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BCcampus Open Education believes that education must
be available to everyone. This means supporting the
creation of free, open, and accessible educational
resources. We are actively committed to increasing the
accessibility and usability of the textbooks we produce.

Accessibility of This Textbook

The web version of this resource Math for Trades: Volume
3 (https://pressbooks.bccampus.ca/
mathfortradesvolume3/) has been designed to meet Web
Content Accessibility Guidelines 2.0 (https://www.w3.org/
TR/WCAG?20/), level AA. In addition, it follows all
guidelines in Appendix A: Checklist for Accessibility
(https://opentextbc.ca/accessibilitytoolkit/back-matter/
appendix-checklist-for-accessibility-toolkit/) of the
Accessibility Toolkit — 2nd Edition (https://opentextbc.ca/
accessibilitytoolkit/). It includes:

+ Easy navigation. This text has a linked table of
contents and uses headings in each chapter to
make navigation easy.

* Accessible math equations. Many of the
equations in this text have been written in
LaTeX and rendered with MathJax, which
makes them accessible to people using screen
readers that are set up to read MathML. The rest
of the equations are rendered as images with
appropriate alternative text.

1
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» Accessible videos. All videos in this text have
captions.

* Accessible images. All images in this text that
convey information have alternative text.
Images that are decorative have empty
alternative text.

» Accessible links. All links use descriptive link
text.
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Accessibility Checklist

Element | Requirements Pass?

Content is organized under headings and

subheadings that are used sequentially. Yes

Headings

Images that convey information include
alternative text descriptions. These
Images descriptions are provided in the alt text Yes
field, in the surrounding text, or linked to
as a long description.

Images and text do not rely on colour to

Images . . Yes
convey information.
Images that are purely decorative or are
already described in the surrounding text
contain empty alternative text
Images . . . Yes
descriptions. (Descriptive text is
unnecessary if the image doesn’t convey
contextual content information.)
Tables include row and/or column
Tables headers that have the correct scope Yes
assigned.
Tables Tables include a title or caption. No
Tables Tables do not have merged or split cells. | Yes
Tables Tables have adequate cell padding. Yes
. The link text describes the destination of
Links Yes

the link.

Links do not open new windows or tabs.
Links If they do, a textual reference is included | Yes
in the link text.

Links to files include the file type in the

link text. Yes

Links
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Audio

All audio content includes a transcript
that includes all speech content and
relevant descriptions of non-speech audio
and speaker names/headings where
necessary.

Yes

Video

All videos include high-quality (i.e., not
machine generated) captions of all
speech content and relevant non-speech
content.

Yes

Video

All videos with contextual visuals
(graphs, charts, etc.) are described
audibly in the video.

Yes

H5P

All H5P activities have been tested for
accessibility by the H5P team and have
passed their testing.

Yes

H5P

All H5P activities that include images,
videos, and/or audio content meet the
accessibility requirements for those
media types.

Yes

Formulas

Formulas have been created using LaTeX
and are rendered with MathJax.

Yes

Formulas

If LaTeX is not an option, formulas are
images with alternative text descriptions.

Yes

Font

Font size is 12 point or higher for body
text.

Yes

Font

Font size is 9 point for footnotes or
endnotes.

Yes

Font

Font size can be zoomed to 200% in the
webbook or eBook formats.

Yes
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Known Accessibility Issues and Areas for
Improvement

Not all tables include a title or caption.

Let Us Know if You are Having Problems
Accessing This Book

We are always looking for ways to make our textbooks
more accessible. If you have problems accessing this
textbook, please contact us to let us know so we can fix
the issue.

Please include the following information:

* The name of the textbook

* The location of the problem by providing a web
address or page description.

* A description of the problem

» The computer, software, browser, and any
assistive technology you are using that can help
us diagnose and solve your issue (e.g., Windows
10, Google Chrome (Version 65.0.3325.181),
NVDA screen reader)

You can contact us one of the following ways:
* Web form: BCcampus IT Support
(https://open.bccampus.ca/contact-us/)

* Web form: Report an Error
(https://open.bccampus.ca/reporting-an-open-
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textbook-error/)

This statement was last updated on August 3rd, 2022.
The Accessibility Checklist table was adapted from
one originally created by the Rebus Community
(https://press.rebus.community/the-rebus-guide-to-
publishing-open-textbooks/back-matter/accessibility-
assessment/) and shared under a CC BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/).
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For Students: How to Access and Use
this Textbook

This textbook is available in the following formats:

* Online webbook. You can read this textbook
online on a computer or mobile device in one of
the following browsers: Chrome, Firefox, Edge,
and Safari.

* PDF. You can download this book as a PDF to
read on a computer (Digital PDF) or print it out
(Print PDF).

* Mobile. If you want to read this textbook on
your phone or tablet, you can use the EPUB
(eReader) file.

« HTML. An HTML file can be opened in a
browser. It has very little style so it doesn’t look
very nice, but some people might find it useful.

For more information about the accessibility of this
textbook, see the Accessibility Statement.

You can access the online webbook and download
any of the formats for free here: Math for Trades: Volume
3 (https://pressbooks.bccampus.ca/
mathfortradesvolume3/). To download the book in a
different format, look for the “Download this book™ drop-
down menu and select the file type you want.
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How can I use the different formats?

Internet . Required | Accessibility Screen
Format required? Device aDDS Features reader
q ’ PP compatib]
WCAG 2.0
An AA .
Internet Compllant,
Online Computer, | browser ggi[zlicrmet(t)ext
Yes tablet, (Chrome, 8 ’ Yes
webbook . and
phone Firefox, bl
Edge, or cqmpatl €
Safar’i ) with browser
text-to-speech
tools
Adobe Ability to
Reader highlight and
(for annotate the
PDF No Cgmputer, reading text..If Unsure
print copy | on a reading on
computer) | the computer,
ora you can zoom
printer in.
Option to
Computer, | An enlarge text,
EPUB No tablet, eReader change font Unsure
phone app style, size,
and colour.
An WCAG 2.0
AA
Internet compliant
Computer, | browser and p
HTML No tablet, (Chrome, compatible Yes
phone Firefox, . hpb
Edge, or with browser
Safar’i) text-to-speech
tools.
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Tips for Using This Textbook

» Search the textbook.

o If using the online webbook, you can
use the search bar in the top right
corner to search the entire book for a
key word or phrase. To search a
specific chapter, open that chapter and
use your browser’s search feature by
hitting [Cntr] + [f] on your keyboard
if using a Windows computer or
[Command] + [f] if using a Mac
computer.

o The [Cntr] + [f] and [Command] +
[f] keys will also allow you to search a
PDF, HTML, and EPUB files if you
are reading them on a computer.

o If using an eBook app to read this
textbook, the app should have a built-
in search tool.

+ Navigate the textbook.

o This textbook has a table of contents
to help you navigate through the book
easier. If using the online webbook,
you can find the full table of contents
on the book’s homepage or by
selecting “Contents” from the top
menu when you are in a chapter.

+ Annotate the textbook.

o If you like to highlight or write on
your textbooks, you can do that by



10 Chad Flinn

getting a print copy, using the Digital
PDF in Adobe Reader, or using the
highlighting tools in eReader apps.

Webbook vs. All Other Formats

The webbook includes H5P tests, videos for practice
questions and solutions, and an audio version of each
chapter. If you are not using the webbook to access this
textbook, this content will not be included. Instead, your
copy of the text will provided a link to where you can
access that content online.

Even if you decide to use a PDF or a print copy to
access the textbook, you can access the webbook and
download any other formats at any time.
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About BCcampus Open Education

by was funded by BCcampus Open Education.

BCcampus Open Education
(https://open.bccampus.ca/) began in 2012 as the B.C.
Open Textbook Project with the goal of making post-
secondary education in British Columbia more accessible
by reducing students’ costs through the use of open
textbooks and other OER. BCcampus
(https://bccampus.ca/about-us/) supports the post-
secondary institutions of British Columbia as they adapt
and evolve their teaching and learning practices to enable
powerful learning opportunities for the students of B.C.
BCcampus Open Education is funded by the British
Columbia Ministry of Advanced Education and Skills
Training (https://www2.gov.bc.ca/gov/content/
governments/organizational-structure/ministries-
organizations/ministries/advanced-education-skills-
training) and the Hewlett Foundation
(http://www.hewlett.org/).

Open educational resources (OER) are teaching,
learning, and research resources that, through permissions
granted by the copyright holder, allow others to use,
distribute, keep, or make changes to them. Our open
textbooks are openly licensed using a Creative Commons
licence (https://creativecommons.org/licenses/) and are
offered in various eBook formats free of charge, or as
printed books that are available at cost.

For more information about open education in British
Columbia, please visit the BCcampus Open Education
(https://open.bccampus.ca/) website. If you are an

11
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instructor who is using this book for a course, please fill
out our Adoption of an Open Textbook
(https://open.bccampus.ca/use-open-textbooks/tell-us-
youre-using-an-open-textbook/) form.

This book was produced using the following
styles: MathForTradesV3-StyleSheet [Word file]
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/
1574/2022/05/MathForTradesV 3-StyleSheet.docx)
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Capacities

Outcomes
. Understanding and working with gallons
. Understanding and working with litres
. Working between gallons and litres
. Understanding the weight of water

13
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1.

Gallons

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=5#oembed-1 (#oembed-1)

In the previous
chapter we took a look at
volume, what it is and how
to calculate it. When
dealing with volume we
ended up working with
units such as cubic feet,
cubic inches or cubic
meters.

Let’s quickly revisit the definition of volume:
Volume is the space which takes up a three
dimensional object.

What if T was to talk about volume but using the term

15
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capacity instead? Would that change your idea of what
volume looks like? What does the term capacity bring to
mind when you hear the word?

Capacity is often referred to as the largest amount of
something (possibly a solid, liquid or gas) that can be held
or contained in a specific volume. You might be thinking
that you’ve heard capacity mentioned in other ways such
as the amount of people that can fit into a stadium or large
venue. You would be correct.

An example would
be the capacity of the
University of Michigan
football team stadium. It
was built in 1926 and has
a capacity of 107,601
people. You heard that
right. It holds over
100,000 people. Crazy! In this case we would use the term
capacity to describe the number of people that can fit into
the stadium. The stadium is also referred to as “The Big
House” for obvious reasons. Although this is not the type
of capacity we will be dealing with it’s still a pretty cool
ex

ample of another version of capacity. S
I’m going to leave it there regarding the
difference between volume and capacity but if
you would like to learn more check out the
following website: Differences Between Volume
and Capacity (https://keydifferences.com/
difference-between-volume-and-capacity.html)
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If you were asked to
find the capacity of the
gas can to the left what
type of units would you be
using to give your answer?

For many of us the
first thing that might come
to mind would be the term
gallon or litre and as it
turns out these are the exact terms we use when describing
capacities. We’ll start with gallons.

Gallons

When you think of
gallons what is the first
thing that comes to mind?
For me its either gasoline
that goes into a car or
maybe milk. The funny
thing about that is we
actually measure both of
these things in litres here in Canada. Whatever the case I
still think of putting gallons of gas into my car rather than
litres although in the future I might not be thinking of
putting either gallons or litres as we might all be headed
towards electric vehicles anyway.

Let’s break it down even further. Are you aware that
gallons can be expressed two different ways? There is the
imperial Gallon and the U.S. gallon. Here in Canada we
generally deal with imperial gallons but as we also deal
with the United States when it comes to products such as
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hot water tanks and boilers we should also be familiar
with the U.S. gallon.

Question: Which do you think is bigger, the
imperial gallon or the U.S. gallon?

Answer: We’ll answer that in the last part of
this section. If you’re curious and can’t wait until
the end and want to dive ahead then maybe take a
look online and see if you can find the answer.

The imperial gallon
story originates in jolly
‘ole England. The English
Weights and Measures Act
came into being during the
1800’s which made the
British Imperial System
the go to place for
defining units. As a result
the imperial gallon
replaced the wine, ale and
corn gallons then in use.

Maybe the first thing
we should do is try and
visualize the size of an
imperial gallon. If we are
going to do that we should have a reference or starting
point.

Let’s go back to the cubic foot that we talked about in
the last chapter. Remember that a cubic foot has 3
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dimensions and we referred to it in terms of volume. Its
one foot by one foot by one foot.

X,
&
1 foot h

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture3.png)

As an imperial gallon refers to capacity it is referring
to an amount of stuff. For our purposes that stuff can be
either a solid, liquid or a gas. The question then becomes
“how many imperial gallons does it take to fill up a cubic
foot?”

Wait a minute? Maybe it’s the other way around.
Maybe an imperial gallon contains so much stuff that
putting it into a cubic foot will overflow the cubic foot?

Any guesses on which can hold more stuff?
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Check out the answer below.

CONTINUE BELOW

As it turns out a cubic foot is quite a bit larger than
an imperial gallon. In fact it’s 6.24 times larger meaning
that you can fit 6.24 imperial gallons into a cubic foot.
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6.24 of these guys fit

into the one of the left
CuB 4) '
FOOT Imperial
gallon

NOTE: drawing not to scale

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture5.png)
This leads up to our first capacity translation.

1 cubic foot = 6.24 imperial gallons

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture19png.png)
Now we can get the volume of a cubic foot and
translate that into imperial gallons.

Let’s try an example.
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Example

Let’s create a question
which not only involves
cubic feet and imperial
gallons but which also
involves a little math from
the previous chapters.

A swimming pool is
30 feet long, 15 feet wide and 4 feet deep. How many
imperial gallons does the pool hold?

(Note: I’m going to have to write a lot of math books
before I can afford that place on the left)

Step 1: Organize your thoughts. Figure out what the
question is asking and what direction you want to take to
get there. What you’ll need to do first is calculate the
volume in cubic feet given the dimension of the pool.

Step 2: Write down the formula for calculating
volume and then calculate the volume.

Volume = length x width x height
= 30 feet x 15 feet x 4 feet

= 1800 f¢3

We’ve established that the volume of the pool is 1800
cubic feet. We also know the relationship between cubic
feet and imperial gallons. Therefore we should be able to
calculate the capacity of the pool in imperial gallons.

1 cubic foot = 6.24 imperial gallons
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Step 3: Work this into an equation using the cross
multiplying technique.

1 cubic foot ~ 6.24 imperial gallons

1800 cubic feet X imperial gallons
1 x X =1800 x 6.24

X = 11,232

answer = 11,232 imperial gallons

Now let’s move on to
the U.S. gallon. We’ll use
the same logic when
dealing with a U.S. gallon
as we did when we were
dealing with the imperial
gallon.

How about a little
history first. Back in 1776 the American Colonies decided
it was time to become independent of the British Empire
and the United States was born. Okay, that might have
been a bit of a simplistic summary but you get the idea.
The newly formed United States decided to adopt the
Queen Ann gallon. Queen Anne ruled England around
1706 and during this time the wine gallon became the
standard measurement for a gallon. A wine gallon was 231
cubic inches which works out to approximately 3.78 liters
(remember those two numbers as they could come in
handy later). Essentially this was the standard used in
England when America revolted and became its own
country.

Let’s starting talking about the capacity of a U.S.
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gallon. Once again we’ll use a cubic foot as our standard.

X
‘@o
1foot

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture3.png)

Question: “Do you think that if you poured
one U.S. gallon into a cubic foot it would fill up the
cubic foot to the point where it overflowed or do
you think you would need more than one U.S.
gallon to fill up a cubic foot?”

Maybe we should reference an imperial gallon here.
Remember that it took 6.24 imperial gallons to fill up a
cubic foot. I would think that although an imperial gallon
and a U.S. gallon are most likely different they are
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probably somewhat close in size as they are both gallons.
From this assumption I would conclude that a U.S. gallon
(like an imperial gallon) is smaller than a cubic foot.

> ‘."QR .
2R ) i,
/ﬁ“/t.\ B

In the end that would be some good
logic. A U.S. gallon is smaller than a
cubic foot just like an imperial gallon
Is smaller than a cubic foot. As it
turns out it takes 7.48 U.S. gallons to
fill up a one cubic foot container.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture20.png)

7.48 of these guys fit
into the one of the left

U.S. gallon

NOTE: drawing not to scale

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture6.png)
This leads up to our second capacity translation:
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1 cubic foot = 7.48 U. S. gallons

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture45-1.png)
Now we can calculate volume in cubic feet and
translate that into U.S. gallons.
Let’s try an example.

Example

The Amazon River in
South America is the
largest river in the world in
regards to discharge by
volume. The volume (or
flow) of the Amazon is
209,027 cubic meters per
second. Yes you read that correctly. That’s per second!!!

How many U.S. gallons per second flows in the
Amazon?

Step 1: As our U.S. gallon capacity translation deals
with cubic feet and not cubic meters our first step it to
change the cubic meters into cubic feet. For that we need to
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go back a chapter or two and find the number which
translates cubic meters into cubic feet.

lcubic meter = 35.31cubic feet

Step 2: Change the cubic meters into cubic feet. Once
again we cross multiply.

1 cubic foot _ 35.31 cubic feet
209,207 cubic meters X cubic feet
1 x X = 209,207 x 35.31

X = 7387,099.17

answer = 7, 387,099.17 imperial gallons

Step 3: Convert the cubic feet into U.S. gallons
remembering that 1 cubic foot contains 7.48 U.S. gallons.

1 cubic foot 748 U.S. gallon

[€2]

7,387,099.17 cubic feet X US. gallons
1 x X =17,387,099.17 x 7.48

X = 55,255,501.8

answer = 55, 255, 501.8 imperial gallons

Remember the question we asked in the first part of this
section?

Question: Do you think an imperial gallon is
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bigger than a U.S. gallon or do you think a U.S.
gallon is bigger than an imperial gallon?

Imperial gallon > US. gallon

U.S. gallon > Imperial gallon

[> = symbol for greater than ]

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/
1574/2021/12/Picture43.png)

Before we answer the question why don’t we put the two
capacity translations back up.
1 cubic foot = 6.24 imperial gallons
1 cubic foot = 7.48 U.S. gallons

The natural instinct, or
maybe we should say logic,
seems to be that since 7.48 is
larger than 6.24 then it would
make sense that the U.S. gallon
is bigger.

In fact it’s the other way
around. You would require 6.24
imperial gallons in order to fill
up a cubic foot. You would need more than that (7.48)
when dealing with U.S. gallons. If it takes more U.S.
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gallons then each of those U.S. gallons must not be as big
as an imperial gallon.

And in fact this is the case. An imperial gallon is
about 20% bigger than a U.S. gallon. That why in the end
of the day it takes more U.S. gallons to fill up a cubic foot.

U.S. gallon Imperial gallon

20%
bigger

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture28.png)
Let’s take it one step further and do the math.
If we say that the imperial gallon is 20% larger than a
U.S. gallon then it would make sense that:
U.S. gallon + 20% = imperial gallon
P So how do we prove that?
— I guess the easiest way
. 7 .?__ __ might be to convert gallons back
(-Lf, into cubic feet and then compare
the numbers.

¢
\ d Let’s start with imperial
) —
. --""3

gallons.

Imperial gallon =———p cubic feet
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(https://pressbooks.bccampus.ca/mathfortradesvolume3/

wp-content/uploads/sites/1574/2021/12/Picture30.png)
1 cubic foot  6.24 imperial gallons

X cubic feet 1 imperial gallon
1x1=X x6.24
1
X=—
6.24
X = 0.160

answer = ().160 cubic feet
Now let’s convert the U.S. gallons into cubic feet.

U.S. gallon =——p cubic feet

(https://pressbooks.bccampus.ca/mathfortradesvolume3/

wp-content/uploads/sites/1574/2021/12/Picture33.png)
1 cubic foot  7.48 U.S. gallons

X cubic feet 1 U.S. gallon
1x1=X x748

1
X=—
7.48
X =0.133

answer = ().133 cubic feet
If we were to continue with the math we would say
that:
U.S. gallons + 20% = imperial gallons
or
U.S. gallons x 1.2 = imperial gallons

0.133 x 1.2 = 0.160
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Keep in mind a couple
things here with the last
math scenario. We are
using the cubic foot
equivalents of both U.S.
and imperial gallons.
Also when we multiply
by 1.2 it’s the same thing
as adding 20%.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture44.png)

Now go and plug the
numbers into your
calculator just to confirm.

As you see it turns
out to be true. You might
not get exactly 0.160 but
that is just due to a little
rounding here and there.

What we proved is that an imperial gallon is indeed
20% larger than a U.S. gallon.

We could have also done this mathematical trick:
6.24 x 1.2 =7.48
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The guy to the left is Hanford.
He’s wondering why I went through
all that math to make a relatively
simple point.

Well it’s because learning to
understand math from a conceptual
level and being able to prove that
concept will help you grasp math at
much more of a fundamental level.
If you can wrap your head around
these concepts and truly understand them rather than
memorizing them then math not only makes a lot more
sense but it becomes more enjoyable.

Hanford: “I can see that. The more I understand
where numbers are derived from and the more I
understand math conceptually the easier it seems to
become for me. I’m memorizing less and applying more.”

In a sense it’s like the trades. Let’s take the
automotive trade as an example. It’s one thing to learn
how to drive a car and remember all the different aspects
of driving but it takes it to a whole other level when you
can get under the hood and begin to understand what is
actually happening when the car is in operation.
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Add to that the ability to fix any issues that come up
takes it another level.

The same thing can be applied to math. It’s one thing
to memorize a formula and add numbers to it but it’s a
whole other level when you can conceptualize the formula
and really understand where it comes from.

Alright that’s enough of the logic talk. Why don’t
you try a couple of practice questions. Make sure to check
out the video answers once you are done.

Practice Questions

Question 1

The barrels to the left
are used for making red
wine in the Okanagan
region of southern British
Columbia. That region of
the province is known for
its warm, dry climate and
great for growing the

grapes used for making wine.

Aldo is a Sommelier and is calculating how much
wine all the barrels in the picture to the left can hold. In
case you were curious a wine sommelier is a person who is
a trained and knowledgeable wine professional. He has
been told that each barrel has a volume of 9.65 cubic feet.
Calculate the total number of imperial gallons of wine in all
the barrels.
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One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=5#oembed-2 (#oembed-2)

(https://en.wikipedia.org/wiki/Sommelier) If you
want to know more about sommeliers check out the following
link: Sommelier (https://en.wikipedia.org/wiki/Sommelier).

Question 2

A high rise building is
under construction in the
heart of Vancouver. The
carpentry and steel trades
are working together to
create concrete support
columns in the building.
There are a total of 14
support columns. Each column is 2 feet by 2 feet by 10 feet.
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Normally concrete is ordered in cubic yards but we’re
going to mix it up a bit here and put our order in U.S.
gallons.

How many U.S. gallons of concrete would we have to
order to fill up all 14 of the columns?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=>5#oembed-3 (#oembed-3)

(https://www.familyhandyman.com/article/
how-to-estimate-a-concrete-order/) If you want to know
more about ordering concrete click the following link: How
to Estimate a Concrete Order
(https://www.familyhandyman.com/article/how-to-
estimate-a-concrete-order/).
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2.

Litres

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=25#oembed-1 (#oembed-1)

Before we even begin to talk about this topic we need to
get one thing out of the way. What is the correct spelling
of the word? Is it litres or liters?

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture19.png)
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In reality both of those spellings are correct. It just
depends on which reality you live in. If you are living in
the United States then the correct spelling is LITERS. If
you living in Canada then the correct spelling it LITRES.

As this book is being
written in Canada it is only
natural that we are going to
spell it:

LITRES

Now let’s go into a
short introduction.

The litre is also a unit of measurement when dealing
with capacities but unlike gallons litres only comes in one
variety. A litre is a litre is a litre is a litre. A litre is similar
in capacity to 1.75 English pints and is exactly 1000 cubic
centimeters. Once again we end up back to the fact that
metric is s00000 easy to work with as everything is based
on multiples of 10. Later on in this chapter we’ll convert
from gallons to litres and then back again.
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. In beer terminology
| (because in my mind everyone
likes beer) a growler is the term
1' E used to describe a bottle filled
NO with beer. A growler is usually 2
litres in capacity. Breweries also
sell beer in one litre bottles
which are often referred to as
Boston rounds. The term Boston
round actually just refers to the type of bottle used and not
volume. Below is a picture of a couple of beer growlers.
For math purposes remember they are 2 litres.

So now that we have the beer situation out of the way
let’s get to exactly how much a litre is.

When dealing with gallons we converted them to
cubic feet. We kept everything in imperial units of
measure. As litres is metric we’ll convert it into cubic
meters.
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Question: Do you think a litre is more or less
than a cubic meter?

I think this one is a bit easier to visualise than the gallon
so I’ll just go ahead and give you the answer.
A CUBIC METER IS LARGER........ A LOT
LARGER
The relationship is as follows:
1 cubic meter = 1000 litres

1000 of these guys fit
into the one of the left

LITRE

NOTE: drawing not to scale

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture9-4.png)

Once again as with everything in metric it’s easy to
remember. As this is so easy to remember we’ll get right
to the examples as there is not a whole bunch of
explaining that needs to be done.
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Example

How many litres are there in 5.78 cubic meters?

Step 1: Write down the relationship you are going to
use.

1 cubic meter = 1000 litres

Step 2: Cross multiply.
1 cubic meter 1000 litres
5.78 cubic meters X litres

1 x X =5.78 x 1000
X = 5.78 x 1000
X = 5780

answer = H780 litres

Example

Let’s try the reverse. If we had 3287 litres how many
cubic meters would that be?

Step 1: Write down the relationship you are going to
use.

1 cubic meter = 1000 litres

Step 2: Cross multiply.
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1 cubic meter 1000 litres

X cubic meters - 3287 litres
1 x 3287 = X x 1000

X — 3287
1000
X =3.287

answer = 3.287 cubic meters

Try a couple practice questions and check out the video
answers to see how you did.

Practice Questions

Question 1

We’re going to go
back to our winemaking
and another winemaker for
this one. Pier-Alexis is a
sommelier who plans to
start his own winery. He
lets his assistant calculate
how much wine the
vineyard he is looking to purchase will make.
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His assistant ends up calculating the final answer in
cubic meters of wine which is of no use to Pier — Alexis. He
wants to calculate the amount of wine in litres. His assistant
has stated that the vineyard will produce approximately
12.79 cubic meters of wine. How many litres of wine is
this?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=25#0embed-2 (#oembed-2)

Question 2

Emily has decided to
build a pool in the
backyard of her family
home. The pool is 9.78
meters long by 5 meters
wide by 1.3 meters deep.
Calculate the number of
litres it takes to fill up the
pool. Keep in mind that that pool is only filled up 90%.
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One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=25#0embed-3 (#oembed-3)
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3.

Working Between Gallons and Litres

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=29#oembed-1 (#oembed-1)

Let’s start with what we know.

45
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1ft3 = 6.24 imperial gallons
1ft3 = 7.48 U.S. gallons
1 imperial gallon = 1.2 U.S. gallons

1m3 = 1000 litres

Our goal in this
chapter is to take all this
information and figure out
the relationship between
gallons and litres. What
we should calculate first is
some type of common

ground between the variables.

In the end the simplest way to express the common
ground between the three might just be cubic feet. If we
could calculate how many cubic feet are in an imperial
gallon, a U.S. gallon as well as a litre then we could find
the relationship between the three.

If you remember we already calculated the number of
cubic feet in an imperial gallon as well as a U.S. gallon.

Here are those numbers once again.

1 imperial gallon = 0.160 cubic feet
1 U.S. gallon = 0.133 cubic feet

Let’s throw down some logic right about now to
work through this. Remember back a few chapters ago we
found out the following:

1 cubic meter = 35.31 cubic feet
Now in this chapter we determined that:
1 cubic meter = 1000 litres
Well then it makes sense that:
35.31 cubic feet = 1000 litres
We can use this last nugget of information in order to
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calculate the number of cubic feet in one litre. We’ll cross
multiply as that seems to come in handy for this type of
stuff. First let’s take a look at a little visual which takes us
through the logic we just went through.

B=C @ if\'
then A=B

\

and
A = C FJ’

where:

A = 1 cubic meter

B =35.31 cubic feet
C=1000 litres

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture1-2.png)

Now back to cross multiplying in order to find the
number of cubic feet in one litre.
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35.31 cubic feet B 1000 litres

X cubic feet 1litre
35.31 x 1 =X x 1000
X — 35.31
1000

X = 0.0353 cubic feet

answer = (0.0353 cubic feet
As you can see I’ve taken this to four decimal places.
This is not something I usually do but as this is a small
number being more exact will help us get a more exact
answer in the end.
We can now write down each of the capacities in

cubic feet.
1 imperial gallon = 0.160 cubic feet

1 U.S. gallon = 0.133 cubic feet
1 litre = 0.0353 cubic feet

From those three pieces of information we should be
able to calculate the relationship between litres and
gallons. We’ll start with imperial gallons. Once again let’s
do a little cross multiplying.

1 litre 0.0353 cubic feet
X litres  0.160 cubic feet
Remember that the 0.160 cubic feet in the above
equation represents the number of cubic feet in an
imperial gallon.
1 x0.160 = X x 0.0353
0.160
0.0353
X =4.54

answer = 4.54 litres
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So in the end we get:
1 imperial gallon = 4.54 litres
. If you had gone through and
‘ done the math above you would
find that it actually comes out to
OTE 4.53. No worries though. The
N reason its off by 0.01 is due to
rounding earlier on in the
process. For our purposes we’ll
always go with 1 imperial gallon
= 4.54 litres.
Next up is U.S. gallons. Do the same cross
multiplying.
1 litre 0.0353 cubic feet

X litres  0.133 cubic feet
1 x0.133 = X x 0.0353

0.133

~ 0.0353
X = 3.78

answer = 3.78 litres

Once again going through the actual math would give
us an answer of 3.77. We’re off by 0.01 due to rounding so
in the end the number we always want to go with is 1 U.S.
gallon = 3.78 litres.

So in the end we get that:

1 U.S. gallon = 3.78 litres

Now we have the numbers we are looking for. Just
for fun take 3.78 and add 20 percent to it. Remember that
an imperial gallon is twenty percent larger than a U.S.
gallon. You can do this mathematically by multiplying by
1.2

3.78 x 1.2 =4.54
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It’s all working out and everyone is happy!
Here’s a quick summary.

1 imperial gallon 1 U.S. gallon

4.54 litres 3.78 litres

We’re going to move
on to some example in a
second but I’d like to
make a suggestion at this
point. We’ve just gone
through a fair bit of math
and calculated a number
of numbers.

You might want to go back to the start of this section
and reread it before moving on. Maybe try taking some
notes and summarizing what you just read through.
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Example

A fish tank has a
capacity of 828 imperial
gallons. How many litres
does the fish tank contain
if it is filled right to the
top?

Step 1: Write down the formula you’ll be working
with.

1 imperial gallon = 4.54litres
Step 2: Get your cross multiplying going.
1 imperial gallon ~ 4.54 litres
828 imperial gallons X litres
1 x X =828 x4.54

X = 3759

answer = 3759 litres
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Example

A gas can contains 10 litres.
How many U.S. gallons does it
contain?

Step 1: Write down the
formula you’ll we working with.

1 U.S. gallon = 3.78 litres
Step 2: Cross multiply
1 U.S. gallon  3.78 litres
X U.S. gallons 10 litres
1x10=X x3.78

10
X=_——

3.78
X = 2.65

answer = 2.65 U.S. gallons

Try a couple practice questions yourself and check the
video answers to see how you did.
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Practice Questions

Question 1

Rory is a plumber and
is called to replace a leaking
hot water tank. Otto is the
Swiss homeowner and tells
her the capacity of the hot
water tank in litres. Rory is
required to purchase a new
hot water tank but the
capacities are all in U.S.
gallons. Also note that the
new hot water tank must be
20% larger than the old one
due to the fact that the old
one could not keep up with
demand. The current size of the hot water tank is 126 litres.
What is the size of the new tank in U.S. gallons?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=29#oembed-2 (#oembed-2)
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Question 2

Kiendra is a hydronic
heating specialist who
installs and services boiler
systems around the city of
Victoria. Boiler systems
may require glycol
(essentially anitfreeze) and
the current system Kiendra

is working on requires 20 litres of glycol to be added. How
many imperial gallons would this work out to be?

view them online here:
https://pressbooks.bccampus.ca/

One or more interactive elements has been
excluded from this version of the text. You can

mathfortradesvolume3/?p=29#oembed-3 (#oembed-3)
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4,
Weight of Water

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=31#oembed-1 (#oembed-1)

Have you ever taken a
container and filled it with
water then lifted it and
then realised that it weighs
more than you think? If
you’ve done this before
then you realise that water

itself is quite heavy.

The picture above is the same fish tank from a
previous example. We spent the last couple sections
figuring out the number of gallons or litres given cubic
volume. Now our goal becomes figuring out the weight of
the water contained in objects such as a fish tank.

55
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Knowing the capacity
of an object as well as the
weight of water needed to
fill that object is helpful in
the pipefitting trade. For
example let’s say that you a
have a 40 U.S. gallon hot
water tank. How much
would it weigh once it was
filled with water? If you
needed to move the tank
would you rather have the
tank full of water or
empty? Knowing the
weight of the water in the
tank might help you make your decision.

The weight of water changes slightly due to the
temperature of the water. Actually it’s not the weight of
the water that changes but the density of the water. The
molecules weigh the same but the number of molecules in
a given space changes. Cold water weighs more than
warm water due to the fact that in the warm water the
molecules are moving around faster and end up being
farther apart from each other. Take a look at the picture
below.

v' \l
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The two pictures represent water molecules bonding
together. The picture on the left is an example of cold
water molecules while the picture on the right is an
example of warm water molecules. If you were to take an
imperial gallon of cold water and weigh it, it would weigh
more than an imperial gallon of warm water due to the
larger separation of the molecules in the warm water.

Okay, now that we’ve gotten that out of the way we
need a starting point and that starting point will be the
weight of a cubic foot of water. Anyone want to guess
how much one cubic foot of water weighs?

Mark: Hey Chad, how much do you think the
water weighs in this cubic foot filled with
water?
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Chad: No idea. I’'m an electrician and not a
plumber.

Mark: Good point. If anyone ever asks you
this question in the future you can tell them that 1
cubic foot filled with water weighs 62.4 pounds.

Chad: Wow. That’s more that I would figure.
It doesn’t look that heavy.

Mark: Exactly. It’s a little deceptive. That’s
why it’s important to take into the account
the weight of water when dealing with piping or
other vessels which are filled with
water.

Note part 1: Mark is the guy on the left having a bad hair
day and Chad is the guy on the right with the toque.

Note part 2: After Mark
taught Chad all about the weight of
water they decided to check out the
weight of beer and headed to local
pub. They didn’t figure anything
out about the weight of beer but
they did find out the pub had good
beer.

Our first number and basically
the starting point for all this is:

1 cubic foot of water = 62.4 pounds

From that number we can derive the weight of an
imperial gallon, a U.S. gallon and a litre using the
relationship between those numbers and cubic feet.
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1 imperial gallon = 0.160 f¢*
1 U.S. gallon = 0.133f¢3
1 litre = 0.353 ft

At this point you have probably developed some
pretty slick math skills. Try using those numbers above to
derive the weight of an imperial gallon, a U.S. gallon and
a litre in pounds.

Check out the video answer below to see if you were
correct.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=31#0embed-2 (#oembed-2)

Let’s go through one last math conversion. Now that
you’ve figured out litre of water weighs 2.2 pounds, how
many kilograms is that.

Back a few chapters ago we figured out that 1
kilogram = 2.2 pounds so in the end of the day 1 litre = 1
kilogram.

How handy is that!
MW///W////////”"' W The logic then goes that if
é 2 1 litre = 1 kilogram and

/////////////// % & o . thereare 1000 litres in a
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cubic meter then 1 cubic meter filled with water weighs
1000 kilograms.

This is why working with metric can be so much
easier than imperial. Once again everything revolves are
the number 10.

Before we go on to some practice questions let’s put
all the numbers together one last time.
1 cubic foot = 62.4 1bs
1 imperial gallon = 10 lbs
1 U.S. gallon = 8.33 lbs
1 litre = 2.2 Ibs (1 kg)

Use the information above for the following
examples. You’ll need the weight of an imperial gallon of
water as well as the weight of a U.S. gallon of water.
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Examples

A hot water tank contains 30 imperial gallons. What is
the weight of the water in the tank when fully filled?

Step 1: Write down the relationship you will be
working with.

1 imperial gallon = 10 pounds
Step 2: Cross multiply.
1 imperial gallon 10 pounds

30 imperial gallons X pounds
1xX=30x10

X =300

answer = 300 pounds

Examples

We’ll make this easy and stick with our hot water tank
example except this time the weight of the water in the tank
is 333 pounds. Calculate the number of U.S. gallons in the
tank.

Step 1: Write down the relationship you will be
working with.

1 U.S. gallons = 8.33 pounds
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Step 2: Cross multiply.
1 U.S. gallon  8.33 pounds

X U.S. gallons 333 pounds
1x333 =X x8.33

o 20
8.33
X = 39.98

answer = 39.98 U.S. gallons

Now try a couple practice questions on your own. Make
sure to check the video answer below each question once
you are done.
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Practice Questions

Question 1

Billie the boiler maker is filling up
a boiler with water. The boiler itself
weighs 200 pounds and the boiler holds
25 imperial gallons of water. How much
is the total weight of the boiler and the
water in the boiler.

One or more interactive elements
has been excluded from this
version of the text. You can view

them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=31#oembed-3 (#oembed-3)
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Question 2

Dexter installs pools
for a living in Las Vegas.
He is currently installing a
pool on the roof of a 3
story house. The pool is 20
feet long by 10 feet wide
by 5 feet deep. He is
required to tell the engineer how much water the pool will
hold in pounds when completely filled. Calculate the
weight of the water in pounds using U.S. gallons as your
reference. Remember that you’ll first have to calculate the
volume of the pool in cubic feet and then translate to U.S.
gallons before getting your final answer.

L LAS VEGAS 4

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=31#oembed-4 (#oembed-4)
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5.

Capacities Quiz

An interactive H5P element has been excluded
from this version of the text. You can view it
online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=705#h5p-1
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=705#h5p-1)
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Pressure and Total Force

Outcomes

. Differentiate between pressure and total
force

c Calculate pressure based on the height of
water in a system

. Calculate total force

67
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6.

Pressure and Force

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=191#oembed-1 (#oembed-1)

Imagine you are playing in the World Cup of Soccer
and you line up to take a penalty kick. If you score your
team wins but if you miss you won’t be the most popular

69
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person in your home country. Would you feel pressure?
How would you describe that pressure?

Thankfully we’re not going to talk about that kind of
pressure in this section. We are going to talk about the
pressure exerted from one object or source to another.
Take a look at the following picture to see an example of

pressure.
%
M

R
/'%,,/////

In the picture above a person is applying pressure to
the wrench in order to turn the nut on the bolt. Force also
comes into play here and is a very similar concept. This
chapter will talk about both pressure and force and the
relationship between the two.

The Difference Between Pressure and Force

If you have ever used the words pressure and force
interchangeably you are not alone. For many of us the
words mean the same thing but in fact there is a difference
between them. Here’s the quick and easy version of how
the two words differ.

Force is the total impact of one object on another
while pressure is the ratio of that force to the area over
which it is applied.

What we have is two concepts that are indeed very
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similar but at the same time have some differences. Take a
look at the picture below.

The hardest slapshot every recorded was by
defenseman Zdeno Chara when he was with the Boston
Bruins of the National Hockey League. He shot the puck
an incredible 108.8 miles per hour. Not bad!

Now in order to move the puck from stationary to
108.8 mph he had to apply force to the puck.

Force is defined as a push or a pull that makes an
object change its state of motion. In this case Zdeno
created a very large push to get the puck moving that fast.

So right about now you might be asking, “Well, if
that is force, then what is pressure?” Could we say that
Zdeno put a lot of pressure into the shot? In fact he did. As
stated earlier, pressure is very similar to force.

Pressure is the force over a certain area. Basically
pressure is force per unit area.

Pressure = force per unit area
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How much of the puck do you think comes
into contact with the stick? Whatever that area is
it would be the area that the force is transferred to.

What we say is that there is a certain amount of
pressure applied to the puck. The most common example
of pressure we would find in the trades would be pounds
per square inch. When the player strikes the puck he/she
transfers the energy from the stick to the puck.

Pressure: A force over a defined area
Example: pounds per square inch (psi)

If we can determine that the puck has had a certain
amount of pounds per square inch exerted on it, then to
calculate force we just need to find the area that the
pressure is transferred onto to the puck. It is preferable
that this area be in square inches as this will work well
with a pressure in pounds per square inch.

Force: Takes the pressure and applies it to the
whole area of the object that is affected.

Take a look at the picture below for one last
clarification.
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The picture is of BC Place Stadium in downtown
Vancouver. It shows the roof that was originally on before
it was changed to the new “open and close” concept roof.

The interesting thing about this roof is that it was
kept inflated by pressure. As it turns out the pressure on
the inside of the stadium was just slightly higher than the
pressure on the outside of the stadium, thus keeping the
roof up.

This difference of pressure can be as little as 0.037
psi. Therefore the pressure exerted on the inside of the
roof is 0.037 pounds on every square inch of the roof.

The total force is simply the amount of pressure
exerted on one square inch and then multiplied by how
many square inches there are on the inside of the roof.

This small pressure difference from the outside of the
roof to the inside of the roof is enough to keep the roof
inflated.

Now that we have an idea what pressure is how do
we calculate it? Well the easiest way to calculate is to use
a pressure gauge.
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The above picture is an example of a pressure gauge
rated in pounds per square inch. If you were to attach this
gauge to a piping system it would indicate the pressure of
the liquid or gas in that system above atmospheric
pressure.

Pounds per square in not the only way we measure
pressure. Below are three of the more common units used
when dealing with pressure.

Pounds per square inch (psi)
Newton per square meter (AKA pascal) (N/m2)
Kilograms per square centimeter (Kg/cm2)
Remember that pressure is a force on a unit of area.

Force

Pressure is a force (F) on a
unit of area (A)
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(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture14-2.png)

As stated before we don’t physically calculate
pressure ourselves but we do it with the help of a pressure
gauge. In the piping field we are generally dealing with
the pressure of liquids or gases inside containers or pipes.

For example a compressed gas cylinder filled with
medical gas might be filled to 2000 psi or a water system
in a house might be tested to 200 psi. We would know this
by looking at a pressure gauge attached to the cylinder or
piping system.

So in summary we have two concepts. One is force
which is the amount of push of pull on an object. We then
have pressure. That’s when we take the force and apply it
to a particular area. In the next section we will take a look
at how water plays a role in determining pressure and
ultimately force.
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7.

Using Water as a Guide for Determining
Pressure

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=193#0embed-1 (#oembed-1)

77
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What does water have to do with determining
pressure? Well all liquids including water have weight and
that weight can translate into pressure. If I was to take one
cubic foot of water and weigh it we would find that it
weighs 62.4 pounds.
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Cubic foot

filled
with water:

weighs 6.2.4 pounds

G- -9

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picturel-3.png)

If I was to take that water and pour it into a container
or into a pipe the weight of the water would exert a
pressure onto the container or the pipe. The amount of
pressure that it exerts depends on the height of the water.
The higher the height of the water the greater the pressure
exerted at the base of that container or pipe.
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For example the water in the glass above exerts a
pressure on all sides of the glass including the bottom. To
calculate the pressure at the bottom of the glass we would
need to find out the height of the water in the glass. It
doesn’t matter what size the glass is only the height of it.

The Relationship Between Water, Height
and Pressure

The relationship between water, height and pressure is
constant. If we were to take a column of water 1 foot high
and use a pressure gauge at the bottom to measure the
pressure it would read 0.433 psi.
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1 foot of
water

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture24-2.png)

This is our constant when dealing with water and it
remains consistent as we add more water. If we filled the
column with more water that number on the pressure
gauge would go up accordingly.

One thing I want to bring to your attention is the fact
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that we are measuring pressure. At this point we should
remind ourselves that pressure is a force per unit area. In
this case its pounds per square inch or psi. Regardless of
the area at the bottom of the container we are only
calculating the force on one square inch. Keep this in
mind as later on in the chapter we’ll start to expand the
concept and deal with the total area and eventually the
total force.

As stated previously when we add more height in
terms of water the relationship between the height and the
pressure remains constant. What we would find is the
following:

PSI = height in feet x 0.433

What this relationship is saying is that for every foot
we go up in height we add 0.433 pounds per square inch at
the base of an object. Keep in mind that we are talking
about water here and specifically the density and weight
of water. Other liquids will have their own density and
therefore the psi at the bottom of a column of another
liquid would be different than that of water. I’ll go through
an example of this in a bit but let’s just stick to water for
now.
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Example

A piping system is
filled with water. The
piping system consists of
pipe which extends
through three floors of a
building and has a total
height of 27 feet. What
would be the pressure
exerted at the base of the piping system?

‘ In order to answer the
|I question we don’t actually
e need to know how the piping is
« configured. It doesn’t matter if

‘\0 the piping goes straight down

or offsets at some point during
it’s run. The only thing we
need to know is how high the
piping goes. This is the
determinant when calculating pressure. Check out the
drawing below to see what I mean.
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¥

Regardless of how the pipe is run the vertical distance
from the beginning to the end is still 27 feet. This would be
the number you would use to calculate the psi at the base of
the pipe for each scenario. Now go through and check out
how its done.

Step 1: As always identify what the question is
asking. In this case we are looking to find the pressure at
the base of a given piping system.

Step 2: Write down the formula you’ll be working
with.

PSI = height in feet x 0.433
Step 3:  Cross multiply.

1 foot of height  0.433 psi

27 feet of height X psi
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1 x X =27x0.433
X =27 x0.433
X =11.69

answer = 11.69 psi

Therefore every inch of pipe at the bottom of the piping
system experiences 11.69 pounds of pressure on it.

This type of relationship holds true for all liquids
with the only difference being that the constant used will
change when dealing with those different liquids.

If we were to add another liquid such as mercury we
would have a totally different relationship. Let’s take a
little detour and check it out.




86 Chad Flinn

The thermometer to
the right has a bulb filled
with mercury.

Mercury has a
different density than
water and therefore a
different weight. One
cubic foot of mercury
weighs more than water.
In fact it weighs a lot
more. If we were to use
mercury as our gauge to
measure psi we would
need to use the following
relationship.
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PSI = height in feet x 5.88

What you can see from this is that mercury is indeed
heavier than water and that filling a tube or pipe up with
mercury one foot in height would end up giving you 5.88
psi at the base of that object.

Visually it would look like the diagram below. One
cylinder is filled with mercury while the other is filled
with water. Both are filled to a height of one foot. If we
were to put a pressure gauge at the bottom of each one we
would get different readings.
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Filled with water Filled with mercury

Height = one foot

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture31-1.png)
Two cylinders filled with liquid at a height of one foot. One is filled
with water with a PSI of 0.433, the other is filled with mercury

with a PSI of 5.88.

You can see that the pounds per square at the base of the
cylinder is much greater for mercury than for water due to
the fact that mercury has a greater density and weighs
more.
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Our detour is almost over. When dealing with piping
systems we fill them up with water for testing purposes.
We can fill the systems up to a particular height and then
calculate how much pressure there is at the base of the
system.

Water is a convenient liquid to use for testing
purposes as its plentiful and easily available not to
mention the fact that it’s not harmful although trying
telling the boss that when you’ve flooded a suite with
water. It seems pretty harmful then.

The question becomes “What is mercury used for?”
Well if you’ve ever been in a hospital room you’ve most
likely come across a situation where mercury is used when
dealing with pressure.

Mercury is often used as a gauge when dealing with
vacuums but not the kind that are used for cleaning up a
room.

A vacuum occurs when we get to pressures below
atmospheric pressure or 14.7 psia. Vacuum pumps
intended to remove excess fluid from patients do this by
creating a vacuum or suction. The pressure of this suction
is measured in inches of mercury or you might see it
written as “Hg” with Hg being the symbol for mercury.
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As it turns out 2.04 inches of mercury is equal to 1
psi.

Alright. We’ve gone on a bit of a detour but let’s get
back on track.

We came here to talk about water and how it
translates into pounds per square inch.

We already calculated that having a column of water
one foot in height gives us 0.433 psi at the base of that
column.

Reminder: It doesn’t matter what the area is at the
base of the column as the pressure is measure for each and
every square inch. We’ll work the area into the equation
later in the chapter.

For now let’s concentrate on filling the column up
with more water. How high do you think we would have
to fill the column in order to get a pressure at the base of 1
psi?

Take a look at the following picture.
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Filled with water

2.31 feet |

IIIIIIIIIIIIIIIII;‘I
L

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture14-3.png)

As you can see filling up the column of water to a
height of 2.31 feet gives us a pressure at the base of 1 psi.

This is where things get interesting if you like math.
There is a relationship between the numbers 0.433 and
2.31.

What we have are the numbers 1, 0.433 and 2.31.
We’ll arrange them to form an equation.

=04
2.31 0433
OR...
1
— = 2.31
0.433 3
OR...

231 x0433 =1
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The idea is that there is a definite relationship
between the three numbers. Whichever way you look at it
is up to you. Personally I go with the first version of the
equation. In my head this is the easiest one to visualise.

So in summary we can say that when dealing with
water we get:

1 ft = 0.433 psi
2.31 ft =1 psi

Example

What we’ll do here is go through an example of
calculating psi using both the number 0.433 and the number
2.31.

A column of water stands 17.78 feet high. What is the
pressure at the base of the column?

We’ll start by using the number 0.433.

Step 1: Write down the formula you will be working
with.

PSI = height in feet x 0.433
Step 2: Cross multiply.
1 foot of height ~ 0.433 psi
17.78 feet of height X psi
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1 x X =17.78 x 0.433
X =17.78 x 0.433
X =17.70

answer = 7.70 psi

Now we’ll move onto using the number 2.31 and see if
we get the same answer.

Step 1: Write down the formula you will be working
with.

height
2.31

PSI =

Step 2: Cross multiply.
2.31 foot of height 1 psi

17.78 feet of height X psi
1 x17.78 =X x 2.31
1778
T 231
X ="17.70

answer = 7.70 psi

Note the minor difference in the way the formula is set up.
In the first scenario we took the height and MULTIPLIED
it by 0.433 while in the second scenario we took the height
and DIVIDED it by 2.31.
This is due to the fact that it takes 2.31 feet of head to
create 1 psi. Mathematically this means that any height
that we have has to be divided by 2.31 in order to get psi.
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% Qf feet

# of feet it takes to get 1 psi

Z Ps..

2=

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture18-2.png)

The other way is simply accounting for the fact that
every foot of head gives us 0.433 psi so we end up
multiplying to get the proper psi.

X Of feet

‘\

X

# of psi we get from one foot
Z Ds...
0433 ="

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture19-1.png)
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Why are we going through this
concept with a little extra zest you ask?

The answer lies in the fact that we
end up using psi quite often in the
trades. More importantly we end up
using water as the driving force behind
calculating psi.

Industries such as pump manufacturers differentiate
pumps by their ability to move water to different heights
as well as there ability to create pressure.

Pump specifications can be determined in either psi
or feet of head. Being able to translate back and forth
between the two will help guide you in pump selection.

(https://www.tacocomfort.com/product-
S category/products/pumps/)

If you want to know more about pumps
and specifications hit the following link:
Pumps & Circulators
(https://www.tacocomfort.com/product-
category/products/pumps/). You can scroll
through the website and check out different
pumps, their applications and their
specifications

(9
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Let’s break it down even further. Remember that one
foot equals 12 inches. This means that 2.31 feet would
equal 27.72 inches.

2.31"
|
|

" 12” 27.72"

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture21-1.png)
What we’ve created is another relationship between
water, psi and height.
1 PSI

2.31 feet of head

27.72 inches water column

Note that we can also write down 27.72 inches of
water column as 27.72" w.c.

Now you might be asking yourself “Where would we
use inches of water column to measure pressure?” It’s a
good question. We can all visualise using psi to measure
water pressure as we fill piping systems up with water for
testing purposes but once we get down to inches water
column we really are getting to small increments.
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In the gas fitting
trade the gas pressure sent
to appliances can often be
quite small. In fact when
the gas finally gets to most
residential appliances the
pressure is well below 1
psi. So instead of saying
that the pressure is 0.25 psi or 0.17 psi we break the feet
down into inches and refer to pressure in terms of inches
of water column.

For example the most common gas pressure that
residential gas fired appliances deal with once the gas gets
through the gas valve and into the burners is 3.5 inches of
water column. We might also see it written as:

3.5”w.c.

Example

How many psi are there in 3.5” w.c.?

Step 1: Write down the formula you’ll be working
with.

1 PSI = 27.72” w.c.
Step 2: Cross multiply.
1PSI _ 27.72" w.c.

X PSI 3.5 w.c.
1 x3.5=Xx27.72
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s N

3.5
X = 27.72
X = 0.126

answer = ().126 PSI

What you can see from this answer is that it’s far easier to
deal with gas pressures in this particular situation using
inches of water column rather than PSI. Reading 3.5
inches of water column on a pressure gauge is easier to
comprehend than reading 0.126 psi even through they
refer to the same pressure.

In the end what we have is another way to describe
the pressure in systems using water as our guiding force.

Why don’t we just go through a quick little recap of
all the numbers we’ve now dealt with in this section. ()
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started by taking water and . )
filling up a pipe one foot in then we filled the pipe up
height to get to 1 psi of pressure

\ what we ended up with J \ what we ended up with was:
was: 1 foot = 0.433 psi

1 psi = 2.31 feet of head
we then translated 2.31 feet into J
f inches: 2.31 feet = 27.72 inches

This then leads up to the fact
that: 7 psi =27.72" wic.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/

wp-content/uploads/sites/1574/2021/12/Picture34-1.png)
Figure 7.1: A flow chart showing the relationship between all the
numbers associated with pressure when dealing with water. [Image
Description] (#fig7.1_desc)

Try a couple practice questions on your own. Make sure to
check the video answer below each question once you are
done.
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Practice Questions

Question 1

Marcus has installed
drainage piping in a
building and now he’s
required to test that piping
by filling it up with water.
He knows that the couplings
he’s using to hold the pipe
together can handle about
15 psi. The piping he’s
testing runs through 3
stories for a total of 32 feet.
Can the coupling at the base
of the piping run handle the pressure from the water within
the pipe?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=193#oembed-2 (#oembed-2)
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Question 2

Grace is a gas fitter
for a golf course in the
West Kootenay region of
British Columbia. They are
looking to add a new boiler to the system. The boiler will
be run using propane and the pressure from the gas
regulator is required to be 11 inches of water column.
Assuming water as our pressure measuring standard what is
the pressure in pounds per square inch.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=193#oembed-3 (#oembed-3)

Image Descriptions

(Figure 7.1: A flow chart showing the relationship
between all the numbers associated with pressure when
dealing with water.

1. Started by taking water and filling up a pipe one
foot in height
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. What we ended up with was: 1 foot = 0.433 psi

. Then we filled the pipe up to get to 1 psi of
pressure

. What we ended up with was: 1 psi = 2.31 feet of
head

. We then translated 2.31 feet into inches: 2.31

feet = 27.72 inches

. This then leads up to the fact that: 1 psi = 27.72"
w.c. [Return to image] (#fig7.1)
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8.

Calculating Total Force

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=195#0embed-1 (#oembed-1)

So far we’ve determined that pressure is a force per
unit area and that pressure can be stated in different ways

103
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with pounds per square inch being the most common. We
calculated the pressure at the base of an object or piping
system filled with water.

Now it’s time to calculate the total force at the base
of an object or piping system given the pressure exerted at
its base. As before we will use water as the fluid in the
example questions.

Take a look at the figure below and then read the
explanation below that.

o

—
b ,
Y\e‘%

= square inch

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picturel-1.png)

Start with an object filled with water. In this case a
cylinder or possibly something like a hot water tank. The
object will be three dimensional and have a height, width
and depth.
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This is the base of the object. As we are calculating
total force at the base of this object we have to decide
what the base consists of and define its parameters.

The base has been expanded for visual purposes to
allow for the introduction of a few square inches inserted
into the base. As stated previously we are calculating
pressure in pounds per square inch therefore it’s going to
be important to find the area at the base in square inches.

After all that we can put everything together to get
our total force formula.
total force = area x psi
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‘ There are a couple things to
' note here.
.‘e 1) The area must be in square

*0 inches
2) The height used to determine psi
- . must be in feet.

This concept occasionally
mixes people up as one part of the equation is
calculated using inches and the other part is
calculated using feet. This is generally opposite
from what we’ve been saying in most of this math
journey where we’ve made sure all the variables
must be in the same unit. Let’s head off to an
example to put all this together.

Example

13 inches

4 /5’ ;'ncbes
32 inches i
(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture4-4.png)

Calculate the force at the base of the tank pictured
above. Assume that the tank is filled with water.

Step 1: Write down the formula you’ll be working
with.
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total force = area x psi

/ \

square inches pounds per square inch
area =1 xw psi = height x 0.433
in feet

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture5-4.png)

Note that in this case we have a rectangular tank with
the area of the base being the length multiplied by the
width.

total force = (I x w) x (height x 0.433)

Step 2: Write down the variables and put them in
proper units to work with.

length = 32 inches @

width = 8 inches @

height = 13 inches a

\ must be in feet

\ t_inches_ 13—108
feet=—hm—=1=1

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture7-1.png)

Step 3: Plug the reworked variables into the equation.
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total force = (I x w) x (height x 0.433)

total force = (32in x 8in) x (1.08 ft x 0.433 psi/ft)
total force = (256in?) x (0.464 psi)

total force = 118.78 pounds

118.781bs

Note the units that we end up with. We end up with
pounds as our total force. The inches in the area at the
base and the inches in the pounds per square inch cancel
each other out. This leaves us with just pounds as an
answer.

The total force at the base of the tank works out to be
188.78 pounds. There are 256 square inches at the base
and each square inch has 0.464 pounds of force acting on
it. Take a look at the plan view below for a better
understanding.
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Question: What is a plan view?

Answer: A plan view is when you look at an
object from above. It’s as if you had a bird’s eye
view of an object. ()

PLAN VIEW ﬁ

[l thebaseof the
rectangular tank is
made up of 256 of these

[ | each one has a force of
0.464 pounds acting on it

|
m [
[l what we end up with is
0.464 pounds per each
square inch

: square inch
[l calculating the total W<
force on all the square
inches gets us 118.78
pounds

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/
1574/2021/12/Picture14-5.png)
Figure 8.1: A drawing indicating square inches at the base
of a rectangle and explanations used to calculate total
force. [Image Description] (#{ig8.1_desc)
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Here’s another scenario but this time we’ll switch
things up a little. Say we have a piping system filled with
water which is pressurised by a pump. We’ll add a gate
valve into the system. This valve is closed and holding
water back from one side of the system.

The system has been pressurized to 50 psi. Note in
this example the height of the system does not matter like
it did in the previous example. We don’t have to calculate
psi as it is given to us. What we are required to find out is
how much force is acting upon the gate valve.

Now as before we would use the same formula which
requires psi and area. For our example we’ll say that we
have a six inch gate valve. What we have is 50 psi acting
on a 6 inch gate valve. What is the total force acting on the
gate valve? ()
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6 inch gate valve

=N

A gate valve is used to shut off flow in a piping
system. It s used primarily as a fully open or fully
closed valve. 4 gate valve is constructed so that
flow is not lessened when fully open and
completely shut off when fully closed.

6 inch pipe

v

FLow

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture15-6.png)

Figure 8.2: A 6 inch gate valve with 50 pounds per square inch
acting on it. [Image Description] (#{ig8.2_desc)

Step 1: Write down the formula you are going to work
with.
total force = area X psi
Here is the formula for area of a circle.
area = T X 12
We could then rewrite the formula.
total force = (7 x r?) x psi

Step 2: Insert the variables into the equation making

sure that theyare in the correct units.
total force = (7 x %) x psi

= (1 x 3%) x 50
= 28.26 x 50
= 1413 pounds

There you have it. The total force acting upon the
gate valve is 1,413 pounds given that it’s a six inch gate
valve and has 50 psi acting upon it.
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Give the following practice questions a try. Make
sure to check out the video answer which goes along with
the question once you have completed the question.

Practice Questions

A

Haiko installs gravity
fed water systems which are
a water source for either a
single home or a number of
homes in a small area. The
gravity fed tank is 72 feet
above the house and the
water is supplied by a 1 1/2
inch pipe. What is the
pressure available at the
house?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=195#oembed-2 (#oembed-2)
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Question 2

Rolf is a Swiss born
sprinkler fitter installing a
new sprinkler system in an
old run down warehouse
now being used as a
compostable coffee pod
manufacturer. They will
hopefully have the
capability to make 50 million compostable coffee pods by
the middle of next year.

The sprinkler system has to be tested to 50 psi above
the maximum pressure for about 2 hours. In this case the
maximum pressure is 120 psi. The piping is all going to be
4 inch and there is a gate valve at the end of the system
preventing water from getting into an unfinished part of the
system. Calculate the total force acting on that gate valve.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=195#oembed-3 (#oembed-3)
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Image Descriptions

()Figure 8.1: Showing the plan view of an object. The
plan view is represented by a blue rectangle and red
blocks indicate each square inch of the blue rectangle.

1. The base of the rectangular tank is made up of
256 of these [red blocks].

2. Each one has a force of 0.464 pounds acting on
it.

3. What we end up with is 0.464 pounds per each
square inch.

4. Calculating the total force on all the square
inches gets us 118.78 pounds. [Return to
image] (#fig8.1)

(Figure 8.2: A gate valve is used to shut off flow in a
piping system. It’s used primarily as a fully open or fully
closed valve. A gate valve is constructed so that flow is
not lessened when fully open and completely shut off
when fully closed. Pictured is a 6 inch gate valve with 50
pounds per square inch acting on it. The pipe is 6 inches.
The flow is left to right. [Return to image] (#fig8.2)
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9.

Pressure and Total Force Quiz

An interactive H5P element has been excluded
from this version of the text. You can view it
online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=707#h5p-2
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=707#h5p-2)
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1l
Grade and Total Fall

Outcomes
. Identifying the three ways grade is defined
. Working between the types of grade
. Calculating fall
. Calculating grade or length

117
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10.
The Three Ways Grade is Defined

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=272#0oembed-1 (#oembed-1)

The picture to the left
is a waterfall and as the
name suggests the water
travels from a high point
to a low point. We could
say that the water “falls”
from the high point to the
low point due to the

effects of gravity.

If we apply this to the math we’re going through later
in this section we would use the term “total fall” and
essentially we’d be defining the vertical distance that an
object moves.

119
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If an object moves from point A to point B just using
a vertical motion (like the waterfall) then there would be
no horizontal movement during that time. If you think
about any water fall you might have encountered they
generally go straight down.

A

B

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture2-3.png)

What if it didn’t go down in a straight line but also
moved horizontally as well as vertically?

A\B

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture3-6.png)
We still have a vertical drop in this case but it just
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takes a while to get there. We can measure the horizontal
distance it takes to get from “A” to “B”. Take a look at the
piece of pipe below. It goes horizontal but falls a little
during that time.

—
l Cast iron drainage Dpipe !

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture26-1.png)

Combining the vertical distance travelled with the
horizontal distance travelled we can calculate what is
known as the grade. You will also hear the grade referred
to as slope. We will be using grade during this portion of
the book but using the word slope generally indicates the
same thing.

»
>

1 Cast iron drainage pipe [

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2021/12/Picture26-1.png)

Take a look at the cast iron drainage pipe again. You
can see that it’s grading down as it goes from left to right.
Drainage pipe usually contains soil and waste which
drains by gravity. If gravity is to do its work then we must
have a grade on the pipe. With drainage pipe we generally
refer to the slope in inches per foot. The pipe will fall
vertically a certain amount on inches (or fraction of an
inch) for every foot that it travels horizontally.

Here is another scenario. Have you ever been on a
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road trip and come across a hill that goes down very
steep? The picture below is a road sign that lets drivers
know the road is going to grade down at a rate of 7%.
Percentage is another way we can define grade.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture4-5.png)

If we were to go back to our percentage chapter we
would say that 7% is like saying 7 out of 100. What this
means is that for every 100 feet driven horizontally the
road would drop down 7 feet vertically.

We’ve just gone over two of the three ways we define
grade in the trades. Any guesses what the third way is?
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Three ways to define grade:
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Answer down below..........

CONTINUE BELOW
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ANSWER: A ratio is the third way we can
define grade.

Now let’s go through each of the three ways to express
grade a little more thoroughly.

Grade Expressed in Inches Per Foot

Pipe trades workers
— run pipe requiring grade.

f/f As previously stated the
J /

2/ waste material running
/*;“5@/ through drainage pipe
g moves due to gravity and
= therefore the pipe needs to
move both horizontally
while at the same time
moving vertically. This ensures the smooth movement of
the material within the pipe.

Drainage pipe generally runs at % inch per foot.
What this means is that for every foot the pipe travels
horizontally the pipe falls or drops % inch vertically. This
allows the water, soil or waste to move downward simply
due to the effects of gravity.

The following are more examples of grades specified
in inches per foot.
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3

3 inches per foot 3/87/ft
3 . ’

6 inches per foot 3/16”/ ft
1 . 79

3 inches per foot 1/8"/ft
3 . ’

D) inches per foot 3/327/ft

In each case, it’s stated that an object is falling vertically
at a rate of fractions of an inch for every foot that it travels
horizontally. Take a look at the piece of pipe below. Note
that in this case it’s running level therefore no grade. We’ll
also state that this pipe is one foot long.

) = = 1D

1 foot
4 >I

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture9-3.png)

Now we’ll grade that pipe at 3/8 of an inch per foot
or 3/8”/ft. Take a look at the picture below.
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1 foot

IiEEEEER
»
v

3/8” fll
P

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture8-5.png)

You’ll note the pipe is one foot long but in this case
it’s grading down as you go from left to right. During the
length of its run it falls (or drops) 3/8 of an inch. This
indicates that the grade on the pipe is 3/8”/ft

If you had a 2 foot piece of pipe which graded at 3/
8”/ft then it would fall 3/8” for each foot of length. Later
on in the chapter we’ll build this into our formula when
we start calculating the total fall a pipe has during the
length of its run.

One thing to note here is that this type of grade has
specific units to it. The grade MUST be expressed in
inches per foot.

Grade Expressed as aratio

A few chapters back we talked about ratios. An example
would be 1 in a 100 or written out it would look like the
figure down below.

1
1:1 —
00 or 00

In terms of grade we would say that for every 100
units we move horizontally we end up falling one unit.
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Notice that we’re using the word units but don’t actually
specify the units in the grade. When grade is expressed in
inches per foot we are attaching units to the grade but
when dealing with a ratio there are no specific units.

Although the grade itself does not have specific units
we will still be dealing with units of some sort when
dealing with the length of a pipe or object. We could refer
to all the normal types of units for length we have
referenced during this book such as inches, feet,
centimeters, meters, yards, miles or any other unit
measuring length.

Here are a few examples of grade when dealing with
ratios.

1 1 1 1
25 25 25 200

Maybe it would be a good idea now to show a visual like
we did with inches per foot. Check out the drawing below
to see how this works.

50 units length .

l
<

A 4

1 unit fall

-

level

(https://pressbooks.bccampus.ca/mathfortradesvolume3/

wp-content/uploads/sites/1574/2021/12/Picture27-3.png)
What the drawing above is indicating is that for every

50 units of length an object travels horizontally it ends up
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falling 1 unit vertically. What this tells us is that the grade
on the object is 1 in 50. Written as a ratio it would look
like the fraction below. )
50

We could attach any unit here. If we stated that the
object went 50 feet horizontally then we can conclude that
the object fell 1 foot during that time. If the object went 50
meters horizontally then it would fall 1 meter.

Grade Expressed As a Percent

The third way to express grade is as a percent such as 1%,
1.04%, 2% and so on. One of the issues that arises in this
case is the manner in which we are shown the grade. If we
are told the grade is 2% that won’t actually work for us
when we are calculating the total fall later on down the
road. As a number it’s fine but to work with it
mathematically we have to rework the 2% and get it into a
format that is usable.

2%
We’ll stay with the example of a 2%

grade. If we were to go back to our chapter on percent we
would see that saying 2% is like saying 2 out of 100.
2

100
You may have noticed that working between a ratio

and percent is rather straight forward. Now we could go
ahead and use that ratio as our grade. But in this case what
we really want to figure out is how we can change the



130 Chad Flinn

percent to a number we can work with that doesn’t
resemble a ratio but its own distinct grade.

Once again visualize that 2% is like 2 out of one
hundred. If we were to take that 2 and divide it by 100 we
would end up with 0.02. This is what we are looking for
and this is the number we would end up using in our
formula when calculating total fall.

2 +100 = 0.02

Mathematically we take 2% and start with 2 over 100
which ends up as 2 divided by 100 which then goes to
0.02. As stated before 2% is like saying 0.02 when using it
in a math formula.

2
100

N

2 =100

N

0.02

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture11-3.png)

Now instead of going through that on paper or in
your mind a much simpler way (assuming you understand
the math first) is to take any percentage and move the
decimal point two places to the left. Check out the
examples below and remember we’re doing this so that
later when we are dealing with the total fall formula we
have numbers that work in the formula.
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Percentages Decimals
2% 0.02

5% 0.05

3% 0.03
1.04% 0.0104
0.76% 0.0076

So a quick recap shows us that there are 3 ways to express
grade.

Ways to Express Grade Examples
Inches per foot 3/8 inches per foot
Ratio 1/50

Percent 2% or 0.02
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11.

Working Between The Types of Grade

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=514#audio-514-1
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=514#audio-514-1)

Now that we’ve established the three ways we can
express grade why don’t we start to work between them.

133
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S

2
2
3 -
3
3

2
2
3
3
3

3
2

3
3
2

3
2
3
3
2
2
2
2
2
2
2
2
2
3
3
3

We’ll start with what I think is the easiest and that’s

ratio and percent. We actually covered it a little in the last
section but let’s go through a more thorough explanation.

Ratio to Percent and Back

Going from a ratio to a percent is straight forward when

we have the ratio as a number over 100 like 2 over 100.
2

100
As percent means “per one hundred” we end up with

2 percent or 2 out of one hundred. That’s quick and easy.
The problem comes in when we have something not

out of 100 such as five over eighty seven.
5)
87
Now I can imagine a few of the tradespeople out
there might be saying to themselves at this point “We

would never end up working with a ratio such as this.” and
you would be right. This is not a typical trades number to
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work with but go ahead and use it just for the purpose of
math.
Let’s go through the two steps needed to do this.
Step 1: Change 5the ratio (or fraction) to a decimal.
7 5+ 87 = 0.057
Later when we are calculating the total fall on an

object using percent the number 0.057 would actually be
the number we would work with in the formula. If we
want to see what the percent is then we would still have to
do the next step.
Step 2: Change the decimal into a percent.
0.057 x 100 = 5.7%
By multiplying it by 100 we are basically going back
to “per one hundred” and that gives us an answer of 5.7%
Now let’s go the other way and go from a percent
back to a ratio.
The easiest way to do this might just be
to go backwards and start with 5.7% and
turn it into a ratio.

Step 1: Change the percent into a
decimal.
0.7 +100 = 0.057
Step 2: Change the decimal into a ratio. We know
from up above that the ratio is going end up being over 87
so we can work to that.

0.057 87 5

1 87T 87
First of all the number 0.057 can be written as 0.057
over 1. This gets us into a format which is easy to work
with and can visually help us understand what is going on.
We then take both parts of the ratio (or fraction if you
will) and multiply them by 87. This ensures that we get a
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number over 87. What we end up with is what we started
with in the beginning.

Wait a minute! The
only way we knew that it
was going to be a ratio out
of 87 is because that is
what we started with.
What if we didn’t know
that? What would we do?

Basically we would
bring that ratio back to a
number over one hundred.
And in the end we would

end up with 5.7 over 100.
0.057 o 100 _ 5.7
1 100 100
Not a nice round number like the first one but still the
correct answer. Let’s move on.

Inches Per Foot to Ratio and Back

This is where things get a little more challenging as
changing inches per foot to a ratio involves a couple
different units. We have inches, we have feet and then we
end up with no units in the ratio. So how do we do this?
The first thing we should think about if we are to end up
with no units there must be a spot where the units are
mathematically cancelled out. Think about that as we go
through an example.

Let’s start with one of the more common grades and
that is one quarter inch per foot.

1
1 inch per foot or 1/4”/ ft
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Go back to the statement above which stated we
should think about how to mathematically cancel out the
units to get to no units.

¥

iem

siution

Do you see the problem here? How do we cancel
when the units are different? We have inches and feet. The
solution lies in the idea that we have to change both units
into the same thing. This means we have to change both to
either inches or both to feet. For our purposes we’ll switch
them to inches.

Step 1: Change both inches and feet into inches and
put them in a ratio.

1
1 inches = 0.25 inches

1 foot = 12 inches

0.25 inches
12 inches

ratio

Step 2: At this point we have a ratio but does that ratio
really work for us all that well? Personally I’d like to see
the ratio out of 50 or even better yet out of 100.
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How do we get the ratio to be out of 100? The answer
lies in getting the 12 inches to 100. We do this by figuring
out how many times 12 goes into 100 and then we
multiply both parts of the ratio by that number. Check out
the math below to see how that works.

100
Start with — =8.33
art wi 12
0.25 x 8.33
Next oo
12 x 8.33
2.08
End with —_—
100

In the end a grade of one quarter of an inch per foot gives
us a grade of two point zero eight over one hundred as a
ratio. Now let’s go backwards.
Let’s go from a ratio back to
inches per foot. We’ll start with a
grade of one over 50.

0 .
0

What do we do now? At this
point I want you to just think for a
few seconds about how you would
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approach this. Even as I’m sitting here writing this part of
the book I'm talking to myself and asking myself that
question.

Me: Hey self, what am I supposed to do now?

Self: Well think about it for a minute. Somehow
you’ve got to get the one and the fifty into inches and feet.
What are some thoughts coming into your head?

Me: Well if this is a ratio then if the object travelled
50 feet horizontally it would fall 1 foot vertically.

Self: True.

50 feet

IiEEEEEN
F 3
A 4

(https://pressbooks.bccampus.ca/mathfortradesvolume3/

wp-content/uploads/sites/1574/2021/12/Picture43-1.png)
Me: It could also mean that if the pipe travelled 50

inches horizontally then it would fall one inch vertically.
Self: Also true.

50 inches

A 4

IiEEEEEN
r 3
imEm | | |
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(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture44-1.png)
Me: I guess we could apply that to centimeters,

millimeters, meters, yards, miles or decimeters as well.
Self: Why don’t we just stick with feet and inches.
Pick which one of the two you want to work with in the
start.
Me: We dealt with inches in the first one so let’s do
that again.
1 inch
50 inches
Self: At this point the 1 inch works as we’re looking
for inches per foot but the 50 inches has to be put into feet.
To do this we’ll take the fifty and divide it by 12. This will
get us into feet.

or 1 inch : 50 inches

o0
— =4.1
15 67

Me: Okay. I’'m seeing where you’re going with this.
I’m picking up what you’re putting down. Now we have
to put 4.167 into a ratio.

Self: Yup.

1 inch
4.167 feet

Me: I see we’re not quite there yet.

Self: Correct. Remember the grade is expressed in
inches per foot therefore we must get the 4.167 feet back
to one foot. The easiest way to do this is to divide both
parts of the ratio by 4.167. We’ll then end up with one
foot.
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1 inch
Start with —
4.167 feet
N 1=-4.167
t
e 4147 = 4.167
) 0.24 inches
End Wlth _—
1 foot

Self: We end up with 0.24 inches per foot. This is
basically one quarter on an inch per foot.

Wl
J/‘fv

I know I’ve said this
before but I’m going to
say it again. Learning the
concepts surrounding
math is far more important
than memorization. In the
end you already have an

idea what the solution is going to be. You just have to put
all the pieces of the puzzle together. You don’t need to
memorize each piece of the puzzle but what you do
instead is generate each piece of the puzzle as you go.
This is accomplished by taking some time to understand
what the question is asking and beginning to draw out the
route you take to get there. Keep that in mind as you go

through this book.
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Inches Per Foot to Percent and Back

We’ve already gone through a lot of the initial math
regarding inches per foot in the last example. We’ll work
with one quarter of an inch per foot and just skip a bit of
the math that we already did before. Remember that the
whole idea is that we have to get the inches per foot to
work for us. That means we have to get both of the units
to be the same. In this case we will once again go with

inches.
Start with =" per foot
0.25 inches
Next i ———
12 inches
End with 0.0208

What we have in the end is 0.0208. What does that do for
us? There are actually two parts to this answer.
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If we were trying to find the total fall on an object the
number 0.0208 is what we would use in the formula. If we
wanted to find out what 0.0208 is as a percent then we
have to change the number. How we do this is by
multiplying by 100.

0.0208 x 100 = 2.08%
In the end of the day we have a 2.08 percent grade.

For you
plumbers out
there that’s
4" /it

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture51.png)
Now let’s do the reverse. We’ll go
from a percent back into inches per foot.
This time we’ll start with 3 percent
and work our way back to inches per
foot.
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Start with 3%
This can be written one of 3
two ways Too 0.03

We’ll use the ratio 3 over one hundred as it’s easier to
work with. Remember that in the case of a ratio there are
no units. What we are saying with a 3 percent grade is that
for every 100 units that the object goes horizontally it falls
3 units vertically.

Now if we are changing the grade to inches per foot
we could then say that for every 100 feet that the object
goes horizontally it falls 3 feet vertically.

100 feet

F 3
v

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture53.png)

Let’s start to look at this from a mathematical
perspective. If the object falls 3 feet we could then say it
falls 36 inches.
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100 feet

IiEEEEEN
F 3
A 4

/: ................... ...................

36 inches
/

level

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture54.png)
It looks as though we are starting to get somewhere.
We are starting to get to that “inches per foot” grade we
are looking for. The only issue we have to solve is the fact
that at the moment we are dealing with one hundred feet.
We have to get that down to one foot. In this case we take
the one hundred and divide it by one hundred. That leaves
us with one. We also do this to the 36 inches to keep
things mathematically consistent.
36 100  0.36 inches
100 © 100 1 foot
Now we’re really getting somewhere. I think we’re
almost there. The only thing left to do is change the 0.36
inches into some type of fraction of an inch. We can put it
into quarters of an inch, eighths of an inch, sixteenths of
an inch or even thirty seconds of an inch. For our purposes
let’s go with eighths of an inch.
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(https://opentextbc.ca/
mathfortrades1/)

By the way if you don’t
quite remember how to go
from decimals of an inch to
M ATH ‘ fractions of an inch you can

FOR" q always go back to the first
TRADES‘ volume of Math for Trades
(https://opentextbc.ca/
Volume 1 mathfortrades1/) and do a
little refresher. If you do
B remember check out the

answer just below.

288 3
h _ b
0.36 inches x 8 = < 3

In the end a grade of 3 percent changed to inches per
foot works out to be 3/8"/ft.

3
3 inches per foot

Try a few practice questions. Check the videos
answers to see how you did.
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Practice Questions

Question 1

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/
uploads/sites/1574/2022/01/Picture59.png)

A road grades down at 7%. What
would that grade be translated into inches
per foot. Put your answer in eighths of an
inch.

One or more interactive elements has been
excluded from this version of the text. You can
view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=514#video-514-1
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=514#video-514-1)
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Question 2

1 foot

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture60.png)

A piece of pipe grades down at a rate of 3/8" per foot.
What would that grade be as a ratio over 100?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=514#oembed-1 (#oembed-1)
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Question 3

The piping for a fire
sprinkler system is run at a
grade of 7:198. What is
this grade expressed as a
percent?

Note: My apologies to
all those sprinkler fitters out there. This is not a realistic
grade for the pipe you run. Take one for the purpose of
math.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=514#oembed-2 (#oembed-2)
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12.

Calculating Fall

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=274#0embed-1 (#oembed-1)

In the last section we looked at the three ways grade
is expressed and how to work between them. Now we

151
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need to put that to work in an equation which can give us
the total fall of an object.

Take a look at the guy above. Any guesses on the
grade he’s falling at?

The first thing we do is look at what we are
calculating and then figure out what variables we need.
Let’s go back to this drawing from the last section.

1 foot

[
>

iEEEEN
»

3/8” fll
P

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture8-5.png)

If we start from the basics which is one foot and go
from there we can build our formula.

What variables
do you think are
needed?

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture26-2.png)

I think we would all agree we need grade. In this
particular case we can use a grade of inches per foot as we
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have a one foot piece of pipe falling three eighths of an
inch. In our drawing we dealt with one foot but in reality
we’ll more than likely be dealing with pipe that is longer
than that. In the end it works out that we also need the
length.

CONCLUSION

-
Y
-

p !

d v
(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture13-2.jpg)

In conclusion we only require two variables.
1) Length
2) Grade
From this we can now build our formula.
Total fall = length x grade

It’s not actually the toughest formula to remember as
there are only 3 variables if you include the answer. The
trickiest part might just be dealing with the units as there
are a few ways to express grade.

Usually we start off with the easiest example and
then go to the harder ones but in this case we’ll start with
the hardest.
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Working With The Grade in Inches Per Foot

Expressing grade in inches per foot sets the formula up in

a certain way.
Attention! The following is a very

important point.
As the grade in this particular case is

in inches per foot we MUST have the
length in feet.

Grade is expressed in inches per foot.

The length must be expressed in feet.

The total fall ends up being in inches.
Here’s how it works mathematically.
Total fall (inches) = length (feet) x grade (inches/foot)

or written another way...
inches = feet x inches/foot

The feet and the foot cancel each other out leaving

just inches.
inches

inches = feet x
feot

inches = inches
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Example

A plumber must
install 250 feet of pipe in a
parkade. The pipe is to be
graded at % inch per foot.
How far does the pipe fall
vertically in the 250 feet.

Step 1: Start with the formula.
Total fall = length x grade

Step 2: Define your variables and make sure they are
in the correct units.

Length = 250 feet
1
Grade = 1 in/ft
Step 3: Plug the variables into the formula.

Total fall = 250 feet x i inch /ft

Total fall = 250 x %
Total fall = 62.5 inches

I know we’ve already talked about this but I want to bring
up one point again. Note the total fall ends up in inches for
this particular situation. This is key and very important.
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Having said that let’s move on to another example
involving grade in inches per foot. Maybe take a shot at
doing this one yourself before moving on to the answer.

What is the total fall of a piece

G4 of pipe which travels 439 feet at a

grade of 3/8 inches/ft?

CONTINUE BELOW

Step 1: Start with the formula.
Total fall = length x grade
Step 2: Define your variables and make sure they
are in the correct units.

Length = 121539 feet
Grade = B in/ft
Step 3: Plug the variables into the formula.
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Total fall = 439 feet x g inch /ft

Total fall = 439 x g

Note: What you might think of doing at this point is
to change the 3/8 into a decimal which might make it
easier to work with.

3+-8=0.375
You could then plug that into the formula.
Total fall =439 x 0.375
Either way you end up with the same answer.
Total fall = 164.63 inches

Let’s step it up a notch and put the answer into
eighths of an inch.

Step 4: Take the decimals of an inch and multiply it
by 8. This turns the 0.63 inches into eighths of an inch.

0.63 x 8 =5.04

In this case we round the 5.04 down to 5 and we end
up with 5/8.

In the end our final answer becomes 164 5/8 inches.

Okay. Now that we have the hardest one out of the
way it’s time to move onto the easier ones. Let’s start with
the ratio.

Working With Grade as a Ratio

The reason a ratio is easier to work with as a grade is that
it doesn’t come with any units. Why is this easier you ask?
Well it works out that the total fall and the length are in
the same units. There are no issues like there are when the
grade is in inches per foot.
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So for example if the length is in feet then the total
fall is in feet. If the length is in miles then the total fall is
in miles. It works out that when it comes to the grade
being in a ratio things become much easier. Take a look at
the following example.

Example

A tunnel is dug a
length of 79 meters. The
tunnel must slope
downwards at a grade of 1
in 50. Note that saying the
grade as 1 in 50 is the same
as referring to it as a ratio
of 1:50. What is the total fall of the tunnel?

Step 1: Start with the formula.
Total fall = length x grade

Step 2: Define your variables and make sure they are
in the correct units.

Length = 79 meters

1
Crade = —
rade 50

Step 3: Plug the variables into the formula.
1
Total fall = 79 meters x = inch /ft

Total fall = 1.58 meters
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Now try another example. Maybe try this one before
moving on to the answer

A 175 foot length of
sprinkler pipe needs to be
run in a building at a grade
of 1 in 200. What is the
total fall of the sprinkler

pipe?

S
v‘)o‘ig °"”573’ \

&

&

CONTINUE BELOW

Step 1: Start with the formula.
Total fall = length x grade
Step 2: Define your variables and make sure they
are in the correct units.

Length = 175 feet

1
Grade = —
rade 200
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Step 3: Plug the variables into the formula.
1
Total fall = 175 feet x —
200
Total fall = 0.875 feet

Working With Grade as a Percent

Working with grade as a percent means the total fall ends
up being in the same units that the length is expressed in.
Once again this is due to the fact that when percentages
are expressed in the total fall formula they come with no
units.

There is one thing to remember though.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2021/12/Picture14-1.jpg)

We’ll generally be given a percent expressed in a
form like the figure below.

2%

As we discussed in the previous section this format
won’t work for us in the formula. It must be changed into
decimal form in order for us to use it. This is done by
taking the 2 and dividing it by 100.
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2+100=0.02

this is the number we
need to work with

Okay. So now that we have that out of the way let’s
try an example.

Example

A length of pipe is required to be
Q run a distance of 154 feet. The jobsite
specifications state that the pipe must be
run at a grade of 2%. What is the total fall
of the pipe during its run?

Step 1: Start with the formula.
Total fall = length x grade

Step 2: Define your variables and make sure they are
in the correct units.

Length = 154 feet

Grade = 2%
Convert the ratio into a workable form.
2 =100 = 0.02

Step 3: Plug the variables into the formula.
Total fall = 154 feet x 0.02

Total fall = 3.08 feet
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Here’s another one. Try it on your own
Q before looking at the answer down
below.
A city drainage pipe runs through
a neighborhood servicing the houses
in the area. The drainage pipe runs a
distance of 375 meters. It is required

to be run at a grade of 1 percent. What is the total fall on
the drainage pipe from beginning to end?

CONTINUE BELOW

Step 1: Start with the formula.
Total fall = length x grade
Step 2: Define your variables and make sure they
are in the correct units.
Length = 375 meters

Grade = 1%
Convert the grade into a workable form.
1-+100=0.01

Step 3: Plug the variables into the formula.
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Total fall = 375 meters x 0.01
Total fall = 3.75 meters

Try a few practice questions and check out the video
answers to see how you did.

Practice Questions

Question 1

A pipe runs 220 feet and has a
grade of 2%. What is the total fall on
the pipe?

One or more interactive

elements has been excluded from

this version of the text. You can
view them online here: https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=274#oembed-2 (#oembed-2)
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Question 2

pipe has a grade of 1 in 50.
If the pipe runs for 75 meters what is the total fall?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=274#oembed-3 (#oembed-3)
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Question 3

\ i\ '1.1":.}‘ What is the total fall on a
\ W‘\"*‘w‘q pipe which runs 124 feet with
A A AV SN L grade of 1/8” per foot?

P

a interactive elements
has been excluded

from this version of the text. You can view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=274#oembed-4 (#oembed-4)

One or more
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13.

Calculating Grade or Length

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=>512#0oembed-1 (#oembed-1)

So far in this chapter we’ve gone through the motions
to end up finding the total fall on an object given its length
and grade. This will work well for us in all kinds of
situations in the field.

167
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But from a math perspective we should also be able
to rework the formula to solve for length or grade.

Let’s start by just putting up the total fall formula
once again.

Total fall = length x grade

Instructors and students quite often use a triangle to
solve for the variables in a formula when there are three
variables in that formula. As we have three variables in
the total fall formula why don’t we go ahead and use this
method. Check out the drawing below to get an idea of
what I’'m talking about.

TF

LENGTH % GRADE L x G

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picturel-1.png)

From this triangle we can get all three versions of the
formula.
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(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture2-1.png)

total fall = length X grade

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture5-1.png)

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture3-1.png)

total fall
grade

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture6-1.png)

length =
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(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture4-1.png)

total fall
length

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture7-1.png)

That’s the magic of the mathematical triangle. It can
help you solve for any of the variables in a formula with
three variables. If you ever run across other formulas with
three variables give it a try. In fact the next chapter deals
with trigonometry and you can use this triangle method to
solve for a lot of stuff.

As we’ve already talked about and solved problems
for total grade we’ll just stick to the other two variables.
We’ll do a couple examples solving for length and a
couple solving for grade.

grade =
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Solving for Length
Start with the formula.
total fall
length = ——
grade

We’ll do examples using each of the three types of
grade.

Example

Pipe is run where the
total fall from one side to
the other is 0.59 meters.
The grade on the pipe is a
ratio of 1 in 50. What
length of pipe must be run
in order to achieve this
total fall.

Step 1: Write down the formula you’ll be working
with.

total fall
length = ——
grade
Step 2: Write down the variables making sure they are
in units you can work with.
total fall: 0.59 meters
grade: 1/50

Step 3: Plug in the variables and solve.
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Mathematically this is the same as saying point five
nine multiplied by fifty.

length = 0.59 x 50
length = 29.5 meters

Pipe for a compressed

air system is run with a
grade of 1%. The total fall
on the pipe from one side
of a building to the other
side of a building is 17
inches. What is the length
of pipe that has been run.

Step 1: Write down the formula you’ll be working

with.
total fall
grade

Step 2: Write down the variables making sure they are
in units you can work with.
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total fall: 17 inches

grade: 1% or 0.01
Step 3: Plug in the variables and solve.

17
length — —
CREE = 501

length = 1700 inches

Remember that when dealing with percent the total
fall and the length will be in similar units. As I wrote this I
originally put in the length as 1700 feet. This is an easy
mistake to make and one to really look out for.
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Example

Pipe is run in a
parkade and the total fall
from one side to the other
is 1 foot 3 inches. The
grade on the pipe is 1/8"
per foot. How far does the
pipe go at that grade?

Step 1: Write down the formula you’ll be working
with.

total fall
length = ——
grade

Step 2: Write down the variables making sure they are
in units you can work with.

total fall: 1 foot 3 inches
grade: 1/87/ft

Note that when dealing with the grade in inches per
foot the total fall must be in inches. Therefore the 1 foot 3
inches must be changed to 15 inches.

total fall: 15 inches

Step 3: Plug in the variables and solve.
15

1/8” /foot
length = 120 feet

length =
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Once again remember that when using the total fall
formula with inches per foot as the grade the length
always ends up being in feet.

Solving For Grade

My

This might actually get a bit trickier than just solving

for length.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture29-2.png)
When finding the grade the units really come into
play. Remember that for both percent and a ratio there are
actually no units in the grade. This means that when
solving the problems we must make sure to cancel out
units to leave us with none. In the end its important when
finding those two grades that both the length and the total
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fall are in the same units. When I go through the examples
just below I’ll show you what I mean.

When using inches per foot it’s also important to note
what the units are in. Remember that the grade must end
up being in inches per foot. This means that the length
must be in feet while the total fall must be in inches. If this
is not the case then the variables must be changed to
match this.

Let’s head straight to some examples so you can see
what I’'m talking about.

Example

Pipe is run where the
total fall from one side to
the other is 0.59 meters.
The length of the pipe is
29.5 meters. What is the
grade expressed as a ratio
over 50?

Step 1: Write down the formula you’ll be working

with.
ade total fall
T -
c length

Step 2: Write down the variables making sure they are
in units you can work with.

total fall: 0.59 meters
length: 29.5 meters
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Note that both variables are in
the same units. This works.

Step 3: Plug in the variables

and solve.
0.59
grade = ——
29.5
grade = 0.02

GG@AL

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture18-1.png)
Our final goal is to get the grade to a ratio of 1:50.
The question is how do we go about getting to that.
Follow the math here as this is where it gets a bit tricky.
Start off by putting the answer into a ratio over 1.

grade = 0.02
0.02
grade = T

Now take that ratio over 1 and get it into a ratio over
50. We do this by multiplying both the top and bottom by
50.
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rade——0'02><@
BHCC =" " 50
1
de = —
grade -

There you have it.

Example

Pipe for a compressed
air system has a length of
141 feet 8 inches. The total
fall on the pipe from one
side of a building to the
other side of a building is
17 inches. What percent
grade is the pipe run at?

Step 1: Write down the formula you’ll be working
with.

total fall
length

Step 2: Write down the variables making sure they are
in units you can work with.

total fall: 17 inches
length: 141 feet 8 inches

So we have a slight problem here. The total fall is in
inches while the length is in feet and inches. We have to

grade =
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make them both the same units. What we’ll do here is
change the 141 feet and turn it into inches and then add the
8 inches.

141 feet x 12in/ft = 1692 inches
1692 inches + 8 inches = 1700 inches

Step 3: Plug in the variables and solve.

q 17
rade = ——
S = 1700
grade = 0.01

Step 4: Change the decimal into a percent by
multiplying by 100.

0.01 x 100 = 1%

Example

Pipe is run in a parkade
and the total fall from one side
to the other is 1 foot 3 inches.
The total length of pipe is 120
feet. What is the grade on the
pipe in inches per foot. Put your
answer to the nearest eighth of

a foot.

Step 1: Write down the formula you’ll be working
with.
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total fall
length

Step 2: Write down the variables making sure they are
in units you can work with.

total fall: 1 foot3 inches
length: 120 feet

In this case the length is good but the total fall must be
in inches for this version of the formula to work. One foot 3
inches is equal to 15 inches.

total fall: 15 inches

Step 3: Plug in the variables and solve. Remember
that the grade has to be in inches per foot so we need to
divide each part of the equation by 120.

15 inches 120  0.125 inches
grade = — =
120 feet 120 1 foot

We’re almost there. To turn the 0.125 inches into

eights of an inch we multiply the 0.125 by 8.

0.125 x 8 =1

This represents 1/8 inch and in the end the grade is 1/8
of an inch per foot.

grade =

1/8” per foot

Okay now its your turn to give it a shot. Try the practice
questions and check out the video answers when you are
done.
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Practice Questions

Question 1

; Don is running

| PRESSURE 290 S & i sprinkler lines in the
Fouiis - underground parkade for a
30 story office building in
downtown Vancouver. His
task is to run a sprinkler
line from one side of the
parkade to the other. If the
sprinkler line is graded at 1/125 and the total fall does not
exceed 0.5 meters then the sprinkler line will end up
running from one side of the parkade to the other. What is
the length of the sprinkler pipe?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=512#oembed-2 (#oembed-2)




182 Chad Flinn

Question 2

Rachel runs her own
plumbing company. She’s been
asked to run an underground
torm drainage line from one
atch basin to a catch basin
ocated at the other end of the
property. The grade can not
exceed 2% and the total fall on
the pipe cannot exceed 25
inches. What is the maximum
length the pipe can run in feet

and inches?

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=>512#oembed-3 (#oembed-3)
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Question 3

Chad just bought
himself a farm in Alberta
and needs to run some
drainage pipe from one
barn to the other. The
length of the pipe will be
200 feet and the total fall on the pipe will be 24 inches.
What will the grade be in order for those numbers to work?
Put your answer as a percentage.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=512#oembed-4 (#oembed-4)
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14.
Grade and Total Fall Quiz

An interactive H5P element has been excluded
from this version of the text. You can view it
online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=710#h5p-3
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=710#h5p-3)

185
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IV

Trigonometry

Outcomes
. Understanding the basics of triangles
. An introduction to trigonometry
. Using trigonometry to find side lengths
. Using trigonometry to find angles

187
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15.

The Basics of Triangles

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=520#0oembed-1 (#oembed-1)

You might be asking yourself right about now “Why

189
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do we learn about triangles in the trades?” Didn’t we
finish with those way back in grade school?” Well believe
it or not there are many situations where components or
parts of systems in the trades have a triangle in their
shape.

Knowing how to calculate the lengths of the sides of
those triangles and even the angles involved might just
come into play during your trades career.

A good example of that would be a set of stairs. Take
a look at the set of stairs to the left and note any triangle
formed from those stairs.

A carpenter making
stairs will be required to
know how many stairs will
be in a stair case. He or she
will also be required to
know the height of the
stairs as well as how the
stairs are sloped. All in all
the carpenter ends up using
math, angles and triangles

/

in the calculations.
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Another example would be when steam fitters are
running pipe which changes direction. This change in
direction is what is known as an offset. The change in
direction might be 30 degrees, 60 degrees or 45 degrees.
The properties of triangles are then used in order to
calculate the dimensions of that offset.

Let’s start by identifying the parts of a triangle.

Parts of a Triangle

As we all know a triangle has three sides and those
sides have a relationship with each other depending on the
angles between them.

The main characteristic of a triangle (other than the
fact that it has three sides) is that the three angles within
the triangle always add up to 180 degrees. No exceptions.
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A

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture5.png)

This means that angle “A” plus angle “B” plus angle
“C” will add up to 180 degrees. If we know two of the
angles it automatically means that we know the third.

For our purposes we will always be dealing with
what is known as a right triangle. A right triangle is one in
which one of the angles is 90 degrees. Take a look at the
figure below to see what I mean.

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture6.png)

In the figure to the left angle “B” is the right angle
meaning that it’s 90 degrees.

This also means that angle “A” and angle “C” must
add up to 90 degrees to make a total of 180 degrees.

The right angle is always identified by the box that it
is enclosed in. Angles other than 90 degrees will be
represented by a curved line.
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The sides of the triangle also have names and those
names all start with what is known as the identified angle.
The identified angle will be the one which has the curved
line attached to it. Take a look at the following triangle to
see what I mean.

A [ ]

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture7.png)

The right angle is always identified but this is not the
angle we are referring to.

What we are referring to is angle “A”. It’s identified
not only by the letter “A” but also by the curved line
enclosing the angle.

This is our starting point.

I’ll give you the names of the three sides before
letting you know which ones they are. See if you can
figure out which is which just from the names.

1) Opposite
2) Adjacent
3) Hypotenuse

Which side do you think each of these refers to? Take
a look at the following three diagrams to find out.

The opposite side is the side opposite the identified
angle. Makes sense.
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opposite
(opp)

A

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture8.png)

Following that same mode of thinking the adjacent
side is the side directly adjacent to the identified angle.

Now if you are looking at the triangle and saying
“wait a minute” there are two adjacent sides to the
identified angle you are correct. The one we are referring
to as the adjacent is the same side that has the 90 degree
angle.

AT []

adjacent
(adj)

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture9.png)

I’m going to guess that you figured out which side is
the hypotenuse as there is only one option left. It doesn’t
leave much room for debate.
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The hypotenuse is always the longest of the three
sides and is always directly opposite the 90 degree angle.

hypotenuse
(hyp)

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture10.png)

Pythagorean Theorem

The next phase of our triangle education involves a
guy with an interesting name. His name was Pythagoras
and he lived a long time ago in Greece. He was a
philosopher who is credited with a bunch of philosophical
stuff as well as some math. One of the mathematical
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things he discovered was eventually named after him. The
Pythagorean theorem.

His idea was that as long as you know two of the
three sides in any right triangle you can figure out the
third using a mathematical formula. Take a look at the
following triangle to start. Always remember that the
triangle must be a right triangle in order for the
Pythagorean theorem to work.

Side C
Side A

Side B

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture11.png)

Note that the only angle that we know for sure is the
right angle. It doesn’t actually matter what the other two
angles are. Mathematically there is a definite relationship
between the three sides......... and here it is!

a? + b =c?

That’s it. The most challenging part here is working
with the equation and moving the numbers around so we
can solve for any of the three sides. This goes back to an
earlier chapter in the book where we learned how to work
with formulas and transpose formulas. If you need a
refresher on transposing please refer to the earlier chapter.
There might also be a goofy video somewhere with me
and that guy Chad in it.

We need to be able to solve for not only side “C” but
also side “B” and side “A”.
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B2 — 2 _ g2

That’s the three versions of the formula. The only
problem is that everything is still squared. Finding an
answer that is squared doesn’t work for us so what we end
up doing is square rooting the answer to get our final
answer.

Like so...........

V2 =
=c
Now going back to transposing equations we
remember that whatever we do to one side we must do to
the other. Therefore if we square root one side we must do

that to the other side as well.

V2 = Va2 + b2
And we get.....
c=+Va?+b?

This is the formula we’re required to work with and
we can do the same thing for both side “A” and side “B”.
Before we go any further take the formula and solve for
both side “A” and side ‘B”. Once you have solved for both
take a look down below to see if you were correct.
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CONTINUE BELOW

Solving for side “A” or side “B” gets us the

following:
a=+c%— b2
=2 — a?

What this means is that no matter what the angles are
in a right triangle we can calculate the length of any of the
sides as long as we have the lengths of the other two sides.
Let’s go through an example.
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Example

You have a right angle triangle. Side A is 12 and side
B is 14. What is the length of side C?

SideA=12

—

Side B= 14

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/
Picture22-1.png)Step 1: Write down the formula and
rearrange to solve for C.

2 =ath?
o= /PR
Step 2: Write down the variables.
A=12
B =14

Step 3: Plug the variables into the formula and work
through it.
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c=/122 + 142
c = /144 + 196

34
18.4

O

C

=

C

Examples

What if we had to solve for side A? How would that
look? Take a look at the following figure.

Side C=22
SideA=7?

o

SideB=10

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture24-1.png)

Step 1: Write down the formula you are going to use
and rearrange the formula if necessary.
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2 =a%+1?

e =T
Step 2: Write down the variables
C =22
B =10

Step 3: Plug the variables into the formula and work
through it.

a= /222 — 102
a = /484 — 100
a= V384
a = 19.60

Now try a couple questions for yourself. Make sure to
check the video answers once you are done.
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Practice Questions

Question 1

SideA=6

SideB=8

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/
Picture28-1.png)Find side C if side A is 6 and side B is 8.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=520#oembed-2 (#oembed-2)
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Question 2

SideC=17
SideA=7

I—

SideB=7?

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture29.png)Find
side B if side C is 17 and side A is 7.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=520#oembed-3 (#oembed-3)
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16.

Introduction to Trigonometry

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=522#oembed-1 (#oembed-1)

In the last section we took a look at the basics of
triangles. We used the Pythagorean theorem to solve for
any side of a right triangle. The only requirement was that
we know what the length of the other two sides were.

When using the Pythagorean theorem we didn’t need
to know any of the angles within the triangle. The only
thing we needed to make sure was that one of the angles
was a right angle.

Take a look at the drawing below. It shows a right
triangle with the other two angles both being forty five
degrees.
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A 45 degree right triangle

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture1-2.png)

This is a special triangle when dealing with the
construction trades. When piping is offset it’s quite often
done using forty five degree fittings. What we end up
making is this special version of a triangle.

Some of you may already have run across this in
either your studies or even in the field. What you might
remember is that side “C” is 1.414 times larger than either
side “A” or side “B”.

So how did we determine that? Well that number
comes from trigonometry. It is also the case that side A
and B are equal.

Trigonometry is a system which allows us to
calculate the values of any angle or side in a right triangle.
It deals with more than what Pythagoras figured out when
dealing with triangles.

Given enough information we can find any of the
angles or any of the sides. Trigonometry allows us to work
with triangles to a much greater extent than we have being
doing up to this point.
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The Relationship between the Sides and
Angles in a Right Triangle

We noted in the last
chapter that there are six
pieces of information in a
right triangle. There are
the three sides and the
three angles. The only
thing we know for sure is
that one of the angles is 90
degrees. So in this case
number 5 is a given at 90
degrees.

When working with trigonometry it is required that
you have 3 of those 6 pieces of information given in order
to figure out the other three. As just stated one of the three
is the 90 degree angle. Essentially you need the 90 degree
plus two other pieces of information.

Remember we also named the three sides of the
triangle depending on the angle of reference. The names
become very important when dealing with trigonometry.
They end up defining how we go about finding the
unknown variable.

hypotenuse
(hyp) opposite

(opp)

adjacent
(adj)
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This is an important point when dealing with
trigonometry. Naming the sides of a triangle properly
allows us to use the formulas in trigonometry properly.
This leads us into the next part part...... the angles.

The Angles

This topic might get a little tricky so pay attention.

Angles within a right triangle can be referred to by
the relationship between two of the sides within that
triangle. We’ll start by stating the three names that we will
be working with.

Sine Cosine Tangent

It would be fair to say that these names refer more to
the relationship between sides than to the actual names of
the angles.

For example, sine is the relationship between the
opposite side and the hypotenuse. The relationship
between the two will give you a number and this number
will generate an angle using a calculator.

Let’s go back to our triangle with a reference angle
“A” to see how this works.




hypotenuse
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adjacent
(adj)

opposite
(opp)

Our reference angle is “A”. From this we can derive
which side is the opposite, adjacent and hypotenuse.

The idea is the value of angle “A” defines the
relationship between the sides.

This is where trigonometry steps in and states how
everything goes together. What you end up with is the

following.

SOH CAH TOA

What SOH CAH TOA defines is actually the three
formulas we work with in trigonometry. We’ll break it

down even further.

SOH CAH TOA
. opposite . adjacent opposite
Sine # = —————— | Cosine § = ————— | Tangent 0 = —;
hypotenuse hypotenuse adjacent

Note: the symbol “6” is the Greek letter theta and is used

to refer to the measured angle.
If you find the relationship between the opposite side

and the hypotenuse what you end up finding is the angle

referred to as sine.

Stated another way the angle of sine can be found by
dividing the opposite side of the triangle by the

hypotenuse.
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Trigonometry is not all that complicated in the end of
the day but because there are a few words (including
trigonometry) that might be unfamiliar to students it
sometimes seems to be just a little out of reach.

What we’ll do in the next parts of the chapter is break
each of three formulas down into their basic parts and go
through some examples. In the end of the day if you can
just remember two things about trigonometry then you are
almost there.

1. Trigonometry is simply the
relationship between sides and the
relationship between those sides will
end up telling you the angle you’re

dealing with.
2. SOH CAH TOA is pronounced
“s0...... ca...... toe...... ah”

You’re already halfway there.
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17.

Using Trigonometry to Find Side
Lengths

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=>524#0embed-1 (#oembed-1)

Our goal in this section is to take the information
given to us regarding a triangle and find the missing side.
Take a look at the triangle below and note the identified
angle.

211
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hypotenuse

opposite

adjacent

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picturel-3.png)

Given the identified angle we can then name each of
the three sides. If we know one of those sides we could
find the other two.

This is where we use trigonometry. Let’s say the side
we know is the opposite side which has a value of 7. And
then let’s say the side we wanted to find out was the
hypotenuse.

hypotenuse

opposite =7

Adjacent
?

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture2-3.png)
In order to solve for the hypotenuse we first decide
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which of the three trigonometry formulas works for us.
Keep in mind that the two sides we are dealing with are
the opposite (which we have) and the hypotenuse (which

we need to find).

SOH CAH TOA
. opposite . adjacent opposite
Sine § = ———— | Cosine § = ————— | Tangent § = —
hypotenuse hypotenuse adjacent

From the three formulas we can see that the sine formula
will work as it deals with the opposite and the hypotenuse.
Now we need to rework the formula to solve for the

hypotenuse.

Sine 0 =

hypotenuse =

opposite

hypotenuse
opposite

Sine 6

The next step is to plug in the numbers and get an

dnswer.

hypotenuse =

g‘u

9
—

B

e

being 30 degrees.

7

Sine 30

So far so good except
what do we do with the
“sine 30”. That’s not a
number we can work with.

Well sine 30 is the
number we get from using
trigonometry. What this
represents is the
relationship between the
opposite and the hypotenuse with the identified angle
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What we need to do now is plug that into our
calculator to get the number that represents sine 30. What
you should find on your calculator in a button labelled
“SIN”.

This stands for sine. Now hit that button and enter
30. What do you get? Check out below to see if you get
the same thing.

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture6-2.png)

So the sine of 30 degrees is 0.5. Here it is
mathematically.

) opposite
Sine ) = ——
hypotenuse
opposite
Sine 30° = —P 2 _ 5
hypotenuse

Mathematically what this is saying is if the identified
angle is 30 degrees then the relationship between the
opposite and the hypotenuse is 0.5. Essentially this means
that the opposite side is 0.5 times the length of the
hypotenuse whenever the identified angle is 30 degrees.
We can now solve for the hypotenuse.
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hypot !
otenuse = —
yP 05

hypotenuse = 14

Hypotenuse

14 opposite =7

Adjacent

Let’s take that same triangle we used up above and
instead of trying to find the hypotenuse we’ll find the
adjacent side.

Hypotenuse

14 opposite =7

Adjacent
?

In this case we know what the opposite side is
and we are looking to find the adjacent side. Once
again let’s look at the three trigonometry
functions and see which one works for us.
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SOH CAH TOA
opposite j sit
Sine 6§ = _OPPOSTE Cosine 0 = _adjacent Tangent 6 = oppom ©
hypotenuse hypotenuse adjacent

In this case we can use the tangent function. Take that
formula and solve for the adjacent side.

opposite

tangent 6 = L
adjacent

) opposite
adjacent = ——
tangent 6

Sometimes you might see tangent written as just
“TAN” in the formula. No worries though. It means the
same thing as tangent.

Now plug the numbers in.

7

tangent 30
Go to your calculator and put in the tangent of 30.

DODO
Y2 YY) —p L
000

adjacent =

@00

Here we are getting the relationship between the
opposite and the adjacent side given that the identified
angle is 30 degrees. What the number is saying is the
opposite side is 0.577 times the length of the adjacent side.
Now we can go ahead and calculate the adjacent side.



Math for Trades: Volume 3 217

. 7
adjacent = ———
tangent 30

dj t = ——

adjacen 05T

adjacent = 12.13

hypotenuse

14 opposite =7

adjacent =12.13

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture16-2.png)

There you have it. We knew the identified angle was
30 degrees and we had one of the sides. From that we
were able to use trigonometry to find the other two sides.

But wait! We used the sine function and the tangent
function to find the missing sides but we didn’t need to
use the cosine function. Maybe we should take a look at
the cosine function and use the same identified angle of 30
degrees and work with that.

First of all let’s take a look at the cosine function.
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SOH CAH TOA
opposite j sit
Sine 6§ = _OPPOSTE Cosine 0 = _adjacent Tangent 6 = oppom ©
hypotenuse hypotenuse adjacent

The cosine function requires that we have either the
adjacent or the hypotenuse. I know that at this point we
know both of those but for the purpose of math let’s use
the adjacent to find the hypotenuse. First let’s rearrange
the formula to find the hypotenuse.

adjacent
Cosine 6 = _adjacent |
hypotenuse
oot adjacent
otenuse = ———
P Cosine 60
Ivbot 12.13
otenuse = ———
yP Cosine 30

From this point we need to go back to our calculator
to find the cosine of 30 degrees. Remember that this
number represents the relationship between the adjacent
side and the hypotenuse.

DODO
oo N o000
000

@00

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture20-2.png)
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Take that number and plug it in to the formula and
see what you get.

I ; 12.13
otenuse = ——
yp Cosine 30
I ; 12.13
otenuse = ———
P 0.866

hypotenuse = 14.20

We are off by just a little as we had previously
calculated that the hypotenuse was 14. This slight
difference is due to rounding during our calculations. In
the end of the day we used all three trigonometry formulas
(or trigonometric functions) to solve for the sides of the
triangle.

At this point we’ll do a couple more examples before
letting you tackle a few on your own.

Example

Side C
Side B

Side A

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture22-2.png)
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Find the length of side B given that side A is 14 and
the identified angle is 60 degrees.

Step 1: Figure out which of the three trigonometry
formulas you will be using.

In this case side A is the opposite side and side B is
the adjacent side. We also know that the identified angle is
60 degrees. We will use tangent as we know the opposite
side and need to find the adjacent side.

opposite
Tangent 6 = L
adjacent

Step 2: Rework the formula to solve for the adjacent
side.
opposite

Tangent 6 =
. adjacent

) opposite

adjacent = ——
tangent 6
Step 3: Plug in the numbers and solve.

14

tangent 60
14

1.73
adjacent = 8.09

adjacent =

adjacent =
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Side C
Side B

Side A

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture26-2.png)

Solve for side C if side A is 17 and the identified angle
is 23 degrees.

Step 1: Figure out which of the three trigonometry
formulas you’ll be using.

In this case side B is the opposite side and side A is
the adjacent side. We are looking to find side C which is the
hypotenuse. We know the identified angle is 23 degrees and
we know that the adjacent side is 17. We will end up using
cosine so solve this question.

, adjacent
Cosine § = M
hypotenuse

Step 2: Rework the formula to solve for the
hypotenuse.

adjacent
Cosine 0 = Letjaceit
hypotenuse
adjacent
hypotenuse = ———

Cosine 0
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Step 3: Plug in the numbers and solve.

I N 17
otenuse = ———
ypoten Cosine 23
Ivbot 17
otenuse = ——
e 0.92

hypotenuse = 18.48

Now try a couple questions for yourself. Make sure to
check the video answers once you are done.

Practice Questions

Question 1

Side C
Side B

45° I
Side A

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
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2022/01/Picture30.png)Find the length of side C given that
the length of side B is 20.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=524#oembed-2 (#oembed-2)

Question 2

Side C
1ae Side B

Side A

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture31.png)Find the length of side A given that
the length of side C is 29.
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One or more interactive elements has been

excluded from this version of the text. You can
view them online here: https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=524#oembed-3 (#oembed-3)

Question 3

Side C H

Side B

Side A

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/01/Picture32.png)Find the length of side A given that
the length of side B is 12.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=524#oembed-4 (#oembed-4)
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18.

Using Trigonometry to Find Angles

Click play on the following audio player to listen along as
you read this section.

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=717#o0embed-1 (#oembed-1)

In the last section we used trigonometry to find the length
of different sides of a right triangle given an identified
angle and the length of one side. Now we approach it from
a different angle. We’ll have situations where we are given
two of the side lengths and maybe all three. The unknown
will now be the identified angle. We’ll know which angle
it is but we won’t know the value of that angle in degrees.
First things first. Let’s put up the SOH CAH TOA
formulas just to remind us what we’re working with.

225
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SOH CAH TOA
opposite j sit
Sine 6§ = _OPPOSTE Cosine 0 = _adjacent Tangent 6 = oppom ©
hypotenuse hypotenuse adjacent

What we learned previously was that the identified angle
created a relationship between the sides. If we had an
angle of 30 degrees then that would dictate the
relationship between the opposite, adjacent and
hypotenuse sides. If we know one of the sides in the
following diagram we could find the other two sides given
that the identified and is 30 degrees.

Side C Side B

Aﬁ -

Side A

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/01/Picture31.png)

We are now doing the reverse. We’ll know the sides
so we can calculate the relationship between them but then
we have to translate that relationship into an angle. That’s
the new goal. Take a look at the drawing below to see
what I mean.
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SideC=5
SideB=3

SideA=4

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/02/Picturel.png)
Let’s use the drawing above and go through the
thought process.
We know all three sides so technically we can use
any of the three formulas to work with. For our purposes
we’ll go with the sine function.

opposite
Sine 6 = PP

hypotenuse

We know that the opposite side is 3 and the
hypotenuse is 5 so we can go ahead and plug in those
numbers.

) opposite
Sine § = ———
hypotenuse
3
Sine 6 = —
ine 5
Sine 6 = 0.6

We’ve calculated that the relationship between the
opposite and the hypotenuse is 0.6. The opposite is 0.6
times the length of the hypotenuse given the identified
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angle. The question then becomes “What is the value of
the identified angle?”

This is where we need to go
back to our calculator.

How does this work on our
calculator? When we used the sine,
cosine or tangent function
combined with the identified angle
we were able to get the
relationship between sides.

Now we take that relationship
and plug it into the calculator to get the identified angle.
This is the point where things may get a bit tricky
depending on what type of calculator you have.

For most of us it should work something like the
following. If you take a look at your calculator you’ll have
a number of functions on it. Included in those function is
the sine, cosine and tangent buttons. What you’ll also
notice is that you have either a second function or a shift
button.
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CALC

FE991MS
D=V AM.

o/ dux :-::“‘“:{, 1723

c (63 16bA0 1+

CALC  [dx

ablc v© X2
ria ’

(=) 333 hyo

ENG | (

(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/02/Picture5.png)

If you go and press that “shift” or “second function”
button what you’ll end up doing is taking those functions
including the sine, cosine and tangent functions and using
them for another function. Hence the name second
function. In this case what you end up doing is shifting
from sine, cosine and tangent to sine'l, cosine "~ or
tangent'l. We are essentially reversing the process.
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(https://pressbooks.bccampus.ca/mathfortradesvolume3/
wp-content/uploads/sites/1574/2022/02/Picture6.png)

Okay great but what exactly does that do for us?
Once we get into that second function mode we can take
the relationship between the two sides and work
backwards to find the identified angle. Let’s use the
example up above to see what I mean.

. opposite
Sine = —
hypotenuse
3
Sine 0§ = —
ine 5
Sine 0 = 0.6

We’ve calculated that the relationship between the
opposite and the hypotenuse is 0.6. We can then use the
sine function, or more specifically the sin”! function to
find the identified angle. Now what we need to plug into
the calculator is as follows. We start by pressing the shift
or second function button. This changes sin to sin"" Now
press the sin button. Then finish it off by entering in 0.6.
What do you get?

sin~10.6 = 36.87

We can round this up to 37. What we have just

determined is that if the relationship between the opposite
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and the hypotenuse is 0.6 then the angle needed to
generate that (the identified angle) is 37 degrees.

SideB=3

SideA=4

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/02/Picture7-e1651697355474.png)

) opposite
Sine | = ———
hypotenuse
3
Sine 6 = —
ine :
Sine 8 = 0.6

Let’s go through another example.

Example

Side C
Side B=10
i

SideA=17

(https://pressbooks.bccampus.ca/
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2022/02/Picture8.png)

10.

tangent function.

opposite
tangent 0 = L
adjacent
Step 2: Plug in the numbers and calculate.
opposite
tangent 0 = L
adjacent
t t 0 10
angent 0 = —
< 17

tangent € = 0.588

Step 3: Take this number and plug it into our
calculator using the tan™ function.

tangent 34.55° = 0.588

easier.

mathfortradesvolume3/wp-content/uploads/sites/1574/

Find the identified angle if Side A is 17 and Side B is

Step 1: Determine which of the three trigonometry
functions you’ll be working with. In this case we have the
opposite and the adjacent sides so we’ll work with the

We can round this up to 35 degrees to make things
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Example

Side C= 17
Side B
4

Side A =14

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/02/Picture11.png)Find the identified angle if Side A is
14 and Side C is 17.

Step 1: Determine which of the three trigonometry
functions you’ll be working with. In this case we have both
the adjacent side and the hypotenuse so we will work with
the cosine function.

: adjacent
cosine ) = ————
hypotenuse
Step 2: Plug in the numbers and calculate.
) adjacent
cosine ) = ————
hypotenuse
ne 0 14
cosine § = —
17

cosine 6 = (0.823

Step 3: Take this number and plug it into our
calculator using the cos™! function.
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cosine 34.61° = 0.823

Once again we can round this up to 35 degrees to
make things easier.

Now try a couple questions for yourself. Make sure to
check the video answers once you are done.

Practice Questions

Question 1

Side B

Side A

(https://pressbooks.bccampus.ca/
mathfortradesvolume3/wp-content/uploads/sites/1574/
2022/02/Picturel5-1.png)

Find the identified angle if Side A is 10 and Side C is
14.14.
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One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=717#oembed-2 (#oembed-2)

Question 2

Find the identified
Side C siep  angle if Side B is 12 and
Side C is 27.

Side A

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=717#oembed-3 (#oembed-3)




236 Chad Flinn

Question 3

Find the identified
SideB angle if Side A is 20 and
Side B is 25.

Side C

One or more interactive elements has been

excluded from this version of the text. You can

view them online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=717#oembed-4 (#oembed-4)
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19.

Triangle quiz

An interactive H5P element has been excluded
from this version of the text. You can view it
online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=713#h5p-4
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=713#h5p-4)
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\Y

Practice Test

An interactive H5P element has been excluded
from this version of the text. You can view it
online here:
https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=715#h5p-5
(https://pressbooks.bccampus.ca/
mathfortradesvolume3/?p=715#h5p-5)
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Versioning History

This page provides a record of edits and changes made to
this book since its initial publication. Whenever edits or
updates are made in the text, we provide a record and
description of those changes here. If the change is minor,
the version number increases by 0.01. If the edits involve
substantial updates, the version number increases to the
next full number.

The files posted by this book always reflect the most
recent version. If you find an error in this book, please fill
out the Report an Error (https://open.bccampus.ca/browse-
our-collection/reporting-an-error/) form.

Version | Date Change Details
August

1.00 3, Book published.
2022
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