing entirely through
the object, the resulting view is called a full-section

(D FULL-SECTIONAL VIEW

(2) Half-sections. The cutting plane will
not always be taken completely through the object.
[2] Figure 1-20 shows a half section. The cutting
plane passes only half way through the object. This
is common practice for symmetrical objects. In the
case illustrated, the top half, if sectioned, would be
identical to the bottom half, providing no additional
information.  The half-section permits both the
internal and external features to be shown and their
relationship to one another.

(3) Offset section. A section view which
has the cutting plane changing direction backward
and forward (zig-zag), so as to pass through features
that are important to show, is known as an offset
section. The offset cutting plane in figure 1-21 is
arranged so that the hole on the right side will be
shown in section. The sectional view is the front

OFFSET CUTTING
PLANE LINE

SECTIONAL VIEW -

Figure 1-21. Offset section.

SECTION A-A
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view [1] (fig 1-20). The cutting plane is usually
taken straight through on the main axis or center line.

(@ HALF-SECTIONAL VIEW
Figure 1-20. Full and half-sectional views.

view, and the top views show the offset cutting plane
line. Notice that there is no line on the section view
at the point where the cutting plane goes straight
back.

(4) Revolved section. To eliminate
drawing extra views of rolled shapes, ribs, and
similar forms, a revolved section is used. It is a
drawing within a drawing, and it clearly describes the
object's shape at a certain cross-section station or
point. The sectional view of the rib in figure 1-22
has been revolved so that you can look at it head-on.

al

Figure 1-22. Revolved section.

(5) Removed section. Removed sections
are normally used to illustrate particular parts of an
object (fig 1-23). They are drawn like the removed
section, except that they are placed at one side to
bring out important details. They are often drawn to
a larger scale than the view on which they are
indicated.

(6) Broken-out section. A broken-out
section is a partial section used on an exterior view to
show some interior detail without



Figure 1-23. Removed section.

drawing a complete full or half section. The limit of
the broken-out section is indicated with an irregular
break line. In figure 1-24, the inside of the fitting is
better illustrated because of the broken-out section.

iZ

[z
1

Figure 1-24. Broken-out section.

(7) Alined section. Look at the front view
of the handwheel in figure 145 and notice the cutting
plane line AA. When a true sectional view might be
misleading, parts such as ribs or spokes are drawn as
if they are rotated into or out of the cutting plane.
Notice that the spokes in the section at A-A are not
sectioned. In some cases, though not in this figure, if
the spokes were sectioned, the first impression would
be that the wheel had a solid web rather than spokes.

d. Phantom Views. Phantom views are
used to indicate the alternate position and path of
motion of parts, repeated details, or the relative
position of an absent part. Figure 1-26 shows the
alternate position of a part as a phantom view (the
part of the left side).
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A -<-J SECTION A-A
Figure 1-25. Alined section.

Figure 1-26 Phantom view.

e. Development. A development is a drawing
which is used for objects which are made from flat
materials by bending and joining, such as ducts. The
development (also called a stretch-out or pattern
drawing) shows the shape of the material before it is
formed into the assembled object (fig 1-27).

f. Exploded Views. Exploded views are used
to illustrate the assembly or disassembly of a unit
which has several removable parts. It is basically a
pictorial view of each of the parts to the same scale,
with the parts arranged in a relationship which
corresponds to their relationship when assembled (fig
1-28).

1-6. DIMENSIONS

a. The item you will be most concerned with
when reading prints is the dimensions. As previously
stated, dimensions on architectural drawings are
usually given in feet,
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Figure 1-27. Development of a truncated pentagonal prism.
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Figure 1-28. Exploded view.
inches, and fractions of an inch. Engineering

drawings often give dimensions in feet and decimal
fractions of a foot. Metric dimensions are used on
drawings of European origin, most drawings related
to optical equipment, and a growing percentage of
American machine drawings. During construction,
you should use measuring instruments calibrated in
the same system as used on the construction prints to
eliminate the chance of error in conversion.

b. The placement of dimensions on a drawing
is not arbitrary. They are placed to indicate which
dimensions are specified in the design of the object.
Measurements for construction should always be
made from the points indicated by the dimension
lines on the print.
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c. Figure 1-29 is a typical dimensioned
drawing of a bearing journal and can be used to
illustrate the proper way to make measurements from
the points indicated by the dimension lines on the
print. Let's consider the measurements required to
locate the two mounting holes. If you were using this
print and were drilling the mounting holes, you
should notice in the front view that the center of the
right hole is located 1 inch from the center of the
large hole. The top view shows that the center of the
left hole is 2 inches from the center of the right hole.
This method of making measurements introduces two
possible sources of error. There is some tolerance in
the location of the right hand mounting hole, and
some tolerance in the measurement you make to
locate the left-hand mounting hole. Any other system
of measurements will introduce additional sources of
error. For example, it can be determined from the
dimensions that the mounting holes are located 1/4
inch from the edges and the centers could be located
in this manner. However, this introduces three
sources for error. There is some tolerance in the
width of the journal (the 2 1/2-inch dimension) and
some tolerance in the location of the centers of the
two mounting holes. These three sources for errors
could accumulate and result in a significant error in
the distance between the two mounting holes. This
distance is critical to the mounting of the journal. It
is also possible to locate the center of one hole 1/4
inch from the edge and then measure the 2 inches to
the center of the other hole. This procedure also
introduces three possible sources of error. There is
some tolerance in the width of the journal, in the
location of one hole, and in the measurement made to
locate the second hole. This method reduces the
sources of error in the distance between the mounting
holes. However, it does introduce possible error in
the location of the main hole. It may not be centered
between the mounting holes.  These examples
emphasize the importance of the location of the
dimensions when making the measurements in
construction.
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Figure 1-29. Typical working drawing

REVIEW QUESTION 3

Six-view orthographic projections are used to draw extremely complex objects, but generally drawings will be
presented in three views showing the front, top, and right side. Which view, if any, should show the most
characteristic features of the object? (para 1-4,a(4))

REVIEW QUESTION 4
When the feature of an object, such as a slanted face, does not appear in true size or shape in any of the three normal
orthographic views, a true view is obtained by projecting lines to a drawing plane which is parallel to the feature to

be shown. What is this additional view called? (para 1-5,a)
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ANSWER TO REVIEW QUESTION 3

It is standard drafting practice that the front view show the object's most characteristic features. (para 1-4,a(4))

ANSWER TO REVIEW QUESTION 4

An auxiliary view is made by projecting a slanted face onto an additional drawing plane placed parallel to it. (para

1-5,a)

Section lll. Types of Prints

1-7. CLASSES OF DRAWINGS

Drawings are normally classified as original
drawings, intermediate or reproducibles, or prints.
The original drawing is the one produced by the
draftsman. An intermediate is a copy of the original
which is used to make prints. An intermediate is
used to avoid the risk of damaging the original or
because the original is not suitable for the type of
reproduction process used for the making of prints.
Prints may also be made directly from the original
without using an intermediate drawing. A print is a
working copy used on the job.

1-8. PRODUCTION PROCESSES

There are many processes used to make prints
from originals or intermediates. They can be
classified as either negative or positive contact
processes or optical processes. Contact processes
require a transparent or translucent original. Optical
copies can be made from opaque originals. Contact
processes are normally used in construction work.
Optical copies are usually more expensive and
introduce more distortion.

a. Negative Contact Processes.

(1) Blueprints. A blueprint is made
by placing a tracing (transparent or translucent
original) in contact with a sensitized paper and
exposing the paper through the tracing. When the
paper is developed, the unexposed portions where the
light is blocked by lines on the original remain white,
while the exposed portions turn dark blue. This
produces a print with white lines on a blue
background. Blueprints, in general, have better
contrast than other commonly used processes of
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comparable cost but the wet developing process
causes some distortion and marking the prints is
difficult.

(2) Brownprints. The brownprint
process (often called Van Dyke) is similar to the
blueprint process except that the paper is transparent
and exposed areas turn brown when developed. This
yields transparent lines on a brown background.
Brownprints are frequently used as intermediates
producing a print which has blue lines on a white
background and called a white-print.

b. Positive Contact Processes.

(1) Ozalid prints. The ozalid process is a
contact process like blueprinting but the unexposed
areas of the sensitized paper turn blue when
developed in ammonia vapor, producing blue lines on
a white background. Ozalid prints are also called
blueline prints. Papers are also available which yield
black lines (called blackline prints). The
development in this process is dry, causing less
distortion than the blueprint process, but the contrast
is not usually as good.

Note: Machines are available which
produce ozalid-process prints but which project and
reduce the image optically instead of contact-
printing. Prints produced by this process will usually
be marked "Reduced Size Print -Do Not Scale."

(2) Brownline prints. Brownline prints
have the same function in the ozalid process as the
brownprints do in the blueprint process. They
produce brown lines on a transparent background and
are often used as an intermediate for making blueline
prints.  Brownline prints are often called sepia
intermediates.



(3) Special materials. Materials are
available for use with the ozalid process which
produce a large variety of results, including many
colored lines on white paper or colored lines on a
clear plastic background.

c. Optical Processes.

(1) Electrostatic. An electrostatic copier
(Xerox machine for example) projects an image of
the original on paper and then causes an electrostatic
charge to be deposited where the image of a line
occurs. A black powdered "ink" is then applied to
the paper and adheres where the electrostatic charge
occurs. The image is then fused to the paper. This
process produces a dark gray image on a white
background. The amount of distortion depends on
the type and quality of the optical system which
projects the image on the copy paper.

(2) Photostat. The photostat process is a
photographic process which uses a special camera
and film. The film is opaque paper instead of
transparent film as in ordinary photography. Since
the negative is opaque and cannot be viewed from the
back, the camera is designed to produce an erect
image instead of reversed image as with ordinary
cameras. The photostat process produces white lines
on a black background (negative photostat) which
can then be rephotographed to produce a black image
on a white background (positive photostat). The
image can be enlarged or reduced in the photostat
process, usually to 1/2 or 2 times original size in each
stage.

(3) Microfilm. For economy of storage
space and for insurance against destruction of the
original, many drawings are photographically copied
on microfilm. When a drawing is no longer in
frequent use, the original is often disposed of and
only the microfilm copy is retained. Equipment is
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available for viewing microfilm copies (similar to a
slide viewer) and for making prints directly from
microfilm copies. Since the image must go through
the original optical reduction, development of the
microfilm, enlargement, and the final print process,
the chance of distortion is high.

1-9. HANDLING PRINTS

a. A complete drawing represents too much
time and effort to be treated casually. It is a valuable
record, and must be preserved with care. If an
original drawing were to be used on the job and
passed from man to man, it would soon become worn
and too dirty to read. For this reason, working
drawings used on the job are almost always
reproductions of original drawings.

b. A little time spent in carefully folding and
filing prints at the start will prevent a lot of
inconvenience later on. The method of folding
depends on the facilities available for storage. Some
filing equipment commonly used is shown in figure
1-30. When manufactured filing equipment is not
available in the field, storage facilities should be
constructed. Prints should be folded so the drawing
number is visible when the print is filed. If storage
space is available to accommodate rolls, prints over
40 inches long are usually rolled instead of folded.
Original drawings or intermediates used for contact
process reproduction should never be folded; the
creases will prevent close contact with the copy

paper.

c. When using prints on the job, avoid long
exposure to direct sunlight or the prints will fade. If
it is necessary to mark a print, be neat and use a
colored pencil. A red pencil is normally used to
show additions and a yellow pencil is used to indicate
deletions. After using a print, refold it carefully to
avoid adding unnecessary creases.



FOLDING
PROCEDURE
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SINGLE SHEET RACK
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—— POSITION

ROLLING STAND FILE FLAT FILE

Figure 1-30. Print and drawing storage.
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REVIEW QUESTION 5

What type of process is used to produce a brownline print? (para 1-8,b(2))

REVIEW QUESTION 6

What precautions should be taken when using prints on the job? (para 1-9,¢)
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ANSWER TO REVIEW QUESTION 5

Brownline prints and the ozalid process are both positive contact processes. (para 1-8,b(2))

ANSWER TO REVIEW QUESTION 6

When using prints on the job, avoid long exposure to direct sunlight or the prints will fade. (para 1-9,¢)

Section IV. Parts of a Print

1-10. DRAWING FORMATS

A drawing not only provides information about
the size and shape of the object being represented but
also provides information that enables the drawing to
be identified, processed, and filed methodically. The
systematic arrangement of the drawing sheet to
provide a consistent location for this information is
known as the format of a drawing. Sizes and formats
for military drawings are arranged in accordance with
certain standards.

a. Drawing Sizes. Military drawings are
prepared in standard sizes, designated by letters.
These sizes are listed in table 1-1. Roll size drawings
are normally prepared with an extra 4-inch margin
for protection if possible without exceeding the 144-
inch length limit. Complete details on military
drawings may be found in MIL-STD-100A.

b. Title Block. A typical title block as
illustrated in figure 1-31 shows the name and address
of the preparing agency (A), the title of the drawing
(B), the drafting record (C), authentication and date
(D), the scale and specification number (E), and the
drawing number and sheet number for multiple-sheet
drawings (F).

(1) Drawing number. Each drawing is
identified by a drawing number, which appears in a
number block. It may be shown in other places also;
for example, near the top border line, in the upper
corner, or on the reverse side at both ends so that it
will be visible when a drawing is rolled up. The
drawing number's purpose is to permit quick
identification. If a drawing has more than one sheet,
and each sheet has the same number. this
information is included in the number block
indicating the sheet number and the number of sheets
in the series. When using construction drawings,
always check to be sure that all necessary sheets are
on hand.
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Table 1-1. Finished Format Sizes (Inches)

SIZE HEIGHT LENGTH MARGIN
Flat Sizes
A 8% 11 25 & .38
A 1 8% 25& .38*
B 11 17 38
C 17 22 .50
D 22 34 .50
E 34 44 .50
F 28 40 .90
Roll Sizes
G 11 42t0144 .38
H 28 48t0 144 .50
J 34 4810144 .50
K 40 4810144 .50

“Hoerizonta! margins 3&inch vertical marging .25-inch
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Figure 1-31.

Some multiple-sheet construction drawings have a
“schedule of drawings” near the title block which
lists the contents of each sheet.

(2) Scale. The scale block will indicate the
scale on the drawing, either as a ratio (for example:
1/4 or 1: 4 meaning 1 inch on the drawing equals 4
inches on the object, or 12” = 1” meaning 12 inches
on the drawing equals 1 inch on the object) or as a
graphic scale as shown in figure 1-32. Where the
same scale is not used on a parts of a drawing, the
scale block may be marked “as noted” or left blank,
and the scale noted underneath each part of the
drawing. If graphic scales are used, several scales
may be shown with numbers (fig 1-32) and the
appropriate scale number alongside each part of the
drawing. When reading drawings, always follow the
dimensions specified on the drawing first, and use the
scale on the drawing where no dimension is given.
Do not measure with an architect's or engineer's scale
directly on a print, since the print may be enlarged or
reduced, or the paper may shrink during the copying
process.

-
s

i

Typical title block.
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GRAPHIC SCALES
Figure 1-32. Graphic scales.

(3) Specification number. The
specification number indicates the specification the
draftsmen followed for assistance in interpreting the
drawing.

e. Bill of Materials. A special block on the
drawing may contain a list of the pieces of stock or
standard parts necessary to construct the object on the
drawing, and the quantity of each item required. This
list may also be called a list of materials, schedule of



equipment, or parts list. If several sheets are required
for a particular object, the bill of materials may
appear on a separate sheet(s).

d. Revision Block. Space is always left on a
drawing to list revisions as they are made. The
revision block will show the revision symbol, A, B,
C, etc.,, consecutively as encountered, a brief
description of the revision, the revision date and
supervisor's approval, and sometimes the zone of the
drawing in which the revision was made. If more
than one copy of a drawing is available, the revision
block should be checked to find the drawing with the
latest revision.

e. Notes and Specifications. Notations
explaining construction methods or specifying
materials which are not indicated by symbols are
called specifications. The notes may list allowable
substitutions, special provisions for certain locations,
additional reference materials, etc. The notes must
always be read before beginning construction.

1-11. MILITARY DRAWINGS

Military drawings are classified as construction
or production drawings, depending on the method of
manufacture of the object or assembly represented on
the drawing or set of drawings. The format of each
type is arranged differently, although sheet and
margin sizes are common to both.

a. Construction Drawings. Construction
drawings are drawings developed to illustrate the
design of structures or other constructions and the
services, utilities, approaches, or any other features
involved. Maps (except those with construction
drawings), reports, sketches, presentation drawings,
or renderings are not considered to be construction
drawings within the meaning of this standard. The
basic construction drawing format consists of the
margin, the title block with its various subdivisions,
the revision block, and the block containing the list of
material.  Figure 1-33 shows the layout and
dimensions of the typical construction drawing
format.

b. Production Drawings. Production
drawings describe equipment or articles that are
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suitable for production in quantity. The same basic
information is normally included on a production
drawing format as on a construction drawing format
although the arrangement is different.

(1) Drawing number. A production
drawing used by a government agency will frequently
have both a manufacturer's drawing number and a
government agency drawing number. Be sure to use
the government agency number when dealing within
the military supply system. In addition, a production
drawing will often have a five-digit identification
code for the manufacturer, for the government
agency, or both. This number is called a Federal
Supply Code (FSC) and permits locating the name
and address of the manufacturer or agency in
Handbook H 4-1 and -"Federal Supply Code for
Manufacturers.: The name and address of the
manufacturer and cognizant government agency are
usually included on the drawing, but the FSC is
helpful because drawings are seldom revised for a
change of address whereas the handbook is updated
regularly. If the manufacturer's drawing number is
used for any purpose, it should be prefixed by the
FSC to indicate whose drawing number it is. It is
also customary to add the latest revision letter to the
number since the manufacturer may make additional
revisions to his drawings after the item or drawing is
supplied to the government. Revision D to drawing
number 703145, by a manufacturer whose FSC is
90222, would be specified as 90222-703145D. When
the drawings of different sizes are filed separately,
the drawing size letter (table 1-1) is often shown in
front of the number.

(2) Part number. In most production
drawing systems, a part number is the same as the
drawing number for the part except where more than
one part is included on a drawing. In this case “dash
numbers” are used. Each part covered by a drawing
will have a dash number assigned and noted on the
drawing. The part number is the drawing number
followed by -1 or -2 etc., as applicable.

(3) Application or usage block. Most
production drawings include a block which shows
“next assembly” and “used on” information, as
shown in figure 1-34. The “next assembly” column
will list each assembly



which includes the part. The “used on” column will
list each end product which includes the part. For
example, one pipe section might be used in several
compressor assemblies, and in two or three different

air-conditioning models.

Sometimes the quantity

required in each “next higher assembly” and in each

end product is also listed.
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REVIEW QUESTION 7

The basic construction drawing format consists of the margin, revision block, list of materials block, and
the title block with its various subdivisions. What information is found in the title block? (para 1-10,b)

REVIEW QUESTION 8

Assume that you wish to reference a manufacturer's drawing. The drawing number is 569844 and the latest
revision is C. The manufacturer's FSC is 29368. What is the correct specification of this drawing? (para 1-11,b(1))
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ANSWER TO REVIEW QUESTION 7

Information usually found in the title block will be name and address of preparing agency, title, drafting
record, authentication and date, scale and specification number, and the drawing number and sheet number for

multiple-sheet drawings. (para 1-10,b)

ANSWER TO REVIEW QUESTION 8

The FSC should prefix the drawing number and it is customary to add the latest revision symbol to the
number. In this case, the correct reply is 29368-569844C. (para 1-11,b(1))

Section V. Interpretation of Drawings

1-12. INTRODUCTION

The objects used for illustrations thus far have
been simple, and interpretation of the drawings
nearly obvious. More complex or irregular drawing
may require more effort to interpret. The principles
introduced here along with the conventions peculiar
to certain fields which are discussed in the following
lessons will enable you to interpret any properly
prepared drawing. The orthographic projection
principles are fundamental to all fields and a
thorough understanding of them is necessary if you
are to read any type of physical prints.

1-13. FUNDAMENTALS OF
INTERPRETATION

a. The fundamental step in interpreting a
drawing is relating the different views. If you pick a

——
— - —— e ———

point on a front view, the same point on the right side
view will be directly to the right of it. Similarly, the
same point on the top view will be directly above the
point on the front view. These relationships are
illustrated in [1] (figure 1-35) by the horizontal and
vertical datum lines between the views. The same
relationship exists between the top and right side
views but is not obvious because they are not hinged
together. If the outside edges of both views are
extended horizontally or vertically until they cross, as
in [2, figure 1-35, and a line is drawn connecting
these points of intersection, the relationship can be
seen. The line connecting the points of intersection
will be at a 45-degree angle with the horizontal. Al
other points in the view can be related by bending
their project line at this 45-degree line. If the same
point appears on three

S VG W

/

Figure 1-35. Relationships in orthographic projection.



views, the three occurrences will be related as shown
by point 1 in part [2] of figure 1-35. On complex
drawings it is often helpful to draw this 4-degree line
to be sure you are looking at the same point on all
three views when interpreting the drawing.

b. Figure 1-36 is a three-view drawing of an
object, along with an isometric outline of a box with
the same overall dimensions of the object. Trace off
the isometric outline and points on a separate piece of
paper and sketch in the details as you read the
paragraph. This will help you to learn to visualize
the object as you interpret a construction print.
Looking at the right hand side of the front view, and
the corresponding parts of the top and side views,
interpretation of the part of the isometric diagram that
has been completed should be apparent. Note the
point marked “a” on the top view. From the
projection indicated it must be the same as the point
marked “a” on the right side view. Projecting these
two points to the front view shows that the point
marked “a” on all three views is the same point and is
located at “a” on the isometric diagram. Next look at
the line “ah” on the front view. Point “h” on the front
view may correspond to point “g” or point “f” on the
top view, but there is no line from “a” to "f" on the
top view. Line “ah® therefore, must correspond to

line “ag” and transferring points to the right side
view, to line “ae” On the isometric view, this
corresponds to the line from “a” to “n*“ which can
now be drawn on the isometric view. Line “ab” on
the front view must correspond to line “ac” on the top
view, and to line “ad” on the right side view. This
translates as a line from “a” to “q” on the isometric
view. At this stage, it is evident that line “el” (right
side view) is the same as line “hj” (front view) and a
line has been drawn from “p” to “n” on the isometric
view. Similarly, line “fc” (top) is the same as line
“hb” (front) and a line has been drawn from “m” to
“q” on the isometric view. Line “cg” (top) may
correspond to either “hb” or “ja” (front) but not to
“ha” which has already been established. If “cg”
corresponds to “ja” it would also have to correspond
to “la” in the right side view because point “a” has
been established and “cg” does not project to “la” in
the right side view. Therefore, “cg” corresponds to
“hb” in the front view and to “ed” in the right side

[T

view. Line “cg” must correspond to a line from “n

[P 1}

to “q” on the isometric view. All that remains is to
complete the isometric view with the only possible
lines which do not contradict one or more of the three

[ 1) (TIPS L} [IPS L} (A1}

views; lines from “p” to “a” from “a” to “r” and from

I3 1) [P 1)
T

to “q” produce an isometric which should look
like figure 1-37 at the end of the section.

FRONT

Figure 1-36. Exercise in interpretation.



Figure 1-37. Completed exercises.
REVIEW QUESTION 9

What is the fundamental step in interpreting a drawing? (para 1-13,a)
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ANSWER TO REVIEW QUESTION 9

The fundamental step in interpreting a drawing is relating the different views. (para 1-13,a)
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LESSON 1 SELF TEST EXERCISES
Upon completion of the text assignment, solve the following self test exercises based on lesson objectives.

NOTE: The following exercises are study aids. References to related information in the reading material are
shown in parentheses after each question. Write your answer in the space provided below each question.
When you have finished answering al the questions for this lesson, compare your answers with those
given for this lesson in the back of the booklet. Review the lesson as necessary.

Objective 1. LINE CONVENTIONS. Interpret the established line conventions and symbols used on
engineering drawings. (Answer questions 1 through 3.)

1. When reading a drawing, you will find that the various features of an object are represented by different types
and weights of lines. Which of the following statements regarding the meaning of a line with certain

characteristics is correct? (para 1-2) (fig 1-2)

a. The meaning of a line is the same for construction drawing, but differs for production drawings.

b. The meaning of a line has been standardized and will be the same on any drawing.

2. The visible edges of an object are represented by a line often referred to as the outline. Describe the
characteristics of the outline. (para 1-2,a)(fig 1-2)

3. A pair of short heavy lines with arrowheads projected at 90 degrees indicates the cutting plane when a
drawing includes a section view. What do the arrowheads indicate? (para 1-2,j)(fig 1-2)

Objective 2. PROJECTIONS. Explain the principles of orthographic projections, perspective drawings, and
isometric projections. (Answer questions 4 through 6.)

4. In orthographic projection, each face of an object is presented as if it were viewed from an infinite distance
through a drawing plane placed parallel to that particular face. Points on the object face are then projected to
the drawing plane by projectors which are perpendicular to the plane and parallel to each other. Which lines
and surfaces on the object face will project in their true length and shape? (para 1-4,a(1))

5. The most realistic pictorial drawing is the perspective drawing; however, it is not practical for construction
drawings. For what reason is it not practical? (para 1-4,b(3))

6. Three types of pictorial projections are the trimetric, dimetric, and isometric projections. The isometric
projection is the most common type in technical drawing. Describe an isometric projection. (para 1-4,b())
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Objective 3. ORTHOGRAPHIC DRAWINGS. Describe the fundamentals of orthographic drawings, and

how they are used to construct objects. (Answer questions 7 and 8.)

Six-view orthographic projections are used to draw extremely complex objects; but generally drawings will
be presented in three views showing the front, top, and right side. Which view, if any, should show the most
characteristic features of the object? (para 1-4,a(4))

Each view drawn using orthographic projection will show dimensions in their true length. For example, the
front view will show the height and width of the object in true length. Which true length dimension(s) will be
common to both the top and right side views? (para 1-4,a(4))

Objective 4. SPECIAL VIEWS. List and describe the various special views used to supplement an

10.

11.

orthographic drawing, including sections and auxiliaries. (Answer questions 9 through 11.)

Assume that you are looking at a three-view orthographic drawing and you notice that the top view is wider
than the front view. Further observation shows that a slanted face shown in the front view has been drawn in
the top view as if the slanted face were “straightened out” in order to show it as being parallel to the drawing
plane of the top view. What type of drawing would this be called? (para 1-5,b)

Section views give a clear view of interior or hidden features of an object and are obtained by “cutting” away
part of the object to show the shape and construction at the cutting plane. How is the part “cut” by the cutting
plane identified? (para 1-5,c)

When a true sectional view might be misleading, parts such as ribs or spokes are drawn as if they are rotated
into or out of the cutting plane. The resulting section is not a true projection, but it is easier to read. What is
this section called? (para 1-5,e(7))

Objective 5. REPRODUCTION OF CONSTRUCTION PRINTS. List and explain the different methods

12.

used to reproduce construction prints. (Answer questions 12 through 14.)
Construction prints are working copies of original drawings produced by negative and positive contact

processes, or by optical processes. Why are contact processes, rather than optical processes, normally used in
construction work? (para 1-8)
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13.

14.

Brownline prints (often called sepia intermediates) have the same function in the ozalid process as the
brownprints do in the blueprints processes; that is, they produce brown lines on a transparent background and
are often used as an intermediate for making other types of prints. What type of process is used to produce a
brownline print? (para 1-,b(2))

What special care should be taken regarding the storing of original or intermediate drawings used to produce
prints by contact processes? (para 1-9,b)

Objective 6. CONSTRUCTION PRINT FORMAT. Describe the format of a construction print. (Answer

15.

16.

questions 15 and 16.)

Military drawings are prepared in standard sizes, designated by letters. What letter designates a flat size
drawing with a height of 22 inches, length of 34 inches, and a .50-inch margin? (para 1-10,a)(table 1-1)

The basic construction drawing format consists of the margin, revision block, list of materials block, and the
title block with its various subdivisions. Which of the following will be part of information appearing in the
title block? (para 1-10,b)

a. name and address of preparing agency ¢. schedule of equipment

b. section convention listing d. filing instructions

Objective 7. FUNDAMENTALS OF INTERPRETATION. Interpret simple orthographic drawings by

17.

18.

19.

relating them to the isometric views of the objects. (Answer questions 17 through 20.)

Note line b'-d' on surface A of the oblique drawing. Which of the following statements is correct? (para 1-
13,b)

a. line o-w in the right side view shows line b'-d' in true length
b. line i-j in the top view shows line b'-d' in true length

c. line b-c in the front view shows line b'-d' in true length

d. none of the three views shows line b'-d' in true length

Note line f-h' on surface C of the oblique drawing. Which view(s) will show f’-h' in true length? (para 1-
13,b)

a. front only c. right side only

b. top and front d. front and right side

Which line in the top view represents the same line as line v-x in the right side view? (para 1-13,b)
a. i-k c. k-l

b. I-m d. h-i
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20. Which of the following surfaces will be shown in true length and shape in at least one of the three views?
(para 1-13,b)

a. Aand C ¢. B,C,and D
b. Cand E d. A,B,and E
.. i
3
D L
Y ]
C
E N
’ [
o A
¢ TOP VIEW
bf
f ° ) 3 r q
d 4 w x
(] . v
a b n o P
FRONT VIEW RIGHT-SIDE VIEW

Figure 1-38. For use with exercises 17 through 20.
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LESSON 2

ARCHITECTURAL DRAWINGS

TEXT ASSIGNMENT ...t iiieiiirm s rssss s rsssssrssa s rssnssssensssssennssssennssnres Attached Memorandum

LESSON OBJECTIVES

Upon completion of this lesson on Architectural Drawings, you should be able to accomplish the following

in the indicated topic areas:

1. Working Drawings. List the components of a set of construction working drawings.
2. Symbols and Conventions. Identify common architectural symbols and conventions used on construction
prints.
3. Types of Drawings. Describe and explain the purpose of site plans, elevations, floor plans, and foundation
pans.
4. Framing Drawings. Explain the framing methods used in wood construction and how they are shown on
framing drawings for floors, roofs, walls, sections, and details.
5. Concrete and Masonry. Describe concrete and masonry methods and how they are depicted on construction
drawings.
6. Structural Drawings. Explain types of steel structural members used in military construction, methods of
fabrication and assembly, and the types of structural drawings used for steel construction.
ATTACHED MEMORANDUM
Section I. Working Drawings
2-1. INTRODUCTION common architectural symbols and material
conventions applicable to military use. Foundation
a. Working drawings plus specifications are plans, floor framing plans, roof framing-plans, and
the principal sources of information for supervisors section details, which are also included under the
and technicians responsible for the actual work of term architectural working drawing, are discussed in
construction. The construction working drawing section H.
presents a complete graphic description of the
structure to be erected, the construction site, the 2-2. ARCHITECTURAL SYMBOLS AND
materials to be used, and the construction method to MATERIAL CONVENTIONS
be followed. Most construction drawings consist of
orthographic views. A set of working drawings a. Architectural Symbols. Architectural
includes both general and detail drawings. General symbols are used to indicate on the construction
drawings consist of plans and elevations, while detail plans the type and location of doors, windows, and
drawings comprise sections and detail views. other features. The symbol has

b. Site plans, elevations, and floor plans are

described in this section together with the most
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the same general shape as the feature and shows any
motion that may occur in the plan view. Figure 2-1
shows the symbol for single door (exterior) opening
in, and the symbol for double hung window with a
wood or metal sash in a frame wall. Each symbol has
the same general shape of the feature and the
direction of motion of the door is shown. The motion
of the window is not shown in the symbol because it
is in a direction perpendicular to the page. A more
complete list of architectural symbols is included in
appendix A.

b. Material = Conventions. Material
conventions are used to indicate the type of material
used in the structure. Figure 2-2 illustrates the
conventional symbols for the more common types of
materials. The symbol selected normally represents a
common characteristic of the material where
possible.  For example, the symbol for wood
represents the grains in the wood. It is not always

SINGLE DOOR {EXTERIOR)
OPENING IN

s, XD

possible to use a common characteristic of the
material for the symbol. You should become familiar
with all these symbols for materials to enable proper
interpretation of a construction print. You will
eventually learn all the material conventions;
however, a symbol should always be checked if there
is a question in your mind on its meaning.

2-3. SITE PLANS

a. A site plan (also called plot plan) shows, as
necessary, the property lines and locations, contours
and profiles, existing and new utilities, sewer and
waterlines, building lines, location of structures to be
constructed, existing structures, approaches, finished
grades, and other pertinent data. Figure -3 shows a
typical site plan. Appropriate outlines indicate the
locations of proposed facilities. The site plan is

oriented with a north-
{

=

DOUBLE HUNG WINDOW
WOOD OR METAL SASH

Figure 2-1. Typical architectural symbols for a door and window.
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pointing arrow to indicate site north (not magnetic same elevation.  Distances are given between

north). Each facility has a number (or code letter) principal details and reference lines. (The coordinate
designation by which it is identified in the schedule reference lines on figure 2-3 are centerlines of the
of facilities. The contour lines indicate the elevation roads sur-

of the earth surfaces; all points on a contour have the

r .4 ] )M 3 Ll ] /\ —
= 6 - ? 's\ ’ |
N P : _ / | e
e | wg ' | g
\

z\
s
e

>

IR D

o 1

2la
SCHEDULE OF FACILITIES g§
NO.I \TEM J aTY BJZNEIT OR <
BUILDINGS
LARMY EXCHANGE FAF |
2 [CRAFTS SHGP 60x 120" | 1
3 | LIBRARY 40x 80
'I [[Ma]] X |
HER TRUCTION
ATHLETIC URTS F 0% 12 DEPARTMENT OF ARMY
] i Gal] OFFICE OF THE CHIEF OF ENGINEERS
- IGE-[21a MACADAM O. égﬁ [ RECREATION BUILDING-60'x 120"
A 1.2l Acres | SITE PLAN
c L STERAN

Figure 2-3. Typical site plan.
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rounding the area.) All distances indicated in a plan
view simply express a horizontal measurement
between two points and do not take into
consideration terrain irregularities. Sizes of proposed
facilities are given in the schedule of facilities.

b. Examine the site plan shown in figure 2-3,
and note the information you are able to obtain from
it. For example, note how the contour lines and
elevation notations show that the ground surface of
the site area slopes. See that the plan locates and
identifies each facility. Note that most of the
facilities are to be spaced apart by at least 60 feet,
while the library (facility No. 3) and the recreation
building (facility No. 4) must be only 15 feet apart.
Observe that besides being the smallest of the four
buildings, the library is to be closest to the road; that
is, the east wall of the library is 20 feet from the
centerline of the road, whereas the other buildings are
30 or 60 feet from the centerline of the road.

2-4. ELEVATIONS

a. Elevations are vertical projections showing
the front, rear, or side view of a building or structure.
Sample elevation views are presented in figure 2-4.
Materials of construction may be indicated on the
elevation. It may also show the ground level
surrounding the structure, called the grade. When
more than one view is shown on a drawing sheet,
each view is identified by a title. If any view is
drawn to a scale different from that shown in the title
block, the scale is noted beneath the title of that view.

b. The centerline symbol of alternate long and
short dashes in an elevation indicates finished floor
lines. Foundations below grade are shown by the
hidden line symbol of short, evenly spaced dashes.
Note in figure 2-4 that the footings are shown below
grade.

c. Elevations show the locations and character
of doors and windows. Each different type window
shown in the elevations is marked (in figure 2-4, the
three types of

SIDE ELEVATION
(OPPOSITE SIDE SIMILAR)

——FIN FLOOR
[ #—FIN BRADE

BACK ELEVATION

FRONT ELEVATION

DEPARTMENT OF ARMY
OFFFICE OF THE CHIEF OF ENGINEERS

RECREATION BUILDING —60'x 120
ELEVATIONS

e —

Figure 2-4 Elevation Views.



windows are marked W-1, W-2, and W-3). These
identifying marks refer to a particular she window
whose dimensions are given in a table known as the
window schedule. In some cases, the rough opening
dimensions of windows are given on the drawing.
Note that the recreation building shown in figure 2-4
has two double doors on each side and a double door
at each end. The elevation also shows you that at the
end of the building with loading platform, the door is
at the level of the stage floor and all the other doors
are at grade level.

2-5. FLOOR PLANS

a. A floor plan is a cross-sectional view of a
building. The horizontal cut crosses all openings,
regardless of their height from the floor. The
development of a floor plan is shown in figure 2-5.
Note that a floor plan shows the outside shape of the
building; the arrangement, size, and shape of the
rooms; the type of materials; and length, thickness,
and character of the building walls at a particular
floor. A floor plan also includes the type, width, and
location of the doors and windows; the types and
locations of utility installations; and the location of
stairways. A typical floor plan is shown in figure 2-
6.

b. Figure 2-7 illustrates how a stairway is
represented in a plan and how riser-tread information

is presented. The plan symbol shows the direction of
the stairs from the floor depicted in the plan and the
amount of risers in the run. For example, 17 DN
followed by an arrow means that there are 17 risers in
the run of stairs proceeding from the floor shown on
the plan to the floor below in the direction indicated
by the arrow. The riser-tread diagram provides
height and width information. The standard for the
riser, or height from step-to-step, is from 6 1/2 to 7
1/2 inches. The tread width is usually such that the
sum of riser and tread approximate 18 inches (a 7-
inch riser and 11-inch tread is an accepted standard).
On the plan, the distance between the riser lines is the
width of the tread.

c. Read the floor plan shown in figure 2-6 and
note the features of the recreation building. Although
the location of utilities is given, you can disregard
details on utilities in the discussion in this lesson.
Basically, the lines with small circles show wiring for
electrical outlets; appropriate symbols designate the
plumbing fixtures.

d. By examining the floor plan, you can see
that the interior of the building will consist of an
auditorium, a lobby with a P.X. counter, a men's
toilet, a women's toilet, a projection room on a
second level above the lobby, two dressing rooms,
and a stage. The

PERSPECTIVE VIEW CF A
TYPICAL T.0. BUILDING
SHOWING CUTTING
PLANE WXYZ

CUTTING PLANE WXYZ
TOP REMOVED

PREVIOUS PERSPECTIVE VIEW AT DEVELOPED FLOOR PLAN

WXYZ

PLAN DEVELOPMENT TYPICAL T.0. BUILDING

Figure 2-5. Floor plan development.
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Figure 2-7. Stairway and steps

stage may not be apparent, but, by noting the steps
adjacent to each dressing room, you can see that there
is a change in elevation. The elevation view, as in
figure 2-4, will indicate the stage and its elevation.
The plan gives the dimensions of the areas specified.
Note that all building entrances and/or exit doors are
the same type (1D) and that all windows are the
double-hung type. All interior single doors (2D) are
the same and two double doors (3D) open into the
lobby from the auditorium. The projection room will
be reached via a 15-riser stairway located in a 12-by
18-foot room. Access to this room will be from the
auditorium through a single door opening into the
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room. At the top of the stairway, a single door opens
into the projection room. The wall of the projection
room that faces the stage (inside wall) has three
openings. Note that no windows are designated for
the sides of the building where the projection room is
located, but are indicated at the main level.

e. The symbols shown in figure 2-8 are typical
representations of exterior walls. Note how the
material conventions illustrated in figure 2-2 are used
in the makeup of the symbols for masonry, brick, and
concrete walls. You should become familiar with
these symbols.
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Figure 2-8 Typical wall symbols.

REVIEW QUESTION 1

A set of working drawings includes both general and detail drawings. What is a general drawing? (para 2-
1, a)

REVIEW QUESTION 2

If you were studying an elevation, what would the centerline symbol of alternate long and short dashes
indicate? (para 2-4, b)
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ANSWER TO REVIEW QUESTION 1

Plan and elevation drawings are classed as general drawings, while sections and detail views comprise
detail drawings. A floor plan would be a general drawing. (para 2-1, a)

ANSWER TO REVIEW QUESTION 2

On an elevation drawing, the centerline symbol is used to indicate finished floor lines. (para 2-4, b)

Section Il. Light and Heavy Wood Framing

2-6. WOOD CONSTRUCTION

Wood is a basic construction material used
widely by the military, particularly in theater of
operations (TO) buildings. Therefore, you should be
familiar with the classification and grading of wood
(lumber). The specific type and cut of lumber to be
used in a construction is given in the associated
specifications.

a. Species. Native species of trees are divided
into two classes: hardwoods, which have broad
leaves; and softwoods, which have leaves like
needles or scales. No definite degree of hardness
divides the species. In fact, some hardwoods actually
are softer than an average softwood.

(1) Hardwoods. Some familiar native
species of the hardwood or deciduous class are ash,
birch, hickory, oak, beech, and maple. All are broad-
leaved. Lumber cut from hardwoods is not generally
used for the construction of structural framing but is
employed principally for flooring, special interior
paneling, trim, and doors.

(2) Softwoods. Most native species of
softwood bear cones and are called coniferous
woods. Some familiar softwoods are pine, spruce,
fir, cedar, and redwood. These woods are worked
easily and make suitable material for structural
framing. Of the various softwoods, southern yellow
pine and Douglas fir are the varieties used most
frequently for construction.

(a) Southern yellow pine. All
southern yellow pine used for structural purposes is
classified as longleaf or shortleaf. The wood is
dense, moderately hard, and strong. When described
in a bill of material or specifications, longleaf yellow
pine is abbreviated as LLYP, and shortleaf yellow
pine as SLYP.
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(b) Douglas fir. Douglas fir in the
form of lumber and timber is one of the most
desirable woods for structural purposes. It also has
extensive use as poles, piling, and ties, and large
quantities are cut into veneer for plywood and other
purposes. Douglas fir is strong, moderately hard, and
heavy. In general, however, it has a tendency to
check and split and does not hold paint well.

b. Grading. Softwoods and hardwoods are
graded by different standards. Only softwood
grading is considered here because, as explained
previously, hardwoods are rarely used for structural
purposes.

(1) Grading criteria. In most cases, the
grade of lumber is based on the number, character,
and location of features, such as knots and pitch
pockets, which are commonly called defects and
defined as any irregularity occurring in or on wood
that may lower its strength, durability, or utility
value. The best grades are practically free of these
features; others, comprising the greater bulk of
lumber, contain fairly numerous knots and other
natural growth characteristics.

(2) Select lumber. Select lumber is the
general classification for lumber of good appearance
and finishing qualities. Grades A and B are suitable
for natural finishes and grades C and D for paint
finishes.

(3) Common lumber. Common lumber is
the general classification for lumber containing the
defects and blemishes described above. The grades
are numbered 1 through 5. Grades No. 1 and 2 are
for use without waste in framing and sheathing; No.
3 can be used for temporary construction; and No. 4
and 5 are not generally used in construction



because they are of poor quality and are subject to
much waste.

c. Surfacing and Working Lumber. Lumber
is further classified according to the manner in which
it is milled.

(1) Surfacing. Lumber Is classified as
rough or dressed, according to the amount of planing
done in the mill.

(a) Rough. Rough lumber is as it
emerges from the saw, or unplaned; the abbreviation
RGH indicates rough lumber.

(b) Dressed. Dressed, or surfaced,
lumber is the rough lumber after it has been run
through a planer. It may have any combination of
edges and sides dressed, such as S1S, surfaced on one
side; S28, surfaced on two sides; SIS1E, surfaced on
one side and one edge; and S4S, surfaced on four
sides.

(2) Worked lumber. Worked lumber has
been run through a machine such as a matcher,
shaper, or molder. It can be matched, shiplapped, or
patterned.

(a) Matched lumber. Matched
lumber is cut so that it interlocks. A common type is
tongue and groove (T&G), in which a groove is cut in
one edge and a mating bead, or projection, is cut on
the other edge. Boards are frequently dressed and
matched (D&M) with the tongue and groove in the
center, making the pieces center-matched.

(b) Shiplapped lumber. Shiplapped
pieces are cut with a square step on either edge and

the projection on one edge at the bottom and at the
top of the piece on the other edge. In this way
adjacent boards overlap each other to form a joint.

(c) Patterned Ilumber. Patterned
lumber is cut in many designs and is used for trim.

d. Actual and Nominal Sizes of Lumber.
Sizes of lumber are specified by nominal dimensions
which differ from the actual dimensions of the milled
pieces. When lumber is run through a saw and
planer, it nominal size remains the same but its actual
size is reduced by the amount of surfacing it
undergoes. Approximately 1/4 inch is planed off
each side in surfacing. Lumber is also divided into
groups according to size, namely: strips, pieces less
than 2 inches thick and under 8 inches wide; boards,
less than 2 inches thick and more than 8 inches wide;
dimensional lumber, 2 to 6 inches thick and of any
width; and timber, 6 or more inches in the least
dimension. Dimensions of some common sizes are
given in table 2-1.

2-7. LIGHT FRAMING

There are three principal types of framing for
light structures: western, balloon, and braced. Figure
2-9 illustrates these types of framing and specifies the
nomenclature and location of the various members.

a. Western Frame. The western or platform
frame (1, fig 2-9) is used extensively for military
construction. It is similar to the braced frame, but
has boxed-sill construction at each floor line. Also
note that cross bridging is used between the joists and

Table 2-1. Nominal Sizes and Dressed Sizes of Lumber (New Standard)

Nominal size Dressed size
(in.) {in.)
) I J Y x 22
) B ST Y x 32
1X6 .. e e Y x 5z
1X8 . i i i Ya xTVa
1x10 .ot i Ya x 9%
112 e Y% x 11
2X4 i iieiaeaaas 12 x 32
2 X B e 1Y2 x 52
2B it 12 x 7Y%
210 . 12 x 9%
2x 12 e 1% x 11Y
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Nominal size Dressed size
(in.) (in)
3xB e 2% xT%
3x10 ... 22 x 9%
3x12 ... 22 x 11Y%
4X12 i 32 x11%
4x16 ... e 3Y: x 15%
6x12 ... 5 x 112
Bx16 ... 5Y: x 15%:
BX18 ... 52 x 172
Bx16 ... 7Yz x 15Y2
Bx20 ..ot TY2 x 19V
Bx24 ... ... T2 x 232
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bridging is used between the studs. The western
frame is preferred for one-story structures, since it
permits both the bearing and nonbearing walls, which
are supported by the joist, to settle uniformly.
Typical components of the western frame are the
following:

(1) Cross-bracing. Cross-bracing between
joists is required to increase the rigidity of the
structures.

(2) Joists. Joists are laid edgewise to
support the floor boards.

(3) Rafter. The ribs are run from hip, or
ridge, to eaves in the roof.

(4) Sheathing.  Sheathing is generally
applied diagonally to assist in strengthening the
structure.

(5) Sill. Sills are horizontal members that
either rest upon or form the foundation of the house.
The sill may be a 4 x 4 or two 2 x 4 pieces spiked
together.

(6) Studs. Studs are upright beams in the
framework of a building. Studs are normally 2 x 4
set 16 inches on centers.

(7) Plates. The plate is placed across the
tops of the studs. The plate, which is a 4 x 4 or two 2
x 4's spiked together, serves as a lower base for the
ends of the roof rafters.

(8) Posts. Posts are members set on end to
support a wall, girder, or other members of the
structure. Corner posts are 4 x 4 inches.

b. Balloon Frame. The balloon frame (2, fig
2-9) is a widely used type of light framing, chiefly
because it is economical. The major difference
between balloon and braced framing in a multistory
building is that in balloon framing the studs run the
full length, from sill to rafters. It is customary for
second-floor joists to rest on a 1 x 4-inch ribbon that
has been set into the studs. Although a balloon frame
is less rigid than a braced frame, it represents a
saving in labor and material and is quite suitable for
two-story structures.
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c¢. Braced Frame. A braced frame (3, fig 2-9)
is much more rigid than a balloon frame. Exterior
studs extend only between floors and are topped by
girts that form a sill for the joists of the succeeding
floor. Girts usually are 4 x 6 inches. With the
exception of studs, braced-frame members are
heavier than those in balloon framing. Sills and
corner posts are customarily 4 x 6 inches. Unlike the
studs, corner posts extend from sill to plate. Knee
braces, usually 2 x 4 inches, are placed diagonally
against each side of the corner posts. Interior
studding for braced frames is the same as for balloon
frame construction.

d. Light Roof Truss. The roof truss spans the
area between walls. A typical light roof truss is
illustrated in [1], figure 2-10. Observe that only half
of the roof truss is shown and the note “trussed rafter

symmetrical about this Q‘“ is given. This means that
both halves of the truss are identical and there is no
need to show both halves to present the complete
picture of the truss. Note that the sizes of members
and bracing details are given. For example, the knee
braces for each half of the light truss are made of 2 x
4's and spaced at a maximum of 16 feet. A note on
the drawing instructs you to use 16d nails except
where otherwise noted. One of the exceptions for
example is the nails designated for the rafter tie
which are 20d nails.

2-8. HEAVY FRAMING

a. Heavy framing, such as wused in the
construction of large warehouses, consists of framing
members at least 6 inches in dimension (timber
construction). Long, unsupported areas between
walls are spanned by built-up roof trusses. A typical
heavy roof truss is shown in [2], figure 2-10.
Observe again that only half of the roof truss is
shown and the note “symmetrical about (i‘ of truss”
is given to indicate that both halves of the truss are
identical. Also note that the size of each member is
given together with the splices required, bracing
details, and spacing dimensions. For example, the
bottom chord for each half of the heavy truss is made
up of two 3 x 12-inch x 9-foot, 4-inch long and two 3
x 12-inch x 20-foot-long members connected by 4 x
12-inch x 2-foot, 4-inch-long filler and two 2 x 12-
inch x 2-foot, 4-inch splice plates secured by four
bolts. The vertical and diagonal braces are connected
to the top and
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bottom chords with the vertical brace members
spaced 6 feet center-to-center; thus, the distance from
the centerline of the 4 x 12-inch vertical brace to the
centerline of the truss is 24 feet.

b. Members are connected with spikes, bolts,
driftpins, or special timber connectors. The split ring
is the most commonly used special connector. You
should become familiar with all the special
connectors and the identifying symbols used in
military drawings that are given in figure 2-11. The
specific connector to be used is specified in the bill of
materials.

(1) Spikes. Spikes are used for smaller
sizes of lumber, as in timber trestle construction, to
connect horizontal planking to stringers.

(2) Bolts. Bolts commonly used in timber
construction vary in diameter from 1/4 to 1 1/4

inches. Measured from the underside of the head,
lengths range from 1 inch to any length desired.
Bolts are threaded, have square heads, and take
square or hexagonal nuts. Bolts are placed through
predrilled holes, with a washer at each end to
increase the bearing area on the wood, and are
fastened.

(3) Driftpins. Driftpins are large size
spikes from 1/2 to 1 1/4 inch in diameter and from 8
to 24 inches long. They are driven into predrilled
holes of the same diameter or slightly smaller than
the pin diameter.

(4) Split rings. Split rings are available in
2 1/2-, 4-, and 6-inch diameter sizes and are used for
making wood-to-wood connections with medium and
heavy loads. A hole must be drilled for the bolt and a
groove made for the ring. If columns are built up of
several pieces (for example, three 2 x 12-inch
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Figure 2-11. Timber construction symbols and connectors.



pieces to make a 6 x 12-inch column), the various
pieces are normally fastened together with 4-inch
split ring connectors. A 3/4-inch bolt is used in
combination with a 4-inch split ring after a high-
strength, threaded rod assembly has forced the split
ring to penetrate the wood.

2-9. FOUNDATION PLANS

A foundation plan is a top view of the foundation

Foundation walls are dimensioned to their corners
and all openings in foundation walls are shown.
Footings are located by distance between centerlines
and distances from references to boundary lines.
Figure 2-12 shows a typical foundation plan when
footings are used; the conditions for 20-and 60-foot
spans are shown. You can see that the spacing of the
footings along the 120-foot span is the same for both
conditions. The footing details noted in A2 and B2
on figure 2-12 are shown in figure 2-13. Note that

walls or footings showing their area and location. the footing details indicate the size of the
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various members. (In some cases, the lengths are
given, while in others the bill of materials
accompanying the print specifies the required lengths
of the various members.) Detail A2 shows the type
of footing used for the 60-foot span and detail B2 the
type of footing for the 20-foot span (both cases to be
120 feet long). You can see that the heavier footing
construction includes diagonal bracing (detail A2,
side elevation), whereas the footing shown in detail
B2 uses scabs only. Note that the height of the
footing is marked "varies: which means that the
height depends upon the ground elevation.

2-10. FRAMING DRAWINGS

Framing drawings show the arrangement,
number, and dimensions of the structural members
constituting the building framework. These drawings
include floor and roof framing plans and wall
framing details.

a. Floor Framing Plan. Framing plans for
floors are basically plan views of the girders and
joists. The size and spacing of the joists, the size and
number of girders, and the bridging are noted on the
plan. A typical floor framing plan is shown in figure
2-14. In reading the floor framing plan, you learn
that the girders will be made up-of three 2 x 6's (or
three 2 x 8's for 20-foot spans). The joists will be
made up of 2 x 6's and are to be spaced at intervals of
3 feet (2" x 6" at 3’-0" O.C.) with bridging. The joist
lengths are joined at the footings with 1 1/2/x 2-foot
splices. Note that there are two types of footings
indicated. The construction of the footing would be
as depicted in figure 2-13.

b. Roof Framing Plans. Framing plans for
roofs are similar to floor framing plans and impart the
same type of information. The size and arrangement
of the rafters, ridge pieces, purlins, and other
structural members in the roof are noted on the plan.

c. Wall Framing Details. Wall framing
details (also called wall framing plans) present
information on the studs, plates, corner posts,
bracing, sills, and girts. Door and window framing is
shown in wall framing details. The types of doors
and windows are identified by notes.
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2-11. SECTIONS

a. A section shows how a structure looks when
cut vertically by a cutting plane. It is drawn to a
large scale showing details of a particular
construction feature that cannot be given in the
general drawing. The section provides information
on height, materials, fastening and support systems,
and concealed features.

b. Of primary importance to construction
supervisors and to the craftsmen who do the actual
building are the wall sections. The wall section
shows the construction of the wall as well as the way
in which structural members and other features are
joined to it. Wall sections extend vertically from the
foundation bed to the roof. A typical wall section
with the parts identified by name and/or size is
illustrated in figure 2-15.

2-12. DETAILS

a. Details are large scale drawings which show
features that do not appear (or appear on too small a
scale) on the plans, elevations, and sections. Details
do not have a cutting-plane indication, but are simply
noted by a code. The construction at doors,
windows, and eaves is usually shown in detail
drawings. Figure 2-16 shows some typical door and
window wood framing details and an eave detail for a
simple type of cornice. Other details which are
customarily shown are of sills, girder and joist
connections, and stairways.

b. The sill, or soleplate, is the horizontal
member on which the studs (vertical members) rest.
Do not confuse this member with the sills shown in
door and window details. Typical variations of
details surrounding sills are illustrated in figure 2-17.

c. Joists are connected to sills and girders by
several methods. In modern construction, the method
that requires the least time and labor and yet gives the
maximum efficiency is used. The same rule is
followed in the theater of operations. Figure 2-18
shows three constructions for girders and methods of
supporting the inside ends of floor joists; outside
ends of floor joists are supported as shown in figure
2-17.
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REVIEW QUESTION 3

Which wood is most commonly used for structural framing? (para 2-6, a(2))

REVIEW QUESTION 4

When special connectors are used, how are they referenced on military drawings? (para 2-8, b)(fig 2-11)
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ANSWER TO REVIEW QUESTION 3

Softwoods are worked easily and make suitable material for structural framing. (para 26, a (2))

ANSWER TO REVIEW QUESTION 4

As shown under the "illustrated use" column of figure 2-11, special connectors are referenced by lettered

symbols. (para 2-8, b)(figure 2-11)

Section lll. Concrete and Masonry

2-13. CONCRETE CONSTRUCTION

a. Concrete is a mixture of cement, water, and
aggregate. Aggregate is classified as fine and coarse.
Fine aggregate refers to sand and coarse aggregate to
crushed stone or gravel. Mixed together in specified
proportions, fine aggregate fills the voids in coarse
aggregate and cement and water form a paste that
hardens to bond the aggregate together in a unified
mass. Concrete is poured into forms while it is still
plastic. Once hard, concrete retains the shape
imparted to it by the form.

b. When steel reinforcing rods are embedded in
concrete, it is known as reinforced concrete. In
general, bar reinforcing steel embedded in the
concrete is assumed to provide for all tension and

shear stresses and the concrete resists compressive
stress. The bars may be round or square in cross-
section, have plain or deformed surfaces, and be
manufactured of mild billet or hard rail steel.
Welded reinforcing mesh is normally used to prevent
cracks and checks in slab or wall concrete.

(1) Plain and deformed bars. Plain bars
have smooth surfaces. Deformed bars have lugs,
ribs, and projections of various types on their
surfaces that do not change the cross-sectional
dimensions, but provide a better mechanical bond
between the bars and concrete.

(2) Sizes. Table 2-2 gives the sizes, areas,
and weights of plain and deformed reinforcing bars in
common use.

Table 2-2. Sizes, Areas, and Weights of Reinforcing Bars

.. N Dimensions of .
Diumeter Size 8 Weight Nominal Roung Cross- Section
tinchess ynumbers: Ipounds D?amezer Sectional Arex 'Pr.rimeter
per footy linchesi Isquaze inches: unchesit
Y 2b 0.167 0.250 0.05 0.786
h 3 0.376 0.375 0.711 1.178
h 4 0.688 0.500 0.20 1.571
A 5 1.043 0.625 0.3} 1 1.963
% 6 1.502 0.750 0.44 2.356
= T 2.044 0.875 0.60 2.749
1 g 2.670 1.000 0.79 3.142
1 gh 3.400 1128 1.00 3544
1% 10t 4.303 1270 1.27 3.9%0
1% 11t 5.313 1.410 1.56 1.430

. X . . . .
Eur numtsers are buased oF tne number of ~ inches included in the nomina aimeter of the bar

oo, ; v - f
*Rar number 2 m puaaf rounds poby Bars numiwred Y10, and 11 ar- rognaed bars 14, % oo, and

lie-ineh and are euuivaient 1n weyht and nomisai eres-seciional ares 1o Uhe old 1y pe syuare bars



(3) Bending and placing bars. Bars are
manufactured in straight lengths and are cut and bent.
Bars are bent by the steel fabricator in the shop and
sent to the job ready to place without further cutting
or bending. The bars are placed and wired in position
before concrete is poured.

2-14. REINFORCED CONCRETE
DETAILS

a. Location. Location of the reinforcing steel
is shown in detail drawings of the various structural
members. It is not possible to show the shapes and
sizes of the reinforcing bars by the usual orthographic
views; therefore, a systematic method of marking is
used in which bars are identified by symbols and
reference numbers.  Once assigned, the same
reference number is used to identify the bar in any
view in which it appears. Reinforcement size-and-
shape details are provided in a separate reinforcement
detail drawing which consists of a reinforcement
schedule and diagrammatic bar-bending details.

b. Symbols. The symbols used in drawings of
reinforced concrete structures include the material
symbol for concrete in section and the symbols for
reinforcing steel.

(1) Concrete. The symbol for concrete (fig
2-2) indicates coarse and fine aggregate. Fine
aggregate is represented by fine dots and coarse
aggregate by irregularly drawn triangles.

(2) Reinforcement. Figure 2-19 presents
the symbols for typical shapes of reinforcing steel.
Figures 2-20 through 2-22 illustrate some
applications of these symbols. Note that in addition
to their symbolic representation, reinforcing bars
parallel to the section are represented by heavy
dashed lines; those perpendicular to the section are
represented by heavy round or square dots,
depending upon the cross-sectional shape of the bars.
In notes, the symbols ¢ and @ are used to indicate
round and square bars, respectively.

c. Reinforcing Schedules. Figure 2-20 shows
a portion of a floor framing plan and provides
examples of reinforcing schedules for slabs, bar
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bends, and beams located on the plan. The slab and
beam schedules are keyed to marks on the plan. For
example note that D2 is a band mark described on the
second line of the slab schedule and 2B6 is beam
mark that is the first described in the beam schedule.
The bending schedule is keyed to a bar type number
given in the slat schedule. The bottom bars of slab
band mark D2, for example, are listed in the slat
schedule as type R500. The dimensions and;
description of the type R500 bar bend are provided in
the bending schedule. You should know the
following about the data listed in the reinforcing
schedules. The No. columns list the quantity
requirement. Size refers to the bar diameter, length
to the stretchout length, and type to the shape of the
bar. Bending details pertain to the outside lengths of
the straight and curved segments. The shipping mark
provides the dimensions in code, with the first
number giving the bar diameter in multiples of 1/8
inch and the remaining three or four numbers the
overall bar length in feet and inches. Mark 5246
indicates 5/8-inch diameter and 24 feet, 6 inches
long, while mark 31810 denotes 3/8-inch diameter
and 18 feet, 10 inches long.

d. Bar-Bending Details. Bar-bending details
resemble the diagrammatic shapes shown in figure 2-
19. The manner in which bar-bending details are
indicated in reinforcing schedules is illustrated in
figure 2-20.

e. Section Details. Figures 2-21 and 2-22
illustrate how basic information is given in typical
reinforcement section details. You can read both
figures in the same manner. The principal difference
between these illustrations is that figure 2-21 depicts
vertical structures (column, pier, and walls), whereas
figure 2-22 depicts horizontal construction items
(beams and slab).

(1) Look at the reinforced concrete column
in figure 2-21. What you see is a plan and elevation
section of a 14 x 14-inch (1' -2" x 1' -2") reinforced
concrete column with a 12-inch beam. There are four
vertical 3/4-inch diameter round bars on 10-inch
centers to be set 2 inches inside the face of the
concrete. Lateral ties of 1/4-inch diameter
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Figure 2-19. Reinforcement shapes (symbols).
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Figure 2-20. Typical reinforcing plan.
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Figure 2-21. Common reinforced concrete sections.
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round bars are placed around the vertical bars.

(2) Read the elevation and plan sections of
the reinforced concrete pier in figure 2-21. Note that
the pier consists of a post that is 12 inches square on
a footing measuring 2 feet, 8 inches square and 1 foot
(minimum) in depth. The post reinforcement consists
of four vertical, 3/4-inch diameter round bars on 9-
inch centers, with 1/4-inch diameter round bar hoops
at specified intervals (designated on the print or in the
reinforcing schedule). The footing reinforcement
consists of eight 3/8-inch diameter round bars
arranged as a mat.

(3) The elevation section of a reinforced
foundation wall (fig 2-21) shows vertical, horizontal,
and longitudinal bars. Note that the wall thickness is
designated by the letter "A" minimum. An
explanatory note on figure 2-21 advises that the
thickness of the wall and the size of the footing
depends upon the soil bearing capacity and weight
load. This note also reveals that minimum
temperature and building codes determine the depth
below ground of a reinforced foundation wall. The
vertical bars are 1/2-inch diameter round bars spaced
at 9 inches center-to-center and the longitudinal bars
are 1/2-inch diameter round bars spaced at 18 inches
center-to-center. The horizontal bars in the footing
are not specified in figure 2-21, but will be found
elsewhere in associated plans.

(4) In viewing the section of a reinforced
retaining wall shown in figure 2-21, you will find the
thickness and height of the wall and the height and
width of the footing. You will also learn that the
backfill of the wall is porous, a 4-inch tile drain is
provided, and the longitudinal reinforcement bars are
to be 3/4 inch round. Note that the wall thickness
increases from a thickness of 7 inches at the top to 1
foot at the bottom. Data not given in this section,
such as bar lengths and degree of bends, as well as
radius of hoops and spacing, is supplied in the plans
and schedules of the structure.

(5) An inspection of figure 2-22 will show

you the shapes and locations of the steel
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bars in portions of a continuous rectangular beam, a
continuous T-beam, and a span of one-way
reinforced concrete slab floor. For example, you can
see that the continuous rectangular beam will be
reinforced with 4 1/2-inch diameter truss bars, 2 3/4-
inch diameter straight rods, and 1/2-inch diameter
stirrups. You should also note that the cross-section
size of the beam is 6 x 12 inches. Beam length is
given in the associated schedule.

2-15. JOINTS AND CONNECTIONS

The manner in which structural members and
construction materials are connected to each other is
shown in detail drawings.

a. Foundation Walls. Foundation walls are
bonded to footings with vertical reinforcing bars
called dowels, which are placed in footings and
extend upward 3 to 4 feet into the wall (fig 2-21). A
wedge-shaped trough,



called a key, is built into spread footings to
strengthen the bond between footings and walls that
are poured later.

b. Construction Joints. Construction joints
are divisions between concrete work performed at
periods far enough apart to allow partial hardening.
For horizontal work, such as floor slabs, construction
joints should be in a vertical plane. For vertical
work, such as columns, the joints should lie in a
horizontal plane. Although construction joints have
no permanent function but to represent a convenient
stopping place, they affect the strength of the
structure. Their location is indicated in a drawing
with a heavy, unbroken line and the note "permissible
construction joint" or "construction joint."

c. Construction and Expansion Joints.
Concrete usually contracts while hardening and
expands after it has hardened because of changes in
atmospheric temperature. To provide for the changes
in volume that occur at these times, it is necessary to
supply joints at frequent intervals.

(1) Contraction joints. Various designs of
contraction joints are used. In all cases, however,
they represent a clean break between the two
sections. No reinforcing extends across the break,
which should be filled with an elastic joint filler or
protected in some other way. Joint details are shown
in a detail drawing.

(2) Expansion joints. Expansion joints are
required wherever expansion might cause a concrete
slab to buckle. Mastic joints are commonly used to
separate sections from each other, thus allowing
room for expansion.

d. Masonry Units. Masonry units, such as
brick, structural tile, and cinder block, are bonded to
foundation walls with mortar. Metal ties may be
added to increase the strength of the bond.

e. Grout. Grout is a mixture of cement, sand,
and water. Grouting is the process of adding a layer
of concrete to concrete that has been poured
previously. It is frequently used to bring bearing
surfaces, such as column footings and foundation
walls, to the exact grade desired. Grout is not
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indicated symbolically on drawings, but its thickness
is noted.

f. Bearing Plates. @~ When heavily loaded
beams or columns bear on masonry or concrete
supporting members, metal plates are used to
distribute the load and prevent crushing the surface of
the supporting member. The plates are made of steel
or cast iron and may be held in place by grout,
dowels, anchor bolts, or the weight of the supported
member.

(1) Beam supports. Bearing plates are
used to distribute the loads of horizontal members
bearing on masonry walls. Usually these plates are
of a simple rectangular shape.

(2) Column supports. Base plates are
used to distribute the loads of columns bearing on
concrete or masonry piers and footings and may be
plain or ribbed. Base plates for pipe columns may
have a vertical projection or dowel to fit inside the
column to hold the column in place.

g. Anchor Bolts. Anchor bolts are the most
frequently used means of connecting wood and steel
to concrete (fig 2-17). The end embedded in the
concrete is hooked to provide a stronger bond.
Anchor bolt dimensions are given in specific notes
and state diameter and length. For example, the note
"1/2 x 1' -2" anchor bolts at 4' -8" OC" means that the
bolts are 1/2 inch in diameter; 1 foot, 2 inches long,
and are spaced at intervals of 4 feet, 8 inches
measured on centers around the perimeter of the
foundation wall.

2-16. MASONRY CONSTRUCTION

Bricks, hollow clay tiles, concrete or cinder
blocks, concrete tiles, and stone are used in various
combinations in masonry construction. The sizes,
shapes, and characteristics of masonry units
determine their applicability and use in construction.
The specified type and placement of masonry units
are shown in plans of masonry structures.

a. Brick Types. Brick types are determined by
size, shape, and usage. Figure 2-23 shows the
various brick cuts and masonry joints.
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Figure 2-23 Brick cuts and typical masonry joints.

(1) Whole. A whole brick is a standard 2
1/4 x 3 3/4 x 8-inch brick.

(2) Split. A split brick or soap is a flat
half-brick that has been split lengthwise.

(3) Quarter or closer. A quarter or closer
is a quarter segment of a brick broken across the
narrow section at quarter length.

(4) Three-quarter. A three-quarter brick
is the remainder of a brick with the quarter removed.

(5) Soldier. A soldier is a whole brick laid
vertically with the narrow face showing in the wall.

(6) Queen closer. A queen closer is a brick
split lengthwise through its short axis.

(7) Stretcher. A stretcher is a whole brick
laid flat longitudinally with the wall.

(8) King closer. A king closer is a whole
brick with a corner clipped off.

(9) Half or bat. A half or bat is half a
brick.
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(10) Header. A header is a whole brick laid
flat across the wall with one end showing the wall-
face.

(11) Rowlock. A rowlock is a brick on its
edge across two rows of flat brick with one end
showing in the wall.

b. Brick Joints. Joints in brick masonry (2, fig
2-23) are formed by the mortar which bonds the
masonry together. The type of joint to be used is
included in the notes of the plan or is included in the
brickwork specification. To finish the joints and
make a waterproof bond between brick and mortar in
the exterior faces of brickwork, the joints are struck,
or ironed, with various shapes of jointers or a
pointing trowel. Two typical joints are: the flush or
plain joint, in which the mortar joint is struck flush
with the exterior of the masonry wall; and the raked
joint, in which some of the mortar is removed with
the point of the trowel to make brickwork stand out.
Other joints are the struck, weathered, stripped, V, or
concave joints, all of which are made with the proper
use of the trowel.



c¢. Brick Bond. Bond is an arrangement of
built-up bricks or other units laid so that their
overlapping thoroughly ties the units together. This
is not to be confused with the term "bond" as applied
to a bonding material, such as mortar.  The
specifications or notes in the plans will specify the
type of bond required. There are many types of brick
bonds. A few typical bonds are shown in figure 2-24.
The type bond generally used in military construction
is the common bond (1, fig 2-24). Details on
masonry construction can be found in TM 5-742,
Concrete and Masonry.

d. Hollow Clay Tiles. Hollow clay tiles are
units of burned clay constructed with hollow cores
and laid in cement mortar. Their use may be
indicated in the plans or the specifications for the
construction of partitions, furring, and outside walls
faced either with stucco or brick tied to the tile by
headers or metal ties. Plans of small military
buildings of hollow clay will normally show the
exterior walls to be tile without brick facing. Some
common types and sizes of hollow clay tiles with
which you should become familiar are illustrated in
figure 2-25.

e. Concrete Blocks and Tiles and Cinder
Blocks. Concrete blocks and tiles are solid or hollow
molded units of portland cement and fine aggregates
and are laid in cement mortar. Cinder blocks are
lightweight units of cinders with portland cement and
sand made to the same forms and dimensions as
concrete blocks. These masonry units usually are
made in standard sizes of various thicknesses, with
the most common being 8 x 8 x 16-inch nominal size.
The nominal size allows for the mortar joint. Note
the typical concrete masonry units shown in figure 2-
26. Concrete blocks and tiles and cinder blocks are
used for walls, partitions, and foundations and can be
used for low retaining walls. The required types of
blocks or tiles and their designated use in
construction are given in notes or specifications; the
units themselves are not shown in the plans.

f. Stone. When used as found in the field or
quarry, stone is called rubble. When cut and shaped
into fairly regular forms, it is called squared stone or
ashlar. When cut into rectangular blocks, it is known
as cut stone. Stone masonry is composed of either
solid stone or stone backed with other types of
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masonry and is laid in mortar to a specified type of
pattern consistent with the type of stone available in
military construction. In theater of operations
construction, stone masonry is normally used only in
foundation walls, retaining walls, piers, and drainage
structures. In the building of military structures,
stone as a building unit is seldom used unless other
materials are difficult to obtain.

2-17. MASONRY CONSTRUCTION
DRAWINGS

The most common use of masonry is in wall
construction.

a. Types of Masonry Walls. The principal
types of masonry walls are bearing, curtain, veneer,
and hollow walls.

(1) Bearing walls. A bearing wall is one
that supports a vertical load other than its own
weight; its thickness is regulated by its height. The
minimum thickness of a brick bearing wall for a
dwelling is 8 inches; for buildings such as
warehouses, which carry heavy loads, the minimum
thickness is 12 inches.

(2) Curtain walls. A curtain wall is a
masonry wall enclosing a framework of steel or
reinforced concrete; it is not a bearing wall. The
curtain wall may support its own weight or may be
supported at intervals on the frame of a building. The
minimum thickness of a brick curtain wall is 8
inches.

(3) Veneer. Veneer implies a masonry
facing over an exterior bearing wall. The veneer is
not self-supporting and is fastened to the frame of the
building with metal clips spaced at specified
intervals. Some examples of masonry veneer are
stone on a wood frame, brick on a wood frame, or
brick on cement tile.

(4) Hollow walls. Buildings with masonry
walls are occasionally constructed with parallel walls
separated by an air-space. Hollow wall or cavity
construction permits plaster to be placed directly on
the interior wall without first building a backing-out
from the-wall.
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b. Plans. Symbols, dimensions, and notes are
used in a plan view to show location thickness, and
types of masonry walls. Dimensions give the overall
length and width as well as the location and width of
all doors and window openings. The double-line wall
symbol is drawn to scale and the appropriate section
symbol is used to indicate the masonry material
graphically. Brick walls are dimensioned to the
outside corner in plan views.

c. Elevation. Door and window openings are
drawn to scale. Wall material is indicated by a few
courses of brick, block, stone, or tile, as required.
The number and dimensions of courses are shown in
elevations between finished floor lines, from finished
floor line to the bottom of a window opening, and to
the other vertical construction points from datum
lines as required. Bricks above doors and windows
are in rowlock bond. Lintels may be used in lieu of
rowlock bonded bricks above doors and windows (fig
2-27).

—

Figure -2-27. Typical steel lintel detail.

d. Sections. The details of masonry
construction are indicated in wall sections (fig 2-28)
drawn to large scale (3/4 inch =1 foot or 1 1/2 inches
= 1 foot). Construction details are shown at the
building sill, head, jamb, sills of doors and windows,
and at the eaves. Additional sections are shown
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when there are departures from the typical, such as
variations of roof and floor framing into the masonry
wall. Large-scale wall sections show the actual sizes
of masonry units to represent joints by a space to
scale between unit outlines, and to show all items
exactly to scale in order that mechanics will have a
clear picture. Joint dimension, masonry material, and
any details of construction requiring explanation are
explained by specific notes or dimensions.
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REVIEW QUESTION 5

The location of reinforcing steel is shown in drawings of the various structural members. In what manner
are reinforcing bars identified on a floor framing plan? (para 2-14, a)(fig 2-20)

REVIEW QUESTION 6
When an additional concrete layer is added to concrete which has been poured previously, the additional

layer is called grout. When grout is used, what information will appear on the
drawing? (para 2-15, e)
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ANSWER TO REVIEW QUESTION 5

On floor framing plans, such as the one shown in figure 2-20, reinforcing bars are identified by reference
numbers. Data pertaining to the bars will be explained in various schedules next to the reference number. (para 2-

14, a)(fig 2-20)

ANSWER TO REVIEW QUESTION 6

There is no symbol for grout. Whenever it is used, the grout thickness is noted. (para 2-15, e)

Section IV. Structural Steel

2-18. INTRODUCTION

Structural members are normally cut and fitted in
special fabricating shops and transported to the
building site for final assembly and erection. Steel
structures are composed of rolled-steel shapes used
either singly or built up to form members. In the
field, members are erected in their relative positions,
fastened temporarily with bolts and driftpins, and
permanently connected with rivets, bolts, or by
welding.

a. Structural Shapes and  Symbols.
Structural steel drawings show the shapes and sizes
of the steel used and the details of assembly of the
parts. Note the sections of common rolled-steel
shapes shown in figure 2-29. The symbols used to
identify the shapes in notes, dimensions, and bills of
material are shown in parentheses.

_ T

ANGLE (L) PLATE {R) STANDARD
1 BEAM (1)
4 ' ...,/-
ps --FLANGE
“
W a3
o =
' CHANNEL (U) WIDE FLANGE
SHAPE (W)
Figure 2-29. Common rolled-steel shapes and
symbols.
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(1) Angles (L). The angle is a standard
structural shape whose cross-section resembles the
letter L. Angles are used singly or in combinations of
two or four angles to form main members. They are
also used to connect two main members or parts of
members together. Angles are identified by the
dimensions of their legs, measured in inches along
the outside or backs of the legs. The sequence in
which dimensions of angles are noted is: symbol
followed by dimension of wider leg first and
thickness of the legs third (both legs always have
equal thickness). Thus L7 x 4 x 1/2 indicates that the
steel section is an angle whose legs are 7 inches and 4
inches wide and 1/2 inch thick.

(2) Plates (R,). Plates are noted by width,
thickness, and length. Thus, 1 R‘, 11 x 3/8 x 2-7"
indicates that the item is a single plate whose
dimensions are 11 inches at its widest point, 3/8
inches thick, and 2 feet, 7 inches at its longest point.

(3) Standard I-Beam (I). The I-beam is a
standard structural shape whose cross-section is in
the form of the letter . I-beams are used as beams,
columns, truss members, and any other application
where their shape makes their use desirable. An I-
beam is identified by its nominal depth in inches and
weight in pounds per foot of length. For example,
the notation 15 1 42.9 designates an I-beam that has a
nominal depth of 15 inches and weighs 42.9 pounds
per linear foot.

(4) Wide-flange shapes (WF). The wide-
flange shape is a standard structural shape whose
cross-section is in the form of



the letter H. Wide-flange shapes have the same
general use as I-beams; however, wide-flange shapes
have greater strength and adaptability than I-beams.
Identification of a wide-flange shape is by its
nominal depth and weight per foot. For example, 24
WF 76 designates a wide-flange section that is 24
inches deep and weighs 76 pounds per linear foot.

(5) Channels (Ll1).

structural shape whose cross-section is similar to a
squared letter C. Channels are principally used in
locations where a single flat face without outstanding
flanges on one side is required. The channel is not
very efficient as a beam or column when used alone,
but efficient built-up members may be constructed of
channels assembled together with other structural
shapes and connected by rivets or welds. Channels
are identified by their depth and weight per foot. For

The channel is a

example, the notation 9 LI 13.4 indicates that the

channel has a nominal depth of 9 inches and weighs
13.4 pounds per linear foot.

b. Actual Size and Weight Versus Nominal
Size Classification. It is important to note that the
process for rolling structural-steel shapes permits a
wide range of actual sizes and weights within a single
nominal size classification. Examples of actual
dimensions for the various weights of typical
American Standard channels, beams, and wide-flange
shapes are given in tables 2-3, 2-4, and 2-5,
respectively. It may be necessary to refer to tables
such as these for additional information about
specific situations.

Table 2-3. Detail Dimensions of Typical American Standard Channels.

Flange Weh
Depth of Weight Mean
Section per Foot Width Thickness Thickness
tinches) {poundsy tinches ! tinches»
1, . -
13.0 20 % 716
1.5 2 % Fe
3 .
32 1a 78 Jie
Table 2-4. Detail Dimensions of Typical American Standard Beams
Flange Web
Depth of Weight Mean
Section per Foot Width Thickness Thickness
{inches) ipounds) tinches» tinches: tinches?
10 35.0 5 1 %
25.4 4h lg 716
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Table 2-5. Detail Dimensions of Typical Wide-Flange Shapes

Fiange Web
Nominal Weight
Size per Foot Depth Width Thickness Thickness
{inches) (pounds} (inches| {inches| finches: iinchest
16x11% 96 165 11% % %
88 16% 11% Yo b
16x8'% 78 164 8% % Yie
71 16% 8% e b
64 16 8% e Y1
58 154 8% n T
16x7 50 16% ™ N h
45 16% T Y1 N
40 16 7 o) 2T
36 154 7 Ve He

2-19. CONNECTIONS

The building of any structure consists of joining
component parts. The parts are connected with bolts
and nuts or by welding.

a. Bolts and Nuts. In general, data concerning
bolt dimensions is obtained from standard tables.
However, bolts and nuts are seldom shown on detail
drawings. Bolt and nut connection is the primary
type used in the field. Bolts and nuts are used
because they require less skill and less tools. On
assembly drawings, where bolts and nuts are
encountered most frequently, approximate
dimensions are adequate. Thread specifications are
given in a note. The format or order of the
specification note is in accordance with accepted
standards. Figure 2-30 indicates the order of the
specifications note for a typical American Standard
thread and explains interpretation. Referring to
figure 2-30, you will see that the first number of the
note (3/4) denotes the nominal size of the major
diameter and the number following the first dash (10)
indicates that there are 10 threads per inch. Also
apparent is that the letters NC indicate the thread
series (National Coarse) and the last number (2) the
class of fit (class of thread and tolerance). The letters
LH following the last number designate left-hand
threads, while notes without LH designate right-hand
threads. The most widely used thread-series are the
American Standard National Coarse (NC) and
National Fine (NF). The NF series have more
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threads per inch than the NC series as shown in table
2-6.

Mojpor diameter

—~ Threods per nch
Stondard

/ ~ Threod seres
/ / /- Cioss of fit
/ Left hond (f opphcobiel
/ v

3 r L4
% ~IONC-2 LH

NN J

Figure 2-30. Thread specification note.

b. Rivets. Rivets are rarely used as
connectors in the field. Some members may be
fabricated in the shop with rivet connectors and then
brought to the field for bolt and nut or weld
connecting. All holes for rivets are punched or
drilled in the fabricating shop whether the rivets are
to be driven in the shop or in the field. Rivets that
will be placed and driven in the shop to connect
structural members are indicated on the print by a

shop rivet symbol (O). Structural members to be
connected at the job site are indicated on the print by

a field rivet symbol (®).
field

Conventional shop and



Table 2-6. American National Coarse (NO and National Fine (NF) Series
(Number of Threuds per Inchy

Sizeof Size of
Mijor NC NF Major \r ‘F
Lhameler Series Series Diameter Series Series
] — 80 iy 10 16
1 64 72 S 9 14
2 56 84 ) ] 14
3 48 56 1% T 12
4 40 48 1% 7 12
5 40 44 JEN 6 12
6 32 40 1A 6 12
8 32 36 1% 5
! 24 32 2 4t
12 2 2 2, e
s 2l 26 2 4
" 16 21 RN 4
16 24 3 4
14 20 3 4
Lo 13 20 2 4
12 18 ¥ 4
B il is i E] ! 3
Ml mwer ) e W v LT,

rivet symbols are shown in figure 2-31. Note that the
rivet head diameter is used to represent shop rivets
and the rivet shank diameter to represent field rivets.
The symbol for field rivets indicates a hole in which
rivets are to be placed. The intersection of pitch and
gage lines, represented by centerlines on detail
drawing made to small scale, shows the placement of
the rivets.

Standard forms of rivet heads are shown in figure 2-
32.

c. Welding. Welding is used in the rear area
as a method permanent joint between two metal parts.
Welding requires a great amount of equipment and,
therefore, has only limited use in the front areas.
Welding has its own language of symbols for use on
drawings. The welding symbol is a composite of
symbols and data indicating the requirements of a
given weld. As you can see in figure 2-33, the basic
welding symbol is simply a reference line and an
arrow. This basic welding symbol serves as the base
on which all symbol information is placed in standard
locations. Symbols used to indicate the type of weld
(called basic weld symbols) and supplementary weld
symbols are shown in figure 2-34. The weld symbols
in their respective positions on the reference line and
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arrow, together with dimensions and other data, form
the welding symbol. The assembled welding symbol
consists of the eight elements listed below, or such of
these elements as are necessary. The elements of the
welding symbol have standard locations with respect
to each other as shown in figure 2-35.

(1) Reference line. This is the base for all
data and symbols comprising the welding symbol.

(2) Arrow. The arrow points to the
location of the weld.

(3) Basic weld symbol. This symbol
designates the type of weld. Its location on the
reference line indicates the side of the object to be
welded; that is, arrow side, other side, or both sides.

(4) Dimensions and other data. The
information provided by this element of the welding
symbol is given on figure 2-35, identified by the
symbols S, R, and (N).

(5) Supplementary symbols. This shows
the supplementary weld symbols (fig 2-34). The
supplementary symbols on figure 2-35 indicate a
field weld, to weld all around,



Shop Rivets, Two Full Heads

Shop Rivets, Countersunk and Chipped, Near Side
Shop Rivets, Countersunk and Chipped, Far Side

Shop Rivets, Countersunk and Chipped, Both Sides

Shop Rivets, Countersunk but Not Chipped, Max. 34 in. High  Near Side
Shop Rivets, Countersunk but Not Chipped, Max. 4 in. High Far Side

Shop Rivets, Countersunk but Not Chipped, Max. 34 in. High Both Sides

Shop Rivets, Flattened to ¥} in. High for 4 in. and
3 in. Rivets Near Side

Shop Rivets, Flattened to !{ in. High for »2 in. and
% in. Rivets  Far Side

Shop Rivets. Flattened to !j in. High for !4 in. and
% in. Rivets  Both Sides

Shop Rivets, Flettened to 3 in. High for 3, '4, and
1 in. Rivets WNeagr Side

Shop Rivets, Flattened to ?3 in. High for 3{, 74, and
1 in. Rivets Far Side

Shop Rivets, Flattened to 74 in. High for ¥, 74, and
1 in. Rivets Baoth Sides

Field Rivets, Two Full Heads

Field Rivets, Countersunk and Chipped, Near Side

Field Rivets, Countersunk and Chipped, Far Side

Field Rivets, Countersunk and Chipped, Both Sides

Figure 2-31. Rivet conventions.
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PAN CONE BUTTON FLAT TOP HIGH BUTTON ROUND TOP
HEAD HEAD HEAD COUNTERSUNK HEAD COUNTERSUNK
HEAD HEAD

LARGE RIVETS

TRIUSS OR BUTTON COUNTERSUNK
HEAD HEAD

Figure 2-32. Forms of rivet heads.

i
/ \——HEFERENCE LINE

Figure 2-33. Basic welding symbol.

PLUG | ARC-5POT GROOVE sack | vl sum-
FiLLET| OR L] y L
stoT |amc-seam[souare| v |eevec] u | o [ FUSRE TELARE: laacking [ TRV | FAGING | gpge [comnen

Niw | I NV VANV M o |- JUIR

BASIC ARC AND GAS WELD SYMBOLS

FLANGE

TYPE OF WELD
FLASH e FIELD CONTOUR
sPOT PROJECTION SEAM OR AROUND WELD FLUSH CORVEX
UPSET
X | X | XX | | Ole | — |7
BASIC RESISTANCE WELD SYMBOLS SUPPLEMENTARY SYMBOLS

Figure 2-34. Basic and supplementary weld symbols.
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FINISH SYMBOL
CONTOUR (FLUSH) SYMBOL

ROOT OPENING , DEPTH OF
FOR PLUG AND SLOT WELDS

SIZE |, SIZE OR STRENGTH
FOR RESISTANCE WELDS

FILLING —

REFERENCE LINE

CNONCIOI0,

SIDES)

[

J

WELD ALL AROUND SYMBOL @

ARROW CONNECTING REF -
ERENCE LINE TO ARROW
SIDE OF JOINT , TO GROOVED
MEMBER, OR BOTH

)

OTHER
SIDE

SPECIFICATION, PROCESS,
OR OTHER REFERENCE

K

TAIL

OXONO

BASIC WELD SYMBOL
OR DETAIL REFERENCE

(BOTH

T~

(*soe )|

FIELD WELD symBoL (5)

NUMBER OF sPOT OR (4)
PROJECTION WELDS

Figure 2-35. Standard location of elements of a welding symbol.

and contour of weld is to be flush, respectively.

(6) Finish. The finish symbols indicate the
method of finishing (C = chipping, M = matching, G
= grinding, R = rolling, H = hammering) and not the
degree of finish.

(7) Tail. The tail is only used to set off the
notation that designates a definite process or
specification or other references considered as
element (8) of the welding symbol. When no
notation is required, the tail may be omitted from the
welding symbol.

(8) Specification, process, or other
references. This is a notation that indicates a
definite process or certain specifications or other
references. When the use of a definite process is
required, the process may be indicated by one or
more of the letter designations listed in tables 2-7 and
2-8.

d. Applications of Welding Symbols.
Applications of the welding symbol are shown in
figure 2-36. Note how the location of the weld
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symbol designates arrow side, other side, or both
sides to be welded.

2-20. STRUCTURAL DRAWINGS

Structural drawings usually consist of some or
all of the elements described in the following
paragraphs.

a. Shop Drawings. Shop drawings show the
details of the fabrication of parts and methods of
assembly of the structural members that are prepared
in special fabricating shops. Figure 2-37 illustrates
structural members (a beam and a column) fabricated
from a combination of rolled steel shapes. Figure 2-
38 illustrates structural members of a welded steel
truss.

(1) Working lines and working points.
Shop drawings are made about light working lines
laid out first along the centerlines of rivet gage lines
to form a skeleton of the assembled member. The
intersections of these working lines are called
working points



Table 2-7. Designation of Welding Processes by Letters

Type of Weld Welding Process Letter Designation
Brazing Torch Brazing TB
Twin-Carbon-Arc Brazing TCAB
Furnace Brazing B
induction Brazing (B
Resistance Brazing RB
Dip Brazing DB
Block Brazing BB
Flow Brazing FLB
Flow Welding Flow Welding FLOW
‘Resistance Welding Flash Welding FW
Upset Welding uw
Percussion Welding PEW
Induction Welding Induction Welding Iw
Arc Welding Bare Metal-Arc Welding BMAW
Stud Welding SwW
Gas-Shielded Stub Welding GSSW
Submerged Arc Welding SAW
Gas Tungsten-Are Welding GTAW
Gas Metal-Arc Welding GMAW
Atomic Hydrogen Welding AHW
Shielding Metal Arc Welding SMAW
Twin-Carbon-Are Welding TCAW
Carbon-Are Welding CAW
Gas Carbon-Arc Welding GCAW
Shielded Carbon-Arc Welding SCAW
Thermit Welding Nonpressure Thermit Welding NTW
Pressure Thermit Welding PTW
Gas Welding Pressure Gas Welding PGW
Oxvgen-Hydrogen Welding OHW
Oxygen-Acetylene Welding QAW
Air-Acetylene Welding AAW
Forge Welding Roll Welding RW
Die Welding DW
Hammer Welding HW

Note: Letter designations have nut been assigned to arc-3pot, resistance-spot. arc-seam and resistance-seam welding or to projection welding since the weld symhols
used are adequate.

AThe following sulfixes may be used to indicate the method of applying the above prucesses:

Automatic Welding - AU
Machine Welding - ME
Manual Welding - MA
Semi-Automatic Welding - SA

82



Table 2-8. Designation of Cutting Processes by Letters

Cutting Process

Letter Designation

Arc Cutting
Air-Carbon-Are Cutting
Carbon-Are Cutting
Metal-Are Cutting

Oxygen Cutting
Chemical Flux Cutting
Metal Powder Cutting
Oxygen-Arc Cutting

AC
ACAC
CAC
MAC
oC
FOC
POC
AOC

The fellowing suffixes may be used to indicate rthe methods of applying the ahove processes:

—

SQUARE-GROOVE
ARROW SIDE

A

J-GROOVE
BOTH SIDES

Automatic Cutting
Machine Cutting

Manual Cuiting
Semi-Automatic Cutting

FILLET
BOTH SIDES

AU
ME
MA
SA

U~ GROOVE
OTHER SIDE

V—-GROOVE
ARRCW SIDE

Figure 2-36. Application of the welding symbol.
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Figure 2-37. Shop drawing of a beam and a column.
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Figure 2-38. Typical welded steel truss.

from which all dimensions are given. This skeleton
is usually the same as, or taken from, the designer's
stress diagram. Generally, the skeleton diagram is
drawn to a small scale on the shop drawing (fig 2-
38).

(2) Relative position of parts. Parts to be
welded or riveted together in the shop are shown in
the same relative position (vertical, horizontal, or
inclined, as in figure 2-38) they will occupy in their
assembled position in the structure. These parts are
not detailed individually, as is the practice for
machine drawing. Note in figure 2-38 that due to the
truss being symmetrical about each side of center,
only half of the truss need be shown. In such cases, it
is always the left end that is drawn.

(3) Long vertical or inclined members.
Long vertical (columns) or inclined (braces)
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members are sometimes shown in a horizontal
position on the drawing. When shown in this
manner, the bottom of a vertical member appears at
the left (fig 2-37) and an inclined member is shown
in the direction it would fall.

(4) Scales. Scales of shop drawings vary
from 1/4 inch = 1 foot to 1 inch = 1 foot, depending
upon the size of the drawing sheet as compared with
the size of the structural member. Usually, two
scales are used in the same view, one denoting
length, and the other showing the cross-section at a
larger scale than the length.

b. General Plan. The general plan indicates
the location and gives the general features of the
structure and the ground upon which it is situated. It
includes the necessary data for constructing both the
substructure and the superstructure.



c. Stress Diagram. The stress diagram shows
the main dimensions, the loadings, stresses, and sizes
of the structural members.

d. Foundation Plan. The foundation or
masonry plan (fig 2-39) covers the details of the
foundation, walls, piers, etc.

e. Erection Diagram. The erection diagram
(fig 2-40) shows the relative location of every part of
the structure and the assembly marks for the various
members. The erection diagram may also include all
main dimensions, the number of pieces in the
members, the packing of pins, the size and grip of
pins, and any special feature or information that may
assist you in the field.

f. Falsework Plan. Falsework is a temporary
support, usually timber, for a steel structure such as a
truss bridge that cannot be self-supporting until
completed. Falsework plans are used only in a
complex construction.

g. Bill of Materials. The bill of materials
shows the different parts of the structure, identifying
marks, and shipping weight. This also serves as a
checkoff list to insure that you have the proper
materials on hand.

h. Connection List. The connection list
provides the dimensions and the number of bolts,
pins, and rivets required in the structure.

i. List of Drawings. Since a great number of
drawings are required for any sizable structure, a
complete list of drawings is usually supplied with
each set of drawings for the structure. This listis in a
logical sequence.

2-21. READING PRINTS OF STEEL
STRUCTURES

A typical welded steel truss is illustrated in
figure 2-38. To read this print, the ability to interpret
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the structural shape notations and welding symbols is
primarily all that is necessary.

a. Structural Member. The top chord is 1-ST
4 WF 8.5 x 16'-5 1/2". This means that there is one
structural tee cut from a wide flange. The tee is 4
inches deep and weighs 8.5 pounds per foot. Itis 16
feet 5 1/2 inches long. The bottom chord is the same
type of member and is 30 feet 6 7/8 inches long and
extends across the entire width of the truss. The
cross members are made from two angles 2" x 1 1.2"
x 1/4.

b. Welding Symbols. Upon checking the
welding symbols, you will discover that most of the
structural members will be fillet-welded with a fillet
having a 1/4-inch radius (thickness) on both sides and
running along the member for 4 inches. Looking at
the upper-right of drawing (hip) we see the
requirement for a bevel-groove weld of 1/4-inch
radius on the other side of arrow.

2-22. PRINTS OF PREFABRICATED
STRUCTURES

a. In reading structural prints, whether for a
complex structure or a prefabricated Quonset
assembly, the reading techniques are the same. Prints
of prefabricated structures show how the various
parts are assembled. The prefabricated parts are
noted on the plans, elevations, and assembly
drawings. Figure 2-41 illustrates an exterior
elevation of a prefabricated aircraft maintenance and
repair hangar. The CM notations shown in figure 2-
41 mean corrugated metal panels.

b. Illustrated in figure 2-42 is an assembly
drawing of a prefabricated, nailable steel frame
building (theater of operations modular). Note that
each part of the assembly is marked for identification
and location. For example, C5-4 designates a wall
corrugated sheet and J-20 a stringer. Figure 2-43 is a
detailed drawing showing how the framework is
assembled.
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MARK DESCRIPTION

p-2 CHANNEL, 3-13/16"

c-1 CHANNEL SPLICE, 3-1/4" x /8"
c5-47 CORR. SHEET, ROOF, 27-1/2"
C5-48 CORR. SHEET, ROOF, 27-172"
C5-49 CORR. SHEET, ROOF, 27-1/2"

c5-4 CORR. SHEET, WALL, 26"
€5-30 CORR. SHEET, WALL, 26"
F-14 FLASHING, MULLION

F-1 FLOOR PANEL, 4-0" x 2" x 8'-0"
WG-2 GIRTS, 3/4" X 3-1/2"
J-21 JOISTS, 3-5/8"

PR-1 PURLINS, 2"

FS SPLINE, WALL

ws-1 SPLINE, WALL

J-20 STRINGER, 5"

s-2 STUDS, 3-5/8"

VLM-1 VENTILATOR ASSEMBLY

w-1 WINDOW ASSEMBLY

Cc5-73 CORR. SHEET, WALL, 13"
C5-173 | CORR. SHEET, wWALL, 13"
FLASHING, EAVE

Figure 2-43. Quonset assembly detail.
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REVIEW QUESTION 7

Assume that you need a bolt which has size No. 10 nominal major diameter and you decide to use the
American Standard National Coarse thread series. How many threads per inch will the bolt have? (para 2-19, a)
(table 2-6)

REVIEW QUESTION 8

When a long vertical member, such as a column, is shown in a horizontal position on a drawing, how does
the base of the vertical member appear? (para 20, a (3))
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ANSWER TO REVIEW QUESTION 7
The number of threads per inch for American National Coarse (NC) and National Fine (NF) is shown in
table 2-6. Finding the major diameter size of 10 under the first column and then moving across under the NC

column, it can be seen that the bolt will have 24 threads per inch. (para 2-19, a) (table 2-6)

ANSWER TO REVIEW QUESTION 8

The base of a vertical member when drawn in a horizontal position will be shown on the left side. (para 2-
20,a(3))
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LESSON 2 SELF TEST EXERCISES

Upon completion of the text assignment, solve the following self test exercises based on lesson objectives.

NOTE:

The following exercises are study aids. References to related information in the reading material are
shown in parentheses after each question. Write your answer in the space provided below each question.
When you have finished answering all the questions for this lesson, compare your answers with those
given for this lesson in the back of the booklet. Review the lesson as necessary.

Objective 1. WORKING DRAWINGS. List the components of a set of construction working drawings.
(Answer questions 1 and 2.)

1. What are the components of a set of construction working drawings? (para 2-1, a)

2. A set of working drawings includes both general and detail drawings. What is a detail drawing? (para 2-1, a)

Objective 2. SYMBOLS AND CONVENTIONS. Identify common architectural symbols and conventions
used on construction prints. (Answer questions 3 through 5.)

3. Architectural symbols are used on construction plans to show the type and location of such features as doors
and windows. The symbols have the general shape of the feature being represented and show any motion
occurring in the plan view. Which of the four symbols shown below represents a double window opening out?
(para 2-2, a) (fig A-1, app A)

Bavall JYL ey =

a b c d

4. Similar to architectural symbols, material conventions are used to indicate the type of material used in the
structure. Where possible, the symbol represents a common characteristic of the material. Which of the
conventions shown below represents cut stone? (para 2-2, b) (fig 2-2).

oy
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Before initiating construction work, you would first consult a site plan (plot plan) to gather information about
property lines, locations of existing and proposed structures, approaches, and finished grades. Referring to the
site plan in figure 2-3, what do you calculate to be the distance, in feet, between the recreation building and the
easternmost athletic court? (para 2-2, a, b) (fig 2-3)

Objective 3. TYPES OF DRAWINGS. Describe and explain the purpose of site plans, elevations, floor plans,

and foundation plans. (Answer questions 6 through 9.)

A site plan may also include contour lines showing the elevation of the earth surfaces. Referring to figure 2-3,
which of the following structures rests on the highest round surface? (para 2-3, a, b) (figure 2-3)

a. Army exchange c. athletic court
b. water tank d. library
If you were studying an elevation, what would the centerline symbol of alternate long and short dashes

indicate? (para 2-4, b)

A floor plan is a cross-sectional view of a structure in which a horizontal cut is made across all openings,
regardless of height from the floor. If a plan symbol of 18 DN, followed by an arrow, was shown next to a
stairway on a plan view, what would the number 18 indicate? (para 2-5, b)

The area and locations of foundation walls or footings will be shown in a foundation plan which is a top view of
the foundation. Which of the following information can be obtained from a foundation plan? (para 2-9)
a. height of footings c. method of bracing used for foundation

b. size of lag screws d. location of openings in foundation walls

Objective 4. FRAMING DRAWINGS. Explain the framing methods used in wood construction and how

10.

11.

they are shown on framing drawings for floors, roofs, walls, sections, and details. (Answer questions 10
through 13.)

What is the correct representation of lumber which has been surfaced on three sides and one edge? (para 2-6, ¢

(1)(b))

In general, western framing is preferred for one-story construction while balloon braced frames are used in
multistory light construction. Which framing would you recommend as being the most economical? (para 2-7,
b)
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12.

13.

What portion of a wall will a wall section include? (para 2-11, b)

Details show features not appearing on plans, elevations, or sections. How are details noted on a drawing?
(para 2-12, a)

Objective 5. CONCRETE AND MASONRY. Describe concrete and masonry methods and how they are

14.

15.

16.

17.

depicted on construction drawings. (Answer questions 14 through 17.)

Section views are also used to show reinforcing bar placement. How are reinforcement bars parallel to the
section view represented? (para 2-14, b (2))

Reinforcing schedules are used to explain in detail the features and characteristics of the various reinforcing
bars. If you were interested in the characteristics of a bar referenced by a band mark, which schedule would
you use? (para 2-14, ¢)(fig 2-20)

Divisions between concrete work performed at periods far enough apart to allow partial hardening are called
construction joints. How is the location of a construction joint indicated on a drawing? (para 2-15, b)

One of the principal types of masonry walls is the bearing wall which supports a vertical load in addition to its
own weight. What is the minimum thickness, in inches, of a brick bearing wall for a large structure such as a
warehouse? (para 2-17, a (1))

Objective 6. STRUCTURAL DRAWINGS. Explain types of steel structural members used in military

18.

construction, methods of fabrication and assembly, and the types of structural drawings used for steel
construction. (Answer questions 18 through 20.)

Steel structures are composed of rolled-steel shapes used either singly or combined to form members. Symbols
are used in notes on bills of material to identify the various shapes. Of the four shapes shown below, which is
represented by the symbol L1 . (para 2-18, a (5))(fig 2-9)

SR o o

a b
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19.

20.

When bolts and nuts are used as connectors, thread specifications will be given in a note. If a thread
specification note indicated 1/2-13NC-2, which of the following would be a correct statement? (para 2-19, a)

a. nominal size of major diameter is 2 inches

b. thread series is National Fine

c. bolt has 26 threads per inch

d. bolt has a right-hand thread

Shop drawings show the details of the fabrication of parts and methods of assembly for the structural members
prepared in special fabricating shops. Shop drawings are made about light working lines laid out first along the

centerlines, or rivet gage lines, to form a skeleton of the assembled members. All dimensions are given using
the intersection of these lines as reference points. How are the points of intersection referred to? (para 2-20, a

(1)
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LESSON 3
UTILITIES DRAWINGS

TEXT ASSIGNMENT ......coiiiiiiieeiiiirrerssesssrssreesssssssssr e s essmssssssreessssnsssssnes Attached Memorandum.

LESSON OBJECTIVES

Upon completion of this lesson on Utilities Drawings, you should be able to accomplish the following in the

indicated topic areas:

1. Water Supply and Distribution. Discuss the elements of a typical water supply waste and distribution system

used in military field installations.

2. Plumbing Symbols. Identify the symbols used on plumbing plans for piping, fittings, valves, and fixtures for

water distribution and waste disposal.

3. Sewerage System Plans. Describe and interpret simple plumbing and sewerage system plans.

4. Electrical Distribution System. Explain power transmission and distribution systems as used in military

installations.

5. Interior Wiring. Identify the components of an interior wiring system and the symbols used for them on

wiring diagrams.

6. Electrical Plans. Describe and interpret simple electrical plans.

ATTACHED MEMORANDUM

Section |. Water Supply and Distribution

3-1. DEFINITION

A water supply system consists of facilities,
equipment, and piping that are used to obtain, treat,
and transport water for the distribution system. A
distribution system is a combination of connected
pipes laid out in the form of a "tree" or "gridiron" to
carry the supplied water to the usage point in the
system.

3-2. WATER SUPPLY SYSTEM

Elements found on a typical construction print
for a water supply system are shown in figure 3-1.
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From the general plan (lower left corner of figure 3-
1) you can see how the water is diverted from the
stream. You should notice that it may be necessary
to construct a diversion structure in the stream to
raise the water surface level This water supply may
also be obtained from a surface water collecting
reservoir or from wells either deep or shallow. Two
section views are indicated on this general plan view.
Section A-A shows the details of the baffle and the
shape of the diversion ditch. Section B-B shows that
the water is pumped through a hose with a strainer
from a box secured in the sedimentation basin to a
purification unit.
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Figure 3-1. Water supply system.




The primary drawing is a detailed plan of the sand
filter. The water is pumped from the sedimentation
basin to a surge tank and then to the sand filter. By
studying the drawing you can determine that the sides
of the sand filter are on a 2: 1 slope and that they are
drained by a series of 4-inch pipes. After the water is
filtered, it is pumped to a storage tank and then to the
distribution system. In other cases the water may be
pumped to a water treatment plant before it goes to
the distribution system. You can learn from the
general notes that the capacity of each sand filter is
50,000 gallons per day so that one unit can supply the
rated capacity while the other is being cleaned. Other
views that might be shown on a construction print are
an elevation view of the sand filtration unit and
additional details.

3-3. DISTRIBUTION SYSTEM

Once the water in the water treatment plant
meets certain quality specifications, it is introduced
into the distribution system. Figure 3-2 shows a
typical water distribution system for a hospital area.
The general location and size of the pipes are shown
along with the valves, sumps, water tank, and other
fixtures. In general, the symbols used on distribution
system plans correspond to those for water plumbing.
Additional symbols which may not be in common
use are explained by notes or a legend on each
construction print on which they appear. The exact
location of pipelines and equipment, as shown by the
symbols on the prints, is determined by the pipefitter
in the field. Details, such as the depth of waterline
installations, construction of supporting saddles or
mats, supports and bracing to prevent damage by
water-hammer and movements, are determined in the
field based on climate, terrain, and good plumbing
and construction practice.
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3-4. UNIT CONSTRUCTION AND
PACKAGE UNIT PRINTS
Additional prints must be consulted for

construction or installation of unit structures and
equipment used in water supply and distribution
systems. The type of additional prints provided
depends on whether the unit is constructed in the
field or is a "package unit" which is assembled in the
field.

a. Unit Construction Drawings. The
information provided in lesson 2 for architectural
drawings applies to the drawings used for structures
in water supply and distribution systems. Figure 3-3
is a typical drawing of an elevated water storage
tower. From figure 3-3 you can determine the size of
the tower, the size of the steel beams, the size of the
dunnage beams, and the dimensions of the footings
required to support three types of tanks. In addition,
you can quickly determine all piping requirements
including the detailed plumbing connections for the
float valve.

b. Package Units. Package units are
assembled in the field and installed in accordance
with the manufacturers' instructions supplied with the
unit or units. In addition to the construction drawings
and specifications supplied, a drawing similar to
figure 3-4 usually is supplied. You can see that
several package units have to be installed and
connected together to form a water treatment plant.
The standard plumbing drawing would be required
before you could attempt to assemble and install the
package units. However, drawings similar to figure
3-4 are required to enable field personnel to visualize
the completed installation. The arrows indicate the
main flow path of the water and help to explain how
the plant operates. The other lines are chemical
feeders, drains, and filtered water return lines.
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Figure 3-2. Water distribution plan.
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ELEVATION OF WATER TANK & TOWER
SHOWING PIPING CONNECTIONS

SCALE NO. 2

Figure 3-3. Typical water tank ad tower detail plumbing diagram.
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OPENING (SEALED,

TOP OF TANK

TusiNG To

WATER DISTRISUTION
I f (seLow oRADE)

CLEANOUT - NoT sHowN
N ELEVATION

OPENING (SEALED) ADDER

ROOF PLAN OF WATER TANK & TOWER

SHOWING PIPING CONNECTIONS
SCALE NO 2

NO. 2

WATER TANK & TOWER SCHEDULE

TYeE |_CAPACITY SIZE TOWER
BBL.| GAL.| INLET|OUTLET| DIA. [HEIGHT] STOCK NUMBERDUNNAGE B STEEL BEAM |HEIGHT | STOCK NUMBER
I 100 | 4000 & 4 [ a-z¥| e.o [58-8712.041.010 |aKe@I*4"0C]| CB 12 @ I-4"O.C. 34" | 58-8986.034.004
pus 250 | 10500 @ 4 L34 8.0 | 58-B718.041.C25|4xe@i-4"0C| B8 13 & V-5 O.C. 36 | 58-8186.85.010
or SO0 | 21000 | @ 4 zr-7 8- | 5B-er:18.041.050 £ XCoI~e"0.C| 10 W 21@T-aT0.c, ETS 55-8986.835.021
NOTE:

I~ ERECTION DRAWINGS WILL 8E PROVIDED WITH EACH TANK. AND TOWER,.
2=~ DETAILS ARE SHOWN FOR 4" GROOVED TYPE FITTINGS, USE 2° STANDARD THREADED FITTINGS WHEN AREQUIRED.

Figure 3-3. Continued
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I T e l -
~——PIPE -
THREADED
o A At
THESE CONNECTIONS . . .
ARE PART OF
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CONNECT WITH ] -
GROOYED COUPLING - .
. b) | i A0®* ELBOW-
68"" Et”o" it Jl THREADED
OOVED i
f——mrne-c' LONG X
— FLANGE FITTINGS
NIPPLE
ADAPTER

TUBING — ]

BOTTOM OF WATER TANK '7

SUPPLY

DETAIL OF FLOAT VALVE CONNECTION

SCALE NO 7
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O 11 1T

q“ ll z.
1
NO.7

Figure 3-3. Continued.
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COAGULATOR

CHEMICAL SLURRY {f%,
FEEDER
DIATOMITE DILUTION '
TANK

#  WASTE TANK >
P2 AND GRATIN WET WELL
TANK
CHEMICAL
SOLUTION
iN ¢
STRANER FEEDER ELECTRICAL
CONTROL
CABINET
SOURCE AIR RELEASE VALVE
< ' SLUDGE
L v FILTER 4 CONCENTRATOR
- TANK
At T

FILTER PUMP

CONNECTION WASTE WATER

FILTER PUMP
MOTOR

Viiid RAW WATER
528 CHEMICAL FEEDERS
[ FILTERED
i DRAINS
I COAGULATED, UNFILTERED WATER

HOSE
CONNECTION
FILTERED WATER

Figure 3-4. Flow diagram for a water treatment plan.
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REVIEW QUESTION 1

Figure 3-1 is a construction print describing a water supply system. The drawing shows that the water is
pumped from the supply source (stream) into a surge tank and then to the sand filtration system. After filtration, the
water is pumped from a 3-foot x 3-foot box to a purification unit. Assuming that the horizontal length of the slanted
side of the sand filter is 8 feet, what distance, in feet, is the edge of the sand filter above the floor of the
sedimentation basin? (para 3-2) (fig 3-1)

REVIEW QUESTION 2

Figure 3-3 shows the details of the roof plan for a water tank and tower. By looking at the schedule you
can see that specifications are given for more than one type of tank and tower. If a tank with a 21,000-gallon
capacity was to be constructed, what type of steel beam would be used and what would be the center-to-center
placement distance? (para -4, a) (fig 3-3)
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ANSWER TO REVIEW QUESTION 1

Section B-B shows the slope as 2:1, which is the ratio of horizontal to vertical distance. Therefore, horizontal
distance/vertical distance = 2/1. (para 3-2)(fig 3-1)

Vertical distance = Horlzont:;l distance = 8 feet fzeet =4 feet

ANSWER TO REVIEW QUESTION 2

The schedule shows a 21,000-gallon tank to be type III. Under the section labeled "tower" and in the steel beam
column, it can be seen that the beam and spacing to be used is wide-flange; 1' -8" OC. (para 3-4, a) (fig 3-3)

Section Il. Plumbing

3-5. DEFINITION up to 12 inches in diameter is referred to by its
nominal size, which is approximately equal to the

All piping, apparatus, and fixtures for water inside diameter. The exact inside diameter will

distribution and waste disposal within a building is depend on the grade of

classified as plumbing. Piping for heating systems is

called "steam fitting." LEADER, SOIL OR WASTE

(ABOVE GRADE)

3-6. PLUMBING PLANS

. . (BELOW GRADE) —_———
As a rule, plumbing plans show the location of

fixtures and fittings to be installed and the size and ‘VENT e
routing of piping. Details are left to the plumber who
is responsible for installing a properly connected COLD WATER e
system in accordance with good plumbing and
construction practices.  Plumbing plans consist HOT WATER . .
generally of four types of symbols.

HOT WATER RETURN —_————————

(1) line symbols for piping;
(2) pipe-fitting symbols for pipe unions, DRINKING WATER T T

couplings, and connections;
DRINKING WATER RETURN ~—— == ——— = ——

(3) valve symbols to indicate the required ACID
control points in the system; and ACID WASTE
(4) symbols indicating the various COMPRESSED AIR —A————A—
plumbing fixtures required by the plan. Before trying
to read a plumbing plan, you should familiarize FIRE LINE —F———F—
yourself with the symbols shown on figures 3-5
through 3-8 and with the explanation of these GAS LINE —G——6G—
symbols given 'in the following paragraphs.
TILE PIPE —T—T7—
a. Piping Symbols. The type and location of
piping will be indicated on the plans by a solid or VACUUM L e —
dashed line. Figure 3-5 shows the standard symbols Figure 3-5. Line symbols for piping.

used on piping diagrams. The size of required piping
will be noted alongside each leg on the plan; an
example of sizing can be seen on figure 3-6. Piping
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SAMPLE -
ITEM SYMBOL APPLIILE ) ILLUSTRA™ION
PIPE SINGLE LINE IN ; 3
SHAPE OF PIPE— l__ 4" APPROX
USUALLY WITH T 1.D.
NOMINAL SIZE
NOTED %
JOINT—
FLANGED DOUBLE LINE
SCREWED SINGLE LINE
BELL AND SPIGOT| CURVED LINE

OUTLET TURNED UP

OUTLET TURNED
DOWN

REDUCING OR
ENLARGING FITTING

REDUCER
CONCENTRIC

ECCENTRIC

UNION
SCREWED

FLANGED

CIRCLE AND DOT

SEMICIRCLE

NOMINAL SI1ZE
NOTED AT JOINT

TRIANGLE

TRIANGLE

LINE

LINE

bo9 + 1 foF

—_—
n

1 L
v ¥
T T

L]
TT

Figure 3-6. Pipe fitting symbols.
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pipe: heavy grades of piping have smaller inside
diameters because of their greater wall thickness.
Piping over 12 inches in diameter is classified and
referred to by its actual outside diameter.

b. Fittings. Figure 3-6 illustrates the symbols
used for the most frequently encountered pipe
fittings. A more complete list is contained in
appendix A. Note that the basic line symbol for a
section of pipe shown at the top of figure 3-6 will
actually be combined with the line symbology shown
in figure 3-5. In this way, you are able to determine
not only the size of pipe and method of branching
and coupling, but also the use to which the pipe will
be put. This is important, in that the type of material
from which the pipe is made determines how the pipe
should be used. This subject will be discussed in
detail in later paragraphs.

c. Valves. Figure 3-7 illustrates the symbols
used for the most frequently encountered valves. A
more complete list is contained in appendix A.
Material and sizes for valves are normally not noted
on drawings, but must be assumed from the size and
material of the connected pipe. However, when
specified on a bill of materials or plumbing takeoff,
valves are called out by size, material, and working
pressure. For example: 2-inch check valve, brass,
175 pounds working pressure.

d. Fixtures. General appurtenances such as
drains and sumps, plus fixtures such as sinks, water
closets, and shower stalls are indicated on the plans
by pictorial or block symbols. The symbols for those
most frequently encountered are illustrated in figure
3-8. The extent to which the symbols are used
depends on the nature of the drawing. In many cases,
the fixtures will be specified on a bill of materials or
other schedule keyed to the plumbing plan. When
the fixtures are described on the schedule, the
draftsman will often use symbols which closely
approximate the shape of the actual fixtures rather
than the standard block or circle and the standard
abbreviation.

e. Distribution System Materials. Water
distribution piping for interior installations is made of
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galvanized steel, wrought iron, copper, plastic, or
brass. Nickel-silver or chrome-plated piping is used
in locations where pipes are exposed to view.
Galvanized wrought iron is the material most
frequently used in theater of operations construction.
Fittings normally are of the same material as the
piping and are made with screw or flange
connections; screw connections are normally used
only for pipe up to 4 inches in diameter. Valves
usually are made of brass and may or may not be
plated. The material types to be used for the
distribution  system are designated in the
specifications; sizes and special instructions are noted
in the drawings.

f. Waste System Materials. Waste systems
include all piping from sinks, water closets, urinals,
showers, baths, and other fixtures that carry liquids
and sewage outside of the building. A waste system
consists of a main building drain, branch mains, and
soil and vent stacks. Water, soil, and vent piping
specifications include the materials of manufacture
for each type of piping: cast iron, galvanized steel,
wrought iron, copper, brass, lead, or acid-resistant
cast-iron pipe.  Fittings or traps normally are
specified to be of the same material as the pipe.

(1) Galvanized steel and iron piping.
Galvanized steel and iron pipes and fittings are the
materials most commonly specified for waste system
plumbing installations. Pipe ends have standard pipe
threads and all pipes and fittings of this type are
joined by standard pipe threads. Such piping is
manufactured in three different weights and in
diameters from 1/8 inch to 12 inches to any one of
several specifications. The fittings are manufactured
in all the shapes required to change or intersect flow.

(2) Vitrified clay piping and fittings.
Vitrified clay piping and fittings are used for
underground house drains and sewers and normally
are noted in the plans as VCP or VP. VCP is
sometimes used for soil and vent stacks in theater of
operations construction. Pipes and fittings are made
with bell-and-spigot ends. Joints are made by
inserting the spigot end into the bell and caulking
with cement mortar.



SYMBOL
ITEM STRAIGHT ANGLED ILLUSTRATION

—i

CHECK VALVE | —™~—}—

GATE VALVE -

PLAN _[><ﬂ_

G !
ELEVATION | —{><— ZS:]-— EM ANGI-.ED
—®

/o STRAIGHT

GLOBE VALVE-

PLAN —e—

STRAIGHT

FLOAT VALVE — <3

HOSE VALVE —{<n

TRY COCK

,.DA OR
PET COCK +—LI ﬂ(&
-

NOTE: SYMBOLS ARE SHOWN FOR SCREWED FITTINGS — SYMBOLS FOR JOINTS
ARE ADDED FOR OTHER TYPES

Figure 3-7. Plumbing symbols for valves.
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SYMBOL ITEM ABBR SYMBOL

ITEM

[ ogwee o PN

* DRINKING FOUNTAIN** OF

FLOOR DRAIN FD
ROOF DRAIN RD
TRAP T I
GREASE TRAP GT 6
BATH B WH
DISHWASHER DW
. LAVATORY* + L
RANGE R
SINK* * s LT
STEAM TABLE ST g OR@ I
O CAN WASHER cw
DENTAL UNIT DU )\
" HOT WATER TANK HWT
WATER HEATER WH
WASH FOUNTAIN WF
O CLEANOUT co
co
GAS OUTLET G
T HOSE FAUCET HF [;]
* LAWN FAUCET LF
HOSE BIB HB
WALL HYDRANT WH

FLOOR DRAIN WITH
BACKWATER VALVE

E SHOWER HEAD

PLAN ELEV.

_@_@_@. SHOWER HEADS,

PLAN GANG

ZZQ

ELEVATION

*STANDARD ABBREVIATION INCLUDED WITH
SYMBOL
**TYPE SHOULD BE GIVEN IN SPECIFICATION
OR NOTE WHEN THIS SYMBOL IS USED-

g Bd

m
=
3]

Figure 3-8. Symbols for plumbing fixtures.
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SHOWER STALL

WATER CLOSET

WATER CLQSET,
WALL HUNG

WATER CLOSET,
LOW TANK

BATH

URINAL, STALL TYPE
OR AS SPECIFIED

URINAL,
CORNER TYPE

URINAL,
TROUGH TYPE

URINAL,
WALL TYPE

LAVATORY, CORNER

LAVATORY, WALL

ELECTRIC WATER
COOLER



(3) Cast-iron pipes and fittings. Cast-iron
pipes and fittings are used for building drains and for
soil, waste, and vent piping. These pipes can be lain
in unstable soil without danger of sagging. Pipes and
fittings are made with bell-and-spigot and flanged
ends. Bell-and-spigot joints are caulked with oakum
and lead or a caulking compound; flanged fittings are
bolted together to make a joint.

(4) Brass, lead, and copper piping. Brass,
lead, or copper piping is used in high quality, or more
expensive, systems of waste plumbing. Brass or lead
is used when excessive acids or corrosive liquids are
present. Such acids or liquids are seldom present in
the flow of theater of operations sewerage. Brass
pipes and fittings are joined by standard pipe threads,
and the fitting shapes are identical to those used for
galvanized steel or wrought iron pipe. Lead pipe is
very ductile, a feature that is advantageous in speed
of installation, but it must be well supported because
it deteriorates rapidly if permitted to sag. Copper
pipe is not commonly specified for use as waste and
vent piping because of the excessive cost of the larger
sizes. For making connections, the pipe is cut to the
desired length and sweat-soldered to the applicable
type of the several fittings available.

3-7. UTILITY PLANS

Figure 3-9 is a typical utility plan for a bath
house and latrine showing the water distribution
plumbing, waste plumbing, and electrical wiring. For
a small structure of this type, only a plan view as
shown will normally be provided together with some
additional detail drawings. You can see that the
schedule of drawings lists three sources of additional
information on the plumbing: a standard details
drawing, a special details drawing, and a bill of
materials. Standard details are indicated by a number
and letter in a circle, for example& Special
details are called out on the plan, "DETAIL #6" for
example. An example of these standard and special
details is shown on figure 3-10. Note that the method
of supporting the flush tank, the method of coupling
the water pipe to the flush tank, and all other
necessary information that could not be shown on the
plan is clearly shown on the standard drawing for

113

detail@ Also, you can clearly see the required
shower head and control valve fitting requirements in
special detail #6.

a. Water Distribution. The plan shown on
figure 3-9, together with the standard and special
detail drawing and a bill of materials, permits the
experienced plumber to install the complete water
distribution system accurately and satisfactorily.
Note that the hot water heater and storage tank
connections_would be detailed on standard detail
drawing . Notice also that the point at which the
incoming water supply piping would be brought up to
ceiling level would be shown on the hose bib location
standard detail drawing . Look carefully at the
plan and note that the pipe sizes and type are clearly
specified in all cases.

b. Waste System. The plan (fig 3-9) shows
the building waste system starting at the 4-inch
shower drain in the shower room, out to the
connection with the 4-inch fiber pipe of the sewerage
system. The exact piping arrangement and
establishment of the correct slope are left to the
plumber. Note that in the plan view, the P-traps
below the drains are specified but not actually shown.
However, you can see again the use of the standard
detail symbols. Note that standard details
would give all the necessary information on the
construction of the two through-the-roof 4-inch vents.
When standard details are provided, it is important to
remember that they are prepared to cover a large
variety of applications and the plumber is expected to
make minor alterations to suit particular installations.
For example: Note that the 90-degree straight Y in
the water closet detail (fig 3-10), is shown for
flow to the left. In the installation plan (fig 3-9), the
soil pipe pitch is in the opposite direction so the Y
must be installed in the opposite direction.

3-8. BUILDING WASTE SYSTEM

NOMENCLATURE

Although the waste system shown in the utility
plan (fi 3-9) is relatively simple, it



2" SERVICE
S |- 4"FIBER PIPE CK {_
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Figure 3-9. Typical utility pan for a bath house and latrine.
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2"X 4" HORIZONTAL NAILERS BETWEEN
STUDS FOR FLUSH TANK FASTENING

3/4“ .
é L\
FLUSH TANK | \-3/g*

& 5] o

|

? T
SiLL PLATE\ -0
FLOOR LINE i
/ \ i
Ji_ “-TUCKER

PACK WITH COTTON | CONNECTION

CAULK WITH LEAD WOOL ]

90® STRAIGHT Y .

FRONT ELEVATION END ELEVATION
WATER CLOSET PLUMBING DETAIL @

/4% 34 TEE 3/4° x 172" STREET ELBOW/
3/4 % ~— N
. ¥ ~ DETAIL *&
E AN — R Ve SHOWER HEAD &
/2% 172" NIPPLE CONTROL VALVE
CHAIN SHOWER HEAD NO SCALE

METAL RING
Figure 3-10. Typical plumbing details.
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| 4" |
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VENT|
WY I
» . S SOIL I
NN PIPES we !
. co
2 wC
PIPE We
DRAIN PIPES wC
L/ we
wC
g [ WC ot
-
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LEGEND
CO - CLEANOUT
3 L - WASH TROUGH
KA TU - TROUGH URINAL
COEEECETRON SD - SHOWER DRAIN
| -
ISOMETRIG WC - WATER CLOSET
DRAIN SR
" OROOFDRAIN _~© STORM \ _—~OROOFDRAIN =0
| SEWER )
) SOIL ! SOIL
L/ jPIPES | j’PlPES
MAIN SANITARY
L(l)rgs \: wm SEWER WASTE PIPE
I ]
SEWER | """OROOF DRAIN ______OROOF \.__-OROOF DRAIN ~OROOF
DRAN =TT T oo ~  DRAIN
COMBINATION SYSTEMS SANITARY AND STORM DRAINS
T™T BUILDING
o DRAINS —an)
B S T
SEWER PIPE
ELEANOUT
. i GRADE
HOUSE ——
DRAIN
PROFILE

Figure 3-11. Typical building waste system arrangement.
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does consist of four basic functional elements which
are defined as follows:

a. House Sewer. The house sewer is that part
of the waste plumbing system beginning just outside
the foundation and terminating at a street sewerage
branch or a septic tank. A typical house sewer is
shown in section in figure 3-11.

b. House Drain. The house drain is that part
of the waste system which receives the discharge of
all soil and waste stacks within the building. It may
be installed underground or suspended from the first-
floor joists. The house drain system is also referred
to as the "collection lines" and includes such
appliances as house traps, back-flow valves,
cleanouts, and area drains. In general, house drains
will fall into one of four classes on any set of specific
building plans.

(1) Combination system. As shown at the
left on figure 3-11, a combination system receives the
discharge of the sanitary wastes of the building plus
the storm water from the roof and other exterior
sources.

REVIEW QUESTION 3

Items such as sinks, shower stalls, and water closets are referred to as plumbing fixtures.

(2) Sanitary drain. A sanitary drain
receives the discharge of sanitary and domestic
wastes only.

(3) Storm drain. As shown at the right of
figure 3-11, a storm drain receives storm, clear water,
or surface-water wastes only.

(4) Industrial drain. An industrial drain
receives liquid waste from industrial equipment or
processes and consequently receives little attention in
theater of operations construction.

c. Soil Pipe. Soil pipe is that portion of the
plumbing system which receives the discharge of
water closets and conveys those wastes to the house
drain.

d. Waste Pipe. Waste pipe is that part of the
drainage system which conveys the discharge of
fixtures other than water closets such as sinks,
lavatories, urinals, bathtubs, and similar fixtures to
the soil pipe.

How are

plumbing fixtures most often represented on plumbing plans? (para 3-6, d)

REVIEW QUESTION 4

Utility plans will generally be augmented by additional detail drawings. How are features on a utility plan
view referenced when they are to be more fully explained on a standard details drawing? (para 3-7)
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ANSWER TO REVIEW QUESTION 3

Plumbing fixtures are represented by pictorial or block symbols. (para 3-6, b)

ANSWER TO REVIEW QUESTION 4

A standard detail is referenced by a standard detail symbol which is number and letter within a circle. (para

3-7)

Section lll. Sewerage Systems

3-9. DEFINITION

a. A sewerage system is a system of pipes and
associated apparatus which carry sewage from
buildings to the point of discharge or disposal. A
sewerage system includes the sewer pipe or conduits,
manholes, flush tanks and, in some cases, storm-drain
inlets. In small or medium size systems which are
not served by a processing plant, the system may also
include facilities for pumping, treatment, and final
disposition of sewage.

b. Sewerage systems may be either combined
systems or separate systems. In a combined system
the conduits carry storm water as well as domestic
and industrial wastes. In a separate system, the
sanitary sewerage system carries the domestic and
industrial wastes and a separate storm sewerage
system carries storm water run-off. Because storm
water requires little or no treatment before disposal,
the separate system greatly reduces the load on
treatment facilities.

3-10. PIPES AND FITTINGS

The pipes and fittings for the construction of
sewerage systems are well standardized by sanitary
codes and general usage. Most generally used pipes
and fittings are descried as follows:

a. Vitrified-Clay Tile or Concrete Sewer
Pipe. Pipe sizes of 4 inches to 36 inches in diameter
are generally used for sewer system construction.
Vitrified-clay tile is highly resistant to all sewage and
industrial wastes and acids. Cast, spun, or vibrated
concrete pipe in sizes of 12 inches to 108 inches in
diameter can frequently be made available. Such
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concrete pipe is manufactured with or without steel
reinforcing.

b. Cast or Wrought-Iron Pipe. Bell-and-
spigot type cast or wrought-iron pipe with leaded
joints, in sizes of 4 inches to 48 inches, can be used
to make a self-supporting sewer line where relatively
short sections of soft ground are encountered in the
installation trench. In this situation the pipe is laid on
cross-trench saddles of concrete or creosoted timbers.

c. "Cast-In-Place" Concrete Conduit. This
type of conduit is frequently used where sizes greater
than 60-inch diameter pipes are needed for increased
capacity in main, trunk, or outfall sewers. These
types of drains are not circular in section but are of
several arched designs or box-section culvert
reinforced-concrete construction.

d. Wood Stave Pipe. Machine-banded wood
stave pipe with iron joint ends and bands is
sometimes used in sizes of 4 inches to 24 inches
where vitrified-clay, concrete, or cast-iron pipe is in
short supply. Continuous stave pipe, built up and
banded in the field, can be made in sizes of 16 inches
to 16 feet.

e. Vitrified-Clay and Cast Iron Pipe
Fittings. The bell-and-spigot type of joint is
generally used for sewer system construction. Figure
3-12 illustrates this type of joint. Joints in cast iron
pipe are usually sealed with a hot-pour jointing
compound over oakum packing. Cement mortar is
used for joint sealing of clay sewer pipe.

f. Conventional Symbols. When house or
building connections are shown on sewerage plans,
the conventions used are the same
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Figure 3-12. Standard vitrified-clay and cast iron pipe fittings.
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as those for plumbing plans. These symbols are
covered in the preceding section. Typical building
connections are shown in figure 3-13. If you study
figure 3-13, you will note the amount of information
supplied to the plumber. Note also the specific
information given on the caulking and sealing of
joints for each type of drain. These are standard
detail conventions and will be found on all properly
prepared sewerage plans. Figure 3-14 illustrates the
conventions used in a typical sewerage system plan.
You can see that this is not a simple system;
however, it is typical of large-job sewerage systems.
Note that reference is made to the actual building
plans for the details of the house drain connections.

3-11. MANHOLES

Manholes are generally of circular cross section
when made of cement-plastered brick-and-mortar
walls set on a concrete base slab. The top is closed
with a removable heavy lid that lays in a cast-iron top
ring. Where manholes are made of wood the cross
section is square or rectangular and has a removable
cover set in the roofing timbers. An example of
manhole construction is shown in figure 3-15. Note
that the manhole depicted is made of brick or
concrete and is circular. From the dimensions given,
you can see that the base slab slopes (10 inches to 9
inches). The lid is 2 feet, 4 inches in diameter and
3/4 inch thick. There are three shelves around the
pipes in an opening whose diameter is 3 feet, 6
inches.

3.12. SEWAGE TREATMENT

a. Grease Traps. Wooden box type grease
traps are generally set in the flow line of the house or
building sewer to intercept greases and fats from
kitchen sinks. Baffles are placed in the boxes to
collect floating grease particles but arranged so as not
to restrict the flow of the effluent. Figure 3-16 shows
the general design of a grease trap.

b. Septic Tanks. These are usually
constructed in box-section form of lumber. Concrete,
brick, or stone may be used for more permanent
installations where such materials are available.
Single building tanks of about 500-gallon capacity
are sometimes made of steel and supplied ready for
installation in the sewer system. Construction details
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for a small septic tank are shown in figure 3-17. A
larger tank is shown in figure 3-18. An integral part
of septic tanks is the dosing tank which is usually
constructed of wood or concrete. When wood walls
are used, a concrete slab floor is favored as giving the
best foundation for installation of the intermittent
siphon. Plan and elevation views of a dosage tank
are shown as part of the septic tank details in view A-
A of figure 3-18.

c. Imhoff Tank. Installations which are
sufficiently complex to require a treatment plant will
normally have plans prepared for a specific site,
accounting for the topography and soil conditions.
Where a septic tank is not adequate to handle the
load, an Imhoff tank may be used. Typical
construction details for a concrete Imhoff tank are
shown in figure 3-19.

3-13. DISPOSAL FACILITIES

a. Leaching Tanks. The receivers of raw
sewage or septic-tank effluent are leaching tanks or
cesspools and can be made of 4-by 4-inch lumber or
5-inch round timbers. Dry masonry may be used for
wall construction where time and materials permit. A
design for a small leaching tank is shown in figure 3-
20.

b. Sand-Filter Fields. Either vitrified clay or
concrete drain tile, without sealed joints, is used for
piping in both subsurface irrigation and subsurface
sand-filter disposal systems.  Approved design
methods, giving plans and profiles, for installation of
drain tile in the two types of irrigation and sand-filter
fields are shown in figures 3-21 and 3-22.

(1) Distribution boxes. To change the
flow of effluent to different sections of a filtration
field, a distribution box is used and can be made of
wood, concrete, or brick. The diversion gate is
usually of wood, with a handle-slot, so that its
position in the distribution box can be moved to
change the sewage flow direction. See view B-B on
figure 3-18 for the installation requirements of a
distribution box.

(2) Size. Figures 3-18 and 3-23 illustrates a
typical small sewerage system which
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Figure 3-17. Typical small septic tank.
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uses both a septic tank and a subsurface sand filter as
the final sewage disposal point. Because of the long
pipe runs and the use of the sand filter, both a plan
and profile view of the system are required to inform
the pipe fitters of construction requirements.

3-14. SEWERAGE SYSTEM PLANS

a. Topography. Unless a sewerage plan is
prepared for a specific location and facility, it will
represent only a typical plan for the type of facility
covered. The topography and disposal facilities at
the building site will determine the actual piping
layout and arrangement. For example, the plan
illustrated on figure 3-14 is based on the assumption
of a uniform slope downward to the right. If the
actual slope at the site is different the plan would
have to be rearranged to suit the topography.

b. Details From Plan View. If you start at the
left side of figure 3-18, you can see that five
buildings are to be connected to the main sewer line
by five 4-inch vitrified tile pipe sections. The pipe
sections are to be installed laterally. Two manholes
are to be provided, one at each end of the main sewer
line. The first manhole is given as the zero reference
point for all other measurements. The point of
connection of the first lateral is given as 0 + 28.2 feet.
These numbers indicate the distance between
connection points in hundreds of feet plus feet and
decimal fractions of a foot. For example the symbol
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0 + 28.2 reads 28.2 feet, the symbol 1 + 14.6 at
manhole No. 2 indicates that this connection point is
114.6 feet from the reference point 0 + 00. You can
now easily determine the distance between all the
remaining connection points on the plan. Although
you can read the distances between points on the plan
view, you might note that you cannot determine the
depth at which the pipe is to be laid in the ground
from this view. Another view is required and that is
the profile view. The profile view will be discussed
in paragraph c following. Now, from figure 3-18 you
can see that the main sewer line is to be connected to
a septic tank whose dimensions are given as 6 feet by
8 feet by 22.5 feet. Again it would be necessary to
refer to the profile view to determine at what
elevation (depth below building level) the bottom of
the tank is required to be placed. Note that you are
directed to see enlarged view AA of the septic tank
for details of the required construction. Finally, the
outfall of the septic tank is connected to a subsurface
sand filter via a distribution box. The plan tells you
that the filter consists of distribution lines laid above
a separate system of drain lines. Note that only the
distribution lines are connected to the distribution
box. The under drain lines form a separate system.
Note that the extent of the subsurface sand filter is
not completely specified in figure 3-18. The actual
size of the filter must be determined at the site by the
performance of the soil absorption test. The same
test must be performed to determine the necessary
percolation area when a leaching tank is used as the
disposal field.

c. Details From Profile View. Figure 3-23 is
the profile view that complements the plan of figure
3-18. The profile is taken along the path of sewage
flow in the manner of an alined section. To provide
for easier reading, note that the vertical scale is
expanded so that one square equals 1 foot, whereas
for the horizontal scale, one square equals 10 feet.
Note that the floors of the buildings are shown at an
elevation of 200 feet. It is common practice to assign
a convenient round number to this reference point.
The actual elevation might have been 196 or 207 feet,
but for purposes of convenience the round number
200 is used. All elevations are then referenced to this
point. Note that the laterals shown on figure 3-18
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Figure 3-23. Typical small sewerage system, profile view.



are actually dropped 6.8 feet as shown on figure 3-23
before connection is made to the main sewer line.
Look carefully at each section of the main sewer and
note the numbers 0.01, 0.009, 0.125, 0.005. These
numbers indicate the grade of each section and are
calculated as follows: From the profile, you can read
the inlet elevation of manhole No. 1 as 193.2 feet
and the inlet elevation at manhole No. 2 as 192.05.
The distance between these two points is given as
11.46 feet. Therefore, the grade is (193.2-192.05) +
114.6 = 1.15 + 114.6 = 0.01, or a 1-percent grade, or
a 1-foot drop in 100 feet. It was stated in paragraph b
preceding that although the size of the septic tank
could be read from the plan view, the actual elevation
of the base could not be determined from the plan
view. From the profile view you can now read the
required depth of the footing for the septic tank. It is
shown to be at an elevation of 187.2 feet or 12.8 feet
below the floor level of the buildings. One final
point of major importance that cannot be completely
read from either the plan or profile views is the
extent, or area, of the subsurface sand filter. As was
noted earlier, this must be determined by a soil
absorption test which is performed as follows:

(1) Soil absorption test procedure. Dig
test holes (at least three) 1 foot square to the
proposed depth of the tile and fill them with water to
a depth of 1 foot. After the water has seeped away,
and while the bottom of the holes are still wet, refill
the holes to a depth of 6 inches. Note the average
time required for the water level to drop one inch and
compute the necessary percolation area from the data
in table 3-1.

(2) Example 1. A sand filter must handle
2,000 gallons per day and the average time noted in
the soil absorption test is 10 minutes. From table 3-1,
this corresponds to 1.7 gallons per day per square
foot.
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Table 3-1. Soil Absorption Rates

AHSGREPTHN GALLUNS PER 1AY -

il
1<

an 0
At N

A T T

If trenches are 18 inches wide,

1180 SQ. FT. _ .
“HE5FT 790 ft. of trench and pipe

will be required

(3) Example 2. A leaching tank must
handle 400 gallons per day (GPD) and the average
time noted in the soil test is 2 minutes. From table 3-
1, this corresponds to an absorption rate of 4.3
gallons per day per square foot.

400 GPD  _
13 GPD/SQ. FT. _ 22 SQ FT.

(4) Capacity. The following information is
general in nature and will have been taken into
consideration when the plans were made. The
necessary capacity for a sewerage system is normally
based on handling 25 gallons per day per man, or 50
gallons per day per bed for hospitals. A facility
housing 500 troops, therefore, would require sewage
disposal facilities capable of handling 12,500 gallons
per day. A 100-bed hospital would require disposal
facilities capable of handling 5,000 gallons per day.
Septic tanks must normally be capable of detaining
sewage for 24 hours. Sewer piping is usually
designed for capacities of three times the average
flow in order to handle peak loads, but pipe less than
6 inches in diameter should not be used for main
sewers, and the rate of flow should not be less than 2
feet per second when full or half full to prevent
clogging regardless of the capacity required. The
minimum velocity is usually specified as 1.5 feet per
second.



REVIEW QUESTION 5

A sewerage system consists of pipes and associated apparatus which carry sewage from buildings to the point of
discharge or disposal. Which of the following is a correct statement regarding conventions used on sewerage plans
when house or building connections are shown? (para 3-10, f)

a. The conventions used are the same as those for plumbing plans.

b. The conventions used differ from plumbing conventions because different materials are used.

c. The conventions used differ from plumbing conventions because different types of fittings are used.

d. The conventions used differ from plumbing conventions because different installation techniques are
required.

REVIEW QUESTION 6

An integral part of septic tanks is the dosing tank which is usually constructed of wood or concrete. When
wood walls are used, which type of floor is preferred? (para 3-12, b)
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ANSWER TO REVIEW QUESTION 5

The conventions used to show building connections on a sewerage plan are the same as those for plumbing

plans. (pa 3-10, f)

ANSWER TO REVIEW QUESTION 6

When wood walls are used, a concrete slab floor is favored as giving the best foundation for installation of

the intermittent siphon. (para 3-12, b)

Section IV. Electrical Distribution System

3-15. DEFINITION

Electrical distribution is the delivery of power to
the using premises from the power plant or substation
through feeders and mains carried on poles or placed
underground.

3-16. NOMENCLATURE

The general term "power system" covers the
large-capacity wiring installations and associated
equipment for the delivery of electrical energy from
the point of generation to the point of use. The
power system is generally considered to be a
combination of two sections: the transmission system
and the distribution system. The difference between
the two sections depends on the function of each as
defined below. At times, in small power systems, the
difference tends to disappear and the transmission
system merges with the distribution system, and the
delivery network as a whole is referred to as the
"distribution system."

a. Transmission System. A transmission
system usually consists of step-up and step-down
transformer  stations, transmission lines, and
switching or substations. The system is used for the
transmission of bulk power to load centers and large
industrial users beyond the economical service range
of the regular primary distribution lines.

b. Distribution System. A distribution system
usually consists of primary distribution lines or
networks, service transformer banks, and secondary
lines or networks. The system is used to deliver
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power from generating stations or transmission
substations to various points of use. While the term
"distribution system" is normally used to designate
the outside lines, they are frequently continued inside
the buildings to power outlets for electrical
equipment operation. These power outlets are
distinct from the usual lighting circuits or "interior
wiring."

3-17. CONVENTIONS

The conventions used on the electrical utility
plans are symbols that indicate the general layout,
units, related equipment, and fixtures to be installed.
Some common symbols you should be familiar with
are shown in figures 3-24 and 3-25. You will find
additional symbols which are in common use listed in
appendix A.

3-18. MATERIALS AND FITTINGS

The principal difference between the wiring
materials for interior wiring and distribution lines is
size. Larger sizes of wire are needed for greater
current-carrying capacities. Spacing of wires and
insulation is increased to give protection needed
where high voltages are used. With the increase of
wire sizes, larger conduits, outlet or junction boxes,
insulators, connectors, fuses, switches, and circuit
breakers are needed. Tables 3-2 through 3-5 list the
dimensions and current-carrying capacity for the
most frequently used wire types and sizes. Sizes are
listed by American Wire Gauge (AWG) numbers.
Current-carrying capacity is based on a maximum air
temperature of 100 degrees F. If the maximum air



TWO CONDUCTOR SERVICE
A30VE GROUND
PRIMARY

SECONDARY
STREET LIGHTING

UNDERGROUND
BURIED CABLE

DUCT LINE

THREE OR MORE CONDUCTORS

(NO. OF CROSS LINES EQUALS NO. OF CONDUCTCRS)

INCOMING LINES

CONDUIT OR GROUPING OF CONDUCTORS

SRANCHING OF GROUP OF CONDUCTORS

(NO. INDICATES NO. OF CONDUCTORS

GROUND

IN BRANCH)

7774
WAL
L £
‘8 5f 73

L

Figure 3-24. Line symbols for electric power distribution.

temperature is lower, add 3 percent for each 5
degrees F; if higher, subtract 2 percent for each 5
degrees F. You will generally find that unit electrical
power devices have pertinent wiring and hook-up
diagrams on the name plate or other prominent place.

3-19. ELECTRICAL DISTRIBUTION
PLAN

a. Figure 3-26 shows the electric distribution
information normally provided on the utility plan for
a small installatio The letter in circle at each
building@ or@) indicates the phase or phases
to be connected to the building. Figure 3-27 is a
pictorial view of the installation. You can see that
only the total connected load need be listed for an
installation this small. The utility layout for a larger
installation would provide you with a more detailed
tabulation of electrical loads for each load center as
shown in figure 3-28. The tabulation shown is for the
hospital layout shown in figure 3-2. The connected
load is the total power requirement of all the items
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connected to the system. The demand load is the
maximum amount of power which may be expected
to be required at one time. Note that the demand load
is less than the connected load for some services
because not all units would be operated at one time,
and the overall demand is less than the sum of the
individual demand loads because the peak demand
would not occur on all services at the same time.

b. In addition to the layout plans, detail
drawings are used to show complex installations,
standard connection methods, and specifications. On
figure 3-26, note that the number and size is specified
for wiring on some spans (as 4-#6, for example), the
number of wires is indicated by cross lines on the
service drops (as to building number 3), and no
specification is given on some spans (such as those to
building number 4). A note on the drawing will
normally specify the minimum wire size that can be
used for those not specified. As shown in figure 3-
24, two wires are used unless a larger number is de-



ITEM

SYMBOL

ILLUSTRATION(S)

TRANSFORMER MANHOLE
OR VAULT

TRANSFORMER

CONSTANT CURRENT
TRANSFORMER

POLE

POLE WITH DOWN
GUY WITH ANCHOR

CIRCUIT BREAKER -
AR

oiL

FUSE

SWITCH, MANUAL
DISCONNECT

LIGHTNING ARRESTER

CAPACITOR
(STRAIGHT LINE IS
POSITIVE SIDE)

INSTRUMENT OR METER

*A- AMMETER
AH- AMPERE HOUR METER
CRO- OSCILLOGRAPH
F- FREQUENCY METER
OHM-OHMMETER
0SC- OSCILLOGRAPH
PH- PHASE METER

REC- RECORDING

RD-

ETER
VAR~ VARMETER

V_

WH- WATT-HOUR METER

W-

® or [

aECORDI NG DEMAND

VOLTMETER

WATTMETER

Figure 3-25. Conventional symbols for electric distribution equipment.
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Table 3-2. Characteristics of Bare Solid Copper Wire

- . Weight Resistance Curren i
i :,::E' ?::::T moundgs per tahms per 1,000 c:a:zsz'
1004 {0 feet at 2PC famperes)
4/0 0.4600 639.8 0.04393 332
3/0 4096 307.3 06170 290
2/0 3648 4024 07780 249
1/0 3250 3194 09811 216
1 .2893 253.0 1237 184
2 2576 200.6 1560 160
4 2043 126.2 2480 118
6 1620 79.35 3944 89
8 1285 19.92 6271 66
Table 3-3. Characteristics of Weatherproof Solid Copper Wire.
Diamerer oner Weighe ]
__ s o priepe
Size Lo fr Caparicy
[ .-\“u’{_}: Three. Tne Three. Tun LR ramperes
nraid hrad nraid hrad
/0 0.640 1).609 767 793 1.04893 168
3/0 5393 562 529 587 06170 318
2/0 315 L300 302 167 TR0 274
1/0 300 463 107 377 09811 =37
! 153 422 316 204 12370 203
2 A3 390 260 239 13640 17
1 359 328 164 151 24800 130
6 328 296 £12 100 39440 EL
8 296 250 5 66 62710 71
Table 3-4. Characteristics of Bare Stranded Copper Wire
Weigic Resistance Wires r(:;r-r;-::
Siae Diameter I pounds per 'olhr;; :_::r in Cufl‘m:it_\-'
LAWG: tinchesi LU0 £t ;“: '.:(}'l_‘_-: strand ramperes)
+/0 0.5275 653. 14 0.04997 19 338
3/0 4644 31207 06293 7 294
2/0 A134 106.98 07935 T 252
1/0 3684 32239 10007 7 219
1 3279 255.45 12617 e 186
2 2919 02 50 15725 T 161
4 .2316 127,40 35000 T 119
] .1836 30.10 39767 7 90
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b i 1
1 ' ] ) ] !
1
) 4-#6 .
by 150'MIN. _I®®© 150" MIN. ,
: 5] ' 100" (g"
o — P - o
© g — -
o5 (D fg]] BFLgeee 3
, 4IE E '
1 80’ g
o) | (( 20}
| 4-#6 4-#6 o
0 I 22 VEHICLE =
! 83 PARKING ,
oZ
L ] = ]
i R |
i ROAD %
SITE & UTILITY LAYOUT
10,000 S.F ADMINISTRATION HEADQUARTERS
SCALE NO. 13
ELECTRICAL NOTES o S0 100
CONNECTED LOAD NO. 13

10,000 S.F_ ADMINISTRATION HQ ——11.31 KW

SCHEDULE OF FACILITIES

No.| ITEM | aTY | sizE OR UNIT
BUILDINGS
1 | ADMINISTRATION - HQ BUILDINC-"E" SHAPE| 1 | 10,000 S.F
2 | LATRINE-PIT TYPE 2 10'X 20
3 | SHOP~ MOTOR REPAIR 1 40'X 40'
4 | STOREHOUSE 1 20'X 20
OTHER CONSTRUCTION
ROAD-DBL LANE -6" MACADAM 0.02 MILE
ROAD -9 SERVICE ~ 4" MACADAM
S | SUMP-FIRE PROTECTION 1 | 10,000 GAL
VEHICLE PARKING~
(HARDSTANDS) 4" MACADAM ! 1,000 S.
SITE AREA 4.9 ACRES
6 | GENERATOR BLOG. (IF REQ'D)

Figure 3-26. Typical electric distribution plan.
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Table 3-5. Characteristics of Weatherproof Stranded Copper Wire

. Resistance Current-
Diameter over Weight Wire tohms per Carrving
Size [osulation {pounds per in 1,000 fe. Capacity
AWG (inchest 1,000 fe.) strand atXe Cor lamperes)
Three- Two- Three- Two-
braid heaid hraid braid
% 0.812 0.687 800 745 19 0.04997 34
* T34 671 653 604 7 .06293 J22
% 58T 625 522 482 i 07935 271
% 540 578 424 388 T 10007 240
1 593 531 328 303 7 12617 205
2 531 463 270 246 7 15725 178
4 437 .3%0 170 155 T 25000 131
[} 408 359 115 163 T 39767 9

Figure 3-27. Typical electric distribution installation.
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signated.  Figure 3-29 illustrates typical detail
drawings for secondary power distribution
connections. The first detail indicates the method of
connecting service drops at a mast on a building. The
lower details show pole connection for both small
and large angle turns. Figure 3-30 illustrates the type
of detail drawing used for complex installations.
This type of drawing gives you information such as
size and class of pole, dimension of cross arm, type
and size of wire, height of platform, and transformer
wiring.

c. The pole line installation detail (fig 3-29)
calls for a "class 5 pole." This refers to the USA

Standard Institute classification which classifies poles
according to the load resistance 2 feet from the top.
Table 3-6 lists the characteristics of four types of
poles for the various classes and sizes. When
installing distribution lines you would also be
responsible for proper tensioning and you would use
tables which list sag for various span lengths and
conditions. Tables 3-7 and 3-8 are typical of the
types used for this purpose. Information of this type
may be found in TM 5-765, Electrical Power
Transmission and Distribution. When the stringing
temperature or span length does not correspond to a
value listed, it will be necessary for you to interpolate
between the nearest values given.

ELECTRICAL LOADS
TOTAL TOTAL

LOAD TYPE QTY SERVICE CONNECTED | DEMAND
CTR BUILDING LOADS-KW LOADS-KW

COVERED WALK —

BKS 2 2 LIGHTING 25.56 25.56

uTtL 2 1

REC 2 3

LNX-SUP 2 1 POWER 88.82 88.82

MESS 4 1

SPC A3 1

SURG-CMS 1 RECP. EST. 11.40 5.70

EE-PH 2 1

XRY-LAB-DN 1

DSP 3 1 X-RAY 18.00 18.00

ADM-ABD 1 1

MOQ 2 1

UTL 8 1 GRAND TOTAL 14378 138.08

FoQ 2 1

WRD 2 4

UTL 3 2 OVERALL DEMAND 62.13

SURG-CMS 1
E XRY-LB-DN 1 EMER. X-RAY 18.00 18.00

(EMER) | DSP 3 1 EMER. LIGHTING 1.18 1.18

Figure 3-28. Typical tabulation of electrical loads.



BUILDING COLUMN

““WEATHER-PROOF COPPER WIRE

NO. 8 SIZE AS SHOWN ON UTILITY
LAYOUTS

HEIGHT TO PROVIDE 3'-0" MIN.
CLEARANCE OVER HIGH POINT

OF ROOF AT MAX. SAG FROM POLE LINE

| STANDARD UNGLAZED PLAN VIEW
PORCELAIN TUBE SIZE
. DRIP LOOP AS REQUIRED
TOP OF GIRT

FRONT VIEW

BUILDING MAST INSTALLATION

SCALE NO. T
N STRAIN INSULATOR
AN l CLEVIS
o CABLE
POLE
CLASS 5

CONNECTOR

THESE TWO ANGLES

T0 BE EQUAL
POLE
CLASS 5 /8" GuY
NO GUY REQUIRED FOR WIRE ROPE
ANGLES UP TO 5° 4
ONE GUY REQUIRED FOR .
) ] 3/8" WIRE 2
5° TO 60° ANGLES S cLip

ANGLE
©0°MAX. ANGLE

CORNER
OVER 60° ANGLE

TYPICAL POLE LINE INSTALLATION

NO SCALE
Figure 3-29. Typical electrical secondary distribution details.
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LIGHTNING ARRESTER S/ RENEWASLE
OMIT IF SELF- PROTECTED -~ W/ RENEWA
TRANSFORMERS ARE USED —

' mn-moor NO. 6 e W
SOLID COPPER WIRE -i )
L 2

e
SIZE AS REQ.
LY

|
i‘—l WEATHER-PROOF NO: 4
| SOLID COPPER WIRE

=
1] “:__
€= b :. _
R
| CROSS ARM, .
8-0"xX 31/2°x 4 1/2
¢ Tonegm - P
5 ]
| PLAN AT SECTION A-A
| 50 - ! =
1 3/8 INCH STRANDED GUY WIRE Ty '_
L -
] PELLET TYPE 2| _curour, soame

|
yp

35-FOOT WODD POLE,
CLASS 4

= TRANSFORMER,60 CYCLE,
SINGLE PHASE,2400/416
120/240 V., 37-1/2 KVA

3-37/2 KVA SINGLE PHASE TRANSRER INSTALLATION

Figure 3-30. Transformer installation on a platform.
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Table 3-6. Classification of Wood Poles

Southern Western Northern
Minimum yellow pine Chestnut red cedar white cedar
circum- Circum. Circum. Circum. cmuﬁ

Pole ference 6.1t. Resisting 6 ft. Resisting 6 ft. Resisting 6 ft. Resisting

length UsA at top from butt moment from butt moment from butt moment from butt moment

(feet) class {inches) (inches) {ft-1b) (inches) {ft-1n) ({inches) (£t-1b) {inches) (ft-1b)
25 1 27 34.5 80,200 31.0 80,200 38.0 81,000 43.5 78,200
25 2 25 32.5 67,000 34.5 65,000 35.5 66,100 41.0 65,400
25 3 23 30.0 52,700 32.5 54,300 33.0 53,100 38.0 52,100
25 4 21 28.0 42,860 30.0 42,700 30.5 41,900 35.5 42,500
25 5 19 26.0 34,320 28.0 34,720 28.5 34,200 32.5 32,660
25 B 17 24.0 26,990 25.5 26,230 26.0 25,970 30.0 25,640
25 7 15 22.0 20,800 24,0 21,870 24.5 21,730 28.0 20,840
0 1 27 37.5 102,900 40.0 101,200 41.0 101,700 47.5 101,800
30 2 25 35.0 83,700 31.5 83,500 38.5 84,300 44.5 83,700
30 3 23 32.5 67,000 35.0 67,850 35.5 66,100 41.5 67,800
30 4 21 30.0 52,700 32.5 54,300 33.0 53,100 38.5 54,200
30 5 12 28.0 42,860 30.0 42,700 30.5 41,900 35.5 42,500
30 -] 17 26.0 34,320 28.0 34,720 28.5 ’ 23.0 34,100
30 T 15 24.0 26,990 26.0 27,820 26.5 27,500 30.5 26,930
35 1 2 40.0 124,800 42.5 121,400 43.5 121,600 50.5 122,300
35 2 25 3.5 102,900 40.0 101,200 41.0 101,700 47.5 101,800
35 3 23 35.0 83,700 37.5 83,500 38.0 81,000 44,0 80,800
35 4 21 32.0 64,000 34.5 65,000 35.0 63,350 41.0 65,400
35 5 19 30.0 52,700 32.0 51,900 32.5 50,700 38.0 52,100
35 6 17 21.5 40,600 30.0 42,700 30.5 41,900 35.0 40,700
35 1 15 25.5 32,380 27.5 32,920 28.0 32,410 32.5 32,600
40 1 27 42.0 144,600 45.0 144,100 46.0 143,800 53.5 145,500
40 2 25 39.5 120,300 42.5 121,400 43.5 121,600 50.0 118,700
40 3 23 37.0 98,900 39.5 47,500 40.5 98,100 46.5 95,500
40 4 21 34.0 76,700 36.5 77,000 37.5 77,900 43.5 78,200
40 5 19 31.5 60,900 34.0 62,200 34.5 60,700 40.0 60,800
40 6 17 29.0 47,600 31.5 49,400 32.0 48,400 37.0 48,100
40 T 15 27.0 38,400 29.5 40,600
45 1 21 44.0 166,300 47.5 169,600 48.5 168,500 56.0 166,800
45 2 25 41.5 139,400 44.5 139,500 45.5 138,100 52.5 137,400
45 3 23 38.5 111,400 415 113,000 42.5 113,400 43.0 111,600
15 4 21 36.0 91,100 38.5 90,300 39.5 91,000 45.5 89,500
45 5 19 33.0 70,200 6.0 73,800 36.5 71,800 42.0 70,300
45 6 17 30.5 55,400 33.0 56,800
45 7 15 28.5 45,200 31.0 47,200
50 1 27 46.0 190,000 40.5 191,900 50.5 190,200 58.5 190,100
50 2 25 43.0 155,200 46.5 159,000 41.5 158,300 55.0 158,000
50 3 23 40.0 124,900 43.5 130,200 44.5 130,100 5L.5 129,500
50 4 21 3.5 102,900 40.0 101,200 41.0 101,700 47.5 101,800
50 5 19 34.5 80,200 3.5 83,500 38.0 81,000 44.0 80,900
50 6 17 32.0 64,000 34.5 65,000
50 7 15 29.5 50,100 32.0 51,900
55 1 27 47.5 209,100 51.5 216,000 52.5 213,600 61.0 215,600
55 2 25 44,5 172,000 48.5 180,500 49.5 179,100 57.5 180,500
55 3 23 41.5 139,400 45.0 144,100 46.0 143,800 53.5 145,500
55 4 21 39.0 155,800 42.0 117,200 42,5 113,400 49.5 115,200
55 5 19 36.0 91,100 39.0 94,900 39.5 91,000 416.0 92,400
55 11 17 33.5 173,400 38.0 73,800
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Table 3-7. Typical Sag Table for Primary Distribution Wiring

Sau for no. 5 AWG

hare copper wire

iinches
Span Stringing
1feetn temperature
MeF KPR HEF
20 2 3 3
50 3 1 3
0 4 6 T
30 6 7 9
4 3 9 11
100 3 12 “
110 12 14 7
120 i4 17 20
130 16 20 23
140 18 2 26
130 21 26 30
160 24 30 M
170 27 A 39
180 3l a8 14

Table 3-8. Sag Table for Secondary Distribution Wiring

Su of hurd or medivm-drawn, covered cop-
per wire for ditferent 3pan lemgthe linches:

‘f—“‘ ?"""'-“ Frigid and temperate zonws Tropical zone
size ing
1AWG temp 100" 125 150" 175 0 250° L 0 I?S'_[_iiﬂ’ 135 ot 250 300
J°F 1155 23 3 o — — — 1 85 14 1223 31 - - =
8 50°F 18 2 40 — — — — 12 18 n 36 — — e
WPF 215 31 14 — — — — 155 225 32 1 — - e
3°F | 85 14 » 31 — — — ] 9 14 | 19.5 26 — —
6 Al 12 18 27 36 — — — 8 12 18 24 32 — —
9PF 1155 1225 32 0 — — — 11 16 {225 29 18 — —
3P F 3.5 4215 31 43 — — B.3 9 14 19 26 — —
4 50°F 12 i3 2] 36 18 _ — 8 12 18 24 32 — —
Fod 3 17 1225 32 11 Bl — — 11135 16 ] 30 38 _ —
30°F 3.5 14 | 215 |235 30 33 89 5.3 9 14 175 21 3 45
2 H0° F i2 18 ke 3 36 50 ¥ 3 12 18 22 26 H 52
WPF 17 | 225 32 35 12 67 103 |13 16 2 2 32 41 80
30°F 8.5 {135 21 2 27 44 21 38 9 135 [ 1635 19 26 38
1 60°F 12 18 26 e 33 32 30 3 12 i8 21 it ] B 45
HWPF 155 | 225 31 34 39 39 37 | 115 16 23 26 30 33 33
300 F 351135 205 |225 26 2 H6 | 5.5 9 14 {165 18 M5 34
1/0 60°F. 12 18 26 28 32 19 72 3 12 '3 21 23 30 41
90°F 1155 | 225 at 34 38 36 32 {115 [16.5 23 27 o ] 36 47
3°F 185|135 20 [225 | 25 | 38 37| 35 9 | 135 16 1175 | 231 31
2/0 60°F 12 18 5 28 31 16 56 3 12 18 )] s 28 37
WrF 16 | 225 30 M 38 53 73 1115 16 23 25 s 33 45
3°F | 85 (135 (185 21 {2435 31 43 350 | 85 | 135 16 163 {205 27
/0 60°F 12 18 24 2 30 38 a0 3 12 13 19 21 5 52
S0°F 16 | 225 249 33 36 16 39 1113 16 23 | 245 26 31 3
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REVIEW QUESTION 7

The term "power system" is generally considered to be a combination of what two sections? (para 3-16)

REVIEW QUESTION 8

Power is conveyed through electric wiring from the generating source to the using unit. The size of the
wire depends on the current-carrying requirements; the larger the current, the larger the wire. The sizes of wire are
listed by American Wire Gauge (AWG) numbers. What size bare stranded copper wire would a utility drawing

specify if a resistance of .12617 ohm per 1,000 feet at 20 degrees C, or a current carrying capacity of 186 amperes,
was required? (para 3-18) (table 3-4)
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ANSWER TO REVIEW QUESTION 7

The power system is generally considered to be a combination of two sections - the transmission system

and the distribution system. (para 3-16)

ANSWER TO REVIEW QUESTION 8

Using table 3-4, a bare stranded copper wire with a resistance of .12617 ohm per 1,000 feet at 20 degrees C
and a current capacity of 186 amps is an AWG size #1. (para 3-18) (table 3-4)

Section V. Electrical Wiring

3-20. DEFINITION

The electrical wiring system in a building is the
installation which distributes electrical energy. It is
frequently referred to as the "interior wiring system"
to distinguish it from the "electric distribution
system" which includes outside power lines and
equipment for multibuilding installations.

3-21. NOMENCLATURE

The nomenclature of a building wiring system is
divided into two principal parts according to function
as follows:

a. Building Feeders and Subfeeders. A
building feeder is a set of conductors supplying
electricity to the building. A subfeeder is an
extension of the feeder through a cutout, or switch,
from one interior distribution center to anther without
branch circuits between.

b. Branch or Branch Circuits. A branch
circuit is a set of conductors, feeding through an
automatic cutout, or fuse, and supplying one or more
energy-consuming devices such as lights or motors.

3-22. MATERIALS AND FITTINGS

A variety of materials and fittings are used in the
installation of electrical wiring. Some common items
you use in theater of operations type construction are
described in the following paragraphs.
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a. Conductors. A conductor is any wire bar,
or ribbon, with or without insulation. It is usually
made of copper because of the good electrical
characteristics of that metal. The smallest size wire
permitted for use in interior wiring systems is 14
AWG. The determination of the wire size to be used
in circuits is dependent on the voltage drop
coincident with each size. The size of the conductor
used as feeder to each circuit is also based on voltage
drop. You would select the wire size so that the
voltage drop from the branch circuit supply to the
outlets will not be more than 3 percent. Table 3-9,
which is based on an allowable 3-percent voltage
drop, lists the wire sizes required for various
distances between supply and load, at different load
currents. Table 3-9 also lists the service-wire
requirements and capacities. The minimum size for
service-wire installation shall not be smaller than the
conductors of a branch circuit and in no case smaller
than No. 12. Service-wires must not only meet the
voltage-drop requirements but also be inherently
strong enough to support their own weight, plus any
additional loading caused by nature (ice, branches,
etc.). Symbols are used on electrical plans to show
the routing and interconnection of wiring. The
symbols that you will most frequently encounter are
shown in figure 3-31. Wiring may be divided into
four classes according to type of installation or the
materials used.

(1) Expedient wiring. There are many
applications where electrical wiring installations are
needed for temporary use. One example is a forward
area installation. A complete installation including
knobs, tubes, cleats, and damage protection would
require



Table 3-9. Minimum Wire Sizes

Wire size for | 20-voit single phase eurcuit

Wiresizet AWG)
M ‘:‘i:“"" 5?::' Distance ane way from sunply to luud 1ft.)

Load ,|z: SZe ]
campss | AWGY | AWG E1] b1 ] H 150 5 0 250 00 150 i 154 300
15 14 10 14 12 ‘r 10 3 8 [ ] 5 4 4 1

20 14 10 12 10 3 8 ] 6 6 4 4 2 2 2 2
25 12 8 10 L] 3 [ 6 4 i 4 2 2 2 1 1
30 12 8 i0 3 6 6 4 4 4 2 2 L 1 0 0
315 12 6 8 6 6 4 4 4 2 2 1 1 0 0 2/0
0 10 6 8 6 ] 4 4 2 2 2 1 0 0 2/0 20
15 10 [ 8 6 4 4 2 2 2 1 0 0 2/0 2/0 3/0
50 19 [ 8 6 4 4 2 2 2 1 0 2/0 2/0 3/0 | 3/0
55 3 4 6 4 1 2 2 2 1 0 2/0 2/0 AT 3/0 | 4/0
60 3 4 6 4 4 2 2 1 1 0 2/0 3/0 3/0 1/0 1/0
65 3 4 6 1 4 2 2 1 0 2/0 2/0 3/0 110 4/0

70 8 4 6 4 2 2 L 1 0 2/0 2/0 370 4/0 /0

% 6 4 6 4 2 2 1 0 0 2/0 3/0 /0

80 6 4 6 4 2 2 1 0 0 2/0 3/0 1/0 4/0

85 6 1 4 4 2 1 1 V] 2/0 370 3/0 4/0

%0 6 2 4 2 2 1 0 0 | 2/0 | 3/0 | 0 | O

5 6 2 4 2 2 1 0 2/0 2/0 3/0 40

100 4 2 4 2 2 1 0 2/0 2/0 370 10

too much time and would be impractical. provisions. All connections and splices are made

Consequently, expedient wiring used for temporary
buildings and forward areas does not require the
mounting and protective devices used in permanent
installations. Generally, the wires are attached to
building members with nails, and pigtail sockets are
used for outlets. Soldering is omitted and friction
tape is used as a protective covering on the
connections. Fixture drops, preferably pigtail
sockets, are installed by tapping their leads to wires
and then taping the taps. The sockets are supported
by the tap wires.

(2) Open wiring. Open wiring is the type
most often used in theater of operation construction
because of economy of materials and ease of making
additions or alterations. Wiring is supported and
separated on porcelain knobs, cleats, and tubes or
encased in a nonmetallic flexible casing called loom.
Wiring exposed to possible mechanical damage is

protected by running boards or railings. Taps or
splices are supported.
(3) Armored cable wiring. Armored

cable, commonly called BX, provides mechanical
damage protection without additional protective
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within boxes, usually with wire nuts. Cables are run
through holes in building members or supported by
staples or straps. Nonmetallic sheathed cable is
sometimes used for interior wiring also. Connections
and supports are similar to armored cable wiring.

(4) Conduit wiring. Rigid of thin-wall
conduit wiring provides the highest-quality, and most
expensive installation. Rigid or thin-wall pipe is used
to support and protect the conductors. Splices and
taps are made at junction boxes or outlet boxes. Very
little additional support or mechanical damage
protection is required beyond that provided by the
conduit.

b. Fixtures. The various switches and outlets,
such as lighting fixtures and receptacles, are shown
by symbols on interior wiring pins. The most
frequently encountered symbols are shown in figure
332.

c. Fuse Boxes and Circuit Breakers. Each
branch circuit is connected to some protective device,
usually at the point where



Table 3-9. Continued.

Wire size for 220-volt three phase R —

Minimum| Service Distance one way from supply 1 eed ifLs

wire wire

size size

[AWG) | AWG 100 150 200 B0 200 B0 400 = 00 o0 "0 -t FTY
15 14 12 14 12 10 8 8 8 6 & 6 4 4 4 ]
20 14 10 12 10 8 8 6 6 6 4 4 4 2 b4 b4
25 12 8 10 8 8 6 6 6 4 1 2 2 2 2 1
30 12 8 10 8 6 6 6 4 4 2 2 2 1 1 0
35 12 8 10 8 6 6 4 4 4 2 2 1 1 0 0
® 10 6 8 6 6 4 4 4 2 1 1 1 0 0 2/0
45 10 6 8 6 6 4 4 2 2 2 1 0 0| 20 270
50 10 6 8 6 4 4 2 2 2 1 0 o| 20 { 270 | 370
56 8 6 8 6 4 4 2 2 2 1 0 2/0 | 2/0 | 3/0 3/0
60 8 6 6 6 4 2 2 2 1 0 0 2/0 | 370 | 3/0 4/0
65 8 4 6 4 4 2 2 2 1 0| 2/0 2/0 { 3/0 | 3/0 470
70 8 4 6 4 4 2 2 1 1 0| 2/0 3/0 | 3/0 | 4/0 4/0
75 6 4 6 4 2 2 2 1 0o | 0| 2/0 3/0 | 470 | 4/0
80 6 4 6 4 2 2 1 ] 0 2/0 3/0 3/0 4/0 4/0
85 6 4 6 4 2 2 1 0 o | 20| 3/0 4/0 | 470
901 6 4 6 1 2 2 1 ] 0| 20| 3/0 4/0 | 4/0
95 6 4 6 4 2 1 1 0 2/0 | %0 | 3/0 4/0
100 4 2 4 2 2 1 0 0 2/0 | 30 | 4/0 4/0
125 4 2 4 2 1 0 { 2/0 2/0 370 | 40
150 2 2 2 2 0 2/0 | 2/0 3/0 4/0
175 2 ] 2 1 0 2/0 | 3/0 4/0 4/9'
20 1 0 1 0| 2/ 370 | 470 | 4/0
295 0 0 0 0 2/0 3/0 4/0
o50 | 2/0 { 2/0 2/0 2/0 | 3/0 4/0
2715 | 3/0 | 3/0 3/0 3/0 | 3/0 | 4/0
300 | 3/0 | 3/0 3/0 3/0 | 4/0
325 | 4/0 | 470 4/0 4/0

electrical service enters the building. Subfeeders and
additional protective devices may be used for devices
such as motors.

(1) Fuses. The device for automatically
opening a circuit when the current rises beyond the
safety limit is technically called a cutout, but more
commonly called a fuse. All circuits and electrical
apparatus must be protected from short circuits or
dangerous overcurrent conditions through correctly
rated fuses. The cartridge type fuse is used for
current rating above 30 amperes in interior wiring
systems. The plug or screw type fuse is satisfactory
for incandescent lighting or heating appliance
circuits. On branch circuits, wherever motors are
connected, time-lag fuses should be used instead of
the standard plug or cartridge type fuse. These fuses
have self-compensating elements which maintain and
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hold the circuit In line during a momentary heavy
ampere drain, yet cut out the circuit under short-
circuit conditions. As you know, the heavy ampere
demand normally occurs in motor circuits when the
motor is started.

(2) Fuse boxes. As a general rule the
fusing of circuits is concentrated at centrally located
fuse or distribution panel. These panel are normally
located at the service-entrance switch in small
buildings or installed in several power centers in
large buildings. The number d service centers or fuse
boxes in the latter case would be determined by the
connected power load.

(3) Circuit breakers. A circuit breaker is
a protective switching device designed to open a
current-carrying circuit under over-



ITEM

WIRING CONCEALED IN
CEILING OR WALL

WIRING CONCEALED IN
FLOOR

EXPOSED BRANCH CIRCUIT

BRANCH CIRCUIT HOME RUN TO
PANEL BOARD (NO. OF ARROWS
EQUALS NO. OF CIRCUITS, DESIGNATION
IDENTIFIES DESIGNATION AT PANEL)

THREE OR MORE WIRES (NO. OF CROSS
LINES EQUALS NO. OF CONDUCTORS
TWO CONDUCTORS INDICATED IF NOT
OTHERWISE NOTED)

INCOMING SERVICE LINES

CROSSED CONDUCTORS, NOT CONNECTED
SPLICE OR SOLDERED CONNECTION
CABLED CONNECTOR (SOLDERLESS)
WIRE TURNED UP

WIRE TURNED DOWN

Figure 3-31. Line symbols for electrical wiring.
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SYMBOL




ITEM SYMBOL ILLUSTRATION

SWITCHES -
SINGLE POLE SWITCH

DOUBLE POLE SWITCH

THREE WAY SWITCH

SWITCH AND PILOT LAMP

CEILING PULL SWITCH

PANEL BOARDS AND RELATED EQUIPMENT
PANEL BOARD AND CABINET

SWITCHBOARD, CONTROL STATION OR
SUBSTATION

SERVICE SWITCH OR CIRCUIT BREAKER

EXTERNALLY OPERATED DISCONNECT
SWITCH

MOTOR CONTROLLER

MISCELLANEOUS -
TELEPHONE

THERMOSTAT

MOTOR

Figure 3-32. Symbols for electrical fixtures and controls.
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ITEM SYMBOL ILLUSTRATION

LIGHTING OUTLETS ™~

CEILING O
WALL O

FLUORESCENT FIXTURE o]

CONTINUOUS ROW FLUORESCENT
FIXTURE Lo 1 1

BARE LAMP FLUORESCENT I
STRIP

-+
-

* LETTERS ADDED TO SYMBOLS INDICATE SPECIAL TYPE OR USAGE

J- JUNCTION BOX R- RECESSED
L- LOW VOLTAGE X- EXIT LIGHT

RECEPTACLE OUTLETS" *-

SINGLE OUTLET VRO,

DUPLEX OUTLET O

QUADRUPLEX OUTLET :@ OR

SPECIAL PURPOSE OUTLET

20-AMP, 250- VOLT OUTLET

SINGLE FLOOR OUTLET — | OR
(BOX AROUND ANY OF ABOVE ©
INDICATES FLOOR OUTLET OF
SAME TYPE)

**LETTER G NEXT TO SYMBOL INDICATES GROUNDING TYPE
Figure 3-32. Continued.
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load, high or low voltage, or short-circuit conditions
and is sometimes substituted for the entrance switch
in small building electrical installations. No fuses are
used in the circuit breaker. The breaker is generally
operated automatically although manual operation is
provided for. As a rule, no detailed wiring diagram
for a circuit breaker is shown on construction prints
since such diagrams are to be found on the outside of
the circuit breaker box cover.

3-23. ELECTRICAL PLANS

a. Electrical plans show what items are to be
installed, their approximate location, and the circuits
to which they are to be connected. A typical
electrical plan for a post exchange is shown in figure
3-33. The plan shows that the incoming service
consists of three No. 8 wires and that two circuit-
breaker panels are to be installed. Starting at the
upper left, the plan shows that nine ceiling lighting
outlets and two duplex wall outlets are to be installed
in the bulk storage area. The arrow designated "B2"
indicates that these outlets are to be connected to
circuit 2 of circuit-breaker panel B. Note that three
wires are indicated from this point to the double
home-run arrows designated "B1, B2." These are the
hot wire from the bulk storage area to circuit 2 of
panel B, the hot wire from the administration area to
circuit 1 of panel B, and a common neutral. From the
double arrowhead, these wires are run to the circuit
breaker panel without additional connections. This
run is shown at the left side of figure 3-34, which is
typical of the ceiling wiring diagrams provided for
open wiring of medium or extreme complexity. Note
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that the entire installation is not shown in figure 3-34.
The diagram shows the splices, support, and insulator
arrangements used. Note that this is a physical
drawing rather than symbolic one, so each line
represents a single wire rather than a pair of
conductors as in the plan. A note calls out a circuit
breaker installation detail at the point where the wires
are down to the circuit-breaker panel, and the
arrowheads on the leader from the note show the
direction from which the circuit breaker installation
detail is drawn. The circuit breaker panel installation
detail (figure 3-35) shows the installation
arrangement for the circuit breakers, including
grounding, splices, and connections to the incoming
service. Note that the circuit breaker panels are
placed 5 feet, 6 inches from the floor line. You can
also see that a 3/4-inch pipe driven 8 feet into the
ground is used for grounding the No. 8 ground wire.

b. In some installations alternate outlets are
connected to different circuits so that half the lighting
may be turned on at one time and only part of the
service will be out if a circuit breaker is tripped. For
these plans, the circuit identification (Al, B1, etc.) is
noted alongside each fixture.

c. Wiring plans are not usually provided for
the fixtures themselves. If the connections are not
obvious, diagrams are normally supplied with the
device. A three-way switch circuit, which enables
the control of a single outlet from two locations, is
shown in figure 3-36. On an electrical plan you will
find the three-way switch is indicated by the symbol
S3.
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Figure 3-33. Typical electrical plan.
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Figure 3-34. Typical ceiling wiring diagram.
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27X 27 WIRE SUPPORT] CEILING LNE;} r PORCELAN TUBES THRU WALL
- } _
SPLIT KNOB. INSULATORS: lﬁ _

A3 | a1 Al '
*
B2 __ _ 3-8 SERVICE

FLERIBLE NON-
METALLIC CONDUIT

C. B. PANEL "B"—~
2-1P,, IS AMP,

r—EXTERIOR WALL

xd 1 "U.
— 1 3

SPLICE & TAPE \c. B. PANEL "A’
G-1P, 15 AMP.

ooy

/‘:?f

5-6"

#8 GROUND WIRE——

GROUND CLAMP -—-_..Tr NO SCALE
3/4" PIPE DRIVEN —
8-0" INTO GROUND FLOOR LINE~7

Figure 3-35. Typical circuit breaker panel installation detail,

WHITE —

BLACK | A/B';-_-_lﬁ:o-—-‘%'l L=
%‘c“ch BLACK | P | ~ BLACK
SWITCH SwiToH

Figure 3-36. Wiring diagram for a three-way switch.

REVIEW QUESTION 9

The nomenclature of a building wiring system is divided into two principal parts according to function as

follows: (a) building feeders and subfeeders and (b) branches or branch circuits. Define these terms. (para 3-21, a,

REVIEW QUESTION 10

What information do electrical plans show? (para 3-23, a)
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ANSWER TO REVIEW QUESTION 9

A building feeder is a set of conductors supplying electricity to the building. A subfeeder is an extension of
the feeder through a cutout, or switch, from one interior distribution center to another without branch circuits
between. A branch circuit is a set of conductors, feeding through an automatic cutout, or fuse, and supplying one or
more energy-consuming devices such as lights or motors. (para 3-21, a, b)

ANSWER TO REVIEW QUESTION 10

Electrical plans show what items are to be installed, their approximate location, and the circuits to which
they are to be connected. (para 3-23, a)
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LESSON 3 SELF TEST EXERCISES

Upon completion of the text assignment, solve the following self test exercises based on lesson objectives.
NOTE: The following exercises are study aids. References to related information in the reading material are
shown in parentheses after each question. Write your answer in the space provided below each question.

When you have finished answering all the questions for this lesson, compare your answers with those
given for this lesson in the back of the booklet. Review the lesson as necessary.

Objective 1. WATER SUPPLY AND DISTRIBUTION. Discuss the elements of a typical water supply waste
and distribution system used in military field installations. (Answer questions 1 through 3.)
1. Refer to figure 3-1. If you were interested in looking at specific details of the filter bed, which drawing

number would you refer to? (para 3-2)(fig 3-1)

2. A water distribution plan will show the general location and size of the pipes along with valves, sumps, water
tanks, and other fixtures. Figure 3-2 is an example of one such distribution plan. What size pipe, in inches, is
used to transport the water from the supply system to the water tank? (para 3-3) (fig 3-2)

3. Referring again to figure 3-2, approximately how many feet of 2-inch pipe are needed to connect the utility
building-8 with the main distribution line? (para 3-3) (fig 3-2)

Objective 2. PLUMBING SYMBOLS. Identify the symbols used on plumbing plans for piping, fittings,
valves, and fixtures for water distribution and waste disposal. (Answer questions 4 through 6.)

4. Different symbols and line conventions are used to indicate the various plumbing features on a plumbing plan.
How are the types and locations of acid- and/or water-carrying pipes indicated? (para 3-6,a)

5. Pipe fittings are represented by symbols which combine lines and various geometrical shapes. Which of the
figures shown represents a concentric reducer fitting? (para 3-6, b) (fig 3-6)

I — > — —H—
a b c d
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6. Lines and geometrical shapes are used in combination to represent the types of valves and the manner in which

they are installed. Which of the symbols shown below would be used on an elevation drawing to represent an
angled gate valve? (para 3-6, ¢) (fig 3-7)

= 5
7 -4

b d

Objective 3. SEWERAGE SYSTEM PLANS. Describe and interpret simple plumbing and sewerage system

10.

plans. (Answer questions 7 through 10.)

In order to adequately describe the typical sewerage system, both a plan view and profile view are needed.
The horizontal and vertical dimensions will be given by the plan view and profile view, respectively. Figure 3-
18 is a plan view of a sewerage system comprised of a septic tank, dosing tank, distribution box, and
subsurface and filter. What is the recommended spacing, in feet, between the lines and drains of the sand
filter? (para 3-14, b) (fig 3-18)

It should be emphasized that only horizontal distances are given in a plan view. Since the pipes shown in
figure 3-18 slope downward into the ground, you cannot determine the actual length of the pipes without using
the plan view and the profile view in conjunction. What is the horizontal distance, in feet, between manhole
No. 2 and the inlet of the septic tank? (para 3-14, ¢) (fig 3-18)

Figure 3-23 is the profile view of the sewerage system shown in the plan view of figure 3-18. Note that the
profile is taken along the path of sewerage flow. In other words, the main sewer line and the outfall sewer line
are actually perpendicular to each other, whereas the profile view shows them as if they were both in the same
plane. Referring to figure 3-23, what is the vertical distance, in feet, between manhole No. 2 and the inlet of
the septic tank? (para 3-14, ¢) (fig 3-23)

Note that the floors of the buildings in figure 3-23 are located along the elevation line marked "200.0." Which
of the following is a correct statement regarding this elevation line? (para 3-14,c¢) (fig 3-23)
a. 200 feet is the base mode factor. c. Actual elevation of floors is 200 feet.

b. Depth of sewerage system is 200 feet. d. 200 feet is a convenient reference point.

Objective 4. ELECTRICAL DISTRIBUTION SYSTEM. Explain power transmission and distribution

systems as used in military installations. (Answer questions 11 through 13.)
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11.

12.

13.

An electric power distribution system, consisting of primary distribution lines, service transformer banks, and
secondary lines, is used to deliver power from the power plant or substation to the using premises. Symbolic
conventions are used to indicate the general layout, units, related equipment, and fixtures to be installed.
Which of the symbols shown below represents a fuse? (para 3-17) (fig 3-25)

aQ 2> c

b {1 d &

The detail drawing of figure 3-30 specifies the type and size of wire to be used and the method of connection.
What method of connection for the primary and secondary wires of the transformers is represented by the
rectangular line symbol? (para 3-18) (fig A-10, app A)

Refer again to figure 3-30. Which of the following statements is correct? (para 3-19,b) (fig 8-30)
a. Transformers are 40 cycle. c. Guy wire is 3/4 inch in diameter.
b. 20-amp fuse cutout is required. d. Lightning arrester is pellet type.

Objective 5. INTERIOR WIRING. Identify the components of an interior wiring system and the symbols

14.

15.

16.

used for them on wiring diagrams. (Answer questions 14 through 16.)

What is the difference between an "interior wiring system" and an "electrical distribution system"? (para 3-20)

A building wiring system is divided into two principal parts according to function. What are these parts?
(para 3-21,a,b)

The routing and interconnection of wiring as well as electrical fixtures and controls are represented by symbols
on electrical plans. Which of the symbols shown below represents a single floor outlet? (para 3-22,b) (fig 3-
22)

= mom
a

® -O
b d

Objective 6. ELECTRICAL PLANS. Describe and interpret simple electrical plans. (Answer questions 17

through 20.)
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17.

18.

19.

20.

Electrical plans show the items to be installed, their approximate location, and the circuits to which they are
connected. Looking at the electrical plan of figure 3-33, how many lines make up the incoming service? (para
3-23,a) (fig 3-33)

By adding up the individual power requirements for the items connected to any one circuit, you can determine
the total load for that circuit What is the total load, expressed in watts, connected to circuit A4 of figure 3-33?
(para 3-23,a) (fig 3-33)

Notice that two circuit breaker panels are shown in figure 3-33. The circuit breakers are installed as protective
devices against overload or short-circuit conditions. How many circuits are connected to circuit breaker panel
"A"? (para 3-23,a) (fig 3-33)

Referring again to figure 3-33, note the double arrowhead marked "B1, B2." How many connections are made
between this point and the circuit breaker connection? (para 3-27,a) (fig 3-31, 3-33)
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LESSON 4

HEATING, AIR-CONDITIONING, AND
REFRIGERATION DRAWINGS

TEXT ASSIGNMENT ......coiiiiieieiciirrrrsrsssssesrr e rsssmassssse s sesnssssssnes Attached Memorandum.

LESSON OBJECTIVES

Upon completion of this lesson of Heating, Air-Conditioning, and Refrigeration Drawings, you should be able

to accomplish the following in the indicated topic areas:

1. Elements of Heating Systems. List the basic elements of hot-water and warm-air heating systems and explain

their functions.

2. Heating Element Symbols. Identify the graphic symbols used for heating system elements and interpret the
heating elements symbols used on plumbing or heating system plans.

3. Air-Conditioning System Units. Describe the units which make up an air-conditioning system and how they

function.

4. Air-Conditioning System Symbols. Identify common symbols for air-conditioning system components and
interpret the meaning of these symbols as used on plans to indicate air-conditioning.

5. Refrigeration Elements Symbols. Identify symbols used for elements of refrigerated structures and interpret

the representation of refrigeration systems on drawings.

ATTACHED MEMORANDUM

Section I. Heating

4-1. INTRODUCTION

a. Heating is the operation of a system to
transmit heat from a point of generation to the place
or places of use. To read the plan of a heating system
you should be familiar with the basic elements of
heating systems and their graphic representation.
However, the design of heating installations for
buildings is one of the more complex fields of
construction and you will find that the variations of
the basic type of heating systems are numerous.

b. Heating systems are classified according to
the medium used to carry heat from the point of
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penetration to the point of use. Steam or hot-water
and warm-air systems are the classes in common use.
Hot-water heating is used extensively. Warm-air
heating is probably the most familiar to you because
it is used in almost all semi-permanent construction
and most barracks.

c. Because of the variations, any discussion of
heating systems must be limited. For the same
reason, you will find a legend on heating prints
covering the symbols used thereon. You should learn
the symbols for some of the more common types of
piping, fittings, traps, valves, heat power apparatus,
and fluid power diagram symbols. Some of



the symbols you should be familiar with are
presented in figures 4-1 through 4-5. Additional
symbols are listed in appendix A.

4-2. HOT-WATER HEATING SYSTEMS
Circulation of water which has been heated at a
central source through pipes to radiators or
convectors and back to the heating unit describes a
hot-water heating system. Usually, you will find that
a pump is used to keep the water circulating; gravity
systems are seldom used. There are two classes of
hot-water systems: the one-pipe system and the two-
pipe system.

a. One-Pipe System. The one-pipe system
(fig 4-6) is the simplest type of hot water installation.

AIR-RELIEF LINE
BOILER BLOW OFF
COMPRESSED AIR

CONDENSATE OR VACUUM PUMP DISCHARGE

FEEDWATER PUMP DISCHARGE
FUEL-OIL FLOW

FUEL-OIL RETURN

FUEL-OIL TANK VENT
HIGH-PRESSURE RETURN
HIGH-PRESSURE STEAM
HOT-WATER HEATING RETURN
HOT-WATER HEATING SUPPLY
LOW-PRESSURE RETURN
LOW-PRESSURE STEAM
MAKE-UP WATER

MEDIUM PRESSURE RETURN
MEDIUM PRESSURE STEAM

Hot water circulates through a single main and
through each radiator in turn. You can see that the
water reaching the last radiator will be cooler than the
water in the first. In order to obtain the same amount
of heat from each radiator in a one-pipe system, each
radiator must be larger than the one before it with the
last radiator being the largest of all. It is apparent
that the one-pipe system is adequate for very small
installations only.

b. Two-Pipe System. You will find that the
disadvantages of the one-pipe system are largely
offset in a two-pipe system. Figure 4-7 shows a two-
pipe hot-water heating system. You can see that the
hot water from the heater unit goes directly to the
five radiators via the main, tees, and elbows. The
cooler water leaving the radiators goes back to the

A

—0——0——0—

~00-—00--00—
FOF

— ——FOR———

— ——FOV———

— - — A —H—
_#_

—_——— — o —

b

Figure 4-1. Heating piping symbols.

162



HEAT EXCHANGER

HEAT TRANSFER SURFACE, PLAN

PUMP

THERMOMETER

THERMOSTAT

UNIT HEATER
(CENTRIFUGAL FAN), PLAN

UNIT HEATER
(PROPELLER), PLAN

AUTOMATIC DAMPERS

DUCT SECTION
(EXHAUST OR RETURN)

DUCT SECTION (SUPPLY)

MOTOR OPERATED VALVE

RELIEF VALVE
(PRESSURE OR VACUUM)

BOILER RETURN TRAP

BLAST THERMOSTATIC TRAP

FLOAT TRAP

FLOAT AND THERMOSTATIC TRAP

THERMOSTATIC TRAP

[}—€ or R 20x12)
<l——(s 20x12)
(@)
R)

R

=
®

.
~
&

Figure 4-2. Heating symbols.
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LOUVER OPENING

SUPPLY OUTLET CEILING
(INDICATE TYPE)

SUPPLY OUTLET WALL
(INDICATE TYPE)

VANES

VOLUME DAMPER

CAPILLARY TUBE

COMPRESSOR

CONDENSER, AIR COOLED,
FINNED, FORCED AIR

CONDENSING UNIT,
AIR COOLED

CONDENSING UNIT,
WATER COOLED

| L 20X 12-700 CfM

O 20" DIAM. 1000 C-gM

| . TR-12X8
700 C-SM

‘I"'A""
\Y‘.}
b

B3] O

Figure 4-3 Ventilating symbols.



ROTARY COMPRESSOR

RECIPROCATING COMPRESSOR

CENTRIFUGAL COMPRESSOR

BAROMETRIC CONDENSER

JET CONDENSER

SURFACE CONDENSER

COOLER OR HEAT EXCHANGER

Figure 4-4. Heat power symbols.
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QUICK DISCONNECT—
WITHOUT CHECKS

/N

9 4
X

WITH ONE CHECK

WITH TWO CHECKS

WITH CHECK DISCONNECTED

SINGLE HYDRAULIC PUME
FIXED DISPLACEMENT

SINGLE HYDRAULIC PUMR
VARIABLE DISPLACEMENT

AIR COMPRESSOR, FIXED
DISPLACEMENT

ROTARY FLUID MOTOR -
FIXED DISPLACEMENT

@@004%

2

VARIABLE DISPLACEMENT

OSCILLATING

.a !

Figure 4-5. Fluid power diagram symbols.
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HEATER ’ |J>
— ¥
F 4 ++ -t i -/
Figure 4-6. One-pipe hot-water heating system diagram.
f— —h f— —h
4~ +H+4 l + |i —'?
T )
f————-pq————-— ——_m—-rT _
HEATER I :|E-| ___.j'
—_—
—V
-

I

lJ

Figure 4-7. Two-pipe hot-water heating system diagram.

heater unit via separate return piping, elbows, and
tees.

c. Hot-Water Heating System Plans. You
may find a separate plan for the hot-water heating
system or you may find that the plan of the heating
system is incorporated with the hot and cold water
and sewer lines on the plumbing plan. A plan of a
hot-water heating system shows you the layout of
units, piping, accessories, and connections. A typical

hot-water heating system plan is illustrated in figure
4-8. (Figure 4-8 also shows electrical utility which
you may disregard for this discussion). You can see
that the location of the boiler, circulating pump, and
compression tank are noted. Follow the supply
piping from the boiler and you can see that the one-
pipe system is used; however, the hot water will flow
in two directions or loops. Each loop contains two
radiators. The second radiator in each loop is larger
than the first. The plan
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Figure 4-8. Typical hot-water heating system plan.

also notes that the piping is 1 inch and is located in

the crawl space.

4-3.

WARM-AIR HEATING SYSTEMS

Distribution of heated air through a duct system

describes a warm-air heating system.

Usually, gas-

fired or oil-fired furnaces are used to heat the air, but
you may also heat air by passing the air through

steam or water-heated coils.

a. Typical Warm-Air System.

A warm air

heating system consists of a furnace, a bonnet, warm-
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air supply ducts and registers return (cold) -air
registers and ducts, and 2 fan or blower for forced
circulation. A warm air heating system is shown in
figure 4-9. Note the bonnet above the heat plant
where the heated air is collected for distribution to
the various rooms. The warm air is distributed from
the bonnet through the supply ducts and discharged
into the room through registers or grills. You can see
that the ducts are rectangular in shape and that the
warm-air register is installed in the ceiling. (Some of
the systems might have round ducts and warm-air



~ __
%’ KE OFFS

//
WARM AIR 4@‘*’

BRANCH DUCT -/’/__'/4,»’\_
/ \; WARM AIR SUPPLY DUCT

RETURN AIR DUCT

HEAT PLANT

WARM AIR SUPPLY DUCTS TOBE
INSTALLED ABOVE CEILING

JOISTS. RETURN AIR DUCTS

TO BE INSTALLED BELOW OR
BETWEEN FLOOR JOISTS IN

CRAWL SPACE.

Figure 4-9. Warm air heating system.
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registers in the wall.) The air, after circulating
through the room and losing heat, is returned to the
heat plant via the cold-air return registers and ducts.
The return-air register is placed in the wall just below
the window and the return-air duct is installed in the
crawl space. The warm-air distribution via the
branch ducts to the other rooms of the building would
be the same as the examples.

b. Design Principles. The comfort zone
concept is the basis for all heating design. The
comfort zone is defined as the horizontal area from
the top of an average man's head to his knees. It is
apparent that if the air from the supply registers were
blown directly on a person, he would be very
uncomfortable. To avoid this, the registers are placed
either above or below the comfort zone; i.e., high on
the wall or in the baseboard. Warm-air systems are
laid out so that the warm air from the registers is
directed at the cold exterior walls. Therefore, the
warm-air registers are placed on interior walls or
ceilings. The registers for the cold air return are
always located at baseboard height. The reason for
this location is probably obvious to you. Cold air is
heavy and collects at the floor of the room; thus, the
registers located in the baseboard collect the air. The
cold air is motivated through the return ducts to the
furnace for reheating and recirculation. Furnace
location is also important to proper warm-air heating.
It is good design policy to locate the furnace room
centrally in the building plan to equalize duct lengths.
In addition, the main (trunk) ducts should run above a
central corridor to equalize branch duct lengths to
individual rooms. See figure 4-10 for illustrations of
some of the common rectangular duct connections.
[lustration 1 is a typical warm-air bonnet with two
main supply ducts. Two possible elbow connections
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are shown in [2]. The split tee [3] is used to direct
the flow of air on the warm side of the system. On
the cold-air return, the straight tee [3] may be used.
Truck duct takeoffs are shown in [4] and [5]. In the
double branch connection, less air is present in the
main duct after some of the air has been channeled
into branch ducts. Therefore; the size can be reduced
after the connection. The single branch connection
shows two methods of reduction. The first occurs at
the connection in a horizontal direction; the second is
effected by a vertical reduction in depth. In both
double and single branch take-off the branch
connections form a natural air scoop to encourage
air-flow in the desired direction. A boot fitting from
branch to stack, the stack terminating at a warm-air
register is illustrated in [6] figure 4-10. Using a boot
is one method of changing the shape of a duct
without changing its equivalent cross section area or
constricting the flow of air.

c. Warm-Air Heating System Plans. Warm-
air ducts are indicated in the heating plan by solid
lines. Cold-air return ducts are indicated by dashed
lines. See figure 4-11. Note that all the duct sizes
are given. The duct sizes are given with the
horizontal or width dimension listed first. The
second dimension gives the depth of the duct which
is not shown. On the plan, you can locate the warm-
air registers and obtain the sizes. When ceiling
registers (diffusers) are used, the neck dimensions are
shown on the plan (as in figure 4-11). When wall or
baseboard registers are used, face dimensions are
given. The height of wall registers above finished
floor line would be given to you in the notes on the
plan. Cold-air return registers are shown recessed
into the wall. The face dimensions of the return
register are noted adjacent to the symbol.
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HORIZONTAL VERTICAL
(O WARM-AIR BONNET @ DUCT ELBOWS
- % S
STRAIGHT TEE  SPLIT TEE ~$
® DUCT TEES @ DOUBLE BRANCH ® SINGLE BRANCH WITH

MAIN DUCT REDUCTION
_,~REGISTER

STACK

® BOOT FITTING FROM
BRANCH TO STACK

Figure 4-10. Duct connections.
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: ! 12" X 6"
Tl |— —

LEGEND
<] WARM AIR REGISTER

LZFLCOLD AIR REGISTER

ALL HORIZONTAL WARM AIR DUCTS TO BE RUN

IN ATTIC SPACE

ALL RETURN REGISTERS TO BE BASEBOARD TYPE
ALL RETURN DUCTS TO BE RUN BELOW FLOOR

Figure 4-11. Typical warm air heating stem plan.

REVIEW QUESTION 1

What are the two classes of hot-water heating systems? (para 4-2,a,b)

REVIEW QUESTION 2

What are the components of a warm-air heating system? (para 4-3,a)

172



ANSWER TO REVIEW QUESTION 1

The two classes of hot-water heating systems are the one-pipe system and the two-pipe system (para 4-

2,a,b)

ANSWER TO REVIEW QUESTION 2

A warm-air heating system consists of a furnace, a bonnet, warm-air supply ducts and registers, return
(cold)-air registers and ducts, and a fan or blower for forced circulation. (para 4-3,a)

Section Il. Air Conditioning

4-4. INTRODUCTION

Air-conditioning, as defined by the American
Society of Heating and Air-Conditioning Engineers,
is "the process of treating air so as to control
simultaneously its temperature, humidity, cleanliness,
and distribution to meet the requirements of the
conditioned space: ' You should be familiar with
basic elements of an air-conditioning system and
their graphic representation if you are to interpret
drawings depicting air-conditioning systems. Some
common symbols that you should be able to identify
are shown in figures 4-12 and 4-13. The
conventional symbols most commonly used on
systems employed in military installations are listed
in appendix A. Symbols used to depict ductwork are
the same for warm-air heating, ventilating, and air-
conditioning systems. Items common to heating, air-
conditioning, ventilating, and/or refrigeration (such
as fan motors and temperature control devices) are
depicted by the same symbols on the respective
drawings. For example, the symbol for thermostat as
shown in figure 4-2 also applies to air-conditioning.

4-5. AIR-CONDITIONING SYSTEM

An air-conditioning system comprises several
distinct units, each designed to perform a specific
function. The system may be divided into three
functional subsystems: refrigerant, control, and air
path. Refrigeration is covered in Section III. The
control subsystem consists of the compressor motor,
fan motor, starting and running circuit, relay,
pressure or temperature control switch, and
thermostat. It is the air path that is of prime interest
to you when reading construction prints. This
includes the ductwork, grills, dampers, and screens.

4-6. TYPICAL AIR-CONDITIONING
PLAN

A plan of heating and air-conditioning systems
for a hospital is shown in figure 4-14. You should
disregard, for this discussion, everything on figure 4-
14 that does not relate to the air-conditioning system.
The plan indicates three self-contained air-
conditioning units which are located in the
mechanical equipment room. Note that the ductwork

CIRCULATING CHILLED OR HOT-WATER FLOW CH
CIRCULATING CHILLED OR HOT-WATER RETURN -— —CHR— ——
CONDENSER WATER FLOW C
CONDENSER WATER RETURN ———CR———

MAKE-UP WATER

Figure 4-12. Air-conditioning, piping symbol.



WATER VALVE

LINE VIBRATION ABSORBER

HAND EXPANSION VALVE

MAGNETIC STOP VALVE

SNAP ACTION VALVE

SUCTION VAPOR
REGULATING VALVE

THERMO SUCTION VALVE

THERMOSTATIC EXPANSION VALVE

LINE FILTER
LINE FILTER & STRAINER

NATURAL CONVECTION FINNED-TYPE
COOLING UNIT

FORCED CONVECTION COOLING UNIT

Figure 4-13 Air-conditioning symbols.
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Figure 4-14. Air-conditioning system plan.
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from the two main units is split and the size of the
ducts reduced. The plan also shows you the amount
of air each diffuser is to supply. For example, the
supply to the lab is rated at 250 cfm while the dark
room is to receive air at 100 cfm. You can see that
the third air-conditioning unit supplies surgery only.

REVIEW QUESTION 3

The enlarged plan view of the mechanical equipment
room shows you the piping connections. This piping
is read in the same manner as you would read the
piping on a hot water plan. For example, note the
condenser water flow (c) to the three air-conditioning
units.

An air-conditioning system may be divided into three functional subsystems: refrigeration, control, and air
path. What parts are included in the air path subsystem? (para 4-5)
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ANSWER TO REVIEW QUESTION 3

The air path includes the duct-work, grills, dampers, and screens. (para 4-5)

Section lll. Refrigeration

4-7. INTRODUCTION

Refrigeration is the process of extracting heat from a
specially designed building, room, or box. There are
two general classes of refrigeration systems: built-up
and packaged. The built-up refrigeration system is
the type you erect to the manufacturer's specifications
within a theater of operations special type building
which keeps out heat. Package units are delivered
complete with prefabrication rooms or boxes and
erection diagrams. You would read the prints of
either system in the same manner.

4-8. CONVENTIONS

A number of conventional symbols for depicting
common refrigeration equipment and fittings on
prints are shown in figures 4-15 and 4-16. Additional
symbols of commonly employed refrigeration
devices are listed in appendix A. Become familiar
with the common conventions so that you can more
easily interpret a refrigeration print.

SRINE RETURN

SRINE SUPPLY

REFRIGERANT DISCHARGE
REFRIGERANT LIQUID
REFRIGERANT SUCTION

4-9. MATERIALS AND FITTINGS

You will find no difference between the material and
fittings used for hook-up of refrigeration systems and
standard plumbing. The standards are galvanized
steel and iron, and copper tubing with sweat-soldered
fittings.

4-10. REFRIGERATION PLANS

Refrigeration plans for theater of operations type
construction generally only show the placement of
the principle units in the building or room. Figure 4-
17 illustrates the standard plan of a typical small
refrigerated building. Plumbing and wiring details
are not given: such details are left to the competent
journeymen. The plan shown in figure 4-17 provides
data for a 52-foot or a 100-foot refrigerated
warehouse or icehouse. The refrigerated storage area
would have one unit cooler in a 52-foot warehouse,
whereas a 100-foot warehouse requires two units. A
separate machine room is utilized to house the
condenser receiver and compressors.

—— — BR— e —
- B

RD
RL

e —— RS_.. ——

Figure 4-15. Refrigeration piping symbols.
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EVAPORATIVE CONDENSER

GAUGE

HIGH SIDE FLOAT

LOW SIDE FLOAT

MOTOR-COMPRESSOR, ENCLOSED
CRANKCASE, RECIPROCATING,

DIRECT CONNECTED

MOTOR-COMPRESSOR, ENCLOSED
CRANKCASE, ROTARY, DIRECT
CONNECTED

MOTOR-COMPRESSOR, SEALED
CRANKCASE, RECIPROCATING

MOTOR-COMPRESSOR, SEALED
CRANKCASE, ROTARY

SCALE TRAP

THERMOSTAT (REMOTE BULB)

Figure 4-16. Refrigeration symbols.
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Figure 4-17. Typical small refrigerated warehouse or ice house, all climates.
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REVIEW QUESTION 4

What are the two general classes of refrigeration systems? (para 4-7)
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ANSWER TO REVIEW QUESTION 4

The two general classes of refrigeration systems are the built-up refrigeration system and the packaged
refrigeration system. (para 4-7)
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LESSON 4 SELF TEST EXERCISES
Upon completion of the text assignment, solve the following self test exercises based on lesson objectives.
NOTE: The following exercises are study aids. References to related information in the reading material are
shown in parentheses after each question. Write your answer in the space provided below each question.

When you have finished answering all the questions for this lesson, compare your answers with those
given for this lesson in the back of the booklet. Review the lesson as necessary.

Objective 1. ELEMENTS OF HEATING SYSTEMS. List the basic elements of hot-water and warm-air
heating systems and explain their functions. (Answer questions 1 through 5.)

1. The two classes of hot-water systems are the one-pipe and two-pipe systems, the one-pipe being the simplest
form. Which of the following statements pertains to the one-pipe system? (para 4-2,a)

a. Hot water is piped directly to each radiator.

b. Hot water circulates through at least two mains.

c. The last radiator in circuit will be larger than the first radiator.

d. Water temperature at last radiator in circuit will be the same as at the first radiator.

2. The two-pipe system is used to heat large installations since the one-pipe system is adequate for small
installations only. Which of the flowing statements pertains to the two-pipe system? (para 4-2,b)

a. Hot water circulates through at least two mains.
b. Hot water circulates through each radiator in turn.
c. The last radiator in circuit will be larger than first radiator.
d. Cool water leaving radiators returns to the heater through separate return piping.
3. In a one-pipe system, the pipe returning water to the heating source from the last radiator of a heating circuit,

or loop, is considered a hot-water return line. Note the one-pipe system of figure 4-8. How many hot-water
return lines are required? (para 4-2,¢) (fig 4-8)

4. Referring again to figure 4-8, what size pipe, in inches, is used for the heating system? (para 4-2,¢) (fig 4-8)

5. In designing a warm-air heating system, it is desirable to have the furnace centrally located. For what reason is
this so? (para 4-3,b)

Objective 2. HEATING ELEMENT SYMBOLS. Identify the graphic symbols used for heating system
elements and interpret the heating elements used on plumbing or heating system plans. (Answer
questions 6 through 8.)
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6. The symbols below show four piping symbols for hot water and steam. Which symbol represents a hot-water
heating return? (para 4-1,c) (fig 4-1)

a c
—f e o e o — —_——
b d

7. The delivery portion of a warm-air heating system distributes air, heated by a furnace, through supply ducts to
various rooms where the air is discharged through registers or grills. Which of the symbols shown below
represents a supply register? (para 4-3,a) (fig 4-2)

=

—— A
a
=
b d

8. When forming branch ducts leading from or to the main ducts, changing the direction of ducts, or reducing the
duct size, various types of connections are employed. Which of the connections shown below is a split tee?

(para 4-3,b) (fig 4-10)
a
L=
b d
Objective 3. AIR-CONDITIONING SYSTEM UNITS. Describe the units which make up an air-
conditioning system and how they function. (Answer questions 9 and 10.)

9. What are the components of the control subsystem in an air-conditioning system? (para 4-5)

10. What are the parts of the air path subsystem in an air-conditioning system? (para 4-5)
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Objective 4. AIR-CONDITIONING SYSTEM SYMBOLS. Identify common symbols for air-conditioning
system components and interpret the meaning of these symbols as used on plans to indicate air-
conditioning. (Answer questions 11 through 13.)

11. Figure 4-14 shows a plan view of an air-conditioning system. Note that the sizes of the various ducts are given
on the plan. What size duct connects the sick call room diffuser with the medical office diffuser? (para 4-5)
(fig 4-14)

12. Referring again to figure 4-14, at what pressure, in pounds per square inch, is the steam in the heating coils of
the air-conditioning units to be maintained? (para 4-6) (fig 4-14)

13. Note that the legend of figure 4-14 explains the meaning of certain lettered symbols. With the aid of this
legend, how many mercury type cooling thermostats are indicated on the air-conditioning plan? (para 4-6) (fig
4-14)

Objective 5. REFRIGERATION ELEMENTS SYMBOLS. Identify symbols used for elements of
refrigerated structures and interpret the representation of refrigeration systems on drawings. (Answer
questions 14 and 15.)

14. According to figure 4-17, what will be the capacity of each compressor, in British thermal units per hour, if a
100-foot building is constructed? (para 4-10) (fig 4-17)

15. Referring again to figure 4-17, if a 52-foot warehouse were to be constructed, how many unit coolers would be
required? (para 4-10) (fig 4-17)
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LESSON 5

BILLS OF MATERIALS

TEXT ASSIGNMENT

Attached Memorandum.

LESSON OBJECTIVES

Upon completion of this lesson on Bills of Materials, you should be able to accomplish the following in the

indicated topic areas:

1. Terminology. Define the term "bill of materials."

2. Organization of Bills of Materials. Describe the organization of a bill of materials.

3. Reading Bills of Materials. Read a bill of materials for a construction project to determine quantities needed

for each type of material.

ATTACHED MEMORANDUM

Section I. Compilation of Bills of Materials.

5-1. DEFINITION

A bill of materials is a grouped compilation
based on takeoffs and estimates of all materials
needed to complete a structure. The bill of materials
for a given project is organized into a tabulated
statement to include item number (parts and
materials), name, description, unit of measure,
quantity and, where called for, the stock size and
number, and sometimes the weight. You may be
familiar with bills of materials by some other
designation such as "materials takeoff sheets" or
"materials estimate sheets."

5-2. COMPILATION

Bills of materials are usually made up by the
draftsman at the time of preparation of the original
drawings; you simply utilize them when ordering
materials. However, where no bills of materials
accompany field prints they must be compiled by the
constructing or erecting forces; thus, you should
understand and be able to work with or develop bills
of materials. Reasonable accuracy can best be
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obtained by having separate bills of materials
prepared by at least two estimators. They can then be
compared and one copy corrected or both
consolidated into a final bill of materials.

a. Takeoff and Estimate. The takeoff usually
is an actual tally and checkoff of the items shown,
noted, or specified on the construction drawings and
specifications. The estimated quantities are those
known to be necessary but which may not have been
placed on the drawings, such as nails, cement,
concrete-form lumber and tie wire, temporary bracing
or scaffold lumber, etc. These are calculated from a
knowledge of construction methods that will be used
for field erection. You can use the information given
in appendix B to help in making up an estimate.

b. Plans. Both architectural and engineering
plans provide the means by which names of the
various items can be listed in order to make up the
bills of materials. Indicated or scaled dimensions of
buildings or utilities layouts are used to determine
material unit dimensions.



c. Quantities. Quantities are usually taken
from the plans by extracting and listing one type of
material at a time followed by a regrouping of those
types by sizes commencing with the smallest and
progressing to the largest.

d. Tabulation. The tabulation should include
column headings for each item as follows:

(1) Item number. Number of the item in
each section.

REVIEW QUESTION 1

(2) Section number. The number assigned
to the appropriate major groups such as: general
construction, electrical, plumbing, etc.

(3) Item name.

(4) Unit of measure.

(5) Quantity.

How is the bill of materials for a given project organized? (para 5-1)
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ANSWER TO REVIEW QUESTION 1

The bill of materials for a given project is organized into a tabulated statement to include item number (parts
and materials); name; description; unit of measure; quantity; and, where called for, the stock size and number; and

sometimes the weight. (para 5-1)

Section Il. Reading Bills of Materials

5-3. EXAMPLE BILL OF MATERIALS

a. Figure 5-1 shows the floor pan and detail
drawings for a 50-man barracks on a concrete floor.
This set of construction drawings should be sufficient
to develop a bill of materials.

b. Figure 5-2 is the bill of materials for the 50-
man barracks. It contains a great deal of information.
To develop a detailed bill of materials such as this
would require experience in construction print
reading, construction procedures, and methods of
estimating quantities.

5-4. READING PREPARED BILL OF

MATERIALS

As stated previously, the bill of materials is
usually made up by the draftsman at the time of
preparation of the original drawings. It is important
that you be able to read a prepared bill of materials.
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a. Heading. The headings were discussed in
paragraph 5-2d. Under quantities required in figure
5-2, the types of wall panels are: (1) WPW-window
panel, (2) DPW-door panel, and (3) BPW-blank
panel. The final W after all the abbreviations
indicates that wood cladding and felt are to be used to
cover the structure.

b. Body. In the body, each of the major groups
(frame, cladding, floor, etc.) have been listed
separately. Each major group has been subdivided
into groups of common items and under the
subgroups the individual items have been listed and
described in detail. For example, the major group,
FRAME, has been divided into the subgroups,
lumber and nails. Then, under lumber, each size
board that is needed is listed and described. The
units of measure for each item are abbreviated. You
should be familiar with these abbreviations. The
amounts listed under quantities required are those
required for the total structure. Figure 5-3 is the
construction drawing for a frame for an officer's tent.
Figure 5-4 is a completed bill of materials for figure
5-3.
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Item Sect Ttem Unit Quantities
No, No, reguired
05 FLOOR
Lumber
1 1 x 6~10 ft PCS 22
2 2 x 4-10 ft PCS )
Nails
3 10D common 1B 2.5
) INTERIOR HAMMER AND SAW WORK
Lumber
1 1 x 6-10 ft PCS 6
2 2 x 4~10 ft PCS 7
Nails
3 IOQ common 1B 1.5

Figure 5-4. Bill of materials for frame for officer tent.

REVIEW QUESTION 2

Under headings required in figure 5-2, the types of wall panels are: (1) WPW-window panel, (2) DPW-
door panel, and (3) BPW-blank panel. What does the final W after the abbreviations indicate? (para 5-4,a) (fig 5-2)
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ANSWER TO REVIEW QUESTION 2

The final W after all the abbreviations indicates that wood cladding and felt are to be used to cover the
structure. (para 5-4,a) (fig 5-2)
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LESSON 5 SELF TEST EXERCISES
Upon completion of the text assignment, solve the following self test exercises based on lesson objectives.
NOTE: The following exercises are study aids. References to related information in the reading material are shown
in parentheses after each question. Write your answer in the space provided below each question. When
you have finished answering all the questions for this lesson, compare your answers with those given for
this lesson in the back of the booklet. Review the lesson as necessary.
Objective 1. TERMINOLOGY. Define the term "bill of materials: (Answer question 1.)

1. A bill of materials is a listing of the required quantities of all materials needed to complete a structure. The
quantities specified will be compiled using a combination of takeoffs and estimates. Which of the following
would most likely be computed by using a takeoff instead of an estimate? (para 5-2,a)

a. bags of cement for floor c. pieces of lumber used for framing

b. pounds of nails used for cladding d. pieces of lumber used for scaffolding

Objective 2. ORGANIZATION OF BILLS OF MATERIALS. Describe the organization of a bill of
materials. (Answer questions 2 through 4.)

2. With respect to the column headings of a typical bill of materials, which of the following is used to designate
major groups of construction such as cladding, floor, interior electrical work, etc? (para 5-2,d) (fig 52)

a. section number c. item number
b. section letter d. item letter
3. [Each of the major construction groups is listed separately in the body of the bill of materials, and is subdivided

into groups of common items. In which column will you find the specifications of individual items described
in detail? (para 5-4,b) (fig 5-2)

4. Assume that you have calculated a requirement for 10 pieces of 2 x 4, 8 feet in length. From this information,
what will be listed under the "quantities required" column? (para 5-4,b)(fig 5-2)

Objective 3. READING BILLS OF MATERIALS. Read a bill of materials for a construction project to
determine quantities needed for each type of material. (Answer questions 5 through 10.)

5. Reference figure 5-3. Which of the following is the correct calculation for determining the number of pieces
of 1 x 6 common lumber, 10 feet long, needed for the floor? Remember that boards are specified on drawings
by nominal sizes (refer to table 2-1 in lesson 2) and assume a 15-percent waste factor. (para 5-4) (table 2-1)

(fig 5-3)
a. (106" divided by 5 1/4") /.85 c. (110" divided by 5 1/2") /.85
b. (106" divided by 5 1/2") /.85 d. (110" divided by 5 1/4") /.85
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6. Assuming each board is correctly cut to proper length (i.e., disregard a waste factor), how many pieces of 2 x 4
common lumber, 10 feet long, will be required for the sleepers beneath the floor? (para 5-4) (fig 5-3)

7. If you were ordering lumber in 10-foot lengths, how many pieces of 1 x 6 lumber would you order for the side
braces? Disregard the use of any waste factor. (para 5-4) (fig 5-3)

8 How many pieces of 1 x 6 common lumber, 10 feet long, are needed for the skirt boards? Do not use a waste
factor. (para 5-4) (fig 5-3)

9. What is the minimum number of pieces of 2 x 4 common lumber, 10 feet long, that must be ordered to make
the top rails and the uprights? Disregard a waste factor and assume that each of the four corner uprights is 3'7"
above the ground and 1'6" below ground (a total length of 5’1" each) and that the two center uprights rest on
the floor, requiring them to each be 3’7" in length. (para 5-4) (fig 5-3)

10. Notice that a 2 x 4 brace stake 2'4" in length is needed for each of the four 1 x 6 braces. Disregarding a waste
factor, what is the minimum number of pieces of 2 x 4 common lumber, 10 feet long, needed to make the brace
stakes? (para 5-4) (fig 5-3)
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10.

11.

12.

13.

14.

LESSON 1 ANSWERS TO SELF TEST EXERCISES

In order to avoid conflict and confusion, and lend continuity to drawings, the meaning of a line with certain
characteristics has been standardized and will be the same on any drawing. (para 1-2) (fig 1-2)

The outline is a heavyweight unbroken line used for the primary feature of a drawing. (para 1-2,a) (fig 1-2)

The arrows projected at 90 degrees to the cutting plane indicate the viewing direction of the section view.
(para 1-2j) (fig 1-2)

In orthographic projection, the only lines and surfaces that project in true length and shape are those parallel to
the plane of projection. Any lines perpendicular to the plane of projection will project as dots, and any lines
angled to the plane will project shorter than true length. (para 1-4,a (1))

A perspective drawing uses either one or two vanishing points. It is not practical because the scale changes
continuously along the receding lines. (para 1-4,b (3))

An isometric projection is a drawing where all three object planes form the same angle with the drawing plane
and the amount of foreshortening is the same for all three axes. An isometric drawing is similar to an

isometric projection except that the scale factor is enlarged and lines appear in true length. (para 1-4,b (1))

It is standard drafting practice that the front view show the object's most characteristic features. (para 1-4,a

)

The top view shows width and depth in true length and the right side view shows height and depth in true
length. The true length dimension common to both views is depth only. (para 1-4,a (4))

The drawing of a view showing surfaces as if they were parallel to the drawing plane when they, in fact, are
not is called rotation. When this is done, it will be indicated on the drawing. (para 1-5,b)

Closely spaced parallel lines of medium thickness are used to mark the surfaces created by the cutting plane.
(para 1-5,¢)

A section view showing parts of an object as if they are rotated into or out of the cutting plane is an alined
section. (para 1-5,¢ (7))

Contact processes require sensitized paper. Optical copies can be made from opaque originals and are not less
detailed than contact copies. However, contact processes are less expensive and have less distortion. (para 1-
8)

Brownline prints and the ozalid process are both positive contact processes. (para 1-8,b (2))

Original or intermediate drawings used in contact processes should never be folded, in order to prevent
creases. Creases prevent close contact with the copy paper. (para 1-9,b)
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15.

16

17.

18.

19.

20.

Table 1-1 lists finished format sizes. Looking in the category of "flat sizes" and under the column headings of
height, length, and margin, it can be seen that a flat size drawing with a height of 22 inches, length of 34
inches, and .50-inch margin is size D. (para 1-10,a) (table 1-1)

Information usually found in the title block will be name and address of preparing agency, title of drawing,
drafting record, authentication and date, scale and specification number, and drawing number and sheet
number for multiple-sheet drawings. (para 1-10,b)

Since b’-d’ of surface A is not parallel to any of the three orthographic views, none of the three views shows
line b’-d’ in true length. In order to show the surface in true length and shape, an auxiliary view in required.
(para 1-13,b)

Line f°-h’ on the oblique drawing is line s-u in the right side view and line d-e in the front view. Since this line
is parallel to the font and right side planes of projection, it will project in true length. Line f’-h’ appears as a
dot (point h) in the top view. (para 1-13,b)

Line v-x in the right side view is line ¢’-e’ on the oblique drawing. It can be seen that line c’-¢’ is line k-1 in
the top view. (para 1-13.b)

On the five surfaces shown, only surfaces B, C, and D are shown in true length and shape in at least one view.
Surfaces B and D are true length and shape in the top view and surface C is true length and shape in the right
side view. Surface A inclines to all three planes and cannot be shown in true length and shape. Surface E
inclines to the front and right side views. Line a’-b’ of surface E is shown in true length in the top view (line
g-j), but the shape of surface E cannot be seen in the top view. (para 1-13,)

236



10.

11.

LESSON 2 ANSWERS TO SELF TEST EXERCISES
The construction working drawing presents a complete graphic description of the structure to be erected, the
construction site, the materials to be used, and the construction method to be followed. (para 2-1,a)

Detail drawings comprise sections and detail views; general drawings consist of plans and elevations. (para 2-
1,a)

Figure A-1 of the appendix contains typical architectural symbols and shows (a) as a double door, opening out;
(b) as a double door, interior; (c) as a double window, opening out; and (d) as a single window, opening in.

(para 2-2,a) (fig A-1, app A)

Using figure 2-2, which shows various material conventions, it can be seen that (a) represents concrete, (b)
represents cut stone, (c) represents gravel, and (d) represents regular stone. (para 2-2,b) (fig 2-2)

From Schedule of Facilities: (fig 2-3) No. 4 is recreation building, No. 5 is athletic courts. Using arrow
pointing north it can be seen that the easternmost athletic court is the one on the right.

(a) overall width of plot is 490 feet

(b) distance from western boundary to centerline of roadway is 125 feet

(c) distance from centerline of roadway to east side of recreation building is 60 feet + 120 feet = 180 feet
(d) distance from eastern boundary to west side of athletic court is 25 feet + 60 feet 85 feet

(e) adding b, c, and d: 125 feet + 180 feet + 85 feet = 390 feet

(f) subtracting e from a: 490 feet - 390 feet = 100 feet (para 2-2, a,b) (fig 2-3)

The surface elevation slopes downward toward the northwest corner; therefore, the water tank (No. 7) rests on
the highest ground level, which is approximately 325 feet. (para 2-3,a,b) (fig 2-3)

On an elevation drawing, the centerline symbol is used to indicate finished floor lines. (para 2-4,b)

On a plan view, the symbol next to a stairway will indicate the direction of the stairs from the floor shown in
the plan and the number of risers in the run. The symbol 18DN would mean that the number of risers in the
run of stairs is 18. (para 2-5,b)

All items listed except the location of openings in foundation walls would be shown on detail drawings and
not a foundation plan. (para 2-9)

The correct representation for lumber which has been surfaced on three sides and one edge would be S3S1E,

(para 2-6,¢(1)(b))

The balloon frame is less rigid than a braced or western frame but represents a savings in material and labor.
(para 2-7,b)
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Wall sections run vertically from foundation to roof. (para 2-11,b)
Details are noted on a drawing by code. (para 2-12,a)

On section views, reinforcing bars perpendicular to the view are shown by round or square dots in accordance
with the bar shape. Bars parallel to the section view are indicated by heavy dashed lines. (para 2-14,b(2))

Bars referenced by a band mark will be described in the slab schedule as in figure 2-20. (para 2-14,c¢) (fig 2-
20)

Construction joints are indicated by a heavy unbroken line labeled "construction joint." (para 2-15,b)

The minimum thickness of a brick bearing wall for a large structure is 12 inches; whereas minimum thickness
for smaller buildings is 8 inches. (para 2-17,a(1))

The symbol is that for a channel shape. (a) is an angle, (b) is a channel, (c) is an I-beam, and (d) is a wide-
flange shape. (para 2-18,a(5)) (fig 2-9)

A thread specification of 1/2-13NC-2 would mean the thread has a major diameter of 1/2 inch, 13 threads per
inch, National Coarse series, and a class fit of 2. If the thread were left-hand, the symbol LH would follow the

class fit; however, the absence of any symbol indicates that the bolt has a right-hand thread. (para 2-19,a)

The points where working lines intersect are referred to as working points. (para 2-20,a(1))
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10.

11.

12.

13.

14.

LESSON 3 ANSWERS TO SELF TEST EXERCISES

Note 6 of the general notes refers you to drawing number 84-13 for details of the filter bed. (para 3-2) (fig 3-1)
The water tank, labeled "WTK 1," is located at the top center of the layout. The supply line is designated by a
note reading "assumed 1,000' to supply," and the pipe size of 4 inches is noted next to this line. (para 3-3) (fig
3-2)

The utility building -8, labeled "UTL 8," is located in the lower right-hand corner of the lay-out. By measuring
the 2-inch line leading from the 4-inch main and then using the graphic scale, a distance of 215 feet is arrived
at. (para 3-3) (fig 3-2)

Acid- and/or water-carrying pipes are represented by solid or dashed lines. (para 3-6,a)

Figure 3-6 shows pipe fitting symbols. (a) is an eccentric reducer, (b) is a concentric reducer fitting, (c) is a
screwed union, and (d) is a flanged union. (para 3-6,b) (fig 3-6)

Figure 3-7 lists valve symbols. (a) is the pan symbol for a straight or angled gate valve, (b) is the symbol for
an angled check valve, (c) is the elevation symbol for an angled gate valve, and (d) is the elevation symbol for

an angled globe valve. (para 3-6,¢) (fig 3-7)

The note to the left of the sand filter specified the spacing as 5 to 10 feet. (para 3-14.b) (fig 3-18)

Inlet of septic tank is 1 + 64.6 164.6 feet
Manhole No. 2is 1+ 14.6 114.6 feet
Horizontal distance 50 feet

(para 3-14,¢) (fig 3-18)

Reference elevation for manhole No. 2 =-192.05 feet
Reference elevation for septic tank inlet - 192.60 feet
Vertical distance 0.45 feet

(para 3-14,¢) (fig 3-23)

200 feet is a convenient reference point. It is not necessarily the actual elevation of floors nor does it represent
the depth of the sewerage system. (para 3-14,c¢) (fig 3-23)

Figure 3-25 shows various symbols for electrical distribution equipment. (a) is the symbol for an air circuit
breaker, (b) is the symbol for an oil circuit breaker, (c) represents a fuse, and (d) is a capacitor. (para 3-17) (fig
3-25)

The connections for the primary and secondary wires are represented by black squares. Figure A-10 of the
appendix shows this symbol to be that for a cable connector. (para 3-18) (fig A-10, app A)

The transformers are noted as 60 cycle. A 50-amp cutout is required. The guy wire is 3/8 inch. The lightning
arrester is pellet type. (para 3-19,b) (fig 3-30)

An "interior wiring system" is the installation in a building which distributes electrical energy. The "electrical
distribution system" includes outside power lines and equipment for multibuilding installations. (para 3-20)
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15.

16.

17.

18.

19.

20.

The nomenclature of a building wiring system is divided into two principal parts according to function as
follows: (a) building feeders and subfeeders, and (b) branches or branch circuits. (para 3-21,a, b)

Figure 3-32 shows several symbols for electrical fixtures. (a) is a single receptacle outlet, (b) is a single floor
outlet, (c) is a fluorescent light fixture, and (d) represents a wall outlet for a light. (para 3-22,b) (fig 3-32)

The incoming service line symbol, shown leading to the circuit breaker panels at the bottom of the plan,
indicates three #8 service lines. (para 3-23.a) (fig 3-33)

Circuit A4 consists of eight lights on the right-hand bank of the storeroom. Electrical notes specify that, unless
otherwise noted on plan, all lamps are to be 100 watts. Therefore, total load on circuit A4 is (8 lamps) x (100
watts per lamp) = 800 watts. (para 3-23,a) (fig -33)

All circuits connected to circuit breaker "A" are labeled "A" and the number of the circuit follows the letter.
Circuit "A6" is the highest number in the "A" category; therefore, six circuits are connected. (para 3-23,a) (fig
3-33)

The double arrowhead is the symbol for the branch circuit home run to panel board as shown in figure 3-31. It

means that no connections are made between this point and the breaker panel. Correct reply is none. (para 3-
27,a) (fig 3-31, 3-33)
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10.

11.

12.

13.

14.

15.

LESSON 4 ANSWERS TO SELF TEST EXERCISES
In a one-pipe system, hot water is pumped through at least one main (depending on the number of circuits) and
passes through each radiator in turn. Since the water is at a lower temperature at the last radiator in a given
circuit, the (c) last radiator in circuit will be larger than the first radiator in order to have the same heat transfer.
(para 4-2,a)
In a two-pipe system the water is pumped through at least one main, direct to each radiator. The radiators will
generally be the same size. The (d) cool water leaving radiators returns to the heater through separate return

piping. (para 4-2,b)

Figure 4-8 shows that the water leaving the hot-water heating boiler travels in two directions, thus forming two
circuits. Since each circuit requires a hot-water return line, two lines are needed. (para 4-2,¢) (fig 4-8)

The heating system piping is specified as 1 inch. (para 4-2,¢) (fig 4-8)
An attempt is made to locate furnaces centrally so that duct lengths will be equalized. (para 4-3,b)

Figure 4-1 lists heating piping symbols and shows (a) to be make-up water, (b) medium pressure return, (c)
hot-water heating return, and (d) a medium pressure steam line. (para 4-1,c) (fig 4-1)

Figure 4-2 lists various heating symbols. (a) is a thermostatic trap, (b) is a float and thermostatic trap, (c) is an
exhaust or return register, and (d) is a supply register. (para 4-3,a) (fig 4-2)

Figure 4-10 illustrates several duct connections. (a) is a horizontal elbow, (b) is a vertical elbow, (¢) is a
straight tee, and (d) is a split tee. (para 4-3,b) (fig 4-10)

The control subsystem consists of the compressor motor, fan motor, starting and running circuit, relay,
pressure or temperature control switch, and thermostat. (para 4-5)

The air path includes the ductwork, grills, dampers, and screens. (para 4-5)

The duct connecting the sick call room with the medical office is shown as a 12 x 8. (para 4-5) (fig 4-14)
Note 9 specifies that heating coils in AC units are to operate at 30 psi per steam. (para 4-6) (fig 4-14)

The legend explains that a mercury type cooling thermostat will be represented by the abbreviation TC. This
abbreviation is found in the operating room, dental officer's office, and sick call room; therefore, three cooling

thermostats are specified. (para 4-6) (fig 4-14)

Note C of figure 4-17 shows the capacity for each compressor in a 100-foot building to be 40,000 BTU. (para
4-10) (fig 4-17)

For a 52-foot warehouse, one unit cooler is required, whereas two unit coolers will be needed If a 100-foot
warehouse is constructed. (para 4-10) (fig 4-17)
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10.

LESSON 5 ANSWERS TO SELF TEST EXERCISES

The quantities of items such as cement, nails, and scaffolding are generally arrived at by estimate, whereas
pieces of lumber used for framing (c) would be calculated by a takeoff from the framing drawing. (para 5-2,a)

Major groups of construction are assigned a number which will be listed under the column heading of section
number. (para 5-2,d) (fig 5-2)

The specifications of individual items will be described in detail in the item column. (para 5-4,b) (fig 5-2)

The specification for 10 pieces of 2 x 4, 8 feet in length, will appear in a bill of materials as follows: The item
will be assigned an item number. The description 2 x 4 -8ft will appear in the "item" column. The
abbreviation for pieces (PCS) will appear in the "unit" column and the number 10 will be listed under the
"quantities required" column. (para 5-4,b) (fig 5-2)

Table 2-1, lesson 2, lists the actual dimensions of a piece of 1" x 6" dressed lumber as 3/4" x 5 1/2". The width
of the tent floor is 8' 10" or 106". Assuming a 15-percent waste factor, the correct calculation is listed as
choice b: 106" divided by 5 1/2" /.85, or 23 pieces of lumber 10 feet long. (para 5-4) (table 2-1) (fig 5-3)

Assuming that all sleepers are correctly cut to an 8 10" length (no waste factor), one 10-foot board will be
needed for each sleeper; thus six pieces will be required. (para 5-4) (fig 5-3)

Each side brace is 4' 10" long. With proper cutting, two braces can be made from each 10-foot length of 1 x 6.
Since four braces are required, two pieces of 1 x 6-10 ft would have to be ordered. (para 5-4) (fig 5-3)

Each skirt board is 9' 2" long: therefore, a 10-foot length of 1 x 6 is needed for each skirt board. As shown on
the drawing, four skirt boards are specified. (para 5-4) (fig 5-3)

The two top rails are each 9' 2" long, so two 2 x 4-10 ft are needed. Since the four corner uprights are each 5'
1" long, four more 2 x 4-10 ft are needed. When these four pieces are cut to a proper length of 5' 1", four
pieces of length 4' 11" will remain. Two of these four pieces can be cut to a length of 3' 7" and used as the
center uprights. Therefore, two 2 x 4-10 ft for the top rails and four 2 x 4-10 ft for the uprights adds to a total
of six 2 x 4-10 ft. (para 5-4) (fig 5-3)

With proper cutting, four brace stakes, each 2' 4" in length for a total of 9' 4", can be made from one 2 x 4-10
ft. (para 5-4) (fig 5-3)
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APPENDIX A
SYMBOLS

The symbols included in this appendix are not all inclusive, but include those you are most
likely to encounter in military econstruction.
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SINGLE DOOR,
OPENING IN

SINGLE DOOR,
OPENING OUT

SINGLE DOOR,
INTERIOR

DOUBLE-ACTING
SINGLE DOOR

REFRIGERATOR
DOOR

DOUBLE HUNG

DOUBLE,
OPENING OUT

PIVOTED AND
VENTED

TYPICAL DOOR SYMBOLS

—

N\
= =

DOUBLE DOOR,
OPENING IN

DOUBLE DOOR,
OPENING OUT

DOUBLE DOOR,
INTERIOR

IN AND OUT
DOORS

SLIDING DOORS

TYPICAL WINDOW SYMBOLS

o T—

SINGLE,
OPENING IN

RIGHT SASH
OVER LEFT

LEFT SASH
OVER RIGHT

Figure A-1. Typical architectural symbols.

|
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[

=
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MISCELLANEOUS SYMBOLS

STUD PARTITION, ——’
UNLESS OTHERWISE NOTED ———I

ELEVATORS, HATCHWAYS,
OPENINGS IN FLOORS, DUCTS, ETC.

LOUVERED OPENING
IN MASONRY WALL YV A—— 4

N FRAME WALL ¢ —— |

Figure A-1. Continued.
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NOTE: WHEN BOTH ALUMINUM AND STRUCTURAL STEEL SHAPES OCCUR
ON THE SAME DRAWING, THE SUFFIX "AL" IS ADDED TO ALL ALUMINUM
SHAPE DESIGNATIONS; FOR EXAMPLE 8 ., 6.67AL

GENERAL
GAGE 9
PITCH OF RIVETS P
MILLED FACE MILL

LIST OF SINGLE STRUCTURAL SHAPES

WIDE FLANGE SHAPE W

BEAMS

AMERICAN STANDARD I

LIGHT BEAMS AND JOISTS

STANDARD MILL M
JUNIOR Jr
LIGHT COLUMNS M
CHANNELS*
AMERICAN STANDARD —J

[

CAR AND SHIP

JUNIOR Jro

*SYMBOLS FOR CHANNELS AND ANGLES MAY BE ORIENTED TO AGREE WITH
THE POSITION OF THE MEMBER BEING DESIGNATED,

Figure A-2. Structural steel and aluminum construction symbols.
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STRAIGHT BARS ~

PLAIN ENDS

HOOKED 1 END

HOOKED BOTH ENDS

BENT BARS —-
PLAIN ENDS

HOOKED 1 END

HOOKED BOTH ENDS

COLUMN TIES —

SQUARE OR
RECTANGULAR

CIRCULAR

COLUMN SPIRAL

O

STIRRUP —

“y" TYPE

"W" TYPE

TIED TYPE

DIRECTION IN WHICH
MAIN BARS EXTEND

LIMITS OF AREA
COVERED BY BARS

ANCHOR BOLT

ANCHOR BOLT SET
N PIPE SLEEVE

Figure A-3. Reinforced concrete construction symbols.
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SHOP RIVETS, TWO FULL HEADS

SHOP RIVETS, COUNTERSUNK AND CHIPPED,
SHOP RIVETS, COUNTERSUNK AND CHIPPED,

SHOP RIVETS, COUNTERSUNK AND CHIPPED,

SHOP RIVETS, COUNTERSUNK BUT NOT CHIPPED,
MAX. 1/8 IN, HIGH

SHOP RIVETS, COUNTERSUNK BUT NOT CHIPPED,
MAX, 1/8 IN, HIGH

SHOP RIVETS, COUNTERSUNK BUT NOT CHIPPED,
MAX. 1/8 IN, HIGH

SHOP RIVETS, FLATTENED TO 1/4 IN., HIGH FOR 1/2 IN,
AND 5/8 IN. RIVETS

SHOP RIVETS; FLATTENED TO 1/4 IN. HIGH FOR 1/2 IN.
AND 5/8 IN, RIVETS

SHOP RIVETS, FLATTENED TO 1/4 IN. HIGH FOR 1/2 IN.
AND 5/8 IN. RIVETS

SHOP RIVETS, FLATTENED TO 3/8 IN, HIGH FOR 3/4, 7/8,
AND 1IN, RIVETS

SHOP RIVETS, FLATTENED TO 3/8 IN, HIGH FOR 3/4, 1/8,
AND 1IN, RIVETS

SHOP RIVETS, FLATTENED TO 3/8 IN. HIGH FOR 3/4, /8,
AND 1 IN. RIVETS

FIELD RIVETS, TWO FULL HEADS

FIELD RIVETS, COUNTERSUNK AND CHIPPED,

FIELD RIVETS, COUNTERSUNK AND CHIPPED,

FIELD RIVETS, COUNTERSUNK AND CHIPPED,

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

Figure A-4. Rivet conventions.
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BACK OR
BACKING
WELD

SURFACING WELD
SYMBOL INDICAT-
ING BUILT-UP
SURFACE

DOUBLE FILLET
WELD

CHAIN INTER-
MITTENT-FILLET
WELD

STAGGERED
INTERMITTENT-
FILLET WELD

SINGLE -V
GROOVE WELD

£ > ANY APPLICABLE SINGLE
/ /\ GROOVE WELD SYMBOL.

SIZE {HEIGHT OF DEPOSIT). / mgi{f'&:shgméw
OMISSION INDICATES NO 0 W OTHER THAN SIZE ARE
SPECIFIC MEIGHT DESIRED. 3 SHOWN ON THE DRAWING.

SIZE (LENGTH OF LEG).

LENGTH.
OMISSION lNDlCIgES
SPECIFICATION. PROCESS THAT WELD EXTENDS
}‘_’ BETWEEN ABRUPT
OR OTHER REFERENCE. CHANGES IN DIRECTION
OR AS DIMENSIONED.

LENGTH OF INCREMENTS.
SIZE (LENGTH OF LEG), —m——m—om—ip -—
: i6 = PITCH (DISTANCE BETWEEN

V / CENTERS) OF INCREMENTS.

SIZE (LENGTH OF LEG). mmeememeip

N'_

LENGTH OF INCREMENTS
I\ PITCH (DISTANCE BETWEEN
/ V CENTERS) OF INCREMENTS'

SIZE (DEPTH OF CHAMFERING}, /
OMISSION INDICATES DEPTH | |
OF CHAMFERING EQUAL TO 5 3
THICKNESS OF MEMBERS e
60° ROOT OPENING.

GROOVE ANGLE

Figure A-5. Welding symbols.



OMISSION OF SIZE DIMENSION w__ ARROW POINTS TOWARD
DOUBLE-BEVEL INFDICATES l; TOTAL DEPTH MEMBER TO BE CHAMFERED
GROO OF CHAMFERING EQUAL TO
GROOVE WELD THICKNESS OF MEMBERS.

|
5“\
GROOVE ANGLE - 50° ROOT OPENING

3
T-3 8
COMBINED 1
WELDS 8
s/ 1
16 4
PITCH (DISTANCE BETWEEN
CENTERS) OF WELDS.
SIZE (D!A. OF HOLE AT ROOT . ~
DEPTH OF FILLING
PLUG WELD INCLUDED ANGLE 1 IN INCHES.
OMISSION INDICATES
OF COUNTERSINK_| FILLING IS COMPLETE.
DEPTH OF FILLING ORIENTATION. LOCATION
SLOT WELD IN INCHES. AND ALL DIMENSIONS
OMISSION INDICATES FOK.T_ESGT:!RAEN &?Jﬂ oF
F .
ILLING 1S COMPLETE ON THE DRAWING.

{5) -———————— " NUM .
SIZE (DIA OF WELD) BER OF WELDS

RESISTANCE- MIN. ACCEPTABLE SHEAR u
STRENGTH IN_LB. PER .25 4 PITCH (DISTANCE
SPOT WELD WELD MAY BE USED INSTEAD B TWEEN CENTERS) OF

Figure A-5. Continued.



SCREWED ENDS

| BLANK FLANGE —{ | |
D j FLANGE BULKHEAD —%f——

—-1-:1;— SPECTACLE FLANGE ———1“__

FLANGED ENDS

—><a- COUPLING = —

|

EXPANSION JOINT,
>< SLIDING

WELDED AND
BRAZED ENDS

< SLEEVE

EXPANSION JOINT,
—o— BELLOWS
SOLDERED ENDS

_G><B_ BUSHING

BELL-AND-SPIGOT

ENDS REDUCER

ECCENTRIC

CAP REDUCER

FLANGE

UNION. SCREWED UNION, FLANGED

A IVA I

——
-
PLUG .ﬁ:— REDUCING
-

Figure A-6. Plumbing symbols.
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RETURN BEND

TEE

CROSS

TRUE Y

LATERAL, OR Y

TEE. SINGLE SWEEP,
OR PLAIN T-Y

TEE, DOUBLE SWEEP

TEE UNION

THROUGH DOUBLE Y

THROUGH DOUBLE T-Y

ELBOW, 90 DEGREES

RN S B ST S I

ELBOW. 45 DEGREES

OTHER THAN 90 OR 45
DEGREES, SPECIFY

ANGLE

DOUBLE BRANCH, OR
PLAIN DOUBLE T-Y

REDUCING ELBOW

ELBOW, UNION

ELBOW. SIDE
OUTLET DOWN

ELBOW. SIDE
QUTLET JP

ELBOW,
TURNED DOWN

ELBOW,
TURNED UP

TEE, OUTLET DOWN

TEE, OUTLET UP

Figure A-6. Continued.
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TEE, SIDE
OUTLET DOWN

TEE, SIDE
OUTLET UP

CONTROL VALVES —

VALVE GENERAL
SYMBOL

ANGLE

ANGLE
AIR OPERATED,
SPRING CLOSING

ANGLE,
AIR OPERATED,
SPRING OPENING

ANGLE,
DECK OPERATED

ANGLE, HOSE

ANGLE
HIGH LIFT

ANGLE,
HYDRAULICALLY
OPERATED

ANGLE,
KEY OPERATED

ANGLE,
LOCKED CLOSED

ANGLE
LOCKED OPEN

ANGLE,
MOTOR OPERATED

ANGLE, NEEDLE

ANGLE,
OPERATED AT PLACE
AND ADJACENT SPACE

GATE

BOILER BOTTOM BLOW

BOILER SURFACE BLOW

BUTTERFLY

CHRONOMETER

CROSS

e oy g opeE e B ¢

7

Figure A-6. Continued.
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GATE, DECK OPERATED

GATE HOSE

GATE, ANGLE

GATE, LOCKED CLOSED

GATE, LOCKED OPEN

GATE, MOTOR OPERATED

GATE,
OPERATED AT PLACE
AND ADJACENT SPACE

GATE, QUICK CLOSING

GATE, QUICK OPENING

GATE, SLUICE

GLOBE

GLOBE, DECK OPERATED

RSN R 2S5 RE

GLOBE. AIR OPERATED
SPRING CLOSING

GLOBE, AIR OPERATED
SPRING OPENING

GLOBE,
MOTOR OPERATED

GLOBE, KEY OPERATED

GLOBE, LOCKED CLOSED

GLOBE, LOCKED OPEN

GLOBE, HYDRAULICALLY
OPERATED

GLORBE,
OPERATED AT PLACE
AND ADJACENT SPACE

MICROMETER

NEEDLE

PISTON
ACTUATED VALVE
(SUITABLE FOR
ADDITION OF CONTROL
PIPING)

GLOBE, HOSE

Figure A-6. Continued.
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STOP COCK,
PLUG OR CYLINDER
VALVE, 3 WAY, 2 PORT

STOP COCK,
PLUG OR CYLINDER
VALVE, 3 WAY, 3 PORT

STOP COCK,
PLUG OR CYLINDER
VALVE, 4 WAY, 4 PORT

GENE RAL SYMBOL

ANGLE, STOP CHECK

ANGLE, STOP CHECK,
AIR OPERATED,
SPRING CLOSING

ANGLE, STOP CHECK,
DECK OPERATED

ANGLE, STOP
CHECK HOSE

ANGLE, STOP CHECK,
HYDRAULICALLY
OPERATED

ANGLE, STOP LIFT -
CHECK ’

BOILER FEED, STOP
AND CHECK COMBINED

CHECK, ANGLE

CHECK, BALL

BACK PRESSURE

CROSS FEED

DRAIN

DUMP

FLOAT OPERATED

GLOBE, STOP CHECK

GLOBE, STOP CHECK,
AIR OPERATED,
SPRING CLOSING

GLORBE, STOP CHECK,
DECK OPERATED

GLOBE, STOP CHECK,
HYDRAULICALLY
OPERATED

Figure A-6. Continued.
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BOILER BLOW OFF

COMPRESSED AIR A

CONDENSATE OR VACUUM PUMP DISCHARGE O O O
FEEDWATER PUMP DISCHARGE —_— 00— —Q0Q— — 0 Q—
FUEL-OIL FLOW FOF

FUEL-OIL RETURN FOR

FUEL-OIL TANK VENT FOV

HIGH-PRESSURE RETURN ———— e 7 #
HIGH-PRESSURE STEAM # # 4
HOT-WATER HEATING RETURN

HOT-WATER HEATING SUPPLY

LOW-PRESSURE RETURN —— — — — — — — —— —
LOW-PRESSURE STEAM

MAKE-UP WATER - - - -
MEDIUM PRESSURE RETURN + e 4

r
)

MEDIUM PRESSURE STEAM .‘

Figure A-7. Heating symbols.
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RELIEF VALVE
(EITHER PRESSURE OR VACUUM)

BOILER RETURN TRAP

BLAST THERMOSTATIC TRAP

FLOAT TRAP

FLOAT AND THERMOSTATIC TRAP

THERMOSTATIC TRAP

X)2-
LOUVER OPENING L_20X12-700 cfm

SUPPLY OUTLET CEILING Ozo“ DIAM. 1000 cfm
(INDICATE TYPE) .

N

SUPPLY OUTLET WALL I » TR-12X8
(INDICATE TYPE) 700 cfm

*

| —
VOLUME DAMPER > Jei 3
1
CAPILLARY TUBE —ANWW—

PFigure A-7. Continued.
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HEAT EXCHANGER __D:_-_{}——

HEAT TRANSFER SURFACE,
PLAN, (WITH TYPE INDICATED | 1
SUCH AS CONVECTOR)

PUMP N -['_]

THERMOMETER

THERMOSTAT @
UNIT HEATER

(CENTRIFUGAL FAN),

PLAN

UNIT HEATER (PROPELLER), PLAN ED —

AUTOMATIC DAMPERS

DUCT SECTION (EXHAUST OR RETURN) ZQ— (EORR 20 X12)

DUCT SECTION (SUPPLY) Cle—tis 20 x 21

MOTOR OPERATED VALVE £

Figure 4-7. Continued.
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COMPRESSOR

CONDENSER, AIR COOLED,

FINNED, FORCED AIR

CONDENSING UNIT,
AIR COOLED

CONDENSING UNIT,
WATER COOLED

ROTARY COMPRESSOR

RECIPROCATING
COMPRESSOR

CENTRIFUGAL
COMPRESSOR

]

Ld

BN

M-MOTOR
T-TURBINE

BAROMETRIC CONDENSER Q

JET CONDENSER

SURFACE CONDENSER

COOLER OR HEAT
EXCHANGER

RELIEF VALVE,
REMOTELY
CONTROLLED

ORIFICE CHECK VALVE

FAN-BLOWER

FILTER

AIR (PLATE OR
TUBULAR) HEATER

CLOSED TANK

OPEN TANK

Figure A-7. Continued.
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% (SIMPLIFIED
SYMBOL)

o—

(J°

M-MOTOR
T-TURBINE

VW~

|
|
|
||
N |

|
I
I
|




QUICK DISCONNECT —

WITHOUT CHECKS

A%

N

WITH ONE CHECK

WITH TWO CHECKS

WITH CHECK
DISCONNECTED

SINGLE HYDRAULIC
PUMP, FIXED
DISPLACEMENT

SINGLE HYDRAULIC
PUMP, VARIABLE
DISPLACEMENT

AIR COMPRESSOR,
FIXED DISPLACEMENT

ROTARY FLUID MOTOR —

FIXED DISPLACEMENT

VARIABLE DISPLACEMENT

OSCILLATING

%9

o ¢

® ® ® &

®

Figure A-7. Continued.
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RADIATOR, FLOCR

VENTILATOR,
COWL: ROUND OVAL

DAMPER, VOLUME

HEAT
TRANSFER SURFACE

HEATER,
CONVECTION

HEATER UNIT,
CENTRIFUGAL FAN

HEATER UNIT,
PROPELLER TYPE

RADIATOR, WALL

PLAN

VENTILATOR UNIT

ELEVATION

HEATER, DUCT TYPE

-

PLAN

=

ELEVATION
DAMPER
pL!AN VENTILATOR,

STANDARD ROOF

ELEVATION

] I
WITH PREHEATER
FREE INLET
S
Ll_l I l_JJ
FAN,
CENTRIFUGAL

Figure A-7. Continued.
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ELEVATION

G
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SIDE

=

PLAN

J

ELEVATION



-\-/-4--O

DAMPER,

DEFLECTING DOWN bucr 12X20
DUCT,

DAMPER, DIRECTION OF FLOWIN <« —— <

DEFLECTING UP

GRILLE G REGISTER R

Figure A-7. Continued.
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CIRCULATING CHILLED OR HOT-WATER FLOW

CIRCULATING CHILLED OR HOT-WATER RETURN

CONDENSER WATER FLOW

CONDENSER WATER RETURN

MAKE-UP WATER

HUMIDIFICATION LINE

DRAIN

BRINE RETURN

BRINE SUPPLY

REFRIGERANT DISCHARGE

REFRIGERANT LIQUID

REFRIGERANT SUCTION

CH

CHR

CR

BR

RD

RL

RS

Figure A-8. Air-conditioning and refrigeration symbols.
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EVAPORATIVE CONDENSER

EVAPORATOR, CIRCULAR,
CEILING TYPE, FINNED

EVAPORATOR, MANIFOLDED,
BARE TUBE, GRAVITY AIR

EVAPORATOR, MANIFOLDED,
FINNED, FORCED AIR

EVAPORATOR, MANIFOLDED,
FINNED, GRAVITY AIR

EVAPORATOR, PLATE COILS,
HEADERED OR MANIFOLD

FILTER, LINE

FILTER & STRAINER, LINE

FINNED TYPE COOLING UNIT,
NATURAL CONVECTION

FORCED CONVECTION
COOLING UNIT

GAUGE

HIGH SIDE FLOAT

/"\
00 o0
Hoo ol]
co0 o0

[slelél 86
J3f3fE]

?
e

Figure A-8. Continued.
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SCALE TRAP

SPRAY POND

THERMAL BULB

THERMOSTAT (REMOTE BULB)

VALVES -

AUTOMATIC EXPANSION

COMPRESSOR SUCTION PRESSURE
LIMITING, THROTTLING TYPE
(COMPRESSOR SIDE)

CONSTANT PRESSURE, SUCTION

EVAPORATOR PRESSURE
REGULATING, SNAP ACTION

EVAPORATOR PRESSURE
REGULATING, THERMOSTATIC
THROTTLING TYPE

EVAPORATOR PRESSURE
REGULATING, THROTTLING
TYPE (EVAPORATOR SIDE)

Figure A-8. Continued.
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IMMERSION COOLING UNIT

LOW SIDE FLOAT

MOTOR-COMPRESSOR, ENCLOSED
CRANKCASE, RECIPROCATING,
DIRECT CONNECTED

MOTOR-COMPRESSOR, ENCLOSED
CRANKCASE, ROTARY, DIRECT
CONNECTED

MOTOR-COMPRESSOR, SEALED

CRANKCASE, RECIPROCATING

MOTOR-COMPRESSOR, SEALED
CRANKCASE, ROTARY

PRESSURESTAT

PRESSURE SWITCH

PRESSURE SWITCH WITH HIGH
PRESSURE CUT-OUT

RECEIVER, HORIZONTAL

RECEIVER, VERTICAL

Figure A-8. Continued.
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HAND EXPANSION
MAGNETIC STOP

SNAP ACTION

THE RMO SUCTION

THERMOSTATIC EXPANSION

SUCTION VAPOR REGULATING —@—

Figure A-8. Continued.
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MANHOLE M
HANDHOLE H
TRANSFORMER

MANHOLE ™
OR VAULT

TRANSFORMER

A\

POLE O
POLE, WITH DOWN
GUY ANCHOR

POLE, WITH
STREET LIGHT

CONSTANT CURRENT
TRANSFORMER

CIRCUIT
BREAKER-AIR

CIRCUIT
BREAKER-CIL

FUSE

SWITCH, MANUAL

DISCONNECT

~\_~

— o—
b

LIGHTNING ARRESTER

£

CAPACITOR (STRAIGHT
LINE IS POSITIVE SIDE)

SWITCHES -
KEY-OP
SINGLE POLE S swrrcaERATED Sk
DOUBLE POLE S 2
DOOR swiITcH  SD
THREE-WAY S3

SWITCH AND PILOT

LAMP SP

CEILING PULL
SWITCH

TIME SWITCH

CIRCUIT
BREAKER
SWITCH

Figure A-9. Symbols for electrical devices.
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RANGE OUTLET

UNDERFLOOR DUCT AND JUNCTION
BOX (SINGLE DOUBLE OR TRIPLE
NDUCT SYSTEM INDICATED BY
NUMBER OF PARALLEL LINES)

WATCHMAN SYSTEM DEVICE

SOUND SYSTEM

BUZZER

OUTSIDE TELEPHONE

CHIME

BELL

Figure A-9.

Continued.
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FLUORESCENT FIXTURE E

FIXTURE

CONTINUOUS ROW FLUORESCENT O I

BARE LAMP FLUORESCENT STRIP

T

RECEPTACLE OUTLETS

SINGLE OUTLET O OR :@ |
DUPLEX OUTLET :@

AN
QUADRUPLEX OUTLET (T'T) or

TV 4
SPECIAL PURPOSE OUTLET -—@ OR @

20-AMP, 250-VOLT OUTLET _®

SINGLE FLOOR OUTLET
(BOX AROUND ANY OF ABOVE

INDICATES FLOOR OUTLET OF OR

SAME TYPE)

Figure A-9. Continued.
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PANEL BOARDS AND RELATED EQUIPMENT —

PANEL BOARD AND CABINET %" :"#

OR SUBSTATION 1 T 22

SERVICE SWITCH OR CIRCUIT
B or [ o @

EXTERNALLY OPERATED
DISCONNECT SWITCH

MC

MOTOR CONTROLLER

MISCELLANEOUS —

TELEPHONE

THERMOSTAT

MOTOR

LIGHTING OUTLETS -

CEILING

WALL

O O @éz@g

Figure A-9. Continued.
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WIRING CONCEALED IN
CEILING OR WALL

WIRING CONCEALED IN FLOOR

EXPOSED BRANCH CIRCUIT

BRANCH CIRCUIT HOME RUN TO
PANEL BOARD (NO. OF ARROWS
EQUALS NO. OF CIRCUITS,
DESIGNATION IDENTIFIES
DESTINATION AT PANEL)

THREE OR MORE WIRES (NO. OF
CROSS LINES EQUALS NO. OF
CONDUCTORS TWO CONDUCTORS

INDICATED IF NOT OTHERWISE
NOTED)

INCOMING SERVICE LINES

CROSSED CONDUCTORS, NOT
CONNECTED

SPLICE OR SOLDERED
CONNECTION

CABLE CONNECTOR
(SOLDERLESS)

WIRE TURNED UP

WIRE TURNED DOWN

/

[/

e

+
_+_

OR

OR

>__
4

Figure A-10. Line symbols for electrical wiring.
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TWO CONDUCTOR SERVICE ABOVE GROUND ~

PRIMARY

SECONDARY

STREET LIGHTING
UNDERGROUND ~

BURIED CABLE

DUCT LINE

THREE OR MORE CONDUCTORS (NO,
OF CROSS LINES EQUALS NO. OF
CONDUCTORS)

INCOMING LINES

CONDUIT OR GROUPING OF
CONDUCTORS

BRANCHING OF GROUP OF
CONDUCTORS (NO. INDICATES
NO. OF CONDUCTORS IN
BRANCH)

GROUND

i
/1)

(L

i Vi
/8 } /3
5

L

Figure A-11. Line symbols for electrical power distribution.
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APPENDIX B
CONVERSION TABLES



Tables of conversion factors applicable to the U. S. (English system) measures versus the Me-
tric system.
Conversion—English-Metric Systems
LENGTH
inches » cent-
meters
em inches
feet - meters
meters - feet
yards meters
meters - yards
miles kilo-
meters
)73 1 P—— " | " ] ]
[ 4
08 e o 10s o 0e L 388 L 080, 080 L a0
12 1.83 1208
3 1.86 4.83 3.28 214 9.84 0.91 1.18 7.62
4 2.49 6.44 4.37 3.66 13.12 1.22 1.57 10.16
5 3.11 8.05 547 4,57 16.40 1.52 1.97 12.70
6 3.13 9.66 6.56 5.49 19.68 1.83 2.36 15.24
7 4.35 11.27 7.66 6.40 22.97 2.13 2.76 17.78
8 4.97 12.87 8.75 7.32 26.25 2.44 3.15 20.32
9 5.59 14.48 9.84 8.23 29.53 2.4 3.54 22.86
10 6.21 16.09 10.94 9.14 32.81 3.05 3.93 25.40
12 7.46 19.31 13.12 10.97 39.37 3.66 4.72 30.48
20 12.43 32.19 21.87 18.29 65.62 6.10 7.87 50.80
24 14.91 38.62 26.25 21.95 8.14 1.32 9.45 60,96
30 18.64 48.28 32.81 27.43 98.42 9.14 11.81 76.20
36 2237 57.04 39.37 32.92 118.11 10.97 14.17 91.44
40 24,85 64.37 43.74 36.58 131.23 12.19 15.75 101.60
48 29.83 1125 52.49 43.89 157.48 14.63 18.90 121.92
50 31.07 80.47 54.68 45.72 164.04 15.24 19.68 127.00
60 37.28 96.56 65.62 54.86 196.85 18.29 23.62 152.40
70 43.50 112.65 76.55 64.00 229.66 21.34 27.56 177.80
72 44.74 115.87 78.74 65.84 236.22 21.95 28.35 182,88
80 49.71 128.75 87.49 73.15 262.47 24.38 31.50 203.20
84 52.20 135.18 91.86 76.81 275.59 25.60 33.07 213.36
90 55.92 144.84 98.42 82.30 295.28 27.43 35.43 228.60
96 59.65 154.50 104.99 87.78 314.96 29.26 37.80 243.84
100 62.14 160.94 109.36 91.44 328.08 30.48 39.37 254.00

Example: 2 inches =5.08 cm
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Conversion—English-Metric Systems (cont)

One unit (below) mm em meters km
Equals
mm (millimeters) 1, 0.1 0.001 0.000,001
cm {centimeters 10. 1. 0.01 0.000,01
meters 1,000. 100. 1. 0.001
km (kilometers) 1,000,000. 100,000. 1,000, 1.
One unit (below) gm kg metric ton
' EqQUAlS e
gm(gram) 1 0.001 0.000,001
keg(kilograms) 1,000. 1. 0.001
metric ton 1,000,000. 1,000. 1.
UNITS OF CENTIMETERS
cm 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.10
inch 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.31 0.35 0.39
FRACTIONS OF AN INCH
inch 1/16 1/8 3/16 1/4 5/16 3/8 7/16 1/2
cm 0.16 0.32 0.48 0.64 0.79 0.95 11 1.27
inch 9/16 5/8 11/16 3/4 13/16 /8 15716 1
em 1.43 159 175 191 2.06 2.2 2.38 2.54
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Conversion—English-Metric Systems (cont)

WEIGHT'
ounces ——t ZTAMS
grams an Ounces
pounds kilograms
kg -~ pounds
short ‘metric
ton? ton
metric short
P
ton’ ton {
1 1.10 0.91 2.20 : 0.45 0.04 28.4
2 2.20 1.81 4.41 $ 091 0.07 56.7
3 3.31 2192 6.61 1136 0.11 85.0
4 441 3.63 8.82 : 1.81 0.14 1134
5 5.51 4.54 11.02 1267 0.18 1418
6 6.61 5.44 13.28° 1272 0.21 170.1
T e, 172 635 ... 1543 ... ;318 0.25 198.4
8 "TTTTTTTTUTRERT 126 1764 TTUEes 0.28 2268
9 9.92 8.16 19.84 $ 108 0.32 255.2
10 11.02 9.07 22.05 ‘454 0.35 283.5
6 e 17.63. ... R L %) S L2 L, LA, 0.56 453.6
$20: 22.05 18.14 44.09 ;9.07: 0.71 567.0
30 33.07 27.22 66.14 13.61 1.06 850.5
40 44.09 36.29 88.14 18.14 1.41 1134.0
50 55.12 45.86 110.23 22.68 1.76 1417.5
60 66.14 54.43 132.28 27.22 2.12 1701.0
10 71.18 63.50 154.32 3175 2.47 1984.5
80 88.18 72.57 176.37 36.29 2.82 2268.0
90 99.21 81.65 198.42 40.82 3.17 2551.5
100 110.20 30.72 220.46 45.36 +3.53 2835.0

Example:. Convert 28 pounds to kg
28 pounds = 20 pounds + 8 pounds
From the tables: 20 pounds =9.07 kg and 8 pounds =3.63 kg
Therefore, 28 pounds =9.07 kg + 3.63kg=12.70 kg
1The weights used for the English system are avoirdupois (common) weights.
2The short ton is 2000. pounds.
3 The metric ton is 1000. kg.
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Conversion—English-Metric Systems (cont)

VOLUME
cu. meters cu. ft cu.yd
cu.yd e €U, ft o CU. meters
cu. ft cu. yd - Cu. Mmeters
‘ ‘ 1 4
1 0.037 0.028 210 0.76 35.3 1.31
as i ! 81.0: 229 105.9 3.92
4 0.148 0.113 108.0 3.06 141.3 5.23
5 0.185 0.142 135.0 3.8 176.6 6.54
6 0.212 0.170 162.0 4.59 211.9 7.85
7 0.259 0.198 189.0 5.35 2472 9.16
8 0.296 0.227 216.0 6.12 2825 10.46
9 0.333 0.255 243.0 6.88 317.8 11.77
10 0.370 0.283 270.0 7.65 353.1 13.07
20 0.741 0.566 540.0 15.29 706.3 26.16
30 1.111 0.850 810.0 22.94 1059.4 39.24
40 1.481 1.133 1080.0 30.58 14126 52.32
50 1.852 1.416 1350.0 38.23 1765.7 65.40
60 2.222 700 1620.0 45.87 21189 78.48
70 2,592 1.982 1890.0 53.52 2472.0 91.56
80 2,962 2.265 2160.0 61.16 2825.2 104.63
90 3.333 2.548 2430.0 68.81 3178.3 117.711
100 3.703 2.R32 2700.0 76.46 3531.4 130.79

Example: 3cu. yd =81.0cu. ft
Volume: The cubic meter is the only common dimension used for measuring the volume of solids in the metric system.
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EXTRACT TM 5-704/AFM 85-27

CHAPTER 1

PRINCIPLES AND METHODS

Section |. INTRODUCTION

1-1. Purpose and Scope

This manual is written as a basic reference
for all personnel whose duties require the
reading and interpretation of engineering
construction drawings and prints. The text
explains the language of engineering draw-
ings—lines, sections, symbols, dimensions,
notes, specifications, and titles—and also con-
tains a general discussion of the kinds and
uses of construction prints. It covers archi-
tectural, utilities, and machine drawings to-
gether with heating, air conditioning and

Section I,

1-3. Drawings

a. A picture is worth a thousand words.
Man has used pictures as a means of commu-
nication for many years. It would be almost
impossible for an engineer or an inventor to
describe the size and shape of a simple object
without a drawing of some kind. For exam-
ple, if an engineer designed a simple object
such as that shown in the engineer’s sketch in
figure 1-1 it would be difficult to convey his
idea to the person who is to fabricate the ob-
ject without a drawing to show the shape,
size, and location of the holes. A working
drawing of the object also is shown in figure
1-1.

b. Drawing or sketching is the universal
language used by engineers, technicians, and
skilled craftsmen. Whether this drawing is
made freehand or by the use of drawing in-

refrigeration plans, and bills of materials.
1-2. Changes

Users of this publication are encouraged to
recommend changes and provide comments to
improve the publication. Comments should be
keyed to the specific page, paragraph, and line
of text in which the change is recommended.
Reasons will be provided for each comment
to insure understanding and complete evalua-
tion. Comments should be forwarded direct
to the Commandant, US Army Engineer
School, Fort Belvoir, Virginia 22060.

MEANING OF LINES

struments (mechanical drawing), it is needed
to convey all the necessary information to
the individual who will fabricate and assem-
ble the object whether it be a building, ship,
aircraft, or mechanical device.

i-4. Line Conventions

In order to include all the necessary informa-
tion on a drawing in a meaningful manner,
different types and weights of lines are used
to represent the features of the object. The
meaning of a line with certain characteris-
tics has been standardized, and will be the
same on any drawing. These line conventions
must be understood in order to read drawings.
The line conventions most often encountered
in construction prints are described below and
shown in figure 1-2. Application of these line
conventions are demonstrated in figure 1-3.

1-1
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2 .1G4'X 13/16 HEX HEAD BOLTS
15/16'FROM CENTER TO CENTER /32" OIL HOLE

2 PIECES I"X |-1/4" X (/2"
OVERALL DIMENSIONS
EXCLUDING BASE AND
CYLINDRICAL SECTION

1" OUTER DIAMETER

2 1/4" DRILLED HOLES
2" FROM CENTER TO.CENTER
5/8" INNER DIAMETER

X 1-1/4" DEPTH BASE 1/4" THICK X

2-1/2" X /78"
(D ENGINEER'S SKETCH
|
2z
%
I
i '
el i |
: + l+ :1 -—yh‘iw_'};u-lc
=¥t e )
J \ ) W, dw
LoriLL TS ¥
2HOLES ~ -
2 ./ — 18
350IL HOLE '52
164 X 12 -32NF -28 s
HE X HD BOLT(2REQD) , 8
. =
e Bl il
1 i
- _i_mlv _.l‘.-----:*-.-_
1 _D-N o [-_!I{.m"'__

@ WORKING DRAWING

Figure 1-1. Engineer’s sketch compared to working drowing.
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LINE CONVENTIONS
NAME DESCRIPTION AND APPLICATION EXAMPLE
HEAVY UNBROKEN LINES
VISIBLE
LINES USED TO INDICATE VISIBLE
EDGES OF AN OBJECT
[]
i MEDIUM LINES WITH SHORT T
]

— , EVENLY SPACED DASHES '
LINES "  —
' USED TO INDICATE CONCEALED |

! EDGES | ——
. .
! THIN LINES MADE UP OF LONG AND
| SHORT DASHES ALTERNATELY SPACED
CENTER . AND CONSISTENT IN LENGTH
LINES | USED TO INDICATE SYMMETRY
H ABOUT AN AXIS ANO LOCATION OF
l CENTERS '
jo—— ———
T THIN LINES TERMINATED WITH
ORENSION ARROWMEADS AT EACH END e—  —
LINES
USED TO INDICATE ODISTANCE
MEASURED
THIN UNBROKEN LINES jo——— —
EXTENSION
LINES USED TO INDICATE EXTENT OF
DIMENSIONS

Figure 1-2. Line conventions.
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1-4

LINE CONVENTIONS

CONVENTION|

NAME DESCRIPTION AND APPLICATION EXAMPLE
) THIN LINE TERMINATED WITH ARROW-— Y g-xz;omwc-za
LEADER HEAD OR DOT AT ONE END A .
USED TO INDICATE A ‘PART, Y-y
DIMENSION OR OTHER REFERENCE
MEDIUM SERIES OF ONE LONG DASH SN
PHANTOM AND TWO SHORT DASHES EVENLY SPACED) —
OR ENDING WITH LONG DASH
DATUM LINE USED TO INDICATE: ALTERNATE POSITION
OF PARTS, REPEATED DETAL OR TO
INDICATE A DATUM PLANE
]
MEDIUM LINE OF SHORT DASHES EVENLY
STITCH SPACED AND LABELED
LINE USED TO INDICATE STITCHING OR
! SEWING
THIN SOLID RULED LINE WITH
SREAK J\/. FREE-HAND ZIG-ZAGS
{LONG) USED TO REDUCE SIZE OF DRAWING
—~/A\/\-| REQURED TO DELINEATE OBJECT AND
{(WOO0D) REDUCE DETAIL
THICK SOLID FREE-HAND LINES
BREAK § i
(SHORT)
USED TO INDICATE A SHORT BREAK
CUTTING OR
VIEWING r —l THICK SOLID LINES WITH ARROWHEAD
PLANE TO INDICATE DIRECTION IN WHICH
VIEWING n n SECTION OR PLANE IS VIEWED OR
PLANE TAKEN T
OPTIONAL
CUTTING -
PLANE FOR J THICK SHORT DASHES
COMPLEX OR .
OFFSET lr’ USED TO SHOW OFFSET WITH ARROW-
VIEWS - HEADS TO SHOW DIRECTION VIEWED

Figure 1-2.—continued
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EXTENSION LINE
PHANTOM 7 /&NTER DIMENSION—Z2 LEADER LINE
O A i
\} [_J'—_- 4 — = —
N - 5 5

- —

LINE

! /
LA T
viseLe~’  wiopen~ A
LINE

CUTTING PLANE
LINE

Figure 1-3. Application of line conventions.

u. Visible Lines. A heavyweight unbroken
line is used for the primary feature of a
drawing. For drawings of objects, this line
convention represents the edges, the intersec-
tion of two surfaces, or the surface limit
that is visible from the viewing angle of the
drawing. This line is often called the outline.

b. Hidden Lines. A mediumweight line of
evenly spaced short dashes represents an
edge, the intersection of two surfaces, or
the surface limit which is not visible from
the viewing angle of the drawing.

¢. Center Lines. A thin (light) line com-
posed of alternate long and short dashes of
consistent length is called a center line. It is
used to signify the center of a circle or arc
and to divide object into equal or symmetrical
parts.

d. Dimension Lines. A solid continuous line
terminating in arrowheads at each end. Di-
mension lines are broken only to permit writ-
ing in dimension. On construction drawings
the dimension lines are unbroken. The points
of the arrowheads touch the extension lines
which mark the limits of the dimension. The
dimension is expressed in feet and inches on
architectural drawings and in feet and deci-
mal fraction of a foot on engineering draw-
ings.

e. Extension Lines. Extension line is a thin
(light) unbroken line that is used to indicate
the extent of the dimension lines. The exten-
sion line extends the visible lines of an object
when it is not convenient to draw a dimension
line directly between the visible lines. There is

always a small space between the extension
line and the visible line.

f Leaders. A leader is a thin (light) line
terminated with an arrowhead that is used to
indicate the part or feature to which a num-
ber, note or other information refers.

g. Phuntom Lines. A mediumweight line
made of long dashes broken by two short
dashes is called a phantom line and indicates
one of three things: the relative position of
an absent part, an alternative position of a
part, or repeated detail which is not drawn.

h. Stitch Lines. A medium line made of
short dashes evenly spaced and labeled used
to indicate stitching or sewing.

i. Breuk Lines. A thin (light) line interrupt-
ed by a z-shaped symbol. The break line indi-
cates that the object has been shortened to
save space on the drawing. The true length is
indicated by the dimension specified. The
short break line convention varies with shape
and material, figure 1-4, and indicates that
part of the object has been cut away to show
section detail or hidden features.

J. Cutting Plune Lines. A pair of short,
heavy lines with arrowheads projected at 90°
indicates the cutting plane when a drawing
includes a section view, Letters (AA, BB, ete.)
are usually placed at the arrowheads to iden-
tify the section view. The arrowheads show
the viewing direction of the section view.
Where necessary, the section lines may be
connected by a line of short, heavy dashes
indicating the exact path of the cutting
plane.

1-5
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METAL ROD - % —_—

METAL TUBE -

—_ i}

==

CABLE

CONDUCTORS

D [

/

Figure 1-4. Short break conventions.

k. Sectioning Lines. When a drawing in-
cludes a section, the surface or surfaces

which are in the cutting plane are indicated

by section lines. When the object sectioned is
all one material, the section lines are usually
closely spaced parallel lines of medium

1-6

thickness. Where different materials are inv-
olved, different section conventions are used
to distinguish between them. These section
conventions are covered more fully in chap-
ter 2.



Section Iil.

1-5. Introduction

In learning to read a construction print, you
must develop the ability to visualize the ob-
ject, figure 1-5. This is done by learning to
properly interpret the various types of lines,
dimensions, sections, details, symbols, and
other media that are used to describe the ob-
ject or parts of an object on a construction
print.

Figure 1-5. Visualizing from a print.

1-6. Projections

An object can be viewed and therefore drawn
from an infinite number of positions. Some
views are easier to draw and interpret than
others. It is common to present an object on a
drawing as an orthographic projection or as a
pictorial drawing. In an orthographic projec-
tion, the object is presented as if it were
viewed through a transparent drawing plane
from an infinite distance (fig. 1-6). An ortho-
graphic projection is made by projecting each
point on the object perpendicular to the draw-
ing plane. A pictorial drawing, such as the
perspective projection in figure 1-6, presents
the object as it would appear to the eye.

TM 5-704/AFM 85.27

PROJECTIONS, VIEWS AND DIMENSIONS

u. Orthographic Projection. Almost all
drawings intended for production or con-
struction are drawn by orthographic projec-
tion.

(1) The major advantage of an ortho-
graphic projection is that it shows every part
of an object that is parallel to the drawing
plane in true relative size and position.

(2) The numbers of views to be used in
projecting a drawing is governed by the com-
plexity of the shape of the drawing. Com-
plex objects are normally drawn showing six
views; that is both ends, front, top, rear, and
bottom. Figure 1-7 shows an object placed in a
transparent box. The projections of the ob-
ject on the sides of the box are the views seen
by looking straight at the object through each
side. If the outlines are scribed on each sur-
face and the box opened and laid flat, the
result is a six-view, orthographic projection
drawing. It should be noted that the rear view
may appear in any one of four positions (to
the right of the right side view or left of
the left side view, above the top view or be-
low the bottom view).

(3) As a general rule, you will find that
most drawings will be presented in three
views. For a simple object, three views are
adequate to completely describe the object
when dimensions are added (fig. 1-8). Occa-
sionally, you will see two-view drawings, par-
ticularly cylindrical objects. The most com-
mon three-view drawing arrangement shows
the front, top and right side view of an ob-
ject.

(4) In a three-view drawing, the front
view shows the most characteristic feature
of the object. Note in figure 1-8 that the right
side or end view is projected to the right of
the front. Also notice that all the horizontal
outlines of the front view are extended hori-
zontally to make up the side view and all the
vertical outlines of the front view are ex-
tended vertically to make up the top view. By
studying the drawing you should obtain the
following information about the object: the
shape of the object, its overall length (2'/s
inches), its width (1'2 inches), and its height
(1% inches). It is notched 1% inches from

1-7
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1-8

PLANE OF

HORIZO EYE LEVEL

LEFT
VANISHING R
POIN
EYE

PERSPECTIVE PROJECTION

Figure 1-6.  Orthographic versus perspective projection.

RIGHT
VANISHING
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LEFT M0E FRONT RIGHT SI0E REAR

Figure 1-7. Third angle orthographic projection.

p— A p—

mju ‘

fe— @~

Figure 1-8. Three-view drawing.
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the right side and % inch from the bottom.
After having studied each view of the ob-
ject, you should be able to visualize the object
as it appears in figure 1-9. If a hole is drilled
in the notched portion of the object, the
drawing would appear as in figure 1-10. The
position of the hole is indicated by hidden
lines in the front and side views and as a cir-
cle in the top view. The location of the center
of the drilled hole is indicated by a center
line.

b. Pictorial Drawings. It is easier to vis-
ualize an object if its features can be shown
in a single view. Where it is necessary for the
drawing to show the appearance of an object
with more than one side visible in a single
view, pictorial drawings are used. Three types
of pictorial drawings may be encountered:
projections, oblique drawings, and perspec-
tive drawings.

(1) Projections. The principle of pictori-
al projections is the same as orthographic
projection, but the object is rotated and tilted
so that more than one face is projected on the
drawing plane as shown in figure 1-11. Since
the faces of the object are not parallel to the
drawing plane, lines are foreshortened and
do not appear in true length. If each object
plane forms a different angle with the draw-
ing plane, the amount of foreshortening is

TOP

FRONT:

Figure 1-9. Interpretation of « three-view drawing.

1-10

different along each axis of the drawing. This
is called a trimetric projection (fig. 1-11) and
three different scales must be used. If the
object is rotated so that two planes form the
same angle with the drawing plane, the
amount of foreshortening will be the same
along two axes. This is called a dimetric
projection (fig. 1-11) since only two scales are
used. If the object is tilted so that all three
planes form the same angle with the drawing
plane, the scale will be the same along all
three axes. This is called an isometric projec-
tion (fig. 1-11), and is the most common type
in technical work. All lines parallel with one
of the three principal axes are foreshor-
tened by the same amount (to about 81 per-
cent of true length) on an isometric projec-
tion. In isometric drawing (fig. 1-11) the com-
mon practice is to enlarge the scale factor so
that lines appear in true length. Remember,
however, that this applies only to lines which
are parallel to one of the axes.

(2) Oblique druwings. In oblique draw-
ings (fig. 1-12) the front face of the object
is drawn in orthographic form, full scale.
One or more sides are then added at an angle
to the front face, either full scale, or fore-
shortened. Any angle and scale may be used.

(u) Cavalier drawing. An oblique draw-
ing in which the receding or oblique lines are

&

4[{ .

: T |

Figure 1-10. Hidden lines in « three-view druwing.
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/
\

4
AN

EQUAL [
ANGLES |
TRIMETRIC DIMETRIC
ALL DIMENSIONS ALL DIMENSIONS
FORESHORTENED TRUE

120° 120°

N

<k

ISOMETRIC PROJECTION ISOMETRIC DRAWING

Figure1-11. Pictorial projections of a cube.
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drawn full-scale at 45° is called a cavalier
drawing (fig. 1-12). The result does not create
a realistic appearance, but allows the use of
one scale for the entire drawing.

(b} Cubinet drawing. A cabinet drawing
is an oblique drawing which uses half-scale
measurements on the oblique sides (fig. 1-12).
These drawings are commonly drawn with
the oblique lines at 30° or 45° to the front
plane. The name comes from the fact that it
is often used for drawings of cabinet work.

(3) Perspective druwing. The most real-
istic pictorial is the perspective drawing. In
this type of drawing, the receding lines con-
verge at a vanishing point on a horizon, just as
they appear to do when you look at an object.
The perspective may be two-point (two van-
ishing points) as illustrated in figure 1-13 or
one-point (one vanishing point) as illustrated
in figure 1-14. In a one-point perspective, the
front face appears as if you were looking
at it headon. The viewing angle may be
changed by the selection of different position
relative to the horizon (fig. 1-14). Perspective

drawings are more difficult to draw than
projections or oblique drawings, because the
scale changes continuously along the receding
lines; for this reason, they are not practical
for construction drawings.

1-7. SPECIAL VIEWS

When complex objects are involved, three-
view drawings are often not sufficient to
convey all the necessary details. Special views
are added to provide additional information.
The special views which may be encountered
are auxiliary and rotation views, sections,
phantom views, developments, and exploded
views,

«. Auziliaury Views. If a feature of an
object is in a plane which is not parallel to one
of the drawing planes, it will not appear in
true size or shape in any of the three normal
views. The sloping surface of the object in
figure 1-15, for example, appears in both the
top and right side views but is foreshortened
in both. In this case, an auxiliary projection is
added. The auxiliary view is obtained by pro-

30° % SCALE 45° : %SCALE 60° %SCALE
FULL FULL FULL
SCALE SCALE SCALE
30° OR 45°
. ; FULL SCALE
45 -z'-scm.s
| FULL | FULL '
SCALE SCALE

CAVALIER DRAWING

CABINET DRAWING

Figure 1-12, Oblique drawings of u cube.
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Figure 1-13. Two-point perspective drawing.
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Figure 1-18. Rotation.



jecting lines to a drawing plane which is par-
allel to the slanted face. The auxiliary view is
normally placed alongside a view which shows
the true length of the edge of the slanted
surface as shown in figure 1-16. In this case,
the auxiliary view is related to the front view
in the same way as the top or right side view
is related to the front view. If the feature
to be covered in an auxiliary view is not in a
plane perpendicular to one of the normal
orthographic drawing planes, or if there is
not enough room in the normal position, the
auxiliary view will be placed somewhere else
on the drawing. In this case, the auxiliary
view will usually be labeled as “view A” (or B,
C, ete.) with an arrow pointing to the face.
Auxiliary views do not usually show the en-
tire object as seen from the auxiliary view
angle; only the surface parallel to the auxil-
iary drawing plane is covered. Figure 1-17
shows an auxiliary view compared with a
right side view of the same object. Note that
theé circles appear as ellipses in the right side
view, and the distance between centers are
foreshortened. The auxiliary view only
shows the slanted face of the object, the
holes appear in true shape, and the distances
in true length.

- b. Rotation. Occasionally, if no confu-
sion will result from the practice, a separate
auxiliary view is omitted and a side or top
view is provided, drawn as if the object was
bent to bring the slanted surface parallel to
the drawing plane (fig. 1-18). This is called a
rotation, and the fact that it has been done
will be indicated in some manner on the draw-
ing. In figure 1-18, for example, the fact
that one view is higher than the other, plus
the curvature of the upper center line shows
immediately that the right hand view is a ro-
tation.

¢. Sections. Section views are used to give
a clear view of the interior or hidden fea-
tures of the object which normally eannot be
clearly observed in conventional outside
views. A section view is obtained by cutting
away part of an object to show the shape and
construetion at the cutting plane. The most
common position of the cutting plane is
through the longest dimension, or main longi-
tudinal axis and parallel to the front view as

TM 5-704/AFM 85-27
shown in figure 1-19. The cutting plane may
be drawn parallel to any plane of projection
if it shows the required features of the
object. When section views are drawn, the
part that is cut by the cutting plane is marked
with closely spaced, parallel (section) lines.
The section lines indicate the surfaces which
were created by the cutting plane and which
do not exist on the uncut object. When two or
more parts are cut in one view, a different
slant or style of section line 5 used for each
part. All rules of projection apply, but hid-
den lines complete understanding of the
view. Notice how the cutting plane is shown
on a drawing as illustrated in figure 1-19.
The cutting plane in illustrates where the
imaginary cut is made. The object as it would
look if it were cut in half is shown in .
The section view as it would appear on a
drawing is shown in

(1) Full-sections. When the cutting plane
is. ingle continuous plane passing entirely
tF ‘h the object, the resulting view is called
a action view fig. 1-20). The cutting
ple s usually taken straight through on the
main axis or center line.

(2) Hulf-sections. The cutting plane will
not always be taken completely through the
object. Figure 1-20 shows a half-section.
The cutting plane passes only half-way
through the object. This is common practice
for symmetrical objects. In the case illustrat-
ed, the top half, if sectioned, would be ident-
ical to the bottom half, providing no addi-
tional information. The half-section per-
mits both the internal and external features
to be shown and their relationship to one an-
other.

(3) Offset section. A sectionview which
has the cutting plane changing direction back-
ward and forward (zig-zag), so as to pass
through features that are important to show,
is known as an offset section. The offset cut-
ting plane in figure 1-21 is arranged so that
the hole on the right side will be shown in sec-
tion. The sectional view is the front view,
and the top views show the offset cutting
plane line. Notice that there is no line on the
section view at the point where the cutting
plane goes straight back.
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Figure 1-19. Action of the cutting plune.

sl

A ~gen

A~

SECTION A-A

A

(® HALF-SECTIONAL VIEW

(@ FULL-SECTIONAL VIEW

Figure 1-20. Full-and half-sectional views.

Figure 1-22. Revolved section.
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(4) Revolved section. To eliminate draw-
ing extra views of rolled shapes, ribs, and
similar forms, a revolved section is used. It is
a drawing within a drawing, and it clearly
describes the object’s shape at a certain cross-
section station or point. The sectional view of
the rib in figure 1-22 has been revelved so that
you can look at it head-on.

(5) Removed section. Removed sections
are normally used to illustrate particular
parts of an object (fig. 1-23). They are drawn
like the revolved section, except that they are
placed at one side to bring out important de-
tails. They are often drawn to a larger scale
than the view on which they are indicated.

(6) Brokem-out section. A broken-out
section is a partial section used on an exterior
view to show some interior detail without
drawing a complete full or half section. The
limit of the broken-out section is indicated
with an irregular break line. In figure 1-24,

Figure 1-23. Removed section,

~ TM 5.704/AFM 85.27
the inside of the fitting is better illustrated
because of the broken-out section.

(7) Alined section. Look at the front
view of the handwheel in figure 1-25 and no-
tice the cutting plane line AA. When a true
sectional view might be misleanding, parts
such as ribs or spokes are drawn as if they
are rotated into or out of the cutting plane.
Notice that the spokes in the section at A-A
are not sectioned. In some cases, though not in
this figure, if the spokes were sectioned, the
first impression would be that the wheel had a
solid web rather than spokes.

d. Phantom Views. Phantom views are
used to indicate the alternate position and
path of motion of parts, repeated details, or
the relative position of an absent part. Fig-
ure 1-26 shows the alternate position of a
part as a phantom view (the part on the left
side).

"M

SECTION A-A

Figure 1-25. Alined section.

Figure 1-24. Broken-out section.

Figure 1-26. Phantom view.
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e. Development. A development is a draw-
ing which is used for objects which are made
from flat materials by bending and joining,
such as ducts. The development (also called a
stretch-out or pattern drawing) shows the
shape of the material before it is formed
into the assembled object (fig. 1-27).

f. Exploded Views. Exploded views are
used to illustrate the assembly or disassembly
of a unit which has several removable parts.
It is basically a pictorial view of each of the
parts to the same scale, with the parts ar-
ranged in a relationship which corresponds to
their relationship when assembled (fig. 1-28).

1.8. Dimensions

«. The item you will be most concerned
with when reading prints is the dimensions.

As previously stated, dimensions gn architec-
tural drawings are usually given in feet,
inches and fractions of an inch. Engineering
drawings often give dimensions in feet and
decimal fractions of a foot. Metric dimen-
sions are used on drawings of European ori-
gin, most drawings related to optical equip-
ment, and a growing percentage of American
machine drawings. During construction, you
should use measuring instruments calibrated
in the same system as used on the construe-
tion prints to eliminate the chance of error in
conversion. Appendix D lists conversion fac-
tors for most units you are likely to encoun-
ter.
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Figure 1-27. Development of « truncuted pentagonal prism.
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Figure 1-28, Exploded view.

b. The placement of dimensions on a
drawing is not arbitrary. They are placed to
indicate which dimensions are specified in the
design of the object. Measurements for con-
struction should always be made from the
points indicated by the dimension lines on the
print.

c. Figure 1-29 is a typical dimensioned
drawing of a bearing journal and can be used
to illustrate the proper way to make measure-
ments from the points indicated by the di-
mension lines on the print. Let’s consider the
measurements required to locate the two
mounting holes. If you were using this print
and were drilling the mounting holes, you
should notice in the front view that the cen-
ter of the right hole is located 1 inch from
the center of the large hole. The top view
shows that the center of the left hole is 2

inches from the center of the right hole.
This method of making measurements intro-
duces two possible sources of error. There is
some tolerance in the location of the right
hand mounting hole, and some tolerance in
the measurement you make to locate the
lefthand mounting hole. Any other system
of measurements will introduce additional
sources of error. For example, it can be de-
termined from the dimensions that the
mounting holes are located % inch from the
edges and the centers could be located in this
manner. However, this introduces three
sources for error. There is some tolerance in
the width of the journal (the 2%-inch dimen-
sion) and some tolerance in the location of
the centers of the two mounting holes. These
three sources for errors could accumulate
and result in a significant error in the distance
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between the two mounting holes. This dist-
ance is critical to the mounting of the jour-
nal. It is also possible to locate the center of
one hole % inch from the edge and then mea-
sure the 2 inches to the center of the other
hole. This procedure also introduces three
possible sources of error. There is some toler-
ance in the width of the journal, in the loca-
tion of one hole, and in the measurement

—

made to locate the second hole. This method
reduces the sources of error in the distance
between the mounting holes. However, it does
introduce possible error in the location of the
main hole. It may not be centered between the
mounting holes. These examples emphasize
the importance of the location of the dimen-
sions when making the measurements in con-
struction.
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Figure 1-29. Typical working drawing.
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Section IV,

1-9. Classes of Drawings

Drawings are normally classified as original
drawings, intermediate or reproducibles, or
prints. The original drawing is the one pro-
duced by the draftsman. An intermediate is
a copy of the original which is used to make
prints. An intermediate is used to avoid the
risk of damaging the original or because the
original is not suitable for the type of re-
production process used for the making of
prints. Prints may also be made directly
from the original without using an interme-
diate drawing. A print is a working copy used
on the job.

1-10.

There are mahny processes used to make prints
from originals or intermediates. They can be
classified as either negative or positive contaet
processes or optical processes. Contact proc-
esses require a transparent or translucent
original. Optical copies can be made from
opaque originals. Contact processes are nor-
mally used in construction work. Optical cop-
ies are usually more expensive and introduce
more distortion.
«. Negutive Contuct Processes.

(1) Blueprints. A blueprint is made by
placing a tracing (transparent or transiucent
original) in contact with a sensitized paper
and exposing the paper through the tracing.
When the paper is developed, the unexposed
portions where the light is blocked by lines on
the original remain white, while the exposed
portions turn dark blue. This produces a print
with white lines on a blue background. Blue-
prints, in general, have better contrast than
other commonly used processes of compara-
ble cost but the wet developing process causes
some distortion and marking the prints is
difficult.

(2) Brownprints. The brownprint proc-
ess (often called Van Dyke) is similar to the
blueprint process except that the paper is
transparent and exposed areas turn brown
when developed. This yields transparent lines
on a brown background. Brownprints are
frequently used as intermediates producing
a print which has blue lines on a white back-
ground and called a whiteprint.

Production Processes

TM 5-704 /AFM 85-27

TYPES OF PRINTS

b. Positive Contuct Processes.

(1) Ozalid prints. The ozalid process is a
contact process like blueprinting but the
unexposed areas of the sensitized pap r turn
blue when developed in ammonia vai-or, pro-
ducing blue lines on a white background. Oz-
alid prints are also called blueline prints.
Papers are also available which yield black
lines {called blackline prints). The develop-
ment in this process is dry, causing less dis-
tortion than the blueprint process, but the
contrast is not usually as good.

Note: Machines are available which produce ozalid-
process prints but which project and reduce the image optically
instead of contact-printing. Prints produced by this process
will usually be marked “Reduced Size Print - Do Not Scale.”

(2) Brownline prints. Brownline prints
have the same function in the ozalid process
as the brownprints do in the blueprint proc-
ess. They produce brown lines on a transpar-
ent background and are often used as an in-
termediate for making blueline prints.
Brownline prints are often called sepia inter-
mediates.

(3) Special muteriuls. Materials are
available for use with the ozalid process
which produce a large variety of results, in-
cluding many colored lines on white paper or
colored lines on a clear plastic background.

c. Optical Processes.

(1) Electrostatic. An electrostatic copier
(Xerox machine for example} projects an
image of the original on paper and then caus-
es an electrostatic charge to be deposited
where the image of a line occurs. A black
powdered “ink” is then applied to the paper
and adheres where the electrostatic charge
occurs. The image is then fused to the paper.
This process produces a dark gray image on a
white background. The amount of distortion
depends on the type and qualify of the opti-
cal system which projects the image on the
copy paper.

{2) Photostut. The photostat process is a
photographic process which uses a special
camera and film. The film is opaque paper in-
stead of transparent film as in ordinary pho-
tography. Since the negative is opaque and
cannot be viewed from the back, the camera
is designed to produce an erect image instead
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of a reversed image as with orginary camer-
as. The photostat process produces white lines
on a black background (negative photostat)
which can then be rephotographed to produce
a black image on a white background (positive
photostat). The image can be enlarged or re-
duced in the photostat process, usually to Y% or
2 times original size in each stage.

(3) Microfilm. For economy of storage
space and for insurance against destruction
of the original, many drawings are photogra-
phically copied on microfilm. When a drawing
is no longer in frequent use, the original is
often disposed of and only the microfilm
copy is retained. Equipment is available for
viewing microfilm copies (similar to a slide
viewer) and for making prints directly from
microfilm copies. Since the image must go
through the original optical reduction, deve-
loping of the microfilm, enlargement, and
the final print process, the chance of distor-
tion is high.

1-11.  Handling Prints

«. A completed drawing represents too
much time and effort to be treated casually. It
is a valuable record, and must be preserved
with care. If an original drawing were to be
used on the job and passed from man to man,

1-22

it would soon become worn and too dirty to
read. For this reason, working drawings used
on the job are almost always reproductions
of original drawing.

b. A little time spent. in carefully folding
and filing prints at the start will prevent a lot
of inconvenience later on. The method of
folding depends on the facilities available
for storage. Some filing equipment common-
ly used is shown in figure 1-30. When manu-
factured filing equipment is not available in
the field, storage facilities should be con-
structed. Prints should be folded so the
drawing number is visible when the print is
filed. If storage space is available to accom-
modate rolls, prints over 40 inches long are
usually rolled instead of folded. Original
drawings or intermediates used for contact
process reproduction should never be folded;
the creases will prevent close contact with the
copy paper.

c. When using prints on the job, avoid long
exposure to direct sunlight or the prints will
fade. If it is necessary to mark a print, be
neat and use a colored pencil. A red pencil is
normally used to show additions and a yellow
pencil is used to indicate deletions. After
using a print, refold it carefully to avoid
adding unnecessary creases.
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Figure 1-30. Print and dre wing storage.
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Section V.

1-12. Drawing Formats

A drawing not only provides information
about the size and shape of the object being
represented but also provides information
that enables the drawing to be identified,
processed, and filed methodically. The sys-
tematic arrangement of the drawing sheet to
provide a consistent location for this infor-
mation is known as the format of a draw-
ing. Sizes and formats for military draw-

PARTS OF A PRINT

ings are arranged in accordance with certain
standards.

«. Drawing Sizes. Military drawings are
prepared in standard sizes, designated by let-
ters. These sizes are listed in table 1-1. Roll
size drawings are normally prepared with an
extra 4-inch margin for protection if possi-
ble without exceeding the 144-inch length lim-
it. Complete details on military drawings may
be found in MIL-STD-100A.

Table 1-1. Finished Format Sizes (Inches)

SIZE HEIGHT LENGTH MARGIN
Flat Sizes

A 8% 11 .25 & .38*

A 11 8% .25 & .38*

,

B 11 17 .38

C 17 22 .50

D 22 34 .50

E 34 44 .50

F 28 40 .50
Roll Sizes

G 11 42t0 144 .38

H 28 481t0 144 .50

J 34 48to0 144 50

K 40 48t0 144 .50

*Horizontal margins .38-inch vertical margins .25-inch
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b. Title Block. A typical title block as illus-
trated in figure 1-31 shows the name and ad-
dress of the preparing agency (A), the title
of the drawing (B), the drafting record (C),
authentication and date (D), the scale and
specification number (E), and the drawing
number and sheet number for multiple-sheet
drawings (F).

(1) Drawing number. Each drawing is
identified by a drawing number, which ap-
pears in a number block. It may be shown in
other places also; for example, near the top

border line, in the upper corner, or on the

reverse side at both ends so that it will be visi-
ble when a drawing is rolled up. The drawing
number’s purpose is to permit quick identifi-
cation. If a drawing has more than one sheet,
and each sheet has the same number, this
information is included in the number block
indicating the sheet number and the number
of sheets in the series. When using construc-
tion drawings, always check to be sure that all
necessary sheets are on hand. Some multiple-
sheet construction drawings have a “schedule

TM 5-704/AFM 85.27
of drawings” near the title block which lists
the contents of each sheet.

(2) Scale. The scale block will indicate
the scale on the drawing, either as a ratio
(for example: % or 1:4 meaning 1 inch on the
drawing equals 4 inches on the object, or 12”
= 1” meaning 12 inches on the drawing equals
1 inch on the object) or as a graphic scale as
shown in figure 1-32. Where the same scale is
not used on all parts of a drawing, the scale
block may be marked “as noted” or left
blank, and the scale noted underneath each
part of the drawing. If graphic scales are
used, several scales may be shown with num-
bers (fig. 1-32) and the appropriate scale num-
ber noted alongside each part of the drawing.
When reading drawings, always follow the
dimensions specified on the drawing first, and
use the scale on the drawing where no dimen-
sion is given. Do not measure with an archi-
tect’s or engineer’s scale directly on a print,
since the print may be enlarged or reduced, or
the paper may shrink during the copying
process.
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Figure 1-31. Typical title block.
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Figure 1-32. Graphic scales.

(3) Specification number. The specifica-
tion number indicates the specification the
draftsmen followed for assistance in inter-
preting the drawing.

¢. Bill of Muteriuls. A special block on the
drawing may contain a list of the pieces of
stock or standard parts necessary to construct
the object on the drawing, and the quantity
of each item required. This list may also be
called a list of materials, schedule of equip-
ment, or parts list. If several sheets are re-
quired for a particular object, the bill of
materials may appear on a separate sheet(s).

d. Revision Block. Space is always left on
a drawing to list revisions as they are made.
The revision block will show the revision
symbol, A, B, C, etc. consecutively as encoun-
tered, a brief description of the revision, the
revision date and supervisor’s approval, and
sometimes the zone of the drawing in which
the revision was made. If more than one copy
of a drawing is available, the revision block
should be checked to find the drawing with the
latest revision.

e. Notes und Specificutions. Notations ex-
plaining construction methods or specifying
materials which are not indicated by symbols
are called specifications. The notes may list
allowable substitutions, special provisions
for certain locations, additional reference
material, and so forth. The notes must al-
ways be read before beginning construction.
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1-13.  Military Drawings

Military drawings are classified as construec-
tion or production drawings, depending on the
method of manufacture of the object or
assembly represented on the drawing or set
of drawings. The format of each type is
arranged differently, although sheet and
margin sizes are common to both.

«. Construction Druwings. Construction
drawings are drawings developed to illustrate
the design of structures or other construc-
tions and the services, utilities, approaches, or
any other features involved. Maps (except
those with construction drawings), reports,
sketches, presentation drawings, or render-
ings are not considered to be construction
drawings within the meaning of this stand-
ard. The basic construction drawing format
consists of the margin, the title block with its
various subdivisions, the revision block, and
the block containing the list of material.
Figure 1-33 shows the layout and dimensions
of the typical construction drawing format.

b. Production Drawings. Production draw-
ings describe equipment or articles that are
suitable for production in quantity. The
same basic information is normally included
on a production drawing format as on a con-
struction drawing format although the ar-
rangement is different.

(1) Drawing mnumber. A production
drawing used by a government agency will
frequently have both a manufacturer’s
drawing number and a government agency
drawing number. Be sure to use the govern-
ment agency number when dealing within the
military supply system. In addition, a produc-
tion drawing will often have a five-digit iden-
tification code for the manufacturer, for
the government agency, or both. This number
is called a Federal Supply Code (FSC) and
permits locating the name and address of the
manufacturer or agency in Handbook H 4-1
and -2 “Federal Supply Code for Manufac-
turers”. The name and address of the manu-
facturer and cognizant government agency
are usually included on the drawing, but the
FSC is helpful because drawings are seldom
revised for a change of address whereas the
handbook is updated regularly. If the manu-
facturer’s drawing number is used for any



purpose, it should be prefixed by the FSC to
indicate whose drawing number it is. It is also
customary to add the latest revision letter to
the number since the manufacturer may
make additional revisions to his drawings
after the item or drawing is supplied to the
government. Revision D to drawing number
703145, by a manufacturer who FSC is 90222,
would be specified as 90222-703145D. When
the drawings of different sizes are filed sepa-
rately, the drawing size letter (table 1-1) is
often shown in front of the number.

(2) Part number. In most production
drawing systems, a part number is the same
as the drawing number for the part except
where more than one part is included on a
drawing. In this case “dash numbers” are
used. Each part covered by a drawing will

- COME Or LT Iy
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have a dash number assigned and noted on
the drawing. The part number is the drawing
number followed by -1 or -2 ete., as applica-
ble.

(3) Applicution or usuge block. Most
production drawings include a block which
shows “next assembly” and “used on” infor-

.mation, as shown in figure 1-34. The “next

assembly” column will list each assembly
which includes the part. The “used on” col-
umn will list each end product which includes
the part. For example, one pipe section might
be used in several compressor assemblies, and
in two or three different air-conditioning
models. Sometimes, the quantity required in
each “next higher assembly” and in each end
product is also listed.
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Section VI.

1-14. Fundamentals of Interpretation

«. The objects used for illustrations thus
far have been simple, and interpretation of
the drawings nearly obvious. More complex or
irregular drawing may require more effort to
interpret. The principles introduced here
along with the conventions peculiar to certain
fields which are discussed in the following
chapters will enable you to interpret any pro-
perly prepared drawing. The orthographic
projection principles are fundamental to all
fields and a thorough understanding of them
is necessary if you are to read any type of
physical prints.

b. The fundamental step in interpreting a
drawing is relating the different views. If
you pick a point on a front view, the same
point on the right side view will be directly to
the right of it. Similarly, the same point on
the top view will be directly above the point
on the front view. These relationships are
illustrated in by the horizontal and verti-
cal datum lines between the views. The same
relationship exists between the top and right
side views but is not obvious because they are
not hinged together. If the outside edges of
both views are extended horizontally or verti-
cally until they cross, as in , figure 1-35
and a line is drawn connecting these points
of intersection, the relationship can be seen.
The line connecting the points of intersection
will be at a 45° angle with the horizontal. All
other points in the views can be related by
bending their project line at this 45° line. If
the same point appears on three views, the
three occurrences will be related as shown by
point 1 in part of figure 1-35. On complex
drawings it is often helpful to draw this 45°
line to be sure you are looking at the same
point on all three views when interpreting the
drawing.

¢. Figure 1-36 is a three-view drawing of
an object, along with an isometric outline of
a box with the same overall dimensions of
the object. Trace off the isometric outline and
points on a separate piece of paper and
sketeh in the details as you read the para-
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graph. This will help you learn to visualize the
object as you interpret a construction print.
Looking at the right hand side of the front
view, and the corresponding parts of the top
and side views, interpretation of the part of
the isometric diagram that has been complet-
ed should be apparent. Note the point marked
¢t on the top view. From the projection indicat-
ed it must be the same as the point marked «
on the right side view. Projecting these two
points to the front view shows that the point
marked « on all three views is the same point
and is located at « on the isometric diagram.
Next, look at the line «k on the front view.
Point h on the front view may correspond to
point ¢ or point f on the top view, but there is
no line from « to f on the top view. Line «h,
therefore, must correspond to line «g, and
transferring points to the right side view, to
line «e. On the isometric view, this corre-
sponds to the line from « to n, which can now
be drawn on the isometric view. Line «b on
the front view must correspond to line «c¢ on
the top view, and to line «d on the right side
view. This translates as a line from « to g on
the isometric view. At this stage, it is evident
that line el (right side view) is the same as line
hj (front view) and a line has been drawn
from p to % on the isometric view. Similarly,
line fc (top) is the same as line Ab (front)
and a line has been drawn from m to g on the
isometric view. Line cg (top) may correspond
to either Ab or ju« (front) but not to A« which
has already been established. If cg corre-
sponds to ju, it would also have to correspond
to {« in the right side view because point « has
been established and cg does not project to l
in the right side view. Therefore, cg corre-
sponds to &b in the front view and to ed in
the right side view. Line cg must correspond
to a line from # to g on the isometric view.
All that remains is to complete the isometric
view with the only possible lines which do not
contradict one or more of the three views;
lines from p to «, from « to r, and from r to
q, produce an isometric which should look like
figure 1-37 at the end of the section.
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Figure 1-8,. Typical application or usage block.
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Figure 1-35. Relationships in orthographic projection.
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Figure 1-36. Exercise in interpretation.
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1-15. Self-Test

To check your understanding of the previous
material, answer the following questions
about figure 1-38. The answers are given at
the end of the chapter.

1. Which surface on the isometric drawing is
represented by surface L on the front view?

«. B

b. D

c. Not visible on the isometric view

2. Which surface on the isometric drawing is
represented by surface P on the front view?

a. B

b. D

¢. Notvisible on the isometric view

3. Which line on the isometric drawing is rep-
resented by line N on the front view?

a. C

b. F

c. Not visible on the isometric view

4. Which line on the isometric view is repre-
sented by line S on the right side view?

a F

b. E

c. C

5. Which line on the isometric view is repre-
sented by line Q on the right side view?

a. G

b. F

c. E

d. BothGandF

6. Which line on the top view represents line
E on the isometric view?

«. H

b. 1

c. J

d. Not shown on the top view

1-30

7. In which of the following does the line
which represents isometric line A appear in
true length?

«. Top view

b. Front view

c. Right side view

d. Both top and front views

e. Allthree views

8. In which of the following does the line
which represents isometric line E appear in
true length?

«. Top view

b. Front view

¢. Rightside view

d. Both top and right side views

9. In which of the following does the line
representing isometric line F appear in true
length?

«. Top view

b. Front view

¢. Right side view

d. Both top and right side views

e. All three views

Jf. Does not appear in true length in any
view

Answer the following questions about figure
1-39.

10. Which circle on the top view represents
the feature designated as P on the section?

«. B

b. C

c¢. D

d E

11. Which circle on the top view represents
the feature designated as T on the section?

PR OoR
HEmUaow
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@

Figure 1-37. Completed exercise.
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Figure 1-38. Druwing for self-test.

Figure 1-39. Section for self-test.
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12. What is the shape of the feature desig-
nated as R on the section, when viewed from
the top?

«. Round

b. Square

c. Rectangular

d. Cannot be determined from the draw-

ing

13. Which designation on the top view repre-
sents the same dimension as S on the section?
a. G
b. H
¢. d
d. K

14. Which designation on the top view repre-
sents the same dimension as U on the section?
a G
b. H
c¢. GplusH
d L
e. Jplus H

15. Which feature on the top view represents
feature V on the section?

a F

b. G

c. M

16. Why is the section view wider than the
top view?

u. Thescale is different

b. It includes features not shown on the
top view

¢. The cutting plane is offset

d. It is not drawn to scale

1-16. Answers to Self-Test Questions
1l a 9 f
2. b 10. ¢
3.« 11. e
4. b 12. «
5 d 18. d
6. c 14. d
7.d 15. b
8. a 16. ¢
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CHAPTER 2

READING ARCHITECTURAL DRAWINGS

Section |.

2-1. Introduction

«. Working drawings plus specifications
are the principal sources of information
for supervisors and technicians responsible
for the actual work of construction. The
construction working drawing presents a
complete graphic description of the structure
to be erected, the construction site, the mate-
rials to be used, and the construction method
to be followed. Most construction drawings
consist of orthographic views. A set of
working drawings includes both general and
detail drawings. General drawings consist of
plans and elevations, while detail drawings
comprise sections and detail views.

b. Site plans, elevations, and floor plans are
described in this section together with the
most common architectural symbols and
material conventions applicable to military
use. Foundation plans, floor framing plans,
roof framing plans, and section details,
which are also included under the term archi-
tectural working drawing, are discussed in
section II.

2-2. Architectural Symbols
and Material Conventions

a. Architectural Symbols: Architectural
symbols are used to indicate on the construc-
tions plans the type and location of doors,
windows, and other features. The symbol
has the same general shape as the feature
and shows any motion that may occur in the
plan view. Figure 2-1 shows the symbol for
single door (exterior) opening in, and the
symbol for double hung window with a wood
or metal sash in a frame wall. Each symbol
has the same general shape of the feature
and the direction of motion of the door is
shown. The motion of the window is not
shown in the symbol because it is in a direc-
tion perpendicular to the page. A more com-
plete list of architectural symbols is included
in appendix B.

WORKING DRAWINGS

b. Muterial Conventions. Material conven-
tions are used to indicate the type of materi-
al used in the structure. Figure 2-2 illustrates
the conventional symbols for the more com-
mon types of materials. The symbol selected
normally represents a common characteristic
of the material where possible. For example,
the symbol for wood represents the grains in
the wood. It is not always possible to use a
common characteristic of the material for
the symbol. You should become familiar
with all these symbols for materials to ena-
ble proper interpretation of a construction
print. You will eventually learn all the mate-
rial conventions; however, a symbol should
always be checked if there is a question in
your mind on its meaning.

2-3. Site Plans

«. A site plan (also called plot plan) shows,
as necessary, the property lines and locations,
contours and profiles, existing and new utili-
ties, sewer and waterlines, building lines, lo-
cation of structures to be constructed, exist-
ing structures, approaches, finished grades,
and other pertinent data. Figure 2-3 shows a
typical site plan. Appropriate outlines indi-
cate the locations of proposed facilities. The
site plan is oriented with a north-pointing
arrow to indicate site north (not magnetic
north). Each facility has a number (or code
letter) designation by which it is identified in
the schedule of facilities. The contour lines
indicate the elevation of the earth surfaces;
all points on a contour have the same eleva-
tion. Distances are given between principal
details and reference lines. (The coordinate
reference lines on figure 2-3 are centerlines
of the roads surrounding the area.) All dist-
ances indicated in a plan view simply express
a horizontal measurement between two points
and do not take into consideration terrain ir-
regularities. Size of proposed facilities are
given in the schedule of facilities.

24
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SINGLE DOOR (EXTERIOR)
OPENING IN

DOUBLE HUNG WINDOW
WOOD OR METAL SASH

Figure 2-1. Typicul wrchitecturul symbols for « door und win-
douw.
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Figure 2-2. Muteriul conventions.
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Figure 2-2. —continued,



TM 5-704 /AFM 85-27

Le
M 490’
. /\
n
328
L1 5
K-
L]
{28 80’
\
128’
»nt
| -3
60’
T

SCHEDULE OF FACILITIES
NQI ITEM [QTY[S‘ZE OR

UNIT
BUILDINGS \
Qxi20 |
<

ARMY EXCHANGE
CRAFTS SHOP

ACCESS
ROAD

I 1
2 1 T60%120 L
3 [LIBRARY | 40x 80
"4 [ RECREATION BUILDING 1|60 x] ]
OTHER CONSTRUCTION
ATHLETIC COURTS 7 1605120 DEPARTMENT OF ARMY
UMP P 0.00054l OFFICE OF THE CHIEF OF ENGINEERS

L& |

7 I WATER TANK 0,5006al) ] |
RQAD- 22 WIDE-(Zlang) 6 MACADAM 0.5 MILE RECREATION BUILDING—-60 x 120
SITE AREA 11,21 ACRES SITE PLAN

Figure 2-3. Typicul site plan.
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b. Examine the site plan shown in figure 2-
3 and note the information you are able to
obtain from it. For example, note how the
contour lines and elevation notations show
that the ground surface of the site area
slopes. See that the plan locates and identifies
each facility. Note that most of the facili-
ties are to be spaced apart by at least 60 feet,
while the library (facility No. 3) and the rec-
reation building (facility No. 4) must be only
15 feet apart. Observe that besides being the
smallest of the four buildings, the library is
to be closest to the road; that is, the east wall
of the library is 20 feet from the centerline
of the road, whereas the other buildings are
30 or 60 feet from the centerline of the
road.

2-4. Elevations

«. Elevations are vertical projections show-
ing the front, rear, or side view of a building
or structure. Sample elevation views are pre-
sented in figure 2-4. Materials of construc-
tion may be indicated on the elevation. It may

SIDE ELEVATION
(OPPOSITE SIDE SIMILAR)

PORTABLE STEPS
FIN STAGE FL—y
ELEV 8160

FIN FLOOR
FIN GRADE

db 44 74 dh
BACK ELEVATION

Figure 2-4. Elevation views.
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also show the ground level surrounding the
structure, called the grade. When more than
one view is shown on a drawing sheet, each
view is identified by a title. If any view is
drawn to a scale different’from that shown in
the title block, the scale is noted beneath the.
title of that view.

b. The centerline symbol of alternate long
and short dashes in an elevation indicates
finished floor lines. Foundations below grade
are shown by the hidden line symbol of
short, evenly spaced dashes. Note in figure 2-4
that the footings are shown below grade.

c. Elevations show the locations and char-
acter of doors and windows. Each different
type window shown in the elevations is
marked (in figure 2-4, the three types of win-
dows are marked W-1, W-2, and W-3). These
identifying marks refer to a particular size
window whose dimensions are given in a table
known as the window schedule. In some cases,
the rough opening dimensions of windows

FiN GRADE

RIDGE"

VENTILATOR 2

b | : ]

fot 4 th 24
FRONT ELEVATION

DEPARTMENT OF ARMY
__ OFFICE OF THE CHIEF OF ENGINEERS

RECREATION BUILDING —60'x 120
ELEVATIONS
rerr——_]




are given on the drawing. Note that the recre-
ation building shown in figure 2-4 has two
double doors on each side and a double door at
each end. The elevation also shows you that at
the end of the building with loading plat-
form, the door is at the level of the stage
floor and all the other doors are at grade level.

2-5. Floor Plans

«. A floor plan is a cross-sectional view of
a building. The horizontal cut crosses all open-
ings, regardless of their height from the
floor. The development of a floor plan is
shown in figure 2-5. Note that a floor plan
shows the outside shape of the building; the
arrangement, size, and shape of the rooms;
the type of materials; and length, thickness,
and character of the building walls at a par-
ticular floor. A floor plan also includes the
type, width, and location of the doors and
windows; the types and locations of utility
installations; and the location of stairways.
A typical floor plan is shown in figure 2-6.

b. Figure 2-7 illustrates how a stairway is
represented in a plan and how riser-tread
information is presented. The plan symbol

TM 5-704/AFM 85.27
shows the direction of the stairs from the
floor depicted in the plan and the amount of
risers in the run. For example, 17 DN fol-
lowed by an arrow means that there are 17
risers in the run of stairs proceeding from
the floor shown on the plan to the floor below
in the direction indicated by the arrow. The
riser-tread diagram provides height and
width information. The standard for the
riser, or height from step-to-step, is from
6'2 to 7% inches. The tread width is usually
such that the sum of riser and tread approxi-
mate 18 inches (a 7-inch riser and 11-inch
tread is an accepted standard). On the plan,
the ‘distance between the riser lines is the
width of the tread.

¢. Read the floor plan shown in figure 2-6
and note the features of the recreation
building. Although the location of utilities is
given, you can disregard details on utilities in
the discussion in this chapter. Basically, the
lines with small circles show wiring for
electrical outlets; appropriate symbols desig-
nate the plumbing fixtures. Complete infor-
mation on reading the utility data and inter-
pretation of the associated symbols is given
in chapter 3.

PERSPECTIVE VIEW OF A
TYPICAL T.0. BUILDING
SHOWING CUTTING
PLANE WwWXYZ

PREVIOUS PERSPECTIVE VIEW AT
CUTTING PLANE wWXYZ
TOP REMOVED

DEVELOPED FLOOR PLAN
WXYZ

PLAN DEVELOPMENT TYPICAL T.O0. BUILDING

Figure 2-5. Floor plan development.
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d.. By examining the floor plan, you can see
that the interior of the building will consist
of an auditorium, a lobby with a P.X. count-
er, a men’s toilet, a women’s toilet, a projec-
tion room on a second level above the lobby,
two dressing rooms, and a stage. The stage
may not be apparent, but, by noting the steps
adjacent to each dressing room, you can see
that there is a change in elevation. The eleva-
tion view, as in figure 2-4, will indicate the
stage and its elevation. The plan gives the
dimensions of the areas specified. Note that
all building entrances and/or exit doors are
the same type (1D) and that all windows are
the double-hung type. All interior single doors
(2D) are the same and two double doors (3D)
open into the lobby from the auditorium. The
projection room will be reached via a 15-riser
stairway located in a 12- by 18-foot room.
Access to this room will be from the audito-
rium through a single door opening into the
room. At the top of the stairway, a single
door opens into the projection room. The wall
of the projection room that faces the stage
(inside wall) has three openings. Note that no
windows are designated for the sides of the
building where the projection room is located,
but are indicated at the main level.

e. The symbols shown in figure 2-8 are typi-
cal representations of exterior walls. Note
how the material conventions illustrated in
figure 2-2 are used in the makeup of the
symbols for masonry, brick, and concrete
walls. You should become familiar with
these symbols.

2-6. Self-Test

To verify your understanding of the materi-
al covered thus far, answer the following
questions. Answers are given at the end of
this chapter. '
1. Which of the following listings are all
views called elevations?

«. Top, side, and bottom views

b. Top, front, and rear views

¢. Rear,side, and front views

d. Bottom, side, and rear views
2. Which of the following is not given in an
elevation?

«. Construction material

b. Horizontal dimensions

¢. Grade

d. Finished floor lines
3. Referring to figure 2-3, in what direction
does the earth surface slope (elevation de-
crease)?

«. Northtosouth

b. Southeast to northwest

¢. Northwest to southeast

d. Does not slope
4. From how many directions will a vehicle be
able to enter the site area?

T

b. 2

¢c. 3

d. 4
5. Referring to figure 2-4, how many dif-
ferent types of windows are indicated?

. 2

b. 5

c. 4

d. 3
3
6. Referring to figure 2-6, how many steps
will go up to the projection room?

a. 30

b. 60

c. 15

d. None
7. Referring to figure 2-6, the doors marked
2D are what type?

«. Single door, opening in

b. Double-action single door

¢. Single door, opening out

d. Single door, interior



Nv1d ¥0014
,021 X,09-9NIgTIN8 NO!ILVIYIIY

TM 5-704/AFM 85-27

SHIINION3 40 431HD IHL 40 301440
AWHY 4O IN3WILNVHIQ

‘umd w0y mndhiy, "9-z aunbig

Ito-log

¥ ON
o & 0 v "ON 37v0S
3IVIS DIHIVYO Vv — NOILLVAI3
¥ 'ON 37VIS -
WOOY NOILDIrONd e o._om el e - _
«0-,51 —I Wy ! uv "y | WV | _.Ol .m_ — ..Ol.ﬂ_ _ :Ol.n_
o2 . @ I @
iy {1 L O— Vi1
30 M9 |1
N O — O # o088 o ;
. MOOI Mool MO0 MOOI
Nw.,
-+
.m_/;) m
mw @ﬁ O O, O O " O— Z
o o @ MOOI MO0I MOOI MOO! MOOI MOOI MOOID m
m
< " z
H wﬁ R 3. R WRI¥OLIONY R I3 &
A [ |
o | R i
L o, .,_m ® | _{ Ag801 =™ mo0i0 o"m w
Aﬁ I S o O O—%—0 @
o, MOO! MOO! MOO! MOO! MOO! MOOI =
_ MOOI w_.w
%‘hﬁ_o» S,NIWOM ¢ i @
4 137101 S,NINW ol S 6 <
I O i e O ey ] —
.;m,m_ MO0I MOO! MOO!_ MQ0! __moor . [ Fs—4{5 n
el ) N : Y |28 Y o
n@!ﬁ 1 alls =T — TE=HT el —— 11 ~_n M U\l..l . -—J H%I
_u\\/a @y~ I0IAYIS 8,€ |
@ 8 13NVYd 89

VvV 13NVd 890

¢
8- NOILVAIT3

2-9



TM 5-704/AFM 85-27

£ < J 09
3vos

‘8238 pun finmumg -z aunbyy

WYHOVIG QV3NL -¥3ISK

1HOI3H ¥0074 O1 Y0074

NVd

Sy3s|

Y 41 NMOQ|

mcwd_z L1 dn

~Nd

2-10



TM 5-704/AFM 85-27

31

NNSdAS

T

I.,_ kﬂ.b ‘e

H33IN3A MO8

sanis dJ0
30vd

|
wd
..OD

‘sjoquifis pon IpNGRL 8-z aunbiy

STTVM HOIYILNI

anis

¥315Vd 7

3134ONOD ¥O XOlud

W

-]
’

oNiguna & 7|

lh

NN

STTVM ¥OIY3LX3
TIYM 3NVYS

-

sanis

[

1]

STIVM  AUNOSVAN

~— ONIY YN

30V4 AUNOSVAN

mu»mﬁ

NNy

2-n




TM 5-704/AFM 85-27

Section Il. LIGHT AND HEAVY WOOD FRAMING

2-7. Wood Construction

Wood is a hasic construction material used
widely by the military, particularly in theater
of operations (TO) buildings. Therefore, you
should be familiar with the classification and
grading of wood (lumber). The specific type
and cut of lumber to be used in a construe-
tion is given in the associated specifications.

«. Species. Native species of trees are
divided into two classes: hardwoods, which
have broad leaves, and softwoods, which
have leaves like nzedles or scales. No definite
degree of hardness divides the species. In
fact, some hardwoods actually are softer
than an average softwood.

(1) Hardwoods. Some  familiar native
species of the hardwood or deciduous class
are ash, birch, hickory, oak, beech and maple.
All are broad-leaved. Lumber cut from hard-
woods is not generally used for the construe-
tion of structural, framing, but is employed
principally for flooring, special interior pan-
eling, trim, and doors.

2) Softwoods. Most native species of
softwood bear cones and are called conifer-
ous woods. Some familiar softwoods are
pine, spruce, fir, cedar, and redwood. These
woods are worked easily and make suitable
material for structural framing. Of the
various softwoods, southern yellow pine and
Douglas fir are the varieties used most fre-
quently for construction.

() Southern yellow pine. All southern yel-
low pine used for structural purposes is clas-
sified_as longleaf or shortleaf. The wood is
dense, moderately hard, and strong. When
described in a bill of material or specifica-
tions, longleaf yellow pine is abbreviated as
LLYP, and shortleaf yellow pine as SLYP.

(b} Douglus fir. Douglas fir in the form
of lumber and timber is one of the most de-
sirable woods for structural purposes. It also
has extensive use as poles, piling, and ties,
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and large quantities are cut into veneer for
plywood and other purposes. Douglas fir is
strong, moderately hard, and heavy. In gener-
al, however, it has a tendency to check and
split and does not hold paint well.

b. Gruding. Softwoods and hardwoods
are graded by different standards. Only soft-
wood grading is considered here because as
explained previously, hardwoods are rarely
used for structural purposes.

(1) Grading criteria. In most cases, the
grade of lumber is hased on the number,
character, and location of features, such as
knots and pitch pockets, which are commonly
called defects and defined as any irregularity
occuring in or on wood that may lower its
strength, durability, or utility value. The best
grades are practically free of these fea-
tures; others, comprising the greater bulk of
lumber, contain fairly numerous knots and
other natural growth characteristics.

(2) Select lumber. Select lumber is the
general classification for lumber of good
appearance and finishing qualities. Grades A
and B are suitable for natural finishes and
grades C and D for paint finishes.

(3) Common lumber. Common lumber
is the general classification for lumber con-
taining the defects and blemishes described
above. The grades are numbered 1 through 5.
Grades No. 1 and 2 are for use without waste
in framing and sheathing; No. 3 can be used
for temporary construction; and No. 4 and 5
are not generally used in construction because
they are of poor quality and are subject to
much waste.

c. Surfucing  und Working  Lum-
ber. Lumber is further classified according
to the manner in which it is milled.

(1) Surfucing. Lumber is classified as
rough or dressed, according to the amount of
planing done in the mill.



(a) Rough. Rough lumber is as it emerges
from the saw, or unplaned; the abbreviation
RGH indicates rough lumber.

(b) Dressed. Dressed, or surfaced, lum-
ber is the rough lumber after it has been run
through a planer. It may have any combina-
tion of edges and sides dressed, such as SIS,
surfaced on one side; S2S, surfaced on two
sides; S1S1E, surfaced on one side and one
edge; and S48, surfaced on four sides.

2) Worked lumber. Worked lumber has
been run through a machine such as a match-
er, shaper, or moulder. It can be matched,
shiplapped, or patterned.

() Matched lumber. Matched lumber is
cut so that it interlocks. A common type is
tongue and groove (T&G), in which a groove is
cut in one edge and a mating bead, or projec-
tion, is cut on the other edge. Boards are fre-
quently dressed and matched (D&M), with the
tongue and goove in the center, making the
pieces center-matched.
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(b) Shiplupped luniber. Shiplapped

pieces are cut with a square step on either

edge and the projection on one edge at the bot-

tom and at the top of the piece on the other

edge. In this way adjacent boards overlap
each other to form a joint.

{c) Putterned lumber. Patterned lum-
ber is cut in many designs and is used for
trim,

d. Actunl and Nominul Sizes of Lum-
ber. Sizes of lumber are specified by nominal
dimensions which differ from the actual
dimensions of the milled pieces. When lum-
ber is run through a saw and planer, its nomi-
nal size remains the same but its actual size is
reduced by the amount of surfacing it un-
dergoes. Approximately % inch is planed off
each side in surfacing. Lumber is also divid-
ed into groups according to size, namely:
strips, pieces less than 2 inches thick and un-
der 8 inches wide; boards, less than 2 inches
thick and more than 8 inches wide; dimension-
al lumber, 2 to 6 inches thick and of any
width; and timber, 6 or more inches in the
least dimension. Dimensions of some com-
mon sizes are given in table 2-1.

Table 2-1. Standard Sizes of Lumber (inches)
STRIPS
Nominal size 1x2 1x3 1x4 1x6

Dressed size

ax1%

% x2%

K1 x3%

R X 5%

BOARDS

Nominal size 1x4 1x6 1x8 1x10 1x12
Actual size, common | 2%, x 3% %, x5% 2%, x TV 2%, x 9 U ax 11 Y
Actual size, shiplap* | %:x3% %2 X5 % %2 x Th 252 x 9 % 2x11%
Actual size, T & G* % x3% % x5 Y% %% T Y% %21 x9 Y 2%, x 11%
* Width of face

DIMENSIONED LUMBER
Nominal size 2x4 2x6 2x 8 2x 10
Actual size 1% x3% 1%x5% 1%x7% % x 9%
Nominal size 4x4 4x6 4x8 4x10
Actual size 3%x3% 3% x5% 3%xTl 3% x9%
Nominal size 6x6 6x8 8x8 8x 10
Actual size 5%x5% 5% xTVY TY%exT% TY%x9%
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2-8. Light Framing

There are three principal types of framing
for light structures: western, balloon, and
braced. Figure 2-9 illustrates these types of
framing and specifies the nomenclaturz <nd
location of the various members.

«. Western Frame. The western or plat-
form frame (1, fig. 2-9) is used extensively
in military construction. It i3 similar to the
braced frame, but has boxed-sill construe-
tion at each floor line. Also note that cross-
bridging is used between the joists and bridg-
ing is used between the studs. The western
frame is preferred for one-story struc-
tures, since it permits both the bearing and
nonbearing walls, which are supported by the
joist, to settle uniformly. Typical compo-
nents of the western frame are the follow-

ing:

(1) Cross-brucing. Cross-bracing  be-
tween joists is required to increase the rigidi-
ty of the structures.

(2) Joists. Joists are laid edgewise to
support the floor boards.

(3) Rufter. The ribs are run from hip,
or ridge, to eaves in the roof.

(i) Sheathing. Sheathing is generally
applied diagonally to assist in strengthening
the structure.

(5) Sill. Sills are horizontal members
that either rest upon or form the founda-
tion of the house. The sill may he a 4 x 4 or
two 2 x 4 pieces spiked together.

{6) Studs. Are upright beams in the
framework of a building. Studs are normal-
ly 2 x 4’s set 16 inches on centers.

(7) Plutes. The plate is placed across the
tops of the studs. The plate, which is a 1 x 4
or two 2 x 4's spiked together, serves as a low-
er base for the ends of the roof rafters.

(8) Posts. Are members set on end to
support a wall, girder, or other members of
the structure. Corner posts are 4 x 4 inches.

b. Balloon Frame. The halloon frame (2,
fig. 2-9) is a widely used type of light fram-
ing, chiefly because it is economical. The ma-
jor difference between balloon and braced
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framing in a multistory building is that in
halloon framing the studs run the full
length, from sill to rafters. It is customary
for second-floor joists to rest on a 1 x 4-inch
ribbon that has been set into the studs. Al-
though a hailoon frame is less rigid than a
braced frame, it represents a saving in labor
and material and is quite suitable for two-
story structures.

c. Bruced Frame. A braced frame (3, fig.
2-9) is much more rigid than a halloon frame.
Exterior studs extend only between floors and
are topped by girts that form a sill for the
joists of the succeeding tloor. Girts usually
are 4 x 6 inches. With the exception of studs,
braced-frame members are heavier than
those in halloon framing. Sills and corner
posts are customarily 4 x 6 inches. Unlike the
studs, corner posts extend from sill to plate.
Knee braces, usually 2 x 4 inches, are placed
diagonally against each side of the corner
posts. Interior studding for braced frames
is the same as for balloon frame construe-
tion. :

d. Light Roof Truss. The roof truss
spans the area between walls. A typical light
roof truss is illustrated in {1] figure 2-10.
Observe that ouly half of the roof truss is
shown and the note “trussed rafter sym-
metrical about this € " is given. This means
that both halves of the truss are identical
and there is no need to show hoth halves to
present the complete picture of the truss.
Note that the sizes of members and bracing
details are given. For example, the knee
hraces for each half of the light truss are
made of 2 x 4's and spaced at a maximum of
16 feet. A note on the drawing instructs you
to use 16d nails except where otherwise noted.
One of the exceptions for example is the
nails designated for the rafter tie which are
20d nails,

2-9.

«. Heavy framing, such as used in the
construction of large warehouses, consists
of framing members at least 6 inches in
dimension (timber construction). Long, un-
supported areas between walls are spanned
by built-up roof trusses. A typical heavy
roof truss is shown in , figure 2-10. Obse-
rve again that only half of the roof truss is

Heavy Framing
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NOTE
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Figure 2-9. Framing for light structures.
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shown and the note “symmetrical about € of
truss” is given to indicate that both halves of
the truss are identical. Also note that the size
of each member is given together with the
splices required, bracing details, and spacing
dimensions. For example, the bottom chord
for each half of the heavy truss is made up
of two 3 x 12-inch x 9-foot, 4-inch long and
two 3 x 12-inch x 20-foot-long members con-
nected by 4 x 12-inch x 2-foot, 4-inch-long
filler and two 2 x 12-inch x 2-foot, 4-inch
splice plates secured by four bolts. The verti-
cal and diagonal braces are connected to the
top and bottom chords with the vertical brace

members spaced 6 feet center-to-center;

thus, the distance from the centerline of the
4 x 12-inch vertical brace to the center-line of
the truss is 24 feet.

b. Members are connected with spikes,
bolts, driftpins, or special timber connectors.
The split ring is the most commonly used spe-
cial connector. You should become familiar
with all the special connectors and the identi-
fying' symbols used in military drawings
that are given in figure 2-11. The specific
connector to be used is specified in the bill of
materials.

(1) Spikes. Spikes are used for smaller
sizes of lumber, as in timber trestle construc-
tion, to connect horizontal planking to string-
ers.

(2) Bolts. Bolts commonly used in tim-
ber construction vary in diameter from % to
1% inches. Measured from the underside of
the head, lengths range from 1 inch to any
length desired. Bolts are threaded, have
square heads, and take square or hexagonal
nuts. Bolts are placed through predrilled
holes, with a washer at each end to increase
the bearing area on the wood, and are fas-
tened.

(3) Driftpins. Driftpins are large size
spikes from Y2 to 1 % inch in diameter and
from 8 to 24 inches long. They are driven into
predrilled holes of the same diameter or
slightly smaller than the pin diameter.

(4) Split rings. Split rings are available
in 2 ¥%-, 4-, and 6-inch diameter sizes and are
used for making wood-to-wood connections
with medium and heavy loads. A hole must be
drilled for the bolt and a groove made for

TM 5-704 /AFM 85-27

the ring. If columns are built up of several
pieces (for example, three 2 x 12-inch pieces
to make a 6 x 12-inch column), the various
pieces are normally fastened together with 4-
inch split ring connectors. A %-inch bolt is
used in combination with a 4-inch split ring
after a high-strength, threaded rod assembly
has forced the split ring to penetrate the
wood.

2-10. Foundation Plans

A foundation plan is a top view of the
foundation walls or footings showing their
area and location. Foundation walls are di-
mensioned to their corners and all openings in
foundation walls are shown. Footings are
located by distances between centerlines and
distances from reference to boundary lines.
Figure 2-12 shows a typical foundation plan
when footings are used; the conditions for
20- and 60-foot spans are shown. You can see
that the spacing of the footings along the
120-foot span is the same for both condi-
tions. The footing details noted in A2 and B2
on figure 2-12 are shown in figure 2-13. Note
that the footing details indicate the size of

‘the various members. (In some cases, the

lengths are given, while in others the bill of
materials accompanying the print specifies
the required lengths of the various mem-
bers.) Detail A2 shows the type of footing
used for the 60-foot span and detail B2 the
type of footing for the 20-foot span (both
cases to be 120 feet long). You can see that
the heavier footing construction includes
diagonal bracing (detail A2, side elevation),
whereas the footing shown in detail B2 uses
scabs only. Note that the height of the foot-
ing is marked “varies,” which means that the
height depends upon the ground elevation.

2-11. Framing Drawings

Framing drawings show the arrangement,
number, and dimensions of the structural
members constituting the building frame-
work. These drawings include floor and roof
framing plans and wall framing details.

«. Floor Framing Plan. Framing plans
for floors are basically plan views of the
girders and joists. The size and spacing of the
joists, the size and number of girders, and

2.7
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the bridging are noted on the plan. A typical
floor framing plan is shown in figure 2-14. In
reading the floor framing plan, you learn
that the girders will be made up of three 2 x
6's (or three 2 x 8’s for 20-foot spans). The
joists will be made up of 2 x 6’s and are to be
spaced at intervals of 3 feet (2" x 6” @ 3-0”
0.C.) with bridging. The joist lengths are
joined at the footings with 1'% x 2-foot
splices. Note that there are two types of
footings indicated. The construction of the
footings would be as depicted in figure 2-13.

b. Roof Framing Plans. Framing plans
for roofs are similar to floor framing plans
and impart the same type of information.
The size and arrangement of the rafters,
ridge pieces, purlins, and other structural
members in the roof are noted on the plan.

c. Wall Framing Details. Wall framing
details (also called wall framing plans) pre-
sent information on the studs, plates, corner
posts, bracing, sills, and girts. Door and win-
dow framing is shown in wall framing de-
tails. The types of doors and windows are
identified by notes.

2-12. Sections

«. A section shows how a structure looks
when cut vertically by a cutting plane. It is
drawn to a large scale showing details of a

TM 5-704 /AFM 85-27
particular construction feature that cannot
be given in the general drawing. The section
provides information on height, materials,
fastening and support systems, and con-
cealed features.

b. Of primary importance to construction
supervisors and to the craftsmen who do the
actual building are the wall sections. The wall
section shows the construction of the wall as
well as the way in which structural members
and other features are joined to it.. Wall sec-
tions extend vertically from the foundation
bed to the roof. A typical wall section with
the parts identified by name and/or size is il-
lustrated in figure 2-15.

2-13. Details

«. Details are large scale drawings which
show features that do not appear (or appear
on too small a scale) on the plans, elevations,
and sections. Details do not have a cutting-
plane indication, but are simply noted by a
code. The construction at doors, windows, and
eaves is usually shown in detail drawings.
Figure 2-16 shows some typical door and win-
dow wood framing details and an eave detail
for a simple type of cornice. Other details
which are customarily shown are of sills,
girder and joist connections, and stairways.

s 2-2"x8
Ls
" 2" OF COLUMN
_1\:,\_\: o € & FOCTING
3 -
-
3 souts
FLOOR LINE FLOOR LINE
2 TN J0IST X
A SIRDER GIROE
&
e o - sTmrUP ) 12" x 12"
- : |
s s 3 soums Zxi"xt-e"
- 8" x12"
2 — ‘ LAG SCREWS BLOCK
L &+ -
CI T IT T T 1] e
. ‘ -, -
SIDE ELEVATION EXRPANG o £LEWTION
DETAIL A2 DETAIL B2

Figure 2-13. Footing details.
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b. The sill, or soleplate, is the horizontal
member on which the studs (vertical mem-
bers) rest. Do not confuse this member with
the sills shown in door and window details.
Typical variations of details surrounding
sills are illustrated in figure 2-17.

c. Joists are connected to sills and girders
by several methods. In modern construction,
the method that requires the least time and
labor and yet gives the maximum efficiency is
used. The same rule is followed in the thea-
ter of operations. Figure 2-18 shows three
constructions for girders and methods of
supporting the inside ends of floor joists;
outside ends of floor joists are supported as
shown in figure 2-17.

2-14. Self-Test

To verify your: understanding of the
previous material, answer the following
questions. Answers are given at the end of
this chapter.
1. Which of the following wood species is
classitied as hardwood?

a. Cedar

b. Oak

¢. Pine

d. Fir
2. Which of the following members in a
wood framework construction is a vertical
members?

«. Sills

b. Joists

c. Rafters

d. Studs
3. In vertical views, how are heights of stair-
way runs designated?

«. By specific notes

b. From finished floor lines

¢. By general notes

d. In proportion to fixture heights
4. Referring to figure 2-10, what size timber
is to be used for the top and bottom chords
on the heavy roof truss?

. 4x6

b. 2x4

c. 3x12

d 6x9
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Figure 2-16. Typical door, window, and eave detuils.
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Figure 2-17. Typical sill detuils.
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Section lll. CONCRETE AND MASONRY

2-15. Concrete Construction

«. Concrete is a mixture of cement, water,
and aggregate. Aggregate is classified as fine
and coarse. Fine aggregate refers to sand
and coarse aggregate to crushed stone or
gravel. Mixed together in specified propor-
tions, fine aggregate fills the voids in coarse
aggregate and cement and water form a
paste that hardens to bond the aggregate to-
gether in a unified mass. Concrete is poured
into forms while it is still plastic. Once hard,
concrete retains the shape imparted to it by
the form.

b. When steel reinforcing rods are embed-
ded in concrete, it is known as reinforced
concrete. In general, bar reinforcing steel
embedded in the concrete is assumed to
provide for all tension and shear stresses and
the concrete resists compressive stress. The
bars may be round or square in cross-section,
have plain or deformed surfaces, and be

manufactured of mild billet or hard rail
steel. Welded reinforcing mesh is normally
used to prevent cracks and checks in slab or
wall concrete.

(1) Plain and deformed bars. Plain bars
have smooth surfaces. Deformed bars have
lugs, ribs, and projections of various types on
their surfaces that do not change the cross-
sectional dimensions, but provide a better
mechanical bond between the bars and con-
crete.

(2) Sizes. Table 2-2 gives the sizes, areas,
and weights of plain and deformed rein-
forcing bars in common use.

(3) Bending and placing burs. Bars are
manufactured in straight lengths and are cut
and bent. Bars are bent by the steel fabrica-
tor in the shop and sent to the job ready to
place without further cutting or bending.
The bars are placed and wired in position
before concrete is poured.

Table 2-2. Sizes, Areas, and Weights of Reinforcing Bars
L, Dimensi

Diameter Size 2 Weight ;\3mmal Romunzsé;r;ss:-f Segtion
linches) (numbers) (pounds D}d_metcr Sectional Area Pﬁrnmeter
per foot) (inches) {square inches) (inches)

Y% 2b 0.167 0.250 0.05 0.786

% 3 0.376 0.375 0.11 1.178

% 4 0.688 0.500 0.20 1.571

% 5 1.043 0.625 0.31 1.963

Y% 6 1.502 0.750 0.44 2.356

% 7 2.044 0.875 0.60 2749

1 8 2.670 1.000 0.79 3.142

1 gb 3.400 1.128 1.00 3.544

1% 10° 4.303 1.270 1.27 3.990

1% 11b 5.313 1.410 1.56 4.430

#Bar numbers are hased on the number of ' inches included in the nominal diameter of the har.

Y Bar number 2 in plain rounds only. Bars numbered 9,10, and 11 are rounded bars 1-, 1%-, and
1%-inch and are equivalent in weight and nominal cross-sectional area to the old

type square bars.
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2-16.

. Location. Location of the reinforcing
steel is shown in detail drawings of the
various structural members. It is not possible
to show the shapes and sizes of the reinfore-
ing bars by the usual orthographic views;
therefore, a systematic method of marking
is used in which bars are identified by sym-
bols and reference numbers. Once assigned,
the same reference number is used to identi-
fy the bar in any view in which it appears.
Reinforcement size-and-shape details are
provided in a separate reinforcement detail
drawing which consists of a reinforcement
schedule and diagrammatic bar-bending de-
tails.

Reinforced Concrete Details

b. Symbols. The symbols used in drawings
of reinforced concrete structures include
the material symbol for concrete in section
and the symbols for reinforcing steel.

(1) Concrete. The symbol for concrete
(fig. 2-2) indicates coarse and fine aggregate.
Fine aggregate is represented by fine dots and
coarse aggregate by irregularly drawn tri-
angles.

(2) Reinforcement. Figure 2-19 pre-
sents the symbols for typical shapes of rein-
forcing steel. Figures 2-20 through 2-22 illus-
trate some applications of these symbols.
Note that in addition to their symbolic repre-
sentation, reinforcing bars parallel to the
section are represented by heavy dashed lines;
those perpendicular to the section are repre-
sented by heavy round or square dots, depend-
ing upon the cross-sectional shape of the
bars. In notes, the symbols ¢ and Zare used
to indicate round and square bars, respective-
ly.

c. Reinforcing Schedules. Figure 2-20
shows a portion of a floor framing plan and
provides examples of reinforcing schedules
for slabs, bar bends, and beams located on
the plan. The slab and beam schedules are
keyed to marks on the plan. For example, note
that D2 is a bond mark described on the sec-
ond line of the slab schedule and 2B6 is a
beam mark that is the first described in the
beam schedule. The bending schedule is keyed

TM 5-704/AFM 85-2
to a bar type number given in the slab sched-
ule. The bottom bars of slab band mark D2,
for example, are listed in the slab schedule as
type R500. The dimensions and a description
of the type R500 bar bend are provided in the
bending schedule. You should know the fol-
lowing about the data listed in the reinfore-
ing schedules: The No. columns list the quant-
ity requirement. Size refers to the bar diam-
eter, length to the stretchout length, and type
to the shape of the bar. Bending details per-
tain to the outside lengths of the straight and
curved segments. The shipping mark provides
the dimensions in code, with the first number
giving the bar diameter in multiples of !/s
inch and the remaining three or four num-
bers the overall bar length in feet and inches.
Mark 5246 indicates %-inch diameter and 24-

feet, 6-inches long, while mark 31810 denotes

%-inch diameter and 18-feet, 10 inches long.

d. Bar-Bending Details. Bar-bending details
resemble the diagrammatic shapes shown in
figure 2-19. The manner in which bar-bending
details are indicated in reinforcing schedules
is illustrated in figure 2-20.

e. Section Details. Figures 2-21 and 2-22
illustrate how basic information is given in
typical reinforcement section details. You
can read both figures in the same manner. The
principal difference between these illustra-
tions is that figure 2-21 depicts vertical struc-
tures (column, pier, and walls), whereas fig-
ure 2-22 depicts horizontal construction items
(beams and slab).

(1) Look at the reinforced concrete col-
umn in figure 2-21. What you see is a plan and
elevation section of a 14 x 14-inch (1’-2” x 1'-
2”) reinforced concrete column with a 12-
inch beam. There are four vertieal, 3/+-inch
diameter round bars on 10-inch centers to be
set 2 inches inside the face of the concrete.
Lateral ties of Y%-inch diameter round bars
are placed around the vertical bars.

{2) Read the elevation and plan sections
of the reinforced concrete pier in figure 2-
21. Note that the pier consists of a post that
is 12 inches square on a footing measuring 2
feet, 8 inches square and 1 foot (minimum)
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SYMBOL DESCRIPTION SYMBOL DESCRIPTION
BARS, ROUND OR SQUARE STIRRUP
STRAIGHT BARS
PLAIN ENDS L_
f] ™
- HOOKED | END ' "' TYPE
— (]
E— HOOKED BOTH ENDS | |
[ S
BENT BARS
_ PLAIN ENDS LJ_L_J
er ..
_ w" TYPE
HOOKED | END
— CI 1)
— HOOKED BOTH ENDS
e
1 TIED TYPE
COLUMN TIES
- DIRECTION IN WHICH
1 SQUARE OR <> MAIN BARS EXTEND
RECTANGULAR
LIMITS OF AREA
l———— coverep BY BARs
O CIRCULAR
+ ANCHOR BOLT
O COLUMN SPIRAL _¢_ ANCHOR BOLT SET IN
PIPE SLEEVE

Figure 2-19. Reinforcement shapes (symbols).
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Figure 2-21. Common reinforced concrete sections.
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in depth. The post reinforcement consists of
four vertical, 3/s-inch diameter round bars
on 9-inch centers, with '/s-inch diameter
round bar hoops at specified intervals
(designated on the print or in the reinforcing
schedule). The footing reinforcement cons-
ists of eight 3/s-inch diameter round bars
arranged as a mat.

(3) The elevation section of a rein-
forced foundation wall (fig. 2-21) shows
vertical, horizontal, and longitudinal bars.
Note that the wall thickness is designated by
the letter “A” minimum. An explanatory note
on figure 2-21 advises that the thickness of
the wall and the size of the footing depends
upon the soil bearing capacity and weight
load. This note also reveals that minimum
temperature and building codes determine the
depth below ground of a reinforced foun-
dation wall. The vertical bars are '/:-inch
diameter round bars spaced at 9 inches cen-
ter-to-center and the longitudinal bars are -
inch diameter round bars spaced at 18 inches
center-to-center. The horizontal bars in the
footing are not specified in figure 2-21, but
will be found elsewhere in associated plans.

(4) In viewing the section of a rein-
forced retaining wall shown in figure 2-21,
you will find the thickness and height of the
wall and the height and width of the foot-
ing. You will also learn that the backfill of the
wall is porous, a 4-inch tile drain is provided,
and the longitudinal reinforcement bars are
to be %-inch round. Note that the wall thick-
ness increases from a thickness of 7 inches
at the top to 1 foot at the bottom. Data not
given in this section, such as bar lengths and
degree of bends, as well as radius of hoops
and spacing, is supplied in the plans and
schedules of the structure.

f5) An inspection of figure 2-22 will
show you the shapes and locations of the
steel bars in portions of a continuous rectan-
gular beam,'a continuous T-beam, and a span
of oneway reinforced concrete slab floor.
For example, you can see that the continuous
rectangular beam will be reinforced with 4-
%-inch diameter truss bars, 2%-inch diam-
eter straight rods, and %-inch diameter stir-

TM 5-704 /AFM 85-27
rups. You should also note that the cross-sec-
tion size of the beam is 6 x 12 inches. Beam
length is given in the associated schedule.

2-17. Joints and Connections

The manner in which structural members and
construction materials are connected to each
other is shown in detail drawings.

«. Foundation Walls. Foundation walls are
bonded to footings with vertical reinforcing
bars called dowels, which are placed in foot-
ings and extend upward 3 to 4 feet into the
wall (fig. 2-21). A wedge-shaped trough, called
a key, is built into spread footings to
strengthen the bond between footings and
walls that are poured later.

b. Construction Joints. Construction joints
are divisions between concrete work per-
formed at periods far enough apart to allow
partial hardening. For horizontal work, such

/é—om STiRRUP
VIR (4 o D 3% PSR A L 8 O VO 12 10
SRR/ O M BTN S & JECE RS
NERF . :
s ' -cl s"lo
" = SECTION
2" DA RODS ¢ evation
CONTINUOUS RECTANGULAR BEAM DETAIL

6- EDIA RODS
\ D
b -

4- %"DIA RODS

‘U- STIRRUPS

1ae
]

g 7 o e P ~— ¥~
5'2‘-;-4\1;‘ 141 ‘."cls‘jﬂ_lﬁ
L PRI s FETT PR [
22 O RN 7S P R 3 R L L K 4.4.41‘.11‘,
SR B CALE ¥ WP AR § [T NN S &

e 1 L
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L.
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s ELEVATION 3-201a RODS

CONTINUOUS T-BEAM DETAIL
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SECTION

TEMPERATURE STEEL

PLAN
ONE-WAY REINFORCED CONCRETE SLAB FLOOR

Figure 2-22. Reinforcement detuils for beam and slud floors.
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as floor slabs, construction joints should be in
a vertical plane. For vertical work, such as
columns, the joints should lie in a horizontal
plane. Although construction joints have no
permanent function but to represent a con-
venient stopping place, they affect the
strength of the structure. Their location is
indicated in a drawing with a heavy, unbro-
ken line and the note “permissible construec-
tion joint” or “construction joint.”

¢. Contraction and Expansion Joints. Con-
crete usually contracts while hardening and
expands after it has hardened because of
changes in atmospheric temperature. To
provide for the changes in volume that occur
at these times, it is necessary to supply joints
at frequent intervals,

(1) Contraction joints. Various designs
of contraction joints are used. In all cases,
however, they represent a clean break be-
tween the two sections. No reinforcing ex-
tends across the break, which should be filled
with an elastic joint filler or protected in some
other way. Joint details are shown in a detail
drawing.

(2) Expansion joints. Expansion joints
are required wherever expansion might cause
a concrete slab to buckle. Mastic joints are
commonly used to separate sections from
each other, thus allowing room for expan-
sion.

d. Masonry Units. Masonry units, such as
brick, structural tile, and cinder block, are
bonded to foundation walls with mortar.
Metal ties may be added to increase the
strength of the bond.

e. Grout. Grout is a mixture of cement,
sand, and water. Grouting is the process of
adding a layer of concrete to concrete that
has been poured previously. It is frequently
used to bring bearing surfaces, such as col-
umn footings and foundation walls, to .the
exact grade desired. Grout is not indicated
symbolically on drawings, but its thickness is
noted.

f. Bearing Plates. When heavily loaded
beams or columns bear on masonry or con-
crete supporting members, metal plates are
used to distribute the load and prevent crush-
ing the surface of the supporting member.
The plates are made of steel or cast iron and
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may be held in place by grout, dowels, anchor
bolts, or the weight of the supported mem-
ber.

(1) Beam supports. Bearing plates are
used to distribute the loads of horizontal
members bearing on masonry walls. Usually
these plates are of a simple rectangular
shape.

(2) Column supports. Base plates are
used to distribute the loads of columns bear-
ing on concrete or masonry piers and foot-
ings and may be plain or ribbed. Base plates
for pipe columns may have a vertical projec-
tion or dowel to fit inside the column to hold
the column in place.

g. Anchor Bolts. Anchor bolts are the most
frequently used means of connecting wood
and steel to concrete (fig. 2-17). The end
embedded in the concrete is hooked to provide
astronger bond. Anchor bolt dimensions are
given in specific notes and state diameter and
length. For example, the note "2 x 1" —2”
anchor bolts @4’ —8” OC” means that the
bolts are 2 inch in diameter; 1 foot, 2 inches
long, and are spaced at intervals of 4 feet, 8
inches measured on centers around the peri-
meter of the foundation wall.

2-18.

Bricks, hollow clay tiles, concrete or cinder
blocks, concrete tiles, and stone are used in
various combinations in masonry construc-
tion. The sizes, shapes, and characteristics of
masonry units determine their applicability
and use in construction. The specified type
and placement of masonry units are shown
in plans of masonry structures.

«. Brick Types. Brick types are determined
by size, shape, and usage. Figure 2-23 shows
the various brick cuts and masonry joints.

(1) Whole. A whole brick is a standard
2% x 3% x 8-inch brick.

(2) Split. A split brick or soap is a flat
half-brick that has been split lengthwise.

(3) Quuarter or cioser. A quarter or closer
is a quarter segment of a brick broken across
the narrow section at quarter length.

(4) Three-quurter. A three-quarter brick
is the remainder of a brick with the quarter
removed.

Masonry Construction



(5) Soldier. A soldier is a whole brick laid
vertically with the narrow face showing in
the wall.

(6) Queen closer. A queen closer is a brick
split lengthwise through its short axis.

(7) Stretcher. A stretcher is a whole
brick laid flat longitudinally with the wall.

.(8) King closer. A king closer is a whole
brick with a corner clipped off.

(9) Half or bat. A half or bat is half a
brick.

(10) Header. A header is a whole brick laid
flat across the wall with one end showing in
the wallface.

(11) Rowlock. A rowlock is a brick laid on
its edge across two rows of flat brick with
one end showing in the wall.

b. Brick Joints. Joints in brick masonry (2,
fig. 2-23) are formed by the mortar which
bonds the masonry together. The type of
joint to be used is included in the notes of the
plan or is included in the brickwork specifi-
cation. To finish the joints and make a water-
proof bond between brick and mortar in the
exterior faces of brickwork, the joints are

S & F

SPLIT

HALF OR BAT
@® BRKCK CUTS

STRETCHER KING CLOSER

FLUSH
OR PLAIN

STRUCK WEATHERED

QUARTER OR CLOSER

RAKED
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struck, or ironed, with various shapes of
jointers or a pointing trowel. Two typical
joints are: the flush or plain joint, in which the
mortar joint is struck flush with the exterior
of the masonry wall, and the raked joint, in
which some of the mortar is removed with
the point of the trowel to make the brick-
work stand out. Other joints are the struck,
weathered, stripped, V, or concave joints, all
of which are made with the proper use of
the trowel.

¢. Brick Bond. Bond is an arrangement of
built-up bricks or other units laid so that their
overlapping thoroughly ties the units togeth-
er. This is not to be confused with the term
“bond” as applied to a bonding material, such
as mortar. The specifications or notes in the
plans will specify the type of bond required.
There are many types of brick bonds. A few
typical bonds are shown in figure 2-24. The
type bond generally used in military construc-
tion is the common bond (1, fig. 2-24). Details
on masonry construction can be found in TM

5-742, Concrete and Masonry.
M N
; {
v”’
QUEEN CLOSER

THREE QUARTER

SOLDIER

HEADER

STRIPPED

(@ TYPICAL MASONRY JOINTS

Figure 2-23. Brick cuts and typical masonry joints.
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2-24. Common type:
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d. Hollow Cluy Tiles. Hollow clay tiles are
units of burned clay constructed with hollow
cores and laid in cement mortar. Their use
may be indicated in the plans or the specifi-
cations for the construction of partitions,
furring, and outside walls faced either with
stucco or brick tied to the tile by headers or
metal ties. Plans of small military buildings
of hollow clay will normally show the exteri-
or walls to be tile without brick facing. Some
common types and sizes of hollow clay tiles
with which you should become familiar are
illustrated in figure 2-25.

e. Concrete Blocks und Tiles und Cinder
Blocks. Concrete blocks and tiles are solid or
hollow molded units of portland cement and
fine aggregates and are laid in cement mortar.
Cinder blocks are lightweight units of cin-
ders with portland cement and sand made to
the same forms and dimensions as concrete
blocks. These masonry units usually are made
in standard sizes of various thicknesses, with
the most common being 8 x 8 x 16-inch nomi-
nal size. The nominal size allows for the mor-
tar joint. Note the typical concrete masonry
units shown in figure 2-26. Concrete blocks
and tiles and cinder blocks are used for
walls, partitions, and foundations and can be
used for low retaining walls. The required
types of blocks or tiles and their designated
use in construction are given in notes or speci-
fications; the units themselves are not shown
in the plans.

f. Stone. When used as found in the field
or quarry, stone is called rubble. When cut
and shaped into fairly regular forms, it is
called squared stone or ashlar. When cut into
rectangular blocks, it is known as cut stone.
Stone masonry is composed of either solid
stone or stone backed with other types of
masonry and is laid in mortar to a specified
type .of pattern consistent with the type of
stone available in military construction. In
theater of operations construction, stone
masonry is normally used only in foundation
walls, retaining walls, piers, and drainage
structures. In the building of military struc-
tures, stone as a building unit is seldom used
unless other materials are difficult to obtain.

TM 5-704/AFM 85-27
2-19. Masonry Construction Drawings

The most common use of masonry is in wall
construction.

«. Types of Masonry Wulls. The principal
types of masonry walls are bearing, curtain,
veneer, and hollow walls.

(1) Beuring walls. A bearing wall is one
that supports a vertical load other than its
own weight; its thickness is regulated by its
height. The minimum thickness of a brick
bearing wall for a dwelling is 8 inches; for
buildings such as warehouses, which carry
heavy loads, the minimum thickness is 12
inches.

(2) Curtain walls. A curtain wall is a
masonry wall enclosing a framework of
steel or reinforced concrete; it is not a bear-
ing wall. The curtain wall may support its
own weight or may be supported at intervals
on the frame of a building. The minimum
thickness of a brick curtain wall is 8 inches.

(3) Veneer. Veneer implies a masonry
facing over an exterior bearing wall. The
veneer is not self-supporting and is fas-
tened to the frame of the building with
metal clips spaced at specified intervals. Some
examples of masonry veneer are stone on a
wood frame, brick on a wood frame, or
brick on cement tile.

(4) Hollow walls. Buildings with mason-
ry walls are occasionally constructed with
parallel walls separated by an air-space. Hol-
low-wall or cavity construction permits plas-
ter to be placed directly on the interior wall
without first building a backing-out from the
wall.

b. Plans. Symbols, dimensions, and notes
are used in a plan view to show location,
thickness, and types of masonry walls. Di-
mensions give the overall length and width as
well as the location and width of all doors
and window openings. The double-line wall
symbol is drawn to scale and the appropriate
section symbol is used to indicate the mason-
ry material graphically. Brick walls are di-
mensioned to the outside corner in plan views.

¢. Elevation. Door and window openings
are drawn to scale. Wall material is indicated
by a few courses of brick, block, stone, or
tile, as required. The.number and dimensions
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Figure 2-25. Types of hollow clay co
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Figure 2-26. Standurd types of building blocks.
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of courses are shown in elevations between finish-
ed floor lines, from finished floor line to the bottom
of a window opening, and to the other vertical
construction points from datum lines as required.
Bricks above doors and windows are in rowlock
bond. Lintels may be used in lieu of rowlock bond-
ed bricks above doors and windows (fig. 2-26.1).

<

NN

/4

STEEL LINTEL /

Figure 2-26.1. Typical steel lintel detail.

d. Sections. The details of masonry construction
are indicated in wall sections (fig. 2-27) drawn to
large scale (% inch = 1 foot or 1% inches = 1 foot).
Construction details are shown at the building sill,
head, jamb, sills of doors and windows, and at the
eaves. Additional sections are shown when there
are departures from the typical, such as variations
of roof and floor framing into the masonry wall.
Large-scale wall sections show the actual sizes of
masonry units to represent joints by a space to
scale between unit outlines, and to show all other
items exactly to scale\in order that mechanics will

2-36

have a clear picture. Joint dimension, masonry
material, and any details of construction requiring
explanation are explained by specific notes or
dimensions.
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Figure 2-27. Maxoury construction wall xection.



2-20. Self-Test

To check your knowledge of the material covered
in this section, answer the following questions.
Answers are given at the end of this chapter.
1. What are the dimensions of a reinforcing bar
that has shipping mark 52911?

«. 5-inch diameter and 29 feet, 11 inches long

b. Y-inch diameter and 2 feet, 9 inches long

¢. 5/8-inch diameter and 29 feet, 11 inches long

d. 5/8-inch diameter and 9 feet, 11 inches long
2. On section views, reinforcing bars perpendicular
to the section are represented by

«. Heavy dash lines

b. The symbol for steel

¢c. Typical shapes

d. Round or square d»ts.
3. The Length column of a reinforcement schedule

C1,TM5-704

lists the:

«. Stretchout length

b. Details to outside lengths

c. Overall length

d. Segment length
4. Which of the following items is used to connect
wood or steel to concrete?

u. Plaster

b. Mortar

¢. Anchor bolts

d. Grout
5. Which type of drawing will show the location of
contraction and expansion joints?

«. Reinforcement details

b. Wall section

¢. Plain

d. Reinforcement schedule

2-36.1






2-21. Structural Steel

Structural members are normally cut and
fitted in special fabricating shops and trans-
ported to the building site for final assembly
and erection. Steel structures are composed
of rolled-steel shapes used either singly or
built up to form members. In the field, mem-
bers are erected in their relative positions,
fastened temporarily with bolts and drift-
pins, and permanently connected with rivets,
bolts or by welding.

«. Structural Shupes and Symbols. Struc-
tural steel drawings show the shapes and siz-
es of the steel used and the details of assem-
bly of the parts. Note the sections of com-
mon rolled-steel shapes shown in figure 2-28.
The symbols used to identify the shapes in
notes, dimensions, and bills of meterial are
shown in parenthesis.

(1) Angles (L). The angle is a standard
structural shape whose cross-section resem-
bles the letter L. Angles are used singly or in
combinations of two or four angles to form
main members. They are also used to connect
two main members or parts of members to-
gether. Angles are identified by the dimen-
sions of their legs, measured in inches along
the outside or backs of the legs. The sequence
in which dimensions of angles is noted is:
symbol followed by dimension of wider leg
first and thickness of the legs third (both legs
always have equal thickness). Thus,L Tx4x %2
indicates that the steel section is an angle
whose legs are 7 inches and 4 inches wide and
Y inch thick.

ANGLE (L} PLATE (R) STANDARD
1 BEAM (1)
4
x - FLANGE
rr
W WEB
CHANNEL (W) WIDE FLANGE
SHAPE (W)

Figure 2-28. Common rolled-steel shupes und symbols.
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(2) Plutes (P ).Plates are noted by width,
thickness, and length. Thus, 1 P11 x % x 2'-7
indicates that the item is a single plate whose
dimensions are 11 inches at its widest point,
/s inches thick, and 2 feet, 7 inches at its
longest point.

(3) Stundard I-Beam (I). The I-beam is a
standard structural shape whose cross-section
is in the form of the letter I. I-beams are
used as beams, columns, truss members, and
any other application where their shape
makes their use desirable. An I-beam is iden-
tified by its nominal depth in inches and
weight in pounds per foot of length. For
example, the notation 15 I 42.9 designates an
I-beam that has a nominal depth of 15 inches
and weighs 42.9 pounds per linear foot.

(4) Wide-flunge shupes (WF). The wide-
flange shape is a standard structural shape
whose cross-section is in the form of the let-
ter H. Wide-flange shapes have the same gen-
eral use as I-beams; however, wide-flange
shapes have greater strength and adaptability
than I-beams. Identification of a wide-flange
shape is by its nominal depth and weight per
foot. For example, 24 WF 76 designates a
wide-flange section that is 24 inches deep and
weighs 76 pounds per linear foot.

(5) Chunnels i—. The channel is struc-
tural shape whose cross-section is similar to a
squared letter €. Channels are principally
used in locations where a single flat face
without outstanding flanges on one side is
required. The channel is not very efficicient as
a beam or column when used alone, but effi-
cient built-up members may be constructed
of channels assembled together with other
structural shapes and connected by rivets or
welds. Channels are identified by their depth
and weight per foot. For example, the nota-
tion 9+—134 indicates that the channel has a
nominal depth of 9 inches and weighs 13.4
pounds per linear foot.

b. Actuul Size und Welight versus Nominal
Size Clussification. It is important to note that
the process for rolling structural-steel
shapes permits a wide range of actual sizes
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and weights within a single nominal size clas-
sification. Examples of actual dimensions
for the various weights of typical American
Standard channels, beams, and wide-flange

shapes are given in table 2-3, 2-4, and 2-5, res-
pectively. It may be necessary to refer to ta-
bles such as these for additional informa-
tion about specific situations.

Tuble 2-4. Detuil Dimensions of Typical American Stundurd Chunnels

Flange Web
Depth of Weight Mean
Section per Foot Width Thickness Thickness
tinches) (pounds) (inches} (inchest
13.0 2% % Yhe
105 2 % %e
8.2 1% % Yie

Tuble 2-4. Retail Dimensions of Typical American Stundard Beams

(I-Beums)
Flange Web
Depth of Weight Mean
Section per Foot Width Thickness Thickness
{inches) {pounds! (inchesi (inches) (inches)
10 35.0 5 ) %
25.4 4% Yo Ve

Table 2-5. Detail Dimensions of Typical Wide-Flunge Shapes

Flange Web
Nominal Weight
Size per Foot Depth Width Thickness Thickness
(inches) (pounds) (inches) (inches) (inches) (inches)
16x11% 96 16% 11% % e
88 16% 11% e %
16 x 8% 8 16% 8% % %s
1 16% 8% Yie %
64 16 8l Wie N
58 15% 8% % Ne
16x7 50 16% T % %
45 16% i %o %
40 16 7 % He
36 15% i %s He
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2-22. Connections

The building of any structure consists of
joining component parts. The parts are con-
nected with bolts and nuts or by welding.

«t. Bolts und Nuts. In general, data concern-
ing bolt dimensions is obtained from stand-
ard tables. However, bolts and nuts are seldon
shown on detail drawings. Bolt and nut
connection is the primary type used in the
field. Bolt and nut are used because they re-
quire less skill and less tools. On assembly
drawings, where bolts and nuts are encoun-
tered most frequently, approximate dimen-
sions are adequate. Thread specifications are

given in a note. The format or order of the-

specification note is in accordance with ac-
cepted standards. Figure 2-29 indicates the
order of the specification note for a typical
American standard thread and explains its
interpretation. Referring to figure 2-29, you
will see that the first number of the note (%)
denotes the nominal size of the major diame-
ter and the number following the first dash

TM 5-704/AFM 85-27

(10) indicates that there are 10 threads per
inch. Also apparent is that the letters NC indi-
cate the thread series (National Coarse) and
the last number (2) the class of fit (class of
thread and tolerance). The letters LH follow-
ing the last number designate left-hand
threads, while notes without LH designate
right-hand threads. The most widely used
thread series are the American Standard Na-
tional Coarse (NC) and National Fine (NF).
The NF series have more threads per inch
than the NC series as shown in table 2-6.

Major diometer
~ Threods per inch
Standord

Ve Threod series
Closs of fit
”— Left hand (if apphicable}
3

/% ~IONC-2 LH

M

Figure 2-29. Threud specificution note.

Table 2-6. American Nutionul Course (NC) and Nationul Fine (NF) Series

(Number of Threuds per Inch)

Magor NC NF Moor NC NF
Diameter Series Series Diameter Series Series
0 — 80 % 10 16
1 64 i T2 % 9 14
2 56 64 1 8 14
3 48 56 1% 7 12
4 40 48 1% 7 12
5 40 44 it] 6 12
6 32 40 1% 6 12
8 32 36 1% 5
10 24 32 2 4%
12 24 28 2% 4%
Y% 20 28 2% 4
"% 18 24 2%, 4
% 16 24 3 4
Ye 14 20 34 4
% 13 20 3% 4
%ie 12 18 % 4
% 11 18 4 4

Note: Number 13 size NF series is not given.
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b. Rivets. Rivets are rarely used as connec-
tors in the field. Some members may be fab-
ricated in the shop with rivet connectors and
then brought to the field for bolt and nut or
weld connecting. All holes for rivets are
punched or drilled in the fabricating shop
whether the rivets are to be driven in the shop
or in the field. Rivets that will be placed and
driven-in the shop to connect structural mem-
bers are indicated on the print by a shop rivet
symbol (O). Structural members to be con-
nected at the job site are indicated on the
print by a field rivet symbol (@). Convention-
al shop and field rivet symbols are shown in
figure 2-30. Note that the rivet head diameter
is used to represent shop rivets and the rivet
shank diameter to represent field rivets. The
symbol for field rivets indicates a hole in
which rivets are to be placed. The intersection
of pitch and gage lines, represented by cen-
terlines on detail drawing made to small
scale, shows the placement of the rivets.
Standard forms of rivet heads are shown in
figure 2-31.

c. Welding. Welding is used in the rear area
as a method permanent joint between two
metal parts. Welding requires a great amount
of equipment and therefore, has only limit-
ed use in the front areas. Welding has its
own language of symbols for use on draw-
ings. The welding symbol is a composite of
symbols and data indicating the requirements
of a given weld. As you can see in figure 2-32,
the basic welding symbol is simply a refer-
ence line and an arrow. This basic welding
symbol serves as the hase on which all symbol
information is placed in standard locations.
Symbols used to indicate the type of weld
(called basic weld symbols) and supplemen-
tary weld symbols are shown in figure 2-33.
The weld symbols is their respective positions
on the reference line and arrow, together
with dimensions and other data, form the
welding symbol. The assembled welding sym-
bol consists of the eight elements listed be-
low, or such of these elements as are neces-
sary. The elements of the welding symbol
have standard locations with respect toeach
other as shown in figure 2-34.

2-40

(1) Reference line. This is the base for
all data and symbols comprising the welding
symbol.

(2) Arrow. The arrow points to the loca-
tion of the weld.

(3) Busic weld symbol. This symbol des-
ignates the type of weld. Its location on the
reference line indicates the side of the ob-
ject to be welded; that is, arrow side, other
side, or both sides.

(4) Dimensions und other duta. The in-
formation provided by this element of the
welding symbol is given on figure 2-34, identi-
fied by the symbols S, R, and (N).

(5) Supplementury symbols. This shows
the supplementary weld symbols (fig. 2-33).
The supplementary symbols on figure 2-34
indicate a field weld, to weld all around, and
contour of weld is to be flush, respectively.

(6) Finish. The finish symbols indicate
the method of finishing (C = chipping, M =
matching, G = grinding, R = rolling, H =
hammering) and not the degree of finish.

(7) Tail. The tail is only used to set off the
notation that designates a definite process or
specification or other references considered
as element (8) of the welding symbol. When
no notation is required, the tail may be omit-
ted from the welding symbol.

(8) Specificution, process, or other refer-
ences. This is a notation that indicates a defi-
nite process or certain specifications or other
references. When the use of a definite proc-
ess is required, the process may be indicated
by one or more of the letter designations list-
ed in tables 2-7 and 2-8.

d. Application of Welding Symbols. Appli-
cations of the welding symbol are shown in
figure 2-35. Note how the location of the weld
symbol designates arrow side, other side, or
both sides to be welded.
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Shop Rivets, Two Full Heads

’
-

S 1
o
T\ \'L.f\I/

I&-,4,_- _

Shop Rivets, Countersunk and Chipped, Near Side =
Shop Rivets, Countersunk and Chipped, Far Side 18
Y
Shop Rivets, Countersunk and Chipped, Both Sides .%,.g»
]
]
Shop Rivets, Countersunk but Not Chipped, Max. 4 in. High  Near Side 6; &:__—'}
U !
Shop Rivets, Countersunk but Not Chipped, Max. ¥ ini. High Far Side 69 ,'Lf‘-r_::.B.
. \
Shop Rivets, Countersunk but Not Chipped. Max. ¥ in. High Both Sides § ,L:}J[
!
i
Shop Rivets, Flattened to % in. High for %4 in. and ; '&E
3 in. Rivets Near Side T
Z

Shop Rivets, Flattened to !{ in. High for ¥4 in. and
% in. Rivets  Far Side

-

X
M
1

b
A
oA v

3
Shop Rivets, Flattened to !{ in. High for 4 in. and ,;‘5.—:1
% in. Rivets  Both Sides 4 B
)
Shop Rivets, Flattened to 4 in. High for %, %4, and .;’::;9
1in. Rivets  Near Side Ll
Shop Rivets, Flattened to 3 in. High for %, 4, and "Lr:}
lin. Rivets  Far Side '*_}f”
Shop Rivets, Flattened to 2§ in. High for %, 74, and .4']:-.:}
1in. Rivets  Both Sides 4T
1
[]
Field Rivets, Two Full Heads

Field Rivets, Countersunk and Chipped, Near Side

Field Rivets, Countersunk and Chipped, Far Side

Field Rivets, Countersunk and Chipped, Both Sides

Figure 2-30. Rivet conventions.
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PLUG | ARC-SPOT GROOVE 8ACK NELT- SUR~ FLANGE

oR oR OR :
FILCETL sior | arc-seam|souane| v leever| v | 4 FLIRE |aever |Backing| THRY | FACING | goge fcommen
Ni—=|w | | NIV o la|oo | LI

BASIC ARC AND GAS WELD SYMBOLS
TYPE OF WELD
FLASH “AELLIP FIELD CONTOUR
SPOT PROUECTION SEAM UF?SRET AROUND WELD FLUSH CONVEX
XX X || O ®¢ | — | ™

BASIC RESISTANCE WELD SYMBOLS

SUPPLEMENTARY SYMBOLS

Figure 2-33. Buasic and supplementary weld symbols.

FINISH SYMBOL
CONTOUR (FLUSH) SYMBOL
ROOT OPENING ; DEPTH OF

FOR RESISTANCE WELDS
REFERENCE LINE

”

CNONCIOIO,

FILLING
FOR PLUG AND SLOT WELDS
SIZE | SIZE OR STRENGTH F

SIDES)

WELD ALL AROUND sYmaoL (B)

ARROW CONNECTING REF -
ERENCE LINE TO ARROW
SIDE OF JOINT , TO GROOVED
MEMBER, OR BOTH

)

T}sﬁ

r
~
SPECIFICATION, PROCESS,
OR OTHER REFERENCE
@ TaL
BASIC WELD SYMBOL

OR DETAIL REFERENCE

(BOTH

)

SIDE

ARROW
{

N)
( \_‘HELD weLo symel ()
NUMBER_OF spoT or (4)

PROJECTION WELDS

Figure 2-34. Standard location of elements of « welding

symbol.
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A
L1 J L

SQUARE-GROOVE FILLET U- GROOVE
ARROW SIDE BOTH SIDES OTHER SIDE
J-GROOVE V-GROOVE
BOTH SIDES ARROW SIDE

Figure 2-35. Applications of the welding symbol.

Table 2-7. Designation of Welding Processes by Letters®

Type of Weld Welding Process Letter Designation

Brazing Torch Brazing TB
Twin-Carbon-Arc Brazing TCAB
Furnace Brazing FB
Induction Brazing 1B
Resistance Brazing RB
Dip Brazing DB
Block Brazing BB
Flow Brazing FLB

Flow Welding Flow Welding FLOW

Resistance Welding Flash Welding MW
Upset Welding Uw
Percussion Welding PEW

Induction Welding Induction Welding Iw

Arc Welding Bare Metal-Arc Welding BMAW
Stud Welding SW
Gas-Shielded Stub Welding GSSW
Submerged Arc Welding SAW
Gas Tungsten-Arc Welding GTAW
Gas Metal-Arc Welding GMAW
Atomic Hydrogen Welding AHW
Shielding Metal Arc Welding SMAW
Twin-Carbon-Arc Welding TCAW
Carbon-Arc Welding CAW
Gas Carbon-Are Welding GCAW
Shielded Carbon-Arc Welding SCAW

2 The following suffixes may be used to indicate the method of applying the avove processes:

Automatic Welding -~ AU
Machine Welding - ME
Manual Welding - MA

Semi-Automatic Welding -- SA
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Table 2-7. Designation of Welding Processes by Letters(Cont)

Type of Weld Welding Process Letter Designation
Thermit Welding Nonpressure Thermit Welding NTW
Pressure Thermit Welding PTW
Gas Welding Pressure Gas Welding PGW
Oxygen-Hydrogen Welding OHW
Oxygen-Acetylene Welding OAW
Air-Acetylene Welding AAW
Forge Welding Roll Welding RW
Die Welding DW
Hammer Welding HW

Note: Letter designations have not heen assigned to arc-spot, resistance-spot, arc-seam and resistance-seam welding or to projection welding since the weld symbols
used are adequate,

AThe following suffixes may be used to indicate the method of applying the above processes:

Automatic Welding - AU
Machine Welding -- ME
Manual Welding - MA
Semi-Automatic Welding - SA

Table 2-8. Designation of Cutting Processes by Lettersa

Cutting Process Letter Designation
Are Cutting AC
Air-Carbon-Arc Cutting ACAC
Carbon-Are Cutting CAC
Metal-Arc Cutting MAC
Oxygen Cutting oC
Chemical Flux Cutting FOC
Metal Powder Cutting POC
Oxygen-Arc Cutting AOC

2The following suffixes may be used to indicate the methods of applying the ahove processes:

Automatic Cutting -~ AU
Machine Cutting - ME
Manual Cutting - MA

Semi-Automatic Cutting - SA
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2-23. Structural Drawings

Structural drawings usually consist of some
or all of the elements described in the fol-
lowing paragraphs.

«. Shop Drawings. Shop drawings show the
of the fabrication of parts and

details

methods of assembly of the structural
members that are prepared in special fabri-
cating shops. Figure 2-36 illustrates structur-
al members (a beam and a column) fabricat-
ed from a combination of rolled steel
shapes. Figure 2-37 illustrates structural
members of a welded steel truss.
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Figyre 2-36. Shop drawing of « beam und « column.
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(1) Working lines and working points.
Shop drawings are made about light working
lines laid out first along the centerlines or
rivet gage lines to form a skeleton of the
assembled member. The intersections of
these working lines are called working points
from which all dimesnions are given. This
skeleton is usually the same as, or taken
from, the designer’s stress diagram. Gener-
ally, the skeleton diagram is drawn to a small
scale on the shop drawing (fig. 2-37).

2) Relative position of purts. Parts to
be welded or riveted together in the shop are
shown in the same relative position (vertical,
horizontal, or inclined, as in figure 2-37) they
will occupy in their assembled position in the
structure. These parts are not detailed indi-
vidually, as is the practice for machine draw-
ing. Note in figure 2-37 that due to the truss

TM 5-704/AFM 8527
being symmetrical about each side of center,
only half of the truss need be shown. In
such cases, it is always the left end that is
drawn.

(3} Long vertical or inclined members.
Long vertical (columns) or inclined (braces)
members are sometimes shown in a horizon-
tal position on the drawing. When shown in
this manner, the bottom of a vertical mem-
ber appears at the left (fig. 2-36) and an inc-
lined member is shown in the direction it
would fall.

(4) Scules. Scales of shop drawings vary
from /. inch = 1.foot to 1 inch =1 foot,
depending upon the size of the drawing sheet
as compared with the size of the structural
member. Usually, two scales are used in the
same view, one denoting length and the other

157 LA & S ®/3°

/5-3%"°

30'-6F o 70 0 o rHUSS

2\

Figure 2-37. Typical welded steel truss.
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showing the cross-section at a larger scale
than the length.

b. General Plun. The general plan indicates
the location and gives the general features
of the structure and the ground upon which
it is situated. It includes the necessary data
for constructing both the substructure and
the superstructure.

c. Stress Diagram. The stress diagram
shows the main dimensions, the loadings,
stresses, and sizes of the structural mem-
hers.

d. Founduation Plan. The foundation or
masonry plan (fig. 2-38) covers the details of
the foundation, walls, piers, ete.

e. Erection Diagram. The erection diagram
(fig. 2-39) shows the relative location of every
part of the structure and the assembly
marks for the various members. The erection
diagram may also include all main dimen-
sions, the number of pieces in the members,
the packing of pins, the size and grip of
pins, and any special feature or information
that may assist you in the field.

. Falsework Plan. Falsework is a tempo-
rary support, usually timber, for a steel
structure such as a truss bridge that cannot
be self-supporting until completed. False-
work plans are used only in a complex con-
struction.

g. Bill of Muteriuls. The bill of materials
shows the different parts of the structure,
identifying marks, and shipping weight. This
also serves as a checkoff list to ensure that
vou have the proper materials on hand.

h. -Connection List. The connection list
provides the dimensions and the number of
bolts, pins and rivets required in the strue-
ture.

i. List of Drawings. Since a great number
of drawings are required for any sizable

2-48

structure, a complete list of drawings is
usually supplied with each set of drawings
for the structure. This list in a logical sequ-
ence.

9-24. Reading Prints of Steel Structures

A typical welded steel truss is illustrated in
figure 2-37. To read this print, the ability to
interpret the structural shape notations and
welding symbols is primarily all that is neces-
sary.

«. Structurul Member. The top chord is 1-
ST 4 WF 8.5 x 16’-5%”. This means that there
is one structural tee cut from a wide flange.
The tee is 4 inches deep and weighs 8.5 pounds
per foot. It is 16 feet 5'/: inches long. The
bottom chord is the same type of member
and is 30 feet 67/s inches long and extends
across the entire width of the truss. The
cross members are made from two angles 2"
x 1" x Y.

b. Welding Symbols. Upon checking the
welding symbols, you will discover that most
of the structural members will be fillet-
welded with a fillet having a '/s-inch radius
(thickness) on both sides and running along
the member for 4 inches. Looking at the up-
per-right of drawing (hip) we see the require-
ment for a bevel-groove weld of '/4-inch
radius on the other side of arrow.

2-25. Prints of Prefabricated Structures

a. In reading structural prints, whether
for a complex structure or a prefabricated
Quonset assembly, the reading techniques are
the same. Prints of prefabricated struc-
tures show how the various parts are assem-
bled. The prefabricated parts are noted on
the plans, elevations, and assembly drawings.
Figure 2-40 illustrates an exterior elevation
of a prefabricated aircraft maintenance
and repair hangar. The CM notations shown
in figure 2-40 mean corrugated metal panels.

b. Illustrated in figure 2-41 is an assembly
drawing of a prefabricated, nailable steel
frame buiding (theater of operations modu-
lar). Note that each part of the assembly is
marked for identification and location. For
example, C5-4 designates a wall corrugated
sheet and J-20 a stringer. Figure 2-42 is a de-
tailed drawing showing how the framework
is assembled.
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Figure 2-40. Elevation of prefubricuted building.
2-26. Self-Test

To verify your understanding of the
previous material, answer the following
questions. Answers are given at the end of
the chapter.
1. Which of the following members is desig-
nated by the notation 16 WF 50?

«. Wide-flange, 16 inches deep, and weigh-
ing 50 pounds per linear foot.

b. Wide-flange, 50 inches deep, and weigh-
ing 16 pounds per linear foot.

c. I-beam, 16 inches deep, and weighing 50
pounds per linear foot.

d. Channel, 16 inches deep, and weighing 50
pounds per linear foot.
2. Referring to figure 2-36, what are the
cross-sectional descriptions of the beam and
column?
3. How are the beams connected to the
columns?
4. Referring to figure 2-37, what does the bot-
tom chord consist of (shape and dimension)?
5. In figure 2-41, what is the size of the mem-
ber designated PR-1?

2-27. Answers to Self-Test Questions

«. Paragraph 2-6 (working drawings)
l.c
2. b

3.b
4. a (only south end of site has access to
road)
5.d
é.¢
7.d
b. Paragraph 2-14 (wood framing)
1. b
2.d
3. b
4. C
¢. Paragraph 2-20 (concrete and masonry)
l.c
2.d
3. a
4.c
s¢
d. Paragraph 2-26 (steel structure)
1. a

2. Beam—16 WF 50; column 12 WF 85.

3. Two angles are riveted to the ends of the
beams and the other legs of the angles are
riveted to the column.

Structural tee cut from wide-flange
shape with nominal depth of 4 inches, weight
of 8.5 pounds per linear foot, and Iength of
30 feet, 6% inches.

5. PR-1is a 2-inch purlin.
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MARK DESCRIPTION
p-2 CHANNEL, 3-13/16"
c-1 CHANNEL SPLICE, 3-1/4" X /8"

c5-47 CORR. SHEET, ROOF, 27-1/2"
C5-48 CORR. SHEET, ROOF, 27-1/2"
C5-49 CORR. SHEET, ROOF, 27-1/2"
c5-4 CORR. SHEET, WALL, 26"
€5-30 CORR. SHEET, WALL, 26"

Figure 2-41. Quonset ussembly—continued.

F-14 FLASHING, MULLION

F-1 FLOOR PANEL, 4-0" x V2" x g-0"
WG-2 GIRTS, 3/4" X 3-v2'
J-21 JOISTS, 3-5/8"

PR-1 PURLINS, 2"

FS-1 SPLINE, WALL

wS-1 SPLINE, WALL

J-20 STRINGER, 5"

s-2 STUDS, 3-5/8"

VLM-1 VENTILATOR ASSEMBLY
w-1 WINDOW ASSEMBLY

c5-73 CORR. SHEET, WALL, 13"
C5-173 | CORR. SHEET, wALL, 13"
F-13 FLASHING, EAVE

Figure 2-42. Quonset ussembly detail.

;
X
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CHAPTER 3
READING UTILITIES DRAWINGS
Section |. WATER SUPPLY AND DISTRIBUTION

3-1. Definition

A water supply system consists of facilities,
equipment, and piping that are used to obtain,
treat, and transport water for the distribu-
tion system. A distribution system is a combi-
nation of connected pipes laid out in the
form of a “tree” or “gridiron” to carry the
supplied water to the usage point in the sys-
tem.

3-2. Water Supply System

Elements found on a typical construction
print for a water supply system are shown in
figure 3-1. From the general plan (lower left
corner of figure 3-1) you can see how the
water is diverted from the stream. You
should notice that it may be necessary to con-
struct a diversion structure in the stream to
raise the water surface level. This water
supply may also be obtained from a surface
water collecting reservoir or from wells ei-
ther deep or shallow. Two section views are
indicated on this general plan view. Section A-
A shows the details of the baffle and the
shape of the diversion ditch. Section B-B
shows that the water is pumped through a
hose with a strainer from a box secured in
the sedimentation basin to a purification unit.
The primary drawing is a detailed plan of the
sand filter. The water is pumped from the
sedimentation basin to a surge tank and then
to the sand filter. By studying the drawing
you can determine that the sides of the sand
filter are on a 2:1 slop and that they are
drained by a series of 4-inch pipes. After
the water is filtered, it is pumped to a storage
tank and then to the distribution system. In
other cases the water may be pumped to a
water treatment plant before it goes to the
distribution system. You can learn from the
general notes that the capacity of each sand
filter is 50,000 gallons per day so that one unit
can supply the rated capacity while the other
is being cleaned. Other views that might be
shown on a construction print are an elevation
view of the sand filtration unit and addition-
al details.

3-3. Distribution System

Once the water in the water treatment plant
meets certain quality specifications, it is in-
troduced into the distribution system. Figure
3-2 shows a typical water distribution system
for a hospital area. The general location and
size of the pipes are shown along with the
valves, sumps, water tank and other fixtures.
In general, the symbols used on distribution
system plans correspond to those for water
plumbing. Additional symbols which may not
be in common use are explained by notes or a
legend on each construction print on which
they appear. The exact location of pipelines
and equipment, as shown by the symbols on
the prints, is determined by the pipefitter in
the field. Details, such as the depth of water-
line installations, construction of supporting
saddles or mats, supports and bracing to
prevent damage by water-hammer and move-
ments, are determined in the field based on
climate, terrain, and good plumbing and con-
struction practice.

3-4. Unit
Unit Prints

Additional prints must be consulted for con-
struction or installation of unit structures
and equipment used in water supply and dis-
tribution systems. The type of additional
prints provided depends on whether the unit
is constructed in the field or is a “package
unit” which is assembled in the field.

«. Unit Construction Drawings. The in-
formation provided in chapter 2 for archi-
tectural drawings applies to the drawings
used for structures in water supply and dis-
tribution systems. Figure 3-3 is a typical
drawing of an elevated water storage tower.
From figure 3-3 you can determine the size of
the tower, the size of the steel beams, the
size of the dunnage beams, and the dimen-
sions of the footings required to support
three types of tank. In addition you can
quickly determine all piping requirements
including the detailed plumbing connections
for the float valve.

Construction and Package

3-1



"wayshis fyddns aapng 1-¢ aanBiy

TM 5-704/AFM 85-27

n-ve 1 30 1 LT *61-¥9 ON OMO'
| e A P S N B
[ —— ™S 0N WU #0,€vi30 W01 o-u._uw.ow.... W
L + .. t - 3 AN
Y ON NG I M A pos s NISYR  NOILVANIWIGIS roNIsa
ado 6O00S T 40 | [0 v noummows | Sovg | 37 M .uz;muuc.mumo_wmﬂw.w_ﬂcwme NYd .¥
130 1 | SYNII0-NOUMKLSR Viwe | 17-99 ]
3dAL zo_wrum._ﬂ__w« NVS- N1ddNS M3 LVM [0 fom sxvoormarm vaien ] wrvo ] 27 Sivia S 3 50 Saami 30 b))
1 40 1 | OdD 0000000 W11WA | 21-%% b AW
SHOLLVEIS 40 TIVIRL 730 1 ] 049 0005 - xdans s1iww ] 11-v4 A SHO MVIT) ONY 11 o o<
ey S T e e e ) I
ANV T 00 Loy 3G SONIMYYO 40 3TNQIHOS S3L0N TIVHINIO P4 4
O On O WNYL JOMNG Al ;M.l.rﬁ‘l(“..ﬂ-o
| S———— 1031 [ e —— - - < ]
I a s o F s 3. tl;..it:anllw
W v 'e PLLYER" TN o m.-ae.. tre Ham L=
3 #0W 000 LXK
R eed - . —
R
T
o oN  AWwae MNEVE NOILVLINIWNIONS OL MNMVYIYULE LAYIAKG
T on AVQ ¥3d NOT1Iv9 0000S
SNVLI3Ia [ WVHOVIA IDUNOS ANVId NOLLWVH LIS GNVS
‘D-F NOILD3IS NYd
A0 oo 3 ivmwaay o€
» Qo-iomn..w 20.»(»2u!.n2s.nn¢h 1—m

BT ¥ LMBLL VI AV
YW XOR COOM S1 5

I3
»
4z |_m
ST Cavvies vauw WNBG VO $§ = NOE _IVHNLYN NI
| AWNG - moVININO

44 OOS
AN M08 AVR SN
G Jd AVaent

WWWAS LM 3SOw " e s=zz=g fn_mu\.._nﬂ.v
0, P SNITIQ 2dia 2~ |70 34076 360% | Ppaori| u.n-_u..ﬁu
t==3f=== =
Auvoe
INve
XL
"
L
M oniadaadv m‘m
> z
AINN  AN4d NS =zzz
YILWYM AN ne ﬁ /
oS wl¥
WOLYNINOTHD Hi K
uNYL  3OYNOLS 99 oOr TIRM ONIAIIITINIAD FSAOH hm
Far4 ¥ S
. . @texizxzg e £ o N30
PULEY [ PR - Niveguaomny ot ]2
v-¥ NOt1I3S hacis | |3 £ 34078 | [de0%
JE N
11~ N— wazng
oL Jeio M

Q9 NOWCNI
K
>
3
o

*
»
~

403 NN HANVD loi¢ -7 E
— a1z —) 906 W woMINY .
- /[ w1 o | Nisve
RI X3 -
z M 7 3144V v TS 5 k) ] >3 [}
4 .|\ ¥ NOISNINIC

[ o

r ™I O- ¥ L wlf

ANNOYD  ONLLBIX] n—n

3-2



TM 5-704 /AFM 85-27

ELE]
L3,8407 D
N - pr— —
..4.. " rA A
NG H1o1 | €V _u b . ns
-8 2ds | |.¥ wZ
-A¥X [ ][SS3W 1
:N - R4
% v3yy
ﬁ diNS B yam| 301AN3S
:Q

A1ddNS OL ,0001 G3WNSSY—|

whpd nonRQLSsIp Ay 7 g adnbic]
- t AON3OMIW3 —H3ILN3D QVvOT | ¥IW3-¥1D1 09 X0e | | 2—ONIQING ALITTLLN 2 un
- | ¥31IN3D QvO1 4107 L0 X0ov | | 13IH3LVIN 03ZITVHLINIO—A¥IOUNS | SWO-0HNS
V5 660% 1 XNVL H31lvMm P HIM OLXO0p | | EV—-0dS—INIGTING $3D1A¥3S vid3dS € ¥ OdS
S34dv | 101 v3yv 31IS ObX0e| € 2—ONIGING NOILVY3YO3Y 2 23
AS 000! 1" WVYJYOVW |, v-SONVLSGHVH 09X0¢e | | 2-3TVA-SH3LHVYND SH¥3D13340 2 DOw
v9 00001 [4 NOI10310¥d 34id-dWNS dWNS 09Xx0e ) | 2-3TWW34-SH3L8YNO SH3DIJI0 ¢ 004
37W | vE 0] LIVHASY | WYAYIVYW, 9-3INYT 378N00-0voY 3S00vy | | +—ONI0TING SS3NW v SS3N
NOILONYLISNOD ¥3HLO 0exoe| | 2-A1ddNS B IINVHIXI N3NIT | 2dNS-XNT
011 X0 ! AVIN3A-8V1-AVY-X | NO-87-AdX 09 X0¢ | | 2—AOVNYVHd 8 33 2 Hd-33
,001 X,0¢ v 31N0v—-2—-9NIQ1IN8 qYvM 2 Qum OLX0€ | i £—AYVYSN3dSIa £ dsd
LEvi X8 | J353A00-SHTYM 09X0e | ¢ 2-SHxJvyivg Z Sx8
09X0E | 8 ~ONIGING ALITILN 81N O X,06 [ 1| (-NOILIS04SI0 8 NOISSIRQV "NOILVHLSININGY | | C8Y-WaV
09X%,0¢€ 2 € -9NICTUING ALILLN €N SONIQT1ING
LINO YO 32IS |ALD W3l yegv LINN HO 321S [ ALD W3l a8y
S3ILITI0vV4 40 37INQ3HOS
€1 'ON 37v0S <1'0ON
LNOAVT ALITILN 11
T\ 001 05 O
' S37vIS JiHdVED
) dWNNS
o] __
[ ]
8 N [
|| e
2001 ] :
£7LNn
avoy L
2
"
2 4 = =
L. W
e
€
Sa

3-3



TM 5-704/AFM 85-27

FLOAT VAlLve
AND CONNBCTIONS-~
SeE DETAIlL

90° SROOVED ELBOW
GROOYED COUPLING

oy

Skt spepephhdyogimglrhy

r CENTRR LING

AIR

WATER| Leve
)

q X

T ¥
/N RS

INTAKE

WATER TANK

CONNECTIONE TO THIS
POINT ARE PART OF
TANK AssembLY

90° GROOVED ELBOW
X GROOVED COUPLING

DUNNAGE BEAms-L/

45° GROOVED EL BOW—_
NIPPLE 10" LONS
45° SROOVED ELBOW—"

L 1 1 I I

8OLT TO TOWER FRAME

PIPE CONHECTOR ;T'

GROOVED COUPLING

TUBING —
suPPLY

DRESSER COUPLING—}

k ﬁ‘#
|

.

r—-—-

| & .

SUPPLY

GROOVED REDUCER
GROOVED COUPLING

e—— 43" GROOVED ELBOW
NIPPLE ['0” LONG

45°

TOWER FRAME

DISTRIBUTION
TUDING

rr-

~}——rooting ——f

90° GROOVED EL sow”‘

ELEVATION OF WATER TANK & TOWER
SHOWING PIPING CONNECTIONS

SCALE NO. 2

gram.

Figure 3-3. Typical water tank end tower detuil plumbing dic-

SROOVED BLBOW

2-0
3
—— ;_}.
s
8-0°
TYPES 1 &T1
P20,
B ki
4-6°
TYPE ID

TOWER FOOTINGS



TUBING PROM WATER
(®ELOW GRAD

pul

!3UPPLY

TM 5-704/AFM 85-27

OPENING (SEALED

TOP OF TANK

TuBiNG ToO

WATER DISTRIBVUTION
( (S8LOW ORADE)

CLEANOCUT - NOT SHOWN
IN ELEVATION

NAGE DBEAMS

OPENING (SEALED)

ROOF PLAN OF WATER TANK & TOWER

SHOWING PIPING CONNECTIONS
SCALE NO 2

WATER TANK & TOWER SCHEDULE

TvpE L__CAPACITY SIZE TOWER
BBL.] GAL.| INLET|OUTLET| DIA. [HEIGHT}-STOCK NUMBERIDUNNAGE BEAM STEEL BEAM REIGHT | STOCK NUMBER
T 100 {4000 24 4 Q23| 8.0 |58-8718.041.010{4%eHI-4"0C| ¢ B12 P -4 O.C. 36" | 56-8486.836.004
o 250 | 10500 * 4" 15-¢' 8.0" | 58-B718.041. 025{Axc®1-4"0¢C | 8B 13 & I-5AC. 3% 58:8186.8%.010
Iox SO0 [ 21.000 (% 4" - 8- | 58-8718.041.050 4 XCO®1-C"0.C| 10O W 2igr-8"0.C. a6’ 58-8986.8346.021
NOTE: -

ERECTION DRAWINGS WILL BE PROVIOED WITH EACH TANK. AND TOWER.
2« DETAILS ARE SHOWN FOR 4' GROOVED TYPE FITTINGS, USE 2" STAND.RD THREADED FITTINGS WHEN REQUIRED

Figure 3-3. Typical water tunk and tower detwil plumbing diu-
grum - continued.
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TOP OF WATER TANK7

RAFTER
DRILL HOLE

NO 10 WIRE —— #
SIiDE OoF — N
WATER TANK

1 1
ao® ELBOW—4 11k ~——FLOAT
THREADED . VALVE
R r=-=1
NIPPLE- 4" LONG
NIPPLE. o
WATER szu——\ & LONG
~~—PIPE -
THREADED
) A A
THESE CONNECTIONS Y .
ARE PART OF
TANK Assn\lu'z
CONNECT WITH i
GROOYED COUPLING

. ' ac® ELBOW- i
90" ELBOW il | THREADED

GROOVED C
Lml’m.e- é' LoNG
FLANGE FITTINGS
NiPPLE
ADAPTER .
TUBING BOTTOM OF WATER TANL —
SUPPLY ]

DETAIL OF FLOAT VALVE CONNECTION

SCALE NO 7

Figure 3-3. Typical wuter tank und tower detuil plumbing die-
gram - continued.
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b. Puckage Units. Package units are as-
sembled in the field and installed in accord-
ance with the manufacturers’ instructions
supplied with the unit or units. In addition to
the construction drawings and specifications
supplied, a drawing similar to figure 3-4
usually is supplied. You can see that several
package units have to be installed and con-
nected together to form a water treatment
plant. The standard plumbing drawing would

CHEMICAL SLURRY 2/’0,m.,,l
FEEDER y

DIATOMITE DILUTION
TANK

TM 5-704 /AFM 85-27
be required before you could attempt to as-
semble and install the package units. How-
ever, drawings similar to figure 3-4 are re-
quired to enable field personnel to visualize
the completed installation. The arrows indi-
cate the main flow path of the water and help
to explain how the plant operates. The other
lines are chemical feeders, drains, and fil-
tered water return lines.

COAGULATOR

7
’
Z
7 }/ WASTE TANK
Z AND GRATING X WET WELL
7 3% TANK
g gHEMICAL 4
7 - SOLUTION
| STRAINER FEEDER ELECTRICAL
/. N CONTROL
”’vg CABINET
SOURCE AIR RELEASE VALVE
© SLUDGE
W FILTER CONCENTRATOR
TANK

HOSE MOTOR
CONNECTION
FILTERED WATER

Figure 3-4. Flow diagram for « wuter treutment plunt.

FILTER PUMP

CONNECTION WASTE WATER

FILTER PUMP

V77 RAW WATER
CHEMICAL FEEDERS
1 FILTERED

COAGULATED, UNFILTERED WATER

3.7
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3.5. Self-Test

To check your knowledge of the material
covered thus far, answer the following
questions about figure 3-2. Answers are given
at the end of this chapter.

1. Approximately how many feet of 2 inch
pipe wili be required for the distribution
system?

tt. 850 feet

b. 1150 feet

¢. 1600 feet

d. Depends on distance to supply

2. How many 2 inch gate vales will be
required?

«. None
b. 1
¢ 2
d 3
3. What size water tank will be required?
«. None
b. Size not specified on print
c. 4,000 gallon

d. 10,500 gallon

Answer the following questions
3-3.

about figure

4. If the water supply comes from the
north, which direction does the side of the
tank with the ladder face?

tt. North

b. South

¢. Bast

d. West

5. For a 21,000 gallon tank, the widest dimen-
sion of the footings is

«. 2feet
b. 4 feet
¢. 4feet, 6 inches
d. Not specified
6. The float is adjusted until the water level is
«. 3'4” from bottom of tank
b. 5°6” from bottom of tank
¢. 2'6” from top of tank
d. 6” below inlet nipple

7. The spacing between centers of the I-
beams is

(,‘ 1’4”
b. one-eleventh of the tank diameter
c. Different for different tank sizes

d. Not specified



Section ll.

3-6. Definition

All piping, apparatus, and fixtures for water
distribution and waste disposal within a
building is classified ‘as plumbing. Piping for
heating systems is called “steam fitting.”

3.7. Plumbing Plans

As arule, plumbing plans show the location
of fixtures and fittings to be installed and the
size and routing of piping. Details are left to
the plumber who is responsible for installing
a properly connected system in accordance
with good plumbing and construction prac-
tices. Plumbing plans consist generally of
four types of symbols;

(1) line symbols for piping;

(2) pipe-fitting symbols for pipe unions,
couplings, and connections;

(3) valve symbols to indicate the required
control points in the system,;

(4) and symbols indicating the various
plumbing fixtures required by the plan. Be-
fore trying to read a plumbing plan, you
should familiarize yourself with the sym-
bols shown on figures 3-5 through 3-8 and
with the explanation of these symbols given
in the following paragraphs:

«. Piping Symbols. The type and location
of piping will be indicated on the plans by a
solid or dashed line. Figure 3-5 shows the
standard symbols used on piping diagrams.
The size of required piping will be noted
alongside each leg on the plan; an example of
sizing can be seen on figure 3-6. Piping up to
12 inches in diameter is referred to by its
nominal size, which is approximately equal to
the inside diameter. The exact inside diameter
will depend on the grade of pipe: heavy
grades of piping have smaller inside diame-
ters because »f their greater wall thickness.
Piping over 12 inches in diameter is classified
and referred to by its actual outside diame-
ter.

b. Fittings. Figure 3-6 illustrates the sym-
bols used for the most frequently encoun-
tered pipe fittings. A more complete list is
contained in appendix B. Note that the basic
line symbol for a section of pipe shown at
the top of figure 3-6 will actually be com-

TM 5-704/AFM 85-27
PLUMBING

bined with the line symbology shown in figure
3-5. In this way, you are able to determine not
only the size of pipe and method of branch-
ing and coupling, but also the use to which the
pipe will be put. This is important, in that the
type of material from which the pipe is
made determines how the pipe should be used.
This subject will be discussed in detail in later
- paragraphs.

¢. Valves. Figure 3-7illustrates the sym-
bols used for the most frequently encoun-
tered valves. A more complete list is con-
tained in appendix B. Material and sizes for
valves are normally not noted on drawings,
but must be assumed from the size and ma-
terial of the connected pipe. However, when
specified on a bill of materials or plumbing

LEADER, SOIL OR WASTE
(ABOVE GRADE)

(BELOW GRADE)

VENT
.COLD WATER

HOT WATER

HOT WATER RETURN

DRINKING WATER

DRINKING WATER RETURN — == ————=m o

ACID WASTE ACID.

COMPRESSED AIR —A A—
FIRE LINE —F F—
GAS LINE —G G—
TILE PIPE nd | T—
VACUUM —V A

Figure 3-5. Line symbols for piping.
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SAMPLE
ITEM SYMBOL APPLICATION (S) ILLUSTRATION
PIPE SINGLE LINE IN 1
SHAPE OF PIPE— _ & APPROX
USUALLY WITH ) \.D.
NOMINAL SIZE T
NOTED %
JOINT—
FLANGED DOUBLE LINE
0
SCREWED SINGLE LINE
BELL AND SPIGOT| CURVED LINE

OUTLET TURNED UP

QUTLET TURNED
DOWN

REDUCING OR

ENLARGING FITTING

REDUCER
CONCENTRIC

ECCENTRIC

UNION
SCREWED

FLANGED

3-10

CIRCLE AND DOT

SEMICIRCLE

NOMINAL SIZE
NOTED AT JOINT

TRIANGLE

TRIANGLE

LINE

LINE

b9 T ot

—~f &
AN

.
-

L L
v V-
T T

H

Figure 3-6. Pipe fitting symbols.

1
&
Gq
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SYMBOL
ITEM STRAIGHT ANGLED ILLUSTRATION
-
-
CHECK VALVE | —{~~J}— /
GATE VALVE -
PLAN s P -
ELEVATION | —D><3— f—
GLOBE VALVE-
PLAN —e}— —o® STRAIGHT
ELEVATION| — ~ec}— ,.‘>£ ANGLED
r-.'11
FLOAT VALVE | —Sic}—
HOSE VALVE _M % OR
H
PET COCK +—I
TRY COCK +__]_'

NOTE: SYMBOLS ARE SHOWN FOR SCREWED FITTINGS — SYMBOLS FOR JOINTS (FIG. 11-2)
ARE ADDED FOR OTHER TYPES

Figure 3-7. Plumbing symbols for vuives.
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STD-

PLAN

SHOWER HEADS,
GANG

ELECTRIC WATER

SY!.BOL. ITEM ABBR SYMBOL ITEM
DISHWASHER oW © SHOWER STALL
E;’ DRAIN 0 E ] 5@ 5@
DRINKING FOUNTAIN** OF
FLOOR DRAIN FD WATER CLOSET
ROOF DRAIN RO
TRAP T e
GREASE TRAP GT 6 aﬂ_ﬁﬂ“ lf};-(C;SET.
BATH B WH
DISHWASHER DwW WATER CLOSET,
. LAVATORY# * L LOW TANK
RANGE R
SINK#» s T
STEAM TABLE ST [ s|or C( l BATH
O CAN WASHER cwW
DENTAL UNIT bU URINAL, STALL TYPE
- HOT WATER TANK HWT -| OR AS SPECIFIED
WATER HEATER WH
WASH FOUNTAIN WF URINAL
?
W CORNER TYPE
O CLEANOUT co
co
GAS OUTLET 6 URINAL,
T HOSE FAUCET HF ETUE TROUGH TYPE
* LAWN FAUCET LF
HOSE BIB HB
WALL HYDRANT WH —/ L\:ITSLA%"YPE
FLOOR DRAIN WITH
BACKWATER VALVE @ LAVATORY, CORNER
z SHOWER HEAD O] LAVATORY, WALL
PLAN ELEV.

ENENS

ELEVATION

*STANDARD ABBREVIATION INCLUDED WITH

SYMBOL

3-12

EWC

COOLER

**TYPE SHOULD BE GIVEN IN SPECIFICATION

OR NOTE WHEN THIS SYMBOL IS USED

Figure 3-8. Symbols for plumbing fixtures.



takeoff, valves are called out by size, type,
material, and working pressure. For example:
2-inch check valve, brass, 175 pounds working
pressure.

d. Firtures. General appurtenances such
as drains and sumps, plus fixtures such as
sinks, water closets, and shower stalls are in-
dicated on the plans by pictorial or block
symbols. The symbols for those most fre-
quently encountered are illustrated in figure
3-8. The extent to which the symbols are used
depends on the nature of the drawing. In
many cases, the fixtures will be specified on a
bill of materials or other schedule keyed to
the plumbing plan. When the fixtures are de-
scribed on the schedule, the draftsman will
often use symbols which closely approximate
the shape of the actual fixtures rather than
the standard block or circle and the standard
abbreviation.

e. Distribution System Muteriuls. Water
distribution piping for interior installations
is made of galvanized steel, wrought iron,
copper, plastic, or brass. Nickel-silver or
chrome-plated piping is used in locations
where pipes are exposed to view. Galvanized
wrought iron is the material most frequently
used in theater of operations construction.
Fittings normally are of the same material
as the piping and are made with screw or
flange connections, screw connections are
normally used only for pipe up to 4 inches in
diameter. Valves usually are made of brass
and may or may not be plated. The material
types to be used for the distribution system
are designated in the specifications; sizes and
special instructions are noted in the drawings.

f Wuste System Muaterials. Waste sys-
tems include all piping from sinks, water
closets, urinals, showers, baths, and other
fixtures that carry liguids and sewage outside
of the building. A waste system consists of
a main building drain, branch mains, and soil
and vent stacks. Water, soil, and vent piping
specifications include the materials of manu-
facture for each type of piping; cast iron,
galvanized steel, wrought iron. copper, brass,
lead, or acid-resistant cast-iron pipe. Fittings
or traps normally are specified to be of the
same material as the pipe.

TM 5-704/AFM 85-27
(1) Galvunized steel and iron pip-
ing. Galvanized steel and iron pipes and fit-
tings are the materials most commonly speci-
fied for waste system plumbing installations.
Pipe ends have standard pipe threads and all
pipes and fittings of this type are joined by
standard pipe threads. Such piping is manu-
factured in three different weights and in
diameters from /s-inch to 12 inches to any
one of several specifications. The fittings are
manufactured in all the shapes required to
change or intersect flow.

(2) Vitrified clay piping und fit-
tings. Vitrified clay piping and fittings are
used for underground house drains and sew-
ers and normally are noted in the plans as
VCP or VP. VCP is sometimes used for soil
and vent stacks in theater of operations con-
struction. Pipes and fittings are made with
bell-and-spigot ends. Joints are made by in-
serting the spigot end into the bell and caulk-
ing with cement mortar.

(3) Cust-iron pipes und fittings. Cast-
iron pipes and fittings are used for building
drains and for soil, waste, and vent piping.
These pipes can be lain in unstable soil with-
out danger of sagging. Pipes and fittings are
made with bell-and-spigot and flanged ends.
Bell-and-spigot joints are caulked with oakum
and lead or a caulking compound; flanged fit-
tings are bolted together to make a joint.

(1) Brass, leud, and copper pip-
ing. Brass, lead, or copper piping is used in
high quality, or more expensive systems of
waste plumbing. Brass or lead is used when
excessive acids or corrosive liquids are pre-
sent. Such acids or liquids are seldom present
in the flow of theater of operations sewer-
age. Brass pipes and fittings are joined by
standard pipe threads, and the fitting shapes
are identical to those used for galvanized
steel or wrought iron pipe. Lead pipe is very
ductile, a feature that is advantageous in
speed of installation, but it must be well
supported because it deteriorates rapidly if
permitted to sag. Copper pipe is not common-
ly specified for use as waste and vent piping
because of the excessive cost of the larger
sizes. For making connections, the pipe is cut
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to the desired length and sweat-soldered to
the applicable type of the several fittings
available.

3-8. Utility Plans

Figure 3-9 is a typical utility plan for a bath
house and latrine showing the water distribu-
tion plumbing, waste plumbing, and electrical
wiring. For a small structure of this type,
only a plan view as shown will rormally be
provided together with some additional detail
drawings. You can see that the schedule of
drawings lists three sources of additional
information on the plumbing: a standard
details drawing, a special details drawing, and
a bill of materials. Standard details are indi-
cated by a number and letter in a circle, for
example (9 . Special details are called out
on the plan, “DETAIL #6” for example. An
example of these standard and special details
is shown on figure 3-10. Note that the method
of supporting the flush tank, the method of
coupling the water pipe to the flush tank, and
all other necessary information that could
not be shown on the plan, is clearly shown on
the standard drawing for detail (.
Also, you can clearly see the required shower
head and control valve fitting requirements in
special detail #6.

a. Water Distribution. The plan shown on
figure 3-9, together with the standard and
special detail drawing and a bill of materials,
permits the experienced plumber to install the
complete water distribution system accurate-
ly and satisfactorily. Note that the hot water
heater and storage tank connections would be
detailed on standard detail drawing 9.
Notice also that the point at which the incom-
ing water supply piping would be brought up
to ceiling level would be shown on the hose bib
location standard detail drawing ¢9.  Look
carefully at the plan and note that the pipe
sizes and type are clearly specified in all cases.

b. Wuste System. The plan (fig. 3-9) shows
the building waste system starting at the 4-
inch shower drain in the shower room, out to
the connection with the 4-inch fiber pipe of
the sewage system. The exact piping arrange-
ment and establishment of the correct slope

314

are left to the plumber. Note that in the plan
view, the P-traps below the drains are speci-
fied but not actually shown. However, you can
see again the use of the standard detail sym-
bols. Note that standard detail would give
all the necessary information on the con-
struction of the two through-the-roof 4-inch
vents. When standard details are provided, it
is important to remember that they are pre-
pared to cover a large variety of applications
and the plumber is expected to make minor
alterations to suit particular installations.
For example: Note that the 90° straight Y in.
the water closet detail (fig. 3-10), is shown
for flow to the left. In the installation plan
(fig. 3-9), the soil pipe pitch is in the opposite
direction so the Y must be installed in the
opposite direction.

3-9. Building Waste System Nomenclature

Although the waste system shown in the utili-
ty plan (fig. 3-9) is relatively simple, it does
consist of four basic functional elements
which are defined as follows:

a. House Sewer. The house sewer is that
part of the waste plumbing system begin-
ning just outside the foundation and termi-
nating at a street sewerage branch or a septic
tank. A typical house sewer is shown in sec-
tion in figure 3-11.

b. House Drain. The house drain is that
part of the waste system which receives the
discharge of all soil and waste stacks within
the building. It may be installed underground
or suspended from the first-floor joists. The
house drain system is also referred to as the
“collection lines” and includes such appliances
as house traps, back-flow valves, cleanouts,
and area drains. In general, house drains will
fall into one of four classes on any set of
specific building plans.

(1) Combination system. As shown at
the left on figure 3-11, a combination system
receives the discharge of the sanitary wastes
of the building plus the storm water from
the roof and other exterior sources.

(2) Sunitary druin. A sanitary drain re-
ceives the discharge of sanitary and domestic
wastes only.
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SCHEDULE OF DRAWINGS
DWG. NO. DESCRIPTION SHEET NO.
J2-32 | PLANS _ 1} OF |
Te-3\ SPECIAL DETAILS ZOFS
7298 | STANDARD DETA! LS I THRU B B

STD FRAME BARRACKS
3491 | TvPE BLDG PANEL SCHED I OF2
72-99 | BILL OF MATERIALS 30F 4

Figure 3-9. Typicul utility plan for «
buth house und latrine.
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2"X4" HORIZONTAL NAILERS BETWEEN
STUDS FOR FLUSH TANK FASTENING

A4

! FLUSH TANK | \-3;g

SILL PLATE r-o°
/—FLOOR LINE— \IE

TUCKER
PACK WITH COTTON— | CONNECTION
CAULK WITH LEAD WOOL
QO°® STRAIGHT VY

FRONT ELEVATION END ELEVATION
WATER CLOSET PLUMBING DETAIL @

3/4° x /2" STREET ELB

3/4" % 3/4 TEE EYQ ov
* Al / DETAIL *6

A Lower UVES SHOWER HEAD &
12 12" NIPPLE CONTROL VALVE
CHAIN SHOWER HEAD NO SCALE

METAL RING

Figure 3-10. Typical plumbing details.
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I
1 4" |
IVENT |
) I I
- | {
|
) |
1 4" 1!
Tu
VENT
w ¥ :
Qu " < SOIL i
NN PIPES we !
" co
2 wC
PIPE we
DRAIN PIPES wC
L/ we
WwC
4u wC & \Qﬁ,
PIPE
LEGEND
co CLEANOUT
3 - WASH TROUGH
AR TU - TROUGH URINAL
SEWER SD - SHOWER DRAIN
CONNECTION WC - WATER C T
ISOMETRIC LOSE
ORAIN e
[ =OROOFDRAIN____~© STORM . _ - -OROOF DRAIN ~ =0
] SEWER )
J SOIL ' solL
L/ PIPES ! JPiPE
MAIN SANITARY |
UNE 7' WASTE PIFE® SEWER | WASTE PIFE®
]
SEWER | ~—SROOF DRAIN ~ O ROOF \__-OROOF DRAIN __ __OROOF
------ DRAIN T DRAIN
COMBINATION SYSTEMS SANITARY AND STORM DRAINS
™T BUILDING
. [Yo— DRAtNS\:D_
g gt 4
SEWER PIPE
ADAPTER é é CL-EANOUT
IN SEWER
HOUSE HOUSE
i SEWER DRAIN
PROFILE

Figure 3-11. Typical building weste system arrangement.
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(3) Storm drain. As shown at the right
of figure 3-11, a storm drain receives storm,
clear water, or surface-water wastes only.

(4} Industrial droein. An industrial drain
receives liquid waste from industrial equip-
ment or processess and consequently receives
little attention in theater of operations con-
struction.

¢. Soil Pipe. Soil pipe is that portion of
the plumbing system which receives the dis-
charge of water closets and conveys those
wastes to the housé drain.

d. Wuste Pipe. Waste pipe is that part of
the drainage system which conveys the dis-
charge of fixtures other than water closets
such as sinks, lavatories, urinals, bathtubs,
and similar fixtures to the soil pipe.

3-10. Self-Test

To verify your understanding of the materi-
al presented thus far, answer the following
questions about the bath house and latrine
plumbing shown in figures 3-9 and 3-10.

1. What size and type of pipe is used to sup-
ply water for the shower heads?

2. How many shower heads are to be
installed?

3. At what point is the incoming water supply
piping brought up to the ceiling level?

4. What does the dashed line running from
the left side of the hot water tank to the
fitting at the right side of the tank indicate?

5. Referring to figure 3-10, detail No. 6, what
is used to couple the %-inch Tee to the Y2-inch
self-closing shower valve?

6. The building drain system uses 4-inch pipe
throughout. (True or False)

7. Cold water is supplied to the wash trough.
(True or False)

Section lll. SEWERAGE SYSTEMS

3-11. Definition

a. A sewerage system is a system of pipes
and associated apparatus which carry sewage
from buildings to the point of discharge or
disposal. A sewerage system includes the
sewer pipe or conduits, manholes, flush tanks
and, in some cases, storm-drain inlets. In
small or medium size systems which are not
served by a processing plant, the system may
also include facilities for pumping, treat-
ment, and final disposition of sewage.

b. Sewerage systems may be either com-
bined systems or separate systems. In a com-
binedasystem the conduits carry storm water
as well as domestic and industrial wastes. In a
separate system, the sanitary sewerage sys-
tem carries the domestic and industrial
wastes and a separate storm sewerage system
carries storm water run-off. Because storm
water requires little or no treatment before
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disposal, the separate system greatly reduces
the load on treatment facilities.

3-12.

The pipes and fittings for the construction
of sewerage systems are well standardized
by sanitary codes and general usage. Most
generally used pipes and fittings are described
as follows:

«. Vitrified-Cluy Tile or Concrete Sewer
Pipe. Pipe sizes of 4 inches to 36 inches in
diameter are generally used for sewer sys-
tem construction. Vitrified-clay tile is highly
resistant to all sewage and industrial wastes
and acids. Cast, spun, or vibrated concrete
pipe in sizes of 12 inches to 108 inches in
diameter can frequently be made available.
Such concrete pipe is manufactured with or
without steel reinforcing.

Pipes and Fittings
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5 A [0

PIPE SINGLE TEE

REDUCER 90° ELBOW 30°CURVE 45° CURVE INCREASER
VITRIFIED CLAY PIPE FITTINGS, JOINTS AND CONNECTIONS

6"XG"X4" 6")(4"

BELL,SPIGOT AND BELL AND SPIGOT BELL,SPIGOT, BELL BELL SPIGOT AND BELL AND SPIGOT
BELL TEE QUARTER BEND AND BELL CROSS BELL Y-BRANCH REOSCSEQGO
STANDARD CAST IRON PIPE FITTINGS
6" " o — 1

8 6:- 3"

"X "XG"X4 ” " _-"
gxe 6'X4

.6X6X4

sl'xG"XQ-" ansux4n
BELL,BELL,AND BELL FLANGE AND BELL,FLANGE,FLANGE  BELL SPIGOTAND  BELLA A
FLANGE TEE FLANGE SIDE OUTLET AND BELL CROSS FLANGE Y-BRANCH Bl bOCER o

SPECIAL CAST IRON PIPE FITTINGS

TEE

| as°ELBOW

ELBOW

LATERAL

REDUCING LONG RADIUS CROSS ECCENTRIC SHORT BODY
ELBOW ELBOW REDUCER REDUCING TEE

AMERICAN STANDARD CAST IRON FLANGED FITTINGS
Figure 3-12. Stundard vitrified-clay and cust iron pipe fittings.
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b. Cust- or Wrought-Iron Pipe. Bell-and-
spigot type cast- or wrought-iron pipe with
leaded joints, in sizes of 4 inches to 48 inches,
can be used to make a self-supporting sewer
line where relatively short sections of soft
ground are encountered in the installation
trench. In this situation the pipe is laid on
cross-trench saddles of concrete or creosoted
timbers.

c. “Cust-In-Pluce” Concrete Conduit. This
type of conduit is frequently used where
sizes greater than 60-inch diameter pipes are
needed for increased capacity in main, trunk,
or outfall sewers. These types of drains are
not circular in section but are of several
arched designs or box-section culvert rein-
forced-concrete construction.

d. Wood Stave Pipe. Machine-banded wood
stave pipe with iron joint ends and bands is
sometimes used in sizes of 4 inches to 24
inches where vitrified-clay, concrete, or cast-

iron pipe is in short supply. Continuous stave ELBO

pipe, built up and banded in the field, can be
made in sizes of 16 inches to 16 feet.

e. Vitrified-Cluy und Cast Iron Pipe Fit-
tings. The bell-and-spigot type of joint are
generally used for sewer system construc-
tion. Figure 3-12 illustrates this type of joint.
Joints in clay tile are usually sealed with a
hot-pour jointing compound over oakum pack-
ing. Neat-cement grout is used for joint seal-
ing of concrete sewer pipe.

4".45° CAST IRON
ELBOW, WOOD STAVE

4" TUCKER
PATTERN

CONNECTION

4" WOOD STAVE 4" STEEL PIPE

4" CAST IRON "T"

4" REDUCING- CAST IRON “T'-
WOOD STAVE PIPE PATTERN

LONG CONNECTION -HOUSE
ORAIN BELOW FROST LINE

PIPE HOUSE ORAINAGE,"T"
CONNECTION PATTERN

J. Conventioncl Symbols. When house or
building connections are shown on sewerage
plans, the conventions used are the same as
those for plumbing plans. These symbols are
covered in the preceding section. Typical
building connections are shown in figure 3-13.
If you study figure 3-13, you will note the
amount of information supplied to the
plumber. Note also the specific information
given on the caulking and sealing of joints
for each type of drain. These are standard
detail conventions and will be found on all
properly prepared sewerage plans, Figure 3-
14 illustrates the conventions used in a typical
sewerage system plan, You can see that this is
not a simple system; however, it is typical of
large-job sewerage systems. Note that refer-
ence is made to the actual building plans for
the details of the house drain connections.

6-45°VITRIFIED  4"STRAIGHT OR ,  REMOVABLE

CLAY, CONCRETE 4"X2" REDUCING 'CLEAN-OUT PLUG

OR 4" CAST IRON "Y'-90° DRAINAGE 12"0R 4"
w T" PATTERN ISTEEL

6'-45° VITRIFIED
CLAY OR CONCRETE
ELBOW. OMIT IF

WOOD PIPE IS USED

CEMENT OR MASTIC
JOINT

6"X4" VITRIFIED
CLAY OR CONCRETE
REDUCER. OMIT IF

WOOD PIPE IS USED
MAIN SEWER

N 6"'
4" WOOD STAVE,
CONCRETE OF " CONGRETE O
CLAY Pipe  CAST IRON ELBOW
6" REDUCING "Y" BRANCH, VITRIFIED
CLAY OR CONCRETE. OMIT IF wWOOD
IS USED. SUBSTITUTE 4" CAST IRON
REDUCER

"T"CLOSED
WITH WOOD 2"x 4" REDUCER LONG CONNECTION-HOUSE
PLUG AND LEAD-wOOL | REQUIRED WHERE DRAIN ABOVE GROUND
USED AS CAULKING | NECESSARY
CLEANOUT 2"0R 4" 4" STRAIGHT OR 4"X2" REMOVABLE 2" OR 4"STEEL
STEEL REDUCING "Y"-90°  CLEAN-OUT PLUG , PIPE'HOUSE

DRAIN

4" STEEL PIPE
4"-45°CAST IRON
ELBOW

4" Wo0D
STAVE PIPE

4"REDUCING CAST IRON"T"
WOOD STAVE PIPE PATTERN

SHORT CONNECTION ~ HOUSE
DRAIN BELOW GROUND

CEMENT OR CAULKED JOINT.
MAIN SEWER

Figure 3-13. Typical building connections.
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3-13. Manholes

Manholes are generally of circular cross sec-
tion when made of cement-plastered brick-
and-mortar walls set on a concrete base slab.
The top is closed with a removable heavy lid
that lays in a cast-iron top ring. Where man-
holes are made of wood the cross section is
square or rectangular and has a removable
cover set in the roofing timbers. An example
of manhole construction is shown in figure 3-
15. Note that the manhole depicted is made
of brick or'concrete and is circular. From the
dimensions given, you can see that the base
slab slopes. (10 inches to 9 inches). The lid is 2
feet, 4 inches in diameter and %-inch thick.
There are three shelves around the pipes in an
opening whose diameter is 3 feet, 6 inches.

3-14, Sewage Treatment

«. Greuse Trups. Wooden box type grease
traps are generally set in the flow line of
the house or building sewer to intercept greas-

TM 5-704/AFM 85-27

es and fats from kitchen sinks, Baffles are
placed in the boxes to collect floating grease
particles but arranged so as not to restrict the
flow of the efluent. Figure 3-16 shows the
general design of a grease trap.

b. Septic Tunks. These are usually con-
structed in box-section form of lumber.
Concrete, brick, or stone may be used for
more permanent installations where such
materials are available. Single building tanks
of about 500-gallon capacity are sometimes
made of steel and supplied ready for instal-
lation in the sewer system. Construction de-
tails for a small septic tank are shown in
figure 3-17. A larger tank is shown in figure 3-
18. An integral part of septic tanks is the
dosing tank which is usually constructed of
wood or concrete. When wood walls are used,
a concrete slab floor is favored as giving the
best foundation for installation of the in-
termittent syphon. Plan and elevation views
of a dosage tank are shown as part of the
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HAOALDS O rEEY

Figure 3-15. Typical sewer system plan.
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septic tank details in view A-A of figure 3-18.
c. Imhoff Tunk. Installations which are

sufficiently complex to require
plant will normally have plans

a treatment may be used.

prepared for

and soil conditions. Where a septic tapk is not
adequate to handle the load, an Imhoff tank

Typical construction details for

a concrete Imhoff tank are shown in figure 3-

a specific site, accounting for the topography 19.
R
L
34"
BRICK VARIABLE
cONGRETE|- — Figure 3-15. Munhole construction.
SNE:F o *
SECTION A-A _T; ”j' 7 + ﬂ
e i
SECTION B-B
COVER COVER
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& ) e 3 = CEMENT
B _ls—=t "t OR PITCH
g —J ROOFING
" " 0 " " CEMENT
2"0R 4 L 2"0R 4 4 OR PITCH
STEEL PIPE 2"X 4" 1"x2 STEEL PIPE
PLAN SECTION A—A SECTION B—8
Figure 3-16. Greuse trap.
FROM WALES JOISTS T0 WOOD, VITRIFIED CLAY OR CONCRETE PIPE
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SEWER DISTRIBUTION LIQUID DECKING
LINE STAYS TIES BOX LEVEL
TRAPDOOR \ TRAPDOOR
A - ] ;i T #n I
7T 2 i S gis
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— = m: — E :il. U‘.‘:::: :‘_‘_.T.‘_‘::::'_:‘..'.‘_"_'u”'. E
A
. FROM
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e : SEWER
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BAFFLE BAFFLE TO DISTRIBUTION 80X
PLAN SECTION A-A

Figure 3-17. Typicul smull septic tank,
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SEPTIC TANK-6'X&'X228' SBSFCE —
SEWER LINE V?'A—A 0ot
4° ITRFIED
TRE PPE
BULLING e e o ¢ ot e e . e o
QL“—.-.,Q.. MANHOLE No g DOSING TANK o ITAFED
2{'”‘ SEL NOTE C TLE MY
DISTRIBUTION BOX
BULONGS e
1+14.6 QISTRBUTION LINES
4% OPEN JOMT
: 14648 [ag 141 ORAN TRE
1 (L)  (OUTLET) UNDER
4° OPEN JOMT
L 0+888 ORANM TLE
L QUTFALL SEWER LINE NOTE:
r~=—} 4* VITRFED LINES AND ORAINS SMACED & TO 10"
TRE Pog APART AMD LAIO TOGETHER IN THE
L SAME TRENCH WITH DRAINS
UNDERMEATH
0+584
—
——0+28.2
N
0+00
ol
} MANHOLE Na |
MAN SEWER LINE
& ITAFED
LI PPL
cnnsmmenld
PLAN

Figure 3-18. Typicul smull sewerage system, plun view.
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EFFLUENT
6" PIPE

INFLUENT
6"PIPE

LONGITUDINAL SLOT

SLUDGE OUTLET

REINFORCING
BARS

INSIDE OF
WALL

il

TAR PAPER [!5-|1/4"

FOOTING

AR

TANK WALL SECTION
DIMENSION "G"

REINFORCING
ARS

EFFLUENT
CHAMBER

4" SLUDGE PIPE

», EFFLUENT
7 CHAMBER
WATER /| WOOD BAFFLE
LEVEL
SETTLING
TANK WALL

SLOPED
FLOOR

BAFFLE DETAIL

GENERAL NOTES

HORIZONTAL AND VERTICAL
A | REINFORCEMENT BARS SHOWN
BY SYMBOL

SLUDGE OUTLET CONNECTION
B | CONNECTED TO SLUDGE PIPE

BY 60° SCREWED "Y" BRANCH.

Figure 3-19. Imhoff tunk, 25,000 gullon capucity.
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SLOPING BOTTOM-SEE A-A AND C-C
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SETTLING
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INFLUENT
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&" PIPE WATER LEVEL

EFFLUENT
CAULKED 6 PIPE

(N

EFFLUENT
CHAMBER

REINFORCING
TAR BARS

PAPER
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v 1 - s @7

SLOPED BOTTOM

UPLIFT PRESSURE RELEASE
8" SQUARE WOOD PLUG
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DIGESTION CHAMBER

FOOTING

6"X6"NO6
WIRE MESH
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Fe— REINFORCING
BARS
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SETTLING TANK

| CAULKED
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INSIDE WALL
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REINFORCING
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SECTION E-E

Figure 3-19. Imhoff tank, 25,000 gullon capucity—continued.
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3-15. Disposal Facilities

«. Leuching Tanks. The receivers of raw
sewage or septic-tank effluent are leaching
tanks or cesspools and can be made of 4- by
4-inch lumber or 5-inch round timbers. Dry
masonry may be used for wall construction
where time and materials permit. A design
for a small leaching tank is shown in figure
3-20.

b. Sund-Filter Fields. Either vitrified clay
or concrete drain tile, without sealed joints is
used for piping in both subsurface irriga-
tion and subsurface sand-filter disposal sys-
tems. Approved design methods, giving plans
and profiles, for installation of drain tile in
the two types of irrigation and sand-filter
fields are shown in figures 3-21 and 3-22.

(1) Distribution boxes. To change the flow
of effluent to different sections of a filtra-
tion field, a distribution box is used and can be
made of wood, concrete, or brick. The diver-
sion gate is usually of wood, with a handle-
slot, so that its position in the distribution box
can be moved to change the sewage flow direc-
tion. See view B-B on figure 3-18 for the in-
stallation requirements of a distribution box.

(2) Size. Figures 3-18 and 3-23 illustrate a
typical small sewerage system which uses
both a septic tank and a subsurface sand fil-
ter as the final sewage disposal point. Because
of the long pipe runs and the use of the sand
filter, both a plan and profile view of the sys-
tem are required to inform the pipe fitters
of eonstruction requirements.

AT LEAST 8" OF OILED EARTH OR 6" OF TIGHTLY
COMPACTED DAMP CLAY FOR COVER IN HOT
CLIMATES

v.%%o
GRADE CONCRETE
670 8" | T
tood
INTAKE - l
WATER STONE
LINE o T WALL
CRUSHED 3 ‘
STONE OR— 18
GRAVEL
I"MINIMUM

Figure 3-20. Leuching tank.

3-26

3-16. Sewerage System Plans

a. Topography. Unless a sewerage plan is
prepared for a specific location and facility,
it will represent only a typical plan for the
type of facility covered. The topography
and disposal facilities at the huilding site
will determine the actual piping layout and
arrangement. For example, the plan illustrat-
ed on figure 3-14 is hased on the assumption
of a uniform slope downwards to the right.
If the actual slope at the site is different, the
plan would have to be re-arranged to suit the
topography.

b. Detuils From Plun View. If you start at
the left side of figure 3-18, you can see that
five buildings are to be connected to the main
sewer line by five 4-inch vitrified tile pipe sec-
tions. The pipe sections are to be installed lat-
erally. Two manholes are to be provided, one
at each end of the main sewer line. The first
manhole is given as the zero reference point
for all other measurements. The point of
connection of the first lateral is given as 0 +
28.2 feet. These numbers indicate the dist-
ance between connection points in hundreds
of feet plus feet and decimal fractions of
a foot. For example the symbol 0 + 28.2
reads 28.2 feet, the symbol 1 + 14.6 at man-
hole No. 2 indicates that this connection point
is 114.6 feet from the reference point 0 +
00. You can now easily determine the distance
between all the remaining connection points
on the plan. Although you can read the dist-
ances between points on the plan view, you
might note that you cannot determine the
depth at which the pipe is to be laid in the
ground from this view. Another view is re-
quired and that is the profile view. The profile
view will be discussed in paragraph c follow-
ing. Now, from figure 3-18 you can see that
the main sewer line is to be connected to a
septic tank whose dimensions are given as 6
feet by 8 feet by 22.5 feet. Again it would
be necessary to refer to the profile view to
determine at what elevation (depth below
building level) the bottom of the tank is re-
quired to be placed. Note that you are directed
to see enlarged view AA of the septic tank
for details of the required construction.
Finally, the outfall of the septic tank is
connected to a subsurface sand filter via a
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INFLUENT SEPTIC LATERALS LAID AT 3-PERCENT GRADE IF
TANK DOSING SIPHON IS PROVIDED AND AT A
5-PERCENT GRADE IF DOSING TANK AND
SIPHON ARE OMITTED

SPACED
EFFLUENT 5'TO I0

4" PERFORATED
FIBRE PIPE OR 4

6"OR 8" WOOD  OPEN JOINT DRAIN
VITRIFIED CLAY TILE WITH TAR PAPER
OR CONCRETE ~ OVER I/4 OPEN JOINTS

PIPE
PLAN
4" PERFORATED FIBRE PIPE OR GRADE
4"OPEN JOINT ORAIN TILE
5/8"DIAMETER
EARTH BACK FILL SPLIT TOP PERFORATORS
COUPLING _5"ON CENTER
24"
6 M'N';MUM GAP IN SPLIT RING
to AT BOTTOM OF
PIPE
GRAVEL
PERFORATED
NOTE: FIBRE PIPE
NO UNDER DRAINS PROVIDED FOR THIS LAYOUT. SECTION

FOR METHODS OF DETERMINING INSTALLATION
SIZE, SEE "SOIL TEST" NOTES.

TYPICAL SECTION

Figure 3-21. Typical subsurfuce irrigution construction.
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PROVIDE 1-SQUARE FOOT OF FILTER AREA
PER GALLON OF SEWAGE PER DAY EARTH BACK FILL

DISTRIBUTION LINES

DISTRIBUTION LINES-LEVEL FINISHED GRADE
3-PERCENT GRADE

SEPTIC
TANK

INFLUENT EFFLUENT 747 | UNDER DRAINS
5 oll
DISTRIBUTION BOX M
GRAVEL
OUTFALL UNDER DRAIN
. NOTE:
4" PERFORATED FIBRE PIPE OR 4" OPEN
JOINT DRAIN TILE SPACED 5' TO 10' APART UNDER DRAINS ARE CENTERED BETWEEN AND AT A
WITH TAR PAPER OVER 1/4" OPEN JOINTS LOWER ELEVATION THAN THE DISTRIBUTION LINES
PLAN SECTION

SUBSURFACE SAND FILTER A

USE CAST IRON REDUCING LATERALS FOR WOOD STAVE PIPE
WHEN WOOD PIPE MAIN AND PERFORATED FIBRE LATERALS

ARE USED IN INSTALLATION

6" OR 8" WOOD, VITRIFIED CLAY UNDER DRAINS -

OR CONCRETE PIPE 3-PERCENT GRADE DISTRIBUTION LINE

GRADE EARTH BACK FILL

DISTRIBUTION
SEPTIC LINE-LEVEL

TANK

FFLUENT
INFLUENT EFFL
b3
]
x 3"
5 GRAVEL
DISTRIBUTION  BOX OUTFALL UNDER DRAIN
NOTE.
4" PERFORATED FIBRE PIPE OR 4" OPEN ,
JOINT DRAIN TILE SPACED.5' TO 10' APART UNDER DRAINS IN SAME TRENCH APPROXIMATELY 3
WITH TAR PAPER OVER 174" QPEN JOINTS DIRECTLY UNDER DISTRIBUTION LINES
PLAN SECTION

SUBSURFACE SAND FILTER B

Figure 3-22. Typical sund-filter fields.
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distribution box. The plan tells you that the
filter consists of distribution lines laid above
a separate system of drain lines. Note that
only the distribution lines are connected to
the distribution box. The under drain lines
form a separate system. Note that the extent
of the subsurface sand filter is not com-
pletely specified in figure 3-18. The actual size
of the filter must be determined at the site by
the performance of the soil absorption test.
The same test must be performed to deter-
mine the necessary percolation area when a
leaching tank is used as the disposal field.

c. Detuils From Profile View. Figure 3-23 is
the profile view that complements the plan of
figure 3-18. The'profile is taken along the path
of sewage flow .in the manner of an aligned
section. To provide for easier reading, note
that the vertical 'scale is expan7cd so that one
square equals 1 'foot, whereas for the hori-
zontal scale, one square equals ten feet. Note
that the floors of the buildings are shown at
an elevation of 200 feet. It is common prac-
tice to assign a convenient round number to
this reference point. The actual elevation
might have been 196 or 207 feet, but for
purposes of convenience the round number
200 is used. All elevations are then refer-
enced to this point. Note that the laterals
shown on figure 3-18 are actually dropped 6.8
feet as shown on figure 3-23 before connec-
tion is made to the main sewer line. Look
carefully at each section of the main sewer
and note the numbers 0.01, 0.009, 0.125, 0.005.
These numbers indicate the grade of each
section and are calculated as follows: From
the profile, you can read the inlet elevation of
manhole No. 1 as 193.2 feet and the inlet
elevation at manhole No. 2 as 192.05. The dist-
ance between these two points is given as
114.6 feet. Therefore, the grade is (193.2—
192.05) + 114.6 = 1.15 = 1146 = 0.0l,0r al
percent grade, or a 1 foot drop in 100 feet. It
was stated in paragraph b preceding, that al-
though the size of the septic tank could be
read from the plan view, the actual elevation
of the base could not be determined from
the plan view. From the profile view you can
now read the required depth of the footing
for the septic tank. It is shown to be at an
elevation of 187.2 feet of 12.8 feet below
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the floor level of the buildings. One final
point of major importance that cannot be
completely read from either the plan or pro-
file views is the extent, or area, of the sub-
surface sand filter. As was noted earlier, this
must be determined by a soil absorption test
which is performed as follows:

(1) Soil ubsorption test procedure. Dig
test holes (at least three) 1 foot square to the
proposed depth of the tile and fill them with
water to a depth of 1 foot. After the water
has seeped away, and while the bottom of the
holes are still wet, refill the holes to a depth
of 6 inches. Note the average time required
for the water level to drop one inch and com-
pute the necessary percolation area from the
data in table 3-1.

Tuble 3-1. Soil Absorption Rutes.

ABSORPTION (GALLONS PER DAY)
For seee Lo PerSy. B Of Percoitn
To Fall 1 Inch* Trench Bottom AveaIn
(Minutes) In Tile Field Leuching Tank

1 4.0 5.3

2 3.2 4.3

5 2.4 3.2

10 1.7 2.3

30 0.8 11

60 0.6 0.8

*See paragraph 3-160(11 for procedure.

(2) Example 1. A sand filter must handle
2000 gallons per day and the average time
noted in the soil absorption test is 10 minutes.
From Table 3-1, this corresponds to 1.7 gal-
lons per day per square foot.

2000GPD
= 1180 8Q. FT.

1.7 GPD/SQ. FT.

If trenches are 18 inches wide,

M _ T90ft. of trench and pipe
1.5 FT. will be required.



(3) Example 2. A leaching tank must
handle 400 gallons per day (GPD) and the
average time noted in the soil test is 2 min-
utes. From table 3-1, this corresponds to an
absorption rate of 4.3 gallons per day per
square foot,

400 GPD

= 938Q.FT.
4.3 GPD/SQ. FT.

(4) Capacity. The following informa-
tion in general in nature and will have been
taken into consideration when the plans were
made. The necessary capacity for a sewerage
system is normally based on handling 25 gal-
lons per day per man, or 50 gallons per day
per bed for hospitals. A facility housing 500
troops, therefore, would require sewage
disposal facilities capable of handling 12,-
500 gallons per day. A 100—bed hospital
would require disposal facilities capable of
handling 5,000 gallons per day. Septic tanks
must normally be capable of detaining se-
wage for 24 hours. Sewer piping is usually
designed for capacities of three times the
average flow in order to handle peak loads,
but pipe less than 6 inches in diameter should
not be used for main sewers, and the rate of
flow should not be less than 2 feet per second
when full or half full to prevent clogging
regardless of the capacity required. The min-
imum velocity is usually specified as 1.5 feet
per second.

JIM 5-704/AFM 85-27
3-17. Self-Test

To check your understanding of sewerage
system drawings, answer the following ques-
tions. Answers are given at the end of the
chapter.

1. Referring to the plan shown in figure 3-18,
if the elevation of the inlet to the manhole
No. 1 is 195.00 feet, and 185.50 feet at man-
hole No. 2 at what is the grade?

a. 0.36 feet per hundred

b. 0.63 feet per hundred

c. 0.83 feet per hundred

d. 1.05 feet per hundred

2. On the same plan, all laterals are 4-inch
pipe. (True or False)

3. Approximately how many feet of 4-inch
drain tile are required for the subsurface
and sand filter shown in figures 3-187

«. 1000 feet

b. 2000 feet

¢. 2200 feet

d. Cannot be determined from plan

4. In figure 3-23 what is the elevation at the
point where the lateral from the center
building joins the main sewer line?

«. 56.4 feet

b. 114.6 feet

c. 193 feet

d. 194.8 feet

e. Cannot be determined

5. What is the total distance from manhole
No. 2 to the distribution box inlet?

. 73.5 feet

b. 172.5 feet

c. 287.1 feet

d. 401.7 feet
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SECTION V. ELECTRICAL DISTRIBUTION SYSTEM

3-18. Definition

Electrical distribution is the delivery of pow-
er to the using premises from the power
plant or substation through feeders and
mains carried on poles or placed underground.

3-19. Nomenclature

The general term “power system” covers the
large-capacity wiring installations and asso-
ciated equipment for the delivery of electri-
cal energy from the point of generation to
the point of use. The power system is gener-
ally considered to be a combination of two
sections-—the transmission system and the
distribution system. The difference between
the two sections depends on the function of
each as defined below. At times, in small pow-
er systems, the difference tends to disappear
and the transmission system merges with the
distribution system, and the delivery network
as a whole is referred to as the “distribution
system.”

a. Transmission System. A transmission
system usually consists of step-up and step-
down transformer stations, transmission
lines, and switching or substations. The sys-
tem is used for the transmission of bulk
power to load centers and large industrial
users beyond the economical service range of
the regular primary distribution lines.

b. Distribution System. A distribution sys-
tem usually consists of primary distribution
lines or networks, service transformer
banks, and secondary lines or networks. The
system is used to deliver power from gener-
ating stations or transmission substations to
various points of use. While the term “distri-
bution system” is normally used to designate

the outside lines, they are frequently contin-
ued inside the buildings to power outlets for
electrical equipment operation. These power
outlets are distinct from the usual lighting
circuits or “interior wiring.”

3-20. Conventions

The conventions used on the electrical utility
plans are symbols that indicate the general
layout, units, related equipment and fixtures
to be installed. Some common symbols you
should be familiar with are shown in figures
3-24 and 3-25. You will find additional sym-
bols which are in common use listed in Appen-
dix B.

3-21. Materials and Fittings

The principal difference between the wiring
materials for interior wiring and distribu-
tion lines is size. Larger sizes of wire are
needed for greater current-carrying capaci-
ties. Spacing of wires and insulation is in-

-creased to give protection needed where high

voltages are used. With the increase of wire
sizes, larger conduits, outlet or junction box-
es, insulators, connectors, fuses, switches,
and circuit breakers are needed. Tables 3-2
through 3-5 list the dimensions and current-
carrying capacity for the most frequently
used wire types and sizes. Sizes are listed by
American Wire Gauge (AWG) numbers. Cur-
rent-carrying capacity is based on a maxi-
mum air temperature of 100%F. If the max-
imum air temperature is lower, add 3 percent
for each 5%F,; if higher, subtract 2 percent
for each 5%F. You will generally find that
unit electrical power devices have pertinent
wiring and hook-up diagrams on the name
plate or other prominent place.

Table 3-2. Churacteristics of Bare Solid Copper Wire.

Size Diameter Weight Resistance Current-Carrying
TAWG tinches) {pounds per l(}hms per LOv Capacity
LO00 L eet at 20°C.» {amperes)
4/0 0.4600 639.8 0.04893 332
3/0 .4096 507.3 .06170 290
2/0 .3648 402.4 07780 248
1/0 .3250 319.4 09811 216
1 .2893 253.0 1237 184
2 .2576 200.6 .1560 160
4 .2043 126.2 2480 118
6 .1620 79.35 3944 89
) 1285 49.92 L6271 66
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TWO CONDUCTOR SERVICE
ABOVE GROUND
PRIMARY

SECONDARY
STREET LIGHTING

UNDERGROUND
BURIED CABLE

DUCT LINE

THREE OR MORE CONDUCTORS
(NO. OF CROSS LINES EQUALS NO. OF CONDUCTORS)

INCOMING LINES
CONDUIT OR GROUPING OF CONDUCTORS

BRANCHING OF GROUP OF CONDUCTORS
(NO. INDICATES NO. OF CONDUCTORS IN BRANCH)

GROUND

Figure 3-24. Line symbols for electric power distribution.
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ITEM

SYMBOL

TRANSFORMER MANHOLE
OR VAULT

TRANSFORMER

CONSTANT CURRENT
TRANSFORMER

POLE

POLE WITH DOWN
GUY WITH ANCHOR

CIRCUIT BREAKER -
AIR

oIL

FUSE

SWITCH, MANUAL
DISCONNECT

LIGHTNING ARRESTER

CAPACITOR
{STRAIGHT LINE IS
POSITIVE SIDE)

INSTRUMENT OR METER

*A- AMMETER
AH- AMPERE HOUR METER
CRO- OSCILLOGRAPH
F- FREQUENCY METER
OHM-OHMMETER
OSC- OSCILLOGRAPH
PH- PHASE METER
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® or [

REC- RECORDING
RO- SECOSDING DEMAND

ETE
VAR-VARMETER
V- VOLTMETER
WH- WATT-HOUR METER
W- WATTMETER

ILLUSTRATION (S)
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Figure 3-25. Conventional
symbols for electric
distribution

equipment.



Tuble 3-3. Charucteristics of Weatherproof Solid Copper Wire.

Diameter over Weight
insulati (pounds per Resistance X
Size lincheso»n 1,000 ft.) (ohms per C""é:;'::i:?'mg
. 1,000 £t. .
(AWG) Three. Twor Three- Two at 20°C. {amperes !
braid braid braid braid
4/0 0.640 0.608 767 723 0.04893 368
3/0 .593 .562 629 587 06170 318
2/0 515 .500 502 467 07780 274
1/0 .500 468 407 3 08811 237
1 453 422 316 294 12370 203
2 437 .390 260 239 .15600 176
4 .359 .328 164 151 .24800 130
6 328 .296 12 100 .39440 98
8 .296 .250 % 66 .62710 mn
Table 3-4. Churacteristics of Bure Stunded Copper Wire.
Weight R‘:hum Wires g:r I:;:‘z
Size Diameter (pounds per (‘: g‘; ?:' in Capacity
(AWG) (inches) 1,0004t.1 at 20°C stru‘\d ‘mpere‘s .
4/0 0.5275 653.14 0.04997 19 338
3/0 4644 512.07 .06293 7 294
2/0 4134 406.98 .07935 7 252
1/0 .3684 322.39 10007 7 219
1 3279 255.45 12617 7 186
2 2919 202.50 15725 T 161
4 2316 127.40 .25000 7 119
6 .1836 80.10 .39767 7 90
Tuble 3-5. Churucteristics of Weutherproof Strunded Copper Wire.
. . Resistance Current-
Diameter over Weight Wire (ohms per Carrying
Size Insulation {pounds per n 1,000 [t Capacity
(AWG) (inches) 1,000{t.) strand At 20° C (amperes!
Three- Two- Three- Two-
braid braid braid braid
% 0.812 0.687 800 745 19 0.04997 374
¥% 134 671 653 604 7 06293 322
% .687 .625 522 482 7 .07935 21
% 640 578 424 388 7 10007 240
1 .593 531 328 303 7 12617 205
2 531 .468 270 246 7 15725 178
4 437 .3%0 170 155 7 25000 131
6 406 .359 115 103 7 39767 99
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3-22. Electrical Distribution Plan

u. Figure 3-26 shows the electric distribu-
tion information normally provided on the
utility plan for a small installation. The let-
ter in circles at each building ( @), ,or

) indicate the phase or phases to be con-
nected to the building. Figure 3-27 is a pictori-
al view of the installation. You can see that
only the total connected load need be listed
for an installation this small. The utility lay-
out for a larger installation would provide
you with a more detailed tabulation of electr-
ical loads for each load center as shown in
figure 3-28. The tabulation shown is for the
hospital layout shown in figure 3-2. The con-
nected load is the total power requirement of
all the items connected to the system. The
demand load is the maximum amount of
power which may be expected to be required
at one time. Note that the demand load is less
than the connected load for some services
because not all units would be operated at one
time, and the overall demand is less than the
sum of the individual demand loads because
the peak demand would not occur on all ser-
vices at the same time.

b. In addition to the layout plans, detail
drawings are used to show complex installa-
tions, standard connection methods and speci-
fications. On figure 3-26, note that the number
and size is specified for wiring on some spans
(as 4-#6, for example), the number of wires
is indicated by cross lines on the service drops
(as to building number 3), and no specification
is given on some spans (such as those to build-
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ing number 4). A note on the drawing will
normally specify the minimum wire size that
can be used for those not specified. As shown
in figure 3-24, two wires are used unless a
larger number is designated. Figure 3-29 illus-
trates typical detail drawings for secondary
power distribution connections. The first de-
tail indicates the method of connecting ser-
vice drops at a mast on a building. The lower
details show pole connection for both small
and large angle turns. Figure 3-30 illustrates
the type of detail drawing used for complex
installations. This type of drawing gives you
information such as size and class of pole,
dimension of cross arm, type and size of
wire, height of platform, and transformer
wiring.

¢. The pole line installation detail (fig. 3-29)
calls for a “class 5 pole.” This refers to the
USA Standard Institute classification which
classifies poles according to the load resist-
ance 2 feet from the top. Table 3-6 lists the
characteristics of four types of poles for
the various classes and sizes. When installing
distribution lines you would also be responsi-
ble for proper tensioning and you would use
tables which list sag for various span lengths
and conditions. Tables 3-7 and 3-8 are typical
of the types used for this purpose. Infor-
mation of this type may be found in TM 5-
765, Electrical Power Transmission and Dis-
tribution. When the stringing temperature or
span length does not correspond to a value
listed it will be necessary for you to interpo-
late between the nearest values given.
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Figure 3-26. Typicul electric distribution plan.
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N

BUILDING COLUMN

__ NO.& SIZE AS SHOWN ON UTILITY
LAYOUTS

4"X 4" MAST

HEIGHT TO PROVIDE 3'-0" MIN.
CLEARANCE OVER HIGH POINT

OF ROOF AT MAX. SAG -~ FROM POLE LINE

STANDARD UNGLAZED PLAN VIEW
PORCELAIN TUBE SIZE

. 'DRIP LOOP AS REQUIRED
TOP OF GIRT E

FRONT VIEW

BUILDING MAST INSTALLATION

SCALE NO. 7
N STRAIN INSULATOR
AN | CLEVIS
POLE : CABLE
L CONNECTOR
CLASS 5 °

THESE TWO ANGLES

p 10 BE EQUAL
POLE

CLASS S 3/8" GUY
NO GUY REQUIRED FOR WIRE ROPE
ANGLES UP TO 5° —t
ONE GUY REQUIRED FOR .
5° TO 60° ANGLES %’o%ewéfuzp

ANGLE CORNER
60°MAX. ANGLE OVER 60°® ANGLE

TYPICAL POLE LINE INSTALLATION

NO SCALE
Figure 3-29. Typical electrical secondury distribution deteils.
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3/B INCH STRANDED GUY WIRE

»

PELLET TYPE
LIGHTNING ARRESTER

OMIT IF SELF-PROTECTED
TRANSFORMERS ARE USED

msn-moos NO. 6 - W
SOLID COPPER WIRE 'i 2
i 4 oy —— - _l_ R

WS%THER-PRODF
COPPER W)

RE
% SIZE AS REQ.

L]

ol _CuTOUT, 50 AMP
L~ W/RENEWABLE
. FUSE LINK

o P

WEATHER-PROOF NO« 4
,SOLID COPPER WIRE

35-FOOT WODD POLE,
CLASS 4

™~ TRANSFORMER , 60 CYCLE,
. SINGLE PHASE,2400/416
120/240 V., 37:1/2 KVA

12'-0"

/
SINGLE PHASE TRANSFORMER INSTALLATION

Figure 3-30. Transformer installation on ¢ platform.
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Table 3-6. Classification of Wood Poles.

Southern Western Northez
- yellow pine Chestnut red cedar white cedar
Minimum
circum- Circum. Circum. Circum. Circum.

Pole ference 6 ft. Resisting 6 ft. Resisting 6 ft. Resisting 6 ft. | Resisting

length USA at top from butt moment from butt moment from butt moment from butt moment

(feet) class (inches) (inches) (ft-1b) (inches) (ft-ib) (inches) (ft-1b) {inches) (ft-1b)
25 1 27 34.5 80,200 317.0 80,200 38.0 81,000 43.5 78,200
25 2 25 32.5 67,000 34.5 65,000 35.5 66,100 41.0 65,400
25 3 23 30.0 52,700 32.5 54,300 33.0 53,100 38.0 52,100
25 4 21 28.0 42,860 30.0 42,700 30.5 41,800 35.5 42,500
25 5 19 26.0 34,320 28.0 34,720 28.5 34,200 32.5 32,860
25 6 17 24.0 26,990 25.5 26,230 26.0 25,970 30.0 25,640
25 7 15 22.0 20,800 24.0 21,870 24.5 21,730 28.0 20,840
30 1 27 31.5 102,900 40.0 101,200 41.0 101,700 4.5 101,800
30 2 25 35.0 83,700 317.5 83,500 38.5 84,300 44.5 83,700
30 3 23 32.5 87,000 35.0 67,850 35.5 66,100 41.5 67,800
30 4 21 30.0 62,700 32.5 54,300 33.0 53,100 38.5 54,200
30 5 19 28.0 42,860 30.0 42,700 30.5 41,900 35.5 42,500
30 6 17 26.0 34,320 28.0 34,720 28.5 34,200 33.0 34,100
30 1 15 24.0 26,990 26.0 27,820 26.5 27,500 30.5 26 §30
35 1 27 40.0 124,900 42.5 121,400 43.5 121,600 50.5 122,300
35 2 25 37.5 102,900 40.0 101,200 41.0 101,700 41.5 101,800
35 3 23 35.0 83,700 37.5 83,500 38.0 81,000 44.0 30,800
35 4 21 32.0 64,000 34.5 65,000 35.0 63,350 41.0 65,400
35 5 19 30.0 52,700 32.0 51,900 32,5 50,700 38.0 52,100
35 6 17 27.5 40,600 30.0 42,700 30.5 41,900 35.0 40,700
35 7 15 25.5 32,380 27.5 32,920 28.0 32,410 32.5 32,600
40 1 27 42.0 144,600 45.0 144,100 46.0 143,800 53.5 145,500
40 2 25 39.5 120,300 42.5 121,400 43.5 121,800 50.0 118,700
40 3 23 37.0 98,900 39.5 97,500 40.5 98,100 46.5 95,500
40 4 21 34.0 76,700 36.5 71,000 37.5 77,900 43.5 78,200
40 5 19 31.5 60,900 34.0 82,200 34.5 60,700 40.0 60,800
40 6 17 29.0 47,600 31.5 49,400 32.0 48,400 37.0 48,100
40 1 15 21.0 38,400 29.5 40,600
45 1 27 44,0 166,300 41.5 169,600 48.5 168,500 56.0 166,800
45 2 25 41.5 139,400 44.5 139,500 45.5 139,100 §2.5 137,400
45 3 23 38.5 111,400 41.5 113,000 42.5 113,400 49.0 111,600
45 4 21 36,0 91,100 38.5 90,300 39.5 91,000 45.5 89,500
45 5 19 33.0 170,200 38.0 73,800 368.5 71,800 42.0 70,300
45 6 17 30.5 55,400 33.0 56,800
45 ki 15 28.5 45,200 31.0 47,200
50 1 27 46.0 180,000 49.5 191,900 50.5 190,200 58.5 190,100
50 2 25 43.0 155,200 46.5 159,000 47.5 158,300 55.0 158,000
50 3 23 40.0 124,900 43.5 130,200 44,5 130,100 51.5 129,500
50 4 21 37.5 102,900 40.0 101,200 41.0 101,700 47.5 101,800
50 5 19 34.5 80,200 37.5 83,500 38.0 81,000 44,0 80,900
50 6 17 32.0 64,000 34,5 65,000
50 7 15 29.5 50,100 32.0 51,800
55 1 27 47.5 209,100 51.5 216,000 52.5 213,800 61.0 -215,600
55 2 25 44.5 172,000 48.5 180,500 48.5 179,100 57.5 180,500
55 3 23 41.5 139,400 45.0 144,100 46.0 143,800 §3.5 145,500
55 4 21 39.0 155,800 42.0 117,200 42.5 113,400 49.5 115,200
55 5 19 36.0 91,100 39.0 94,900 39.5 91,000 46.0 92,400
55 6 17 33.5 73,400 36.0 73,800




Table 3-7. Typical Sag Tuble for
Primary Distribution Wiring.

Sag for no. 6 AWG

bare copper wire

{inches)
Span Stringing
(feet} temperature
30°F 60°F H°F

50 2 3 3

60 3 4 5

70 4 6 7

80 6 7 9

90 8 9 1
100 9 12 14
110 12 14 17
120 14 17 20
130 16 20 23
140 18 23 26
150 21 26 30
160 24 30 34
170 27 34 39
180 31 38 44

Table 3-8. Sug Table for Secondary Distribution Wiring.

Sag of hard or medivm-drawn, covered cop-
per wire for different span lengths (inches)

TM 5-704 /AFM 85-27

\Yire string- Frigid and temperate zones Tropical zone
size ing
(AWG) le:m 100° 125 150 175 200" 250° 300" 100° 125 150 175" 200 250 300"
30°F 115.5 23 36 — — — — | 85 14 1225 31 — — —
8 60°F 18 27 40 — — — — 12 18 27 36 — — —
90°F }21.5 31 44 — — — — }155 1225 32 41 — — —
30°F | 85 14 22 31 — — — 6 9 14 [19.5 26 — —
6 60°F 12 18 27 36 — — — 8 12 18 24 32 — —
90°F 1155 | 225 32 40 — — — 11 16 [22.5 29 38 — —
30°F | 85 14 {215 31 43 — — | 6.5 9 14 19 26 — —
4 60°F 12 18 27 36 48 — — 8 12 18 24 32 — —
90°F 17 |1 22.5 32 41 54 — — 1115 16 22 30 38 — —
30°F § 8.5 14 {21.5 |23.5 30 53 89 | 6.5 9 14 1175 21 28 45
2 60°F 12 18 27 30 36 60 96 8 12 18 22 26 4 52
9°F 17 1225 32 35 42 67 {103 j11.5 16 22 27 32 41 60
30°F | 85 ]135 21 23 27 44 72 | 55 9 {135 165 19 26 38
1 60°F 12 18 26 29 33 52 80 8 12 18 21 24 31 45
90°F f15.5 | 225 31 34 39 59 87 115 16 23 26 30 38 53
30°F | 85 1135 [20.5 225 26 42 66 | 5.5 9 14 ]16.5 18 ]24.5 34
1/0 60°F 12 18 26 28 32 | 49 72 8 12 18 21 23 30 41
9°F §155 | 225 31 34 38 56 82 1115 [16.5 23 27 28 36 47
30°F § 85 |135 20 1225 25 38 57 | 5.5 9 1135 16 1175 23 31
2/0 60°F 12 18 25 28 31 46 66 8 12 18 20 22 28 37
90°F 16 | 22.5 30 34 38 53 73 1115 16 23 25 28 35 45
30°F ] 85 1135|185 21 {245 31 43 | 55 | 85135 16 116.5 [20.5 27
4/0 60°F 12 18 24 27 30 38 50 8 12 18 19 21 25 32
90°F 16 | 22.5 29 33 36 46 59 115 16 23 | 245 26 31 39
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3-23. Self-Test

To verify your understanding of the
previous material, answer the following
questions. Answers are given at the end of
the chapter.

l. Referring to figure 3-26, how many lines
are to be connected to building number 3?

i 4
c.
d.

— DO QO

2. How many lines are to be connected to
building number 1?

al

b. 2
c.3
d 4

3. A 35-foot southern yellow pine pole which
is 18-inches in circumference at the top and
3l-inches in circumference 6-feet from the
butt would be classified as:

«. USA class 4

b. USA class 5

c. USA class 6

d. USAclass 7

4, Which of the following statements is true
of the transformer installation shown in
figure 3-30?

«. All three transformer primaries are
connected to the same supply phase.

b. *All three transformer secondary out-
puts are connected to the same phase.

¢. One 50-ampere fused cutout is required.
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SECTION V. ELECTRICAL WIRING

3-24. Definition

The electrical wiring system in a building is
the installation which distributes electrical
energy. It is frequently referred to as the
“interior wiring system” to distinguish it
from the “electrical distribution sys-
tem”which includes outside power lines and
equipment for multi-building installations.

3-25. Nomenclature

The nomenclature of a building wiring sys-
tem is divided into two principal parts accord-
ing to function as follows:

a. Building Feeders and Subfeeders. A
building feeder is a set of conductors
supplying electricity to the building. A sub-
feeder is:anjextension of the feeder through
a cutout, or switch, from one interior distri-
bution center to another without branch cir-
cuits between,

b. Branches or Branch Circuits. A branch
circuit is a set of conductors, feeding
through an automatic cutout, or fuse, and
supplying one or more energy-consuming
devices such as lights or motors.

3-26. Materials and Fittings

A variety of materials and fittings are used
in the installation of electrical wiring. Some
common items you would use in theater of
operations type construction are described in
the following paragraphs.

a. Conductors. A conductor is any wire, bar,
or ribbon, with or without insulation. It is
usually made of copper because of the good
electrical characteristics of that metal. The
smallest size wire permitted for use in interi-
or wiring systems is 14 AWG. The determina-
tion of the wire size to be used in circuits is
dependent on the voltage drop coincident with
each size. The size of the conductor used as a
feeder to each circuit is also based on voltage
drop. You would select the wire size so that
the voltage drop from the branch circuit
supply to the outlets will not be more than 3
percent. Table 3-9, which is based on an allow-
able 3 percent voltage drop, lists the wire sizes

required for various distances between sup-
ply and load, at different load currents. Table
3-9 also lists the service-wire requirements
and capacities. The minimum size for ser-
vice-wire installation shall not be smaller
than the conductors of a branch circuit and
in no case smaller than No. 12. Service-wires
must not only meet the voltage-drop require-
ments but also be inherently strong encugzh to
support their own weight, plus any additional
loading caused by nature (ice, branches, and
so on). Symbols are used on electrical plans to
show the routing and interconnection of wir-
ing. The symbols that you will most fre-
quently encounter are shown in figure 3-31.
Wiring may be divided into four classes ac-
cording to type of installation on the materi-
als used.

(1) Expedient iwiring. There are many
applications where electrical wiring installa-
tions are needed for temporary use. One
example is a forward area installation. A
complete installation including knobs, tubes,
cleats, and damage protection would require
too much time and would be impractical. Con-.
sequently, expedient wiring used for tempo-
rary buildings and forward areas does not
require the mounting and protective devices
used in permanent installations. Generally,
the wires are attached to huilding members
with nails, and pigtail sockets are used for
outlets. Soldering is omitted and friction
tape is used as a protective covering on the
connections. Fixture drops, preferably pig-
tail sockets, are installed by tapping their
leads to wires and then taping the taps. The
sockets are supported by the tap wires.

(2) Open wiring. Open wiring is the type
most often used in theater of operatio
construction because of economy of materi-
als and ease of making additions or altera-
tions. Wiring is supported and separated on
porcelain knobs, cleats and tubes or encased
in a nonmetallic flexible casing called loom.
Wiring exposed to possible mechanical dam-
age is protected by running boards or railings.
Taps or splices are supported.
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Table 3-9. Minimum Wire Sizes.

Wire size for 120-volt single phase circuit

Wire size (AWG)
Mimf““"‘ Servvice Distance une way from supply toload (ft.)
wire wire
Load size size
{amps) | (AWG) | (AWG) 50 5 100 125 150 175 200 250 300 350 400 450 500

15 14 10 14 12 10 8 8 6 6 6 4 4 4

20 14 10 12 10 8 8 6 6 6 4 4 2 2 2 2
25 12 8 10 8 8 6 6 4 4 4 2 2 2 1 1
30 12 8 10 8 6 6 4 4 4 2 2 1 1 0 0
35 12 6 8 6 6 4 4 4 2 2 1 1 0 0 2/0
40 10 6 8 6 6 4 4 2 2 2 1 0 0 2/0 2/0
45 10 6 8 6 4 4 2 2 2 1 0 0 2/0 2/0 3/0
50 10 6 8 6 4 4 2 2 2 1 0 2/0 2/0 3/0 3/0
55 8 4 6 4 4 2 2 2 1 0 2/0 2/0 3/0 3/0 4/0
60 8 4 6 4 4 2 2 1 1 0 2/0 3/0 3/0 4/0 4/0
65 8 4 6 4 4 2 2 1 0 2/0 2/0 3/0 4/0 4/0

70 8 4 6 4 2 2 1 1 0 2/0 2/0 3/0 4/0 4/0

75 6 4 6 4 2 2 1 0 0 2/0 3/0 4/0

80 6 4 6 4 2 2 1 0 0 2/0 3/0 4/0 4/0

85 6 4 4 4 2 1 1 0 2/0 3/0 3/0 4/0

90 6 2 4 2 2 1 0 0 2/0 3/0 4/0 4/0

95 6 2 4 2 2 1 0 2/0 2/0 3/0 4/0
100 4 2 4 2 2 1 0 2/0 2/0 3/0 4/0

(3) Armored cable wiring. Armored cable,
commonly called BX, provides mechanical
damage protection without additional protec-
tive provisions. All connections and splices
are made within boxes, usually with wire
nuts. Cables are run through holes in building
members or supported by staples or straps.
Nonmetallic sheathed cable is sometimes used
for interior wiring also. Connections and
supports are similar to armored cable wiring.

(4) Conduit wiring. Rigid or thin-wall
conduit wiring provides the highest-quality,
and most expensive installation. Rigid or thin-
wall pipe is used to support and protect the
conductors. Splices and taps are made at junc-
tion boxes or outlet boxes. Very little addi-
tional support or mechanical damage protec-
tion is required beyond that provided by the
conduit.

b. Fixtures. The various switches and out-
lets, such as lighting fixtures and receptacles
are shown by symbols on interior wiring
plans. The most frequently encountered
symbols are shown in figure 3-32.
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c. Fuse Boxes and Circuit Breukers. Each
branch circuit is connected to some protective
device, usually at the point where electrical
service enters the building. Sub-feeders and
additional protective devices may be used for
devices such as motors.

(1). Fuses. The device for automatically
opeing a circuit when the current rises beyond
the safety limit is technically called a cutout,
but more commonly called a fuse. All cir-
cuits and electrical apparatus must be pro-
tected from short circuits or dangerous over-
current conditions through correctly rated
fuses. The cartridge type fuse is used for
current rating above 30 amperes in interior
wiring systems. The plug or screw type fuse
is satisfactory for incandescent lighting or
heating appliance circuits. On branch circuits,

‘wherever motors are connected, time-lag

fuses should be used instead of the standard
plug or cartridge type fuse. These fuses
have self-compensating elements which
maintain and hold the circuit in line during a
momentary heavy ampere drain, yet cut out
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Table 3-9. Minimum Wire Sizes—continued.

Wire size for 220-volt three phase circuits

Minimum| Service Distance one way from supply to load (ft.}
wire wire .
s12e size
(AWG! | (AWG) 100 150 200 250 300 350 400 500 600 700 800 900 1000

15 14 12 14 12 10 8 8 8 6 6 6 4 4 4 2
20 14 10 12 10 8 8 6 6 6 4 4 4 2 2 2
25 12 8 10 8 8 6 6 6 4 4 2 2 2 2 1
30 12 8 10 8 6 6 6 4 4 2 2 2 1 1 0
35 12 8 10 8 6 6 4 4 4 2 2 1 1 0 0
40 10 6 8 6 6 4 4 4 2 1 1 1 0 0 2/0
45 10 6 8 [ 6 4 4 2 2 2 1 0 0 2/0 2/0
50 10 6 8 6 4 4 2 2 2 1 0 0 2/0 2/0 3/0
55 8 6 8 6 4 4 2 2 2 1 0 2/0 2/0 3/0 3/0
60 8 6 6 6 4 2 2 2 1 0 0 2/0 3/0 3/0 4/0
65 8 4 6 4 4 2 2 2 1 0| 2/ 2/0 | 8/0 | 3/0 4/0
70. 8 4 6 4 4 2 2 1 1 0 2/0 3/0 3/0 4/0 4/0
75 6 4 6 4 2 2 2 1 0 2/0 2/0 3/0 4/0 4/0
80 6 4 6 4 2 2 1 1 0 2/0 3/0 3/0 4/0 4/0
85 6 4 6 4] 2 2 1 0 0| 2/0 | 3/0 4/0 | 4/0
90 6 4 6 4 2 2 1 0 0 2/0 3/0 4/0 4/0
95 6 4 6 4 2 1 1 0 2/0 3/0 3/0 4/0

100 4 2 4 2 2 1 0 0 2/0 3/0 4/0 4/0

125 4 2 4 2 1 0 2/0 2/0 3/0 4/0

150 2 2 2 2 0 2/0 2/0 3/0 4/0

175 2 1 2 1 0 2/0 3/0 4/0 4/0

200 1 0 1 0 2/0 370 4/0 4/0

225 0 0 0 0 2/0 3/0 | 4/0

250 2/0 2/0 2/0 2/0 3/0 4/0

27 3/0 3/0 3/0 3/0 3/0 4/0

300 3/0 3/0 3/0 3/0 4/0

325 4/0 4/0 4/0 4/0

the circuit under short-circuit conditions. As
you know, the heavy ampere demand normal-
ly occurs in motor circuits when the motor is
started.

(2). Fuse boxes. As a general rule the
fusing of circuits is concentrated at central-
ly located fuse or distribution panels. These
panels are normally located at the service-
entrance switch in small buildings or installed
in several power centers in large buildings.
The number of service centers or fuse boxes
in the latter case would be determined by the
connected power load.

(3) Circuit breakers. A circuit breaker is a
protective switching device designed to open a
current-carrying circuit under overload, high
or low voltage, or short-circuit conditions and
is sometimes substituted for the entrance
switch in small building electrical installa-
tions. No fuses are used in the circuit break-
er. The breaker is generally operated auto-
matically although manual operation is
provided for. As a rule, no detailed wiring
diagram for a circuit breaker is shown on
construction prints since such diagrams are to
be found on the inside of the circuit breaker
box cover.
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ITEM

WIRING CONCEALED IN
CEILING OR WALL

WIRING CONCEALED IN
FLOOR

EXPOSED BRANCH CIRCUIT

BRANCH CIRCUIT HOME RUN TO
PANEL BOARD (NO. OF ARROWS
EQUALS NO. OF CIRCUITS, DESIGNATION
IDENTIFIES DESIGNATION AT PANEL)

THREE OR MORE WIRES (NO. OF CROSS
LINES EQUALS NO. OF CONDUCTORS
TWO CONDUCTORS INDICATED IF NOT

OTHERWISE NOTED)
INCOMING SERVICE LINES
CROSSED CONDUCTORS, NOT CONNECTED
SPLICE OR SOLDERED CONNECTION
CABLED CONNECTOR (SOLDERLESS)
WIRE TURNED UP

WIRE TURNED DOWN

Figure 3-31. Line symbols for electrical wiring.
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ITEM SYMBOL ILLUSTRATION
SWITCHES -
SINGLE POLE SWITCH S
DOUBLE POLE SWITCH S,
THREE WAY SWITCH 33
SWITCH AND PILOT LAMP Sp
CEILING PULL SWITCH @

PANEL BOARDS AND RELATED EQUIPMENT

PANEL BOARD AND CABINET £ ;:'ji’
SWITCHBOARD, CONTROL STATION OR WY,
SUBSTATION

SERVICE SWITCH OR CIRCUIT BREAKER | B OR s OR(X)

EXTERNALLY OPERATED DISCONNECT —
SWITCH
MOTOR CONTROLLER =3 or

MISCELLANEOUS -
TELEPHONE D|

THERMOSTAT )
MOTOR ™

Figure 3-32. Symbols for electrical fixtures und controls.
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|

SYMBOL

{LLUSTRATION

LIGHTING OUTLETS*-
CEILING

WALL

FLUORESCENT FIXTURE

CONTINUOUS ROW FLUORESCENT
FIXTURE

BARE LAMP FLUORESCENT
STRIP

* LETTERS ADDED TO SYMBOLS INDICATE SPECIAL TYPE OR USAGE

LQ 1

T

-

J- JUNCTION BOX R- RECESSED
L- LOW VOLTAGE X- EXIT LIGHT

RECEPTACLE OUTLETS**-
SINGLE OUTLET

DUPLEX QUTLET

QUADRUPLEX OUTLET

SPECIAL PURPOSE OUTLET

20-AMP, 250- VOLT OUTLET

SINGLE FLOOR QUTLET
(BOX AROUND ANY OF ABOVE
INDICATES FLOOR OUTLET OF
SAME TYPE)

YSLE=}
)
B o1,
D@
-
Bl ®

e LETTER G NEXT TO SYMBOL INDICATES GROUNDING TYPE
Figure 3-32. Symbols for electrical fixtures und controls - continued.
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3-27. Electrical Plans

a. Electrical plans show what items are to
be installed, their approximate location, and
the circuits to which they are to be connected.
A typical electrical plan for a post exchange
is shown in figure 3-33. The plan shows that
the incoming service consists of three No. 8
wires and that two circuit-breaker panels are
to be installed. Starting at the upper left, the
plan shows that nine ceiling lighting outlets
and two duplex wall outlets are to be installed
in the bulk storage area. The arrow designat-
ed “B2” indicates that these outlets are to be
connected to circuit 2 of circuit-breaker pan-
el B. Note that three wires are indicated
from this point to the double home-run ar-
rows designated “B1, B2”, These are the hot
wire from the bulk storgae area to circuit 2
of panel, B, the hot wire from the adminis-
tration area to circuit 1 of panel B, and a
common neutral. From the double arrowhead,
these wires are run to the circuit breaker pan-
el without additional connections. This run is
shown at the left side of figure 3-34, which
is typical of the ceiling wiring diagrams
provided for open wiring of medium or ex-
treme complexity. Note that the entire instal-
lation is not shown in figure 3-34. The diagram
shows the splices, support and insulator ar-
rangements used. Note that this is a physical
drawing rather than symbolic one, so each
line represents a single wire rather than a
pair of conductors as in the plan. A note calls
out a circuit breaker installation detail at the
point where the wires are down to the circuit-
breaker panel, and the arrowheads on the
leader from the note show the direction
from which the circuit breaker installation
detail is drawn. The circuit breaker panel in-
stallation detail (figure 3-35) shows the instal-
lation arrangement for the circuit breakers,
including grounding, splices and connections
to the incoming service. Note that the circuit
breaker panels are placed 5 feet, 6 inches
from the floor line. You can also see that a
%-inch pipe driven 8 feet into the ground is
used for grounding the No. 8 ground wire.

b. In some installations alternate outlets
are connected to different circuits so that
half the lighting may be turned on at one

TM 5-704/AFM 85-27

time and only part of the service will be out
if a circuit breaker is tripped. For these
plans, the circuit identification (A1, B, etc.) is
noted alongside each fixture.

¢. Wiring plans are not usually provided
for the fixtures themselves. If the connec-
tions are not ohvious, diagrams are normally
supplied with the device. A three-way switch
circuit, which enables the control of a single
outlet from two locations, is shown in figure
3-36. On an electrical plan you will find the
three-way switch is indicated by the symbol
S3.

3-28. SELF-TEST

To check your understanding of electrical
plans, answer the following questions about
the installation shown in figures 3-33 through
3-35. Answers are given at the end of the
chapter.

1. The lighting outlets in the radio repair area
are connected to which circuit?

a. Al

b. A2

c. Alor A2

d. Not specified

2. The center row of lighting outlets in the
store area is connected to which circuit?

u. A5

b. A6

c. ASor A6

d. Not specified

3. The right hand row of lighting outlets in
the store area is connected to which circuit?

a. A3

b. Ad

c. A3or A4

d. Not specified

4. What is the total connected load on circuit
A6?

a. 300 watts

b. 800 watts

¢. 5.15 KW

d. 6.35 KW

e. Cannot be determined from plan.
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5. Circuit A5 shares a common neutral wire
with which circuitfl

a. A3

b. A4

c. A6

d. None

6. What is the estimated total load to be con-
nected to the receptacle?

«. Not given

b. 15 amperes

¢. 1.2KW

d. 6.35 KW

3-52

3-29. Answers to Self-Test Questions
a. Paragraph 3-5 (water supply)
Lb
2.¢
3.c
4.d
5.¢
6.d
7.¢

b. Paragraph 3-10 (plumbing)

1. Three-quarter inch tile pipe

2. Eight

3. At the hose bib location indicated as de-
tail 11-X

4. A two-inch circulation pipe hidden by the
tank

5. %-inch x Y2-inch bushing.

6. False

7. False

c. Paragraph 3-17 (sewerage system)
lc

T O QL]
~
[l
o

aragraph 3-23 (electrical distribution sys-
)

g =
e~ E g ik

oo oo

e. Paragraph 3-28 (interior wiring)

Do fo N g

.a
. a
. b
.b
.c
.C
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e e = r > e
| ! [ERSU—
|
SOW_ sow  aow :
1
I
BULK STORAGE .
40w 40w leow
25W W [
it > PASSAGE
STORE 1 be -
O & | ol o]
e i B WAITCH | RADIOTP® S
; REPAIR|| RE RE|PAIR
9 > X O %
N
o
ﬁ> s - 0
BARBER SHOP
| [0}
4 A;M'"‘Af ™ S o= °
e —— 1

”NH.%'
B. PANEL"A’

SCALE NO |

NO. L

#— -% g SERVICE

ELECTRICAL PLAN

ELECTRICAL NOTES

Figure 3-33. Typical electrical plan.

CONNECTED LOAD

| (IGHTING __ 5.15 KW
RECP EST 1.20 KW
TOTAL £.35 KW

1. UNLESS OTHERWISE NOTED ON PLAN
ALL LAMPS TO BE

2. ALL 40, 60 & 100w LAMPS TO HAYE 8"

CONICAL SHADES.
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CHAPTER 4

READING HEATING, AIR-CONDITIONING AND
REFRIGERATION PLANS
Section I. HEATING

4-1. Introduction

«. Heating is the operation of a system to
transmit heat from a point of generation to
the place or places of use. To read the plan
of a heating system, you should be familiar
with the basic elements of heating systems
and their graphic representation. However,
the design of heating installations for build-
ings is one of the more complex fields of
construction and you will find that the varia-
tions of the basic type of heating systems
are numerous.

b. Heating systems are classified according
to the medium used to carry heat from the
point of generation to the point of use.
Steam or hot-water and warm-air systems are
the classes in common use. Hot-water heating
is used extensively. Warm-air heating is prob-
ably the most familiar to you because it is
used in almost all semipermanent construc-
tion and most barracks.

c. Because of the variations, any discus-
sion of heating systems must be limited. For
the same reason, you will find a legend on
heating prints covering the symbols used
thereon. You should learn the symbols for
some of the more common types of piping,
fittings, traps, valves, heat-power apparatus
and fluid-power diagram symbols, Some of
the symbols you should be familiar with are
presented in figures 4-1 through 4-5. Addition-
al symbols are listed in appendix B.

4-2. Hot-Water Heating Systems.

Circulation of water which has been heated
at a central source through pipes to radiators
or convectors and back to the heating unit
describes a hot-water heating system. Usual-
ly, you will find that a pump is used to keep
the water circulating, gravity systems are
seldom used. There are two classes of hot
water systems: the one-pipe system and the
two-pipe system.

a. One-Pipe System. The one-pipe system
(fig. 4-6) is the simplest type of hot water in-
stallation. Hot water circulates through a sin-
gle main and through each radiator in turn.
You can see that the water reaching the last
radiator will be cooler than the water in the
first. In order to obtain the same amount of
heat from each radiator in a one-pipe sys-
tem, each radiator must be larger than the
one before it with the last radiator being the
largest of all. It is apparent that the one-pipe
system is adequate for very small installa-
tions only.

b. Two-Pipe System. You will find that the
disadvantages of the one-pipe system are
largely offset in a two-pipe system. Figure 4-7
shows a two-pipe hot-water heating system.
You can see that the hot water from the
heater unit goes directly to the five radiators
via the main, tees, and elbows. The cooler
water leaving the radiators goes back to the
heater unit via separate return piping, el-
bows, and tees.

¢. Hot-Water Heating System Plans. You
may find a separate plan for the hot-water
heating system or you may find that the plan
of the heating system is incorporated with
the hot and cold water and sewer lines on the
plumbing plan. A plan of a hot-water heating
system shows you the layout of units, piping,
accessories, and connections. A typical hot-
water heating system plan is illustrated in
figure 4-8. (Figure 4-8 also shows electrical
utility which you may disregard for this dis-
cussion.) You can see that the location of the
boiler, “circulating pump, and compression
tank are noted. Follow the supply piping
from the boiler and you can see that the one-
pipe system is used; however, the hot water
will flow in two directions or loops. Each loop
contains two radiators. The second radiator in
each loop is larger than the first. The plan also
notes that the piping is 1 inch and is located in
the crawl space.

4-1
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HEAT EXCHANGER

HEAT TRANSFER SURFACE, PLAN

PUMP

THERMOMETER

THERMOSTAT

UNIT HEATER
(CENTRIFUGAL FAN), PLAN

UNIT HEATER
(PROPELLER), PLAN

AUTOMATIC DAMPERS

DUCT SECTION
(EXHAUST OR RETURN)

DUCT SECTION (SUPPLY)

MOTOR OPERATED VALVE

RELIEF VALVE
(PRESSURE OR VACUUM)

BOILER RETURN TRAP

BLAST THERMOSTATIC TRAP

FLOAT TRAP

FLOAT AND THERMOSTATIC TRAP

THERMOSTATIC TRAP

TM 5-704 /AFM 85-27

S S

L 1

[}—( or R 20x12)
D<Je——(s 20x12)

Figure 4-2. Heating symbols.
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LOUVER OPENING L _20X,J2-700 C{M
SUPPLY OUTLET CEILING O 20" DIAM. 1000 C$M

(INDICATE TYPE)

SUPPLY OUTLET WALL || . TR-12X8
(INDICATE TYPE)

VANES

{ cy 2
VOLUME DAMPER L o
CAPILLARY TUBE —VWW—
COMPRESSOR 8
CONDENSER, AIR COOLED, ) 8’6
FINNED, FORCED AIR ]

CONDENSING UNIT, —5?6
AIR COOLED —

CONDENSING UNIT, —é | d)
WATER COOLED oy

Figure 4-3. Ventilating symbols.
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ROTARY COMPRESSOR

RECIPROCATING COMPRESSOR

CENTRIFUGAL COMPRESSOR

L

M-MOTOR
T-TURBINE

BAROMETRIC CONDENSER

JET CONDENSER

SURFACE CONDENSER

COOLER OR HEAT EXCHANGER

@ A -C) -

JSigure 4-4. Heut-power symbols.
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QUICK DISCONNECT -
WITHOUT CHECKS

g
/N

WITH ONE CHECK

WITH TWO CHECKS

WITH CHECK DISCONNECTED

SINGLE HYDRAULIC PUMR
FIXED DISPLACEMENT

SINGLE HYDRAULIC PUMR
VARIABLE DISPLACEMENT

AIR COMPRESSOR, FIXED
DISPLACEMENT

ROTARY FLUID MOTOR-

FIXED DISPLACEMENT

VARIABLE DISPLACEMENT

OSCILLATING

e@@@eo$%%

Figure 4-5. Fluid-power diugram symbols.
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iy

HEATER .t J,

F—trt J;‘ 1L—1 r_; F

Figure 4-6. One-pipe hot-water heating system diugram.
4
4 Ll ! _—>l 3 d =1

_1:' T ] ™ ] —T)

A—— = = H—n |
HEATER l :|B____|j-

v

Figure 4-7. Two-pipe hot-water keating systenm diagream.
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4-3. Warm-Air Heating Systems

Distribution of heated air through a duct
system describes a warm-air heating system.
Usually, gas-fired or oil-fired furnaces are
used to heat the air, but you may also heat air
by passing the air through steam —or water-
heated coils.

«. Typical Wurm-Air System. A warm-air
heating system consists of a furnace, a bon-
net, warm-air supply ducts and registers, re-
turn (cold) air registers and ducts, and a fan
or blower for forced circulation. A warm-
air heating system is shown in figure 4-9. Note
the bonnet above the heat plant where the
heated air is collected for distribution to the
various rooms. The warm air is distributed
from the bonnet through the supply ducts
and discharged into the room through regis-
ters or grills. You can see that the ducts are
rectangular in shape and that the warm-air
register is installed in the ceiling. (Some other
systems might have round ducts and warm-
air registers in the wall.) The air, 'after circu-
lating through the room and losing heat, is
returned to the heat plant via the cold-air re-
turn registers and ducts. The return air regis-
ter is placed in the wall just below the window
and the return air duct is installed in the
crawl space. The warm-air distribution via
the branch ducts to the other rooms of the
building would be the same as the examples.

b. Design Principles. The comfort zone
concept is the basis for all heating design.
The comfort zone is defined as the horizontal
area from the top of an average man’s head
to his knees. It is apparent that if the air
from.the supply-registers were blown direct-
ly on a person, he would be very uncomforta-
ble. To avoid this, the registers are placed ei-
ther above or below the comfort zone, i.e.
high on the wall or in the baseboard. Warm-
air systems are laid out so that the warm air
from the registers is directed at the cold ex-
terior walls. Therefore the warm-air regis-
ters are placed on interior walls or ceilings.
The registers for the cold air return are al-
ways located at baseboard height. The reason
for this location is probably obvious to you.
Cold air is heavy and collects at the floor of
the room thus the registers located in the

4-8

baseboard collect the air. The cold air is mo-
tivated through the return ducts to the fur-
nace for reheating and recirculation. Fur-
nace location is also important to proper
warm-air heating. It is good design policy to
locate the furnace room centrally in the
building plan to equalize duct lengths. In ad-
dition, the main (trunk) ducts should run
above a central corridor to equalize branch
duct lengths to individual rooms. See figure 4-
10 for illustrations of some of the common
rectangular-duct connections. Illustration 1 is
a typical warm-air bonnet with two main
supply ducts. Two possible elbow connections
are shown in The split tee [3] is used to
direct the flow of air on the warm side of the
system. On the cold air return, the straight
tee [3] may be used. Truck duct takeoffs are
shown in [4] and (§] In the double branch
connection, less air is present in the main duct
after some of the air has been channeled
into branch ducts. Therefore, the size can be
reduced after the connection. The single
branch connection shows two methods of
reduction. The first occurs at the connection in
a horizontal direction; the second is effected
by a vertical reduction in depth. In both dou-
ble and single branch takeoffs the branch
connections form a natural air scoop to en-
courage airflow in the desired direction. A
boot fitting from branch to stack, the stack
terminating at a warm-air register is illus-
trated in [ﬁ figure 4-10. Using a boot is one
method of changing the shape of a duct
without changing its equivalent cross section
area or constricting the flow of air.

c. Wurm-Air Heating System Plans. Warm-
air ducts are indicated in the heating plan by
solid lines. Cold-air return ducts are indicated
by dashed lines. See figure 4-11. Note that all
the duct sizes are given. The duct sizes are
given with the horizontal or width dimension
listed first. The second dimension gives the
depth of the duct which is not shown. On the
plan, you can locate the warm-air registers
and obtain the sizes. When ceiling registers
(diffusers) are used, the neck dimensions are
shown on the plan (as in figure 4-11). When
wall or baseboard registers are used, face
dimensions are given. The height of wall reg-
isters above finished floor line would be given



to you in the notes on the plan. Cold-air return
registers are shown recessed into the wall.
The face dimensions of the return register
are noted adjacent to the symbol.

4-4. Self-Test

To verify your understanding of the previous
material, answer the following questions.
Answers are given at the end of the chapter.

1. What type of pipe fittings are indicated
in figures 4-6 and 4-7?

TM 5-704 /AFM 85-27

2. Does figure 4-9 show a reduction in the
supply duct?

3. Referring to figure 4-11, what is the size
of the return duct branch from the cold-air
register?

4. What is the largest size duct required in
the system depicted in figure 4-11?

5. Referring to figure 4-8, how many radia-
tors are indicated?

6. What type of radiators are designated?

Figure 5-8. Typical hot-wuter heuting system plun.

I%"C"l ~1"C
SERVICE CONDUITS IN CONC
ENVELOPE 18" BELOW GRADE —
T R ﬂ"' =T .
|
W SUPPLYZ N HOT WATER HEATING BOILER |' N
/ HW ’
i i
/ - ] PANEL A-.7 A3 :: ssupm AS eﬂ
|| 100- Ml 40-1) as b e I~
' | 37 28" ~Q ;J 4’ a'
s St £ AS ::c:i_c 3125 By~ - T3
)
\ﬁ COMPRESSION TANK 30 ‘“pULAn/N’G Pump ‘\ 1]
\\ 'I 2POLE éﬂ
N Al
- ——‘QT:‘T—“ ! : / /
N
\\ l; h:r:
N\
" \ T )i
N tL /
+ AN | /
HW RETURN /
\ /
\ |00’6 b //
SUPPY & Rcruan—&-] /
- PIPING IN CRAWL /o
x SPACE ,’ !
T T T T T~ \ //
- BALANCING COCKS p ol
/ |
" N /
=~ W ._‘..9_”_._....._\‘_....4 HWR ———- {1
P W——
47 25 L e J
| )\
N TS 60-4i T

4.9



TM 5-704/AFM 85-27

't WARM AIR
\ CEILING REGISTER

RETURN AIR

MAIN DUCT
S

Figure 4-9. Warm-wir heuting system.

RETURN AIR DUCT

HEAT PLANT

WARM AIR SUPPLY DUCTS TO BE
INSTALLED ABOVE CEILING

JOISTS. RETURN AIR DUCTS

TO BE INSTALLED BELOW OR
BETWEEN FLOOR JOISTS IN

CRAWL SPACE.
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SECTION II. AIR CONDITIONING

4-5, Introduction

Air conditioning, as defined by the American
Society of Heating and Air-Conditioning
Engineers, is “the process of treating air so
as to control simultaneously its temperature,
humidity, cleanliness and distribution to meet
the requirements of the conditioned space”.
You should be familiar with basic elements
of an air-conditioning system and their
graphic representation if you are to interpret
drawings depicting air-conditioning systems.
Some common symbols that you should be
able to identify are shown in figures 4-12 and
4-13. The conventional symbols most com-
monly used on systems employed in military
installations are listed in Appendix B. Sym-
bols used to depict ductwork are the same for
warm-air heating, ventilating, and air-condi-
tioning systems. Items common to heating,
air-conditioning, ventilating, and/or refrig-
eration (such as fan motors and temperature
control devices) are depicted by the same
symbols on the respective drawings. For ex-
ample, the symbol for thermostat as shown
in figure 4-2 also applies to air-conditioning.

4-6. Air-Conditioning System

An air-conditioning system comprises several
distinctunits,each designed to perform a spe-
cific function. The system may be divided
into three functional subsystems: refriger-
ant, control, and air path. Refrigeration is
covered in Section III. The control subsystem
consists of the compressor motor, fan mo-
tor, starting and running circuit, relay, pres-
sure or temperature control switch, and ther-
mostat. It is the air path that is of prime in-
terest to you when reading construction

prints. This includes the ductwork, grills,
dampers, and screens.

4-7. Typical Air-Conditioning Plan

A plan of heating and air-conditioning sys-
tems for a hospital is shown in figure 4-14.
You should disregard, for this discussion,
everything on figure 4-14 that does not relate
to the air-conditioning system. The plan indi-
cates three self-contained air-conditioning
units which are located in the mechanical
equipment room. Note that the ductwork
from the two main units is split and the size
of the ducts reduced. The plan also shows
you the amount of air each diffuser is to sup-
ply. For example, the supply to the lab is rat-
ed at 250 ¢fm while the dark room is to re-
ceive air at 100 ¢fm. You can see that the
third air-conditioning unit supplies surgery
only. The enlarged plan view of the mechani-
cal equipment room shows you the piping
connections. This piping is read in the same
manner as you would read the piping on a hot
water plan. For example, note the condenser
water flow (c) to the three air-conditioning
units,

4-8. Self-Test

To verify vour understanding of the materi-
al presented, answer the following questions.
Answers are given at the end of the chapter.

1. Referring to figure 4-14, what is tie
smallest size duct used?

2. Are typical air diffusers used to supply
air to the surgery room?

3. Is any conditioned air being forced into
the diet kitchen?

4. What size grille is designated for sur-
gery room?

4-13
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SECTION IlIl. REFRIGERATION

4.9, Introduction

Refrigeration is the process of extracting
heat from a specially designed building,
room, or box. There are two general classes
of refrigeration systems—built-up and
packaged. The built-up refrigeration system
is the type you erect to the manufacturer’s
specifications within a theater of operations
special type building which keeps out heat.
Package units are delivered complete with
prefabrication rooms or boxes and erection
diagrams. You would read the prints of ei-
ther system in the same manner.

4-10. Conventions

A number of conventional symbols for de-
picting common refrigeration equipment and
fittings on prints are shown in figures 4-15 and
4-16. Additional symbols of commonly em-
ployed refrigeration devices are listed in
Appendix B. Become familiar with the com-
mon conventions so that you can more easily
interpret a refrigeration print.

CIRCULATING CHILLED OR HOT-WATER FLOW
CIRCULATING CHILLED OR HOT-WATER RETURN

CONDENSER WATER FLOW
CONDENSER WATER RETURN
MAKE-UP WATER

4-11. Materials and Fittings

You will find no difference between the mate-
rial and fittings used for hook-up of refrig-
eration systems and standard plumbing. The
standards are galvanized steel and iron, and
copper tubing with sweat-soldered fittings.

4-12, Refrigeration Plans

Refrigeration plans for theater of opera-
tions type construction generally only show
the placement of the principal units in the
building or rcom. Figure 4-17 illustrates the
standard plan of a typical small refrigerat-
ed building. Plumbing and wiring details are
not given; such details are left to the compe-
tent journeymen. The plan shown in figure 4-
17 provides data for a 52-foot or a 100-foot
refrigerated warehouse or icehouse. The
refrigerated storage area would have one
unit cooler in a 52-foot warehouse, whereas a
100-foot warehouse requires two units. A
separate machine room is utilized to house the
condenser receiver and compressors.

CH
-— —CHR— ——

Figure 4-12. Air-conditioning piping symbols.
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WATER VALVE

LINE VIBRATION ABSORBER

HAND EXPANSION VALVE

MAGNETIC STOP VALVE

SNAP ACTION VALVE

SUCTION VAPOR
REGULATING VALVE

P koo § g8

THERMO SUCTION VALVE

THERMOSTATIC EXPANSION VALVE

LINE FILTER {]r

LINE FILTER & STRAINER —C———

NATURAL CONVECTION FINNED-TYPE
COOLING UNIT

FORCED CONVECTION COOLING UNIT %

Figure 4-13. Air-conditioning symbo!s.
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Figure 4-14. Air-conditioning system plan—continued.
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BRINE RETURN ———BR———

BRINE SUPPLY B
REFRIGERANT DISCHARGE RD
REFRIGERANT LIQUID RL: —
REFRIGERANT SUCTION ———RS———

Figure 4-15. Refrigeration piping symbols.

-
EVAPORATIVE CONDENSER _—

=
GAUGE @
.

HIGH SIDE FLOAT

LOW SIDE FLOAT |

)

MOTOR- COMPRESSOR, ENCLOSED
CRANKCASE, RECIPROCATING, @_é)
DIRECT CONNECTED
MOTOR- COMPRESSOR, ENCLOSED GC—)
CRANKCASE, ROTARY, DIRECT
CONNECTED
MOTOR-COMPRESSOR, SEALED @
CRANKCASE, RECIPROCATING
MOTOR- COMPRESSOR, SEALED @
CRANKCASE, ROTARY
SCALE TRAP
THERMOSTAT (REMOTE BULB) (15::

Figure ;-16. Refrigeration symbols.
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4.13, Self-Test

Verify vour understanding of the previous
material by answering the following ques-
tions. Answers are given at the end of this
chapter.

1. If you can read a print depicting the hook-
up of standard plumbing fixtures, can you
also read a print showing the hook-up of a
regrigeration system?
2. What type of drawing would you require
to install a package unit?
3. If you needed to know the placement of
refrigeration units, what would vou want to
see?

«. Erection diagram

h. Piping layout

¢. Refrigeration plan

. Header and riser diagram
4. Referring to figure 4-17, what is the long
dimension of the refrigerated storage room
for a 100-foot warehouse? ‘

TM 5-704/AFM 85-27

4-14. Answer to Self-Test Questions

«. Paragraph 4-1 (heating)
1. Tees and 90° elbows, screwed
2. Yes, main duct and branch ducts
3. 10 inches wide, 6 inches deep
4. 28 inches by 16 inches
5.4
6. Cast iron
b. Paragraph 4-8 (air-conditioning)
1. 6 x 6 inches
2. No. The air to surgery room must pass
through 20-inch x 10-inch x 2-inch air filters.
3. No. Only an exhaust fan is used in the
diet kitchen.
4. Grille is to be 10 inches x 20 inches as
indicated in section view A-A.
c. Paragraph 4-13 (refrigeration)
1. Yes, the connections arethe same for
hoth.
2. Anerection diagram
3.
4,

c
90 feet

4-19
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CHAPTER 5

READING MACHINE DRAWINGS

5-1. Introduction

Machine and foundry drawings probably
require more description than most other
working drawings hecause of close tolerance
and finished surface requirements. This is
particularly true today with the technological
advancement of mechanical devices associat-
ed with the precise requirements of systems
and equipment such as missiles, nuclear pow-
er, satellites, computers, ete. This chapter
presents some of the common terms and
svmbols that vou must be familiar with in
order to read machine drawings. Some of the
hasic mechanisms which you will usually find
presented in detail and assembly drawings of
machines are also presented.

5-2. Common Terms and Symbols

«. Toleruance. Tolerance is stated on draw-
ings as plus and/or minus (&} a certain
amount, either by fraction ('/s 2) or decimal
(0.005) and may be shown by several different
methods. In the unilateral method (1, fig. 5-1),
you are given the difference allowable from
the design size in one direction only as a plus
or minus tolerance figure. In the bilateral tol-
erance method (2, fig. 5-1), you are given the
allowed variation from the design size in
both directions as plus and minus figures. In
the limit dimensioning method (3, fig. 5-1), the
largest and smallest permissible dimensions
are given; the tolerance is the difference be-
tween the limits.

b. Fillets und Rounds. Fillets are the round-
ed surfaces of internal angles. Rounds or
radii are edges or external angles that are
rounded to prevent chipping and to avoid
sharp cutting edges. Fillets and rounds are
illustrated in figure 5-2.

c. Slots und Slides. Slots and slides are
shapes used for mating two pieces together
so that they are free to move or slide while
being held together. The tee (T) and the dove-

tail are two common types of slots and siides.

d. Custing. A casting is an object made by
pouring molten metal into a mold (normally
of sand) of the desired shape and allowing it
to cool.

e. Forging. Forging is the shuping of metal
while it is hot and pliable by a hammering
process either by hand or machine.

1. Temper. Temper is a process of heat
treatment to change the physical characteris-
tics of steel.

g. Drill. To sink a hole with a drill (bit),
usually a twist drill.

h. Bore. To enlarge a hole with a boring tool.

i. Tap. To cut threads in a hole with a
threaded tool called a tap.

J. Key. A key is a small block or wedge in-
serted between a shaft and hub to prevent
the shaft from turning independently. See
figure 5-3.

k. Key Seut. A key seat (fig. 5-31is a slot or
groove made to fit a key.

1. Keyiuy. A keyway (fig. 5-3) is a slot or
groove in which a key fitted into a key seat
will slide.

m. Common Metul Conventions. Simplified
metal conventions that are the most common
in foundry and machine shop drawings are
illustrated in tigure 5-4.

n. Finish Marks. Surfaces of a casting or
forging that are to bhe machined are indicated
by a finish mark. Figure 5-5 shows the two
types of finish marks in use and illustrates
how they are placed on a line. Finish marks
are shown on all views in which the surface
to be finished appesrs—as a line, including a
dotted line. If a part is to be finished on all
surfaces, it is treated by the general note
“Finish All Over”.

0. Geometric Charucteristic Symbols. Fig-
ure 5-6 illustrates the symbols used in lieu
of, or in conjunction with notes to state the
geometric characteristics being toleranced.

541
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Figure 5-2. Fillets and rounds,
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Figure 5-3. Keyseut, keyicuy, und types of keys.
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COPPER, BRASS, BRONZE AND THEIR
COMPOSITIONS

STEEL AND WROUGHT IRON

N

X NN
ALUMINUM, MAGNESIUM AND THEIR

ALLOYS

IRON, INCLUDING CAST IRON, MALLEABLE
IRON

Fiqure 5-5. Simplified metul conventions.

5 e

ASA STANDARD ITALIC "F"

J® @ 1O®®©=FN)

Figure 5-5. Finish marks

FLATNESS & STRAIGHTNESS

ANGULARITY
PERPENDICULARITY
PARALLELISM
CONCENTRICITY
TRUE POSITION
ROUNDNESS
SYMMETRY

(MMC) MAXIMUM MATERIAL
CONDITION

(RFS) REGARDLESS OF
FEATURE SIZE

DATUM IDENTIFYING SYMBOL

Figure 5-6. Geometric churacteristic symbols.
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p. Dutwm Identifying Symbol. The datum
identifying symbol (fig. 5-6) is associated
with the surface being designated as a da-
tum. Each datum on a drawing is assigned a
different identifying reference letter, and
each datum identfying symbol is used only
once on the drawing.

q. Feuture Control Symbol. The feature
control symbol comprises a geometric charac-
teristic symbol and positional or form toler-
ance, and in some cases the modifier @) or

. The symbol @ means maximum mate-
rial condition (MMC); @ means regardless
of feature size (RFS). A datum reference
may also be incorporated in the feature con-
trol symbol as you can see in figure 5-7 which
illustrates some feature control symbols.
The feature control symbol is always asso-
ciated with the feature being toleranced.

5-3. Screw Threads

Screw threads are used to restrict or fix the
relative motion of two parts or to transmit
motion from one part to another. The con-
ventional symbols used to represent threads
are shown in figure 5-8. Figure 5-9 indicates
some of the terms associated with threads
with which you should be familiar. Follow-
ing are definitions of thread terminology.

«. Crest. The surface of the thread corre-
sponding to the major diameter of an exter-
nal thread and the minor diameter of an in-
ternal thread (top of the thread).

b. Root. The surface of the thread corre-
sponding to the minor diameter of an exter-
nal thread and the major diameter of an in-
ternal thread (bottom of the valley).

¢. Mujor Diumeter. The largest diameter
of a screw thread; applies to both external
and internals threads.

d. Minor Diameter. The smallest diameter
of a screw thread; applies to both external
and internal threads.

e. Pitch. The distance from a point on a
screw thread to a corresponding point on the
next thread measured parallel to the axis.

5-4

J. Pitch Diumeter. The diameter of an
imaginary cylinder the surface of which
would pass through the threads at such points
as to make equal the width of the threads
and the width of the spaces cut by the sur-
face of the cylinder. "

g. Depth of Thread. The distance from
the crest to the root of the thread measured
perpendicular to the axis.

h. Angle of Thread. The angle made by
the sides of the thread measured in an axial
plane.

i. Leud. The distance a screw thread adv-
ances along the axis in one turn. On a single
thread screw, the lead and pitch are identical;
on a double-thread screw, the lead is twice
the pitch; on a triple-thread screw, the lead is
three times the piteh.

5-4., Bolts and Nuts

"In general, you will obtain data concerning

bolt dimensions from standard tables. On
assembly drawings, bolt dimensions are
usually approximate. Bolts and studs are indi-
cated on drawings by outlines and symbols as
shown in figure 5-10. You should be familiar
with the following data on bolts and nuts.

u. Series. Bolts are classified in three se-
ries: regulur—recommended for general use;
heuvy—designed to meet requirements for
greater surface; and light—smaller across
flats than the regular, they are designed to
save material and weight.

b. Finish. Bolts may be unfinished, semi-
finished, or finished. Unfinished holts, except
for threads, are made by forging or rolling
and are not machined on any surface. On
semi-finished or finished bolts, the surface
under the nut or bolt head may be machine
finished to provide a washer-faced hearing
surface. Finished bolts are machined all over
for accuracy or to improve their appearance.

¢. Ditumeter. The shaft size.

d. Length of Bolt. The distance from
under the head to the end of the bolt.



e. Threud Length. This is related to the
diameter and bolt length. In general, bolts are
threaded a distance of 1'2 times the diame-
ter plus % inch. Short bolts, where the for-
mula cannot apply, are threaded full length.
On the thread end, bolts are chamfered at an
angle of 45° to the depth of the thread.

f Wusher Fuce. The diameter of the
machined surface forming the washer face
is equal to the distance across flats. The thick-
ness is %s inch for both both heads and nuts,
and is always included in the height of the
head or thickness of the nut.

g. Form. The head on unfinished, regular-
and heavy-series bolts and nuts may be
square or hexagonal. On all others the head
form is hexagonal. The corners are cham-
fered to form a flat circular top having a
diameter equal to the distance across flats.

h. Chamfer. The angle of chamfer with
the flat top of bolts and nuts is drawn at 30°
(45° for the heavy series).

i. Head Height. This is the overall height
of the bolthead and for semifinished or fin-
ished bolts includes the washer-faced bear-
ing surface (see washer face, above.).

J. Thickness of nuts. This is the overall
thickness of the nut and for semifinished or
finished nuts includes the washer-faced bhear-
ing surface (see washer face, above).

5-5.

A mechanism is a subassembly of 'a machine
which is designed to transmit force and mot-
ion from one part into the force and motion
desired in another part. In simple cases, a sin-
gle mechanism may comprise a machine. A
mechanism of a machine may be a driver, a
follower, a link or band. A driver is a mecha-
nism which transmits its available force and
motion to another mechanism called the fol-
lower. The follower of one mechanism may
be the driver of another. When a driver and 2
follower are in direct contact it is called a
direct drive mechanism. If the driver and
follower are not in direct contact, the inter-

Basic Mechanisms
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Figure 5-7. Feuture control symbols.
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mediate part is called a link or a band. A link
is a rigid part capable of transmitting ten-
sion or compression forces, such as a con-
necting rod. A band is a flexible part which
can transmit tension forces only, such as a
belt or chain. Some of the basic mechanisms
which are commonly presented in assembly
and detail drawings of machines, and which
you should recognize are discussed, in the
following paragraphs.

5-6. Gears

A complete coverage of gears is beyond the
scope of this manual. Only some of the
terms used in connection with gears will be
defined. Gear teeth generally are not shown
on prints, except when a few are drawn to
indicate the proper dimensions. Figure 5-11
illustrates the special terms used to indicate
gear measurements; -however some of these
terms are shown for the purpose of discus-
sion only. They would not be so designated on
a print. Instead they would appear as notes
giving the appropriate dimensions, for exam-
pie:

Diametral Pitch 5
Addendum 0.1131

Dedendum 0.0992

Following are definitions of common gear
terms.

a. Addendwm. Height of tooth above
pitch circle, or the radial distance from the
pitch circle to the top of the tooth.

b. Addendum Circle. A circle coinciding
‘with the top of the teeth.

¢. Bucklush. The play between mating
teeth, or the shortest distance between the
non-driving surfaces of adjacent teeth.

d. Pitch Circle. A circle the radius of
which is equal to the distance from the gear
axis to the pitch point.

e. Pitch Point. The point of tangency of
the pitch circles or the point where the center-

5-6

line of mating gears intersect the pitch cir-
cles.

f. Pitch Diameter. The diameter of the
pitch circle.

9. Diametral Pitch. The number of teeth
per inch of pitch diameter.

h. Dedendum. Depth of tooth space below
pitch circle, or radial distance from the pitch
circle to the bottom of a tooth space.

i. Buse Circle. The circle from which an
involute tooth curve is generated or deve-
loped.

J. Root Circle. A circle coinciding with the
bottoms of the tooth spaces.

k. Pressure Line. That portion of the
common tangent to the base circles along
which contact hetween mating teeth occurs.

[. Fuce of Tooth. The tooth surface be-
tween the pitch circle and the top of the
tooth.

m. Flunk of Tooth. The tooth surface
between the pitch circle and the root circle.

n. Circular Tooth Thickness. The thickness
of a tooth measured along the arc of the
pitch circle.

o. Tooth Spuace. The space between two
teeth measured on the arc of the pitch circle.

p. Circulur Pitch. Distance between corre-
sponding points on two adjacent teeth mea-
sured along the pitch circle. The circular
pitches of two meshing gears are equal.

5-7.

«. A cam is a plate, cylinder, or solid piece
with a curved outline or groove which rotates
about an axis and transmits its rotary motion
to the reciprocating (up and down) motion of
the follower. The follower may have a
pointed, rolling, or flat contact with the cam
as shown in figure 5-12. The cam rotation, as

Cams
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.. -~ CIRCULAR TOOTH THICKNESS

- PRESSURE LINE  r~PITCH POINT —TOOTH SPACE
--FACE i . ~CIRCULAR PITCH

Figure 5-11. Geur terminology.
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Figure 5-12. Cams and followers.
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indicated by the arrow, is counterclockwise
and its largest radius is at 90° (point 3). Thus,
when the cam rotates 90° (from position
shown), the follower will be at its highest
point as illustrated by the phantom represen-
tation.

b. The rise and fall motion of the follow-
er may be irregular or regular. Irregular mot-
ion conforms to no definite law, Regular mot-
ion conforms to some physical law, and may
be uniform, harmonie, uniformly accelerat-
ed, or uniformly retarded with reference to
time. The different kinds of regular motion
are illustrated by a plot of the rise and fall
of the follower for each interval of time,
called a motion diagram. You can see the mot-
ion diagrams by referring to figure 5-13.

(1) Uniform motion. When the point of
a follower moves equal distances in equal
periods of time, the follower has uniform
motion. In diagram 1, figure 5-13, the total
rise of the follower, represented by AB, is
divided into three equal parts. This is to show
vou that the follower must rise to points 1,2,
and 3 in the time it takes the cam to turn in
equal intervals of time to 30°, 60°, and 90°
respectively. The right side of diagram 1
shows vou that the follower will have uni-
form fall.

(2) Huarmonic motion. Harmonic motion
of the follower is illustrated by diagram 2,
figure 5-13. The line AB represents the total
use of the follower. A semicircle is divided
into 30-degree sectors with the intersecting
points numbered from 1 to 6. The numbered
points project horizontally to the ordinates
which represent equal time intervals of rota-
tion of the cam; that is, the time it takes the
cam torotate 30°. The solid curve shows the
harmonic rise for 180° rotation of the cam.
The dashed curve shows the harmonic fall
of the follower to its original position. You
would use a cam with this motion for high-
speed operation.

(3) Uniformly accelerated und deceler-
«ted motion. Diagram 3, figure 5-13, repre-
sents uniformly accelerated and uniformly
decelerated motion. Line AB represents the
total rise of the follower as before. How-
ever, in this case the distances between the
horizontal projections are in the ratio of 1:3:5

5-8

in the lower half and 5:3:1 in the upper half.
Thus, the solid curve shows the rise of the
follower hy uniform acceleration to the
midpoint of travel and its continued rise hy
uniform deceleration. The dashed line shows
the fall of the follower to its midpoint of
travel by uniformly accelerated motion and
its continued fall by uniformly decelerated
motion to its original position. Uniformly
accelerated motion is the motion of a freely
falling body, and it gives the easiest motion
to acam.

(4) Reuding the design of « cam. When
the design for a cam is developed it is neces-
sary to know the initial position of the fol-
lower with respect to the camshaft, the type
of contact, the motion required of the fol-
lower and the direction of rotation of the
camshaft. Figure 5-14 illustrates a cam of a
specified design. Can you describe the cam
and the motion of the follower depicted in
figure 5-147 It is a plate cam which is to turn
counterclockwise. The follower will move in
a vertical line above the center of the cam. In
the initial position, the follower is at the
lowest point (shortest distance from center
of cam). The follower will have the follow-
ing motions:

0°—120°, rise (1 inch) with simple har-

monic motion

120°—210°, dwell or rest with no motion
at 210°, drop (% inch) instantly

210°—360°, fall (%
motion

inch) with uniform

5-8.

There are three classifications of helical
springs. compression, extension, and torsion.
The true method of presentation, however, is
seldom used and a spring is usually shown
with straight lines. Figure 5-15 shows several
methods of spring representation. You will
also find that springs are shown as single line
drawings as depicted in figure 5-16.

‘Helical Springs

5-9. Machine Drawing Practices

A set of working drawings includes detail
and assembly drawings. The detail drawing
gives all necessary data for the manufac-



ture of the individual items, and an assembly
drawing shows the location of each item in
relation to one another. In machine drawings,
vou will find two systems are emploved for
presenting the necessary data: the multiple-
drawing svstem and the single drawing sys-
tem. Both follow the practice of showing
details of each piece individually. When the
end item is small and consists of only a few
parts, the details may be shown on the same
sheet as the assembly drawing, as in figure 5-
17, which shows all the parts and necessary
details for assembling a truck caster. Note
that each part is numbered and how the num-
her is used to show part location and identify
the detail of that part.

a. Multiple-Draicing System. Some manu-
facturers use the multiple-drawing system,
in which different drawings are made for the

%
|

; h h '
.0 BASE | LINE ’ . . 2
axl

- o .
90° 120° 150° 180* A0* 240° 270° 300° 330° 360°

MOTION DIAGRAM

2a0°

Figure 5-1;. Specified cam und motion diugram,

==
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pattern shop, the foundry, and machine
shop. In this case, each drawing presents only
that information required by the shop for
which the drawing is intended. Figures 5-18
and 5-19 are multiple drawings. Figure 5-18 is
for the foundry, and figure 5-19 is for the
machine shop.

b. Single-Druwing System. The practice
most commonly followed employs the single-
drawing system, in which you will find all
information necessary for the completion
of the finished piece. Figure 5-20 is a single
drawing to be used by both the foundry and
the machine shop. The information required
by each shop is given separately so that one
set of dimensions and data is not dependent
on the other; also the need for cross-refer-
ence is eliminated.

Figure 5-15. Representution of helicul springs.

MW =AWV

Figure 5-16. Single line representution of springs.
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For "mochine detaiis” see dwg 165

!

t
Flo
R}

|
K~
1

|
3 DIA(TYP)

Note: Fillets ond rounds 75

unless otherwise specified
Figure 5-18. Detuil of mounting plate for the foundry.

For "casting details” see dwg /64

.250 DIA.
4 HOLES

re—1.500 —

SHOP

Figure 5-19. Detail of mounting plute for the muchine shop.
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unless otherwise specified Part No 3 | Req'd
'aM  MACHINERY CO., N.J.
-wed Designed
_Qly GJ__ ,zby

No. 166

Figure 3-20. Single dvaiwing for use by all shops.

5-10. Self-Test

To verify vour understanding of the materi-
al in this chapter, answer the following ques-
tions. Answers are given in paragraph 5-11,

1. Referring to B, figure 5-1, what is the min-
imum allowable height?

2. Is the crest of a screw the same as the
crest of a nut?

3. Where would vou find dimensions of a
gear depicted on a machine drawing?

4. Referring to figure 5-14, how many de-
grees does the cam have to rotate to move the
follower to midpoint of its maximum rise?

5. What would vou find noted on a detail
drawing for a foundry that would not nor-
mally appear on a drawing for the machine
shop (see figures 5-18 and 5-19)?

5-12

5-11. Answers to Self-Test Questions

1. 55/64

2. No. The crest of a screw is at the major
diameter and the crest of a nut is at the mi-
nor diameter.

3. Appropriate dimensions of a gear would
appear as notes,

4. 60°.

5. Information on fillets and rounds.
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CHAPTER 6

BILLS OF MATERIALS

6-1. Definition

A bill of materials is a grouped compilation
based on take-offs and estimates of all mate-
rials needed to complete a structure. The bill
of materials for a given project is organized
into a tabulated statement to include item
number (parts and materials), name, descrip-
tion, unit of measure, quantity and, where
called for, the stock size and number, and
sometimes the weight. You may be familiar
with bills of materials by some other desig-
nation such as “materials take-off sheets” or
“materials estimate sheets”.

6-2. Compilation

Bills of materials are usually made up by the
draftsman at the time of preparation of
the original drawings; you simply utilize them
when ordering materials. However, where no
bills of materials accompany field prints
they must be compiled by the constructing or
erecting forces; thus, you should understand
and to be able to work with or develop bills of
materials. Reasonahle accuracy can hest be
obtained by having separate bills of materi-
als prepared by at least two estimators. They
can then be compared and one copy corrected
or both consolidated into a final hill of mate-
rials.

a. Tukeoff und Estimate. The takeoff usual-
ly is an actual tally and checkoff of the items
shown, noted, or specified on the construction
drawings and specifications. The estimated
quantities are those known to be necessary
but which may not have heen placed on the
drawings, such as nails, cement, concrete-
form lumber and tie wire, temporary bracing
or scaffold lumber, and so on. These are calcu-
lated from a knowledge of construction
methods that will be used for field erection.
You can use the information given in appen-
dix D to help in making up an estimate.

b. Pluns. Both architectural and engineer-
ing plans provide the means by which names

of the various items can be listed in order to -

make up the bills of materials. Indicated or

scaled dimensions of buildings or utilities
layouts are used to determine material unit
dimensions.

c. Quuntities. Quantities are usually taken
from the plans by extracting and listing one
type of material at a time followed by a re-
grouping of those types hy sizes commencing
with the smallest and progressing to the larg-
est.

d. Tabulation. The tahulation should in-
clude column headings for each item as fol-
lows:

(1) Item number. Number of the item in
each section.

(2) Section number. The number assigned
to the appropriate major groups such as: gen-
eral construction, electrical, plumbing and so
forth.

() Item name.

(4) Unit of measure.

(5) Quantity.

6-3. Example Bill of Materials

«. Figure 6-1 shows the floor plan and de-
tail drawings for a 50-man barrack on a con-
crete floor. This set of construction drawing
should be sufficient to develop a bill of mate-
rials.

0. Figure 6-2 is the bill of material for
the 50-man barrack. It contains a great deal
of information. To develop a detailed hill
of materials, such as this, would require ex-
perience in construction print reading, con-
struction procedures, and methods of esti-
mating quantities.

6-4. Reading Prepared Bill of Materials

As stated previously, the bill of material is
usually made up by the draftsman at the
time of preparation of the original draw-
ings. It is important that you be able to read a
prepared bill of materials.

u. Heuding. The headings were discussed in
paragraph 6-2d. Under quantities required in

é-1
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Figure 6-3. Construction drawing for frame for officer’s
tent.



TM 5-704/AFM 85-27

Ttem Sect Item Unit Quantities
No, No, reguired
05 FLOOR
Lumber
1 1 x 6-10 ft PCS 22
2 2 x 4-10 ft PCS é
Nails
3 10D common 1B 2.5
06 INTERIOR HAMMER AND SAW WORK
Lumber
1 1 x 6-10 ft PCS 6
2 2 x 4-10 ft PCS 7
Néils
3 10D common LB 1.5

Figure 6-4. Bill of muterials for frane for officer’s tent.

figure 6-2, the types of wall panels are: (1)
WPW-window panel, (2) DPW-door panel and
(3) BPW-blank panel. The final W after all
the abbreviations indicates that wood clad-
ding and feit are to be used to cover the
structure.

b. Body. In the body, each of the major
groups (frame, cladding, floor, ete.) have
been listed separately. Each major group has
heen subdivided into groups of common
items and under the sub-groups the individual
items have been listed and described in detail.
For example, the major group, FRAME, has
been divided into the sub-groups, lumber and
nails. Then, under lumber, each size board
that is needed is listed and described. The
units of measure for each item are ab-
hreviated. You should be familiar with these
abbreviations. The amounts listed under
quantities required are those required for
the total structure.

6-5. Self-Test

To verify your understanding of bills of
materials, you should prepare one. Figure 6-3
is the construction drawing for a frame for
an officer’s tent. Compile a bill of materials
from the drawing similiar to that in figure 6-
2. After you have completed your final tabu-
lation compare it with the bill of materials in
figure 6-4.

6-7
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APPENDIX A
REFERENCES
FM 5-34 Engineer Field Data
FM 21-30 Military Symbols
FM 21-31 Topographic Symbols
T™ 5-230 General Drafting
TM 5-233 Construction Surveyving
TM 5-302 Construction in the Theater of Operations
TM 5-160 Carpentry and Building Construction
TM 5-742 Concrete and Masonry
TM 5-744 Strictural Steelwork
TM™ 5-745 Heating, Ventilating, and Sheet Metal Work
TM 5-760) Electrical Wiring
MIL-STD-100 Engineering Drawing Practices
MIL-STD-12B Abbreviations for Use on Drawings and
in Technical-Type P
MIL-STD-14A Architectural Symhols
MIL-STD-15-1A Graphic Symbols for Electrical and
Electronics Diagrams
MIL-STD-15-3 Electrical Wiring Symbols for Architectural
and Electrical Layout Drawings
MIL-STD-17B-1 Mechanical Symbols
MIL-STD-18A Structural Symbols
AWS A2.0-58 Welding Symbols
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APPENDIX B

STANDARD MILITARY SYMBOLS

The symbols included in this appendix are not all inclusive, but include those you are most likely
to encounter in military construction. A complete listing of graphic symbols or conventions is
contained in the Military Standards listed in appendix A.

B-1
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8-2

SINGLE DOOR,
OPENING IN

SINGLE DOOR,
OPENING OUT

SINGLE DOOR,
INTERIOR

DOUBLE-ACTING
SINGLE DOOR

REFRIGERATOR
DOOR

DOUBLE HUNG

DOUBLE,
OPENING OUT

PIVOTED AND
VENTED

TYPICAL DOOR SYMBOLS

Py PP

DOUBLE DOOR,
OPENING IN

DOUBLE DOOR,
OPENING OUT

DOUBLE DOOR,
INTERIOR

IN AND OUT
DOORS

SLIDING DOORS

TYPICAL WINDOW SYMBOLS

 — " — |
ey S—

SINGLE,
OPENING IN

RIGHT SASH
OVER LEFT

LEFT SASH
OVER RIGHT

Figure B-1. Typical architectural symbols.
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MISCELLANEOUS SYMBOLS

STUD PARTITION, ‘ ——d
UNLESS OTHERWISE NOTED —

ELEVATORS, HATCHWAYS,
OPENINGS IN FLOORS, DUCTS, ETC.

e V=7
Loprmmnerme — ]

Figure B-1. Typicul architectural symbols—continued.

B-3



TM 5-704/AFM 85-27

NOTE: WHEN BOTH ALUMINUM AND STRUCTURAL STEEL SHAPES OCCUR
ON THE SAME DRAWING, THE SUFFIX "AL" IS ADDED TO ALL ALUMINUM
SHAPE DESIGNATIONS; FOR EXAMPLE B _, 667AL

GENERAL
GAGE g
PITCH OF RIVETS P
MILLED FACE MILL

LIST OF SINGLE STRUCTURAL SHAPES

WIDE FLANGE SHAPE W~
BEAMS
AMERICAN STANDARD |
LIGHT BEAMS AND JOISTS B
STANDARD MILL M
JUNIOR Jr
LIGHT COLUMNS M
CHANNELS*
AMERICAN STANDARD L
CAR AND SHIP L
JUNIOR Jrou

*SYMBOLS FOR CHANNELS AND ANGLES MAY BE ORIENTED TO AGREE WITH
THE POSITION OF THE MEMBER BEING DESIGNATED,

Figure B-2. Structurod steel and aluminiom constrnetion sy bols,

B-4



STRAIGHT BARS —

PLAIN ENDS

HOOKED 1 END

HOOKED BOTH ENDS

BENT BARS —
PLAIN ENDS

HOOKED 1 END

HOOKED BOTH ENDS

COLUMN TIES -

SQUARE OR
RECTANGULAR

CIRCULAR

COLUMN SPIRAL

O

STIRRUP ~

“U" TYPE

"W" TYPE

TIED TYPE

DIRECTION IN WHICH
MAIN BARS EXTEND

LIMITS OF AREA
COVERED BY BARS

ANCHOR BOLT

ANCHOR BOLT SET
IN PIPE SLEEVE

Figure B-3. Reinforced concrete construction symbols.

L
)
(]
Cr
L1
ILr
L1

TM 5-704/AFM 85.27

CILr
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+
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B-6

SHOP RIVETS, TWO FULL HEADS

SHOP RIVETS, COUNTERSUNK AND CHIPPED,

SHOP RIVETS, COUNTERSUNK AND CHIPPED,

SHOP RIVETS, COUNTERSUNK AND CHIPPED,

SHOP RIVETS, COUNTERSUNK BUT NOT CHIPPED,
MAX, 1/8 IN. HIGH

SHOP RIVETS, COUNTERSUNK BUT NOT CHIPPED,
MAX. 1/8 IN, HIGH

SHOP RIVETS, COUNTERSUNK BUT NOT CHIPPED,
MAX, 1/8 IN, HIGH

SHOP RIVETS, FLATTENED TO 1/4 IN, HIGH FOR 1/2 IN,
AND 5/8 IN, RIVETS

SHOP RIVETS; FLATTENED TO 1/4 IN, HIGH FOR 1/2 IN,
AND 5/8 IN, RIVETS

SHOP RIVETS, FLATTENED TO 1/4 IN. HIGH FOR 1/2 IN,
AND 5/8 IN, RIVETS

SHOP RIVETS, FLATTENED TO 3/8 IN. HIGH FOR 3/4, 7/8,
AND 1 IN, RIVETS '

SHOP RIVETS, FLATTENED TO 3/8 IN, HIGH FOR 3/4, 7/8,
AND 1 IN, RIVETS

SHOP RIVETS, FLATTENED TO 3/8 IN. HIGH FOR 3/4, 7/8,
AND 1 IN. RIVETS

FIELD RIVETS, TWO FULL HEADS

FIELD RIVETS, COUNTERSUNK AND CHIPPED,

FIELD RIVETS, COUNTERSUNK AND CHIPPED,

FIELD RIVETS, COUNTERSUNK AND CHIPPED,

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

NEAR SIDE

FAR SIDE

BOTH SIDES

Figure B-j. Rivet conventions,

-y
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BACK OR
BACKING
WELD

SURFACING WELD
SYMBOL INDICAT-
ING BUILT-UP
SURFACE

DOUBLE FILLET
WELD

CHAIN INTER-
MITTENT-FILLET
WELD

STAGGERED
INTERMITTENT-
FILLET WELD

SINGLE -V
GROOVE WELD

'd

SIZE (HEIGHT OF DEPOSIT).

TM 5-704/AFM 85-27

. ANY APPLICABLE SINGLE
/\ GROOVE WELD SYMBOL.

ORIENTATION. LOCATION
AND ALL DIMENSIONS

/

OMISSION INDICATES NO
SPECIFIC NEIGHT DESIRED.

éW

OTHER THAN SIZE ARE
SHOWN ON THE DRAWING.

SIZE (LENGTH OF LEGh —__

LENGTH.
7 : A BB,
SPECIFICATION. PROCESS 6 12 H L
BETWEEN ABRUPT
OR OTHER REFERENCE. CHANGES IN DIRECTION

SIZE (LENGTH OF LEG). ————crmretp>

OR AS DIMENSIONED.

LENGTH OF INCREMENTS.

& l\ afs// PITCH (DISTANCE BETWEEN
l/ / CENTERS) OF INCREMENTS.

LENGTH OF INCREMENTS

CENTERS) OF INCREMENTS.

|
SIZE (LENGTH OF LEG). ————3 [\ 3Mﬂ/_[mcu (DISTANCE BETWEEN

e

SIZE (DEPTH OF CRAMFERING).

OMISSION INDICATES DEPTH
OF CHAMFERING EQUAL TO
THICKNESS OF MEMBERS.

1
/>\ ROOT OPENING.
‘\

2 8
60
GROOVE ANGLE.

Figure B-5. Welding symbols.
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OMISSION OF SIZE DIMENSION . ARROW POINTS TOWARD
DOUBLE-BEVEL INDICATES A TOTAL DEPTH MEMBER TO BE CHAMFERED
GROOVE WELD OF CHAMFERING EQUAL TO

THICKNESS OF MEMBERS. 1

— ROOT OPENING

GROOVE ANGLE ~ 50°

3
3 [\ Y £ a8
COMBINED i T
WELDS /1\ ‘ 8
8 s/ !
60° 16 4 -
PITCH (DISTANCE BETWEEN
CENTERS) OF WELDS.
SIZE (014, OF HOLE AT ROOT). .
DEPTH OF FILLING
PLUG WELD IN INCHES.
INCLUDED ANGLE 7] OMISSION INDICATES
OF COUNTERSINK_| FILLING IS COMPLETE.
ORIENTATION. LOCATION
SLOT WELD N Nenes, | -HINe AND ALL DIMENSIONS
OMISSION_INDICATES s ey DESTH OF
FILLING IS COMPLETE. TS AR o

(5) @—————~— NUMBER OF WELDS.
SIZE {DIA. OF WELD),

RESISTANCE- MIN. ACCEPTABLE SHEAR - . oL TCH (DISTANCE
STRENGTH IN_LB_ PER - TERS) OF
SPOT WELD WELD MAY BE USED INSTEAD, PCAEIENTENTERS) O

Figure B-5. Welding sy mbols —continued.
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BLANK FLANGE ——'[D

SCREWED ENDS

FLANGE BULKHEAD —1'—

SPECTACLE FLANGE —1| ‘-—

FLANGED ENDS

COUPLING —

EXPANSION JOINT,
SLIDING

WELDED AND
BRAZED ENDS

SLEEVE

EXPANSION JOINT,
BELLOWS

SOLDERED ENDS

BUSHING

BELL-AND-SPIGOT

ENDS
ECCENTRIC
CAP REDUCER
PLUG REDUCING
FLANGE

P33+t P x g0

=3
—{—}-
£
—{0—
Ty
+H>—
_“+|.|._

UNION, SCREWED UNION, FLANGED

Figure B-6. Plumbing symbols.
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8-10

RETURN BEND

TEE

CROSS

TRUE Y

LATERAL, OR Y

TEE, SINGLE SWEEP,
OR PLAIN T-Y

) ELBOW, 45 DEGREES

OTHER THAN 90 OR 45
DEGREES, SPECIFY

ANGLE

REDUCING ELBOW

-Q-I-O- DOUBLE BRANCH, OR
PLAIN DOUBLE T-Y

ELBOW, UNION

ELBOW, SIDE
OUTLET DOWN

TEE, DOUBLE SWEEP ELBOW, SIDE
OUTLET UP

TEE UNION

THROUGH DOUBLE Y

THROUGH DOUBLE T-Y —Y—

ELBOW, 90 DEGREES

.H'_*_,_ ELBOW,
TURNED DOWN

’\? ELBOW,
TURNED UP

(4— TEE, OUTLET UP

Figure B-6. Plumbing symbols - continued.

/

Yy

Vs

™
I
P

 Guan e

O+

TEE, OUTLET DOWN =G~
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TM 5-704/AFM 8:

ANGLE,

TEE, SIDE LOCKED CLOSED

OUTLET DOWN

ANGLE
LOCKED OPEN
TEE, SIDE
OUTLET UP
VALVES —
CONTROL ANGLE,
MOTOR OPERATED
VALVE GENERAL
SYMBOL
ANGLE, NEEDLE
ANGLE
ANGLE,
OPERATED AT PLACE
ANGLE AND ADJACENT SPACE
AIR OPERATED,

SPRING CLOSING

GATE

ANGLE,
AIR OPERATED,
SPRING OPENING

BOILER BOTTOM BLOW

e gepaEy ¢ & ¢
T bbbk ey

ANGLE,
DECK OPERATED

BOILER SURFACE BLOW
ANGLE, HOSE

BUTTERFLY
ANGLE
HIGH LIFT

CHRONOMETER
ANGLE,
HYDRAULICALLY
OPERATED

CROSS
ANGLE,
KEY OPERATED

Figure B-6. Plhumbing symbols - continued.
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B-12

GATE, DECK OPERATED

-
—k-

GATE HOSE

GATE, ANGLE

GATE, LOCKED CLOSED —*_

GATE, MOTOR OPERATED _&_

=B
-
ol

<t
—|Ta<-

GATE, LOCKED OPEN

GATE,
OPERATED AT PLACE
AND ADJACENT SPACE

GATE, QUICK CLOSING

GATE, SLUICE

GLOBE

GLOBE, DECK OPERATED

GLOBE, AIR OPERATED,

oy

SPRING CLOSING
GLOBE, AIR OPERATED,
SPRING OPENING
aLoer, 2
MOTOR OPERATED

GLOBE, KEY OPERATED

—-

-3
-
N
B
R
ot
14

=<

GLOBE, LOCKED OPEN

GLOBE, HYDRAULICALLY
OPERATED

GLOBE,
OPERATED AT PLACE
AND ADJACENT SPACE

MICROMETER

NEEDLE

PISTON
ACTUATED VALVE
(SUITABLE FOR
ADDITION OF CONTROL
PIPING)

GLOBE, HOSE

Figure B-6. Plumbing symbols - continued.



STOP COCK,
PLUG OR CYLINDER
VALVE, 3 WAY, 2 PORT

STOP COCK,
PLUG OR CYLINDER
VALVE, 3 WAY, 3 PORT

STOP COCK,
PLUG OR CYLINDER
VALVE, 4 WAY, 4 PORT

GENERAL SYMBOL

ANGLE, STOP CHECK

ANGLE, STOP CHECK,
AIR OPERATED,
SPRING CLOSING

ANGLE, STOP CHECK,
DECK OPERATED

ANGLE, STOP
CHECK HOSE

ANGLE, STOP CHECK,
HYDRAULICALLY
OPERATED

ANGLE, STOP LIFT
CHECK

BOILER FEED, STOP
AND CHECK COMBINED

_@_

ins

’AQ—
A

=

\/

CHECK, ANGLE

CHECK, BALL

BACK PRESSURE

CROSS FEED

DRAIN

DUMP

FLOAT OPERATED

GLOBE, STOP CHECK

GLOBE, STOP CHECK,
AIR OPERATED,
SPRING CLOSING

GLOBE, STOP CHECK,
DECK OPERATED

GLOBE, STOP CHECK,
HYDRAULICALLY
OPERATED

Figure B-6. Plumbing symbols - continued.

TM 5-704 /AFM 85-27
-

8-13



TM 5-704/AFM 85-27

AIR-RELIEF LINE — c——

BOILER BLOW OFF

COMPRESSED AIR A

CONDENSATE OR VACUUM PUMP DISCHARGE ) @) O
FEEDWATER PUMP DISCHARGE e © 10 i © 1 © e © 1 © e
FUEL-OIL FLOW FOF

FUEL-OIL RETURN FOR

FUEL-OIL TANK VENT Fov

HIGH-PRESSURE RETURN — e e s e e
HIGH-PRESSURE STEAM 4 4 4

HOT-WATER HEATING RETURN

HOT-WATER HEATING SUPPLY

LOW-PRESSURE RETURN o —

LOW-PRESSURE STEAM

MAKE-UP WATER - - -

MEDIUM PRESSURE RETURN

ih
L S
L S

¥EDIUM PRESSURE STEAM $ g g

Figure B-7. Heuting symbols.
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RELIEF VALVE
{ETTHER PRESSURE OR VACUUM)

BOILER RETURN TRAP

BLAST THERMOSTATIC TRAP

FLOAT TRAP

FLOAT AND THERMOSTATIC TRAP

THERMOSTATIC TRAP

LOUVER OPENING

SUPPLY OUTLET CEILING
(INDICATE TYPE)

SUPPLY OUTLET WALL
(INDICATE TYPE)"

VANES

VOLUME DAMPER

CAPILLARY TUBE

TM 5-704/AFM 85-27

] ® § O

N
| L 20XI12-700 cfm
Ozo“ DIAM: 1000 cfm

l TR-12X8

700 cfm

[

Figure B-7. Heating symbols - continued.
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B-16

HEAT EXCHANGER

HEAT TRANSFER SURFACE,
PLAN, (WITH TYPE INDICATED
SUCH AS CONVECTOR)

PUMP

THERMOMETER

THE RMOSTAT

UNIT HEATER
(CENTRIFUGAL FAN),
PLAN

UNIT HEATER (PROPELLER), PLAN

AUTOMATIC DAMPERS

DUCT SECTION (EXHAUST OR RETURN)

DUCT SECTION (SUPPLY)

MOTOR OPERATED VALVE

c1] [
g |

Z.—(EORR 20 X12)

Be—ts 20x12)

o

Figure B-7. Heuting symbols - continued,
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COMPRESSOR 6 SURFACE CONDENSER @
CONDENSER, AIR COOLED,
FINNED, FORCED AIR - COOLER OR HEAT

EXCHANGER

CONDENSING UNIT,

AIR COOLED RELIEF VALVE,
REMOTELY
CONTROLLED (SIMPLIFIED
SYMBOL)

CONDENSING UNIT,
WATER COOLED g
ORIFICE CHECK VALVE ——Tﬁ——
ROTARY COMPRESSOR =
RECIPROCATING E
COMPRESSOR
‘ FAN-BLOWER
M-MOTOR
T-TURBINE
CENTRIFUGAL
COMPRESSOR FILTER
M-MOTOR
T-TURBINE
AIR (PLATE OR
BAROMETRIC CONDENSER TUBULAR) HEATER - el

P

CLOSED TANK

'Il
|||
|||
|||
1.1

JET CONDENSER

OPEN TANK

Figure B-7. Heating symbols - continued.
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QUICK DISCONNECT -

WITHOUT CHECKS

A\ 4

N

WITH ONE CHECK

WITH TWO CHECKS

WITH CHECK
DISCONNE CTED

SINGLE HYDRAULIC
PUMP, FIXED
DISPLACEMENT

SINGLE HYDRAULIC
PUMP, VARIABLE
DISPLACEMENT

AIR COMPRESSOR,
FIXED DISPLACEMENT

ROTARY FLUID MOTOR ~

FIXED DISPLACEMENT

VARIABLE DISPLACEMENT

OSCILLATING

Figure B-7. Heating symbols - continued.
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RADIATOR, FLOOR

VENTILATOR,
COWL: ROUND OVAL

DAMPER, VOLUME

HEAT
TRANSFER SURFACE

HEATER,
CONVECTION

HEATER UNIT,
CENTRIFUGAL FAN

HEATER UNIT,
PROPELLER TYPE

PLAN

ELEVATION

:

PLAN

=

ELEVATION

B

PLAN

ELEVATION

RADIATOR, WALL

VENTILATOR UNIT

HEATER, DUCT TYPE

DAMPER

VENTILATOR,
STANDARD ROOF

FAN, AXIAL
WITH PREHEATER
FREE INLET

FAN,
CENTRIFUGAL

Figure B-7. Heating symbols - continued.

TM 5-704/AFM 85-27

O

END

-

SIOE

-

PLAN

)

ELEVATION

B-1¢9
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8-20

DAMPER,
DEFLECTING DOWN

DAMPER,
DEFLECTING UP

GRILLE

Figure B-7.

bucTt

DUCT,
DIRECTION OF FLOW IN

REGISTER

Heating symbols - continued.

12X20
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CIRCULATING CHILLED OR HOT-WATER FLOW CH
CIRCULATING CHILLED OR HOT-WATER RETURN CHR
CONDENSER WATER FLOW c

CONDENSER WATER RETURN CR —
MAKE-UP WATER . — o~ —
HUMIDIFICATION LINE — H J—
DRAIN D

BRINE RETURN BR

BRINE SUPPLY B
REFRIGERANT DISCHARGE RD
REFRIGERANT LIQUID RL
REFRIGERANT SUCTION RS

Figure B-8. Air conditioning and refrigeration symbols.
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B-22

EVAPORATIVE CONDENSER

EVAPORATOR, CIRCULAR,
CEILING TYPE, FINNED

EVAPORATOR, MANIFOLDED,
BARE TUBE, GRAVITY AIR

EVAPORATOR, MANIFOLDED,
FINNED, FORCED AIR

EVAPORATOR, MANIFOLDED,
FINNED, GRAVITY AIR

EVAPORATOR, PLATE COILS,
HEADERED OR MANIFOLD

FILTER, LINE

FILTER & STRAINER, LINE

FINNED TYPE COOLING UNIT,
NATURAL CONVECTION

FORCED CONVECTION
COOLING UNIT

GAUGE

HIGH SIDE FLOAT

-

7o\

&)

DOOO[]
0O
000

olo|o
[lo olo X-O
ololo
ololo
13813
ololo

Figure B-8. Air conditioning und refrigerution symbols - continued.
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SCALE TRAP

SPRAY POND

THERMAL BULB

THERMOSTAT (REMOTE BULB)

VALVES ~
AUTOMATIC EXPANSION
COMPRESSOR SUCTION PRESSURE

LIMITING, THROTTLING TYPE
(COMPRESSOR SIDE)

C

CONSTANT PRESSURE, SUCTION

EVAPORATOR PRESSURE
REGULATING, SNAP ACTION

EVAPORATOR PRESSURE
REGULATING, THERMOSTATIC
THROTTLING TYPE

EVAPORATOR PRESSURE E
REGULATING, THROTTLING
TYPE (EVAPORATOR SIDE)

6 ok Je qf |

Figure B-8. Air conditioning and refrigerution symbols - continued.
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B-24

IMMERSION COOLING UNIT

LOW SIDE FLOAT

MOTOR-COMPRESSOR, ENCLOSED
CRANKCASE, RECIPROCATING,
DIRECT CONNECTED

MOTOR-COMPRESSOR, ENCLOSED
CRANKCASE, ROTARY, DIRECT
CONNECTED

MOTOR-COMPRESSOR, SEALED
CRANKCASE, RECIPROCATING

MOTOR-COMPRESSOR, SEALED
CRANKCASE, ROTARY

PRESSURESTAT

PRESSURE SWITCH

PRESSURE SWITCH WITH HIGH
PRESSURE CUT-OUT

RECEIVER, HOR1ZONTAL

RECEIVER, VERTICAL

C

Figure B-8. Air conditioning und refrigeration symbols - continued.



HAND EXPANSION

MAGNETIC STOP

SNAP ACTION

SUCTION VAPOR REGULATING

THERMO SUCTION

THERMOSTATIC EXPANSION

TM 5-704 /AFM 85-27

—‘—ES—

=2

Figure B-8. Air conditioning und refrigerution symbols - continued.
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MANHOLE

HANDHOLE

TRANSFORMER
MANHOLE
OR VAULT

TRANSFORMER

POLE

POLE, WITH
STREET LIGHT

POLE, WITH DOWN
GUY ANCHOR

SWITCHES -

™

JAN
O

o—_

O—)

CONSTANT CURRENT
TRANSFORMER

va

CIRCUIT
BREAKER-AIR ® OR _[ }

CIRCUIT
BREAKER-OIL — —

FUSE —f\j—
SWITCH, MANUAL
DISCONNECT —o~ o—

LIGHTNING ARRESTER

L

CAPACITOR (STRAIGHT
LINE IS POSITIVE SIDE)

SINGLE POLE

DOUBLE POLE

THREE-WAY

SWITCH AND PILOT
LAMP

CEILING PULL
SWITCH

B-26

S
S2

S3

Sp

®

KEY-OPERATED
SWITCH SK

DOOR SWITCH SD

TIME SWITCH ST

CIRCUIT

BREAKER
SWITCH SC B

Figure B-9. Sumbols for electrical devices.



RANGE OUTLET

TM 5-704/AFM 85-27

UNDERFLOOR DUCT AND JUNCTION
BOX (SINGLE DOUBLE OR TRIPLE
DUCT SYSTEM INDICATED BY

NUMBER OF PARALLEL LINES)

WATCHMAN SYSTEM DEVICE

SOUND SYSTEM

==
_ Al
B
)
-

BUZZER

OUTSIDE TELEPHONE >'

CHIME

CH

BELL

Figure B-9. Symbols for electrical devices - continued.
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FLUORESCENT FIXTURE

CONTINUOUS ROW FLUORESCENT
FIXTURE O

} 1 }

BARE LAMP FLUORESCENT STRIP — —+ 4 ~

RECEPTACLE OUTLETS

SINGLE OUTLET Q OR :®|

DUPLEX OUTLET

QUADRUPLEX OUTLET (

SPECIAL PURPOSE OUTLET —@ OR @
20-AMP, 250-VOLT OUTLET —-@

SINGLE FLOOR OUTLET

INDICATES FLOOR OUTLET OF

.(BOX AROUND ANY OF ABOVE 6 OR @

SAME TYPE)

Figure B-9. Symbols for electricul devices - continued.
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PANEL BOARDS AND RELATED EQUIPMENT -

PANEL BOARD AND CABINET #— :-— -i
scamotas, commo. eaTen 7

SERVICE SWITCH OR CIRCUIT
S @ o o ®

EXTERNALLY OPERATED
DISCONNECT SWITCH

MOTOR CONTROLLER

MISCELLANEOUS -~

TELEPHONE

MOTOR

LIGHTING OUTLETS —

CEILING

WALL

M
== o
™
THERMOSTAT —@
®
O
O

Figure B-3. Sumbols for electrical devices - continued.
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B-30

WIRING CONCEALED IN
CEILING OR WALL

WIRING CONCEALED IN FLOOR b

EXPOSED BRANCH CIRCUIT —_————————————

BRANCH CIRCUIT HOME RUN TO

PANEL BOARD (NO. OF ARROWS Al A3
EQUALS NO. OF CIRCUITS,
DESIGNATION IDENTIFIES
DESTINATION AT PANEL)

THREE OR MORE WIRES (NO. OF

CROSS LINES EQUALS NO. OF 77/
CONDUCTORS TWO CONDUCTORS

INDICATED IF NOT OTHERWISE /777
NOTED)

CROSSED CONDUCTORS, NOT
CONNECTED

e
INCOMING SERVICE LINES >——-

SPLICE OR SOLDERED —+— OR

CONNECTION

CABLE CONNECTOR
(SOLDERLESS)

WIRE TURNED UP -©

WIRE TURNED DOWN

:

Figure B-10. Line symbols for electrical wiring.
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TWO CONDUCTOR SERVICE ABOVE GROUND -

PRIMARY

SECONDARY —— —— — — — —

STREET LIGHTING

UNDERGRQUND -

BURIED CABLE -—— -

DUCT LINE ‘

S o8 s comucnom o L
CONDUCTORS) / / [/

INCOMING LINES \

CONDUIT OR GROUPING OF
CONDUCTORS et

y /
BRANCHING OF GROUP OF V4 ~
CONDUCTORS (NO. INDICATES 8 3
NO. OF CONDUCTORS IN S
BRANCH)
GROUND A

Figure B-11. Line symbols for electricul power distribution.
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APPENDIX C

USEFUL FORMULAS

C-1. Formula by which to estimate the weight and volume of aggregate in cone shaped pile is:
volume =0.2618 x height x diameter (squared)
C-2. Formula for determining current in electrical wiring:

amperes= Total watts to be serviced

voltage
or
amperes = : voltage
resistance (ohms)
or
amperes = 745.7 x Horsepower
voltage

C-3. Formula for converting degrees Centigrade to Fahrenheit is:

F=%C+32
C-4. The following formula is used in calculating specific heat problems:

British thermal units = Sp. heat x W (t2—t1)
where

W = weight of the substance in pounds

Sp. heat = specific heat of substance to be heated
t:—t1 = temperature change in degrees F.
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C-5. Lengths, Areas, and Volumes of Geometric Figures:

«. Legend. r = radius
A = area D = diameter
a = altitude II = 3.1416
b = length of base L = length of arc
C = circumference k = length of cord
V = volume
b. Formulas.
(1) Any triangle:
A =%bh
or Siny = ¢ S]n¢
a
2) Right triangle: (3} Circle:
a = ‘/ c2_ bZ
¢ a A =Ir?
b=ve-a A =0.7854 D¢

C=1ID
c=,/az+b2 b

(4) Segment of circle: A = % [r(1 — k) + ak]

L: (2—11—1:) Xa
360
k = V2ar — a2

a = angle in degrees

(5) Sector of circle:

3 2
A== -I-I—Z (angle in degrees)

2

(6) Regular polygons. The area of any regular polygon (all sides equal, all angles equal) is
equal to the product.of the square of the lengths of one side and the factors shown
in table C-1. Example: Area of a regular octagon having 6-inch sides is 6 x 6 x 4.828, or
173.81 square inches. See factors in table C-1.



(7} Rectangle and parallelogram:
A=ab

(8) Trapezoid:
A ="a(bt ++ b2)

{9) Irregular figures. Measure widths at
offsets regularly spaced along any straight

line, and apply one of the following:

(«¢) Trapezoidal rule. A = one half the

interval between offsets x (sum of
two end widths plus twice the sum
of the intermediate widths).

(b) Simpson’s rule. (Assumes lateral

boundaries are parabolic curves.) A
= one third the interval between
offsets x (sum of two end widths
plus twice the sum of the odd
widths, except first and last (3rd,
5th, 7th, etc.) plus 4 times the sum
of the even widths (2d, 4th, 6th,
ete.))

NOTE: The above rule required an odd number of widths. If there is an even number, compute separately the area of a trape -

z0id at one end.

{10) Cube:
V=>b

{11) Rectangular parallelepiped:
V=ab b

TM 5-704/AFM 85-27
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(12) Prism or cylinder:
V = a X (area of base)

Fad S

(13) Pyramid or cone:
V=[!) a X (area of base) @

(14) Spere:

V= (4/3)Ir° = -HG—D3

A =4Ir?

(15) Prismoidal section:
V =one-sixth the length X (sum of the
end areas plus 4 times the midsection area)

Table C-1. Polygon Factors

No. of Sides Fuctor No. of Sides Fuctor
3 0.433 8 4.828
4 1.000 9 6.182
5 1.720 10 7.694
6 2.598 1 9.366
7 3.634 12 11.196

C4



APPENDIX D

CONVERSION TABLES

TM 5-704/AFM 85-27

Tables of conversion factors applicable to the U. S. (English system) measures versus the Me-

tric system.
Jonversion—English-Metric Systems
LENGTH
inches » cent-
meters

cm inches

feet e meters

meters + feet

yards .meters

meters - yards

miles o kilo-

meters
kM g miles ] ,
L 4

08 e 109 . ..09L . $2........080. ... 0.l 254

1. 1.24 3.22 219 183 6.56 0.61 0.79 15,08 ¢
3 1.86 4.83 3.28 2,74 9.84 091 1.18 7.62
4 249 6.44 4.37 3.66 13.12 1.22 1.57 10.16
5 3.11 8.05 5.47 4,57 16.40 1.52 1.97 12.70
6 3.78 9.66 6.56 5.49 19.68 1.83 2.36 15.24
7 4.35 11.27 7.66 6.40 22.97 2.13 2.76 17.78
8 497 12.87 8.75 7.32 26.25 2.44 3.15 20.32
9 5.59 14.48 9.84 8.23 29.53 2,74 3.54 22.86
10 6.21 16.09 10.94 9.14 32.81 3.05 3.93 25.40
12 7.46 19.31 13.12 10.97 39.37 3.66 4.72 30.48
20 12.43 32.19 21.87 18.29 65.62 6.10 .87 50.80
24 14.91 38.62 26.25 21.95 78.74 7.32 9.45 60.96
30 18.64 4828 32.81 27.43 98.42 9.14 11.81 76.20
36 22.37 57.94 39.37 32.92 118.11 10.97 14.17 91.44
40 24.85 64.37 43.74 36.58 131.23 12.19 15.75 101.60
48 29.83 7725 52.49 43.89 157.48 14.63 18.90 121.92
50 31.07 80.47 54.68 45.72 164.04 15.24 19.68 127.00
60 37.28 96.56 65.62 54.86 196.85 18.29 23.62 152,40
70 43.50 112.65 76.55 64.00 229.66 21.34 27.56 1717.80
72 44.74 115.87 874 65.84 236.22 21.95 28.35 182.88
80 49.71 128.75 87.49 73.15 262.47 24.38 31.50 203.20
84 52.20 135.18 91.86 76.81 275.59 25.60 33.07 213.36
90 55.92 144.84 98.42 82.30 295.28 27.43 35.43 228.60
96 59.65 154.50 104.99 87.78 314.96 29.26 37.80 243.84
100 62.14 160.94 109.36 91.44 328.08 30.48 39.37 254.00

Example: 2 inches =5.08 ¢cm
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Conversion—English-Metric Systems (cont)

One unit (below) mm em meters km
Equals...._...
mm (millimeters) 1. 0.1 0.001 0.000,001
em {centimeters 10. 1. 0.01 0.000,01
meters 1,000. 100. 1. 0.001
km (kilometers) 1,000,000. 100,000. 1,000. 1
One unit (below) gm kg metric ton
‘ DL L\ [ J——
gm(gram) 1. 0.001 0.000,001
kg(kilograms) 1,000. 1. 0.001
metric ton 1,000,000. 1,000. 1.
UNITS OF CENTIMETERS
cm 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9 0.10
inch 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.31 0.35 0.39
FRACTIONS OF AN INCH
inch 1/16 1/8 3/16 1/4 5/16 3/8 /16 1/2
em 0.16 0.32 0.48 0.64 0.79 0.95 1.11 1.27
inch 9/16 5/8 11/16 3/4 13/16 7/8 15/16 1
cm 143 1.59 175 191 2.06 2.22 2.38 2.54
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Conversion—English-Metric Systems (cont)

WEIGHT'
ounces —f Zrams
grams = Ounces
pounds -= kilograms
kg —s= pounds
short _ metric
ton? ton
metric short
——————r
3
ton v / Y '
1 1.10 0.91 2.20 2 045 0.04 28 4
2 2.20 1.81 441 1091 0.07 56.7
3 3.31 272 6.61 1136 0.11 85.0
4 441 3.63 8.82 ;181 *0.14 113.4
5 5.51 4.54 11.02 ;267 0.18 141.8
6 6.61 5.44 13.28" L2712 0.21 170.1
L 2T 635 ... 1543 G318 025 168.4
g T 982 7.26 17.64 IS 0.28 226.8
9 9.92 8.16 19.84 1408 0.32 255.2
10 11.02 9.07 22.05 $454 0.35 2835
B, 1763........ 1451, ..... SR %1 SRR £ 0.56 453.6
20 22.05 18.14 44.09 : 9.07: 0.711 567.0
30 33.07 27.22 66.14 1361 1.06 850.5
40 44.09 36.29 88.14 18.14 141 1134.0
50 55.12 45.36 110.23 22.68 1.76 1411.5
60 66.14 54.43 132.28 27.22 212 1701.0
70 77.16 63.50 154.32 31.75 2.47 1984.5
80 88.18 7251 176.37 36.29 2.82 2268.0
90 99.21 81.65 198.42 40.82 3.17 2551.5
100 110.20 90.72 220.46 45.36 353 2835.0

Example:. Convert 28 pounds to kg
28 pounds = 20 pounds + 8 pounds
From the tables: 20 pounds =9.07 kg and 8 pounds =3.63 kg
Therefore, 28 pounds =9.07 kg + 3.63kg=12.70kg
1 The weights used for the English system are avoirdupois (common) weights.
2 The short ton is 2000. pounds.
3 The metric ton is 1000. kg.

D-3



TM 5-704/AFM 85-27

Conversion—English-Metric Systems (cont)

cu, meters

cu.yd

cu. ft

W00 =3 MG da Si MY e

con
.
e

VOLUME
cu. ft = cU. yd
CU. ft comemamamgm CU. Meters
cu.yd cu. meters
| | } '

0.037 0.028 2270 0.76 35.3 1.31
o OUTE 05T 340 153 7056 2.62
0.111 0.085 "e§1.0: 2.29 105.9 3.92
0.148 0.113 108.0 3.06 1413 5.23
0.185 0.142 135.0 3.82 176.6 6.54
0.212 0.170 162.0 4.59 211.9 7.85
0.259 0.198 189.0 5.35 247.2 9.16
0.296 0.227 216.0 6.12 2825 10.46
0.333 0.255 243.0 6.88 3178 11.77
0.370 0.283 270.0 7.65 353.1 13.07
0.741 0.566 540.0 15.29 706.3 26,16
1.111 0.850 810.0 22,94 1059.4 39.24
1.481 1,133 1080.0 30.58 14126 52.32
1.852 1.416 1350.0 38.23 1765.7 65.40
2.222 700 1620.0 45.87 21189 78.48
2.592 1.982 1890.0 53.52 2472.0 91.56
2.962 2,265 2160.0 61.16 2825.2 104.63
3.333 2.548 2430.0 68.81 3178.3 1771
3.703 2.832 2700.0 76.46 3531.4 130.79

Example: 3cen. yd=81.0cu. ft

Volume: The cubic meter is the only common dimension used for measuring the volume of solids in the metric system.
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TM 5-704/AFM 85-27
GLOSSARY OF ARCHITECTURAL TERMS

Arch. Any bow-like curve, structure, or object generally spanning an opening, and producing
horizontal and vertical reactions. v

Arch, juck. A construction in which both the underside and outside are flat.

Butten, (cleat). A strip of wood used for nailing across two other pieces to hold them together,
or for covering a crack.

Cup, (lintel). A horizontal structural load-bearing member spanning an opening.

Cusing. The trimming around a door or window opening, either outside or inside, or the fin-
ished lumber around a post or beam.

Cornice. The molded projection which finishes the top of the wall of a building.

Euve. The projection edges of a roof.

Flushing. The material used in the process of making watertight the roof intersections and
other exposed places on the outside of a building.

Gable. Vertical triangular end of a building from the eaves to the apex of the roof.

Heud. Section through top of door or window, showing construction.

Jamb. The side piece or post of an opening; usually applied to the doorframe or window
frame.

Louver. A ventilating window sheltered from the weather by sloping slats.

Meeting rail. The horizontal wood or metal bar which divides the upper and lower sash of a
window.

Muntin. The small member that divides the glass in a window frame.

Pane. Glass set between vertical and horizontal pieces in a sash.

Perspective drawing. A pictorial representation of an object on a plane surface as it actual-
ly appears to the eye. )

Ruail. The horizontal member of a door or window.

Ridge. The top of the roof where two slopes meet.

Sush. The framework which holds the glass in a window.

Sheathing. Boards nailed to studding or roofing rafters to form a foundation for the out-
er surface covering of the sidewalls or roof.

Siding. Lumber used for finishing the exterior walls of a building.

Sill. The horizontal timbers of a house which either rest upon the masonry foundations or,
in the absence of such, form the foundations.

Stile. Vertical pieces of wood or metal, forming sides of sash.

Stucco. Plaster or cement mixture used on exterior walls of a building.

Vulley. The gutter or angle formed by the meeting of two roof slopes.

GLOSSARY OF WOOD—CONSTRUCTION TERMS

Anchor. Irons of special form used to fasten together timbers or masonry.

Butter pile. Pile driven at an angle to brace a structure against lateral thrust.

Bent. A single vertical framework consisting of horizontal and vertical members support-
ing the deck of a bridge or pier.

Bourd. Thin timber less than 2 inches thick and more than 4 inches wide.

Board foot. The equivalent of a board 1 foot square and 1 inch or less in thickness.

Brace. A diagonal member used to stiffen framework.

Bridging. A horizontal or cross bracing between continuous floor joists to prevent buckling or
transverse movement. '

Building puper. Heavy paper used to insulate a building before the siding or roofing is put
on; sometimes placed between double floors.
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Built-up member. A single structural component made from several pieces fastened to-
gether.

Chamfer. A beveled surface cut upon the corner of a piece of wood.

Chock. Heavy timber fitted between fender piles along wheel guard of a pier or wharf.

Chord. The principal member of a truss on either the top or bottom.

Colummn. A square, rectangular, or cylindrical support for roofs, ceilings, and so forth,
composed of base, shaft, and capital.

Cross bruce. Bracing with two intersecting diagonals.

Decking. Heavy plank floor of a pier or bridge.

Diugonal. Inclined member of a truss or bracing system used for stiffening and wind brac-
ing.

Fender pile. Outside row of piles that protects a pier or wharf from damage by ships.

Filler. Piece used to fill space between two surfaces.

Girt. Horizontal pieces nailed between studs.

Grade. The horizontal ground level of a building or structure.

Huanger. Vertical-tension member supporting a load.

Header. A short joist into which the common joists are framed around or over an opening.

Jamb. The side piece or post of an opening.

Kmnee bruce. A corner brace, fastened at an angle from wall stud to rafter, stiffening a
wood or steel frame to prevent angular movement.

Lintel (cap). A horizontal structural member spanning an opening, and supporting a wall
load.

Member. A single piece in a structure, complete in itself.

Partition. A permanent interior wall which serves to divide a building into rooms.

Pier. {u) Timber, concrete, or masonry supports for girders, posts, or arches. (b) Intermedi-
ate supports for adjacent ends of two bridge spans. (¢) Structure extending outward from
shore into water used as a dock for ships.

Piling. Large timbers or poles driven into the ground or the bed of a stream to make a firm
foundation.

Plunk. A wide piece of sawed timber, usually 1% to 4! inches thick and 6 inches or more
wide.

Plute. The top horizontal timber of a wall upon which the roof rests.

Purlims. Timbers extending between trusses, and supporting the sheathing of a roof.

Ruafters. The ribs which run from hip, or ridge, to eaves in a roof.

Rake. The inclination from the horizontal, as the slope of a roof.

Ridge. The top of the roof where two slopes meet.

Scab. A short piece of lumber used to splice, or to prevent movement of two other pieces.

Splice. Joining of two similar members in a straight line.

Stringer. A long horizontal timber in a structure supporting a floor.

Stud. Anupright beam in the framework of a building.

Subfloor. A wood floor which is laid over the floor joists and on which the finished floor is laid.

Tie. A piece inserted or attached to other pieces to hold them in position.

Top plute. Piece of lumber supporting ends of rafters.

Treud. The horizontal part of a step.

Wuale. A horizontal beam bolted to a row of piles to receive the impact of vessels.

Wharf. A structure that provides berthing space for vessels, to facilitate loading and dis-
charge of cargo.
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GLOSSARY OF STEEL—CONSTRUCTION TERMS

Buse ungle. Angle piece connecting bottom of column to base plate.

Buse plute. Distribution plate or steel slab upon which column rests.

Butten plute. A small plate used to hold two parts in their proper position when made up as
one member,

Buy. The distance between two trusses or transverse bents,

Beam girder. Made of two or more beams fastened together either by cover plates or by
bolts with separators.

Beuring. The portion of a beam, truss, and so forth, that rests on the supports.

Beuring plute. Flat steel over 6 inches wide and over 2 inches thick, used to distribute load
over a large area.,

Bent. A single vertical framework consisting of horizontal and vertical members, support-
ing the deck of a bridge or pier.

Box girder. Any built-up girder of rectangular section.

Bruce. Any inclined member in a truss or frame used to stiffen the structure.

Bracket. Projecting connection, usually a plate or angle.

Buckle plate. A flat plate with dished depression pressed into it to give transverse strength.

Built-up member. A single structural member made from several pieces fastened together.

Cuamber. Slight upward curve given to trusses and girders to avoid effect of sag.

Cuntilever. A beam, girder, or truss overhanging one or both supports.

Cup ungle or plate. Angle or plate at top of a column.

Clearance. Amount of space left between members to provide for slight irregularities of
workmanship or materials.

Clip ungle. A small angle used for fastening various members together.

Column. A square, rectangular, or cylindrical support for roofs, ceilings, etc., composed
of base, shaft, and capital.

Column buse. Base plate, slab, or pedestal and connecting angles or plates of a column.

Compression member. Structural member which tends to be shortened by the loads it car-
ries.

Cope. To cut out top or bottom of flanges and web so that one member will frame into an-
other.

Counters. Diagonal members in a truss to provide for reversal of shear due to live loads.

Countersink. To bevel a hole in such a manner that plates, or heads of screws, rivets, or
bolts, will flush with the surface.

Cover plate. A plate used in building up flanges in a built-up member to give greater
strength and area, or for protection.

Crimp. To offset the end of a stiffener to fit over the leg of an angle.

Cross bracing. Bracing with two intersecting diagonals.

Cross frame. Vertical transverse cross bracing between bridge deck girders.

Deud load. Weight of the structure.

Deck bridge. Bridge with floor placed on top chord of trusses or girders.

Diugonals. Inclined members used for stiffening and wind bracing.

Diuphkiragm. Stiffening plate between webs of a member or from one member to another.

FEuve strut. Longitudinal strut between tops of the columns of a building at the eaves.

End post. Vertical or inclined compression member at the end of a bridge truss.

Erection seut. Seat angle riveted to a supporting member to hold a member during erection.

Expunsion bolt. A bolt with a split casing which acts as a wedge; used for attaching steel
work to brick or concrete.
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Expansion rollers. Steel rollers placed under one end of a bridge truss to allow movement
caused by expansion and contraction..

Fubrication. To cut, punch, and subassemble members in the shop.

Fill plate. A plate used to take up space in riveting two members when a gusset is not used.

Grilluge. A combination of beams laid transversely in the several tiers, the deepest beams
being used in the top tier.

Heel plate. Gusset plate at heel or main support of a truss.

Hinged shoe. End support of a truss which has a pin or roller allowing rotation caused by
deflection under heavy loads.

Knee bruce. A corner brace, fastened at an angle from wall stud to rafter, stiffening a
wood or steel frame, to prevent angular movement.

Lucing or lattice burs. Bars used diagonally to space and stiffen two parallel members, such
as in a built-up column.

Leterals. Members used to prevent lateral deflection.

Leg. One of the two flanges or parts of an angle.

Pin plate. Reinforeing plate riveted to truss member to give greater bearing on a pin.

Plate girder. Structural member made with a web plate and flanges of angles, plates, or
other shapes.

Purlins. Horizontal members extending between trusses, used as beams for supporting the
roof.

Queen-post truss. A truss framed with two vertical tie members.

Ridge frume. Bent made with ridge joints between beam or girder and the supporting col-
umns.

Rocker. Hinged shoe with pin which allows truss or girder to deflect without causing addi-
tional strain on pier or abutment.

Roller. Bearing made of hardened-steel rollers placed under one end of truss to allow
movement caused by expansion and contraction.

Seat ungle. Small angle riveted to one member to support end of another member.

Sepurator. Plate, casting, or piece of pipe on bolt placed between webs of beams to keep
them a fixed distance apart.

Shoe. Part of a bridge that supports end pins of a truss.

Sole plute. Plate riveted to bottom of girder to bear upon masonry plate.

Splice. A longitudinal connection between the parts of a continuous member.

Stiffener. Angle, plate, or channel riveted to a member to prevent buckling.

Stringer. A longitudinal member used to support loads directly.

Strut. A compression member in a framework.

Tee. A steel beam whose section is like the letter T.

Tie plute. A plate attached to other members to hold them in position.

Top ungle. Connection angle used at the top of a beam in conjunction with a seat angle on a
column.

Truss. A ridge framework for carrying loads, formed in a series of triangles.

Web. Thin portion between flanges of a beam, channel, or other member.

Zee. A steel beam whose section is like the letter Z.
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GLOSSARY OF CONCRETE AND MASONRY TERMS

Abutment. Concrete or masonry supports at end of a bridge or arch.

Anchorage hooks. Hooks bent in ends of reinforcing-steel bars for better bond in concrete.

Ashlar. Dressed stone used for the outside facing of a wall.

Bucking-up. The using of bricks of a cheaper grade for the inner face of a wall.

Buse course. The first course or foundation course on which the remainder rests.

Butter. The slope of the face of a wall that is out of plumb. The backward and upward
slope of a retaining wall.

Bed. The horizontal surfaces on which the bricks or stone of the wall lie in courses.

Belt. A projecting band course or courses, or a course of a different kind of brick.

Blocking course. A course of stones placed on the top of a cornice crowning the walls.

Bloom. The appearance of a whitish powder on the surface of a brizk or stone wall.

Bond course. A course of headers.

Bond stone. Stone running through the thickness of a wall at right angles to its face, serv-
ing to bind it together.

Breast of a window. The masonry forming the back of the recess and the parapet under
the window sill.

Brick. A hardened block of clay, usually of rectangular shape, formed in a mold, dried or
burned in a kiln.

Brick veneer. A facing of brick applied to a frame or other structure.

Bull header. A brick with one rounded corner usually placed with short face exposed. Laid to
form the brick sill under and beyond the window frame; also used around doorways.

Bull stretcher. A bull brick laid with the long edge exposed.

Buttering. The spreading of mortar on the edges of a brick before placing it in position.

Cement. Product obtained by burning a mixture of limes and clays, and grinding to a fine
powder. .

Clay. A common earth, compact and brittle when dry, but plastic when wet. Used in the man-
ufacture of bricks.

Closer. A portion of a brick used to close the end of a course.

Common brick. Brick such as is used for rough work, for filling in or backing.

Coping. The cap or top course of a wall, frequently projecting.

Corbel. One or more courses of projecting bricks to form an overhang.

Cornice. The molded projection which finishes the top of a wall of a building.

Diagonaul bond. Bricks laid horizontally with ends staggered symetrically with respect to the
diagonal running from corner to corner of the wall.

Extrodos. The outside curve of an arch.

Fuce. Front or exposed surface of a wall.

Fucebrick. Exterior facing of a brick wall.

Filling in. The process of building-in the center of the wall between the face and back.

Fire cluy. Clay capable of withstanding high temperatures; its quality is due to the large
amount of silica and small amount of fluxing agents.

Flat arch for juck urch). A construction in which both the soffits and extrados are flat.

Flemish garden bond. Consists of three stretchers followed by a header in each course. The
headers in each course center between the stretchers in the course above and below.

Form. A temporary mold in which to cast crete.

Gurden bond. Consists of three stretchers in each course followed by a header, although
this bond may have from two to five stretchers between headers.

Guging. To cut bricks or stones to make them uniform in size.

Grout. A fluid cement mixture for filling crevices.
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Gutter. A bricked or paved surface in the street adjoining the curb.

Huunch. The shoulder of an arch.

Herring-bone. Masonry or brickwork when laid up in a zigzag pattern.

Herring-bone bond. A zigzag arrangement of bricks or tile, in which the end of one brick is
laid at right angles against the side of a second brick.

Intrados (or soffit). The interior curve or under-surface of an arch.

Inverted arch. An arch having extrados below the axis. or spring line.

Keystone. The uppermost stone of a masonry arch, and which locks the other members togeth-
er.

Kneeler. A stone cut to provide a change of direction.

Mortar. A mixture of sand, slacked limes, cement, and water to form a bond between brick,
stones, and so forth.

Nogging. The filling-in with brick of the spaces between studding.

Perpend. A header brick extending through the wall so that one end appears on each side of it.

Pier. A mass of masonry supporting an arch, bridge, and so forth.,

Piluster. A right-angled columnar projection from a pier or wall.

Pointing. The finishing of joints in a brick or masonry wall.

Portland cement. The building cement of common use, made by heating clay and lime subst-
ance. The vitrified product, when ground, forms a very strong hydraulic cement.

Projecting belt course. An elaboration of a plain band course of masonry or cutstone work
projecting several inches beyond the face of the wall.

Pugging. A coarse mortar laid between floor joists to prevent passage of sound.

Quurry-fuced musonry. Stone with face left unfinished as quarried.

Rucking. Inapproaching a corner where two walls meet, “racking” is the making of each course
shorter than the course below it, in order that the workmen on the walls may tie in their cours-
es in the easiest manner.

Rucking bond. Brick laid in an angular or zigzag fashion.

Retuining wull. A wall erected to prevent the sliding of earth or other material.

Rowlock-back wall. Wall made with the bricks of the exterior face laid flat, and the bricks
of the backing laid on edge.

Rubble. Roughly broken quarry stone.

Rubble masonry. Uncut stone, used for rough work, foundations, backing, and so forth.

Rusticution. Ashlar work with roughened surface and deeply sunk grooves at the joints.

Segmental urch. An arch whose curve is an arc of a circle, but less than a semicirele.

Semicircular arch. An arch whose intrados is a semicircle.

Skewback. The surface of each end of an arch upon which the first bricks are laid, and
from which an arch springs.

Skintled brickwork. An irregular arrangement of bricks with respect to the normal face of
the wall, the bricks being set in and out to produce an uneven effect; also the rough effect
caused by mortar squeezed out of the joints.

Slub. Concrete floor or span.

Soffit. The underside of an arch, cornice, or staircase.

Spuandrel. The irregular triangular space between an arch and the beam above the same, or
the space between the shoulders of two adjoining arches.

Springer. The stone from which an arch springs.

Stucco. Plaster or cement used for external surfacing of walls.

T-beam. Reinforced T-shaped concrete beam and floor slab poured as a unit without joints.

Toothing. Leaving a section of brickwork toothed so that the brickwork to follow can be
bonded into it. It consists of allowing alternate courses to project a sufficient distance to as-
sure a good bond with the portion to be built later.
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Vitrified brick. A very hard paving brick burned to the point of vitrification and toughened
by annealing.

Voussoir. One of the wedge-shaped blocks of stone of which an arch is composed.
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GLOSSARY OF WELDING TERMS

Anneul. To soften a metal piece and remove internal stresses by heating to its critical tem-
perature and allowing to cool very slowly.

Arc welding. A non-pressure (fusion) welding process wherein the welding heat is obtained
from an electric arc formed either between the base metal and an electrode, or between two
electrodes.

Axis of « weld. A line through the weld parallel to the root.

Bucking strip. Material (metal, asbestos, carbon, and so forth) backing up the root of the
weld.

Buse metul. The metal to be welded or cut.

Bead weld. Weld made by one passage of electrode or rod.

Bond. The junction of the weld metal and the base metal.

Brazing. A welding process wherein the filler metal is a nonferrous metal or alloy whose

‘melting point is higher than 1,000° F., but is lower than that of the base metal.

Butt weld. The edges or ends of two plates joined flush; if plates are more than '” thick, one
or both must be beveled to make a single Vor a double V in order to permit complete fusion.

Composite joint. A joint wherein welding is used in conjunction with a mechanical joint.

Continuous weld. Weld which extends uninterruptedly for its entire length.

Effective length of weld. The length of the correctly proportioned cross section of a weld.

Electric bruzing. A process of brazing wherein the heat is obtained from electric current.

Electrode. (1) Metal arch welding: Filler metal in the form of wire or rod, either bare or
covered, through which current is conducted between the electrode holder and the arc and
base metal. (2) Carbon arc: A carbon or graphite rod through which current is conducted be-
tween the electrode holder and the arc. (3) Resistance welding: A bar, wheel, or die through
which the current is conducted and the pressure applied to the work.

Fillet weld. Lap joint or a connection of two pieces at right angles.

Flush weld. Weld made with a minimum reinforcement.

Intermittent weld. Weld whose continuity is broken by unwelded spaces.

Lup joint. A welded joint in which two overlapping parts are connected by means of fillet,
plug, slot, projection, or seam welds.

Lup weld. Weld made on the thinned-down, overlapped edges of plates, maintaining an even
thickness of material. '

Penetration. Depth of fusion obtained in a welded joint.

Plug weld. The joining of two plates by welding through a hole in either one plate only or
both plates.

Resistunce butt welding. Process wherein the.fusion occurs simultaneously over the entire
contact area of the parts being joined.

Resistance welding. Process wherein the heat is obtained from the resistance to the flow of
an electric current.

Seal weld. Weld used to obtain tightness, or fill in a gap.

Seum welding. Process wherein overlapping or tangent spot welds are made progressively.

Size. (1) Fillet weld: The size of a fillet weld is the leg length of the largest inscribed isos-
celes right triangle. (2) Groove weld: The size of a groove weld is the depth of the groove.
Where depth of fusion materially exceeds the groove depth, the size of the weld is the
depth of the fusion.

Slot weld. Joining of two plates by welding through a slot cut in one plate.

Spot weld. To weld in spots by means of the heat of resistance to an electric current. Not
applicable to sheet copper or brass.
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Tack weld. To join at the edge by welding in short intermittent sections. Used for assembly
purposes only.
Types of joints. Joints made by welding are butt, corner, edge, lap, and toe.

Weld. Uniting of pieces of iron or steel by fusion accomplished by the oxyacetylene, elec-
tric, or hammering (forging) process.

Welded joint. A localized union of two parts by welding.
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GLOSSARY OF PLUMBING TERMS

Aerution tunk. A secondary tank in a sewage disposal plant in which the sewage is raised, by
a mechanical device, from the bottom of the tank and discharged over the retained liquid.
The circulation of the sewage and the consequent exposure to the atmosphere reduces the
sewage to a stable effluent.

Antisiphon. A type of water seal trap in which the outlet leg is increased in diameter to con-
tain a sufficient volume of liquid to prevent a siphoning action which would break the seal.

Area druin. A drain usually made of 4-inch or larger cast-iron pipe leading into a running
trap with cleanout and into the house drain, placed in the floor of a basement areaway, a
loading platform, or a cement driveway, which cannot otherwise be drained.

Buck flow. Flow of water of sewage opposite to the normal direction of flow.

Backflow valve. A device inserted in the drain of a house or building to prevent a reversal of
the flow of sewage.

Buack pressure. Air pressure in pipes greater than atmospheric pressure.

Ball cock. A faucet opened or closed by the fall or rise of 2 ball floating on the surface of
the water.

Bell (or hub). That portion of a pipe which, for a short distance, is sufficiently enlarged to
receive the end of another pipe of the same diameter for the purpose of making a joint.

Bell-und-spigot joint. Each length of cast-iron pipe is made with an enlarged (bell) end and a
plain (spigot) end. The spigot end of one length fits into the bell end of the next length and is
made tight by caulking.

Bib. A spigot or faucet.

Bleeder. A small drain cock or by-pass valve.

Branch. (1) Pipe extending from a main to receive or connect drains from fixtures. (2) The
outlet or inlet of a pipe fitting, set at an angle with the run.

Branch ell. An elbow having a back outlet in line with one of the outlets of the run.

Branch pipe. A general term used to designate a pipe, either cast or wrought, that is equipped
with one or more branches.

Bullheud tee. A tee, the branch of which is longer than the run.

Bushing. A plug designed to be threaded into the end of a pipe. One end is bored and tapped
to receive a pipe of smaller diameter than that of the pipe into which it is screwed.

By-pass. Any method by which water may pass around a fixture, appliance, connection, or
length of pipe. '

Cuatch busin. A basin, cistern, depression, or reservoir to catch and retain surface drainage.

Cesspool. A pit for the reception or detention of sewage.

Check vulve. A valve which automatically closes to prevent the back flow of water or liquids.

Cleunout. Fitting with a hand hole and cover for cleaning out sediment.

Close nipple. Nipple whose length is twice as long as standard pipe thread, with no shoulder
between the two sets of threads.

Cock. A plug type of valve which has an opening to permit passage of liquids or gases. A
quarter turn opens or closes the valve.

Conductor (or leuder). A pipe to convey rain water.

Continuous vent. A continuation of a vertical, or nearly vertical, waste pipe above the
connection at which liquid wastes enter the waste pipe. The extension may or may not contin-
ue in a vertical direction.

Coupling. A fitting with inside threads only, used for connecting two pieces of pipe.

Cross. Pipe fitting with four branches arranged in pairs, each pair on one axis and the axes at
right angles.
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Crossover. Fitting shaped like the letter U with the ends turned out. It is used to pass the How
of one pipe past another when the pipes are in the same plane.

Crowrn. That part of a trap in which the direction of flow is changed from an upward to a
downward direction.

Deud end. The extended portion of a pipe which is closed at one end, and to which no « »nnec-
tions are made on the extended portion.

Doiwnspout. A pipe or conductor for carrying rain water from a roof to the ground or to a
sewer connection.

Drain. A pipe, channel, or trench through which waste water or other liquids are carried off.

Druinage. System of drains; the act or means of draining. .

Druin cock. A small valve placed at a low point in a line of piping to permit draining.

Drop elboie. A small ell that is frequently used where gas is put into a building.

Drop ell. An ell lugs in the sides by means of which it can be attached to a support.

Drop tee. A small tee having the same type wings as a drop elbow.

Eccentric fitting. A fitting in which one end is offset from the center line.

Efftuent. The liquid discharged from a septic tank or sewage disposal plant.

Feed pipe. A main line pipe; one which carries a supply directly to the point of use, or to sec-
ondary lines.

Flunge union. A pair of tlanges to be threaded onto the ends of pipes that are to be joined.
The flanges are bolted together when the pipes are joined.

Flout valve. A floating ball which opens or closes a valve according to the height of the water;
such as used in a toilet tank.

Floor druin. A fixture used to drain water from floors into the plumbing system.

Flush valve. A valve used for flushing a fixture by using water directly from the water-sup-
ply pipes.

Fresh-uir inlet. Connection made to a house drain above the house or drain pipe, leading to
the outside atmosphere.

Globe valve. A type of valve in which a disk, operated by a screw and hand wheel, seats on a
circular opening.

Grease trap. A device for solidifying and separating grease from domestic wastes and re-
taining them so that they may be removed, thus preventing the stoppage of waste pipes.

House drain. That part of the lowest horizontal piping of a plumbing system which receives
the discharge from soil, waste, and other drainage pipes inside of any building and conveys
the discharge to the house sewer.

House slant. A T- or Y-connection in a sewer for the purpose of receiving the connection of
a house sewer.

Hydrostatic joint. Used in large water mains, in which sheet lead is forced tightly into the
bell of a pipe by means of the hydrostatic pressure of a liquid.

Increaser. A coupling with one end larger than the other.

Invert. The lowest portion of the inside of any pipe or conduit which is not vertical.

Lateral. Secondary pipe line branching off a main.

Lip union. A special form of union having a lip that prevents the gasket from being
squeezed into the pipe and obstructing the flow.

Loop vent. A continuation of a horizontal soil or waste pipe beyond the connection at which
liquid wastes from one or more fixtures enter the waste or soil pipe. The extension is usually
vertical immediately beyond its connection to the soil or waste pipe. The base of the vertical
portion of the vent may be connected to the horizontal portion of the soil or waste stack
between fixtures connected thereto.

Nipple. A short length of pipe threaded at both ends and less than 12-inches long.

Oakum. Hemp used for caulking.
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Reducer. Any one of the various pipe connections so constructed as to permit the joining of
pipes of different sizes, such as reducing ell, reducing sleeve, reducing tee, and so forth.

Return bend. A pipe bend or a fitting shaped like the letter U.

Run. That portion of a pipe or fitting continuing in a straight line in the direction of flow of
the pipe to which it is connected.

Rust joint. A joint in which some oxidizing agent is emploved.

Service ell. An elbow having an outside thread on one end.

Service pipe. The small pipe which conveys liquid or gas from a main pipe to its places of
use.

Service tee. A tee having inside thread on one end and on the branch but outside threads on
the other end of the run.

Shoulder nipple. A nipple of any length which has an unthreaded portion of pipe between
the two threaded ends. .

Soil pipe. Term generally applied to cast-iron pipe in 5-foot lengths used for house drainage.

Spigot. The ends of a pipe which fit into a bell. It is also another name for a faucet.

Stuck. Any vertical soil, waste, or vent piping.

Standard pressure. Term applied to valves and fittings suitable for a working steam pres-
sure of 125-pounds per square inch.

Stopcock. A type of valve which consists of a body having a tapered opening, into which is
fitted a plug of corresponding taper. By turning the plug through an arc of 90°, the flow is
turned on or off.

Sump. A depression in a roof, and so forth, to receive rain water and deliver it to the down-

. spout.

Tee. A fitting for connecting pipes of unequal sizes, or for changing direction of pipe runs.
A bullhead tee has an outlet larger than opening on run; straight tee has all openings of
same size.

Union. A coupling or connection for pipes designed to facilitate the connecting or discon-
necting of pipes.

Vent pipe. Any small ventilating pipe running from various plumbing fixtures to the vent
stack.

Vent stuck. The vertical pipe connecting with the vent pipes and extending through the roof.

Wye. A fitting, either cast or wrought, that has one side outlet at any other angle than 90°
The angle is usually 45° unless otherwise specified.
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GLOSSARY OF SEWERAGE TERMS

Aeration tank. A secondary tank in a sewage disposal plant in which the sewage is raised, by
a mechanical device, from the hottom of the tank and discharged over the retained liquid.
The circulation of the sewage and the consequent exposure to the atmosphere reduces the
sewage to a stable effluent.

Buck floie. Flow of sewage opposite to the normal direction of flow.

Buffle. A plate made of wood or steel, used in an Imhoff tank, to deflect or retard the flow of
sewage.

Cuatch busin. An inlet with a basin which holds sewage for a brief period to allow debris to
settle.

Cesspool. A pit for the reception or detention of sewage. .

Chloride of lime. A “bleaching powder” or bleaching lime obtained by treating lime with
chlorine gas. Used as a disinfectant in a sewage disposal plant.

Chlorination. The principal method of sterilization for the destruction of pathogenic or-
ganisms in sewage treatment and is also used for the removal of certain tastes and odors in
a water purification system.

Clog. The stoppage of flow through a pipe by the accumulation of foreign matter.

Combined sercer. A sewer carrying both sanitary and storm sewage.

Distribution box. A box or header in a subsurface disposal field for the control of flow of
effluent to the subsurface irrigation pipes.

Distribution lines. Drain tile used in the disposal field of a subsurface irrigation system.

Distributor. Part of a filter for dosing effluent with a fine spray treatment of chemicals by
a rotating device.

Dosing tunk. A filter tank with an automatic siphon for discharging sewage into the distri-
bution pipes when the tank is full, and cutting off when empty.

Dry iwell, A hole in the ground lined with stone in such a manner that liquid efluent or other
sanitary wastes will leach into the surrounding soil.

Effluent. The liquid discharged from a septic tank or sewage disposal plant.

Filters. A porous bed of sand or stone, the surfaces of which, in contact with sewage, be-
comes coated with a gelatinous film of organic matter. In order to oxidize the sewage, the
heds must be of large material with correspondingly large void spaces so that the sewage
will trickle through in the presence of air or operate intermittently so that the supply of
oxygen can be renewed.

Flush tunks. Masonry tanks with a siphon automatically discharging the water about once in
a 24-hour period so as to supply periodic rushes of water for cleaning out obstructions in the
upper ends of laterals having very flat grades.

Grease trap. A device for solidifying and separating grease from domestic wastes and re-
taining the same so that it may be removed and prevent the stoppage of waste pipes.

Inhoff tank. A circular or rectangular two-story septic tank having a greater efficiency than
the ordinary septic tank.

Industrial waste. A liquid waste resulting from the processes employed in industrial estab-
lishments.

Infiltration. Leaching of ground water into a sewer.

Influent. Sewage of ground water into a sewer.

Inlet. An ell connected with a pipe discharging into a combined or storm sewer, the open end
protected by a cast-iron frame and grating, to allow the entrance of storm water.

Inverted siphon. An arrangement where large amounts of sewage conveyed across deep de-
pressions by one or more pressure pipes are installed to dip below the hydraulic grade line.

Joints. Concrete or vitrified-tile pipe connections.
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Junctions. Intersection of two or more sewers at a manhole.

Lateral sewer, A sewer which receives no sewage from any other common sewer.

Leuching tank. A tank made of wood, concrete, or masonry used for the disposal of raw
sewage from short time installations or septic tank efluent from long time installations.

Muin seier. The chief sewer in a sewerage system.

Munhole. An opening through which a workman may gain access to sewers for inspection,
cleaning, and repairing.

Outfull seicer. A large sewer leading from the lower end of the collecting system to the
place of disposal.

Relief seicer. A sewer build to relieve an existing sewer of inadequate capacity.

Sanitary seiwer. Underground pipe or tunnel for carrying off domestic sanitary wastes.

Sedimentation. When the velocity of sewage is reduced, gravity pulls down the suspended
solids.

Septic tunk. Unit used for decomposing solid sewage matter and is designed to dispose of
these wastes in a completely sanitary and ordorless manner by natural bacterial action which
dissolves most of the solids into liquids and gases.

Seiruge. Effluent carried off by a sewer.

Servage disposal. Disposition by dilution or irrigation.

Se:cuge treat ment. Any artificial process to which sewage is subjected in order to remove or
alter its ojbectionable qualities so as to render it less dangerous or offensive.

Seiver. Pipe or tunnel for carrying away sewage or storm water for sanitary purposes.

Seiver outlet. Pipe line for discharging into water or stream from treatment plant.

Sewer pipe. Pipe used to convey sewage.

Sludge. Semiliquid mass formed by suspended solids of sewage when concentrated by sedi-
mentation.

Srub-maim serwer, Sewer having two or more tributary laterals.

Subsurfuce irrigution. Sewage that is applied over a field through open-jointed drain tile
placed underground. Used in small installations.

Trickling filter. A unit in which the settled sewage is applied evenly as possible to the surface
of the filtering medium, through which it trickles in a thin film to the underdrains at the bot-
tom.

Underdruins. Open-joint vitrified pipe buried in gravel for removing filtered water.

Weir. Any type of bulkhead or dam over which a liquid flows.
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GLOSSARY OF WATER-SUPPLY TERMS

Air gup. Vertical distance between a supply fitting and the highest possible water level in a
fixture which the fitting supplies.

Asbestos-cement pipe. A nonmetallic pipe that is connected by an asbestos-cement sleeve and
two rubber rings. For bends and other turns other types of pipe must be used.

Bluck steel pipe (threaded). Pipe used for water-supply lines using standard fittings.

Branch. Supply pipe from the building main to a fixture. Also a general term used to desig-
nate a pipe that is equipped with one or more branches.

Building main. The water-supply pipe and fittings that lead from the water main or other
sources of supply to the first branch of the water distribution system in a building.

Cust-iron pipe. A pipe made of cast iron which is the most widely used material for convey-
ing water in distribution systems.

Fittings. Parts in a piping system used to make bends in lines, branches, or connections. Also
used to seal pipes and to reduce pipe diameter.

Flunge pipe. Water main pipe which is provided with flanges at the ends as a means of at-
tachment to other pipes or connections. In cast-iron pipe, the flanges are a part of the cast-
ing.

Flunge union. A pair of flanges to be threaded onto the ends of pipes to be joined. The
flanges are bolted together when the pipes are joined.

Floor drain, Fixture used to drain water from floors into the plumbing system.

Gravity wuter system. Any water system in which pressure is obtained by gravity.

Pipe coupling. A threaded sleeve used to connect two pipes.

Pipe hunger. A malleable iron, metal strap or band used to suspend pipe.

Service connections. The connection outside of a building where the building main connects
to the building pipe system.

Supply system. The system of units and piping used to obtain, treat, and produce a head of
water to the distribution system.

Wood pipe. A wooden pipe made with staves and with steel or cast-iron fittings, used for
water-supply lines.
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GLOSSARY OF ELECTRICAL—DISTRIBUTION TERMS

Adjustable-speed motor. A motor whose speed can be varied over a wide range and when once
adjusted remains constant regardless of load.

Alternating-current motor. An electric motor operated by alternating current.

Alternutor. An electric generator which produces alternating current.

Ammeter. The instrument used in measuring current in an electric circuit.

Ampere. Unit of measurement of electric current. A pressure of one volt will force one
ampere through a resistance of one ohm.

Annunciator. A device for indicating, by visual and auditory means, a closed circuit or an
activity which closes a circuit at a predetermined station or place.

A maeture. The revolving member of a dynamo or motor.

Automutic circuit bredker. An automatic device for breaking the circuit when the strength
of current exceeds a predetermined limit.

Automutic cutout. An electrical adjustment for automatically removing any electrical part
or connection from a circuit at the proper moment.

Auntomutic sicitch. A switch opens and closes by itself at required times.

Bulanced circuit. An electric circuit so adjusted with respect to nearby circuits as to escape
the influence of mutual induction. A three-wire circuit having the same load on each side of
the neutral wire.

Bunk. A number of motors, generators, or transformers mounted on a single base. Also
often used to indicate the voltage of a single generator which is about to be switched into a
circuit. )

Buttery. A number of primary or storage cells grouped together as a single source of direct
current electricity.

Booster. A generator connected in series with a circuit for the purpose of increasing the vol-
tage of that circuit.

Brush. A device for passing electric current to and from a commutator of a motor or gen-
erator.

Cupucitor. A storage device for electrical energy.

Cupucity. The amount of energy a capacitor is able to store.

Carrying cupucity. The greatest amount of electrical current that a conductor can safely
carry, expressed in amperes.

Centrifugul siweitch. A switch used on the single-phase, split-phase motor to open the starting
winding after the motor has almost reached synchronous speed.

Compensator. An auto transformer with a switching mechanism for starting large alter-
nating-current induction motors.

Coudiit. Pipe used as a container for electrie wires.

Contuctor. Electromagnetic or manually operated contacts.

Converter. Machine emploving mechanical rotation in changing electrical energy from one
form to another,

Crossarm. A horizontal timber mounted near the top of a pole for carrying electric wires.

Crossarm brace. A flat steel diagonal used to brace a crossarm to the pole.

Delta connection. The connection of the circuits in a three-phase system in which the termin-
al connections are triangular like the Greek letter delta.

Differential motor. A motor with a compound-wound field, in which the series and shunt coils
oppose each other.,

Dowble-pole sivitch. A switch which opens or closes two circuit wires at the same time.

Dynamotor. An electrical machine for converting mechanical energy into electrical energy.
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Equulizer. Low resistance wire or bar that makes a common connection between the arma-
ture and the series field of parallel-operated compoundwound machines.

Exciter. A small D/C generator used to supply electricity for the field of an A/C generator.

Field. The area adjacent to a magnet or an electromagnet that has lines of force moving in
it.

Galvanometer. An instrument for detecting small currents or difference of potential.

Hydro-electric. Relating to the production of electricity by water power.

Hysteresis. A lagging of magnetic density hehind the magnetizing force, causing a loss re-
sulting in heat.

Impedunce. The total opposition in an electric circuit to the low of an alternating current.

Induction. The production of an electric current in a conductor by the variation of the mag-
netic field in its vicinity.

Induction motor. An alternating-current motor which does not run exactly in step with the
alternations. Currents supplied are led through the stator coils only; the rotor is rotated by
currents indicated by the varying field set up hy the stator coils.

Inductor. An electrical conductor in which an induced e.m.f. is produced.

Insulator. A nonconductor, usually of glass or porcelain.

Insulator pin. Wooden or metal pin used to mount an insulator on the crossarm of a pole.

Lightnuing urrester. A device that causes lightning to pass off to the earth and protecting
electrical machines.

Line. The wires running from generating stations or substations to supply transformers or
to buildings directly.

Muins. The electrical conductors from which the branch circuits are supplied.

Muster siwitch. A main switeh; a switch controlling the operation of other switches.

Multi-speed motor. A motor capable of being driven at any one of two or more different
speeds independent of the load.

Nonconductor. Any substance which does not allow electricity to pass through it.

Ohm. The unit of electrical resistance.

Ohmmeter. A type of galvanometer which directly indicates the number of ohms of the
resistance being measured.

Purallel connected transformmer. When two or more transformers have their primary wind-
ings connected to the same source of supply in such a manner that the impressed voltage in
each case is the same as that of the line.

Peuk loud. The heaviest load which a generator or system is called on to supply.

Phase. The time difference between relative values of two electric waves.

Polyphase. Two or more phases or circuits associated electrically with each other.

Reuctor. Any device which offers opposition to the flow of alternating currents.

Rectifier. A device that changes alternating current into direct current.

Reluy. A device for opening or closing a circuit under given conditions.

Rheostut. A device for regulating electrical current, in which the current is made to flow
through wires having considerable resistance.

Series motor. A direct-current motor with the armature and field connected in series.

Shunt generutor. A machine for generating an electric current, in which the winding for
producing the magnetic field is connected in shunt (or parallel) with the armature or rotating
part.

Shunt-wound motor. Used when the motor speed must be constant, irrespective of variation
in load.

Single phase. A single, independent A/C circuit or winding.

Split-phase motor. A single-phase motor which is made self-starting by causing the current
to lead or lag in one of its windings with respect to the other winding.
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Squirrel-citge rotor. The revolving part of the ordinary induction motor.

Stator. The fixed part in an A/C motor or generator which does not rotate.

Synchronous motor. One whose speed remains constant as long as the frequency and voltage
supplying power to it remains constant.

Thermocouple. An electrical generator made by the welding together, at one end, of two dis-
similar metal rods or wires, which produce electricity at the free ends when the weld is heat-
ed.

Three-phase. Three A/C windings or circuits differing in phase by 120°,

Wye connection. A branching connection applied to a three-phase circuit.
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GLOSSARY OF ELECTRICAL—WIRING TERMS

Anchor staple. Used to fasten armored cable to joists and studs.
Anti-short bushing. A non-conductor, usually made from plastic, to prevent edges of armor
from cutting through insulation.
Cuble box clump. Two parts of steel held together by a screw, with round-edge saws, to pro-
tect weatherproof wire insulation. Used in outlet boxes in place of connectors.
Cable strap. Used to mount nonmetallic cables each time the cable changes direction and at
intervals among unsupported straight lengths.

Cleut. A porcelain device used to support wires on wall in knob-and-tube systems.

Conduit pipe. A thin steel pipe used as a container for electrical wires.

Condulets. Small outlet boxes with threaded inlets to take conduit pipe.

Conmnector cable. Steel device used to connect and hold cable at outlet boxes.
Fluorescent tube. A glass cylinder coated inside with a phosphor and filled with an inert gas.
Used with a starting switch and reactor it produces two to four times as much light per watt
as an ordinary light bulb.

Fuse. An electrical safety device; the weakest thermo link in the circuit, which “blows out”

when the rise of the current is greater than that for which the circuit was designed.

Fuse box. Used to connect or disconnect building wiring to power supply through protecting

fuses.

Generator. A machine which is used for the transformation of mechanical energy into

electrical energy.

Grounding. Intentional connection made between a circuit wire and the ground, as in the neu-

tral wire of a three-wire system, or the bonding together electrically of electrical conduits

and wire pipes.

Incande:;‘cent bulb. Electric bulb containing a thin wire or filament of infusible conducting

material.

Knob. A porcelain device for holding electrical conductors in place.

Loom. A flexible nonmetallic tubing used to protect electrical conductors.

Offset hunger. Outlet boxes are recessed in the wall by using offset hangers fastened solidly

to joints or studs.

Outlet box. An iron or porcelain box inserted in a conduit system, from which current is tak-

en tosupply fixtures, switches, and so forth.

Qutlet-box covers. An iron or porcelain cover for outlet boxes to which fixtures, switches,

and receptacles are attached.

Plug. A device with conducting projections which fit into slots and make electrical contact,

usually between a portable device and a source of supply.

Push %utton. A device which completes an electric circuit when a small button or knob is de-

pressed.

Receptacle. A porcelain, fiber, or composition device into which a lamp may be screwed or an

attachment plug pushed, and which is fastened in place with screws.

Reflectors. Used to concentrate the light of a lamp bulb.

Service cap. Used with insulators to waterproof the service-wire conduit entrance.

Surfolet. A type or porcelain outlet used.as an outlet box where exposed wiring is installed.

Base is separately mounted direct on wall and cover mounted on the base.

Switch box. An iron box or case to protect the switch mechanism and to prevent accidental

contact with current-carrying parts.

Tapping. The connection where a wire or conductor branches off from another wire or con-
ductor.
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Tube. A porcelain device for carrying electrical conductors through walls and studs and
where one wire crosses over another.

Wire holder. An insulated anchorage for pole-to-building service lines. They are often
mounted on a bracket in banks of three to hold three wires.

Vaporproof receptucle. Consists of a glass cover and base, and is used to keep moisture and
vapors away from the bulb and its wiring. Is not used where lamps are exposed to explosive
gases.
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GLOSSARY OF HEATING TERMS

Aircleaner. Device to remove airborne dust, fumes, or smoke.

Altitude. Height of an object above its base. Vertical elevation.

Atmospheric pressure. The pressure of the atmosphere at sea level (14.7 Ib. per square inch).

Bugfle. A diaphragm, thin plate, or wall to deflect or retard the flow of gases.

Blowoff. A valve or drain connection on a steam or hot-water boiler so arranged that the wa-

ter and steam may be drawn off with any accumulated oil, grease, and dirt.

Boiler. (1) That part of a furnace in which steam is generated for heating or for the pro-

duction of power. (2) The closed container in which a supply of heated water is stored for

domestic use. In general, any closed liquid-containing vessel in which heat is applied. (3)
According to use and construction, boilers for heating and power purposes are classified as

cast-iron sectional, steel fire tube, steel water tube, and special.

Bucket trap. A type of valve for eliminating condensation and air from radiators and

pipes, without permitting steam to pass. A bucket attached to a valve actuates a discharge

tube.

Bypuss line. A pipe passing around % valve (operated by a special cock) allowing some fluid to

flow by or out of the valve chamber although the valve is closed.

Cup. A short closed cylinder to screw on the end of a pipe.

Centrifugul. Directed or tending away from the center.

Check vulve. A valve which automatically closes to prevent the back flow of water or steam,

Condensation. The change of a substance from a vapor into a liquid state due to cooling.

Condensation pump (or turbine). Device for removing the liquid condensation from steam

returns.

Control. A manual or automatic device for the regulation of a machine or system.

Convection. Diffusion fo heat through a liquid or gas by motion of its parts.

Convector. A type of heating unit, for steam or hot-water heating, fitted with large extend-

ed fin surfaces which emit heat principally by convection.

Diuphragm valve. A valve closed by the pressing of a diaphram against an opening, or one in

which the motion of a diaphragm under pressutre controls its opening and closing.

Direct-indirect heating unit. A partially inclosed heating unit used to heat air entering from

outside of the room or space to be heated.

Direct-return system. Hot-water system in which each unit has a direct return to the boiler.

Dowun-feed. A pipe which carries steam downward to the heating units and into which the

condensation from the heating units drain.

Down-feed system. A steam-heating system in which the supply mains are above the level

of the heating units which they serve.

Draw bund. A split slip collar made of sheet metal with a clamp bolt used for coupling but-

ting ducts of same diameter.

Drip line. The return pipes through which the condensation from a radiator flows hack to the

bhoiler.

Dry return. A return pipe in a steam-heating system which enters the boiler above the water

line carrying condensation, water, air, and so forth.

Duct. Pipe, tube, or channel used to convey air, water, gases, or liquids.

Extended-surfuce heuting unit. A heating unit having extended surfaces to aid convection

such as a honeycomb type unit heater with fan,

Feed-wuter heater. A boiler in which the supply water from a steam boiler is heated, prelim-

inary to being taken up by the pump or injector.
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Float trap. A type of valve actuated by means of a hollow metal float so arranged that con-
densation and air may pass but steam will be held.

Floor register. Register set flush in floor.

Flue gus. The gaseous mixture found in flues.

Furnace. That part of a heating plant in which combustion of fuel takes place.

Gute valve. A valve whose action depends on the motion of.a wedge-shaped gate between the
inlet and outlet openings.

Globe vulve. A type of valve in which a disc operated by a screw and hand wheel seats on a
circular opening.

Heuating surfuce. All surfaces of a boiler which have hot gases on one side and steam or
water on the other.

Humidify To pass air for ventilating purposes through a film of water to cleanse and to
add a proper amount of water.

Humidostat. An instrument for regulating the humidity in the atmosphere.

Munometer. An instrument for measuring elastic pressure, as of gases. A U-shaped tube
that measures the differential pressure.

Overheud system. Any stean: or hot-water system in which the supply main is above the
heating units.

Pressure reducing vulve. A valve for reducing steam pressure in heating system where boil-
ers are operated, for power purposes, at high pressure.

Pyrometer. An instrument for measuring very high degrees of heat.

Radiation. The transmission of heat by wave action through space.

Rudiator. A device of tubular construction through which is passed steam, hot air, or liquid
for warming-a building or space to be heated.

Steam trap. An automatic device to allow the escape of water or condensation from steam
pipes.

Vucuum pump. A pump used to remove condensation and air from the return main of heat-
ing system in order to create a vacuum and return the condensation to the boiler or to a
receiving tank.

Vupor heating. A system for warming buildings consisting of a two -pipe gravity return
system of steam circulation in which provision is made to retard or prevent the passage of
steam from the radiator into the return main, and in which the air from the system, as well
as the condensed water, is carried back to a point near the boiler. Then the air is expelled
from the mains and the water is returned to the boiler.
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GLOSSARY OF AIR-CONDITIONING TERMS

Absolute humidity. Actual weight of the water vapor in a cubic foot of dry air.
Absolute pressure. That pressure measured from the true zero or no pressure. It is equal to
gage pressure plus atmospheric pressure.
Absolute temperature. The sun of the temperature indicated on the Fahrenheit thermome-
ter plus 460.
Absolute zero. The point of —460° F.
Absorbents. Liquid substances that absorb, most frequently used are ammonia, calcium
chloride, and lithium chloride brines.
Absorbents. Solids that can be rejuvenated and used over and over. The most frequently
used are “activated alumina”, also known as aluminum oxide or alumina, and “silica gel”, also
known as silicon dioxide or silica.
Aspect ratio. Ratio of the width to the height of the core area of a grille or register.
Automutic cleaner. Devices using power for the automatic reconditioning of the filter medi-
um and the maintenance of a constant resistance to air flow.
Burriers. Resistance to the elements of the atmosphere that retard their transmission from
outside to inside, or vice versa.
Bimetallic thermostat. A thermostat that uses a bimetallic element, consisting of two dis-
similar metals, each with a different rate of expansion; the two metals welded together. An
increase in temperature causes one of the metals to expand more rapidly than the other, and
this results in a distortion of the strip or element. The movement of the element, induced by
a change of temperature, utilizes to make an electrical contact and to operate a switch or
slide wire to control the relay or lever to the motor or solenoid.
Blowers. Centrifugal radial flow air pumps.
Brine. Water saturated or strongly impregnated with salt.
Curbon dioxide. A colorless compound gas heavier than air, neither combustible or a support-
er of combustion.
Cleaning unit. Unit generally combined with a blower or fan, frequently with a silencer to
reduce sound and maintain quiet within the enclosure.
Compressor. Used in refrigeration for summer air conditioning.
Condensation. The change of a substance from a vapor into a liquid state due to cooling.
Condenser. Air-or water-cooled unit used to extract and dispose heat from air.
Core ureu. Portion of the grille or register, inside the frame, through which air may flow.
Damper. A manual or automatic device placed in duct to control the direction, velocity, and
volume of circulating air.
Dehumidification. The lessening of the moisture content of the air.
Evaporation. A rising or passing off into a vapor.
Guge pressure. The pressure exerted by a gas or fluid, above atmospheric pressure.
Humidificution. Process of adding water vapor to air.
Humidifier. Unit for the adding of water vapor to air.
Humidity. Amount of water vapor in the air.
Infiltration. Inward passage of air.
Inlet. Grille or register located at the point of distribution return from a supply room, or
inclosure.
Insulation. Any material used in ducts as protection against heat and cold.
Lowver. Window or opening designed for ventilation.
Qutlet. Grille or register located at the point of distribution supply into a space, room, or in-
closure.
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Ozidation. The act of uniting, or causing a substance to unite with oxygen chemically.
Precipitator. Unit that removes dust, dirt, and pollen from the air.

Refrigerant. Volatile liquids that will evaporate, compress, and condense within reasonable
working temperatures and pressures.

Register. An inlet or outlet having a damper.

Spruy cooling. Air to be cooled passing through a spray of cold water.

Throw. The distance over which air will carry from an outlet to a point beyond the outlet
face.

Volume damper. Damper that provides for the division of air volume to various sections
and connections.
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GLOSSARY OF REFRIGERATION TERMS

Coil. Any cooling element made of pipe or tubing.
Compressor. A machine used to establish the necessary pressure difference between the high-
pressure and low-pressure sides of a refrigeration system.
Condenser. Tubular type radiator used to remove and dissipate enough heat from com-
pressed vapor to surrounding air or water to condense the vapor to a liquid.
Condenser blower. A supplementary device to circulate air through the tubes and fins of
condenser to quicken dissipation of heat from the condenser to the atmosphere.
Dryer. By-pass connected device in the liquid line through which refrigerant liquid may be
passed to absorb water which may have entered the liquid system when opened for servic-
ing.
Evaporator. Drum and cooling coils in which evaporation of the refrigerant takes place.
Evaporator blower. A supplementing device to draw air through the cooling coils of the ev-
aporator and blow the cold air through the diffuser to provide uniform cold-air circulation.
Liguid air. Air brought to a liquid condition by a reduction of temperature and an increase
of pressure. Used as a refrigerant.
Liquid receiver. Reservoir for high-pressure refrigerant liquid, receiving liguid from the
condenser and supplying it to the evaporator.
Refrigerant. Liquid chemical, or any substance which produces a refrigerating effect by its
absorption of heat while expanding or vaporizing.
Refrigeration cycle. Path and process of the refrigerant through the refrigerating sys-
tem.
Secondary cooler. A supplementary condenser in the line between the condenser and liquid
receiver to liquefy any vapor that is only partially cooled in the primary condenser.
Superheater and heut exchanger. A supplementing device to remove heat from liquid refri-
gerant before it is released to the evaporator through the expansion valve.
Thermal expansion valve. A valve automatically controllirg the amount of refrigerant
flowing from the liquid receiver (high-pressure side) to the evaporator (low-pressure side).
Unit cooler. A unit adapted from the unit heater to cover any cooling element of condensed
physical proportions and large surfaces; generally equipped with a fan.
Vupor cycle. Process of cool vapor drawn by the compressor from the evaporator through
the heat exchanger, superheater, and return line to the compressor.
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