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INTRODUCTION 

The purpose of this study is to determine the petroleum 

workers need for blue print reading and to provide suitable 

instructional material to meet this need. The outline for 

this work was prepared as a result of conferences with sev

eral Officials of Petroleum Refineries. The material to be 

used in instructing the student was obtained from the engineer

ing departments of .the Continental Oil Company. Ponca City, 

Oklahoma; the Phillips Petroleum Company, Bartlesville, Okla~ 

homa; and the Great Lakes Pipe Line Company~ Kansas City, 

Missouri. The method of presenting this material to the pe

troleum worker has been evolved by the writer through the 

teaching of the subject for two years. The material was se

lected and classed according to difficulty as a result of its 

actual use in teaching. 

The method used in securing data was by making personal 

calls at engineering offices and selecting suitable material 

from blue print files and, by conferences with Petrolewn Of

ficials a.t which times the outline was discussed, criticism 

i 

was solicited and standardized blue prints obta ined to sub

stantiate the outline. The method of introducing orthographic 

projection was taken f .rom a study made by Mr . E. E. Digby, :a.s •• 

Gen.oa,, Ohio, which proved that orthographic projection could be 

taught more thorough.11 by making isometric drawings from three 

view drawings than vica versa. 



In the preparation and execution of thi s work., credi t shoul d 

be given the following persons: Mr . Fre·d Fellows. Superintendent , 

Ponca City Refinery, Continental Oil Company, Ponca City, Oklahoma. ; 

Mr. Frank R. Lake, Chief Draftsman , Continental Oil CompMy, Ponca. 

City, Oklahoma; Mr . R. E . Richardson, Chief Engineer. Great Lakes 

Pipe Line Company, Kansas City, Missouri ; Ir . Paul Hubbel., Production 

Department, Phillips Petroleum Company, Dartlesville, Oklahoma; Mr . 

Fred Heisler , Director chool of Technical Training, Oklahoma A. and 

M. College , Still a ter, Oklahoma; M:r . Henry P. A.dams, Assistant 

Professor of Industrial Arts Bclucat ion, Oklahoma. A. and M. College, 

Stillwater , Oklahoma.; and Mr . H. A. Hunt ington, Professor of .Trade 

and Industrial Education , Oklahoma A. and 14. College. Stillwater , 

Oklahoma. Credit is also due the many petroleum workers who were 

students in the night school classes for their cooperation and assist

ance during the accu.mulat ion of the material and the , or king out of a 

method of presentation. 
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FOREWORD 

This course, Blueprint Reading and Sketching for Petroleum Industry Workers, is 
the eighth in the General Instructional group of the Vocational Educational Courses, 
Petroleum Industry Series, as set up and developed by the joint educational committee 
of the American Petroleum Institute and the Departments of Industrial Education of 
Texas and Oklahoma. It is the intent of the above named groups that this book be used 
as a text for the regularly organized evening school classes in the petroleum industry. 
However, lt will be profitable for those who cannot attend evening school classes as 
a home study course. 

The author, Mr. Maston L. Powers, has had a varied experience in the construct
ion work and is a qualified instructor in a high school training that provides trade 
training in drafting for boys. In addition he has had several years experience teach
ing blueprint reading and sketching to men from the refineries in evening school 
classes. Consequently, he is well qualified to produce this text, and seeks your 
sincere cooperation in its use. 

This text was validated for use in the Production Division of the Petroleum In
dustry at a regular meeting of the topical committee of the American Petroleum Insti
tute, September 16, 1938. 

The text, although planned and developed for the petrolelilil industry, may find a 
place in other industries as only the blueprints are definitely of this one industry. 
Too, it may be used in the day industrial schools as organized in the petroleU1Il in
dustry areas. 

Suggestions to Instructors: 

The first unit of the text is essential and general, and is applicable to all 
phases of the industry. After this is completed, t~e membership of the class should 
determine the units to be used. If they be from the pipe line group, they will be 
most interested in the pipe line drawings, etc. One or more of the sets of prints 
may be used as the class may desire, and the duration of the class will be determined 
by the number of applied units studied. 

Instruction should not be limited to the prints supplied in this text but it 
should be supplemented by practical prints from the industry represented by members 
of the class. Petroleum companies will gladly cooperate in furnishing other prints 
of a practical nature. 

If a class be composed of men from different departments of the petroleum in
dustry, the instructor may let them choose the prints desired and conduct the class 
on an individual instruction basis. The course lends itself to individual instruc~ 
tion very readily. 

As with all other texts in the Petroleum Industry Series the editor will wel
come criticisms and corrections and additional prints that will better carry over 
and apply this instruction as desired by the committee. 

W. Fred Heisler 



PREFACE 

Modern industry depends upon the language used in blueprints to 
describe and define the many things to be constructed in order that pro
duction can be had and maintained. The importance of this language of 
blueprints is made evident by the demands of workers for instruction in 
the subject and the importance of understanding the subject at times of 
promotion. The material presented in this book is the result of confer
ences with petroleum engineers and the actual experience of teaching 
blueprint reading and sketching to petroleum workers in night school 
class for a period of two years. 

The blueprints used in this book are furnished through the courte
sy of the Continental 011 Company, The Phillips Petroleum Company, and 
the Great Lakes Pipe Line Company. 

Credit is due Mr. Fred Fellows, Superintendent of the Ponca City 
Refinery, Continental 011 Company, Ponca City, Oklahoma, for his sug
gestions and criticisms; Mr. Frank Lake, Chief Draftsman, Continental 
Oil Company, for his cooperation in providing blueprints and sugges
tions; Mr. Henry P. Adams, Assistant Professor of Industrial Arts Ed
ucation, Oklahoma A. and M. College, Stillwater, Oklahoma, and Edwin 
E. Digby, High School Instructor, Genoa, Ohio, for the use of the first 
fourteen problems presented in this book, which were worked out at 
Ohio State University; and Mr. Fred Heisler, Director of the School of 
Technical Training, Oklahoma A. and M. College, Stillwater, Oklahoma, 
for his suggestions and assistance throughout the work. 

Credit also is due the many petroleum workers who were students 
in the night school classes and who played an important part in the 
final choice of blueprints and problems used and for their cooperation 
in working out questions and in checking the blueprints and questions 
for errors. 

M. L. Powers 
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Unit I 

SKETCHING AND THE THEORY OF MECHANICAL DRAWING 

1. What Blue2rints Are: 

A blueprint is a copy of a working drawing or mechanical drawing made by engi
neers and draftsmen in industry. A working drawing shows by means of lines, figures, 
notes, and dimensions, the information needed by the workman in order to build a 
certain structure. If the engineering department of an industry were to take the 
time to write a letter to a man in the field telling him to build a base for a pump 
at a certain location, giving him the exact location of the bolts, the height of the 
base, the dimensions of the base, and all other information necessary to complete 
the job, the letter would be long and complicated. The workman would have to take 
the time to read the letter several times trying to understand what the engineer 
meant and trying to get a mental picture of the pump base before he could begin work. 
Then the workmen would probably make some error in locating the bolts or placing the 
base in the wrong direction, due to some little mistake in English, and this would 
cause delay and change in construction. 

Blueprints are considered the language of industry. They are the engineer's 
means of explaining to the workmen what he wants done. The working drawings made by 
a German engineer could be understood and followed by an American workman, with the 
exception of a few German notes that would be made on the drawing. All the lines of 
the drawing would be the same no matter in what country or industry it was drawn 
even though the unit of measure be different. The workman who wants to advance with 
industry and be able to meet changes that take place should prepare himself bJ ·learn
ing to read the language of industry, which is the blueprint made by the engineering 
department of the company for which he works. 

·rhe draftsman makes his working drawings on thin white tracing paper, or a high 
grade of cloth, which has been starched and treated so that it is transparent. 'l'he 
paper is used for jobs which are temporary or in cases where permanent records are 
not necessary. The cloth is much more expensive and is used where the working draw
ing must be kept for many years. These working drawings on either cloth or thin pa
per are used in making blueprints in the same way that the negative of a photograph 
is used to make a print. Blueprint paper is yellowish green on one side and white 
on the other side. A bright light will make it change color so it must be kept in a 
dark room. In making a blueprint the working drawing is placed over the blueprint 
paper and the sunlight or the light from an electric arc allowed to shine through 
the tracing paper. The lines, either ink or pencil, keep the sunlight from shining 
on the blueprint paper so that the color of the blueprint paper changes every place 
except where there are lines on the tracing paper. The blueprint paper is then 
taken out of the light and placed in water where the color change is completed.Every 
place where there were lines turns white, and t he rest of the paper turns blue, and 
so we have a blueprint. The working drawing may be used to make as many copies or 
blueprints as are needed. After the blueprints have been made, the tracings or work
ing drawings are stored in a dry place and kept as records. If the blueprint happens 
to be of a pump base and the engineering department decides to install a new pump or 
change the pump house in any way, the engineer can go to the filing room and get the 
original working drawing at any time and know exactly what is in the pump house and 
make changes w1thout having to make a trip to the location. 

1 



2. ~se of Blueprints in Industry: 

The blueprint made from an accurate working drawing should have all the infor
mation needed for the workmen to do the job. Before the workman asks for more in
formation he should first read every note and symbol on the blueprint. He should 
remember that the blueprint is an exact copy of the working drawing on file in the 
drafting room, and if he follcms every detail and note on the blueprint, he will be 
protected ·in case of error. If he checks accurately with the blueprint, the blame 
will be placed squarely · on the draftsmen in the office. 

A working drawing shows an object from one or more sides with-all lines and all 
angles drawn exactly as they are. All dimensions or measurements, the radius of any 
curve, the kind of material, the finish of the surface, and any other notes neces
sary to fully describe the object should be given on the working drawing. The work
ing drawing usually shows three views of the object and there is usually a note to 
tell whether it is a front view, the top view, the plan, the end view, or whatever 
it may be. The workmen should remember that the blueprint was put in water in de
veloping and a piece of paper . that has been wet shrinks up so that measurements 
made with a rule on the blueprint are not accurate. The result is that the workman 
shall take all measurements as they are figured out and shown on the blueprints by 
dimension lines and only make measurements when the draftsman has failed to put on 
a dimension. An accurate blueprint will give all measurements and all infonnation 
necessary to complete the object. ,t" 

The engineering department spenS1{l ~b7nsiderable money in providing blueprints 
for the workman and the least that t{ffe workman should be e:x:pected to do is to take 
care of the blueprints. The blue color will fade if left exposed to the sunlight 
for any length of time, so the workman should take care that blueprints are not left 
exposed to the sunlight when not in use. The bluEjprints are usually 24 inches by 
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• 36 inches or some other size which may be 
decided upon by the engineering depart-
ment. It is necessary, therefore,to have 
some way of folding or rolling the blue
prints, and the usual method is to roll 
them. The workman should take care to pre
serve the blueprint in whatever form he re
ceives it, and never fold it if it -was 
intended to be roll~d. 

L__------
In order to read blueprints the work

man must know something of the principles 
of making working drawings. This is quite a bit 
like learning a new alphabet and to read a printed 
page. The workman should first understand that a 
blueprint is a record of instructions given to him 
to read. Secondly, he should realize that the lang
uage used by the draftsman is largely a language of 
lines and that unless he knows how to read the lines, 
the instructions recorded on the blueprint are almost 
in a foreign language. 

--Fig. 1 shows the more common lines which go to 
make up the language of industry. The visible out
line is a heavy white line on the blueprint and is 
used to represent the lines of the object which can 
be seen from the side that is being drawn. The 
dotted line called the invisible outline is used to 
represent any line in the object which cannot be 
seen. The dimension line is a light white line on 
the blueprint which is used to indicate the distance 

• 
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between any two points. The extension line is also a light solid line which is used 
to extend to points outside the object so that the draftsman will have more space to 
place the dimension line. The heavy line with two dots and a long dash and the 
arrows pointing to each end is called the cutting plane line and is used to show 
where sections are taken. This is necessary in the case of complicated objects be
cause the regular views do not clearly show the shape of parts inside the object. 
The break line is used to show that a part of the object has been left out because 
it was too large to be drawn on the paper. 

After the workman has become familiar with these ~es he has completed his 
first lesson in learning the language of blueprints. 1In order to P.ea-tl-a-b~Ul int, 
the first thing to do is to study the different views until one has a mental pie 
of what he is to build. The drawings all are made on a flat sheet of paper and it 
is necessary to study these and use the imagination to make the lines and views stand 
up off the paper and obtain a mental picture. Next , all letters and note should be 
read and considered. Carelessness in any one of these respects is not to be excused 

3. Freehand Isometric Sketching: 

A pictorial drawing is any kind of drawing which resembles a picture. Fig. 2 
shows an actual photograph of a building. We know that the building is the same 

ISOMETRIC DltAW/NG 

rig;S 
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height in the rear as it is in the front and that the two dimensions marked "A" and 
"B" are the same, but it can be seen at a glance that they do not show up equal in 
the picture. The picture gives a very clear mental image of the building but it 
gives no information that will help the workman to construct the building. There
fore, it is plain that a photograph is of little value to the workman. 

Fig. 3 is a photograph of a block. It shows very clearly the shape of the 
block and again the workmen get a very clear mental image, but it will be noticed 
that the information is not such that he could actually make the block. 

Fig. 4 is a perspective drawing of the same block and it will be noticed that 
the three dimensions marked "A" should be equal but they are not, and likewise the 
two dimensions marked "B". This form of drawing is similar to an actual photograph 
inasmuch as it is possible to get a very good mental image but it, too, fails to give 
sufficient information to be of value to the man in industry. 

Fig. 5 is known as an isometric drawing. It will be noticed that the dimensions 
marked "A" in this drawing are equal and also that the dimensions marked "B" are 
equal. Some measurements can be made on an isometric drawing and this gives it much 
more value than a perspective drawing. This form of drawing is becoming more impor
tant in the drafting room as 1.t shows a little better picture than the three-view 
type drawing and the workman should acquaint himself with isometric drawing so that 
he can become able to make a simple freehand sketch of any part of his work, which 
will be a valuable aid to him in explaining to a foreman how he did a particular job. 
There are two other forms of pictorial drawing, the oblique drawing and the cabinet 
drawing, but as they are used very little in the petroleum industry, they will not 
be discussed at this time. 

4. The Theory of Mechanical~~~~!~~: 

In most cases~ Three-view drawing is another name for working drawing. 
views of an object are drawn. The three views commonly shown are front view, side 
or end view, and top view. A view of an object, for instance, the front view, is 
almost what one would see if he were directly in front of the object, and, likewise, 
the top view of an object is what one would see if he were looking directly down on 
top of it, and in the same way, the end view is what a person would see if he were 
looking at the object from a point directly out from the end of the object. 

Fig. 6 is an arrangement of three photographs of the block. In each case the 
camera was placed at a point directly out from the center of the front of the block. 
This operation was repeated using the end view and the top view. These pictures 
have been arranged in the same order as the draftsman would arrange them in making 
a working drawing. The dotted lines have been added to the front and top views so 
as to give the same information as would be given on a working drawing. 

These three views have a certain arrangement on the blueprint. The dra~sman 
usually draws the front view first, and the top view ls placed up above the front 
view, and the right end view is placed to the right of the front view,--as ... ,1s,,,,,shown 
1~- nd, if a bottom view were drawn, it must be placed below the front view, 
and ft a left end view were required it must be placed at the left end of the front 
view. The reason for placing these views in this arrangement is that this is a 
standard method of making a working drawing, and 1f all draftsmen are taught to make 
drawings in this way, and all workmen learn that working drawings are made in this 
way, then there will be no misunderstanding between the workman and the draftsman. 
If the draftsman takes a notion to change this arrangement and the workman is not 
told about the change, it can very easily cause an error~ so we learn this arrange-

5 
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TOP VIEW 

FRONT VleW END VIEW 

ment of the views and do not change them. 

Fig. 7 shows a three-view drawing of the same simple block that was shown in 
the preceding figures. Fig. 3 is a photograph of the block. Fig. 4 is a perspec
tive sketch of the block. Fig. 5 is an isometric drawing of the block. Fig. 6 is 
photographs of three actual views of the block, and Fig. 7 is a working drawing of 
the block. The student will get a better idea of three-view drawings by going over 
these figures again and comparing each one with the working drawing. This working 
drawing is the means industry uses to instruct the workman to do a job. 

~hape of an object determines the number of views required to show it. The 
urpose of a working drawing is to instruct the workman on what is needed for the 

job and how to make it. In the case of a section of six-inch pipe four feet long, 
the end view of the pipe would show the outside diameter of the pipe, the thickness 
of the pipe, and the inside diameter. The front view of the pipe would give the 

~ length and a top view would be exactly like the front view, so that the front and 
end views are all that would be necessary. As the object becomes more complicated 
more views will be required. In the case of a complicated pipe hook-up, 3 or 4 
views will be necessary to give the workman all of the required dimensions and, in 
some cases, the draftsman will furnish an isometric drawing to give the workman a 
little better picture of how all the parts will be arranged and assembled, so that 
he number of views required are the number of views that are necessary for the 

6 
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workman to get the job done. 

5. Kinds of Drawings: 

Drawings are divided into two principal classes, pictorial drawings and three
view drawings, as has been mentioned. The pictorial drawings are divided into four 
types; perspective, isometric, oblique, and cabinet. The isometric drawing is the 
important one of these and its use is becoming more general. Working drawings or 
three-view drawings may be classified according to type of work, for instance, sheet 
metal drawings, piping drawings, architectural drawings, machine drawings, structur
al steel drawings, etc. In the petroleum industry the worker must know a little 
about each of these types of working drawings because even though he may be employed 
in one branch of work, for instance, pipe work, occasionally he will have a job which 
deals with sheet metal work, The principles of working drawings are the same regard
less of the kind of work, and a good draftsman is capable of making several types of 
drawings. 

6. ~t!~g Isometric Sketches from Three-View Drawings: 

The ability to read a blueprint is to be able to study a blueprint and fonn a 
mental picture of the object represented by the working drawings. If the student 
can study a blueprint and make a mental picture, he should be able to make the pic
ture on paper, The sheet of paper with the diagonal lines at the back of this book 
is known as isometric ruled paper. It a sheet of typewriting paper or other reason
ably thin paper be placed over this isometric paper the isometric lines can bueen 
through the typewriting paper. If the student has studied the working drawing n 
Problem 1 and has fonned a mental image of the object he should next place a eet 
of typewriting paper over the isometric paper and draw the isometric drawing of the 
object, which is a simple block of wood. The heavy lines of the ruled paper are one 
inch apart and the lighter lines give half-inch spaces, so that by using this method 
of sketching, it is not necessary to use a ruler for making measurements and a 

7 



Fig-8 

reasonably accurate drawing is obtained. All lines should be made freehand as abil
ity to draw freehand is the result of practice. -

Fig. 8 will illustrate how the object should be drawn. The corner of the object 
should be drawn. The corner of the object marked 11X11 should be placed well towards 
the bottom of the sheet at the intersection of three heavy lines. These three heavy 
lines on which the drawing is started are called the isometric axes. The isometric 
axes always are located before the drawing is started. Complete the three views of 
the isometric drawing by taking the information necessary off the working drawing. 
After the student has finished the isometric drawing of Problem 1, he should answer 
the following questions about the working drawing. Although these problems look 
very simple, the student will find it well worth his time to make carefully a free
hand sketch of each problem as directed and answer carefully each question asked 
about the problem. 

8 



Problem No. 1 

Make an isometric drawing of 
this block placing the corner marked 
"x" on the isometric axes. Do not 
dimension. Questions to be answered 
about the working drawing on this 
sheet: 

1. What view shown above is labelled 
"A"? -----------------2. What -view shown above is labelled 
"C"? -----------------3. What view shown above is labelled 
"B"? 

4. Is the front view longer horizon-
tally or vertically?------------

5. The thickness of the block is 
shown in what views? ------------6. The width of the block is how 
many inches? 

7. The width of "A" is the same as 
the width of what view? 

8. Is "B" longer horizontally or 

vertically? --------------------

B 

------ o· 

A 

9. Is "C" longer horizontally or vertically? 

Prob.l 

10. The top view is always directly above the _____________ view. 

11. In a three-view drawing we see the ___________ fonn, 

I] 

l C ~ 

J 
~x,/ 

12. The working drawing us es three views to show the block while the isometric 
drawing shows the block in but ___________ view. 

13. Each of the views drawn in the working drawing form a geometric figure 
ca lled 

Now, in order to see if the student ra s learned what a working drawing is, 
Problem 2 will be just the opposite. An isometric drawing of a gauge block is given 
and the student is to make a three-view drawing. Rectangularly ruled paper will be 
found in the back of the book and if a sheet of typewriting i:aper be placed over it, 
the lines will show through and this will save the trouble of making measurements 
and also will be helpful in drawing straight lines freehand. 

The views should be arranged in the proper manner and the dimensions given so 
that sufficient information is given to enable a workman to make the gauge block. 

This kind of drawing is used by many men in the fl eld and in many cases, blue
prints are made by the engineering department from such sketches sent in by foremen 
and workmen. 

9 



Prob.2. 

Problem No. 2 

Make a three-view drawing of this gauge block using side "A" as the front view. 
Questions to be answered after the drawing has been completed : 

1. Straight lines that never meet, no matter how far they are extended are called 

_______________ lines. 

2. Any line drawn at 9o"with a horizontal line is called a ___________ line. 

3. The longest dimension in the front view ts __________ inches. 

4. The right end vieN is placed to the right of the _________ view. 

5. The block is made of material of what thickness? 

6. The top and end views form geometric figures called 

7. The shortest dimension on the block is how much? 

8. What size piece of boiler plate would be required 

to make this block? 

10 
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Problem No. 3 

Make an isometric drawing of this notched block placing the corner marked "X" 
on the isometric axes. Questions to be answered about the working drawing on this 
sheet: 

1. The size of the piece taken out of this block is ____ x _____ x ____ _ 

2. The intersection of two planes in the front part of an object is shown by a 
______________ line. 

3. The shortest dimension on the block is _______ inches. 

4. The longest dimension on the block is ________ inches. 

5. How mmy views a re needed to show the shape of the notch? 

6. The width of the right side view can be obtained from what view? ______________ _ 

7. The length of the top view can be obtained from what view? 

8. Which two views show the thickness of the block? 

9. An angle of 90°is called a ________ angle . 

10. How many right angles are there inside a rectangle? 
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Problem No. 4 

Make an isometric drawing of this block placing the corner marked "X" on the 
isometric axes. Questions to be answered about the working drawing on this sheet: 

1. Isometric drawing is a form of ___________ drawing. 

2. The over-all length of the block is~ ______ inches. 

3. The over-all width of the block is ________ inches. 

4. Mark an "X" on the line in the right end view which represents surface "A". 

5. The isometric axes are at an angle of how mmy degrees with 

each other? 

6. Measurements in making isometric drawings can be made only 

on the _______ axes or on lines _________ to it. 

7. What must one do to the right side view to make it a complete 

rectangle? 

s. Considering that two pieces are cut from the block, what are 

the dimensions of the largest pieces removed? 

9. What size piece of material would be required to ma.ke this bloctI ___ x ____ x ____ _ 

10. Is the top view 1n this drawing necessary? 

12 
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Make an isometric drawing of this block, placing the corner marked "X" on the 
isometric axes. Questions to be answered about the working drawing on this sheet: 

1. Why is the side "A" used as the front view? 

2. Why doesn't all of the notch in the isometric drawing show? 

3, If the shape of the notch was shown i n the isometric drawing, 
it would have to be with a _____________ line. 

4. Which view of the working drawing most clearly shows that a 
notch has been cut out of the block? 

5. The depth of the notch is shown on the right side view by a _______ line. 

6. An edge which is behind some other part of the object is shown by a ______ line. 

7. In case an invisible line is directly behind a solid line it is _________ shown. 

8. The size of the piece cut out of this block is ________ thick, ______ wide, and 

_________ long. 

9. There a re no dotted lines in the top view because 

10. What size piece of stock is requir ed to make thi s block? _____________ _ 

13 
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Problem No. 6 

Make an isometric drawing of this block, placing the corner marked "X" on the 
isometric axes. Questions to be answered a bout the working drawing on this she·et: 

1. The only invisible line in the working drawing is in the ____________ view. 

2. What size piece of stock would be required to make this block? 

3. The end view makes a geometrical figure known as a ___________ _ 

4. What are the over-all dimensions of the piece cut out of the block? ___________ _ 

5. What kind of a line is used to show an invisible surface? 

6. Which line is drawn heavier, an invisible outline or a dimension line? ________ _ 

7. Which view of the working drawing most clearly describes the shape 

of the block? 

8. How long is the top of the block? 

9. How long is the bottom of the block? 

10. What is the shortest dimension in the working drawing? 

14 
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Problem No. 7 
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Make an isometric drawing of this I-beam. Questions to be answered about the 
working drawing on this sheet: 

1. How many invisible lines are there in the drawing? 

2. These invisible lines represent the intersection of the web 
"W" and the top piece marked ___________ _ 

3. The web of the I-beam is inch in thickness. 

4. Why are there no invisible lines in the front view? 

5. Which view most clearly gives the shape of the object? 

6. How thick are the flanges of the I-beam? 

7. What is the distance from the under side of the top flange to 
the bottom of the beam? 

8. What are the two dimensions of surface ".A"? 
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Problem No. 8 

Make an isometric drawing of this block. Questions to be answered about the 
working drawing on this sheet: 

1. Would two views give the worlanan enough information to make 

the block? Why? 

2. How many invisible lines are in the drawing? 

3. The depth of the "T" slot is shown on an invisible line in 
the ___________ view. 

4. What is the width of the slot at the upper part of the block? 

5. What is the width of the bottom part of the slot? 

6 0 What view best shows the shape of the slot? 

7. In the alphabet of lines, invisible lines are made 
____________ than the outline lines. 

B. What determines how many views a draftsman will make of an object? ____________ _ 
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Problem No . 9 

Make an isometric drawing of this block. Questions to be answered about the 
working drawing on this sheet: 

1. The true length of the sloping surface is shown in the ___________ view. 

2. The best procedure in drawing a sloping line when the angle is not shown 
is to locate its _____________ points. 

3. All measurements in isometric drawings must be made along the ________________ _ 

4. The front view contains three right angles and two other angles larger 
than right angles which are called ____________ angles . 

5. Do the t wo views of this object give the workman enough information 
to enable him to make the object? 

6. Is there a dimension in the working drawing wh ich gives the true 
length of the sloping surface? 

17 



-;r 

i 
~ 

L---_ _.....:::;;__----1J_ 

=-1 : -.3·=---6·-=------3-· -=: I 
TI j~ ...._________,il 

Prob.10 

Problem No. 10 

Make an isometric drawing of this block which has had a corner cut off it. 
Questions to be answered about the working drawing on this sheet: 

1. Does the slanting line in the end view show in its true length? 

2. Does the slanting line in the top view show in its true length? 

3. In drawing slanting lines it is usually best to locate the _____________ points. 

4. The true shape of the sloping surface is shown in which of 
the three views? 

5. Would less than three views enable the workman to make the object? ____________ _ 
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Make an isometric drawing of this 
working drawing on this sheet: 

block. Questions to be answered about the 

1. Which view shONs that the notch 1s slanting? 

2. The lines on which the figures are placed are called _____________ lines. 

3. The lines which extend out from the drawing in order to show exactly 
where the dimensions begin and end are called ________________ lines. 

4. Arrow heads should always ______________ the extension lines. 

5. The line between 'the enumerator and denominator of a fraction should be 
in line with the line. 

6. Would less than three views enable the workman to make this object? Why? 
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Problem No. 12 

Make an isometric drawing of this block. Dimension the drawing. Questions 
to be answered about the working drawing on this sheet: 
1. What are the dimensions of the piece cut out of this block? ______________ _ 

2. Which view shows that the hole goes all of the way through? ______________ _ 

3. What are the over-all dimensions of the block? 

4. Which view shows the thickness of the block? 

5. Do the two views give the workman enough information to 
make this block? 

6. Which view gives the better mental picture of the block? 
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Problem No. 13 

Make an isometric drawing of this section of channel iron. Dimension the draw-
ing. Questions to be answered about the working drawing on this sheet: 

1. How thick ls the web of this channel iron? 

2. How thick are the flanges? 

3. What ls the size of the hole cut 1n the web? 

4. What ls the distance from the bottom of the flange to the hole? 

5. Which view shows that the hole goes all the way through the web? 

6. Which view shows better the shape of the object? 

7. What information do engineers give to describe channel iron? 
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Problem No. 14 

Make an isometric_ drawing of this block. Questions to be answered about the 
working drawing on this sheet: 

1. What is the size of the material cut out of the small hole which 
goes entirely through the block? 

X X ----- ----- ----2. Which two views show that the hole goes entirely through 
the block? 

3. What are the over-all dimensions of the block? 

4. What is the thickness of the thinnest part of the block? 

5. What is the distance from the bottom of the block up to the hole? _____________ _ 

6. What is the size of the larger piece cut out of the block? 
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7. Measurements: 

The draftsman makes measurements with a tool known as a scale. This resembles 
a rule with which the workman is familiar. The scale commonly used has three sides 
as is shown in Fig. 9. It will be noticed that the scale shown is known as an archi
tect's scale divided into the following ratios: · 3/32, 3/16, 1/8, 1/4, 3/8, 1/2, 3/4, 

Triangular Boxwood Scales 
U.S. Standard. Made of Thoroughly Seasoned, Highest Quality Boxwood. Machine Divided. 

WHITE CELLULOID FACED . 

Architect's Scale, 12-inch. Open divided: 3/ 32, 
3/ 16, 73, ~' :YB, Y,, %, 1, 1 Y,, 3 inches to the foot, 
1/ 16-inch. 

Engineer's Scale, 12-inch. Full divided: 10x2ox 
3ox4ox 5ox60 parts to the inch. 

Fi~9 

1, 11/2, and 3 inches to the foot. It also contains a full size scale of 12 inches 
and divided into sixteenths. This type scale is also available divided into tenths 
and is used in civil engineering work and is known as an engineer's scale. 

A small object would always be drawn full size, that is, if the length of an 
object were four inches and the width two inches, the draftsman would make the draw
ing to the actual size. However, it is necessary generally to make the drawing 

' smaller than the actual object. This is done for convenience and this reduction of 
an object so that it can be conveniently put on a certain size of paper is known as 
drawing an object to scale. 

The foot usually is used as the basis in determining the scale to be used in 
laying out a drawing. If the scale is half size, it would be written 6 11 = l' -0", 
or half-size; l/4th size would be written 3" = l' -0", etc. A scale of 3/411 = 11 -0" 
means that every three-quarters inch on the drawing represents one foot. A scale of 
1/4" = l' -0" means that every quarter-inch on the drawing equals one foot; a scale 
of 1/8" = l' -0" means that every eighth-inch on the drawing equals one foot. Nearly 
all architectural drawings are laid out on a scale of 1/4" = l' -0". If the build
ing is very large, this scale is 1/8" = 11 -o". Pump bases, engine houses, founda
tions, tank walks, and other objects will be drawn to scale, depending upon the 
size of the object and the size of the paper which the draftsman will have to use. 

The student will find it worth his while to obtain a scale and examine it. On 
one side will be found a foot laid out in standard inches showing sixteenths. This, 
of course, is a full sized scale . It will be noticed that there are figures printed 
at the end of the scale. These will be found to be 3, 11/2, 1, 3/4, 1/2, 3/8, 1/8, 
and 3/32. These figures mean that the scale so marked is divided into feet and 
that the unit marked on the end is taken as the foot. Take the end of the scale 
marked "3", and it can be seen that the unit is three inches, which is divided into 
twelve parts. Each one of these twelve parts is divided into eight parts. Thus, 
the smallest division on the scale 3" • l' 011 is l/8th of an inch. If it is desired 
to measure off one foot on this scale, one would start at the zero mark and run to 
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the point marked "l". Then 1f three inches were to be added to the foot, the three 
inches would be added out of the foot which is marked in feet and inches. Fig. 10, 
scale "A", will illustrate how this is done. 

Scale "B" represents t)1e scale, 1 1/2" = l' -o". Here the measurement 2' -9-!" 
has been laid out. Here again the method of scaling was to start at the zero point 
and run to the 2 1 point and then returning to the zero point running 9-!" into the 
divided foot. It will be noted that on this scale l" measures 1/8" on the full size 
scale. Many large details which the petroleum worker will read will be drawn to 
this scale and the workman can easily scale these drawings by using an ordinary rule. 

Scale "c" is scale l" ... 11 O", and the measurement 4' -4 3/4" has been set off. 
Scale "D" is the scale 3/4" = l' -0", and here the measurement 6' -10 11 has been set 
off. It will be noticed that the l" division on this scale is equal to the 1/16" 
on a full sized scale or the workman's rule. This scale is also used very often on 
details and such blueprints are easily scaled by using an ordinary rule. 

Scale "E" is the scale 1/2" • 1 1 -o" and the measurement 9' -7 1/2" has been 
laid off. The next scale on Fig. 10 is the scale 1/4" = lr -o", and it should be 
remembered that this is the one to which most architectural and mechanical blueprints 
are made. On this scale the measurement 2or -6" has been laid off. The last scale 
in Fig. 10, scale "G", is used for large buildings or any large object in order to 
use paper of standardized size. Scale "G" shows how 31' -8 11 would be laid off at the 
scale of 1/8" ~ l' -o". 

Each side of the scale is used for two different sized scales. It should be 
noted that one is just half the other in each case, and this should be remembered 
in using the scale in order to avoid errors. 

In laying out work, the written dimension should be followed. For example, if 
you find that the length of a pump base details five feet and seven inches but has a 
written dimension of six feet and seven inches, make that pump base six feet and 
seven inches long. You will find the following sentence inserted after each set of 
specifications: "Where figures are given they are to be followed in preference to 
measurement by scale." Sometimes the scale is actually shown on the drawing. Where 
this is done the workman uses it exactly as you would a regular scale. 

8. Taking Information off Blue2rints: 

Many symbols are used on drawings to indicate the kind of finish, kind of mate
rial, kind of thread, etc. The draftsman can write the symbol and give the needed 
information in a very small space where a large space and more time would be re
quired if the information were written out. Fig. 11 gives a few of the common notes 
and symbols used by the draftsman. The symbol F.A.O. is used when the draftsman 
wishes to tell the machinist that the machine part being detailed is to be finished 
all over. Therefore, F.A.O. means finished all over. The student will find many 
of the symbols and notes shown in Fig. 11 on the problems and blueprints to be pre
sented later in this study. 

Problem No. 15 

Problem 15 is a working drawing for a rectangular steel face plate. The work
ing drawing shows a front and end view. The front view shows that there are six l" 
holes drilled in the plate; that these holes are centered 2" on either side of the 
horizontal center line; that two holes are drilled on the vertical center line and 
the other holes are centered four inches on either side of the vertical center line. 
The end view shows that the plate 1s three-quarters inch thick, and the dotted lines 
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SYMBOLS 
FAQ. FINISH ALL OVER C.I. CAST IRON 
/ FINISH CRS COLD ROLLED STEEL 
CT BORE COUNTER BORE i Ct::NTER LINE 
R RADIUS QC ON CENTERS 
U.S.S UNITCO S7:4T£S P TAP PIPE lAP 

STANDARD L.H. LEFT HAND 
SA.£. SOCIETY OF AUTO- CSK COUNTERSUNK 

MOTIVE ENGl!VEERS P. PITCH 
OSM OUTSIDE. - ~ CAST IRON 

MEASUREMENT ~ STEEL 

Fig:11 

in the end view show that the holes go all the way through the plate. 

The student should first study the drawing, read all notes, and form a mental 
picture of the object. If this is done he will then be able to proceed to answer 
the questions about the problem. 

Questions to be answered about problem No. 15: 

1. What is the size of the holes drilled in the plate? 

2. Do these holes go all the way through the plate? 

3. What is the length of the plate? 

4. What is the width of the plate? -------------
' 5. What is the thickness of the plate? 

6. What is the vertical distance between the center lines of the holes? 

7. What is the horizontal distance between the center of a center 
hole and the center of either outside hole? 

s. What is the distance between the~enter of the holes and the 
edge of the plate? 

9. What parts of the plate are to be finished? 

Problem No. 16 

Problem 16 is a working drawing for a packing gland. A pattern is to be made 
from which a casting is poured. The surfaces marked "f" must be machined reasonably 
accurately. The two small holes are to be drilled through the casting and the 
radius of ~he circle on which they are located is given. 

Questions to be answered about Problem No. 16: 

1. What is the size of the center hole? 

2. What is the length of the center hole? 
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3. What is the size of the bolt holes? 

4. How far are the bolt hole centers from the center of the bore? 

5. What is the largest over-all measurement of the gland base? 

6. How thick is the base? 

7. How :rrany surfaces are to be finished? 

8. To what scale was this drawing made? 

Problem No. 17 

Problem 17 is a working drawing for a bearing. It also is made from a casting 
and certain parts of it are to be finished while others may be left as the casting 
comes from the mold. The center of the bearing must be located an exact distance 
above the bottom of the base. The bolt holes must be located accurately and also 
must be located by center lines as the outside edges of the casting aren't to be 
finished and won't be true. 

Questions to be answered about Problem No. 17: 

1. What are the over-all measurements of the bearing base? 

2. How thick is the bearing base? 

3. The bearing is for what size shaft? 

4. How long is the bearing? 

5. How far is center of shaft above bottom of base? 

6. How many bolt holes are there? 

7. Bolt holes are what size? 

8. How are the bolt holes located? 

9. How :rrany surfaces are to be finished? 

Problem No. 18 

Problem 18 is a working drawing for a round cover. It is also a casting and 
must be machined to fit the end of a pump cylinder. Other parts of the casting may 
remain as it comes from the mold. 

Questions to be answered about problem No. 18: 
1. What is the thickness of the rim of the cover? 

2. What is the height of the cover over the ribs? 

3. How thick are the ribs? 

4. What is the diameter of the holes? 

5. What is the angle between the holes? 

6. How many holes are there? 

7. What is the size .of the spotface? 

8. What is the depth of the recess in the bottom of the cover? 

9. What is the diameter of the recess? 

10. What is diameter of the bolt circle? 
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11. What parts of the cover are to be finished? 

12. Of what :material is the cover made? 

13. What is the outside diameter of the cover? 

14. How thick is the cover inside the recess, not including the ribs? _____________ _ 

Problem No. 19 

Problem 19 1s a working drawing of a standard pipe support. The height of the 
pipe support may be changed to meet the needs of a particular job, but all other 
dimensions are to remain the same. It will be noticed that this support 1s made to 
carry three sizes of pipe line. There are two symbols used on this drawing which 
should be noted. The hole drilled through the top end 1s noted with a symbol which 
means that 1t 1s to be a round hole and the note pointing to the bottom of the pipe 
uses the symbol for "plate", instead of spelling out the word. 

Questions to be answered about Problem No. 19: 

1. What 1s the height of concrete footing? 

2. What is width and length of concrete footing? 

3. How far does pipe extend into concrete? 

4. What mix 1s used for the footing? 

5. What size plate is welded to bottom of pipe? 

6. Wha~ size hole 1s drilled through top end of pipe? 

7. How far 1s the center of the hole from the end of the pipe? 

s. How much 1s pipe offset? - - -------------
9. What 1s height of horizontal section of pipe above concrete footing? __________ _ 

10. What kind of pipe is to be used 1n making the pipe support? 

11. What size lines will this support carry? 

12. What 1s radius of curve 1n offset? 

Problem No. 20 

Problem 20 1s a working drawing of a gear. The petroleum worker should be 
fam111ar w1 th gears as they are used 1n practically every machine 1n any industry. 
Some of the terms used in gear design will be of very little value to the petroleum 
worker, but 1f he 1s not already familiar with the different gear parts 1t would be 
well to study Problem 20 for a short time. The d 1agram at the top of Problem 20 
gives the names of the parts of the gear. The working drawing at the lower part of 
the sheet shows a front and side view of a gear. The gear 1s designed to fit acer
tain s 1ze shaft as given in the note and the accuracy required for the bore is noted 
immediately after the diameter of the bore. The IIRCh1n1st who makes this gear knows 
how much he 1 s allowed to vary from the spec1f1 ed bore, or, in other words, he knows 
what tolerance is allowed. Such terms as addendum, dedendum and circular pitch are 
of interest to the experienced machinist and pattern maker. 

Questions to be answered about Problem No. 20: 

1. What 1s the outside diameter of the gear? 

2. What is the route diameter? 
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3. What is the diameter of the pitch circle? 

4. What is the width of the face of the gear? ---------------~ 
50 What is the size of the bore? 

6. How much tolerance is allowed? 

7. What size keyway is to be cut? 

8. What is the diame~er of the hub? 

9. What is the thickness of the web? 

10. What is the addendum (figure this)? 

Problem No . 21 

Problem 21 is a working drawing for a pipe bracket. The bracket is to be bolted 
to a wall and a bronze shoe or roller attached to the upper flange so as to provide 
a support for pipe carrying hot liquids and gases. The roller or shoe allows move
ment of the pipe due to contraction or expansion as the pipes become hot or are 
allowed to cool. The slotted holes in the bracket permit adjustment so that the 
bracket may be raised or lowered in order to straighten the pipe line. 

Questions to be answered about Problem No. 21: 

1. The bracket is designed to carry what size pipe? 

2. Of what material is the bracket made? 

3. What is the width of the slotted holes? 

4. What is the length of slotted holes? 

5. What is the distance from the top of the bracket to the 
center of the top slotted hole? 

6. What is the distance from tl.13 top of the bracket to the 
center of the lower slotted hole? 

7. What is the thickness of the material through which the 
upper slotted holes are cut? 

8. What is the thickness of the material through which the 
lower slotted hole is cut? 

9. What is the thickness of the top flange? 

10. What is the width of the top flange? 

11. How far does bracket extend out from wall? 

12. What is height of the bracket? 

13. What is thickness of web reinforcing? 

14. What is width of web reinforcing along bottom side of top flange? _____________ _ 

15. What is width of web reinforcing along back flange and 
diagonal flange? 

16. What is width of back flange at the top? 

17. What is width of lower part of back flange? 

18. What is width of middle part of back flange? 
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19. How thick is back flange at the middle section? 

20. How wide is the diagonal flange? 

Problem No. 22 

Problem 22 is a working drawing for a pair of standard pipe line flanges. The 
drawing consists of a front view which will apply to either flanges and to sectional 
views of both flanges. These flanges are Standard Pipe Line and the measurements 
do not apply to .American Hydraulic flanges. They are flanges for three-inch pipe. 
Note that the two flanges are made in pairs so as to fit together. 

Questions to be answered about Problem No. 22: 

1. What is the diameter of the bolt circle? 

2. What is the diameter of the bolt holes? 

3. The holes are spaced how many degrees apart? 

4. How many bolts will be required per pair of flanges? 

5. What is the outside diameter of the flanges? 

6. What is the thickness of the flanges at the points where 
the bolts go through? 

7. How deep is the recess on the face of the right-hand flange? 

8. What is the diameter of the recess? 

9. How long is the extended part on the other flange which 
fits in the recess? 

10. What is the outside diameter of the extended part? 

11. When the two flanges are assembled, hcm mu:: h clearance 
will there be between the extended part of the left 
flange and the recess of the right flange? 

12. When the two flanges are bolted together, how much space 
will there be between the two flanges where the bolts are? 

Problem No. 23 

Problem 23 is a working drawing for a flanged shaft coupling. The two parts 
are made in pairs so as to fit together. The working drawing consists of an end 
view and a front view mich is in section, The flanges are keyed to the ends of the 
shafts and then bolted together. 

Q;uestions to be answered about Problem No. 23: 

1. The coupling is for what size shaft? 

2. What size keyway is to be cut? 

3. What is diameter of bolt circle? 

4. What size holes are to be drilled for the bolts? 

5. What is depth of recess in each part of coupling? 

6. What is diameter of this recess? 

7. What is diameter of hub? 
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s. What is measurement over both flanges after they are assembled? _______________ _ 

9. What is the width of flange of the right-hard. piece of the coupling? __________ _ 

10. What is the width of flange of the left-hand piece of the coupling? ___________ _ 

11. How thick is the flange at the outer edge? 

12. At what angle does inner side of flange taper back to web? 

13. What is over-all length of the coupling? 

14. What is the difference in diameter of the hub at the outer 
edge and the diameter of the hub next to the web? 

15. What is the thickness of the web of each part of the coupling 
at the points mere the bolts go through? 

16. How many surfaces are to be finished? 

Problem No. 24 

Problem 24 is a working drawing for an island to be built in a filling station 
driveway to receive gasoline pumps, and water and air connections. The great numbers 
of filling stations that have been built and that are being built have caused more 
or less standardization of filling station design and accessories, Each oil company 
decides on a standard design for its own filling stations. Problem 24 is a design 
for a ten-foot island. The symbol used in giving the sizes of the reinforcing bars 
should be noticed. This symbol, as has been pointed out before, stands for the vord 
"round", thus, as it is used in this case 1t indicates that round reinforcing bars 
are used. If square bars had been used, the circular part of the symbol would have 
been replaced by a small square. 

Questions to be answered about Problem No. 24: 

1. What is the width of the island? 

2. What is height of the top of the island above the driveway? 

3. How thick is the concrete in the island? 

4. What concrete mix is to be used? 

5. What kind of finish is to be put on the concrete? 

6. How far is the lower layer of reinforcing bars to be placed 
above the bottom of the foundation? 

7. How far is the top layer of bars to be placed below the top 
of the concrete? 

s. How many different lengths of bars are required? 

9. Make a 11st of all reinforcing bars required. 

10. What are the sizes of the holes running through the concrete? 

11. What is the measurement between these holes center to center? 

12. Make a freehand three-view sketch of the island, giving all the information 
that one would need to actually lay out and build the island. 
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Problem No. 25 

Problem 25 is a working drawing for the fabrication of a structural steel cross
member to be used in a Dubbs Still Cleaner. The crossmember is an I-beam and fas
tened in place by means of angle irons. The symbol for angle iron will be noticed 
as well as the symbol for round holes as has been pointed out previously. The small 
circles indicate rivets and the circles which have been filled in with ink represent 
open holes. 

Questions to be answered about Problem No. 25: 

1. What length I-beam is required? 

2. What is the weight of the I-beam per foot? 

3. What is the size of all holes? 

4. What size rivets are used? 

5. How many holes must be punched in the I-beam? 

6. The I-beam is to be coped to fit what size I-beam? 

7. How nnny different·sizes of angle irons are required? 

B. The wide flange of each of the larger angle irons is 
fastened to the web of the I-beam with how many rivets? 

9. What is the distance center to center between the open 
holes of the small angle irons measured lengthwise with the beam? _____________ _ 

10. What is the distance between the open holes of the small 
angle irons measured across the I-beam center to center? 
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Unit II 

BUILDING AND PUMP FOUNDATION ORA WINGS 

Blueprints used in the petroleum industry are different from those used in 
many other industries in that a single drawing will contain pipe, structural steel, 
woodwork, concrete, brick, etc. In most cases, separate drawings are mQde for every 
kind of work, if there 1s enough of the particular type of work to pay for making a 
separate sheet. In the petroleum industry, much salvage pipe is available and it is 
used in many cases for structural parts such as columns. For this reason the blue
prints which the petroleum worker has need to read will contain almost all types of 
drawings and symbols. 

1. Symbols and Abbreviations: 

As has been pointed out before, the draftsman uses many symbols and abbrevi
ations in order to express his ideas and the requirements of a job in the least 
space possible. Fig. 12 is a sheet of symbols and abbreviations that have been com
piled from a study of many blueprints actually used in the petroleum industry. It 
will be noted that the little rectangular spaces at the top of Fig. 12 are filled 
in with different kinds of lines. This is known to the draftsman as crosshatching 
and is the draftsman's means of representing different kinds of material. It will 
be noticed that brick or stone and cast iron are represented in almost the same way 
except that the lines representing cast iron are drawn closer together. 

The center section of Fig. 12 represents breaks in round solids or pipes and 
rectangular objects such as timber and the correct representation is shown. The 
rest of the sheet is composed of symbols and abbreviations that will be found on 
blueprints. These are just a few of the many symbols and abbreviations that will 
be found on blueprints, but they are the more common ones, and as the student finds 
those with which he is not familiar he should make it a point to find out by asking 
someone who is in a position to know. 
2. NQ°t!z§: 

Hany times the draftsman will wish to call to the attention of the workman 
certain facts, and he will do so by making notes on the blueprints. The word "note" 
is nearly always printed somewhere on the lower part of the sheet and following is 
the bit of information that the draftsman has in mind. In reading a blueprint, the 
workman should first study the drawings, trying to form a mental image or picture 
of the object, and then read every written note on the drawing because many times 
the information for which he is looking will be found in the form of a note i n a 
very noticeable place. 

3. Use of Scale on Drawings: 

It has been pointed out elsewhere that in the making of blueprints, the blue
print paper must be placed in water. In drying , a large sheet of paper will shrink 
an eighth to a quarter of an inch so that the workman must use care in scaling mis
sing dimensions. In any case, where a dimension is printed on the blueprint, it is 
preferred rather than the scaled TIBasurement. Any time that a dimension is omitted 
the workman should then scale the drawing and determine the correct dimension as 
accurately as possible. 

4. Problems in Reading Foundation Drawings: 

The first step in reading a blueprint i s to study the drawing and obtain a 
mental image. All of the blueprints found in the back of this book are exact copies 
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SYMBOLS AND ABBREVIATION5 
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of blueprints drawn by the engineering departments of several large oil companies. 
Each blueprint has been used by some workman in building or maintaining some part 
of the equipment in the petroleum industry. These actual drawings have been copied 
for use in this course rather than assumed problems. It is most likely that the 
student will recognize one or more of these drawings and be familiar with the job 
where it was used. 

Blueprint No. 101 gives the necessary information to build a new pump founda
tion and replace a pump. It will be noticed that the drawing in the lower right
hand corner of the sheet is of the foundation and the rest of the sheet is of the 
piping hook-up. After the student has studied the foundation detail he will be 
able to answer the following questions on the problem. 

Questions to be answered a bout Sheet No. 101: 

1. What is the size of the new pump foundation? 

2. What is the height above floor not including grout rim? 

3. What is the total thickness of concrete? 

4. How many cubic feet of concrete are required for the pump 
foundation? 

5. How many cubic yards is this? 

6. How many anchor bolts are required? 

7. What length rod is required to make each anchor bolt? 

a. What is the diameter of anchor bolts? 

9. What size sleeves are .required? 

10. How much do anchor bolts stick up above concrete? 

11. Bolts are si:aced how far apart at liquid end? 

12. Bolts are spaced how far apart at steam end? 

13. What is distance from center line of steam end to center 

line of liquid end? 

14. How much slope to drain is there allowed? 

15. What is the size of drain pipe? 

16. The foundation detail is drawn to what scale? 

17. The center line of the foundation is how far from the 
inside of the building? 

18. How far is it from the center line of the foundation to 
the center line of the other pump? 

19. The center line of the steam end is what distance from 
the inside of the front wall of the building? 

20. What is the number of the pump being replaced? 

21. Make a freehand isometric drawing of this pump foundation 
giving all information you would need to do this job. 

Sheet No. 102 is a drawing of a foundation for a standard corrugated iron on 
structural steel frame tool house. Everyone who is working in an oil field or for 
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an oil company will be familiar with this problem. The workman in this case will be 
required to go on the location with a blueprint similar to sheet No. 102 to lay out 
and build the forms for the concrete for this foundation. The concrete probably 
will be poured with all bolts set in the proper place before the tool house is moved 
to the location. This type tool house is manufactured and hauled in sections to the 
location where it is assembled. If the foundation is of the proper size and the 
bolts are located in the proper places the house may be assembled very easily and in 
a very short time, but carelessness and inaccuracy on the part of the workman can 
cause bolts to be cut out and new holes to be drilled and new bolts to be placed, 
or as is more often the case, just leave the bolts out. 

The student probably is familiar with this type drawing and should find the 
following questions very simple. 

Questions to be answered about Sheet No. 102: 

1. What is size of tool house floor? 

2. How thick is floor slab? 

3. What is used to reinforce the floor slab? 

4. How thick is foundation wall? 

5. How far is floor above grade line? 

6. How deep is foundation to be carried? 

7. What size bolts are used to fasten building to foundation? 

s. How many bolts are required to fasten building to foundation? 

9. How much of the bolt is threaded? 

10. Bolts are set what distance in from outside of foundation? 

11. Bolts project how far above the floor? 

12. Bolts project how far into concrete? 

13. Is bolt spacing the same in the rear and on the sides? ----------------
14. Why are the two bolts at the center of the sides spaced 2" apart? _____________ _ 

15. What scale is used on plan and section A-A? 

16. What scale is used on the elevations? 

17. How many cubic yards of concrete are required? 

18. What mix is used? 

19. What is height of walls above grade? 

20. What is over-all height of building above grade? 

21. Make a freehand three-view type drawing using a plan or top 
view and any other views necessary to give all information required. 

Sheet No. 103 is a drawing of a foundation for a standard front. It will be 
noticed that this is a standardized drawing, made for a particular beam, but can 
easily be made to fit any other length beam by making a few minor adjustments. 
This problem involves the accurate placing of many bolts. Most of the bolts are 
provided with sleeves to make the installation of the sampson post and jack post 
easier. This is a copy of a drawing that was actually used on a recent job. 
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Questions to be answered about Sheet No. 103: 

1. What are the over-all measurements of the foundation for the 
sampson post and jack post? 

2. What are sizes of bars 1 and 2 and in what direction do they run? ____________ _ 

3. Give mark, number required; and size of reinforcing bars 
running crosswise. 

4. How far does foundation extend below grade? 

5. How far above grade does foundation extend? 

6. How thick is grout to be? 

7. When is grout to be appl1e d? 

s. What is length of 4" drain pipe? 

9. What is distance between center line of 4" drain pipe and 
center line of well? 

10. What is meaning of the mark *? 

11. What is thickness of wall which receives bolts marked "A"? 

12. What is size and length of bar required tor each "A" bolt? 

13. How far do they project above concrete? 

14. What is thickness of walls receiving 11 B11 bolt? 

15. Wflat is size and length of bar required for each "B" bolt? 

16. Does the long bend or the short bend on the "B" bolt project 
out of the concrete? 

17. How many "B" bolts are required? 

18. When shall turnbuckle eyes be placed through "B" bolts? 

19. Turnbuckle is for what size lugs? 

20. What is size of pipe sleeves? 

21. Sleeves are around all bolts except those of what mark? 

22. What material is required to make bolt "D"? 

23. Where is the reducer to be made? 

24. How many "c" bolts are required? 

25. What is size and length of bar required for each "c" bolt? 

26. How far do all bolts project out of concrete exeept "A" bolts? 

27. How far are lower reinforcing bars above bottom of foundation? 

28. In which direction are anchor bolt bends to be turned? 

29. How many cubic yards of concrete are required? 

30. How many cubic yards of grout are required? 

Sheet No. 203 is a detailed drawing of a tank truck loading rack. A number of 
concrete footings are required. It is necessary for some workmen to go on the job 
and lay out the foundation. Again accuracy is necessary and this drawing must be 
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studied closely in order that the footings will be in the proper location and every
thing will fit when the time comes for assembling the parts. 

Questions to be answered about sheet No. 203: 

1. How many footings are required for the loading rack and steps? 

2. What is size of footings for rack? 

3. What is size of footing for steps? 

4. How far do footings project above grade? 

5. What is distance between rack footings running lengthwise? 

6. What is distance between rack footings running crosswise? 

7. What is distance between step footing and first rack footing? 

8. What size bolts and how many in step footing? 

9. How many cubic feet of concrete would be required for these footings? _________ _ 

10. How many cubic yards will this be? 

11. Make a three-view sketch containing sufficient information 
for a workman to lay out and dig the holes for these footings and 
build the forms ready for concrete. 
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Unit Ill 

PIPE DRAWINGS 

The petroleum worker will come in contact with many kinds of pipe drawings. 
Pipe is used 1n many places and for many purposes in construction work. It is used 
for the transportation of liquids and gases; it is used for posts and other struc
tural members carrying loads; 1t is used for hand rails, guard rails, etc., and, 
due to the fact tl'Et great quantities of second-hand pipe are available, it is a 
construction material which usually receives first consideration. 

1. Symbols and Conventions: 

Anyone who has installed pipe fittings and valves knows that they are complica
ted pieces of mechanism. It will readily be seen that 1t is a waste of time for a 
draftsman to make a complete working drawing of every gate valve that is to be in
stalled in the field. The dra~sman knows what a gate valve is and so does the 
workman in the field, so a note on a blueprint is all that is necessary to carry the 
information. This discussion applies as well to all other types of valves and pipe 
fittings used in the field. In order to simplify the draftsman's work, symbols for 
pipe fittings have been agreed upon and accepted by engineers and draftsmen. 

The symbols of common plpe fittings are shown in Fig. 13. A study of the 
figure will prove to the student that the symbols are very simple. Each symbol is 
drawn as easily as possible and to resemble as much as possible the fitting being 
described. Symbols are given for both screwed and flanged fittings. 

2. One-Line and Two-Line Drawings: 

A pipe drawing using the two~line system resembles the actual pipe job more 
than does the one-line system. Fig. 13 has two main headings, single-line and 
double-line. Each of these is divided into two columns--screwed and flanged fit
tings. This gives four eymbols for each fitting. Take, for example, the first 
which is a union. The first symbol is the symbol of a screwed union, using the 
single-line pipe drawing system. The second eymbol on the same line is of a flanged 
union, using the single-line pipe drawing system. The third symbol is of a screwed 
union, using the double-line pipe system, and it will be noticed that this symbol 
resembles a screwed union very much. The fourth symbol is of a flanged union, 
using the double line pipe system, and it will be noticed that this symbol resembles 
a flanged union. The student will be familiar with most of these fittings and he 
should study this figure, trying to connect each symbol with the fitting which it 
represents. If the student can see why each symbol is drawn as it is, the reading 
of pipe drawings will be much more simple. 

3. !hree-view and Isometric Drawing: 

Three-view pipe drawings are usually rather complicated as will be seen from 
a study of Sheet No. 101. When pipe drawings become so complicated, it is common 
practice to make an isometric drawing in order that the lines may be traced and 
better understood. Many times tanks and pipe lines a re a lready located in the field 
and it is desired to make changes and additions to the present piping system. In 
cases of this kind, isometric drawings are made of the present piping system and of 
the lines and equipment to be added. Such drawings are usually drawn to no scale, 
the purpose being to give the workman a mental picture of the system as it now 
stands and of the lines to 'be added. The actual measurements of the lines to be 
installed are to be determined in the field. Sheet No. 152 is a drawing of this 
kind. 
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4. Taking Information off Pipe Drawings: 

The procedure in reading pipe drawings is the same as in reading foundation 
drawings. The first thing is to study the drawing and try to form a mental image 
of the object and then read every note, symbol, and detail on the sheet. 

Sheet No. 101 ls for the replacement of a pump. The suction lines, the dis
charge lines, and the steam lines are shown. After the student has studied the 
entire sheet and read all of the notes, he should proceed to answer the following 
questions. 

Questions to be answered about Sheet No. 101: 
1. What ls size of discharge lines? 

2. What is size of suction lines? 

3. How far is center line of suction line above pump foundation? 

4. What size ell connects suction to pump? 

5. What size ell connects discharge to pump? 

6. How many 4" screw ells are there shown in the suction line 
to both pumps? 

7. How many tees are there shown in the suction line to both pumps? ______________ _ 

8. How many 3" flanged ells are shown? ----------------
9. What is size of steam line? ----------------

10. What ls size of exhaust line? ----------------
Sheet No. 204 ls for an outside damper to be installed at a Kellogg still. It 

will be noticed that pipe has been used on this job for post and braces. The exact 
length of pipes required are not given and it ls necessary for the workmen to note 
the scale used and figure out the approximate lengths required. 

Questions to be answered about Sheet No. 204: 

1. What size pipe ls used for vertical supports? 

2. About what length are they (scale this)? 

3. What ls the kind and size of pipe used for the short braces? 

4. About how long are these? 

5. About how long are the long 2" pipe braces? ----------------
Sheet No. 203 ls a working drawing for a tank truck loading rack. Here pipe 

has been used for a hand railing. Again dimensions have not been given and it 
will be necessary for the workmen to scale the lengths of pipe required. It will 
be noticed that the railing is to be welded throughout. 

Questions to be answered about Sheet No. 203: 

1. What size pipe is used for hand railing? 

2. How is pipe railing fastened to angle irons? 

3. Does the pipe railing go all the way around the loading rack? 

4. What scale ls used on this drawing? 

5. About how much 1 11 pipe ls required for the rail? (This will 
have to be scaled.) 
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STANDAPD PIPING SYMBOLS 
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Sheet No. 151 is a standard drawing for the installation of lease tank batter
ies. This particular drawing with minor changes has been used on eight different 
jobs during three years time and will probably be used on more jobs in the future. 
This drawing is a two-line isometric pipe drawing. After carefully studying the 
blueprint, the following questions should be answered. 

Questions to be answered about Sheet No. 151: 

1. What is the size of the B.s. cleanout? 
2. What is the size of the drains in the bottom of tanks? 
3. What is the size of pipe line connections to stock tanks? 

4. What is the distance from tank bottom to center line of pipe 
line connection? 

5. How far are tanks apart? 

6. What size pipe is used for boot? 

7. How is sample cock attached to boot? 

8. What kind of a cock is used? 

9. How many and what size holes are there in baffle plates? 

10. How are baffle plates fastened in boot? 

11. How is boot fastened to top of tank? 

12. Tanks are provided with what size thief hatch? 

13. How are 2" openings in top of tanks capped? 

14. How far are 2" openings from the edge of the top? 

15. What size slots are cut in pipe spreader? 

16. How much of end of pipe spreader is covered and how? 

17. How is end of pipe spreader supported? 

18. What is used for a ladder to get to pressure vacuum relief 
valve set? 

19. If welded tanks are used, how is pressure vacuum relief valve set? ____________ _ 

20. How is vertical equalizing line to be held in a vertical position? ____________ _ 
Sheet No. 152 is a blueprint for changing and add1ng to an existing polymeri

zation piping system. This drawing is diagrannnatic, which means that it is drawn to 
no scale and merely shows the position and location of different pieces of equip
ment and how new lines are to be laid and existing lines are to be changed. It will 
be noticed that there is a note calling attention to the fact that dotted lines 
represent existing work and solid lines represent new work. 

Questions to be answered about Sheet No. 152: 
1. What are the numbers of new poly pumps? 

2. How is pump 5A controlled? 

3. What is the size of connections to poly pumps? 

4. What size lines lead to and from poly pumps? 

5. How can present lines be distinguished from new lines? 

6. What is the size of present steam line leading to gray tower? 
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7. What is the I.D. of new gray tower? 

8. What is the size of new "steamout" line? 

9. What size collars are to be bottom heads of present gray towers? ______________ _ 

10. Give size connections to new separator. 

11. What 1s the size of the vent on the new tower? 

12. What is the size of relief on #3 tower? 

13. What is the size of steam line to #3 tower? 

14. What is the size of steam line drain at #3 tower? 

15. What kind of check valve is to be placed on "blow down" line? 

16. Trace the new steam line to the new gray tower. 

Sheet No. 153 is a detailed drawing of a sampson post and jack post. This is 
a pipe drawing and is also a good example of pipe being used for structural members. 
This is, also, a copy of a blueprint that is in use at the present time. 

Questions to be answered about Sheet No. 153: 

1. What sizes of casing are required for the sampson post? 

2. What sizes of nipples are required? 

3. What size sleeve is required? 

4. How many nipples are required for the sampson post? 

5. What are the requirements of the 1 11 round holes to be punched 
through the channels? 

6. What is the size of the plate welded to the channels? 

7. How many 2" pipe spacers are required? 

8. Make a bill of material for the sampson post. 
to complete the job. 

9. What is the over-all height of the jack posts? 

Include everything necessary 

10. What is the width between center lines of the jack post? 

11. What is the width over base plates of the back jack post? 

12. What is the width over base plates of the front jack post? 

13. What is size of plate shown in detail "G"? 

14. How many and what size holes are there in plate detail "G"? 

15. What size casing is used in the jack posts? 

16. What is the slope of the legs of the jack posts? 

17. For what size bolts are the holes cut vertically through 
the jack post legs? 

18. Go to Sheet No. 103 and find the mark for the bolts to go 
through these vertical holes. 

19. Are all plates used in the jack posts the same thickness? 

20. Make complete bill of material for both j ack posts. 
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Unit IV 

STRUCTURAL STEEL DRAWINGS 

The importance of steel to industry cannot be over-stated. Structural steel 
is the very backbone of industrial enterprise. Structural steel sections make up 
the thousands of miles of steel rails over which thousands of tank cars of oil are 
transported each day. Structural steel sections go to make up the bridges over the 
rivers. Structural steel made possible the $35,000,000 Golden Gate Bridge at San 
Francisco, California, and so we find structural steel used in the derricks of the 
production department, in the towers and buildings of the refinery; in the pump 
stations of the pipe line company; and in every phase of the petroleum industry. 

1. Symbols and Conventions: 

Most of the symbols and conventions used in structural steel drawings are 
found in Fig. 12. These will be found to be very closely related to the things 
which they represent. A study of the symbols in the figure will show that a struc
tural steel plate is indicated by a "P" with an "L" drawn through it. The I-beam 
is so-called because its section resembles an "I". The symbol for angle iron 
resembles the capital "L", and this is used because it forms an angle between two 
lines. The other symbols will be seen to be connected likewise with the structural 
members which they represent. 

2. Abbreviations and Notes: 

Many notes are required in order to explain fully the meaning of structural 
steel drawings. Due to the fact that drawings must be made to small scale in order 
to get everything on a small sheet of paper, the structural sections are very small 
and there must be a note by every structural member to give its full description. 
Notes are used also to indicate the method of assembly, that is to say, that all 
members should be welded in the field or that all shop work is to be riveted, and 
field work to be bolted, or whatever method of assembly that is specified by the 
engineering department. The workman must read all notes or writing on every blue
print because these are as much a part of the drawing as are the lines. 

3. Structural Steel Sections: 

The most common structural steel section is the angle iron. This is used for 
frame work and all light structural steel parts where a solid frame work is re
quired but no great load is to be carried. The angle iron is always dimensioned in 
one particular way. The dimensions are always in the following order: the width 
of the wider flange by the width of the narrower flange by the thickness and the 
length. In many cases angle irons are used where the two flanges are the same so 
the proper method of dimensioning would be a 6" x 4 11 x !" (_, 4' -11" long. The 
channel iron is used for carrying greater loads than the angle iron, and where an 
I-beam is not required, channel irons may be used. The I-beam is used for load 
carrying purposes. The "H" section is used for columns , it being so constructed 
as to resist bending in either direction. Channel irons, I-beams, and 11H" sections 
are dimensioned by giving the depth of the beam, that is, the distance over the 
flanges, and the weight of the beam per running foot. A channel iron would then be 
dimensioned by giving the measurement of the flanges, such as 10", and the weight 
per running, such as 15#. The strength of these sections depend upon the thickness 
of the flanges and web, and giving the weight per foot is the method of indicating 
the thickness of the parts. 
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4. Practice Taking Information Off Blueprints: 

Sheet No. 201 is a blueprint of some simple parts to be used in assembling an 
agitator and for other purposes. The structural steel used in this blueprint is in 
light sections and rather simple parts so that the student should easily answer all 
the questions. 

Questions to be answered about Sheet No. 201: 

1. Of what material is air filter made? 

2. What size angles are used in the frame? 

3. What is spacing of stove bolts? 

4. How is hardware cloth attached to frame? 

5. Make a bill of material for air filter. 

6. What is size of agitator support? 

7. How many supports are required? 

s. Make a bill of material for one agitator support frame. 

9. How is agitator fastened to tank? 

10. What is diameter of bolt circle on agitator templet? 

11. How far is center of agitator above bottom of tank? 

12. How many and what size bolts are required to fasten agitator to tank? _________ _ 

13. What is horizontal distance between center line of motor and 
center line of agitator? 

14. What is distance from center of motor pulley to center of 
agitator pulley? 

15. How is gauging assembly fastened to top of tank? 

16. Of what material is pulley bracket made? 

17. What size plate would be required to cut pulley bracket (scale this)] _________ _ 

18. What size and pulley is required and of what material? 

19. What is used for a weight? 

20. Make a bill of material for gauging assembly. 

Sheet No. 202 is very similar to Sheet No. 201, being also details for an ag
itator. Structural steel sections are used here to build a frame which is to sup
port the agitator and driving motor. The method of marking the parts in order to 
make assembly easier should be noticed. 

Questions to be answered about Sheet No. 202: 

1. What is mark on motor base assembly? 

2. What material is required for motor base assembly? 

3. What is requirement of 1 3/16" round holes drilled in channels? 

4. What is mark on shaft to fit in these holes? 

5. What is length of sha~? 
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6. Shaft is drilled for what size cotters? 

7. What size angles are required for angle bracket? 

8. What size plate is welded to angles? 

9. Hem many and what size holes are drilled in angles? 

10. What is length or pipe spacer? 

11. How is the tex-rope drive tightened? 
12. What size angles are used for legs on the frame supporting 

the agitator and motor? 

13. How are the legs fastened to the floor? 

14. What size angles run around the top of the frame? 

15. How are the angles fastened to the tank? 

16. What size plate is used to cover the frame? 

17. What is distance between the agitator center line and motor center 
line? 

18. What is o.n. or 3/4w ring to be welded to tank? 

19. What is B.c. (bolt circle) diameter? 

20. What is I.D. of the ring? 

Sheet No. 8)3 is a detail of a tank truck loading rack. Here structural steel 
has been used to build a platform and steps. This type or drawing is very common 
in the petroleum industry in the design and fabrication or the many tank walks 
found in the field. The student has previously studied this sheet, but he should 
again study closely the manner in which the floor is put together and then proceed 
to answer the questions. 

Questions to be answered about Sheet No. 203: 

1. What kind of grating is required for floor of rack? 

2. Give dimensions of angles used for legs. 

3. How far do the legs extend into the concrete (figure this)? 

4. What size U bolts are required to clamp pipe risers to rack? 

5. How many risers are there? 

6. What is required for the stair horses? 

7. What kind or stair treads are required? 

8. How are treads fastened to risers? 

9. What is height or stair risers? 

10. What is the note concerning the angle across the platform 
at the head or the steps? 

11. Make a bill of material for the structural steel required for 
this job. Do not include pipe railing. 

The student has previously studied Sheet No. 204. Special notice should be 
given the details and notes on this blueprint. 
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Questions to be answered about Sheet No. 204: 

1. What are dimensions of angles forming the beam for the winch line? ____________ _ 

2. What is space between the backs of these angles? 

3. What size U bolts are required to fasten winch? . ---------------
4. What size plate is required for winch? 

5. How are measurements for holes in the plate to fasten 

the winch to be obtained? 

6. What size rope is required for winch? 

7. How many sheaves are required? 

8. What is over-all length of shaft for sheaves? 

9. How many threads per inch on the shaft? 

10. What is used for bearings for the shaft? 

11. How are sheave brackets fastened to the angles? 

12. What is length of the two fahrite beams? 

13. What size rod is used for anchors on back of fahrite beams? 

14. What is length of the two new lintels required? 

15. How far are they apart B. to B.? 

16. What is width of damper door? 

17. How thick is damper door? 

18. How high is damper door (scale this)? 

19. How far is center line of damper in front of center line of stack? ____________ _ 

20. What is size of plates on bottom of long 45°pipe braces and 
how are they fastened to top of duct? 

Sheet No. 205 is a blueprint of the structural steel for a gray tower, support, 
platforms, ladders, chutes, etc. Pipe columns, I-beams, channel irons, angle irons 
and flats are used in the construction of this job. This blueprint is typical of 
structural steel works. The isometric drawings are valuable in helping the student 
form a mental picture of what is shown in the front view or elevation and the top 
view or plan. The student should study this blueprint thoroughly before attempting 
to answer the questions. This is the procedure in reading many blueprints. 

Questions to be answered about Sheet No. 205: 

1. What is length of 6" pipe columns? 

2. What are dimensions of plates welded to top of columns? 

3. What are dimensions of plates welded to bottom of columns? 

4. What are dimensions of long I-beams? 

5. What are dimensions of short I-beams? 

6. What size angles are used to fasten the I-beams together? 

7. How many of these angles are required? 
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8. What size pipe is davit made of? 

9. What size pipe is 45°brace on davit? 

10. Give dimensions of the two pieces used in making the 
lower step bearing for davit • 

• 
11. What size hole is drilled for the upper guide bearing of davit? 

12. To what is this bearing attached and how? 

13. What is length of vertical angles supporting the hand rail 
of the upper platform? 

14. What are dimensions of upright angles for top ladder? 

15. What is spacing of ladder rungs? 

16. What size bars are used for rungs? 

17. What size flats are used for hoops on upper chute? 

18. What material is to be used for lower chute? 

19. What are dimensions of angles used for floor beams on 
lower platform? 

20. What is to be used to floor lower platform? 

21. What is distance from ground to lower platform? 

22. What is the distance from lower platform floor to upper 
platform floor? 

23. What is height of center line of horizontal davit pipe 
above ground (figure this)? 

24. How is lower platform supported? 

25. How is upper platform supported? 

26. What is size of concrete columns to be poured around 
the pipe columns? 

27. What is the size of concrete beams to be poured around 
the I -beams? 

28. What is the purpose of the concrete? 

29. What size pipe is used to brace the 6" pipe columns? 

30. What is the length of these braces (scale this)? 
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UnitV 

PIPE LINE DRAWINGS 

The student has seen that blueprints are very much the same regardless of the 
company or type of work. Some of the large prints in the back of this book are 
taken from blueprints actually drawn for use in the refinery, some for use in pro
duction work, and others for use in pipe line work. The pipe line drawings neces
sarily involve much pipe work, but so do refinery and gasoline plant drawings. 
However, drawings for long pipe lines running from city to city are only used by 
pipe line workers. 

Due to the many types and kinds of valves and gates, etc., it will be noticed 
that the kind of gate is usually given by note. Just to say gate valve isn't 
sufficient as strength and quality of material also must be considered. Similarly, 
to say six-inch pipe isn't sufficient and other description is, therefore, neces
sary to describe completely the material needed. In the following blueprints, it 
will, therefore, be noticed that the symbols are used but are frequently explained 
by notes. 

Sheet No. 251 is a blueprint showing the plot plans of two typical pipe line 
station cottages. This drawing would be no different if these cottages were being 
built in a refinery camp. The blueprint, then, is a layout plan for two different 
cottages showing the location of the house on the building site, the driveway, side
walks, sewage disposal system, etc. Due to the fact that this is only a layout, a 
very small scale has been used, the scale being l" = 20' -0". 

Questions to be answered about Sheet No. 251: 

1. What are the dimensions of the cottage at station No. 9B? 

2. What is the size of plot of ground? 

3. What is the width of the driveway? 

4. How much crown does the driveway have? 

5. How far is front fence set back from center line of county road? _______________ _ 

6. How far is septic tank from house? 

7. What size soil pipes run from the house to the septic tank? 

8. What size line leads away from septic tank? 

9. What is the size of the laterals? 

10. What is the spacing of the lateral connections in the main 
line, center to center? 

11. About how many feet of four-inch laterals are required 
(scale this and note the scale used)? 

12. What is size of garage? 

13. How far is garage set back of the house? 

14. What is the size of the breathing pits? 

15. How much gravel is laid below the drain tile? 

16. What is size of cottage at station No. 15A? 
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17. What kind of septic tank ls required? 

18. How far ls the first lateral "Y" branch back of the 
garage (figure this)? 

19. How many four-inch lines run into the septic tank? 

20. How many four-inch lines are run around the tank and open 
directly into the six-inch liner 

Sheet No. 252 ls a layout plan for a pump station. The details along the right
hand side of the sheet have no connection with this particular sheet but are connec
ted with Sheet No. 253. Sheet No . 252 shows the arrangement of the buildings, drive
way, walks, tanks, etc. Other drawings must accompany this blueprint for the actual 
construction of the station. 

Questions to be answered about Sheet No. 252: 

1. What are the over-all dimensions of the pump house? 

2. What size are suction lines? 

3. What size are discharge lines? 

4. What ls width of gravel drive? 

5. What ls size of boiler house? 

6. How far ls the first pipe support from the boiler house? 

7. How far apart are the two pipe supports? 

8. What ls the distance from the center line of the boiler 
stack to the boiler stack anchors? 

9. How far ls water well from cooling tower? 

10. Is it required that the water well be placed here? 

11. How far ls the center line of 1600 barrel water tank from 
the center line of the cooling tower (figure this)? 

12, How far ls center line of 100 barrel fuel tank from center 
line of cooling tower and hot well (figure this)? 

13, How many exhaust stacks are there? 

14, How far are exhaust stacks away from the pump house? 

15, What ls the capacity of the underground gasoline drain tank? 

Sheet No . 253 ls a plan of a present manifold showing a new incoming pipe line. 
The new line ls the one along the upper side of the pit . The sectional elevation 
on this sheet should be thoroughly studied a s it shows only the new pipe line and 
will also simplify what at first glance seems to be a meaningless mass of lines , 
Each section of pipe on the incoming stream ls taken off by itself and detailed, 
These details of the section are found along the bottom of the sheet and along the 
right side of Sheet No . 252. The following questions call attention to just a few 
of the many things that could be mentioned about this sheet and the student can 
well afford to spend cons iderable time tracing the pipe lines in this manifold and 
trying to underst and just how they go together, · 
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Questions to be answered about Sheet No. 253: 
i. What is size of new incoming line? 

2. What is size of concrete anchor? 

3. How much concrete will be required for the anchor? 

4. What is size of new line to slop tank? 

5. What size lines lead out to St. Paul and Chicago? 

60 What is size of suction lines running to pump house? 

7. How many suction lines are there? 

8. What are inside dimensions of manifold pit? 

9. What is size of new cross-over connection? 

10. Cross-over supports rest on what size lines? 

11. What size pipe is used for supports for the cross-over? 

12. What is length of piece marked "A"? 

13. What kind of pipe is required? 

14. What is length of piece marked "B"? (See Sheet No. 252.) 

15. What is length of piece marked "c "? 

16. What is thickness of plates used to reinforce the "Y 11 

branch connection? 

17. What is size of the line branching off? 

18. What is the size of the collar welded in the top side of 
the eight-inch line? 

19. What is over-all length of the piece marked "D"? 

20. What is size of sample connection lines? 

Sheet No. 254 is a cross-section through a pump house. It will be noticed that 
there are two separate rooms, one for the engines and the other for the pumps. There 
is a 12!" brick wall built between the two rooms, the purpose of which is fire pre
vention. The blueprint shows the driving engine, the pump, the sections through the 
windows, a section through the roof, the traveling cranes, and everything as it would 
be seen if the front wall of the building had been removed and a picture taken look
ing directly into the building. This type of blueprint is very important in giving 
the workmen a little better picture of how the different parts are to be assembled. 

Questions to be answered about Sheet No. 254: 

1. What is inside width of engine room? 

2. What is center to center spacing on the two I-beams 
supporting the traveling crane? 

3. What kind of engine is required? 

4. What is size of engine exhaust? 

5. What is size of air intake line? 

6. What is size of outgoing water line? 
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7. What is size of starting air line? 

8. What is distance between center line of engine out-board 
bearing and pump o.B. bearing? 

9. How thick is the expansion joint between the engine 
foundation and the concrete floor? 

10. What is distance between the floor and shaft center line? 

11. What kind of pump is required? 

12. What is diameter of shaft in pump room? 

13. Why is a 12t" masonry wall necessary between engine room 
and pump room? 

14. What is the distance between pump center line and middle wall? 

15. How thick is floor slab? 

16. What are the dimensions of the I-beam spanning the pump IDom? 

17. What kind of roofing is specified? 

18. What kind of flashing is used? 

19. What size ventilator is required for pump room? 

20. What is distance from floor to bottom side of roof beam in 
pump room? 

Sheet No. 255 is a type of blueprint that is found only in the production de
partment of the petroleum industry. Similar blueprints are found in the work of 
gas companies, telephone companies, power companies, telegraph companies, etc. A 
map of a small section of Tulsa County, Oklahoma, is shown at the top of the sheet 
and the route of a new pipe line is shown. Each little circle along the pipe line 
indicates a change of direction in the pipe line. It will be noticed that the pipe 
line starts at West Tulsa Station No. 20 and continues westward. The small printed 
notes give the direction of the line and the distance. For example, the starting 
point of the line is at "o + OO" and is noted as being the center of field manifold. 
The next note is "N 64° 02' W", which means that the line is running 64° and 02 
minutes West of North. The next note is "l + 37. 8 11 • The one means a hundred feet 
so that the note means 37.8' more than one hundred. The civil engineer refers to 
this point as being Station No. 1 + 37.8, which means that the point is 137.8 feet 
from the beginning point. The next note is "N 45° 52' W" and the following note is 
"l - 48.5", which means that there is a section of pipe 10.7 feet long running be
tween these two points and its direction is 45"and 52 minutes West of North. These 
notes may be traced all the way across the sheet and the exact length and direct ion 
of each section can be read. It will be noticed that this particular line lies in 
two townships and there is a note on the blueprint indicating the line between the 
two townships. 

The drawing at the bottom of Sheet No. 255 is known as a profile drawing, that 
is, it gives the shape of the pipe.line, whether it is running up hill or down hill, 
or crossing a river. A much smaller scale is used, the irregular line being the 
actual surfac·e of the ground from the Tulsa Station No. 20 to the Arkansas River 
following the route of the pipe line all of the way. The profile of the pipe line 
route looks as if the line may be going over a mountain, but this is not true be
cause the vertical scale is in feet, each small space being ten feet and the hori
zontal measurements being eight spaces per mile, or 660 feet per space. If the 
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same scale were used for both horizontal and vertical measurements the line would 
appear more nearly straight. The figures at the le ft of the profile drawing show 
that the lowest point is about 627 feet above sea level, and the highest point is 
about 869 feet above sea level. Both drawings are necessary to give a complete 
picture of a proposed pipe line. 

Questions to be answered about Sheet No. 255: 
1. Where is the East end of the pipe line? 

2. What is the elevation of the East end? (Get this from 
the prof He drawing. ) 

3. What is total distance from Tulsa tank manifold to the 
Sand Springs, Oklahana, manifold? 

4. What is the elevation of the top of the pump room floor 
the Tulsa station? 

5. How are pipe line mile posts indicated? 

6. How are pipe line gate valves indicated? 

7. What is the elevation at the one-mile post? 

B. What is the elevation at the two-mile post? 

9. What is the elevation at the three-mile post? 

10. West Tulsa is in what Township North? 

11. West Tulsa is in what Range East? 

12. What are the civil engineers' station numbers on either 
side of Twister Creek? 

13. In what direction is the line running as it crosses the 
Arkansas River? 

at 

14. In whose name is the property where the Box Canyon is located? ________________ _ 
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Unit YI 

GRAPHS, CHARTS, AND DIAGRAMS 

There are several kinds of charts or diagrams with which the petroleum worker 
should be familiar. Charts, diagrams, etc., are drawn to no scale, their purpose 
being to give certain information. Many types of information can be charted or 
graphed and. such a diagram reveals information at a glance V\h1ch v.ould be very diffi
cult to show by using a long column of figures. Graphs and diagrams are, therefore, 
used to carry 1nformat ion and to show changes in conditions at the time these 
changes occur. 

1. Process Flow Charts: 

A very common type of chart in the petroleum industry is known as the "flow 
chart." This chart is intended to show the path of liquids or gases through a re
fining unit. Such a chart is shown in Fig. 14. Here the paths of liquids or gases 
may be traced from the fresh charge storage tank through the refining unit and to 
the storage tanks of the various products. A study of the figure will show that 
all of the crude product does not go through the same pipes. 

Questions to be answered about Figure No. 14: 

1. How many lines lead from the crude storage tank to the 
dephlegrnator tower? 

2. Where does the oil entering the dephlegrnator tower by the 
upper line from storage go to after it leaves the tower? 

3. Trace the path of the oil through the system that enters the 
dephlegrnator tower by means of the lower line from fresh charge storage? ______ _ 

There are many other flow charts used in the petroleum industry and the worker 
should become familiar with these as he has the opportunity. 

2. Q!:~l2t~: 
Fig. 15 is a graph showing the daily average production of crude oil in the 

Mid-Continent field. Probably the average petroleum worker gives very little 
attention to such a sheet because it is really so many crooked lines and has very 
little meaning. This sheet really gives information very important to the petro
leum worker. His job depends upon production of oil. If there 1s no oil produced 
then there is no o 11 to pump through the pipe l 1ne, and there 1s no o 11 to be re
fined. For this reason alone, graphs of this type should be of very great interest 
to the petroleum v.orker. 

Fig. 16 shows the daily average production of crude oil in the Mid-Continent 
field over a two-year period, 1931 and 1932. The months of the year are listed 
along the upper side of the graph and each month is divided into weeks. The scales 
along the sides of the graph give the number of barrels produced on any day. The 
spaces between the horizontal lines represent 20,000 barrels of crude 011. The in
formation which can be obtained at a glance from this chart is that there was more 
crude oil produced in 1931 than in 19321 thus indicated by the fact that the light 
line marked "1931 11 averages much higher than the dark line marked 111932." The spaces 
between the vertical lines represent a week, thus, the space between the first two 
vertical lines under the month of January is the week starting with the 2nd of 
January. The first space to the right is the 2nd week in January and starts with 
the 9th of January. The production of crude oil, therefore, on any day and es
pecially the 1st day of any week can be very easily read from this graph. 

54 







u 1:11 I ~:! 
~ ... 

~ ll ::::... ~ 

~1 ~; F.'ol' 

i,....~1:1 
!!!!!!!!!!!!!!! El ., 

~i = ' ~ 
~ ""~ u 
~~ ~ .i IU 

~ ~II C) 
.., 

' :::::, ~ ~ ~ ~ .., 
"'t: ~ ' ~ ::,... ~ 

~ 1., ~ ~ 
~~ 0 
""i"' ~ ~ ~: .. · ~~ 

~ - ~ 
::i.. ~ Ii: !J ~ ~t 

(!) 
~ l ~ .. 

~ ~ Ct" :i ~ ~ ~~ ';i-
"'t~ 

~fl 
~; n 
~: 
l(! i1 
<:: II _ I il ~~ -·----- ---·---

::} t-i ~ ..._ ") "'I ~ "'> 1\1 ' 
(() 

' N077t?'!> H:?d ~.LN.3:> NO 77~!> t?l3d S'.J.N.,:> 

~ ll !PJ ~II ~ ~: 
~ 

~! 
11 

~ ~II __J 

~ L!i~ = il ~ ..... ~ i:'i]n u~ 
o; 

~ i-...1:i Iii~ ~ ~~ 
!<J !1 I ,__. 
") "' ~ ' .. I ~ ~ r:;~ lj ~ illll ~ .... Cl( "1 ......... "> 
:>-~ °' ~II 

,.... 
GI ii~ ~ 

~I! ' ~ ' ""')~ 

\:i.JLl;;z ~ ~ I ~ 
~~ f2 ""£! ~ ::; 

f!J 
r; >- II 0 i E~ ' C, 

~ ... ="" ~ Qcli ... ~ ... IJ ~~ :=:: ") 
~~ 
et!C ~ L:= ~ 
st~ 

15 
~ ... 

~ Iii ;-i 
"" - - - --

llltj r•J ~ C!! .. ri 
<:~ 

-·----- - --- - -- --- -~= 

~~ 
-- -

~ g ~ ~ ~ 
~ ""' 

~ ~ ~ ~ ' 
73tt8P'9 Y~d S'Cf P'7700 N077'7'.D c/.7d S'.J.N~::J 





Questions to be answered about Figure No. 15: 

1. How much crude oil was produced on I'Iay 7, 1931? 

2. How much more crude oil was produced on November 19, 1931, 
than on November 19, 1932? 

3. On which day was the most crude oil produced over the two-year period? _________ _ 

4. On which day was the most crude oil produced in 1932? 

5. Which three months of 1931 produced the most crude oil? 

6. Which month of 1931 produced the least amount of crude oil? 

7. Which month of 1932 produced the least amolIDt of crude oil? 

Fig. 16 is four graphs, comparing the prices of crude oil, gasoline, fuel oil 
and kerosene for the years 1931 and 1932. These graphs again should be of vital 
importance to the petroleum worker as his wages depend on the volume of production 
and the market price of his product. These graphs are very similar to Fig. 15. 
""he weeks and months are shown at the top of the sheet and these ap ply also to the 
, aphs at the bottom of the sheet. The price per unit is shown at the left side of 

ea,ch graph. For example: the price of crude oil is shown in dollars per barrel and 
th:e price of fuel oil is shown in cents per gallon. These graphs show at a glance 
the price of a product at any specified date, and, also compares this price with the 
year previous. 

Questions to be answered about Figure No. 16: 

1. Was the price of crude oil more uniform in 1931 or 1932? 

2. What was the price of crude oil during the month of February 1932? _____________ _ 

3. What was the priQe of fuel oil during the month of January 19327 _______________ _ 

4. In which year did fuel oil reach the higher price in 1931 or 1932? _____________ _ 

5. How do the prices of fuel oil during the two years 1931 and 1932 
compare? 

6. How do the prices of kerosene for the two-year period compare? 

7. What was the highest price for which kerosene sold in 19327 

s. In which year did u. s. Motor Gasoline hit the lowest price? 

9. What was the price of u. S. Motor Gasoline during the first 
two weeks of February 1932? 

10. What was the price of U. s. Motor Gasoline during the same 
period of 1931? 

11. How do the prices of U. s. Motor Gasoline in 1932 compare with 
those in 1931? 

55 



Unit VII 

LAYOUT WORK FOR WELDERS-SHEET METAL WORKERS-AND LEAD BURNERS 

This unit will be of interest only to welders and those planning to take up 
welding as a trade. Many y01mg welders think that the important thing is to learn 
how to hold a torch or make an arc, but they soon learn that they must be able to 
lay out patterns. The patterns for most common joints and fittings are available 
in welding shops as these are laid out by one method or another and transferred to 
gasket material. 

There are several methods of laying out patterns, Some methods require the use 
of tables and others do not. The following patterns can be laid out by the use of 
the steel square with sufficient accuracy for the average job. The method used is 
rather simple after the workman gets the idea, and the principle may be applied to 
most any welding layout problem. 

1. Pattern For a Two-Piece 90°Turn: 

I 
> 
l 
f 

The first thing in working with roillld pipe is to forget that the pipe is roun~ 
and to think of it as having some number of sides. This number is usually taken . 
as twelve and in laying out the pattern there will always be twelve spaces or 
thirteen points. Fig. 17 shows a pattern for a two-piece 90'turn. The drawing ori 
the left-hand side of the sheet shows the front view of the turn, and the circle 
below shows how the round pipe is divided into twelve equal parts. The distance 
between the reference line and the intersection of the two pipes makes no difference, 
this difference being sufficient to give a substantial pattern when laid out on 
gasket material. 

The length of the reference line may be laid out by setting off twelve spaces 
with dividers or compass equal to the twelve spaces on the circle. The diameter of 
the circle is equal to the outside diameter of the pipe to be used. The length of 
the vertical lines are laid off equal to the length of the corresponding vertical 

line in the front view of the 90°turn. The student should draw patterns using this 
method for several sizes of pipe, which he may have opport1IDity to use. The curve 
may be drawn by connecting the points freehand. 

2. Pattern for a Three-Piece 90'Turn: 

The procedure in this problem, Fig, 18 , is very much the same as in drawing the 
pattern for the two-piece 90°tum. The distance from the reference line to the first 
intersection is t aken as any convenient length so as to make a substantial pattern. 
The circle is divided into twelve equal parts and these spaces are set off on the 
reference line using the dividers er compass. The lengths of the vertical lines in 
the pattern are obtained by projecting over from their corresponding lines in the 
front view. The radius of the sweep is shown by using "O" as the center and the 
distance to the center line as the r adius. In drawing the front view for the three
piece turn the line "OA" should be drawn and extended as far as desired, thus making 
a long radius or short radius sweep, It should be noticed that the angle between 
"AO" and "BO" is 45°. The same pattern can be used no matter what radius sweep is 
desired, the difference being only in the length of the center piece of the elbow. 

3. Pattern For a Tum of Any Angle: 
The procedure for drawing a turn of any angle, Fig. 19, is practically the same 

as in the two preceding problems. It is first necessary to draw a front view of the 
turn and to proceed in laying out the development in the usual manner. This method 
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will apply to any turn and any size pipe after the front view is drawn. The drawing 
should be as accurate as possible so tha~ the joint will fit closely. 

4. Intersection of Two Pi2es of Different Size at 90°: 

The procedure in this case, Fig. 20, is to draw an end view of the connection 
looking into the larger pipe and the smaller pipe pointing up. A circle is drawn 
directly above the smaller pipe and divided into the usual twelve parts. The points 
on the circle are projected down across the small pipe until they touch the large 
pipe. These lines running along the small pipe are called elements, and the ele
ments show in their true length. The reference line is drawn and twelve spaces are 
set off and the length of each element is projected over to the corresponding ele
ment or vertical line in the pattern. A smooth curve drawn through the resulting 
points gives a pattern for the end of the small pipe. The hole to be cut in the 
large pipe may be laid out by placing the end of the small pipe against the large 
pipe and marking around it. This is the usual procedure. If the welder should need 
a pattern for the hole, the method for drawing the pattern also is shown. The width 
of the pattern is the same as the diameter of the small pipe and is found by pro
jecting over from the circle. The length of the pattern is the length of the curved 
part of the large pipe under the small pipe. The center line should be drawn first 
and the spaces on either side of the center line set off with the dividers, taking 
the measurements along the curved surface of the large pipe. The resulting points 
may be connected with a smooth curve drawn freehand. 

5. Intersection of Two Different Sized Pipes at Any Angle: 

Two views are needed in order to lay out this pattern as is shown in Fig. 21. 
The front view is drawn showing the angle with which the small pipe intersects the 
.arge pipe. A half-circle is drawn at the end of the small pipe 1n order to obtain 
;he usual spaces. The half-circle is sufficient to draw the elements but the com
plete circle has been used in the preceding problems in order that the student may 
better understand the procedure. The elements are drawn along the small pipe but 
-he point where the elements intersect the large pipe can not be determined at this 
ime. The end view must next be drawn looking directly into the large pipe. The 
talf-circle is again drawn and the e laments are drawn along the small pipe and in 
.:;his view the intersection of the elements of the small pipe with the large pipe 
can be seen. The point of intersection of each element is projected horizontally 
icross to the corresponding element in the front view. The resulting points may be 
.}Onnected with a freehand curve and thus we have the line which is the intersection 
of the two pipes. The reference line for the pattern is drawn at a 90°angle with 
~he small pipe and laid off into the usual twelve spaces. The length of each element 
of the pattern may be projected from its corresponding element in the front view and 
JY connecting the resulting points we have a pattern for the end of the small pipe. 

The pattern for the hole in the large pipe is drawn easily at this time. The 
length of the pattern may be projected up from the front view as shown. The width 
of the pattern is equal to the diameter of the small pipe. By projection up the 
points of intersection of the elements of the small pipe and the large pipe from 
che front view and drawing a horizontal center line and J.aying off the distance of 
3ach element from the center line~ points are obtained through which a smooth curve 
may be drawn, and we have a pattern for the hole in the large pipe. 
6. Pattern for a Swage: 

The front view is drawn for a swage as shown 1n Fig. 22. The half-circles are 
drawn so as to give the elements required. The number of sections required for a 
swage depends upon the size of both pipes. The dimension "A" also will depend upon 
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the size of the two pipes. The reference line is drawn in the usual manner and the 
twelve parts laid off if a swage of six sections is desired. Every other point on 
the reference line will in this case be a center line and every other point will be 
an outline of the pattern. The distance "A", as shown in the front view, is 
measured off vertically on the pattern and the dividers or compass is set equal to 
the spaces on the small circle and this is laid off on each side of each center line. 
The points are then connected, and we have a pattern for a swage. 

7. Pattern for an Orange Peel Bull Plug: 

Fig. 23 shows a pattern for an orange peel bull plug. The front view of the 
bull plug is drawn first. The top view is drawn next and divided into the usual 
twelve spaces. As the bull plug is a half-circle, the distances "AB", "BC", and 
"co" on the front view may be laid out equal to the space used for laying out the 
reference line as obtained from the twelve spaces in the top view. The points "B" 
and "C" may be projected to the top view and circles may be drawn using "O" as a 
center, which shows the smaller circles as they would appear in the top view. In 
the pattern, spaces "AB", "BC", and "co" are laid out equal to the corresponding 
spaces in the front view. The measurements on either side of the center line are 
obtained from the measurements on either side of the center line on the correspond
ing circle in the top view. · The points thus obtained may be connected by a smooth 
freehand curve, and we have a pattern for a bull plug. 

If these problems are worked out in class the student should make it a point 
to work out patterns for many different sized connections and pipes 1n order that 
he may fix firmly in his mind the method of drawing patterns and at the same time 
obtain patterns v.hich he may be able to use in the field. These patterns should alJ 
be drawn on good paper so that they nay be transferred to gasket material for 
actual use in the field. 
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