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-ractions and Decimals

There are many units of measurement that we use every day to indicate
distance, such as inch, foot, yard, mile, and meter; however, in the pipe
fitting trade we generally only use the inch and the foot. The accuracy of
our fits requires that we be able to gauge the distances that fall in between
the whole inches. A machinist may require that an inch be divided into a
thousand or ten thousand equal parts for the accuracy that he needs, but in
pipe fitting, dividing the inch into 16 equal parts is usually satisfactory. The
distance that falls between the whole units, or inches in this case, is
eéxpressed by what is called g JSraction.

A fraction indicates that you are dealing with a part of a whole. Just as
one quarter ($.25) indicates a part of a whole unit (the dollar), one quarter
of an inch indicates a part of a whol¢ unit (the irich). In both of the above

fractions you are dealing with one part of a unit that has been divided into 4
1

parts. It takes 4 quarters to make one dollar, and it takes four 7 to make

one inch.

Example: 2 % “ (2% inches) falls between 2" and 3"

2 and 3 are the whole numbers
% is the fraction

Inch is the unit

The bottom number of a fraction is called the denominator and indicates
the number of parts the whole has been divided into. The top number,
called the numerator, indicates the portion of the whole that you are

dealing with,
Numerator = 1
- 4



Different fractions can be equal to each other; one quarter equals %of a
dollar, but so does 5 nickels or 25 pennies.

1. 6 25

47207100

Just as you have less bulk to carry around when you have a quarter in
your pocket instead of 25 pennies, fractions are easier to deal with when
you reduce them to their lowest term.

To reduce a fraction to its lowest term, you must be able to divide the
numerator and the denominator by the same number, with the answers for
both being whole numbers. For example, in the fraction ;—oboth the

numerator and the denominator can be divided by 5.

If the top and bottom numbers can be divided by several numbers, use the
largest possible number as the divisor (divider).

Example: % can be divided by 5 or 25. In both cases, the answers for

both the numerator and denominator will be whole numbers, but you
will save yourself a step by using the larger number.

25 _26+6 5  5¥6 1
1007 100+ 20 2025 4

25 25426 1

When the numerator and the denominator of a fraction are both

even numbers, the fraction can always be reduced to a lower term
by dividing by 2.

Practice 1: Reduce these fractions to their lowest term.

(1) £ (5 1
(2) % (6) 2
@ 4 (7) 1
(4) = (8 ¢



Converting Fractions to Decimals

Fractions are used when measuring distances in the field; the
fractions are then converted to decimals in order to perform the
calculations. After the calculations, fractions are again needed for
measurements, so the decimals are converted back to fractions.
The conversions are necessary because of the differences between

the measuring tools and the calculating tools.

We use conversions of fractions and decimals every day. Our money
system is based on the decimal system.

of a dollar is equal to $.50 (a half dollar)

N[ =

of a dollar is equal to $.25 (quarter)

of a dollar is equal to $.125 (12,15 cents)

- R= A

70 of a dollar is equal to $.10 (dime)

Decimal place values

Just as fractions of a dollar can be converted into = 1.
decimals, fractions of an inch can be converted into ‘ 1:’ ]
decimals: 01" =55
;— of an inch is equal to .50" 0017 = fﬁ)

% of an inch is equal to .25" .0001" =10';00.
% of an inch is equal to .125" _00001“.—_100'000'
1

10 of aninch is equal to .10"



Converting Fractions of Inches to Decimal

The bar between the top number (numerator) and the bottom number
(denominator) of a fraction is a division bar.

numerator
denominator

It is easy to convert a fraction to a decimal using a calculator. All you have
to do is divide the numerator by the denominator. The answer will be the
decimal which is equal to that fraction.

Example: 15" = .5625"

Enter  9[<]16[<] display 0.5625

You can use a conversion chart, but you will save yourself a lot of time in.the future by
learning to do the conversions on the calculator.

Practice 2: Convert these fractions of inches to decimals by division. .

(1) 5 @ g
@ ®
@) 6 © 3
) 3 (10 7
5) 3 (1) 5"
(6) 33" (12)



Converting Mixed Numbers to Decimals

When converting a mixed number (a whole number and a fraction) to a
decimal, you must first subtract the whole number from the mixed number.
Next, convert the fraction to a decimal, and then add the whole number
back to the decimal. '

. 7 . .
Example: 7 16" is a mixed number
7111_ 7" _Lu
16 — 16 (subtract the whole number from the mixed number)
7+ 16 = .4375" (convert fraction to decimal)
A4375" + 7" = 7.4375" (add the whole number to the decimal)

Practice 3: Convert these mixed numbers to a whole number with decimals.

W 17 6 7
2) 3% 6) 875
3) 233" 7y 25"
() 3%’ ® 4



Converting a Fraction of a Foot to a Decimal

Many times the measurements that are taken in the field are in feet
rather than inches. In these cases, you again need a fraction so that you can

divide the numerator by the denominator in order to convert to a decimal.

Remember, the denominator is how many parts a unit has been divided
into. In this case there are 12 inches to a foot, so 12 is the denominator.
The numerator indicates the number of parts you are dealing with;
therefore, the number of inches in the measurement is the numerator. The

example below converts whole inches to a fraction of a foot.

Remember that the bar between the numerator and denominator is a

division bar.

Example:
Measurement Fraction Decimal
98 = 93 = 925
26" = 2% - op
1011 = 1093 = 10.9167"



Practice 4: Convert these measurements to decimals (first, create a fraction). Round off
to the fourth decimal place.

(1) 5 7¢ (4) 19'9"
2y 41 (5) 46' 10"
(3) 925" (6) 137' 8"

Converting a mixed number of feet, inches, and a Jraction of an inch to
feet and decimal of a foot requires an extra step. You have to convert the
fraction of an inch to a decimal of an inch. Look at the example below to see
what a fraction of a foot that includes a fraction of an inch looks like.

3 45, 4375
1 —_ _8 “__ Y
S4g =573 =577

The conversion is completed by dividing the 12 (the number of inches

in a foot) into 4.375.

Here is a series of steps for the conversion.

First convert the fraction of an inch to a decimal of an inch.

Second add the whole inches to the decimal of an inch.

Third divide the new number by 12 (the number of inches in a
foat).

Finally add in the whole feet.

own above, 10.91666666 rounds off to 4 decimal
place and the number to the right of it{s a
to 7, and all of the numbers to the right of




Example:

7
73'7 :-g“ (expressed as a fraction of a foot: 73—121 )

ale

Divide the fraction of the inch: 13+ 16 =.8125"

Add in the whole inches: 7" + .8125" = 7.8125"

Divide by the number of inches in a foot: 7.8125" + 12" = 6510’
Add the whole feet: 73 + .6510 = 73.6510’

Here is the same example done on the calculator.

Enter 13[+]1 Display 0.8125
+ 7 _ Display 7.8125
- 12 = Display 0.651041666
+ 73 = Display 73.65104167

73.6510' is the answer after rounding off.

Practice 5: Convert these measurements to decimals of a foot (first, create a fraction).
Round the answers off to 4 decimal places.

(1)
@)
(3)
(4)
®)

6' 6" 6 1233
1" 10" (7) 42 9%
353 ® 111
16'8 L+ 9 96 3l
234 8" (10) 37'5 12«



Convertin Decimals to Fractions

In the field, calculations are made to obtain a needed measurement.
Decimals are used in calculations, but measurements are made in fractions,

S0 you will convert your final answers from decimals to fractions.

Convertin g Decimal of an Inch to a Fraction
To convert a decimal of an inch (.375) to a fraction of an inch @). simply

reverse the method you used to convert a fraction to a decimal. Multiply the

decimal of an inch by the denominator that you will be using. Since the

accuracy generally needed in our trade is based on ﬁof an inch, 16 is the

most often used denominator. If more accuracy is needed, 32 can be used.

The nearest whole number of the answer will be the numerator.

Example: 375 (the decimal of an inch)
x16 (the denominator)
6.000 (the numerator)

. 6 " N o 3(1
You now have the fraction T6 » Which is reduced to 3".

When working problems, seldom do you end up with a decimal that will

convert to an even sixteenth.You have to round off the numerator to the
closest whole number., A decimal such as .6327 multiplied times 16 gives

an answer of 10.1232. The answer is the numerator and the multiplier is
the denominator.

For example:
p -6x31267 Numerator 10,1232

10.1232 Denominator 16
Round off the numerator to the nearest whole number and the fraction

10 5
reads Te ° and when reduced, R

Remember: When rounding off to the nearest whole number, if the
decimal is S or more you go up to the next whole number If the decimal
is below .5 you use the existing whole ‘number For example, 3.49 will
round off to 3 and 3.5 will round off to 4.



Practice 6: Convert these decimals to the closest sixteenth. Reduce to the lowest
fraction possible.

(1) .4375" (5) .9426"

(2) .6250" (6) .1743"

(3) .2912" (7) .8267"

(4) .5555" (8) .3164"
Notes

10



Converting a Number with Decimals to a Mixed Number

. -

To convert inches with decimals (9.5) to inches and fractions (9%), you

Mmust first subtract the whole inches (9) so that you end up with just the
decimal (.5) in the calculator. Since you are converting so you can make g
Imeasurement, it sometimes helps to write the whole number down when
you subtract it out. Then write the fraction next to the whole inches.

Example: 9.1875"
9.1875" - 9" = .1875" Write down £% g» or 9%"
1875x 16 =3 3 is the numerator I¥° g 13—6“

lowest term when necessary.

(1) 12.375" (5) 74.1725"
(2) 4.6" (6) 19.5737"
(8) 99.913" (7) 37.4189"

(4) 56.78" (8) 23.0892"

v



Converting a Decimal of a Foot to a Fraction

To convert a number with feet and a decimal of a foot (9.5') to a number
with feet, inches, and a. fraction of an inch, simply reverse the process used
to find the decimal of a foot. Subtract the number of whole feet, then
multiply the decimal of a foot by 12 (the number of inches in a foot). The
whole number in the answer is the inches. It helps (o write the numbers
down while you are doing the conversion.

Write down
6.75-6'=.75 6'
J5x 12" =9" 6'9"

Most of the time when you multiply by 12, the answer is a whole number
and a decimal. That decimal is the decimal of an inch, and the whole

number is the whole inches. To change the decimal of an inch to a fraction
of an inch, subtract the whole number and multiply the decimal times 16.

Write down
Example: 73.65104' - 73' = .65104' 73"
65704 x 12 =7.81248" - 7" = 81248 737"

.81248 x 16 =12.9996 (round off to 13) 73'7 %«

Practice 8: Convert these whole feet with decimals to feet, inches, and fractions of
inches. Reduce the fractions when necessary.

(1) 2475 (7) 33.894'
2 1.9 (8) 75.128'
(38) 3.333 (9) 84.439'
(4) 170.863' (10) 4.567'
(5) 53.125' (11) 8.298'
(6) 42.7429' (12) 12.997°

\Z



Treat the numbers below as either measurements that need to be
converted to decimals for use in the calculator or answers from the
calculator that need to be converted to allow you to measure in the field.

Remember to look at the sign for feet '

determine which way you approach each problem.

(1)
(@)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)

If you worked through these problems with confidence, move on

11.6485"
5.9624"
42' 3

14 3
16.7437"
28'5
10.123"
333

3.345'
148' 11 2+

(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

93.7564'
23 I3

72.5649"
47'6 ="
89.6789'
56.4569"

1.0032"
43
24.9643"
47' 5 L

felt a little awkward, work the previous sections again.

\3

or the sign for inches " to

. If you



Treat the numbers below as either measurements that need to be
converted to decimals for use in the calculator or answers from the
calculator that need to be converted to allow you to measure in the field.

Remember to look at the sign for feet ' or the sign for inches " to
determine which way you approach each problem.

(1)
@)
(3)
(4)
)
(6)
(7)
8)
9)

(10)

If you worked through these problems with confidence, move on

11.6485"
5.9624"
42' 3"

14 12«

16.7437"
28' 5 2
10.123"
333«

3.345'
' S
148' 11 2

(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

93.7564'
23 L+

72.5649"
47'6 "
89.6789'
56.4569"

1.0032'
3«
43

24.9643"
476 L

felt a little awkward, work the previous sections again.

\3

. If you



Memory Aid

Doubling a Fraction

To double a fraction, you normally multiply it times 2, then reduce to the lowest denominator.

Example:

By

alving a Fraction

To divide a fraction in half, we were told in school to invert and multiply. The shortcut is just to
multiply the denominator by 2.

To find half of these fractions, multiply the denominator by 2.

38 ,_ .8 38 7. _,_ 7 _1
8 “ " 8x271 8 <" 8x2" 16
8,,_.8 3 6 _,_ 5 _5
47 T 4x2°8 8 " 8x2 16

\H



Halvin Mixed Numbers

For example, 32 gbelongs in the first category (mixed numbers with even whole

numbers).

) - 32
In this case, divide the whole number by 2: 5 =16
Use the short cut for dividing a fraction: 8x 2~ 16

Add them back together: 16 17—6
7. 7
Half of 32 gls 16 35

11 -g— belongs in the second category (mixed numbers with odd whole numbers)

In this case, divide the whole number by 2: 121 = 5.5

Drop the remainder to make it a whole number of 5.

Add the numerator to the denominator: 5 + 8 = 13 (13 is the new numerator).
Then double the denominator: 8 x 2 = 16 (16 is the new denominator).
When you put the two together, the fraction is :—g.

Your final answer is 5 }—2;.

This drawing shows how it works.

11+2=6X=5

13

16
5+8=13
8x2=16

\5
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Angles

Angle is a very important term and has many definitions. The three
definitions below will cover most of what we need.

L. The shape made by two straight lines meeting in a
point.

2. The space between those lines.

3. The amount of space measured in degrees.

37°

ertex

Vertex is the point where the two straight lines come
together to form the angle.

fo



Angle Names

Names are given to angles with certain characteristics. These names will be
used throughout the book.

—_—

A zero degree angle has no space between the (wo
Zero Degree

lines.

~ S An acute angle is any angle between 0° and 90°.
Acute

L A perpendicular has a 90° angle between the two

Perpendicular lines. It is also called a right angle.
Obtuse An obtuse angle is-an angle between 90° and 180°.
===l N . . : o
Straight A straight angle is one of 180°.

A central angle is an angle in which the vertex is
located in the center of the circle.

17
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Degrees

Degrees are the units of measure for angles. One degree is equal to ﬁof

the complete rotation of a circle. The center of the circle is the angle's
vertex.

EGIOTOH circle

10

You shouldn’t be surprised to find out that there are 360° in a circle.

Each degree can be divided into 60 minutes. 1° = 60
Each minute can be divided into 60 seconds. 1' = 60".
The symbol for: degrees is °, minutes is *, seconds is ".

Degrees, minutes, and secorids can also be expressed as degrees and a
decimal of a degree. An example is 37° 42’ 17" expressed as 37.7047°.

Most scientific calculators can in both ways. The key for
degrees on my calculator looks like . but the key on another brand

may look like DMS. You will need to refer to your calculator manual to
determine the correct key for degrees. Most calculators display answers in

the form of degrees and a decimal of a degree. Unless you are just curious,

there is little reason to convert this figure to DMS (degrees, minutes,
seconds).

Ly



Degrees and Circles

A circle has 360°, a half circle has 180°, a quarter circle has 90° and an
eighth of an circle has 45°.

It is important to understand how a circle is broken down when cutting
elbows. We will cover this in more detail in another section.

180°

Degrees and Triangles

The sum of the three angles which make up any triangle will always equal
180°

74° 60° .
74 550 60° 30 1?30
To0° 50- 33°
510 55 30 117

A right triangle will always have one angle equal to 90° and two angles
whose sum is 90°, making a total of 180°.

Angle symbol for a right angle

2
56° c6e 620
34° 28°
90° 90°
90° 34° 180° g° 90°  180°

Normal angle symbol

\9



SOLVING ANGLES WITH A WATCH

C
,Iy“(/r

Each minute equals 6°
Each space between numbers equals 30°

A 30° angle is 5 minutes
A 45° angle Is 714 minutes
A 60° angle Is 10 minutes

Instructions:
f the watch with the inter-

one chalk line lines up with

3. Take a reading in minutes on the other chalk line.
4. Multiply the reading by 6 to find the angle.

Example:

On sketch shown above, the chalk line co;rers the
I1-minute mark. }

Solution:
The angleis 11 X 6 — 66°.

20
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Squares

A number is squared by multiplying it times itself. On the calculator, x2
will square whatever is in the display.

Example
Enter 3 Display 3
x2 Display 9

Here are some examples of squares:

12 = 1x1 = 1

22 = 2x2 = 4

32 = 3x3 = 9

42 = 4x4 = 16
52 = 5x5 = 25
62 = 6Xx6 = 36
72 = 7X7 = 49
82 = 8x8 = 64
Q2 = 9x9 = 81
102 = 10x10 = 100
a2 = axa = a2
b2 = bxb = b2
c2 = cXcC = C2

The last three examples use a letter instead of a number. Those letters
are called variables. Variables represent any number or an unknown

number. In this case they show us the rule that any number squared, is the
number times itself.

21



Most of the numbers you will be squaring will be mixed numbers such as
inches and fractions and feet, inches, and fractions. You will have to convert
the fractions to decimals then square.

Example: What is the square of 4' 9 ;75“?

7
9_
(49752 = (4 1—}26‘)2 = ( 9"11375 "2 = (4.786456333)2 = 22.9102

Enter 7 16 Display 4375
+9 = Display 9.4375

12 = Display 786458333

4 = Display 4.786458333

x2 Display 22.91018338

Practice 9: Use the x2 key to find these squares. Round off to 4 decimal places

(1) 102 (5) 5.56252
(2) 232 © (992
(8) 2302 7 112

4) 1752 (8) 252

L
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Square Roots

Square root poses the question: what number, times itself, will equal this
number? Another way of asking the same question is: what number has
been squared to get this number? Our best known square root, V2, is

1.4142°, and is used to calculate a 45° offset. The x key will find the

square root of whatever is in the display on your calculator.

16

Example: Find the square root of 16.

Vx|

Display 4

You can check yourself by squaring the answer
4 x2

Display 16

Here are some examples of square roots.

i nn

nn

Il

sRRRIEsT

O T O NOODAWN —

The last three examples use variables instead of
numbers. These examples show another rule of math,
the square root of a number squared is the number. For

example: V4 or V22 = 2.

Every number has a square and a square root.

* This square root has been rounded off to 4 decimal places.

23



Practice 10: Find the square root of the following numbers using the @ key. Round

off to 4 decimal places.

(1) 2 (5) 256

@ 69 6) 1037
(3) 145 (7) 94.5625
(4) 17 % (8) 14 g

Nofes

24
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Right Triangles

a*+b°= g2

This formula® will allow you to verify that a triangle is a right triangle,
and to calculate the length of the third side of a right triangle when the
other two sides are known. The letters a, b, and c¢ are called variables, and

they represent the lengths of the three sides of a right triangle.

The variable c is always used to represent the

hypotenuse. The hypotenuse is always the

I\
qJO‘B

longest side and is always directly across from C

the 90° angle. The other two sides are often
aor

called the legs.

At this point, it really doesn’'t matter which one of the legs you call a or

b, as long as you make one a and the other b.

* This is the formula from the Pythagorean Theorem. The theorem says that the square of the
hypotenuse is equal to the sum of the squares of the other two sides in a right triangle.

15



The 3-4-5 right triangle is often used because it is
simple to work with. Let's use this triangle to show how
the formula works to verify that this is a right triangle.

a2 +b2=c?
32+42=52
9 + 16 = 25

25 =25

Since the numbers on both sides of the = mark are the same, the 3-4-5
triangle is a right triangle. Please note: This is a rule! Any triangle that can

be worked this way is a right triangle.

Notes

16



tinding the Length of the H otenuse

In this example, we know the length of
the legs a and b, but not the length of the
hypotenuse. The original formula is used, but
in a different format.

The formula for determining the length 8
of the hypotenuse when the length of the
two legs are known is

a2+b2=c

Replace the variables with the lengths of the legs, do the calculations,

and the result is the length of the hypotenuse.

a2 +b2=c¢
62 +82=c Warning! Do not add 62 + 82 to get 142. It doesn't
36 +64 = ¢ work!
V100 =c¢
10=c
Here is how to work this formula on the calculator. Remember that

the keys x2 and Vx react to whatever is on the display when they are

pushed.
Enter 6 x2 + display 36
enter 8 x2 display 64
= display 100
\x " display 10

17



10 is the length of the hypotenuse.

60

90°
80

Practice 11: Find the length of the hypotenuse using the two sides given. Round off to
4 decimal places.

or
b a
a2+b2=c
If you have problems squaring the mixed numbers refresh your memory
on TA®B 7

(1) a=9  b=12 (7) a=83y b=11'11 7¢'
(2) a=15 b=20 (8) a=16.73" b =27.32"
(8) a=21" b = 33" (99 a=103'3" b=76'7"

(4) a=25" b=7.75" (10) a=18 b=24

(5) a=9§“ b=617—6“ (11) a=17 %“ b= 23:—2“

6) a=7'9" b=34" (12) a=24 b =45

A



12
15
18
21
24
27
30
33
36
39

12
16
20
24
28
32
36
40
44
48
52

3 -4 - 5 RIGHT TRIANGLE

4

10
15
20
25
30
35
40
45
50
55
60
65



~indin thelLen ofal

[f you know the length of the hypotenuse and the length of one of the legs
and want to know the length of the other leg, the right triangle formula
can again be rearranged to find the answer. The variable that represents
the unknown side will need to be on a side of the equation by itself. Since
you are naming the sides, it can be either a or b.

The formula needed to find an unknown leg when the other sides are
known is:

a= c2 - b2 Notice that under the square root symbol, you
subtract the square of the known leg from

b= c¢2- a2 the square of the hypotenuse to find the
unknown leg.

Example:

If the hypotenuse is 150 and one of the legs is 90, what is the length of the other
leg? Let's say 90 is side b.

The hypotenuse is always c.

When we put these numbers into the formula, they look like this.

a= ¢2-h2
a= 1502.902
a= 22500 -8100 a b
or
a= 14400 b a
=120

20



Here is how it is done with the calculator

Enter 150 x2 -

enter 90 x2

Vx

display
display
display
display

120 is the third side, a .

22500
8100
14400
120

Practice 12: Find the length of the third side. Round off to 4 decimal places.

(1)
(2)
(3)
(4)
(5)
(6)

b= c2-a2
a=12 c=15
a=9; c=17L
a=7 c=19
a=5%2" ¢=9'5"
a=78' c =100
a=14" c=24"

or

(7) a=7375 ¢ = 125625
(8) a=23.9375 «c=49.25

(9) a=4 c=16
(10) a=10 c=22
(11) a=5 c=10
(12) a=103  c_o

2



lames of the Sides of a Right Trian le

Knowing the names of the sides of a right triangle is very important.
Besides being a part of the vocabulary of niath‘ these names can be used to
communicate which side of a triangle you are referring to without using a
diagram. You are about to study the ratios of these sides, and if you misname

the sides your calculations will be off.

av

The gray shading
indicates the

H1I

ADJACENT reference angle. OPPOSITE

The hypotenuse is the side directly across from the 90° angle and is always

the longest side of a right triangle.

The other two sides are assigned names according to the reference angle”.
The side next to the reference angle is always the adjacent side.

The side directly across from the reference angle is always the opposite

side

It is important to realize that the names of the opposite and adjacent sides

change when y‘ou move from one reference angle to the other.

* The reference angle s never the 90° angle.

32



Ratio of Sides

What is a ratio? A ratio is the comparison by division. You divide one
factor into another for comparison. In sports, ratios are conslantly flashed
on the TV screen. In baseball, they indicate a player's number of times a(
bat compared to his number of hits. This ratio is called a batlting average.

Hits
At Bats

[n basketball, a ratio of shots attempted to shots made is called shooting

average
Shots made
Shots taken
A ratio of sides of a right triangle is determined by comparing the length

of one of the sides of the right triangle to the length of another side.

opposite side hypotenuse

adjacent side ©T opposite side
These ratios can be expressed as either fractions or decimals.

The ratios of the sides are directly related to the number of degrees in
the reference angle. A relationship between the ratios of the sides and the
number of degrees in a right triangle has been known for years. It was found
that a right triangle that had the same angles as another right triangle also
had the same ratio of sides. A system was worked out that enables us to
compare the ratios to a chart (these days we use a calculator) and find the
degrees of the angles. You can also use the same chart to find the ratio of
sides for the different angles. What this means is that if you take the time to
learn the names of the functions and the ratios that are assigned to them,
you will be able to find the degrees of the angles of any right triangle just by

knowing the length of two siaes.
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To introduce ratios, the 3-4-5 right triangle will be used again

With each angle, there are only six possible ways that
the sides can be divided into each other, so there are only

3
six possible ralios for each angle. The six ratios for the
reference angle shown (indicated by the shading) are -as 4
listed:
Opposite 3 Hypotenuse = 5
Hypotenuse 5 Opposite -3 o
Adjacent 4 Hypotenuse 5 .
Hypotenuse = 5 Adjacent 4 2
Opposite 3 Adjacent 4 =
Adjacent T4 Opposite -3
ADJACENT
The Functions
Each ratio has been assigned a Sin 8 Opposite Cosecant¢ - Hypotenuse
name. Hypotenuse Opposite
: ) Adjacent _ Hvpotenuse
These names are called functions Cosine 0 _ Hypotenuse Secant 6 = Adjacent
Every angle has six functions. _ Opposite Adjacent
ry ang Tangent® _Kgﬁacqf Cotangentd Opposite

This chart shows the functions and the ratios for this reference angle.

The key to understanding right triangles is understanding how the ratios of

sides, the functions, and the angles are related. 6 represents the unknown

angle.
O 3 H 5
Sine 6 H § 6000 Cosecant 0 o 3 16666
A 4 H 5
Cosine 0 H § 8000 Secant 0 A 2 1.2500
(@] A 4
Tangent 6 A % 7500 Cotangent 6 o 3 13333

0 is the Greek letter theta. It is a variable which is used to represent the
degrees of an angle when the degrees are unknown. In the function chart
above, 0 is used to represent any angle. For example, the sine function can

be read: the sine of any angle is the hypotenuse divided into the opposite
side.
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You will see the functions abbreviated quite often. Here are the standard

abbreviations

Sinef= Sin o Cosecant6 = Csc 6
Cosine 8= Cos 0 Secant8 = Sec 6
Tangent0 = Tan 6 Cotangent6 = Cot 6

Practice 13: Determine the six functions for each of the angles” of these right triangles
Express your answers as decimals and round off to 4 decimal places.

Remember, there are two reference angles in each triangle.

3.26"

* Other than the right angle(90°)
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+1emo  Aid

There is a learning trick that can help you keep the functions straight. Simply remember this
sentence: Oscar Had A Heap Of Apples. If you memorize this sentence, you can keep the

functions in correct order. As you can see, this phrase uses the tirst letter of each of the sides.

Oscar Had A Heap Of Apples
Opposite Hypotenuse  Adjacent Hypotenuse Opposite Adjacent
Sin = Opposite Oscar
mn= Hypotenuse Had
Adjacent A
Cos = H
ypotenuse  Heap
Opposite Oof
Tan = - pp
Adjacent Apples

What you have to remember is sin, cos, tan, and Oscar had a heap of apples. The other

functions are remembered by the order in which they are placed.

(Sine Cosecant
(Cosine  Secant

The tangent and the cotangent are easy to remember
Look at the other two sets.

Sine Cosecant

Cosine  Secant

You can’t have the two S’s or the two Co's on the same line!

The third part of remembering the order is to realize that the Sip :?{ Csc = o)
functions on the right side of the chart are inverse to the functions Cos = A Sec = H
on the left side. What this means is that the numerators and é{ ﬁ:
denominators are reversed in position. Tan =+ Cot=745

If you need the secant to an angle, just remember that the secant is across from the cosine

(therefore its inverse) and cosine relates to the second pair of words in Oscar had a heap of

.. Adjacent . Hypotenuse
apples. That means that cosine is Hypotenuse ° SO secant is Adjacent

I hope you find this helpful.
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Finding the Angles of a Right Triangle

The ratio of the sides is used in determining the degrees in an angle.

Finding the Anale Using the Calculator

The scientific calculator has a group of keys called the arc function keys.
The arc function symbol is the -l in the upper right corner above the
function name. The arc function keys display the angle when given the

correct function.

There are three arc function keys on most calculators

Arcsine displays the angle when you enter the sine of a reference

angle.

Arccosine displays the angle when you enter the cosine.

Tan' Arctangent displays the angle when you enter the tangent.

The three other arc functions—arccosecant, arcsecant, and arccotangent
—can also be used to find the angles, but they require another step. For the
present, use the arc functions that are on the calculator.

Opposite

Hypotenuse
Adjacent

Since you are using only three arc function keys to find the Sine ¢
angle, you need to use only three functions for your calculations. Cosine 6
These three functions deal with al‘l three sides of a right triangle, Tangenta
and Oscar Had A Heap Of Apples will help you remember these

three functions.
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Example

Here's how to find the degrees of the reference angle of the 3-4-5 right
triangle using the calculator.

If the hypotenuse (5) is divided into the opposite

side (3). the answer (%: .6) is the sine of the 3
reference angle. The sin'! key is then used to find 4

the degrees of the angle of that ratio.

o

5

O

|22

=

les]

ADJACENT

Enter 3 - 5 = display 0.6
sin-! display 36.86989765

Round off to 37° (nearest 1§°)*

As you can see, the arc function keys react to whatever is in the display.
On the next practice, enter the number, look at the function to determine
which arc function key to use, and then push that key.

Practice 14: Find the angle of these functions. Round off to nearest% degree.

(1) sin® = .4226 (5) tan© =.5773
(2) tan@=1 (6) sin O = .8756
(3) cos 6 =.3420 (7) cos 6 =.9397
(4) sind=1 (8) tan 6 =2.0503

* In rounding off degrees to the nearest% degree, from 0.00 to 0.249, go down to 0. From 0.25 to
749, go to .5°. From .75 to .99, go to 1°,
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Here is an example of finding the angles of a right triangle by using the
lengths of the sides.

Follow the steps to find the angles of
this right triangle.

86T

3 an"

First, mark the reference angle and
name the sides for that angle.
H 3 "
Opposite = 1 r

susodd
W 8/E 1

Adjacent =3 1

3 an"
) Opposite
Sine 0 PP
Remember that you are working with just three Hypgtenuse
Cosine 6 = Adjacent
functions. Look at those three and decide which one will - Hypotenuse
. . - t6 Opposite
work with the known sides. angento = Adjacent

Tangent is the correct choice, because the known sides are adjacent and

opposite. Tangent is the only one of the three that uses both of those sides.

_9pposite _ 1.375
Tangent 6 = adjacent = 3.5 = .392857142,

With that answer still in the display, push the tan-! key* . The display will

show 21.44773633, which is the degrees of the reference angle. If we

round the number off to the nearest % degree, it becomes 21.5°.

* To find the arc tangent on some calculators, you push a shift key, then the key. It
works the same for the other arc functions as well.
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Since the two angles (other than

the right angle) equal a total of 90°, e

to find the other angle, subtract the

known angle from 90°.
90° - 21.5° = 68.5°

Practice 15: Find the angles of these right triangles. Round off the answer to the
nearest ;—°.

(1) Opp 22" Hyp 34"

(2) Adj 19.375" Opp 27.5"

(8)  Adj 64.9375"  Hyp 78.4375"

(4) Opp 14.5" Adij 29.685"

(5) Hyp <l Opp 2.5'
Notes
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Finding the Angle Using the Functions Table

This is a sample of the functions table on pages 148 and 149. Notice that

the table includes all six functions, plus something you will learn later,
radians.

Degid Radian¥ SinB3d Cos08d¢ Tan6 ¢ Cot8 ¢ SecB ¥ CscH6 ¥

36. 0.6370 0.5948 0.8039 0.7400 1.3514 1.2440 1.6812 0.9338 .5°
7° 0.6458 0.6018 0.7986 0.7536 1.3270 1.2521 1.6616  0.9250 °
5° 0.6545 0.6088 0.7934 0.7673 1.3032 1.2605 1.6427 0.9163 5°

Cos@ T Sin61 Coc6t Tan01 CscO 1 Sec® © Radiant T Deg

The functions table is read in two directions: from the top to the bottom
and from the bottom to the top. Notice that there are angles listed on both
sides. The left side of this table reads from the top to the bottom for 0° to
45° angles, and the right side reads from bottom to top for the angles 45°
through 90°. When reading down the column for Q° through 45°, use the
function names listed at the top of the table. When reading up the table for

45° through 90°, use the function names at the bottom. It is important that
you note the difference!

We worked with the sine of an angle of the 3-4-5 right triangle earlier.

Let's use the same angle for an example again. Here are the functions for a
reference angle of the 3-4-5 triangle.

Sin 6 .6000 Csc 6 1.6666
Cos 0 .8000 Sec 6 1.2500
Tan 6 .7500 Cot 0 1.3333

Look at the functions table on pages 148 and 149.

To find the degrees of the reference angle, go down the sine column
until you get to the number closest to .6000. The closest you will find is

-6018. Reading the angle to the left of that number will give you the degrees
of the reference angle, 37°.
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Degd Radiand Sin84d Cos0¢ Tan8d Cot8 ¢ SecO ¢ CscO ¢

36.5° 0.6370  0.5948 0.8039 0.7400 1.3514 1.2440 1.6812 09338 s35°
37° 06458  0.6018 0.7986 0.7536 1.3270 1.2521 1.6616 0.9250  s3°
37.5° 0.6545  0.6088 0.7934 0.7673 1.3032 1.2605 1.6427 09163 52.5°

CosO 1T SinB1T Cot01 Tan®1t CscH1t SecG 1t Radian?t 1Deg

Notice the degrees of the angle on the right side on the same row, 53°.
This is the other angle in the 3-4-5 triangle and is called the
complementary angle. A complementary angle is found by subtracting the
reference angle from 90° (90° - 37° = 53°). Since the reference and
complementary angles are in the same triangle, both angles use the same
numbers (length of sides) to derive their functions. The sine of the
reference angle is equal to the cosine of the complementary angle, and vice
versa. The chart below shows which functions of the reference and the
complementary angles are equal to each other.

Notice that all of the functions Ref Angle Comp Angle
opposite each other are a name and Function Function
its coname. That makes Sine Cosine
remembering the functions of a Cosine Sine
complementary angle easy. Tangent Cotangent

Cotangent Tangent
Secant Cosecant
Cosecant Secant

Note: If you name the sides wrong,
you will end up with the complementary angle instead of the reference
angle. One way to check yourself is to remember that the shortest side is
always opposite the smallest angle.

Here is a problem which shows how to find the angles using the table.

08

What are the angles of this triangle?

16'0"
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O First: Draw a diagram, and label one of
g
E. < the angles as a reference angle. Then label
Izd the sides for that reference angle.
16" 0"

Adjacent = 16' Opposite = 8

There are two functions you can use if you know

Functions
just the opposite and adjacent sides: tangent or Sin 0 = g Csc 0 = %
cotangent. Cotangent is used this time. A H
Cos 6= H Sec 0 = A
Cot . ad acent 0O A
Otangen = opposite Tan 0= A Cot 0= 0

Cotangent 6 = 18§ Cotg=2

Look at the functions table on pages 148 and 149 under cot 8 for 2. The closest
angle is 26.5°, or 26% °.

The complementary angle is 90° - 26.5° = 63.5°, or 63% °.

Did you notice the complementary angle on the right side of the table?

Practice 16: Find the angles of these right triangles by using the functions table on
pages 148 and 149.

(1) 2)

3'2" 2'6"

(3) (4)

91
W0 €

2| 0"
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Calculating a Right Triangle Using One Side
and One Angle

Right Triangles that have the same v
angles also have the same ratios. ~
Al any point along one side of an 7
angle. a perpendicular line can be 700
drawn (o the other side and a right
triangle formed. In the drawing above,
four right triangles were created this way. All four have the same angles and
the same ratios between sides. The only difference is size.
If any triangles have the same angles, they also have the same side ratios.
If they have the same side ratios, they have the same angles. This is another
important key in understanding the right triangle, because it allows you to

calculate the length of the sides of a triangle based on the functions of a
reference angle.

Knowing one side and one angle (other than the right angle) allows you to
calculate the measurements of the other sides and the other angle.

Determining the unknown angle is easy; subtract the known angle from
90° and you have the complementary angle. Finding the lengths of the
other sides is a matter of rearranging the functions. When you know one
angle and the length of one side, you can rearrange any of the functions to
find the lengths of the other sides.

o= For example:
Multiply both sides by denominator® If you multiply the length of the hypotenuse
Hypox sing = 0P times the sine of an angle, the answer will be
These , oo each other out equal to the side opposite that angle. If the

adjacent side is needed, the cosine of the
Hypo x singé= o . .
angle is chosen instead of the sine.

* If you do the same thing on both
sides of the equal sign, a (ormula
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Below are a function chart and a chart that shows the rearrangement of all

the functions.

Functions Hxsind-0 Oxcschd=H
. O N
5 e: [_{ (,.\L e-— ()
F x cosd =A A xsecH =H
- _A . a_ H
Cos 6= H Sec O = A
Axtand=0 Oxcotd =A
Tan G:Q Corezf‘-
A O

In the chart below, the terms have been placed in a different order to
make the chart easier to read. Notice again that each side of a triangle can

be found if either one of the other sides and an angle are known.

Hypotenuse=csc 6 x Opposite

Hypotenuse=sec 8 x Adjacent
Opposite = tan® x Adjacent
Opposite=sin® x Hypotenuse
Adjacent=cos6 x Hypotenuse
Adjacent=cotd x Opposite

For example: If a right triangle has a hypotenuse of 4' and an angle of 35°,
you can determine the length of the side opposite that angle by finding the

formula in the chart that uses those two knowns.

Opposite = Sin 6 x Hypotenuse
O ite = sin 35° x 4'

Sin 35° = 573576435
Opposite = .573576435 x 4'
Opposite = 2.294305746'

Us the calculator:
Enter 35 sin Displa 0.573576435

X 4 = Displa 2.294305746

9
The length of the side opposite the reference angle is 2.2943'; or 2' 31§"
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There are now two ways to find the length of the adjacent side. You now
know the length of two sides of the right triangle, and you know an angle.
Use Lhe side and angle method first.

To find (he adjacent side when the hypolenuse and an angle are known,
thc cosine of the angle is used.

Adjacent = Cos 6 x Hypotenuse
Adjacent = Cos 35°x4'  [Cos 35° = .81915204 4,

Adjacent = .819152044 x 4'
Adjacent = 3.276608177

On the calculator;

Enter 35 cos Displa 0.819152044
X 4 Displa 3.276608177

The length of the adjacent side is 3.277', or 3' 31% "
The other way of finding the adjacent side is to use two known sides

a= c2-b2

a= 42.2.2943057462
a= 16-5.263838854
a= 10.73616115

a = 3.276608177

Practice 20: Find the lengths of the two missing sides (the angle given is the reference
angle for the side). Round off to 4 decimal places.

(1) 65° opp 3" (5) 27° adj 6 This might be helpful
(2) 45° hypo 3 (6) 52° opp 2 on the practice above
(3) 10° adj 11" (7) 75° hyp 13"

(4) t° opp 1" (8) 87° hyp 98 Hypotenuse=csc8x Opposite

Hypotenuse=sec8x Adjacent
Opposite=tan@ x Adjacent
Opposite=sind x Hypotenuse
Adjacent=cos6 x Hypotenu
Adjacent=cot8 x Opposite
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The 45° Ri ht Trian le

45°
The 45° right (riangle is a special triangle,
because it is the only isosceles right triangle,
which means it has one angle of 90°, plus two

sides and two angles which are equal.

If the length of the two legs of a 45° right triangle is 1, then by using the

formula for a right triangle, you will find that the hypotenuse is equal to Ve.

a2+ b2 =c?
az+b2=c
1+1 =c
1+1=c¢

V2=c

1.414213562 = ¢

Pipe fitters have a rule of thumb on 45° offsets. If the length of one of
the legs is known, the length of the hypotenuse can be found by
multiplying that leg times 1.4142. If the length of the hypotenuse is

known and the length of the legs is needed, then.multiply the hypotenuse

times .7071.
Take note of how these figures are related to the functions on the next page.
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Notice that since the two sides and the {wo angles of a 45° triangle are

equal, the functions pair up. This is the reason that the pipe fitter's rule of
thumb works.

_ opp

adj 1 45°
COS 45°= hypo - 1.4 42 = 7071

1

op 1
Tan 45°= a_d? = 17
1
1

hypo 1.4
CSC 45 = Opp -

hypo 1.4142
Sec 45°= adj i 1.4142

adj 1
Cot 45°= @é - 1

1.4142

The two sides, other than the hypotenuse, are called the legs of the
triangle. As you can see, the legs of a 45° right triangle are and must be
equal. You cannot have a 45° right triangle with unequal legs! I put a lot of
emphasis on this because in the field many people seem to think otherwise,
and this mistake can cause problems. Look at this drawing of a 45° simple
offset. Right triangles for an offset can be drawn two different ways, and they
are both correct.

Notice that the vertexes of the 2"
45° angles are located at the
center points of the elbows. That
is the point that the center line 2 2
of the line of pipe begins to drop
or rise. The distance between the
center points of the elbows is the
hypotenuse of the 45° right
triangle. It is important to know where the triangle is located when you are
doing your calculations. There is more about this in the next module.
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45° Angles, Elbows, and Offsets

A 45° elbow turns a line of pipe T '2.'-,)!_‘_ Al of
away [rom the original run a( a 45° Diop

angle. It is the acule angle located

on the backside of the elbow that is Angle of ~—>?>\
, Risc T Tl

the angle of turn or angle of rise or

angle of drop. Of course, the term

you use will depend on whether the pipe is rising, dropping or turning.
These terms are used with any degree elbow.

This diagram shows that the elbow turns the —
pipe at a 45° angle away from the straight line
that the pipe had been travelling. It also shows
the obtuse angle (135° created where the Anele of Rise —3 459
center lines meet.

~<—— Angle of Drop

Remember that a straight line has an angle of 180°.
135° + 45° = 180°.

Notes

ya






= ,0C oLZ X
Z 092z =
= ADOA\D Y 30 3ADNAZ3AWNDIAVI 9thi* 2 X

H100C

Ao
1Lavz £ LS3M

"WOL-LLT

CAANNIN QS - « LT
H Z0N

50



VIl

Circles

The study of the circle is important in pipe for the simple reason that

pipes are round.

Here are some terms that you will learn in this section. You might want to
look them over now and turn back to them as you need the definitions.

An arc is a curved line.

An arc length is the length of the curved line

The diameter is a straight line from one side of a circle to the
other side that passes through the center. It is abbreviated as
d.

The circumference is the distance around a circle or a
pipe. It is abbreviated as c.



The radius is a straight line {rom the center of the circle to a ———

. Di t
point on the circle. Radius x 2 = diameter. &ry = radius.

radius

Radius is abbreviated as r.

The unit circle is a circle with a radius of 1 unilt.

A central angle is an angle in which the vertex is located at the
— ] center of a circle.

Radian is a measure of arc length based on the length of the
radius. One radian is an arc equal in length to the radius. The
central angle that cuts off this arc is —— or 57.295+°.

radius = 1

77NN . . | .
N A chord is a straight line from one point on a circle to
another point on the circle. The diameter is the longest chord
l\\ / of a circle.
N
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Pl &t

The main symbol used when dealing with round objects is called pi(n).
The symbol n is a letter from (he Greek alphabet and is used in mathematics
to represent a particular number. To a mathematician, it is the whole
number 3 and an endless number of decimal places. Scientists working on

space travel may use a whole page of decimal places after the number 3. The

calculator key n will display 3.141592654, but most of us remember © as

3.14 from our school days.

Pi is the number,

that when multiplied

by the diameter of a

circle, gives you the

circumference of that 3.1416"

circle. Therefore, if

you took a 1" circle and unrolled it, it would measure approximately 3.1416".
In fact, early mathematicians rolled out all sizes of circles, and when they

divided the diameter of the circle into the length rolled out, the same

number, 3.14 (approximately 3%), always appeared. The number was called
pi.

Don’t be confused by all the decimal places. Use whatever is in the
calculator, and round the answer off to serve your need for accuracy. If you

are using a calculator that doesn't have a n key, use 3.1416.
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Circumference
Using the Diameter to Find the Circumference

The distance around a circle, or in our case a pipe, is called the
circumference of the circle or pipe. From the section on pi, you know that

the circumference of a circle is found by multiplying the diameter of the

circle times pi. The formula is stated:

Here is an example of how to calculate circumference on your calculator.

Find the circumference of a circle that has a diameter of 6.

Push [r] [x] Display [3.141592654]

Enter6 [ Display [18.84955592]

18.8496 is the circumference of a circle that has a diameter of 6. The
unit of measurement is whichever unit of measurement you are using. It

could be a unit of measurement such as inch, foot, meter, or mile. If you are

7 .
using inches, then the circumference will be 18 g". but if you are using feet,

it will be 18'10+5".

Practice 21: Find the circumference of these circles. Convert the decimals to fractions.

1) d =2 (5 d = 5"
@ d =35 (6 d= 7% Sl
(3) d = 9 7 d = 10
4 d = 675 (8 d = 25
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Practice 22: Listed below are the nominal pipe size” and the outside diameter (O0.D.) of
several pipes. Use what you have learned above to find the circumference of the pipe.
Use the O.D. as the d in the formula. Convert the answers to inches and fractions of an
inch.

Pipe size 0.D.
(1) 1" 1.315"
(2) 3" 3.5"
(3) 8" 8.625"
(4) 12" 12.75"
(5) 14" 14"
(6) 24" 24"

Usin the Radius to Find the Circumference

The radius is % of the diameter. d =2r If the diameter is 4, then the

radius is 2; if the radius is 3, then the diameter is 6. The plural of radius is
radii. (In other words, we say that there is one radius but two or more radii.)

To use the radius instead of the diameter for finding the circumference
of a circle, ¢ = nd is stated as ¢ = n2r. This formula is accurate since d = 2r.

Example: Find the circumference of a circle that has a radius of 5°.

Pus X Display 3.141592654
2 x Display 6.283185307
5 = Display 31.41592654

. 7 "
The circumference of a circle with a 5" radius is 317"

* Nominal pipe size is only the size that we call the pipe. The actual dimensions of the O.D. and
L.D. may be different. For example: 6 pipe has an O.D. of 6.625" and an 1.D. of 6.065", but the
nominal pipe size is 6"
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Practice 23: Find the circumference of these circles. Convert the answers to the
appropriate whole units and fractions

C = n2r
(1) r=1 (5) =2
(2) r=25 (6) r=1
(3) r=13" (7) r= 9%
(4) r=103 (8) r=60

You can now find the length of a curved line that makes one couinplete rotation
around a center point (circumference). In pipe though, we deal with many curved
lines (arcs) that only complete a fraction of a complete rotation around a center point.
For example, the circumference of a circle that has a radius of 1" is 6.2832", therefore
the circumference of one fourth of that circle would be equal to one fourth of 6.2832" or
1.5708". We also know from an earlier section that circle has a central angle of 360°.
One fourth of 360° is 90°. You can combine the two statements together and say that a
90° section of a circle with a radius of 1" has an arc length of 1.5708". In the next
sections you will learn to find the length of arcs based on knowing the radius of a circle
and the central angle. This information is critical to us because it allows us to mark odd
angle elbows, correctly place nozzles on tanks ands vessels, and run pipe lines

around tanks parallel to the existing nozzles.
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The Unit Circle

[[ T were (o tell you that my car will travel 30 miles on 1 gallon of gas and
then ask you how far I can travel on S gallons, you would multiply 5 times 30
and reply 150 miles. If | were (o (ell you that I could walk 3 miles in 1 hour
and then ask how far I could walk in 3 hours, you would reply 9 miles. In
each case the information [ was giving you was based on the unit 1. The
same type of logic has been used in the unit circle.

The wunit circle is a circle with a radius of one. Because of its simplicity,
the unit circle is used to show the properties of circles. If you learn the

basics of the unit circle, you will then be able to apply the same principles to
other circles.

Since the radius of a unit circle is always 1 replace the r in the
circumference formula with 1.

C=2m
C=(@x1=2)n
C =271 0or6.2832

The circumference of a unit
circle is 2r, or 6.28392.

The central angle for a whole

circle is 360°.
6.2832

Why is the length twice as long as the earlier diagram?

Remember that the diameter is equal to 2 radii. The diameter of a
unit circle is 2.



What is the arc length of a half circle?

If'a whole unit circle has a circumference of 2r,
then a half circle must have an arc length of n, or

3.1416.
180°

¢ 2n
9= 79 which is reduced (o 2' cC=n

o

The central angle for a half of a circle is 3620 = 180°

1
What is the arc length on of a unit circle?

Dividing both sides by 4 will give the answer.

2
49 = Tn which is reduced to 4l c= 3} or 1.5708

o

The central angle for a quarter of a circle is 330 = 90°.

What is the length of the arc of é of a circle?

Divide both sides of ¢ = 2x by 8.

2 1
g = ?n which is reduced to g ¢ = % or .7854

[}

The central angle for an eighth of a circle is 3?90 = 45°,

What is the length of the arc of ﬁ of a circle?

The answer is reached by dividing both sides by
360.

[ 2T . . 1 T
360 = 360 Which ts reduced to 360 C 180 OT

017453292

1 . .. 360°
The central angle for 360 of a circle is 360 = 1°
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Each section on the previous page mentions a central angle and an arc

length.

Here is a chart of the angles and the arc length of the unit circle.

360° = 2t 360° = o1
360° 2n .
o 5 180° =t
360° on oo
4 — 4 90° =3
360° 2r .o
8 8 45° =y
360° 2n o T
360 ~ 360 180

360° = 6.2832
180° = 3.1416
90° = 1.5708
45°=.7854
1°=.017453

There is an established relationship between the central angle of an arc
and the length of that arc. That relationship is expressed in radians.

ladians

The relationship between the length of an arc of any circle and its central

angle is expressed in radians.

This chart shows the radians for
the five central angles shown in the
chart above. Notice that radian
measurements are equal to the arc
lengths of the unit circle. There is a
more complete chart included in
the functions table on pages 148
and 149.

360°
180°
90°

45°

1°

= 27 radians
= rt radians

-z radians
-2

T .
=4 radians

i .
- 180 radians

= 6.2832 radians
= 3.1416 radians
= 1.5708 radians

.7854 radians

= .017453 radians

In pipe work, radians are used to find the arc lengths of curved lines. In
Module Two, they are used to find the measurements of the throat and the

back of odd angle elbows.
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Compare the central angles, the circumferences of the unit circle (arc
lengths), and radians on the chart on the next page.

Central Circumference of

Circle  Angle  Unit Circle or arc Radians On the right side of the chart is the
_. _length
Whole 360° o o1 or 6.2832 column called radians. Notice that the
1
2 180° - nord.1416  numbers for radians are the same as
! ” : 708 .
4 90° 2 20015 the arc lengths of the unit circle.
1 n b
o ~ 0or.7854 .. .
‘13 451 4 4 This is one of the formulas for radians.
i n T
16 22; 8 g O -3927
1 1 n n -« Arc Length
30 11, 16 16 07 19635 Radians= ~Radias —
1 . n Lor
360 1 180 180 ) .
017453 We will use it to show that equal central
angles have the same radians.
#1 #2

In the circles above, the 65° central angle cuts off arc lengths of 1.1345"
and 9.0757". To show that the radians of those central angles are equal,
divide the arc lengths by the radii of the circles.

arc arc
9= rfadius 8= Tadius
1. .0757
65° = 1.1345 radians 65°= 1.1345 lans

Findin the Radians for a Central An le

The previous example shows that equal central angles have the same
radians, but how are the radians of a central angle found?



The central angle of 1° is equal to 1%5 radians, or .017453 radians. If you

multiply the central angle (65°) by the radians for 1°, the answer will equal
the radians for that central angle. This is true for all central angles.

T 65T .
65 x 160 = 180 = 1-1345 radians.

n radians = 0 1t

180 180 radians

Angle 6 =06 X

Remember that 6 is the variable for any angle

Example:
Find the radians for 37°.

ngle 6 = 180 radians
Angle 37° = % radians

., 116.239
Angle 37 =7180 radians

Angle 37° = .6458 radians

Here's how to use the calculator to find 37° in radians

Enter37 x n = Display 116.2389282
180 Display 0.645771823

The radians of a 37° angle are .6458.

Practice 24: Find the radians for these central angles

(1) 1o° (5) 72°
(2) 48° (6) 39°
(3) 57° (7) 22°
(4) 65° (8) 84°

Gl



Finding the Arc Length Using the Radius and Radians

///
[l the radian measure of a 30° e
22 w0

central angle is .5236, then the ~ o

(0.
arc length of a 30° central angle / “
with a radius of 5 is 5 x 5236, or D

—- A

2.6180. 1 5 B

Radius x Radians= Arc Length

Example: What is the arc length of 43° central angle located in a circle with
a radius of 9"?

Arc length = radius x radians radians = 43° x % =.7505
Arc length = 9" x 7505
Arc length = 6.75" or 6 4§"

Practice 25: Find the length of the arcs with these central angles and radii. Convert
answers to whole numbers and fractions.

(1) 51> ¢ (7) 33° 8'
(2) 24°  qov (8) 90° 1.75"
(8) 45° 45 (9) 72° 84"
(4) 80° 3 (10) 41° 5.465"
(5) 65° 7.5 (11) s° 48"
(6) 16° 11 (12) 27° 100"
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VIII

=lbows

Three types of elbows are covered in module two: butt weld elbows,

screwed elbows, and socket weld elbows. The following section is a brief

description of each type.

Screwed Elbows

A screwed elbow is attached to the pipe by threads.
The pipe, which has male threads, is screwed into the
elbow, which has female threads. The eclbows are
factory made, with the female threads already in place.
We usually cut the male threads into the pipe on the
job site, using a threading machine.
Poor threading causes the largest number of errors in the fitting of
screwed pipe. Screwed piping can be fitted as precisely as any of the other

types, but a great deal of care is require:d during the threading and assembly

to do so.
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Socket Weld Elbows

Socket weld elbows have a hole, called a SOCKET WELD
sockel, bored into the faces of the elbows.  Wdd .
The socket is slightly larger than the O.D. of 16
the pipe. The pipe is inserted into the socket
of the fitting, pulled back % then tacked. J

After the fit is complete, the welder finishes
the filet weld.

Weld

Butt Weld Elbows

A butt weld elbow is not inserted into the
elbow, but is held a welder's gap (see below) away
from the pipe before being tacked. The pipe and
the elbow are beveled, since the welder has to
make a solid weld through the wall of the pipe.
Unlike the other elbows, butt weld elbows can be
cut and rebeveled to any angle that is needed.

Welder's Ga

In calculating fits with butt weld elbows,
there is a measurement over which the pipe
fitter has no control. It is called the welder's
gap. The width of the gap is the distance that
the welder feels comfortable with, and what he-
feels will help him make the best weld. It is best
to ask the welder the gap width he wants before
making any calculations.

Welder's Gap
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Marking Butt Weld Elbows

In the field, it is often required that 90° butt weld elbows be cut down to
smaller degree elbows. If (hese elbows are marked and cut correctly, not
only will the angle of the elbow be correct, bul the face of the clbow will
remain circular instead of becoming egg shaped. Welders do not take too
kindly to egg shaped fits, so try to avoid them in order to keep peace in the
family.

[n the first module, you learned to calculate arc lengths using the radians
of a central angle and a radius. You are now going to put that knowledge to
use in learning how to mark elbows.

When there is a need to cut a smaller Anatomy of an elbow
degree elbow, there are two things that need
to be accomplished with your cut. One: you

must cut the elbow to the exact angle needed. A e e %
Two: you must cut the elbow in such a way that | 0
the opening at the face will remain round. The g_: ?:i
opening must remain circular in order to get a 3: “ &
good fit for the weld. To accomplish that, the \|7 Angle

radius for the cut elbow must remain the same . - — D Face
as the radius of the original elbow. Radius ‘

To cut an elbow down to a smaller degree, you need a line as a guide by
which to cut. In order to create a line, you need at least two points to
connect. There are two places where we can calculate the correct angle for
the new elbow using the radius. They are the inside arc of an elbow and the
outside arc of an elbow, also known as the throat and back of the elbow.
Since the throat and the back of the elbow are arcs, the formula for arc
length is used to determine the distance from the face of the elbow to a
point on the line of cut.

To find the two arc lengths needed, Arc Length = Radians x Radius
use the formula for arc length. As you
can see, you need to know the radians
for the degree elbow, and the radius.

The first calculation is to find the number of radians in the degree of the
angle of the new elbow.
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The first calculation is to find the number of radians in the degree of the
angle of the new elbow.

0xmn gi
Angle 6 ="1gg radians

Remember, equal angles have the same radians.

The second part of the formula is radius. For each elbow, there are three
radii: the center radius, the inside radius, and the outside radius. While we
need only the dimensions of the inside and outside radii for our calculation,
the center radius is needed to find them.

We refer to the center radius of an elbow Anactomy of an elbow
as the radius of the elbow. The center radius N
1
Jor B.W elbows is 15 times the nominal pipe =

cor . Center line
size’. This is one of your knowns, since you : A
always know the pipe size with which you are | :S 9
working. (One exception is the 5 butt weld : A i
elbow which has a 15 " radius.) : :EE 2 i
{ | | Angle
The inside radius of the elbow is found by vVYIZ Ang
subtractingzlthe O.D. of the pipe from the _CJL>>50R :
_:._)>

center radius of the elbow.

The outside radius of the elbow is found by adding % the O.D. of the pipe
to the center radius of the elbow.

Look at this drawing of a 6" B.W. elbow to see how the lengths of the radii
are found.

6"B.W. LRElbow The center radius
Dixnensions O.D. 6" X 1.5 - gll.

The O.D. is 6.625"
%O.D. is 3.3125".

The inside radius
9" - 3.3125" = 5.6875".

Radius The outside radius
9" + 3.3125" = 12.3125"

we call the pipe, not to be confused with the actual size of
meter (I.D.) of 6.065" and an outside diameter (0.D.) of
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You now have all the information needed to calculate the two arc lengths
using the arc length formula.

The outside arc length is found by multiplying the outside radius times
the radians of the central angle of the elbow.

The inside arc length is found by multiplying the inside radius times the
radians of the central angle of the elbow.

Example: Find the measurements for cutting a 6" 37° B.W. elbow

First Find the radians for 37° Angle 0 = % radians’
o 37 x3.1416 _
37 180 radians
37° =
Find the inside and outside radii of The inside radius is 5.6875".
Second ;6900 B W. elbow. The outside radius is 12.3125"
Third Find the inside and outside arc radians x radius = arc length
lengths of the 37° elbow. The inside arc:

6458 x 5.6875" = 3.6730" or 31

The outside arc:
6458 x 12.3125" = 7.9511" or 75

These are the actual measurements used to mark a 6" 37° B.W. elbow.
There is a center arc that is seldom calculated, because the sides of the

elbow are usually marked using a square and a protractor.

5 11/16" Inside Radius
12 516" Qutside Radius

* Some people prefer to memorize .017453, which is —1%(5 ,and then multiply 6 x .017453
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Practice 28: Find the inside and outside arcs for B.W. elbows for the angle and pipe
size given.
Arc Length = Radians x Radius

Angle NPS  Pipe O.D. Angle NPS  Pipe O.D

(1) 60° 8" 8.625 (5) 30° 12" 12.75°
(2) 45° 4" 45 . (6) 55° 18" 18"
(3) 67° 2" 2.375 (7) 15° 6" 6.625"
(4) 22° 10" 10.75 (8) 86%" 14" 14"

There is a chart in the back of the book that shows the inside and outside
radii of the different size elbows. However, it is best to learn the process for
finding the two radii first, then use the chart with the problems in later
sections to save time.

Easy Way Out

The procedures shown on the previous pages allow you to calculate
the arc lengths of the elbows without physically having an elbow. There is
another method that works when you are in the field with the actual
elbow: Measure the back of the elbow, divide the distance by 90, then
multiply the answer times the degree of the elbow you need. The answer
is the measurement for the back of the new elbow. Repeat the procedure
for the throat.

What you have done is found the arc length for one degree, then
multiplied it times the desired angle. It is important that you measure both
of the new arc lengths from the same face.
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Marking a 45° B.W. Elbow

The elbow that is cul most often in the field is the 45° B.W. elbow. You

can use the methods that you have just learned; however, the trick of the

trade method is quicker and simpler. The logic of this method is simple:

Since 45° is 9%—0, a 90° elbow cut in half will yield two 45° elbows.

Measure the back of the elbow, and Divide.
divide the distance by 2. That is the arc out::((j:e
length for the 45° elbow. Use that by 2
measurement to mark the back of the and
elbow. mark
it
Measure the throat, and divide that
measurement by 2. That is the inside arc
length for the 45° elbow. Measure up the
throat and mark the new length on it.
Divide Remember, it is important to measure
inside from the same face for both the throat and
arc the back of the elbow. It doesn’'t make any
b2y difference with 45° elbows, but it will with

and mark it

other elbows, so develop the habit of
doing it right.
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Marking the sides of the elbows can be difficult, except in this case. Find
a scrap piece of wood or anything that has parallel sides about half the
height of the elbow. Use it as a marking block.

With (he elbow and the
marking block on a flat
surface, place the block beside
the elbow and mark a line
\/’:/:/ AR along the top of the block on

NN X the side of the elbow. Turn the

) elbow over and set it on the

other face, keeping the

marked side toward you. Place the block beside the elbow again and mark
another line across the side.

Y
LR Py LIRS AR 4
A N N N e O N YA N RN
LA v 4 PR AR AR a4
A AT T T NN NN

Repeat the process on the other side of the elbow.
The point at which the lines cross will probably not be the exact center
of the side of the elbow; however, it will be a point on the cutting line.

You now have four marks on the elbow. Connect

the four marks with a soapstone. (For the smaller

elbows, I use a small pocket rule that has a 41" wide

blade as a guide. For the medium size elbows, I use a
broken portaband blade, and for the larger elbows, a
wraparound.) When you look at the elbow from the
side, the mark should be a straight line.

1






IX

Take Out

FACE
Every line of pipe that is G =CENTERLINE FACE
:GT'QD
run involves the calculations of
take outs. As you can see in the o
. . . Gap:::iiria:
drawing, the center line is SIMPLE 90°
OFESET

extended a certain distance
beyond the pipe by the the

elbow.

TO

The take out of a fitting is the distance that a fitting extends the center
line of a run of pipe past the end of the pipe. In order to find the correct
length to cut a pipe for an offset, it is necessary to subtract the take outs and
welder’'s gaps from the overall length of the run. For that reason,
determining the correct take out for the fittings being used is essential to
good pipe fitting.

Note on the drawing that the face to face measurement is equal to two

take outs. This is true for all 90° offsets.
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Take Out Formula

Anatomv of an elbow

- One of the main
goals of this book is . Center line
to show how to

locate the right

&
QUI] 'J';)'I'U'Dj

Rad u

45 triangles in the E
problems. They are :
v

I often hard to spot. V.
Adjacent . p Y S

Radius : Radius :

<

The take out formula is a good example. The take out formula is derived
from a pair of right triangles that are in every elbow. The adjacent legs of
these right triangles are formed by lines that come from the vertex of the
angle of the elbow, to the center of the faces. The center lines that come
into the elbow from the faces form the opposite legs. The hypotenuse is
created by a line that divides the angle in half and ends at the point where
the center lines of the elbows meet.

The drawing shows the two triangles being discussed. Notice that the
adjacent sides are equal to the radius. (The radius of a long radius elbow is

I%times the NPS except for the % elbow). The opposite sides are equal to

the take out for the elbow. You can also see that the angle located at the
vertex is one half of the angle of the elbow.

State the knowns and needs;
Known: The angle

(always half the angle of the elbow)

The adjacent side

the radius,which is 11 x NPS except for the  “ elbow)
2 2

Need:  The opposite side
(the take out of the elbow)
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Hypotenuse =csc 6 x Opposite

Hypotenuse =sec 6 x Adjacent The chart shows that the formula needed is:
Opposicc = tan @ x Adjacent Opposite = tan 6 x adjacent
Opposite = sin 0 x Hypotenuse
Adjacent =cos 6 x Hypotenuse

Adjacent =cot 0 x Opposite

Each time you calculate a take oul, you could
go through the right triangle and this formula, but let's look at this formula
in a different way. We already know that the opposite side is the take out of
the elbow, so you can substitute take out for opposite:

Take out of the elbow = Tan ¢ x adjacent.

We also know that the adjacent side is equal to the radius of the elbow:
Take out of the elbow = Tan 6 x radius of the elbow.

We know, too, that the angle of the triangle is equal to % the angle of the

elbow:
0
Take out of the elbow = Tan 5 of the elbow x radius of the elbow.

The take out formula is shortened to:
Take out = Tong x radius of elb

This formula works Jfor all B. w.
elbows. Below are drawings showing the triangles within a 45° elbow and a
37° elbow.

1" 45°ell 6" 37°ll
o
o S
— e
] &
Rudius of elbow 15" Radius of clbow 9™

As you can see, the process above would be used to find the opposite
sides for these triangles. Therefore, the take out formula works for these
elbows as well.
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Butt Weld Elbows

90° B.W. Elbows

Look at this drawing of a 1" 90° long radius B.W.
elbow. The radius of the elbow is shown by the
dotted lines on the bottom and on the left. The take
out is shown by the dotted lines on the right and the
top. The radius and take out for 90° B.W. elbows are
equal.

snipey

Radius

To show why they are equal, let's use the formula for take out

0
Take out = tan 5 X radius of elbow

o

Take out = tan gg X radius of elbow Radius = 1

N | =+

Take out = tan 45° x 1 % Tan 45° = 1
Take out =1 x 1 %

Take out = 1 %“

On 90° elbows only, the radius and the take out are always equal, because
the tangent for 45° is 1. The radius for elbows cut from a 90° elbow will
remain the same as the 90° elbow, but the talke out will change depending
on the degree of the elbow.

Do not use ? as a substitute for tan % . In other words, don’t take the

tangent of the whole angle and divide it by 2. Divide the angle by 2, and then
et the tan ent of the half an le. It makes a difference.
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45° B.W. Elbow

The 45° elbow is the next most commonly used B.W. elbow. We have to
split the discussion of the take outs for 45° B.W. elbows into (wo sections:
the f(ield cutl 45's, and the factory made 45's.

Field Cut 45° B.W. Elbows

If you cut a 90° B.W, long radius elbow down to a 45° elbow, the take out

formula will give you the correct take out.

Example: Here is how you would use the take out formula to calculate a 1"

field cut 45° B.W. elbow.

Take out = Tcméa x radius of elbow

1" 45° el

o

Take out = tan 425 X1.5"

Nk

Take out = tan 22.5° x 1.5 (tan 22.5° = 4142) Radius of elbow 15"
Take out = 4142 x 1.5"
Take out = .621"



Facto Made 45° B.W. Elbows

It is necessary to separate the factory made 45° B.W. elbows from the
field cut elbows for two reasons: First, all the factory made 45° elbows below
4" have longer than standard radii: therefore, they have different take outs.
Second., if the take out formula is used with factory made elbows (10" and
above), the answers are Tlg " off the standards chart.

The 45° B.W. elbow.Take Outs The 45° BW elbow.Take Outs
Ppe sze FedCut Factory Pipe size Field Cut Factory
Made Made
1 5. )
2 8 8 8 5 5
3 15 7 3 1
4 32 16 10 ©16 ©a
5 7 7 1
1 8 8 12 "6 73
1 15, 1 . 3
15 16 '3 14 876 84
1 3 15,
2 U % 16" %16 10"
1 9 3 3. 1,
%5 16 4 18 16 "y
7 7. 1.
3 s 2 20" 12 15 123
1 1 11, 1.
4 2 > 2 2 “ 20 13 16 13 5
1 1 E " «w
3 3
6 3 4 32

Differences in factory made and field cut 45° B.W. Elbows

" 1 1
Below 4 The difference in the take outs varies from 39 to 4 '
From 4" to 8" Both have the same take out
10" and up ere is a slight between standards set for

the manufacturers and the elbows we cut in the field

The differences between the two types may seem slight. However, in offsets,
elbows are used in pairs. Therefore, the difference is doubled.

If you use factory made 45° B.W. elbows, use the standards charts in your
pipe manuals for the take out.

If you use field cut 45° elbows, use the take out Sformula.

* This standard should be 13% “. However, until the standard is changed, 13 15 " will remain as the
standard.
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Odd Angle Elbows

An odd angle elbow is any elbow other than a 90° or 45°. When using odd

angle B.W. elbows in an offset, the take.out is found by using the take out
formula.

Take out = Tan g x radius of elbow

Here's how to calculate the take out for a 6" 37° B.W. elbow

o

37 .
Take out = tan 5 X radius of elbow Radius of 6* elbow = 9"
Take out = tan 18.5° x 9" tan 18.5° = .3346
Take out = .3346 x 9"
Take out = 3.011"
6" 37°ll

10°¢

Radius of clbow 9"

Practice 29: Find the take out for these B.W. elbows

Pipe size Degree Pipe size Degree
(1) 12" 28° (6) 1" 85°
(2) 8" 70° (7) 10" 60°
(3) 6" 33.5° (8) 4" 48°
(4) 18" 30° (9) 24" 10°
(5) 2" 20° (10) 14" 51°
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Screwed and Socket Weld Take Outs

Remember that take oul is the distance that the fitting extends the

center line of the pipe past the end of the pipe.

There are several kinds of screwed and -

socket weld elbows:

Kuler

however, I tend to

Center 10 end

approach them all in the same manner. I

Radius ,

measure the elbow from its center to end, then

Flat Surface

subtract the distance that the pipe is inserted

into the elbow. The answer is the take out. The amount of pipe that is

inserted into the elbow is called the make up.

90° Screwed Elbows

Look at this drawing of a 1" 90° screwed elbow

13/16

11/16"

The distance from the center to end of the
elbow is 15". The make up of the threads is

l.lll
16 -
1 17" 11||_13l|
2 16 16
134
The take out® is 1g -

* The take out will not be correct if the threads are cut too deep or too shallow or tightened too
much. The key to the correct take out for a scr :wed fitting is not just in the calculations, but
also in the threading and tightening of the pipe. In the field, with a number of people using the
same machine, it can be difficult to maintain the correct thread depth.
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90° Socket Weld Elbows

With socket weld elbows. the pipe is SOCKET WELD )
116

pushed all the way into the socket, (hen

pulled backlslﬁof an inch before the first

3 I !
tack is made. The Ié must be taken into o
N
consideration when calculating the take out 116" |58
N
of socket weld fittings. t

The socket in this drawing is i—é" deep, but ‘

1
the make up is 15" less.

45° Screwed and Socket Weld Elbows

To find the take out for any type of 45°
elbow, put the fitting on a flat surface and
place a ruler on the face of the elbow.
Slide the ruler down until it touches the
flat surface, and read the rule at the
center of the face of the elbow. That
measurement will be the radius of the
elbow. Use this radius in the formula for
take outs to calculate the center to end

distance for the elbow. With socket weld and screw elbows, once you have
found the center to end mmeasurement, subtract the malce up from .the

center to end measurement to find the actual take out.
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Pi e Offsets

In piping, to offset means to continue a line of pip\e on a new elevation, or
tn a new direction, or both. An offset of pipe is used to make a transition
from an original elevation or direction to a new elevation or direction.

Most offsets are simple, involving just 90° elbows, but at times there are
other lines in the way that cause the offset to be more complex. Whether the

offsets are simple or complex, they can all be calculated using the properties
of the right triangle.

When calculating offsets, remember that they are calculated with the
center lines of the pipe. The size of the pipe and the type of the elbow do
not enter into the calculations until it is time to find the cut length of the
pipe.

One of the tricks of the trade is to draw the offset in a box. The box has 6
sides that are rectangular planes, and there are several other planes that can
be formed on the inside of the box, If the sides are divided by drawing a
diagonal line between opposite corners, you create two right triangles. Here
is a sample box.

As you can see, the inside of the box

has more rectangles and triangles. Since

Offset Box you can calculate right triangles, you
should be able to figure any angle and the

length of any line in the box. Work one triangle at a time to keep from

becoming confused.
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26.
63.5

63

26 5° creale two right triangles (hat are

4 equal in every way.

The diagonal line is a common side of the two triangles.
26.5° and 63.5° are complementary angles. If they are added together,
their sum is 90°, which is the angle of the corner of the rectangle.

As you can see in the drawing, the lengths of the sides opposite each other
are equal. If all four sides were equal to each other, the Tectangle would be a
Square, and the right triangles would be 45° right triangles.

Divide them into triangles with a diagonal
f the diagonal. The dimensions in each
. Round off the angles to the nearest half

(1) 6 13 (7) 16" 3"
@ 47 33 ® 3 3
3) 14" qgr 9 57 oy
4 20 gy (10) 43" g
(5) 2" 4 (11) 125" 13.75"
6) 5 g (12) 23" o3¢

for butt weld elbows: however, you should

pes of elbows, since the main difference is

ngths of the pipe. You can do simple and
rolling offsets with screwed and socket weld fittings. The only offsets you can't do with
Screwed or socket weld fittings are those with odd angle elbows.
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Simple Offsets

When you are running a line (hat is level to ."’ "
the ground. a simple offset will move the
center line of the pipe to another position
that is either level or plumb with the starting )
center line. With a line that is plumb to the ¥
ground, the simple offset will move the ‘. ‘
center line either north, south, east, or west.

The reason that it will move in one of
these main directions is that most of the
equipment and structures on our jobs are set S LS
to major lines of the compass. Since our
measurements usually come from the beams or columns, the measurements
for offsets will come from the center lines of those beams and columns.

90° Simple Offset

The most common offset is a 90° simple offset. It moves a line of pipe to
a new location using 90° ells*. A simple 90° offset requires little calculation.
The length to cut the pipe is usually the most important consideration.
Here is a 1" butt weld line with a 90° simple offset.

The offset is 5% “. To find the cut

length of the pipe, the take out of two / 112"

3/32
90° elbows and two welder's gaps are = \ Simple 90°
subtracted from the length of the run. 256 ogfsct

The run is the path that the pipe takes 332~
to get to the new center line. The take 12"
out and the welder's gap have been

discussed previously. My welders
generally ask for a 35 £ap, but é" is also commonly used.

* Ell is a shortened name for elbow.
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Run - 2 T.0. - 2 gaps = cut length
5.5" - 2(1.5") - 2(.09375") = cut length
5.5"-3"-.1875" = 2.3125" or 2 %"

. 1
Practice 31 Find the cut length of the 90° offsets. Use a 8 " gap, and remember that the

take out for a 90° elbow is 1.5 times NPS

offset pipe size offset pipe size
(1) 24u 61( (5) 1711 3"
(2) 6‘1 Oll 2" (6) 7!7!( 1Il
(3) 11" 1.5" (7) 19'11" 8"
(4) o 3 (8) 2242 12"

45° Sim le Offset

The 45° simple offset is the next
most common offset. This offset again o sud v
will stay level or plumb with the
original center line, but will travel to 452;;;’["'6
the new center line at a 45° angle.

Notice the triangle created with the
dotted lines. It is a 45° right triangle,
with legs 24" in length. The vertexes of both 45° angles of the right triangle
are located at the center of an elbow. In order to fabricate the offset, you
need to know the length of the hypotenuse of the triangle.

31.5"

To find the hypotenuse of the triangle, you Hypotenuse = csc 8 x Opposite

. . Hypotenuse = sec @ x Adjacent

can use either the cosecant and the opposite Opposite = an@ x Adjacent

side, or the secant and the adjacent side.* For Opposite = sin @ x Hypotenuse
Adjacent = cos0 x Hypotenuse

this example, we will use the cosecant and Adjacene =cot 0 x Opposite

opposite.

Hypotenuse = Csc 0 x opposite

Hypotenuse = Csc 45° x 24" Csc 45° = 1.4142
Hypotenuse = 1.4142 x 24"
Hypotenuse = 33.9408"

&«
Youcanuse aZ+b2=c,
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To determine the cut length of

© } the pipe, you need to subtract
© two 45° take outs and 2 welder's
gaps from the length of the
t;:f hypotenuse.*
Y
. The take out for a 6" 45° B.W. elbow is
TO = _lakc out 75"
Face = face of elbow T.0 3. :
Run-2T.0.-2 =cutlen h

33.94" - 7.5" - 1875" = 26.2525"
The cut length for the pipe is 26 :;“

Practice 32: Find the cut lengths for these 45° offsets (the welder's gap is 5—2 ") Use
field cut elbows.

Remember that both sides of a 45° right triangle are equal.

Offset NPS™ Offset NPS
(1) 37" 2" (7) 27" 12"
(2) 14" 3" (8) 41" 6"
(3) 63" 14" (9) 56" 4"
[l it 1“
(4) 4 1 (10) 5 2
(5) 77" 8" (11) 21 20"
(6) 1 1|4|| 1%“ (12) 18‘5%“ 10"

:tWhen the hypotenuse is also the center line of the pipe it is called the run
Nominal pipe size.
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Face to Face

Every offset has a face to face
measurement. [{ is the distance
between the parallel faces of the \
elbows of an offset. The length of
the [ace to face for this 45°
simple offsel is figured by adding
the length of the bottom leg and O - Tk ou o
two take outs for 45° elbows. IN  Face = facc of elbow : iT.0.
the sketch of the previous 6" pipe F““ 59 Frgs messuremens.. ./
example, the face to face

offsec

measurement is 24" + 7.5,
making a total of 31.5", or 31%“. The face to face measurement of a 24" 45°

offset of 6" B.W. pipe can only be 31.5". I emphasize this because some
people have a tendency to think that this number is changeable. It is
changeable only if you change the length of the offset, the angle of the
elbows, or the size of pipe.

The face to face of the other types of offsets are not covered here, but you will benefit by

calculating some of them on your own.

Practice 33: Find the face to face measurements of each of the offsets in Practice 32.

The Shortest 45° Simple Offset

The shortest 45° simple offset is two 45°
elbows welded together. How much would that
offset the center line of the pipe? Using 4" as the
pipe size, let's use the knowns to calculate the
length of the offset. The knowns are the take outs
and radius for the 45° elbow. Since there is no
pipe involved in the run of the offset, the hypotenuse of the 45° right
triangle is just two take outs and one gap. The take out for each 4" factory
made 45° elbow is 2.5", and one gap is .09375"; therefore, the length of the
hypotenuse is 5.09375".
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To find the length of the offset. find the Iength of the
opposite.
Opposite = sin 8 x hypotenuse ©
Opposite = sin 45° x hypotenuse

Opposite = .7071 x 5.09375" Adj
Opposite = 3.6018 or 3 2"

This is a chart which shows the shortest 45° offsets. Notice that
the chart is divided into two sections: field cut 45° ells and factory
made 45° ells. A quick look at the numbers show why they must be
shown separately.

i e Take out - out
Size  Field Cut Field Cut actory Factory
45's 45's Made 45's Made 45's
3 0.625" 0.9502"  0.625" 0.9502"
i 04660" 07253 04375 0.6850"
1" 0.621 0.9450" 0.875 1.3037"
17 0.7767" 1.1646" 1 1.4805"
13~ 0.9320"  1.3843" 1.125" 1.6573"
2 1.2 1.8236" 1.375" 2.0108"
25 1.5533"  2.9630" 1.75" 2.5411"
3" 2, o 2.8947"
3 21746  3.1416" 225" 3.2482"
4" 2.4853"  3.5810" 2.5" 3.6018"
5 3.1 4 3.125" 4.4857"
6 3.7279" 5.3383" 3.75" 5.3695
8"  4.970 7.0957 5 7.1373"
10" 6.2 32"  g8.8530" 6.25" 8.9050"
12" 7.4558 10.6103 7.5" 10.6728"
14" 8.6985 12.3677" 8.7 1 4405"
16" 9.9411"  14.125 14.2083
18" 11.1838"  15.8824"  11.05 15.9760"
20" 12.4264 7.639 1 5 17.7438
22" 13.6690"  19.3971" 13.5 19.1580"
24" 14.9117  21.15 15" 21.2793"
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Odd Angle Simple Offsets

Odd angle simple offsets are used when a 45° or 90° offse( will not work.
They require more work, since the elbows have to be calculated and cut:
however, sometimes you don't have any choice butl to use them. In the
previous offsets, the angles of the elbows were known. In this offset, you

know just the lengths of the legs. Odd angle simple offsets always have legs
that are unequal in length.*

To solve odd angle offsets, I usually find the angle of the elbows, the
length of the run, and then the cut length.

To find the angle of the elbows, you must find
the angle of rise or angle of drop.

HYAN

20

As you can see in the drawing, the angle of rise
and the angle of drop for simple offsets are
located at the backs of the elbows. With the
position of the reference angle known, you can

€491

20 name the sides and use the arc function to

determine the degree of the angle.

3 .
20" is the adjacent side for that reference angle and 163" is the opposite
side.

3
. 165
Tangent = opposite 4

-1 _ o
adjacent 20" tan”’ =39.95

Both elbows have an angle of 40°.

W$L91

If this is a 14" line of pipe, then the cut
length of the pipe is figured in this manner:
20°

* The 45° simple offset has equal length legs.
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First, you would need the length of the hypotenuse
a2+ b2 = ¢2
a2 +b2=¢c
16.752 + 202 = ¢
280.5625 + 400 = ¢
680.5625 = ¢
26.0875 =¢
The length of the hypotenuse, or run. is 26.0875".
Second, you need the length of the take out for a 14" 40° elbow. Thal is
found using the take out formula.
Take out = tan g—x radius radius of 14“ ell = 21"

Take out = tan 20° x 21" tan 20° = .3640
Take out = .3640 x 21"
Take out = 7.6434

Third, you need the cut length of the pipe.
The formula for cut length is

Cut length = Run - 2 T.O. - 2 Gaps Gapisy"
Cut length = 26.0875 - 2(7.6434) -2(.125)

Cut length = 26.0875 -15.2868 - .25
Cut length = 10.55 or 1019_6 !

Practice 34: Find the angle of the elbows and the cut length of the pipe for these
offsets. Use a 35 dap. Round the angle to the nearest half degree.

a b NPS f
(1) 23" 17" 4
2 2' 3 6 a
(3) 1.7" 219“ 3
(4) 16 19" 14 ¥
(5) 9' 14" 1
(6) 4'g" 7'5" 2
7 112 45 1 3
(8) 83" 6" 10

There is a chart of factors on page 195 for the shortest simple offsets. The shortest simple
offsets consist of a pair of equal odd angle elbows welded together. To find the angle of the
elbows needed, divide the offset distance by the nominal size of the pipe you are running.
Compare the answer to the factors in the chart and find the closest match. Use that angle as the

angle for your elbows.
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Combination Offsets

A combination offset uses a 90° elbow® and another angle elbow, in order

to accomplish an offset and a change of direction in one shot.

90° - 45° Combination Offset

The most often used combination offset is the 90°-45°. It is calculated

exactly the same way as a 45° simple offset, except for the take outs. Here

are two views.

10"

Look at the second drawing. The cut length is calculated by subtracting one
90° take out and one 45° take out, instead of two 45° take outs.

Practice 35: Find the cut length of the pipe for these 90°-45° offsets. Don't forget to
subtract the 535 gaps. Use field cut 45° elbows

Offset NPS Offset NPS
(1) 22" 3" (5) 34" 6"
(2) 2!3“ 8" (6) 7!4!! 16“
(3) 57" 12" (7) 6' 10"
1 [ [} _3_u "
(4) 10 4 (8) 12'33 1

* A tee can be used instead of the 90° elbow if needed.
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‘he Shortest 90°-45° Combination Offset

How much would a 90°-45° combination,
with the elbows welded to each other, offset
an 8" line of pipe? When a question like Lhis
is asked, think of what you already know
from the information in the question. The
take out for an 8" 90° B.W. elbow is 12", and
the take out for an 8" 45° B.W. ell is 5". The
sum of the take out of the two elbows is 17",
and the elbows are set at a 45° angle.

That is enough information to calculate the amount of offset.
Opposite = sin 45° x Hypotenuse

opposite = .7071 x 17"

Opposite = 12.02"

This is the smallest offset that a combination 90°-45° for 8" pipe can be.
If you need a smaller offset, use a combination of a 90°- odd angle elbow.

90° - Odd Angle Combination Offset

Calculating a 90° - odd angle combination offset is the same as calculating
a simple odd angle offset, except for the take outs. In this drawing, you need
to figure the angle of rise to find the angle of the elbow at the top of the
offset. The bottom elbow is a 90° elbow that will be turned up at an angle,

equal to the angle of rise.

0L
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First, find the angle of rise using the two sides that are known

_ opposite 12 1 _ o
Tangent = adjacent ~24 = S tan”! = 26.5651

The angle of rise is 26.5°. The complementary angle is 63.5°.

The angle of rise is the angle of the elbow to be used in combination with the 90°
elbow.

63

Ll

The hypotenuse of this triangle is 26.832".
Consider this an 8" line of pipe.
The take out for a 26 1§° elbow is 2.826".

Cut length = Run - T.O. for 90° ell - T.O. of 26% cell-2 gaps(ss—z)

Cut length = 28.832" - 12 - 2.826" -.1875

" 13“
Cut length = 13.819" or 13 {5

What angle do you use to set the 90° elbow? It is almost impossible to get
a correct reading by placing the angle finder on the top of an elbow, but it is
easy to put your angle finder on the face of the elbow. The angle you measure
this way is different than the angle of rise, but the angles are related as you
will see. Take a look at the two right triangles in the drawing below.

Since the center line coming out of the

63.5° elbow is perpendicular to the face, a right

triangle can be created. The face of the 90°

90 €lbow will be at a 63.5° angle, which is the
complementary angle of the angle of rise.
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When you are [itting an odd angle elbow, the face of the elbow will read as the

of the of the rise when the is in the stands

Practice 36: Find the angle of the elbows and the cut length of the pipe for these
combination 90° - odd angle offsets. Use a 3% gap, and round your angles to the

nearest half degree.

a b NPS ?
(1) 32" 13" 4" a
2) 11" 9" 6" &
(3) 37" 2'g" 3"
(4) 26' 19' 14" -
(5) 19 12" q
(6) 8'8" 7!5" 2"

1 [} [} " 3"
(7) 10'2 4'5.75 "
(8) 8'4" 6' 10"
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The Shortest Combination Offsets

The shortest combination offsets are made by
welding an odd angle elbow (o a 90° elbow. The
chart of factors below can be used to find the
correct odd angle elbow to combine with a 90Q°
elbow in order to achieve a combination thal will
give you the shortest offsets. If you divide the
offset needed by the nominal pipe size and
compare the answer with the factors in the chart,
it will give you the angle of the elbow needed to

combine with a 90° elbow for that offset(except in the case of the 15 pipe).

This sample table has 5° divisions There is a full table in the back of the
book.

Offset
For example: You are running an 8" line of pipe and '+ Oell  paiior
need to turn 90° and rise 2 %“. Divide 2%" by 8 X+ 7 0.1364
2.25
225 _ saios 9°+ 1 02833

8 9 + 15° 0.439

The closest factor is the factor with the 10° elbow. That 9°+ 20°  0.6035
9+ 25 0.7745
N+ 3 0.9510
9O+ 3 11316
Practice 37: Find the combination of elbows that allows 9P+ 40° 13151

means that a combination 90° elbow and a 10° elbow

would give you the correct offset.

the offset shown with the listed pipe size. 9+ 45 15000

NPS Offset NPS Offset X+ 1.6849
(1) 10" 9.5" 5) 8 2175 90+ 55 1.8684
(2) 2" 2.25" (6) 4" 1.75" 9O+ 6F  2.0490
3) 3 6.125" 7 12 18" 0+ 6 29955
(4) 14" 235625° (8 6 125" W+ W 23965

XN+ T3 2.5607
9O+ 8 2.7167
W+ 8&° 2.8636
WX+ A 3.0000
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CALCULATIO! OF 459 OFFSETS

e o .__—.q._.
~ 3 offaef

Offset x 1.41 = Travel

For example: Find the travel when offset is 316,

First: Convert the distance to inches ~ 316" = )ou,

Second: Muitiply"offset'b'y I_L'..hl. = 1.4l x ;2 = 59,220

Should the travel be ialown the ofi‘set-can be calculated, X

Travel x 0707 = Offset

For exaxﬁple: Find the offset when the travel is 5"2".
S « gou

Offset in inches = 62 x 0,707 = L3.83" = 31 9.7 /gn

-~
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CALCULATING A ROLLING Ow#SET

Problem: To find travel when offset and roll are known.
Examples If Offset = 8¢
Roll = J0¢

Then: A = V' 30% 8% « "Vigl, = 12.8

Travel = 12,8 x 1.l1 = 18,05 = 3116
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CALCULATIOYN OF THRS% PIPE L5° ‘EQUAL SPREAD OFFSET

—2%" O[)"“::""

H

“"] Set Baclk 4

Q-

Problems

Three parallel lines, spaced 10" center to center
are to be offset 30" and Yo have equal spread. :

Travel = l.ld) x offset = 1Ll x 30t = |42,

Set Back = A2 x C to C = J1h2 x IO = L aller = L-1/8
If x = L', then y = L10" ~ |-1/8" = 317-7/8"

and z = 3'7-7/8" - L-1/8% « 31-3/L.,
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Term

Acute
Ad acent side
Angle

finder
of
O rise
of turn
Arc function
(also called
inverse function)
Arc
Arc
Area of a circle
Back of the
elbow
Bolt hole circle
Butt weld

Center to end
Central e
Chord

Circle

ce
Combination
offset
Combination
ro offset

XII

Glossar

Definition
Any 0°
The side a triangle that is next to reference angle.
1 made twos lines meeting in a point.
2. The space between those lines
3. The amount of measured in
A tool used to angle of a or surface.
The angle that a pipe is directed toward the
The that a line  pipe is directed up
The angle that a pipe is to the side.
to degrees on an when the ratio of sides  the
angle is known. The six arc are: arcsine, arccosine,

arctangent, arccosecant, arcsecant, and arccotangent,

A curved line

a
The measurement of a circle, in square units
The arc  the elbow.

A circle drawn through the center of the bolt holes of a flange

A type of in the end the is welded to
beveled butt of a

The measurement from the center an to face the

An angle in which the vertex is located at the center of a circle.

A straight ine one point on a circle to point on the circle
The diameter is the chord of a circle.

A curved line in a plane that a space, every point

curved line the same distance from the center

The around a or a pipe.

An pipe that uses a elbow another degree elbow. It

offsets and changes direction at the'same time.

An offset that accomplishes a roll and a turn. It is made by using two
different angled elbows, with neither elbow being a 90° ell.
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Common side of

two tria es

Compass

Complementary
s

Cosecant

Cosine
Cotangent

Cut length
Decimal
Decimal fraction

De
Denominator

Diameter

Division bar
Entry point

Exit point

Face
Face to face

Factory made
elbows

Field cut elbows

Formula

Fraction

Aline that is shared by two triangles. It can be the hypotenuse of one
triangle and the leg of the other

A tool used to draw and cu

Two angles whose sum equals 90°. The two lesser angles of a right
triangle are always complementary

One  the functions of an angle. It is found by dividing the hypotenuse
of a t tria theco  site side of a reference a ¢

One o the functions of an [tis fou by dividing the adjacent
side of a reference theh  tenusc

One the functions ofana e. It is found by dividing the adjacent
side of a reference the osite side of a reference

The length of a pipe needed between the elbows  an offset

Shortened version of decimal fraction

A fraction in which the denominator is 10 or a power of 10 (such as 100,
1000, 10,000.etc). The denominator is seldom used; instead, a dot called
a decimal point is placed in front of the numerator. The denominator
can be inferred by the number of decimal places behind the decimal
point. If there is one number to the right of the decimal point, the
denominator is 10. If there two numbers to the right of the decimal
point, the denominator is 100. There will be the same number of zeroes
in the denominator as there are decimal

units  measure angles

The bottom number in a fraction. It is equal to portions that

whole is divided into. In the fraction 19_6 ", the whole inch has been

divided into 16 and the measurement is to 9 of them

A tline m one side of a to the other side passes
the center

The between the numerator and the of a fraction

point at corner o an offset box where the line of pipe enters the
box. If the offset is made with elbows, the entry point will be the center
of the elbow.
point at corner an offset box the line of
box. If the offset is made with elbows, The exit point will
the elbow.
Can be either the face of a pipe or the face of an elbow. It is the end of the
or the end of the
The measurement
the other elbow
or 45° that are made to the set by the American
Society of Mechanical Engineers (ASME). They are singled out in this
book because of the difference in the take outs between the field cut and
made 45° B.W. elbows
Elbows cut 90° e on the j
Fittings used to pipes to or fittings to other
An equation that a rule contains variables are
replaced by numbers when they are known to find unknown quantities.
An example of a formula is the one from the Pythagorean Theorem,
a2 ¢ b2= 2.
way of expressing a portion of a The denominator represents
the portions the whole has been divided into, and the numerator

ves the
center of

the face one elbow an to the face

site

1
expresses the number of the portions measured. The fraction 7 could be
stated as 1 of 4 of the whole.
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Function of an
angle

Functions table
Hypotenuse

Inside arc of an
elbow
Inside Diameter
[.D.)

Inverse

Isosceles right
triangle

Isosceles
e

Jack stands

Knowns
Lateral

Legs of a right
t e

Make u
Minutes
Miter

Mixed number
Needs
Nominal pipe
size

NPS)
Numerator

Obtuse
Odd
Offset

O site side
Outside arc
Outside diameter
(O.D.

Parallel lines

elbow

endicular
Pi(r)

The name of a particular ratio of the sides of a right triangle. The name
of the function will depend on which side is divided into which side
There are six possible ways to divide the sides of a right triangle into
each other There are six functions for each angle. The names are: sine,

cosine, t, cosecant, secant, and
A table o the functions of This allows the viewer to
cither the function of an or the of an

The longest side o a right triangle. It is always loca
from the a
The tarc

directly across

an elbow Iso know as the throat)

The diameter of the inside wa of a pipe

Means turned upside

but let's not cloud the issue.
A 45° right triangle There is only one right triangle that has two equal
legs - the 45° right triangle. There is only one right triangle that has

There are many ways it can be

ual lesser - the 45° e
A has two equal and two eq  angles
Devices to pipe at a working are
and are used in
in that can be by the measurements

A term, in pipe fitting, for a pipe entering a header at an angle other
than
sides  a right triangle other the hypotenuse.
distance a pipe is inserted into a
A division of a There are 60 minutes in each degree
To cut a pipe at an angle
A and a
unknowns of a or the measurements to do a fit.

The size by which a pipe is For example, the NPS of a schedule 40
pipe that has an O.D. of 12.75" and an LD. of 11 9375 is 12".

The top number o a t tes the portions of a

whole.
An angle between 90° and 180°

angle a 90° elbow or a 45° elbow
Us a combination of two and a cut of pipe that
moves a line of to a new
The side  a right triangle that is opposite the nce angle.
The arc  an elbow. known as the back of an

The measurement one ou edge of a pipe to the other outside
edge, going through the center point.

Lines that are in the same plane and will always stay the same distance

A 90° two lines. It is also aright angle.

ratio o circu 0 a circle to its [t is the whole
number 3 and a decimal fraction that has endless decimal places. We
usuall round it off to four decimal for our work.

Loo



Plumb
Radians

Radius
Radius of the
elbow

Ratio
Ratios of the
sides

Reference angle
t
offset
Rolling Offset
Boxes

Rounding off a
number

Run

Screwed elbow
Secant

Seconds
Simple offset
Sine

Socket weld
elbows
Square root

S uare
Stab in

S t e
Take out

Take out formula

Tangent

Exactly vertical. A line that perpendicular to ground is plumb

A measurement of arc length based on the length of the radius. One
radian is an arc equal in length to the radius. The central angle that
o Or 57.295+°.

A straight line from the center of a circle to a point on the circle
The distance from tie vertex of an elbow to the center line of the elbow
[For a long radius clbow, it is 1 %limcs the nominal pipe size with the

1
cuts off this arc is

. 1.
exception of the ;" elbow.
A comparison of one value to another value by ivision

division one of a { triangle by another side The ratios of
the sides are directly related to the number of degrees in the reference

angle being to in any given problem
A triangle with one angle equal to 90° and two angles whose sum is 90°
A 1S to one side

Boxes that are drawn by the to keep
straight when calculating a rolling offset.

sides and length  sides

Appropriate accuracy. There is a point at which the accuracy o your
work is restricted by the tools you are working with. Your calculations
do not need to be any finer than that, so you round the number off at
that point. An example is rounding off to .5°. We do not have the tools to
be more accurate than that; therefore, our calculations need not be any
more accurate than that.

a pipe to get m one center line to center

line
An elbow that is joined to the pipe by threads.
One the functions an angle. Itis the tenuse
ofa the ad side of
A minutes a There are 60 in each
minute of a
Moving center of a line of pipe one location to another

a distance which can be measured
One of functions of an angle. It is found by the opposite side

of a reference the of the
Elbows that are connected to the pipe, by inserting the pipe into
elbow, then welding them together.

A factor of a number, when squared gives that number. A square root
asks what number times itself equal the number under the square root

ol
an times

A expression for a branch entering a header wi t a pre
made
An angle 180° (in a straight line)
The distance ta extends the center of a run of pipe past
the end of the
A formula to find the take out o an elbow take out is:
Take out = Tan % x radius of the elbow.
One the an angle. It is by dividing opposite side

of a reference angle by the adiacent side of a reference angle
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Thet.a -0 A letter of the Greek alphabet that is used as a variable for unknown
____angles or when referring to any angle.

Throat of an The smallest arc of an elbow.

elbow

Triangle of roll a triangle in a rolling offset box that contains (he angle of roll. It is

o ) _usually (he first Lriangiq_cg_l_ciatc_g.__ e -

Triangle an enclosed geometric form with (hree sides. The angles of a triangle

- ~always cqual 180° =
_Unit circle a circle with a radius of 1 unit, N
Variables “letters of the alphabet used as symbols to represen( numbers that
——___ change.

Vertex the point at which two straight lines come together (o form the angle.

Welder'_s_gap_ : —Lhe—sﬁa_ce between a [itting and the pipe that is filled by welding.

Wraparound . a tool_fo_r-Tnming straight lines on pipe.
Zero degree An angle with no space between the two lines. In other words, the two
angle lines are occupying the same space. The difference between a straight

angle and a zero degree angle is that the vertex is in the middle of the
line for a straight angle but at the end of the line for a zero degree angle.
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Tables and Charts

The Dimensions for 90° Long Radius Butt Weld Elbows

Nominal Pipe Center line Inside QOutside
Pipe Size oD Radius Radius Radius

0.75" 1.05" 1.125" 0.6 1.65

1 1.315" 15 0.8425 2.1575
1.25" 1.66" 1.875" 1.045 2.705
15 19 2.25" 1.3 3.2

2 2.375" 3 1.812 4.1875
2.5" 2.875" 3.75" 2.312 5.1875

3 35 45 2.7 6.25
35 4 5:25" 3.25 7.25

4 45 6 3.75" 8.25"
5 5.563" 75 4.718" 10.2815"
6" 6.625" 9 5.687" 12.3125"
8 8.625" 12" 7.687" 16.3125"
10" 10.75" 15" 9.625" 20.375"
12" 12.75" 18" 11.62" 24.375"
14" 14" 21" 14" 28"
16" 16" 24" 16" 32"
18" 18" 27" 18" 36"
20" 20" 30" 20" 40"
22" 22" 33" 22" 44
24" 24" 36" 24" 48"
26" 26" 39" 26" 52"
28" 28" 42" 28 56"
30" 30" 45" 30" 60"
32" 32" 48" 32" 64"
34 34" 51" 34" 68"
36" 36" 54" 36" 72"
42" 42" 63" 42" 84"

\Oo3



The Shortest Simple Offsets

An
0.5°
10
1.5°
20
2.5°
3()
35°
4°
4.5°
50
5.5°
60
6.5°
70
7.5°
80
8.5°
90
9.5°
10°
10.5°
11°
11.5°
12°
12.5°
13°
13.5°
14°
14.5°
15°
15.5°
16°
16.5°
17°
17.5°
18°
18.5°
19°
19.5°
20°
20.5°
21°
21.5°
22°
22.5°

Offset
0.0001
0.0005
0.0010
0.00t8
0 0029
0.0041
0 0056
0.0073
0.0092
0.0114
0.0138
0.0164
0.0193
0.0224
0.0257
0.0292
0.0330
0.0369
0.0411
0.0456
0.0502
0.0551
0.0602
0.0656
0.0711
0.0769
0.0829
0.0891
0.0956
0.1022
0.1091
1162
.1235
1311
.1388
.1468
.1550
.1634
721
.1809
.1900
.1993
0.2087
0.2184
0.2284

sNeoNoBoNeoNoNoBoNolNeNal

An
23°
23.5°
24°
24.5°
25°
25 5°
26°
26.5°
27°
27.5°
28°
28.5°
29°
29.5°
30°
30.5°
31°
31.5°
32°
32.5°
33°
33.5°
34°
34.5°
35°
35.5°
36°
36.5°
37°
37.5°
38°
38.5°
39°
39.5°
40°
40.5°
41°
41.5°
42°
42.5°
43°
43.5°
44°
44.5°
45°

Offset

0.2384
02488
0.2594
0.2701
0.2811
0.2922
0.3036
0.3152
0.3270
0.3390
0.3512
0.3635
0.3761
0.3889
0.4020
0.4151
0.4285
0.4421
0.4558
0.4698
0.4840
0.4983
0.5129
0.5276
0.5425
0.5576
0.5729
0.5884
0.6041

0.6199
0.6360
0.6522
0.6685
0.6851

0.7019
0.7188
0.7359
0.7531

0.7706
0.7881

0.8059
0.8239
0.8420
0.8602
0.8787

Ana
45.5°
46°
46.5°
47°
47 .5°
48°
48 5°
49°
49 5°
50°
50.5°
51°
51.5°
52°
52.5°
53°
53.5°
54°
54.5°
55°
55.5°
56°
56.5°
57°
57.5°
58°
58.5°
59°
59.5°
60°
60.5°
61°
61.5°
62°
62.5°
63°
63.5°
64°
64.5°
65°
65.5°
66°
66.5°
67°
67.5°

Offset
0.8973
0.9160
0.9349
0 9540
0.9732
0.9926
1.0121
.0318
.0516
0716
0917
1120
.1324
.1530
1737
.1945
.2155
.2366
.2579
2792
.3008
.3224
.3442
.3661
.3881
.4102
4325
.4549
4774
.5

5227
.5455
.5685
5916
.6147
.6380
.6614
.6849
.7084
7321
7559
7798
.8037
.8278
8519

e S G W U s VU U e G U S U U T G QY G UG G UGy SO GO

Ang
68°
68.5°
69°
69.5°
70°
70.5°
71°
71.5°
72°
72.5°

73
73.5°
74°
74.5°
75°
75.5°
76°
76.5°
77°
77.5°
78°
78.5°
79°
79.5°
80°
80.5°
81°
81.5°
82°
82.5°
83°
83.5°
84°
84.5°
85°
85.5°
86°
86.5°
87°
87.5°
88°
88.5°
89°
89.5°
90°

| ©S

Offset
1.8761
1.9005
1.9249
19493
1.9739
1.9985
2.0233
2.0480
2.0729
2.0978
2.1228
2.1479
2.1730
2.1982
2.2235
2.2488
2.2742
2.2996
2.3251
2.3506
2.3762
2.4018
2.4275
2.4532
2.4790
2.5048
2.5306
2.5565
2.5824
2.6084
2.6343
2.6603
2.6863
2.7124
2.7385
2.7646
2.7907
2.8168
2.8429
2.8691
2.8952
2.9214
2.9476
2.9737
2.9999

On every job there is
always a run in which a
pipe needs to be offset just
a short distance to line up
with a pump or the
opening in a vessel. To
determine the angle of the
elbows needed for Lthe
offset you can divide the
distance of the offset by
the nominal pipe size and
compare the answer to
these offset factors. For
example, you have a 12"
line of pipe that needs to

be offset 4—%“.

4.375

1o = .3646
The closest offset factor is
the factor for 28.5°. That
means that two 12" 28.5°
elbows welded together

will offset the line about

3!1
45"
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Functions Table

Deg 4 Radianvd

OO
0.5°
lO
1.5°
20

2.

5.5°
60
6.5°

10°
10.5°
11°
11.5°
12°
12.5°
13°
13.5°
14°
14.5°
15°
15.5°
16°
16.5°
17°
17.5°
18°
18.5°
19°
19.5°
20°
20.5°
21°
21.5°
22°

0.0000
0.0087
0.0175
00262
0 9
0.0436
0.0524
0.0611
0.0698
0.0785
0.0873
0.0960
0.1047
0.1134
0.1222
0.1309
0.1396
0.1484
0.1571
0.1658
0.1745
0.1833
0.1920
0.2007
0.2094
0.2182
0.22G9
0.2356
0.2443
0.2531
0.2618
705
0.2793
0.2880
0
54
0.3142

0.3316

0.
3491

0.3578

0.3752

SinGY

0.0000
0.0087
0.0175
0.0262
0.0349
0.0436
0.0623
0.0610
0.0698
0.0785
0.0872
0.0958
0.1045
0.1132
0.1219
0.1305
0.1392
0.1478
0.1564
0.1650
0.1736
0.1822
0.1908
0.1994
0.2079
0.2164
0.2250
0.2334
0.2419
0.2504
0.2588
0.2672
0.2756
0.2840
0.2924
0.3 07
0.3090
0.3173
0
0.3338
0.3420
0.3502
0.358
0.3665
0.3746

Cos0 b

Cos 0V

1.0000
1.0000
0.9998
0.9997
0.9994
0.9990
0.9986
0.9981
0.9976
0.9969
0.9962
0.9954
0.9945
0.9936
0.9925
0.9914
0.9903
0.9890
0.9877
0.9863
0.9848
0.9833
0.9816
0.9799
0.9781
0.9763
0.9744
0.9724
0.9703
0.9681
0.9659
0.9636
0.9613
0.9588
0.9563
0.9537
0.9511
0.9483
0.9455
0.9426
0.9397
0.9367
0.9336
0.9304
0.9272

Sin6 1

Tan 04

0.0000
0.0087
00175
0.0262
0.0349
0.0437
0.0524
0.0612
0.0699
0.0787
0.0875
0.0963
0.1051

.1139
.1228
1317
.1405
.1495
.1584
.1673
.1763
.1853
.1944
0.2035
0.2126
0.2217
0.2309
0.2401

0.2493
0.2586
0.2679
0.2773
0.2867
0.2962
0.3057
0.3153
0.3249
0.3346
0.3443
0.3541

0.3640
0.3739
0.3839
0.3939
0.4040

Cot 9 1

[oNeNeNeNeNoNoNoNoNe]

Cot ¥

114.589
57.2900
38.1885
28.6363
22.9038
19.0811
16.3499
14.3007
12.7062
11.4301
10.3854
9.5144
8.7769
8.1443
7.5958
7.1154
6.6912
6.3138
5.9758
56713
5.3955
5.1446
4.9152
4.7046
4.5107
4.3315
4.1653
4.0108
3.8667
3.7321
3.6059
3.4874
3.3759
3.2709
3.1716
3.0777
2.9887
2.9042
2.8239
2.7475
2.6746
2.6051
2.5386
2.4751

Tan 0 b

148

Sec8 ¢

1
1
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.0000

0000

.0002
.0003
.0006
.0010
.0014
.0019
.0024
.0031
.0038
.0046
.0055
.0065
.0075
.0086
.0098
0111
.0125
.0139
0154
.0170
.0187
.0205
.0223
.0243
.0263
0284
.0306
.0329
.0353
0377
.0403
.0429
.0457
.0485
.06156
.0545
.0576
.0608
.0642
.0676
0711
0748

.0785

CscO 1t

Csc 04

114.593
57.2987
38.2016
28.6537
22.9256
19.1073
16.3804
14.3356
12.7455
11.4737
10.4334
9.5668
8.8337
8.2055
7.6613
7.1853
6.7655
6.3925
6.0589
5.7588
5.4874
5.2408
5.0159
4.8097
4.6202
4.4454
4.2837
4.1336
3.9939
3.8637
3.7420
3.6280
3.56209
3.4203
3.3255
3.2361
3.1515
3.0716
2.9957
2.9238
2.8555
2.7904
2.7285
2.6695

SecO 1t

1.5708
1.5621
5533
5446
1.5359
1.5272
1.5184
1.5097
1.5010
1.4923
1.4835
1.4748
1.4661
1.4573
1.4486
1.4399
1.4312
1.4224
1.4137
1.4050
1.3963
1.3875
1.3788
1.3701
1.3614
1.3526
1.3439
1.3352
1.3265
1.3177
1.3090
1.3003
1.2915
1.2828
1.2741
1.2654
1.2566
1.2479
1.2392
1.2305
1.2217
1.2130
1.2043
1.1956
1.1868

Radiant

90°
89.5°
89¢
50
88°
87
87°
806.5°
86°
85.5°
85°
84.5°
84°
83.5°
83°
82.5°
82°
81.5°
81°
80.5°
80°
79.5°
79°
78.5°
78°
77.5°
77°
76.5°
76°
75.5°
75°
74.5°
74°
73.5°
73°
72.5°
72°
71.5°
71°
70.5°
70°
69.5°
69°
68.5°
68°

T Deg



Degd

SO
24°
24.
25°

26. °

27 °
28°
28.5°
29°

30°

10
31. °

34°

50

37

39 °
40°
40.
41°

42°
42.5°
4 o
5°
44°

Radiand

3927
0 14
4]
0.4
0.4
.4363
0. 1

0
0.4712

— AN

149
0.523

11

0. 585
0.5672
760
5847
0. 1
0.6109
0. 196

70

6632
0.6807
0.
0.7156

0.7330
0.74

ococoo

Cos 6 ¢

0.9239
0.9205
0.9171
0.9135
0.9100
0.9063
0.9026
0.8988
0.8949
0.8910
0.8870
0.8829
0.8788
0.8746
0.8704
0.8660
0.8616
0.8572
0.8526
0.8480
0.8434
0 8387
0.83

0.82 1
0 192

14
0 90

0. 86
0.7934
0.7880
0 7826
0.7771
0. 16
0.76
0.7604
0.7547
0.7490
7431
0 73
0.7314
0.7254
71
0.7133
0.7071

Sin 0

Functions Table

Tan 6 4

0.4142
0.4245
0.434
0.4452
0.4557
0.4663
0.4770
0.4877
0.4986
0.5095
0.520
0.5317
0.5430
0 3
0.5658
0.5774
0.5890
0.6009
0.6128
0.6249
0.6371
0.6494
0.6619
0.6745
0.6873
0.7002
0.7133
0.7265
0.7400
7536
0.76 3
07813
0.79 4
0.8098
0.8
0.8391
0.8541
0.8693
0.8847
0.9004
9163
0.9325
9490
7
0.982
1.0000

Cot 6 1

CotO ¥

2.4142
2.3559
2.2998
2.2460
2.1943
2.1445
2.0965
2.0503
2 7
1.9626
1.9210
1.8807
1.8418
1.8040
1.7675
1.7321
1.6977
1.6643
1 319
6003
1.5697
1.56399
1.5108
1.4826
1.4550
1.4281
1.4019
1.3

1 14
1.3270
1 32
1.2799
1.2572
1.2

1.2131
1918
1.1708
1.1504
.1 03
1106
.091
724
.05

1.0355
1.0 6
1.0000

Tan 8 b

-

[ G Y

149

SecO ¢

1
1

1
1
1
1
1
1
1

1

1
1
1

1
1
1
1
1
i
1
1

1
1

1
1
1
1
1
1
1
1
1
1
1
1

.0824
.0864

904

.0946
.0989
1.
1.1079
1.

1174
.1223
1274
1.
.1379
1.

1034

1126

1326

1434

1
1.
1.
1.

1547
1606
1666

.1728
L1792
.1857
1.
1.
1.2062
.2134
.2208
.2283
.2361
.2440
2 1
.2605
.2690
.2778
.2868
.2960
.3054

1924
1992

.3151
.3250
.3352
.3456

63
.3673
.3786
.3902
.4020
4142

Csc O 1

CscB ¢

2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

2
2
2
2.
1
1
1
1
1
1

1.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

6131
5593
5078
4586
4114
3662

228
2812
2412
2027
1657
1301

.0957
.0627
.0308

0000

.9703
.9416
.9139
.8871
.8612
.8361

8118

.7883
.7655
.7434
7221
.7013
.6812
.6616
.642

243

.6064

5890
5721
5557
5398

5092
4945
4802
4663
4527
4396

.4267
4142

Sec6@ * Radian?t

1.1781
1.1694
1.1
1.1519
1.1
1.1
1.1257
1.11
1.1083
1.0996
1
1.0821
1.0734
1
1.0559
1.0472
1.0385
1.0297
1.0210
1.0123
1
0.9948
0.9861
0.9774
9687
0.9599
0.9512
0.9425
0.9338
.9250
0.9
9076
0
1
0.881
0.
.8639
0

0.83
0.8290
0
.8116
0.8029
0.794
7854

67.5°
67°
66.5°
66°

65°
64.5°
64°
63°
50
62°
61.5°
61°

60°

58°

56

.5°

52°

51°

49.

48
48°
47.5°
47°
46.
46°

T Deg






