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PREFACE

This book is your ticket to smooth sailing when it comes to doing the
math for plumbing and pipe fitting. Most of the work is already done
for you when you consult the many tables and references contained in

these pages. Why waste time with calculators and complicated mathematical
equations when you can turn to the ready-reference tables here and have the
answers at your fingertips? There is no reason to take the difficult path when
you can put your field skills to better use and make more money.

A few words of advice are needed here. Our country uses multiple plumb-
ing codes. Every code jurisdiction can adopt a particular code and amend it to
their local needs. It is impossible to provide one code source to serve every
plumber’s needs. The code tables in this book are meant to be used as repre-
sentative samples of how to arrive at your local requirements, but they are not
a substitution for your regional code book. Always consult your local code be-
fore installing plumbing.

The major codes at this time are the International Plumbing Code and the
Uniform Plumbing Code. Both are excellent codes. There have been many
code developments in recent years. In addition to these two major codes,
there are smaller codes in place that are still active. I want to stress that this is
not a handbook to the plumbing code; this is a calculations manual. If you are
interested in a pure code interpretation, you can review one of my other Mc-
Graw-Hill books entitled: International and Uniform Plumbing Codes Handbook.
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Are you a plumber or pipe fitter who dislikes doing the math that is re-
quired in your trade? If so, this book may be one of the best tools that
you can put in your truck or office. Why? Because it does much of the

math calculations for you. That’s right, the tables and visual graphics between
these pages can make your life much easier and more profitable.

R. Dodge Woodson, the author, is a 30-year veteran of the trade who has
been in business for himself since 1979. He knows what it takes to win in all
financial climates as both a business owner and tradesman. This is your chance
to learn from an experienced master plumber and, what is even better, you
don’t have to study and memorize formulas. All you have to do is turn to the
section of this professional reference guide that affects your work and see the
answers to your questions in black and white. How much easier could it be?

Mathematical matters are not the only treasures to be found here. You
will find advice on how to comply with the plumbing code quickly, easily,
and without as much thought on your part. 

The backbone of this book is math for the trades, but there is much more.
There is a section on troubleshooting that is sure to save you time, frustration,
and money. Find out what you may need to know about septic systems. In ad-
dition to phase-specific math solutions, there is an appendix that is full of ref-
erence and conversion tables for day-to-day work situations. 

Take a moment to scan the table of contents. You will see that the pres-
entation of material here is compiled in logical, accessible, easy-to-use chap-
ters. Flip through the pages and notice the tip boxes and visual nature of the
information offered. You don’t have to read much, but you will find answers
to your questions. 

If you are looking for a fast, easy, profitable way to avoid the dense read-
ing and complicated math that is needed in your trade, you have found it.
Once you put this ready reference guide at your fingertips, you will be able
to concentrate on what you do best without the obstacles that may steal your
time and your patience. Packed with 30 years of experience, you can’t go
wrong by using Woodson’s resources to make you a better tradesman.

INTRODUCTION
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Math is not always a welcome topic among tradespeople. As much as
math may be disliked, it plays a vital role in the trades, and plumb-
ing and pipe fitting are no exceptions. In fact, the math requirements

for some plumbing situations can be quite complicated. When people think
of plumbers, few thoughts of scholarly types come to mind. I expect that most
people would have trouble envisioning a plumber sitting at a drafting table
and performing a variety of mathematical functions involving geometry, al-
gebra, and related math skills. Yet, plumbers do use high-tech math in their
trade, sometimes without realizing what they are doing.

Think about your last week at work. Did you work with degrees of an-
gles? Of course you did. Every pipe fitting you installed was an example of 
angles. Did you grade your drainage pipe? Sure you did, and you used frac-
tions to do it. The chances are good that you did a lot more math than you
realized. But, can you find the volume of a water heater if the tank is not
marked for capacity? How much water would it take to fill up a 4-inch pipe
that is 100 feet long? You might need to know if you are hauling the water in
for an inspection test of the pipe. How much math you use on a daily basis is
hard to predict. Much of the answer
would depend on the type of work you do
within the trade. But, it’s safe to say that
you do use math on a daily basis.

I’ve taught a number of classes for
plumbers and plumbing apprentices. Math
is usually the least appreciated part of those
classes. Experience has showed me that stu-
dents resist the idea of learning math skills.
I remember when I took academic levels of
math in school and thought that I’d never
use it. Little did I know back then how
valuable the skills I was learning would be.

GENERAL TRADE MATHEMATICS

1

chapter1

� been there done that
I was horrible with math in school. It was not until
dollar signs were put in front of numbers that I un-
derstood math. When I entered the plumbing
trade, I had no idea that I was doing a lot of math.
If an employer had told me that math was a re-
quirement for plumbers, I might not have devoted
most of my adult life to the trade. Plumbing math
doesn’t seem like math, but it is serious math.
Don’t be afraid of it.
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FIGURE 1.1 � Abbreviations. (Courtesy of McGraw-Hill)
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While I’m not a rocket scientist, I can take care of myself when it comes to do-
ing math for trade applications.

I assume that your time is valuable and that you are not interested in a col-
lege course in mathematics by the end of this chapter. We’re on the same
page of the playbook. I’m going to give you concise directions for solving
mathematical problems that are related to plumbing and pipefitting. We
won’t be doing an in-depth study of the history of numbers, or anything like
that. The work we do here will not be too difficult, but it will prepare you for
the hurdles that you may have to clear as a thinking plumber. So, let’s do it.
The quicker we start, the quicker we can finish.

BENCHMARKS

Before we get into formulas and exercises, we need to establish some bench-
marks for what we will be doing. It always helps to understand the termi-
nology being used in any given situation, so refer to Figure 1.1 for reference
to words and terms being used as we move forward in this chapter. The in-
formation in Figure 1.2 shows you some basic formulas that can be applied

FIGURE 1.2 � Useful formulas. (Courtesy of McGraw-Hill)

PlumberCalc_ch1  12/13/04  2:09 PM  Page 3

www.TechnicalPDF.com
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to many mathematical situations.
Trigonometry is a form of math that can
send some people in the opposite direc-
tion. Don’t run, it’s not that bad. Figure
1.3 provides you with some basics for
trigonometry, and Figure 1.4 describes
the names of shapes that contain a vari-
ety of sides. Some more useful formulas
are provided for you in Figure 1.5. Just
in what I’ve provided here, you are in a
much better position to solve mathe-

matical problems. But, you probably want, or need, a little more explana-
tion of how to use your newfound resources. Well, let’s do some math and
see what happens.

You don’t have to do the math if you have reliable
tables to use when arriving at a viable answer for
mathematical questions. The types of tables that
you need to limit your math requirements are
available in this book.

� sensible shortcut

FIGURE 1.3 � Trigonometry. (Courtesy of McGraw-Hill)

FIGURE 1.4 � Polygons. (Courtesy of McGraw-Hill)
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FIGURE 1.5 � Area and other formulas. (Courtesy of McGraw-Hill)
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PIPING MATH

This section will profile formulas that can help you when working with pipes.
Rather than talk about them, let’s look at them.

What plumber hasn’t had to figure the grading for a drainage pipe? De-
termining the amount of fall needed for a drainpipe over a specified distance
is no big mystery. Yet, I’ve known good plumbers who had trouble with cal-
culating the grade of their pipes. In fact, some of them were so unsure of
themselves that they started at the end of their runs and worked backwards,
to the beginning, to insure enough grade. Not only is this more difficult and

time consuming, there is still no guar-
antee that there will be enough room
for the grade. Knowing how to figure
the grade, fall, pitch, or whatever you
want to call it, for a pipe is essential in
the plumbing trade. And, it’s not diffi-
cult. Let me show you what I mean.

In a simple way of putting it, as-
sume that you are installing a pipe that
is 20 feet long and that will have a
grade of 1⁄4-inch per foot. What will
the drop from the top of the pipe be
from one end to the other? At a grade
of 1⁄4-inch per foot, the pipe will drop

one inch for every four feet it travels. A 20-foot piece of pipe will require a 5-
inch drop in the scenario described. By dividing 4 into 20, I got an answer of
5, which is the number of inches of drop. That’s my simple way of doing it,

FIGURE 1.6 � Piping. (Courtesy of McGraw-Hill)

FIGURE 1.7 � Determining pipe weight. (Courtesy of McGraw-Hill)

��� fast code fact
As a rule of thumb, most codes require a minimum
of one-quarter of an inch per foot of fall for
drainage piping. There are exceptions. For example,
large-diameter pipes may be installed with a mini-
mum grade of one-eighth of an inch per foot. Too
much grade is as bad as too little grade. A pipe with
excessive grade will empty liquids before solids
have cleared the pipe. Maintain a constant grade
within the confines of your local plumbing code.
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but now let me give you the more proper way of doing it with a more so-
phisticated formula.

If you are going to use the math formula, you must know the terms asso-
ciated with it. Run is the horizontal distance that the pipe you are working
with will cover, and this measurement is shown as the letter R. Grade is the
slope of the pipe and is figured in inches per foot. To define grade in a for-
mula, the letter G is used. Drop is the amount down from level or in more
plumber-friendly words, it’s the difference in height from one end of the pipe
to the other. As you might guess, drop is known by the letter D. Now let’s put
this into a formula. To determine grade with the formula above, you would
be looking at something like this: D � G � R. If you know some of the vari-
ables, you can find the rest. For example, if you know how far the pipe has to
run and what the maximum amount of drop can be, you can determine the
grade. When you know the grade and the length of the run, you can deter-
mine the drop. I already showed you how to find the drop if you know grade
and run numbers. So, let’s assume an example where you know that the drop
is 15 inches and the run is 60 feet, what is the grade? To find the answer, you
divide the drop by the run, in this case you are dividing 15 by 60. The answer
is .25 or 1⁄4-inch per foot of grade.

GENERAL TRADE MATHMATICS � 7

FIGURE 1.8 � Expansion in plastic piping. (Courtesy of McGraw-Hill)

FIGURE 1.9 � Formulas for pipe radiation of heat. (Courtesy of 
McGraw-Hill)
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TEMPERATURE TIPS

Let me give you a few illustrations here that will help you deal with tempera-
tures, heat loss, and mixing temperatures.

FIGURE 1.10 � Temperature conversion. (Courtesy of McGraw-Hill)

FIGURE 1.11 � Computing water temperature. (Courtesy of McGraw-Hill)

FIGURE 1.12 � Radiant heat facts. (Courtesy of McGraw-Hill)
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FIGURE 1.13 � Temperature conversion. (Courtesy of McGraw-Hill)
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HOW MANY GALLONS?

How many gallons does that tank hold? Do you know how to determine the
capacity of a tank? Well if you don’t, you’re about to see an easy way to find
out. Before you can start to do your math, you have to know if you will be
working with measurements in inches or in feet. You also have to know that
the tank diameter is known as D and the tank height is H. We are looking for
the tank capacity in gallons, which we will identify in our formula with the
letter G.

When the measurements for a tank are expressed in inches, you will use
a factor of 0.0034 in your formula. Tanks that are measured in terms of feet
require a factor of 7.5. For our example, we are going to measure our tank
in inches. This particular tank is 18 inches in diameter and 60 inches in
height. The generic formula for this type of problem is as follows: G � d2

� h � 0.0034. We know some of the variables, so we have to put them into
our equation.

FIGURE 1.14 � Boiling points of water based
on pressure. (Courtesy of McGraw-Hill)
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The diameter of our tank is 18 inches and the height is 60 inches, so our
formula will look like this: G = 182 � 60 � 0.0034. What is 182? It’s 324.
This is found by multiplying 18 by itself or 18 � 18. Now we know that we
are going to multiply 324 by 60 as we follow our formula. This will give us a
number of 19440. The last step of our formula is to multiply 19440 by the
0.0034 factor. This will result in an answer of 66.10. We are looking for the
maximum capacity of the tank, so we adjust the 66.10 to an even 66 gallons.
That wasn’t too bad, was it?

CYLINDER-SHAPED CONTAINERS

Cylinder-shaped containers could be tanks, pipes, or any other number of de-
vices. What happens if you want to know the holding capacity of such an ob-
ject? You are going to need to use a formula that involves the radius (R) of the
object, the diameter of the object (D), the height (H) of the object, and the
value assigned to �, which is 3.1416. Our goal is to find the volume (V) ca-
pacity of a cylinder. There are two types of formulas that can be used to de-
termine the capacity of a cylinder, so let’s take them one at a time.

The first formula that we are going to use looks like this: V � � r2 h. An-
other way to find the answer is to have V � � divided by 4 d2 h. Either for-
mula will give you the same answer, it’s just a matter of choosing one formula
over another, based on your known elements of the question.

A LITTLE GEOMETRY

A little geometry is needed in the plumbing trade. Whether you are work-
ing with roof drains, figuring floor drains, or doing almost any part of
plumbing paperwork, you may be using geometry. I hated geometry in
school, but I’ve learned how to use it in my trade and how to make the use
of it much more simple than I ever used to know it to be. I’ll share some of
my secrets on the subject.

Plumbers use geometry to find the distance around objects, to find the
area of objects, to determine volume capacities, and so forth. A lot of
plumbers probably don’t think about what they are doing as geometry, but it
is. So, let me show you some fast ways to solve your on-the-job problems by
using geometry that you may not even realize is geometry. Think of what we
are about to do as just good old plumbing stuff that has to be done.

Rectangles

Rectangles are squares, right? Wrong, they are rectangles. Squares are squares.
Got ya! Now that I have your attention, let’s talk about the methods used to de-
termine perimeter measurements for a rectangle. A flat roof on a commercial
building is a good example of a rectangle that a plumber might need to work
with for rainwater drainage. This exercise is too simple. To find the perimeter
(P), you multiply the length (L) by 2 and add it to the width (W) that has also
been multiplied by two. The formula looks like this: P � 2L � 2W. Now let’s

GENERAL TRADE MATHMATICS � 11
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put this into real numbers. Assume that you have a roof that is 80 feet long and
40 feet wide. What is the perimeter of the roof? First, do the math for the
length. Taking 80 � 2 will give you 160. Do the width next. You will find that
40 � 2 is 80. When you add the 80 to the 160, you get 240, which is the
perimeter of the roof. Not too tough, huh? Didn’t I tell you that I’d make this
stuff easy?

A Square

A square has a perimeter measurement. Do you know how to find it? This one
really is too simple. Add up the measurements of the four equal sides and you
have the perimeter. In other words, if you are dealing with a flat roof that is
square with dimensions of 50 feet on each side, the perimeter is 200 feet. This
is established by multiplying 50 � 4. They don’t get any easier than this one.

Triangle Perimeters

Triangle perimeters are not difficult to establish. The process is similar to the
one used with squares, only there is one less measurement. To find the
perimeter of a triangle, add up the sum total of the three sides of the shape. If
you want a formula to use, it could look like this: P � A � B � C. The long
and the short of it, no pun intended, is that you simply add up the three di-
mensions and you have the perimeter.

Circles

Circles can give you some trouble when you are looking for their perimeters,
which should really be called their circumference. I have provided resource
tables in the next chapter that will help you to avoid doing the math to find
the circumference of a circle, but we should at least take a few moments to 

FIGURE 1.15 � Radius of a circle.
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explore the procedure while we are here. Circles can be tricky, but they aren’t
really all that tough. Let’s look at a couple of formulas that you shouldn’t 
experience problems with (Fig. 1.16).

When you want to find the circumference of a circle, you must work with
the diameter (D), the radius (R), and �, which is 3.1416. You can use one of
two formulas to solve your problem, depending on which variable is known.
If you know the diameter, use the following formula: C � � d. When you
know the radius, use this formula: C � 2�r. If the diameter is six inches, your
formula would reveal that pi (3.1416) times 6 inches equals 18.8496 inches.
This number would be rounded to 18.85 inches. If you knew the radius and
not the diameter, your numbers would be 2 times � (3.1416) times 3 inches.
The same answer would be arrived at, for a circumference of 18.85 inches.
The formulas are not difficult, but using the tables in the next chapter might
be faster and easier for you.

FINDING THE AREA AND VOLUME OF A GIVEN SHAPE

Finding the area of a given shape is also done with the use of formulas. It’s
no more difficult than what we have already been doing. In some ways,
finding the area is easier than finding the perimeter. Most anyone in the
trades knows how to find the square footage of a room. When you multiply
the length of the room by the width of the room, you arrive at the square
footage (Fig. 1.17). Well, this is exactly how you find the area of a rectan-
gle or a square. There is no mystery or trick. Just multiply the length by the
width for a rectangle or multiply one side by another side for a square, and
you will have the area of the shape. To find the volume of a rectangle, you
simply multiply the length by the width by the height. Different formulas
are needed to find the area of trapezoids and triangles (Fig. 1.18 and 

GENERAL TRADE MATHMATICS � 13

FIGURE 1.16 � Diameter of a circle.
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Fig. 1.19). A triangular prism requires yet a different formula when the vol-
ume of the shape is being sought (Fig. 1.20).

Want to find the area of a circle? The area will be equal to � (3.1416)
multiplied by the radius squared. If we say that the radius of a circle is nine
inches, we would start to find the area of the circle by multiplying 3.1416

FIGURE 1.17 � Area of a rectangle.

FIGURE 1.18 � Area of a trapezoid.
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FIGURE 1.19 � Area of a triangle.

FIGURE 1.20 � Area of a triangular prism.

(�) by 9 inches by 9 inches. This would advance up to multiplying 3.1416
by 81 square inches (9 � 9 � 81). The area of the circle would turn out to
be 254.47 square inches. If you are looking for the volume of a cube, you
simply multiply the three sides, as is illustrated in Figure 1.21. For a trape-
zoidal prism, the volume is found by using the formula in Figure 1.22.
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The math that is used in plumbing and pipe fitting is not very difficult to
understand if you will accept the fact that it is necessary and that you need to
understand it. What may appear daunting on the surface is actually pretty prac-
tical in principle. With a combination of reference tables, a good calculator, and
a little effort, you can accomplish your needs for math within the trade quickly.

FIGURE 1.21 � Volume of a cube.

FIGURE 1.22 � Volume of a trapeziodal prism.
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Plumbing and pipe fitting are similar, but not always the same. Modern
plumbers usually work with copper tubing and various forms of plastic
piping. Cast-iron pipe is still encountered, and steel pipe is used for gas

work. Finding a plumber working with threaded joints is not nearly as com-
mon as it once was. But, threaded pipe is still used in plumbing, and it is used
frequently in pipe fitting. Figuring the fit for a pipe where threads are to be
inserted into a fitting is a little different from sliding copper or plastic pipe
into a hub fitting. However, many of the calculations used with threaded pipe
apply to other types of pipe.

Many plumbers don’t spend a lot of time using mathematical functions to
figure offsets. Heck, I’m one of them. How often have you taken a forty-five
and held it out to guesstimate a length for a piece of pipe? If you have a lot of
experience, your trained eye and skill probably gave you a measurement that
was close enough for plastic pipe or copper tubing. I assume this because I do
it all the time. But, there are times when it helps to know how to use a precise
formula to get an accurate measurement.
The need for accuracy is more important
when installing threaded pipe. For exam-
ple, you can’t afford to guess at a piece of
gas pipe and find out the hard way that
the threads did not go far enough into
the receiving fitting.

In the old days, when I was first
learning the trade, plumbers taught their
helpers and apprentices. Those were the
good-ole days. In today’s competitive
market, plumbing companies don’t spend nearly as much time or money train-
ing their up-and-coming plumbers. As the owner of a plumbing company, 
I understand why this is, but I don’t agree with it. And, the net result is a crop

FORMULAS FOR PIPE FITTERS
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chapter2

When you test gas piping for leaks, you can use
soapy water or a spray window cleaner to find the
leak. Wipe or spray the solution on pipe threads
and watch for bubbles to form. If they do, you
have found the leak.

� sensible shortcut
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of plumbers who are not well prepared for what their trade requires. Sure,
they can do the basics of gluing, soldering, and simple layouts, but many of
the new breed don’t possess the knowledge needed to be true master
plumbers. Don’t get me wrong; it’s not really the fault of the new plumbers.
Responsibility for becoming an excellent plumber rests on many shoulders.

Ideally, plumbing apprentices and
helpers should have classroom training.
Company supervisors should authorize
field plumbers some additional time for
in-the-field training for apprentices.
Working apprentices should go the extra
mile to do research and study on their
own. When I was helper, I used to spend
my lunch break reading the codebook.
There is no single individual to blame for
the quality of education that some new
plumbers are, or are not, receiving.
Money is probably the root of the prob-
lem. Customers are looking for low bids.
Contractors must be competitive, and this

eliminates the ability to have a solid on-the-job training program. Many
helpers today seem to be more interested in getting their check than getting
an education. So, here we are, with a lot of plumbers who don’t know the in-
ner workings of the finer points of plumbing.

I was fortunate enough to be what
might have been the last generation of
plumbers to get company support in
learning the trade. Plenty of time was
spent running jackhammers and using
shovels, but my field plumber took the
time to explain procedures to me. I
learned quickly how to plumb a basic
house. Then I learned how to run gas
pipe and to do commercial buildings. As

a part of my learning process, I read voraciously. Later I became a supervisor,
then the owner of my own company, and eventually an educator for other
plumbers and for apprentices. I could have stopped anywhere along the way,
but I’ve taken my interest in the trade to the limits, and I continue to push
ahead. No, I don’t know all there is to know, but I’ve worked hard to gain the
knowledge I have. Now is the time for me to share my knowledge of pipe fit-
ting math with you.

45º OFFSETS

Offsets for 45º bends are common needs in both plumbing and pipe fitting. In
fact, this degree of offset is one of the most common in the trade. I mentioned

� been there done that
If you are entering the plumbing trade, shop your-
self to companies who will train you. I turned
down jobs that offered more money than other
companies when I was a helper. Why did I do this?
Because I wanted to be a plumber. It is often the
companies who pay less who will invest in training
a rookie. The knowledge you gain will be worth
much more than the extra money that you might
make at another company. The money is likely to
be gone in a year, but the knowledge will be with
you for life.

There is no sensible shortcut for learning your
trade. It’s okay to be on the earn-while-you-learn
plan, but you have to apply yourself to become a
true professional in the plumbing trade.

� sensible shortcut
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earlier that many plumbers eyeball such offset measurements. The method
works for a lot of plumbers, but let’s take a little time to see how the math of
such offsets can help you in your career.

To start our tutorial, let’s discuss terms that apply to offsets. Envision a
horizontal pipe that you want to install a 45º offset in. For the ease of vision,
think of the horizontal pipe resting in a pipe hanger. You have to offset the
pipe over a piece of ductwork. This will have a 45º fitting looking up from
your horizontal pipe. There will be a piece of pipe in the upturned end of the
fitting that will come into the bottom of the second 45º fitting (Fig. 2.1: off-
set drawing).

As we talk about measurements here, they will all be measured from the
center of the pipe. There are two terms
you need to know for this calculation.
Travel, the first term, is the length of the
pipe between the two 45º fittings. The
length of Travel begins and ends at the
center of each fitting. The distance from
the center of the lower horizontal pipe to
the center of the upper horizontal pipe is
called the Set. Now that you know the terms, we can do the math.

To make doing the math easier, I am including tables for you to work
from (Fig. 2.2: 45º offset math tables). Let’s say that the Set is 563⁄4 inches.
Find this measurement in the table in Fig. 2.2. This will show you that the
Travel is 80.244 inches. Now you can use the table for converting decimal
equivalents of fractions of an inch (Fig. 2.3: decimal equivalents of fractions
of an inch) to convert your decimal, the 80.244 inches. Finding the decimal
equivalent of a fraction is a matter of dividing the numerator by the denomi-
nator. The chart in Fig. 2.3 proves the measurement to be 801⁄4 inches. You
can find the Set if you know the Travel by reversing the procedure.

If the Travel is known to be 801⁄4 inches, what is the Set? We both know
that it is 563⁄4 inches, but how would you find it? Use the table in Fig. 2.2 and
look under the heading of Travel. Find the 80.244 listing that represents 801⁄4
inches. Refer to the Set heading. What does it say? Of course, it says 563⁄4.
It’s that easy. All you have to do is use the tables that I’ve provided to make
your life easier in calculating 45º offsets.

TRAVEL

SET

FIGURE 2.1 � Calculated 45º offsets.

��� fast code fact
Code measurements are typically based on
measurements made from the centerline of fit-
tings and pipe.

PlumberCalc_ch2  12/13/04  7:45 AM  Page 19

www.TechnicalPDF.com



20 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

BASIC OFFSETS

Basic offsets are all based on the use of right triangles. You now know about
Set and Travel. It is time that you learned about a term known as Run. Travel,
as I said earlier, is the distance between center of two offset fittings that cre-
ates the length of a piece of pipe. This pipe’s length is determined as it devel-
ops from fitting to fitting, traveling along the angle of the offset. When you
want to know the Run, you are interested in the distance measured along a
straight line from the bottom horizontal pipe. Refer to Fig. 2.4 for an example

FIGURE 2.2 � Set and travel relationships in inches for 45º offsets.
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FIGURE 2.3 � Decimal equivalents of fractions of an inch.

TRAVEL
SET

A

BRUN

22-1/2°

FIGURE 2.4 � Simple offsets.
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of what I’m talking about. Run is a term applied to the horizontal measurement
from the center of one offset fitting to the center of the other offset fitting.

Most charts and tables assign letters to terms used in formulas. For our
purposes, let’s establish our own symbols. We will call the letter S–Set, the
letter R–Run, and the letter T–Travel. What are common offsets in the
plumbing and pipe fitting trade? A 45º offset is the most common. Two
other offsets sometimes use are 60º bends and 221⁄2º bends. These are the
three most frequently used offsets and the ones that we will concentrate our
efforts on.

The use of the right triangle is important when dealing with piping off-
sets. The combination of Set, Travel, and Run form the triangle. I can provide
you with a table that will make calculating offsets easier (Fig. 2.5), but you
must still do some of the math yourself, or at least know some of the existing
figures. This may seem a bit intimidating, but it is not as bad as you might
think. Let me explain.

As a working plumber or pipe fitter, you know where your first pipe is. In
our example earlier, where there was ductwork that needed to be cleared, you
can easily determine what the measurement of the higher pipe must be. This
might be determined by measuring the distance from a floor or ceiling. Either
way, you will know the center measurement of your existing pipe and the cen-
ter measurement for where you want the offset pipe to comply with. Know-
ing these two numbers will give you the Set figure. Remember, Set is meas-
ured as the vertical distance between the centers of two pipes. Refer back to
Fig. 2.1 if you need a reminder on this concept.

Let’s assume that you know what your Set distance is. You want to know
what the Travel is. To do this, use the table in 2.5. For example, if you were
looking for the Travel of a 45º offset when the Set is known, you would mul-
tiply the Set measurement by a factor of 1.414. Now, let’s assume that you
know the Travel and want to know the Set. For the same 45º offset, you would
multiply the Travel measurement by .707. It’s really simple, as long you have
the chart to use. The procedure is the same for different degrees of offset. Just
refer to the chart and you will find your answers quickly and easily.

FIGURE 2.5 � Multipliers for calculating simple offsets.
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Finding Run measurements is no more difficult than Set or Travel. Say
you have the Set measurement and want to know the Run figure for a 45º off-
set. Multiply the Set figure by 1.000 to get the Run number. If you are work-
ing with the Travel number, multiply that number by .707 to get the Run
number for a 45º offset.

SPREADING OFFSETS EQUALLY

If you take a lot of pride in your work or are working to detailed piping dia-
grams, you may find that the spacing of your offsets must be equal. Equally-
spaced offsets are not only more attractive and more professional looking,
they might required. You can guess and eyeball measurements to get them
close, but you will need a formula to work with if you want the offsets to be
accurate. Fortunately, I can provide you with such a formula, and I will.

Again, we will concentrate on 45º, 60º, and 221⁄2º bends, since these are
the three most often used in plumbing and pipefitting. We will start with the
45º turns. In our example, you should envision two pipes rising vertically.
Each pipe will be offset to the left and then the pipes will continue to rise ver-
tically. For a visual example, refer to Fig. 2.6. It is necessary for us to deter-
mine uniform symbols for what we are doing, so let’s get that out of the way
right now.

In our measurement examples, we will refer to Spread, the distance be-
tween the two offsetting pipes from center to center, as A. Set will remain
with the symbol of S. Travel will be T and it will be the same as Distance
of D. Run will be noted by the letter R. The letter F will be the length of
pipe threads.

Now for the deal. Travel is determined in an equally-offset pipe run at a
45º angle by multiplying the Set by 1.414. Run is found by multiplying Set by

FORMULAS FOR PIPE FITTERS � 23
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FIGURE 2.6 � Two-pipe 45º equal-spread offset.
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24 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

1.000. The F measurement is found by multiplying the spread (A) by .4142.
Remember that T and D are the same. Want to do the same exercise with a
60º setup? Why not?

To run a similar deal on 60º angles of equally- spaced offset pipes, you
follow the same basic principles used in the previous example. Multiply the
Set by 1.155 to find the Travel. Run is found by multiplying Set by .5773. The
F measurement is found by multiplying the spread (A) by .5773. Remember
that T and D are the same.

Need to find numbers for 221⁄2º bends? Well, it’s not difficult. To find fig-
ures for equally-spaced pipes with 221⁄2º bends, multiply the Set by 2.613 to
find the Travel. Run is found by multiplying Set by 2.414. The F measurement
is found by multiplying the spread (A) by .1989. Remember that T and D are
the same.

GETTING AROUND PROBLEMS

Getting around problems and obstacles is part of the plumbing and pipe fit-
ting trades. Few jobs run without problems or obstacles. As any experienced
piping contractor knows, there are always some obstructions in the preferred
path of piping. Many times the obstacles are ductwork, but they can involve
electrical work, beams, walls, and other objects are that not easily relocated.
This means that the pipes must be rerouted. This section is going to deal with
the mathematics required to compensate for immovable objects.

Let me set the stage for a graphic
example of getting around an overhead
obstruction. Assume that you are bring-
ing a pipe up and out of a concrete floor
in a basement. There is a window di-
rectly above the pipe that you must off-
set around. The window was an after-
thought. Having the pipe under the
window was not a mistake in the

groundworks rough-in. However, it is your job to move the pipe, without
breaking up the floor, to get around the window.

In many cases, you might just cut the pipe off close to the floor, stick a
45º fitting on it, and bring a piece of pipe over to another 45º fitting. This is
usually enough, but suppose you have a very tight space to work with and
must make an extremely accurate measurement. Do you know how to do it?
Imagine a situation where an engineer has indicated an exact location for the
relocated riser. Can you hit the spot accurately? Do you know what type of
formula to use in order to comply with the job requirements? If not, consider
the following information as your ticket to success.

Our formula will involve three symbols. The first symbol will be an A,
and it will be representative of the distance from the center of your 45º fitting
to bottom edge of the window. The distance from the center of the rising pipe
to the outside edge of the window will be known by the letter B. We will use
the letter C to indicate the distance from the center of the Travel piece of

��� fast code fact
Don’t notch the bottom or top of floor or ceiling
joists. Notches must not be closer than 1.5 inches
of the top or bottom of a joist. When this is essen-
tial, the joist must be cut out and headed off.
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pipe from the edge of the window. Using E to indicate the distance of the
center of the rising pipe from the right edge of the window and D to indicate
the center of the offset rising pipe from the right edge of the window, we can
use the formula. Let’s see how it works.

To find the distance from the bottom of the window to the starting point
of the offset, you would take the distance from the center of the riser to the
left edge of the window (B) and add the distance from the corner of the left
window edge to the center of the pipe (C) times 1.414. The formula would
look like this: A � B � C � 1.414. Refer to Fig. 2.7 for an example. Now let’s
put measurement numbers into the formula.

Assume that you want to find A. Further assume that B is equal to one foot
and that C is equal to six inches. The numerical formula would be like this: A
� 12 inches (B) � 6 inches (C) � 1.414 � 12 inches � 81⁄2 inches � 201⁄2
inches. This would prove that the upper 45º fitting would be 201⁄2 inches from
the edge of the right edge of the window. As you can see, the actual proce-
dure is not as difficult as the intimidation of using formulas might imply.

Round Obstacles

You’ve just seen how to get around what many would see as a typical prob-
lem. Most offsets are used to get around square or rectangular objects. But,
what happens when you have to bypass a round object, such as a pressure
tank? Don’t worry, there is a simple way to get around most any problem, so
let’s talk about going around circular objects.

Okay, we have a pipe that has to rise vertically, but there is a horizontal
expansion tank hanging in the ceiling that is blocking the path of our pipe.
We have a very limited amount of space on either side of the tank to work

FORMULAS FOR PIPE FITTERS � 25
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FIGURE 2.7 � Pipe offsets around obstructions.
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26 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

within, so our measurements have to be precise. Assume that an eyeball meas-
urement will not work in this case. So, let’s set up the symbols that we will use
in this formula.

Let’s use the letter A to indicate the center of the offset rising pipe from
the center of the expansion tank. The letter B will represent the center of the
offset rising pipe from the edge of the tank. One-half of the diameter of the
tank will be identified by the letter C. We will use the letter D to indicate the
distance from the center line of the tank to the starting point of the offset. Ad-
ditional information needed is that A � B � C and D � A � .4142. See Fig.
2.8 for a drawing to help you visualize the setup.

To put the letters into numbers, let’s plug in some hypothetical numbers.
Assign a number of 18 inches to C and eight inches to B. What is D? Here’s
how it works. A � B � C � 8 � 18 � 26 inches. D will equal A � .4142 �
26 � .4142 � 103⁄4 inches. This makes the center of the fitting 103⁄4 inches
from the center of the tank.

ROLLING OFFSETS

Rolling offsets can be figured with a complex method or with a simplified
method. Since I assume that you are interested in the most accurate informa-
tion that you can get in the shortest amount of time, I will give you the sim-
plified version. The results will be the same as the more complicated method,
but you will not pull out as much hair or lose as much time as you would with
the other exercise, and you will arrive at the same solution.

A E

B

C

B

D

G

F

FIGURE 2.8 � Starting point of a 45º
offset around a tank.
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To figure rolling offsets simply, you will need a framing square, just a typ-
ical, steel, framing square. The corner of any flat surface is also needed, so that
you can form a right angle. You will also need a simple ruler. The last tool
needed is the table that I am providing in Fig. 2.9. This is going to be really
easy, so don’t run away. Let me explain how you will use these simple ele-
ments to figure rolling offsets.

Stand your framing square up on a flat surface. The long edge should
be vertical and the short edge should be horizontal. The long, vertical sec-
tion will be the Set, and the short, horizontal section will be the Roll. Your
ruler will be used to tie the Set together with the Roll (Fig. 2.10 square and
ruler). A constant will be needed to arrive at a solution, and you will find
constants in the table I’ve provided in Fig. 2.9. Once again, the three main
angles are addressed.

FORMULAS FOR PIPE FITTERS � 27

FIGURE 2.9 � Simplified
method of figuring a
rolling offset.
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FIGURE 2.10 � Laying out a
rolling offset with a steel square.
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When you refer to Fig. 2.9, you will find that the constant for a 45º bend
is 1.414. The number for a 60º bend is 1.154, and the constant for a 221⁄2-
bend is 2.613. If you were working with a 45º angle that had a Set of 15 inches
and a Roll of eight inches, you would use your ruler to measure the distances
between the two marks on the framing square. In this case, the measurement
from the ruler would be 17 inches. You would multiply the 17-inch number
by the 45º constant of 1.414 (found in Fig. 2.10) and arrive at a figure of 241⁄32

of an inch. This would be the length of the pipe, from center to center,
needed to make your rolling offset. Could it get any easier?

RUNNING THE NUMBERS

Running the numbers of pipe fitting is not always necessary to complete a job.
If you have the experience and the eye to get the job done, without going
through mathematical functions, that’s great. I admit that I rarely have to use
sophisticated math to figure out my piping layouts. But, I do know how to hit
the mark right on the spot when I need to, and so should you. Accuracy can
be critical. If you don’t invest the time to learn the proper methods for figur-
ing offsets, you may cut your career opportunities short. Believe me, you owe
it to yourself to expand your knowledge. Sitting still can cost you. Reach out,
as you are doing by reading this book, and expand your knowledge.

Some people see plumbers and pipe fitters as blue-collar workers. This
may true. If it is, I’m proud to wear a blue collar. Yet, if you proceed in your
career, you may own your own business, and this will, by society’s standards,
graduate you to a white collar. As far as I am concerned, the color of a per-
son’s collar has no bearing on the person’s worth. Blue collar or white collar,
individuals are what they are. We all bring something to the table. Yes, some
people do prosper more than others, and education does play a role in most
career advancements.

You may or may not need what you’ve learned in this chapter. However,
knowing some simple math and having access to the tables in this chapter will
probably give you an edge on many of the people you work with or compete
with. Like it or not, making a living in today’s world is competitive. So why
not be as well prepared as possible? Okay, enough of the speech, let’s move
into the next chapter and study calculations that deal with welding fabrica-
tion and layout.
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When you are sizing plumbing systems for potable water, you will
work with fixture units. Ratings for fixture units are assigned to var-
ious plumbing fixtures by the plumbing codes. Not all of the rat-

ings are the same from code to code. To perform an accurate sizing design,
you must have factors for friction loss in pipe and because of valves, fittings,
and water meters. A typical home is pretty easy to size, but when you are deal-
ing with larger buildings and more plumbing, the procedure can become
somewhat complicated.

If you were to design a potable water
system for a home with two-bathrooms,
you would probably run either a 3⁄4-inch
water service or a 1-inch water service into
the building. Primary piping would be
three-quarters of an inch in diameter, with
branch piping having a diameter of one-
half an inch. A rule of thumb is that not
more than two fixtures should be served off
of a single half-inch branch. This is a simple
system without much of a load. But, what
would happen if the building you were
working with was an office building with
four stories and a basement? There would
be much more to consider, and I will pro-
vide you with a sizing example for this type
of building in a few moments.

Many factors can come into play when
sizing a water distribution system. The
type of pipe or tubing being used is one
factor. The friction loss among various

POTABLE WATER SYSTEMS CALCULATIONS 

chapter3

� been there done that
When you are dealing with large buildings, there
will usually be detailed riser diagrams, blueprints,
and specifications available to outline your work.
House plans rarely show much more than fixture
placement for plumbing. They frequently have
wiring diagrams, but most don’t show a piping
schematic. Long story short, commercial build-
ings are usually laid out for the master plumber
by a designer.

Residential sizing is simple. Figure a 4-inch sewer
pipe, plan on no more than two toilets on a 3-inch
drain, and run three-quarter-inch water mains with
no more than two water branches on a half-inch
pipe. If you do this, you are unlikely to go wrong.

� sensible shortcut

29
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30 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

types of piping varies. Even the types of valves installed on the piping will
make a difference in friction loss. Most important to sizing is the fixture-unit
load on the system and the components of the system. In most cases, a job will
start with one size of pipe and the pipes will grow increasingly smaller in di-
ameter as they serve the various plumbing fixtures. Also, the rise of piping and
the length of pipe runs will affect the sizing of a system.

Plumbing systems for most large jobs are designed by professionals who
don’t work as plumbers. However, when you are remodeling a building,

adding onto an existing system, or
working without detailed blueprints,
the need for knowledge about pipe siz-
ing may become very important. Siz-
ing is also an element of most licensing
exams for plumbers, so this is another
good reason to learn and understand
the principles used in sizing systems.

Two of the major plumbing codes
have graciously agreed to allow me the
use of excerpts from their codebooks to
better show you rule and regulations
pertaining to pipe sizing. Both of the
codes offer sizing examples in their
codebooks. Your local code may also
offer similar sizing data. Once you have
established numbers to work with, such
as fixture-unit ratings, sizing a water
system is a manageable task. 

SIZING WITH THE UNIFORM PLUMBING CODE

Sizing with data from the Uniform Plumbing Code is not too difficult. Allow
me to give you some illustrations that are direct excerpts from the Uniform
Plumbing Code. Look at the illustrations and try working through the sizing
example that is provided (Fig. 3.1 through Fig. 3.17).

��� fast code fact
When starting at a plumbing fixture, you can
have the pipe size increase as you proceed down-
stream, but don’t decrease the pipe size as you
go downstream.

��� fast code fact
Copper tubing is required to be supported at 6-
foot intervals. This has been the case for years. If
you are using PEX tubing, you will need to support
the tubing at intervals that do not exceed 32
inches. Again, I want to stress that you must check
your local, approved code for definitive answers.
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FIGURE 3.1 � Recommended rules for sizing the water supply system.
(Courtesy of The Uniform Plumbing Code)
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FIGURE 3.2 � Sizing rules. (Courtesy of The Uniform Plumbing Code)
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FIGURE 3.3 � Fixture ratings. (Courtesy of The Uniform Plumbing Code)
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FIGURE 3.4 � Friction loss factors. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.5 � Sizing rules. (Courtesy of The Uniform Plumbing Code)
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FIGURE 3.6 � Fixture demands. (Courtesy of The Uniform Plumbing Code)
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FIGURE 3.7 � Sizing rules. (Courtesy of The Uniform Plumbing Code)
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FIGURE 3.8 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.9 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.10 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.11 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.12 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.13 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.14 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.15 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.16 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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FIGURE 3.17 � Friction loss tables. (Courtesy of The Uniform 
Plumbing Code)
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THE STANDARD PLUMBING CODE

The Standard Plumbing Code provides a sizing example in their codebook.
The Standard Plumbing Code, the BOCA code, and the International Plumb-
ing Code have joined together and your local code office may have any vari-
ation of these three codes in effect, so check your local codes carefully. A fac-
tory is the building chosen for their sizing exercise. The instructions provided
in their sizing example and explanations is good. By using the tables provided
and the formulas given, you can size the water distribution system for the
building with minimal stress.

The responsibility of sizing a large water system may never be placed on
your shoulders. Architects and engineers will probably design most of the sys-
tems that you install in large buildings. But, it does pay to understand the con-
cepts behind sizing a system. Work through the examples I’ve provided above
until you are comfortable with the procedure. Once you get the hang of it,
sizing a system is not terribly difficult.
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Doing calculations for drains and sewers is similar, in principle, to what
you will use for vents in the next chapter. The process involves fixture
units, the developed length of piping, sizing tables, and so forth. Pay-

ing attention to details is an important element in designing any type of sys-
tem, and this certainly holds true when sizing drains and sewers. Moving too
quickly and using the wrong sizing table can cause you a lot of trouble. When
work is simplified, it sometimes seems so simple that it is taken too lightly.
Don’t make mistakes by not paying attention to footnotes and exclusions
when you use sizing tables. If you read the tables carefully and apply them
properly, sizing is not difficult.

Some plumbers get so accustomed to using sizing tables that they fail to
think of code requirements that may make
the tables inaccurate if all notes are not
observed and followed. For example, let’s
say that you are sizing a sewer for a home.
You might do your homework and find
that the total number of fixture units is
low enough that a 3-inch sewer can be
used. This might be the case, but you
could be setting yourself up for trouble.
Accuracy in sizing pipes is essential to a
job in more than one way. First, you have
to draw riser diagrams and size the pipes
for code approval. And, you need accurate
sizing to price a job for bidding purposes.

Let’s say that you did believe that a
home could get by with a 3-inch sewer. Assume that the home was a town-
house and that it was one of 300 in a project, where you were bidding the en-
tire project. This means that you basically figure maybe four styles of houses

DRAIN-AND-SEWER CALCULATIONS

chapter4

49

��� fast code fact
Code requirements can be confusing. For exam-
ple, you might find that a 3-inch pipe can carry a
large number of fixture units. If you base your lay-
out only on fixture units, you could make a big
mistake. You are allowed a maximum number of
toilets on a 3-inch pipe, even though the fixture-
unit rating would be included. Read your code
carefully and don’t fall into the trap of doing your
calculations quickly. Look at the “fine print” part of
the code to stay out of trouble.
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and then apply the information to the entire project. The cost difference 
between 3-inch and 4-inch pipe doesn’t seem like a lot when you are dealing
with short runs. But, when you are dealing with 300 runs, even small differ-
ences in cost can add up quickly. So, what would happen if you figured a job
for 3-inch sewers and wound up having to install 4-inch sewers? You or your
employer would lose money, possibly a substantial sum.

When we get further into this chap-
ter you will see actual examples of how a
mistake might be made when using siz-
ing tables for drains and sewers. But, I’d
like to point out a quick one now, so that
you will keep your eyes open when we
get to the sizing tables. Okay, it is very
likely that the total fixture load for a 3-
bathroom townhouse would be low
enough to allow the use of a 3-inch
sewer. If you were in a hurry, did a quick

calculation of fixture units and scanned a sizing table, you might jump right
at using 3-inch pipe to keep costs down. This would be a mistake. Why? Be-
cause even though a 3-inch pipe could handle the fixture units, most codes
limit a 3-inch pipe to serving no more than two water closets in close prox-
imity. If the townhouse has three toilets, a 4-inch sewer is likely to be needed.

As a teacher of plumbing courses, I’ve seen a number of experienced
plumbers fall for this trap on some of the tests that I’ve created. The plumbers
get into a rhythm and fail to think or to see the notes on the sizing charts and
distance requirements. It’s bad to miss a question on an exam, but it would be
much worse to make the mistake in the real world of plumbing. By catching
the plumbers in the classroom, I hope to make them aware of the crossover
traps that can be embedded in the plumbing code. There are usually excep-
tions, options, and exclusions that can change the meaning of the code in cer-
tain situations. The 3-inch sewer is one excellent example of such pitfalls. You
do have to pay attention to what you are doing when sizing systems.

TYPES OF SANITARY DRAINS

There are several types of sanitary drains. A building sewer is usually consid-
ered to be the main drain for a building that starts outside of the building and

extends to a municipal sewer or private
sewage-disposal system. Building drains
are the primary drains inside of a building.
Then there are branch intervals, horizon-
tal branches, vertical stacks, and so forth.
When you begin sizing a drainage system,
you must make sure that you are using the
proper sizing procedures for the type of
drain or sewer that you are working with.

As a rule-of-thumb, don’t plan on putting more
than two toilets on a 3-inch drain. There are often
conditions that will allow up to three toilets on a
3-inch drain, but I would suggest running a 4-inch
pipe for three toilets if you want to keep it simple.

� sensible shortcut

� been there done that
Learn plumbing terminology. Do you know the
difference between a vent stack and a stack
vent? If you don’t, consult your codebook. Until
you understand the language, you cannot do
your job responsibly.
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All types of drains and sewers can be
calculated with a method that depends
on the ratings of drainage fixture units.
Fixture-unit ratings are established by lo-
cal codes. A probability factor is built
into the system. While a direct flow rate
or discharge rate cannot be determined
from the rating of fixture units, the fix-
ture units are accurate enough to allow a sensible system to be designed in
compliance with the plumbing code.

FIXTURE-UNIT TABLES

Fixture-unit tables are often used when sizing drains and sewers. The table in
Figure 4.1 is an example of a table that expresses the maximum number of fix-
ture units allowed on pipes of various sizes and with various amounts of fall.
Before we go on, look at the category for 3-inch pipe, at a 1⁄4-inch per foot
fall. It says that you are allowed 27 drainage fixture units. But, notice the lit-
tle number 2 next to the number of fixture units. That number indicates a note
or exception. When you look at the bottom of the table, you will see that the
note tells you that not more than two water closets can be carried on a 3-inch
pipe. There are exceptions, but if you stick with this rule, you can’t go wrong.
This is one of the tables that I was telling you about earlier.

Use the tables in your codebook to calculate fix-
ture units, load ratings, and pipe sizing. This is fast,
easy, and accurate.

� sensible shortcut

FIGURE 4.1 � Allowable fixture-unit loads.
(Courtesy of McGraw-Hill)
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The information in Figure 4.2 is representative of what you might find in
your local codebook. This is the type of table that assigns specific ratings for
fixture units on given fixtures. In cases where a known fixture is not listed, an-
other type of table, like the one in Figure 4.3, is used to assign ratings for fix-
ture units. Before we get too many tables in front of us, let’s go over the three
that you’ve just been introduced to.
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FIGURE 4.2 � Fixture-unit ratings. (Courtesy of McGraw-Hill)
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The table in Figure 4.1 is easy enough to understand. If you find the size
of the pipe you are working with, you can quickly ascertain the number of fix-
ture units allowed on the pipe at a given grade. When you know the number
of fixture units and the grade of the pipe, you can tell what size pipe is suit-
able. For example, a 4-inch sewer that is installed with a grade of one-quarter
of an inch per foot can handle up to 216 fixture units, and that’s a lot of
drainage. Upgrading to a 6-inch pipe with the same grade will allow you to
load the pipe with 840 drainage fixture units. That’s all there is to that table.

The listings in Figure 4.2 are compre-
hensive and easy to understand. For ex-
ample, a residential toilet is assigned a
fixture-unit rating of four. A typical lava-
tory has a rating of one fixture unit. Do-
mestic shower stalls are rated for two fix-
ture units. If you add this up, you find
that the three normal bathroom fixtures
total a rating of seven fixture units. How-
ever, if you look at the top of the list, you
will see that a bathroom group that con-
sists of a toilet, lavatory, and bathtub or
shower has a rating of 6 fixture units. Wait a minute, that’s one fixture unit less
than the individual ratings for the same fixtures. What gives? In this case, as-
suming that all of the fixtures were being placed in the same bathroom, you
could use the lower of the two ratings. Why? Because it is assumed that not
all of the fixtures will be being used simul-
taneously if they are confined to a single
room. The use of a table, like the one in
Figure 4.2, makes sizing drains a lot easier.

There may be times when the fixture
that you are seeking a rating for will not
be listed on a fixture-unit table. If this is
the case, you can use a table, like the one
in Figure 4.3, to assign a rating for fixture
units. For example, a fixture with a 2-inch
drain that is not otherwise listed would be

When dealing with a residential property, a 4-inch
sewer will handle all of the fixture units that could
reasonably be installed in a home. Avoid installing
a 3-inch sewer. Give homeowners the option of
expansion by spending a little more money for
the larger sewer.

� sensible shortcut

� been there done that
As a young plumber, I believed that the code was
the code. At the time, I worked in a metro area
where there were numerous jurisdictions. Even
being close together, I found out the hard way that
not every city and county used the same code. Al-
ways check the local code in the area where you
will be working to stay out of trouble.

FIGURE 4.3 � Allowable fixture units based on
trap size. (Courtesy of McGraw-Hill)
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rated for three fixture units. A 4-inch drain would carry a rating of six fixture
units. Pretty simple stuff, huh?

Some tables, like the one in Figure 4.4, deal with different piping arrange-
ments. For example, the table in Figure 4.4 allows you to rate any horizontal
branch stacks for multiple-story buildings and branch intervals. Notice that

FIGURE 4.4 � Maximum fixture units. (Courtesy of McGraw-Hill)

FIGURE 4.5 � Vent sizing table. (Courtesy of
McGraw-Hill)
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several of the ratings are marked with exclusions. This is the type of detailed
information that you must be on the lookout for.

Suppose you are concerned about sizing a vent stack that will accommo-
date wet-vented fixtures? No problem, just use a table like the one in Figure
4.5. This table is so simple that it needs no explanation. Now, what if you
need to know how long a trap arm may be? Refer to a table like the one in Fig-
ure 4.6 for the answers to your questions. Depending on trap size, the size of
the fixture drain, and the amount of fall on the trap arm, you can choose a
maximum length quickly.

Take a look at Figure 4.7. It is a riser diagram of a branch-interval de-
tail. It is sometimes necessary to break a drainage system down into branch
intervals for sizing. If you need to do this, you can refer to this drawing for
a clear understanding of where branch intervals break and what they are.
Figure 4.8  shows a stack with two branch intervals. To size a system like
this, you must apply your sizing techniques to each individual branch and
to the stack.

DRAIN-AND-SEWER CALCULATIONS � 55

FIGURE 4.6 � Trap-to-vent distances. (Courtesy of McGraw-Hill)
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FIGURE 4.7 � Branch-interval detail. (Courtesy of McGraw-Hill)
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FIGURE 4.8 � Stack with two branch intervals. (Courtesy of McGraw-Hill)
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TRAP SIZING

Trap sizing is a simple procedure. All you need is some basic information and
a sizing table. If you know your trap size, you can determine the fixture-unit
load that is allowable. When you know the number of fixture units that will
be placed on a trap, you can decide on a trap size. There’s not much to it. Fig-
ures 4.9, 4.10, and 4.11 show limits for fixture units on traps in the three main
plumbing codes. If you notice, two of the codes have the same ratings, but
one is more liberal than the other two. Remember to use your local code when
doing actual sizing.

FIGURE 4.9 � Zone Two’s fixture-
unit requirements on trap sizes.
(Courtesy of McGraw-Hill)

FIGURE 4.10 � Zone Three’s
fixture-unit requirements on trap
sizes. (Courtesy of McGraw-Hill)

FIGURE 4.11 � Zone One’s fixture-
unit requirements on trap sizes.
(Courtesy of McGraw-Hill)
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THE RIGHT PITCH

Having the right pitch on a pipe is neces-
sary when complying with a plumbing
code. The amount of pitch, or grade, on a
pipe can affect its allowable length and
fixture-unit load. You can use the tables in
Figures 4.12, 4.13, and 4.14 as examples of
how a local code might put rules in place
for you to follow. The tables are easy to
understand and use.

DRAIN-AND-SEWER CALCULATIONS � 59

��� fast code fact
Be aware that S-traps are not legal for new instal-
lations and drum traps are usually, but not always,
illegal. So are crown-vented traps. P-traps are the
type most often used.

Having too much grade on a pipe can be as bad as
not having enough. If a drain pitches downward
too hard, liquids will leave the pipe and suspend
solids in the drain that could cause a stoppage.
Maintain an even grade, usually one-quarter-of-
an-inch per foot.

� sensible shortcut

FIGURE 4.12 � Zone Three’s
minimum drainage-pipe pitch.
(Courtesy of McGraw-Hill)

FIGURE 4.13 � Zone Two’s
minimum drainage-pipe pitch.
(Courtesy of McGraw-Hill)

FIGURE 4.14 � Zone One’s
minimum drainage-pipe pitch.
(Courtesy of McGraw-Hill)
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SIZING BUILDING DRAINS

Sizing building drains is simple when you have a sizing table and some basic
information. Refer to Figure 4.15 for an example of a sizing table for a build-
ing drain. In this example, all pipes are based on a pitch of one-quarter of an
inch per foot. A 3-inch pipe can carry up to 42 fixture units, but not more than
two toilets. Tables like this one should be available in your local codebook.

A HORIZONTAL BRANCH

Let’s talk about how you can size a horizontal branch. Bet you can guess
that we are going to use a sizing table. Hey, they’re easy, fast, and accu-
rate, so why not use them? Look at Figure 4.16. This table shows you the
maximum number of fixture units that may be placed on a single horizon-
tal branch of a given size. If you look closely, you will see, once again, that
not more than two toilets can be installed on a single 3-inch pipe that is in-
stalled horizontally. It should also be noted that the table does not repre-
sent the branches of a building drain and that other restrictions may apply
if doing a series of battery venting.

FIGURE 4.15 � Building-drain sizing table for Zone Three.
(Courtesy of McGraw-Hill)

FIGURE 4.16 � Example of horizontal-branch sizing table in
Zone Two. (Courtesy of McGraw-Hill)
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STACK SIZING

Stack sizing requires you to know the number of fixture units that will dis-
charge into the stack from a single branch and the total number of fixture
units that will be allowed on the stack. So, let’s say that you have a stack with
two branches. There is a bathroom group on each branch, and those two
bathroom groups are all that will discharge into the stack. What size pipe is
the smallest allowable for use as the stack? To figure this, use the table in Fig-
ure 4.17. So that you don’t have refer back to the fixture-rate table, I will tell
you that each bathroom group is rated for six fixture units. Well, we have two
toilets, so we know the pipe size must be at least three inches in diameter.
With 6 fixture units per branch we might get by with a 2-inch pipe if there
were no toilets involved. But, toilets are involved and the total load on the
stack will be 12 fixture units, so we have to go with a 3-inch pipe. For infor-
mational purposes, check out the sizing chart in Figure 4.18. Notice the dif-
ference in the number of fixture units allowed on a branch with Figure 4.18
when compared to Figure 4.17. There are two codes at work in these exam-
ples, and you can see that the difference for 4-inch pipe on a per-branch ba-
sis is 70 additional fixture units with one of the codes.

DRAIN-AND-SEWER CALCULATIONS � 61

FIGURE 4.17 � Stack-sizing table for Zone Three. (Courtesy of
McGraw-Hill)

FIGURE 4.18 � Stack-sizing table for Zone Two. (Courtesy of
McGraw-Hill)
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SIZING TALL STACKS

Sizing tall stacks will require you to use different sizing tables. A tall stack is
one that has more than three branch intervals. Figure 4.19 and Figure 4.20
will show you the basics needed to size tall stacks for two different codes.
There are differences in the number of fixture units allowed between the two
codes. Since the tables are so much like others we have used, I won’t go into
a lot of detail on them.

SUPPORTS

Supports for drainage systems are needed. The distance between supports
varies with the type of pipe being used and the local code that you are work-
ing with. There are also differences between vertical and horizontal piping
when you are designing your support placement. We could talk about this,
but it would be faster and easier to just give you some reference tables to use
when you need them. Figure 4.21 is for horizontal pipe with one code and

FIGURE 4.19 � Stack-sizing tall stacks in Zone Two (stacks
with more than three branch intervals). (Courtesy of
McGraw-Hill)

FIGURE 4.20 � Stack-sizing tall stacks in Zone Three (stacks
with more than three branch intervals). (Courtesy of
McGraw-Hill)
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Figure 4.22 is for the same situation, but
with a different code. Figure 4.23 deals with
vertical pipes for one code, and Figure 4.24
shows vertical support requirements for a
different code.

DRAIN-AND-SEWER CALCULATIONS � 63

FIGURE 4.21 � Horizontal pipe-support intervals in Zone One.
(Courtesy of McGraw-Hill)

��� fast code fact
Horizontal drainage pipe is required, normally, to
be supported at a maximum interval of four feet.

FIGURE 4.22 � Horizontal pipe-support intervals in Zone Two.
(Courtesy of McGraw-Hill)

FIGURE 4.23 � Vertical pipe-support intervals in Zone One.
(Courtesy of McGraw-Hill)
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FITTINGS

As you are drawing your riser diagrams, you should keep in mind the fittings
that will be used for changes in direction. There are three ways to change di-
rection. Your pipe can go from horizontal to vertical, from vertical to hori-
zontal, or from horizontal to horizontal. The fittings used in a drainage sys-
tem to make these changes are regulated by the rules of the local plumbing
code. As a rule-of-thumb, you can refer to Figure 4.25 for the common use
and acceptance of fittings when changing directions. Again, always confirm
local code requirements before committing to a job.

FIGURE 4.24 � Vertical pipe-support intervals in Zone Two.
(Courtesy of McGraw-Hill)

FIGURE 4.25 � Allowable fittings to accommodate changes
in direction. (Courtesy of McGraw-Hill)
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RISER DRAWINGS

Riser drawings are used when figuring out drainage systems, just as they are
used with vent systems. I want to give you some sample riser diagrams to look
over. The drawings will show you what your drawings might look like. Drains
are drawn with solid lines, while vents are indicated by broken lines.
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FIGURE 4.26 � Wet venting top floor single bath group. (Courtesy of
Standard Plumbing Code)

FIGURE 4.27 � Wet venting top floor double bath back to back. (Courtesy
of Standard Plumbing Code)
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FIGURE 4.28 � Wet venting lower floors on multistory buildings.
(Courtesy of Standard Plumbing Code)
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FIGURE 4.30 � Multistory wet venting. (Courtesy of Standard Plumbing
Code)
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FIGURE 4.33 � Drainage waste and vent reference diagram. (Courtesy of
Standard Plumbing Code)
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FIGURE 4.34 � Fixtures back-to-back in battery. (Courtesy of Standard
Plumbing Code)
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The calculations of vent systems are not very difficult to understand.
There are sizing tables that you can use to compute pipe sizes. Plumbers
need to understand the types of vents and master plumbers must be able

to assign pipe sizes to them. The task is important, but not really very difficult
for experienced plumbers. In many cases, engineers and architects are the ones
who design plumbing systems. This is okay. But, it is not always the case. Hav-
ing the ability to size a vent system is something that is basically a requirement
for a master plumber’s license. Of course, there are many types of plumbing
vents. We can talk about dry vents, wet vents, branch vents, yoke vents, and
lots of other types of vents. Before we get into the sizing of vents, I want to
identify typical types of plumbing vents.
This may be old news to you. If it is, skip
past the section and jump right into the
sizing information. But, if you are not
versed in the full arrangement of vents,
you might enjoy the illustrations that I will
provide to indicate the basic ingredients
of various types of vents.

TYPES OF VENTS

Types of vents are numerous. Do you know what an island vent is? How much
do you know about relief vents? Depending upon your level of knowledge in
the plumbing trade, you might be aware of all types of vents, but not all read-
ers are. Before we jump into sizing examples, I’d like to make sure that all of
my readers are aware of the various types of vents. With this in mind, I will
provide a number of vent drawings for readers to devour. So, let’s get on with
the visual examples of various vent types.

VENT SYSTEM CALCULATIONS

chapter5

73

��� fast code fact
When it comes to code compliance, you must ap-
ply the same serious consideration to vents that
you would to a drainage system. Hangers must be
in their proper placement, the grade must be set
correctly, and the vents must be tested for leaks.
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FIGURE 5.1 � Individual vents. (Courtesy of McGraw-Hill)
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FIGURE 5.2 � Relief vents. (Courtesy of McGraw-Hill)
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FIGURE 5.3 � Circuit vents. (Courtesy of McGraw-Hill)
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FIGURE 5.4 � Branch vents. (Courtesy of McGraw-Hill)
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FIGURE 5.5 � Vent stack. (Courtesy of McGraw-Hill)
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FIGURE 5.6 � Stack vents. (Courtesy of McGraw-Hill)
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FIGURE 5.7 � Common vents. (Courtesy of McGraw-Hill)
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FIGURE 5.8 � Island vents. (Courtesy of McGraw-Hill)
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FIGURE 5.9 � Wet vents. (Courtesy of McGraw-Hill)
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FIGURE 5.10 � Web venting a bathroom group. (Courtesy of McGraw-Hill)
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FIGURE 5.11 � Crown vents. (Courtesy of McGraw-Hill)
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FIGURE 5.12 � Vent stacks. (Courtesy of McGraw-Hill)
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FIGURE 5.13 � Yoke vent. (Courtesy of McGraw-Hill)
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FIGURE 5.14 � Example of venting drainage offsets. (Courtesy of McGraw-Hill)
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FIGURE 5.15 � Graded-vent connection. (Courtesy of McGraw-Hill)
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FIGURE 5.16 � Zone one’s level-vent rule. (Courtesy of McGraw-Hill)
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FIGURE 5.17 � Circuit vent with a relief vent. (Courtesy of McGraw-Hill)

DISTANCE FROM TRAP TO VENT

The distance from a trap to a vent is
determined by local plumbing code re-
quirements. Allowable distances are
usually given either in text or in tables
within a codebook. There can be a sig-
nificant difference from one code to
the other. To illustrate this, I’d like you
to refer to Figures 5.18, 5.19, and 5.20.
The tables you see in these illustrations
represent differences between three
major plumbing codes. You should no-
tice that the distances from traps to
vents is the same for two codes and dif-
ferent for one code. You must refer to
the plumbing code that is being en-
forced in your area for specific sizing
requirements. The information pro-
vided here is representative of the
types of charts, tables, and information
you will likely work with, but it is not
necessarily the code that you will be

When in doubt about if a vent is needed, install
one. If you are not sure about the size of a vent,
make it larger than what you believe is needed.
For example, a toilet requires a vent with a mini-
mum diameter of 2 inches. Most other residential
fixtures can be vented with a pipe that has a di-
ameter of 1.5 inches. All homes must have at least
one 3-inch vent.

� sensible shortcut

��� fast code fact
When computing the distance from a trap to a
vent, you must use the developed length of the
entire piping. For example, you would measure
from the trap along the length of the drainpipe to
the point where the vent is connected to the
drain. In other words, you can’t measure on a
short angle from a vent to a trap; you must meas-
ure the total length of the pipe used as a drain.
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FIGURE 5.18 � Trap-to-vent distances in Zone One. (Courtesy of
McGraw-Hill)

FIGURE 5.19 � Trap-to-vent distances in Zone Two. (Courtesy of
McGraw-Hill)

FIGURE 5.20 � Trap-to-vent distances in Zone Three. (Courtesy of
McGraw-Hill)

working with. Our intent here is to learn how to size systems, so consider the
information here as a learning tool, rather than a code ruling.

SIZING TABLES

Sizing tables are often used when sizing vent pipes (Fig. 5.21). There can be
many different types of tables to use during a sizing procedure. For example,
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you might use one table to size a vent stack (Fig. 5.22) and another table to
size a wet stack vent (Fig. 5.23). Some codes might use one table for both
types of vents (Fig. 5.24). Then you might have a different table to use when
sizing branch vents or circuit vents (Fig. 5.25). Battery vents may require a dif-
ferent table (Fig. 5.26). Once you have a sizing table to work with, sizing a
vent system is not a complicated process.

FIGURE 5.21 � Vent sizing table for Zone Three (for use with individual,
branch, and circuit vents for horizontal drain pipes). (Courtesy of
McGraw-Hill)

FIGURE 5.22 � Sizing a vent stack for wet-venting in
Zone Two. (Courtesy of McGraw-Hill)

FIGURE 5.23 � Sizing a wet stack vent in Zone Two.
(Courtesy of McGraw-Hill)
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FIGURE 5.24 � Vent sizing for Zone Three (for use with
vent stacks and stack vents). (Courtesy of McGraw-Hill)

FIGURE 5.25 � Vent sizing for Zone Three (for use with
individual, branch, and circuit vents for horizontal drain
pipes. (Courtesy of McGraw-Hill)
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A SIZING EXERCISE

Let’s do a sizing exercise to illustrate how
the tables from a codebook might be used
to determine the size of piping needed for
various vents. When you set up a vent sys-
tem, you must know how far a vent is al-
lowed to be from the trap it is serving. If
you look at Figure 5.27, you will see the re-

quirements for one of the major plumbing codes. The table is easy enough to
understand. If you have a fixture drain that has a diameter of 1.5 inches and a
trap size of 1.5 inches, with a grade of a quarter of an inch per foot, the trap
may be as much as five feet from the vent. With this particular code, the dis-
tance would remain the same, even if the trap size was only one and a quarter
inches in diameter, so long as the drain remains as a 1.5 inch diameter. 

FIGURE 5.26 � Battery vent sizing table (maximum horizontal
length (ft)). (Courtesy of Standard Plumbing Code)

� been there done that
Don’t allow yourself to become confused when 
sizing vents. Pay attention to the tables that you are
using and make sure that you are working with the
right table for the type of vent you are sizing.

FIGURE 5.27 � Distance of fixture trap from vent.
(Courtesy of Standard Plumbing Code)
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If the size of the fixture drain was three inches in diameter, with a 3-inch trap,
and one-eighth of an inch of fall per foot, the vent could be up to 10 feet from
the trap. Obviously, this type of table is easy to understand and to work with.

Vent sizing is based on developed length. This is the measured distance
of all pipe used in the system. Measurements are taken on a center-to-center
basis. You can see in Figure 5.28 how the measurements are assessed. Once
you know the developed length of a vent, you can use a sizing chart to de-
termine the minimum diameter of the vent pipe. The sizing of a vent or vent
system is not difficult. Let me show you how it’s done.

Look at Figure 5.29. This is a chart designed for sizing individual and
branch vents serving horizontal soil and waste branches. As you look at the
table, you will see two types of abbreviations. The abbreviation shown as NP
means “Not Permitted”. When you see the abbreviation of UL, it means “Un-
limited”. Aside from these two clarifications, the table pretty much speaks for
itself. Try to find the answer to the question I’m about to give you. Assume
that you have a drain that has a 2-inch diameter. The amount of fall on the
pipe is set at one quarter of an inch per foot. You want to run a vent with a di-
ameter of 1.5 inches. How far can you run the vent in that size? The answer
is that there is no limit to the length of the vent run. But, suppose you wanted
the vent diameter to be 1.25 inch, how far could it go? A vent of this size

VENT SYSYEM CALCULATIONS � 95

FIGURE 5.28 � Distance of fixture trap from vent. (Courtesy of Standard
Plumbing Code)
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could run for a developed length of 874 feet, which is far more than you
would be likely to run it.

Now assume that you have a 3-inch drain and you want to run a vent that
has a diameter of 1.25 inches. How far can it go? It can’t be used. This is in-
dicated by the NP symbol. The reason for this is that the vent must be at least
half the size, in diameter, of what the drain being served is. There are excep-
tions to this rule as the size of drains become larger. This means that the
smallest vent diameter allowed for a 3-inch drain is a 1.5-inch vent. A vent of
this size could run for 606 feet. When you deal with large-diameter drains,
you have to move up to larger vent sizes to achieve unlimited runs of distance.
This can be seen in Figure 5.30. You would use the table in Figure 5.30 in the
same way that we used the previous sizing table.

STACK VENTS, VENT STACKS, AND RELIEF VENTS

Stack vents, vent stacks, and relief vents require more information for sizing.
Specifically, you must know the fixture-unit load on a drain before you can
determine vent sizing and developed lengths. Once you have calculated the
fixture units, a sizing table can be used to give you your sizing information.
The table shown in Figure 5.31 is the type of table that would be used to de-
fine the requirements of stack vents, vent stacks, and relief vents. Like the
other tables, this one is self-explanatory. To prove this, size the diameter and
maximum length of a vent stack that will serve 20 fixture units with a drain di-
ameter of two inches. Assume that you want your vent pipe to have a diame-
ter of one and a half inches. The answer is that your vent size is okay, as long
as you don’t extend it more than 50 feet. If you need more distance, increase
the size of the vent to a 2-inch diameter and feel free to run the vent up to
150 feet. The table is easy to use, but you must be able to calculate the load
of fixture units. How will you do that? I’ll show you.

Most codebooks will provide you with some form or a chart or table that
identifies fixture-units for drainage piping. A table like the one in Figure 5.32
is quite helpful. By looking at such a table, you can quickly determine the
load, in terms of fixture units, that an individual fixture puts on a drain. For
example, a bidet carries a fixture-unit rat-
ing of 2. A drinking fountain is rated for
one half of a fixture unit. A residential wa-
ter closet is worth 4 fixture units. By using
this type of table to assign fixture-unit rat-
ings to all fixtures being served by a drain,
you can then arrive at a number to use
with the vent-sizing table. For fixtures
that are not listed, you can use a generic
table, like the one in Figure 5.33, to assign
ratings for fixture units.

VENT SYSYEM CALCULATIONS � 97

��� fast code fact
The terminal height of a vent that penetrates a
roof can change from region to region. For exam-
ple, one state may require a vent to extend 12
inches above a roof while another state may re-
quire the vent to extend 24 inches above a roof.
This type of difference can be due to snow loads
on roofs in some areas.
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WET VENTING

Wet venting is popular, but a little different when it comes to sizing the vents.
Tables can still be used for this type of sizing. Look at Figure 5.34 for an ex-
ample of a table that might be used to size a wet stack vent. Another type of
table that you might encounter is shown in Figure 5.35. This table is intended
for use in sizing a vent stack for wet venting.

Keep in mind that not all plumbing codes are the same, and they may
present their information differently. It is also important to remember that re-
quirements may be different.

FIGURE 5.32 � Fixture units per fixture or group. (Courtesy of Standard
Plumbing Code)
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FIGURE 5.32 � (Continued) Fixture units per fixture or group. (Courtesy of
Standard Plumbing Code)
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SUMP VENTS

Sump vents, the ones used to vent a sump system, are calculated on a basis
of a pump’s discharge capacity. Tables are often provided for this type of
sizing. See Figure 5.37 for an example of such a table. Using a table like this
one, you can quickly and easily size a vent for a sump. As long as you know
the discharge rate of the pump being used in the sump, the rest of the work
is simple.

FIGURE 5.33 � Fixtures not listed. (Courtesy
of Standard Plumbing Code)

FIGURE 5.35 � Table for sizing a vent stack for wet
venting in Zone Two. (Courtesy of McGraw-Hill)

FIGURE 5.34 � Table for sizing a wet stack vent in Zone Two.
(Courtesy of McGraw-Hill)
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FIGURE 5.36 � Vent sizing table for Zone Three. (Courtesy of McGraw-Hill)

FIGURE 5.37 � Sizing sump pumps.
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SUPPORTING A VENT SYSTEM

Supporting a vent system is another
element of a system design. The spac-
ing allowed for support varies from
code to code and with the type of
pipe being used in the vent system.
The tables below will show you some
examples of recommended minimums
for support spacing.

��� fast code fact
If a vent is run up the outside wall of a building
and is exposed to weather, the pipe must be pro-
tected from freezing. One way of doing this that is
generally accepted is to enlarge the diameter of
the vent to prevent condensation from freezing
and ultimately sealing the vent pipe with ice.

FIGURE 5.38 � Horizontal pipe-support intervals in Zone Two.
(Courtesy of McGraw-Hill)

FIGURE 5.39 � Vertical pipe-support intervals in Zone
One. (Courtesy of McGraw-Hill)

FIGURE 5.40 � Horizontal pipe-support intervals in Zone Two.
(Courtesy of McGraw-Hill)
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FIGURE 5.41 � Vertical pipe-support intervals in Zone Two.
(Courtesy of McGraw-Hill)

FIGURE 5.42 � Horizontal pipe-support intervals in Zone Three.
(Courtesy of McGraw-Hill)

FIGURE 5.43 � Vertical pipe-support intervals in Zone
Three. (Courtesy of McGraw-Hill)
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RISER DIAGRAMS

Riser diagrams are often required by
code officers prior to any plumbing be-
ing installed. Supplying a detailed riser
diagram (Fig. 5.44 and Fig. 5.45) is usu-
ally a standard part of a permit applica-
tion. You can also use riser diagrams to
help you when sizing a vent system. If

FIGURE 5.44 � DWV riser diagram. (Courtesy of McGraw-Hill)

A rule of thumb for hanger spacing when work-
ing with plastic vent piping is to support the
pipe at intervals that do not exceed four feet
from the center of one support to the center of
the next support.

� sensible shortcut

PlumberCalc_ch5  12/13/04  2:32 PM  Page 106

www.TechnicalPDF.com



VENT SYSYEM CALCULATIONS � 107

FIGURE 5.45 � DWV riser diagram, with size and location of pipes.
(Courtesy of TAB Books, Home Plumbing Illustrated, by R. Dodge 
Woodson, p. 50)

FIGURE 5.46 � Poorly designed DWV layouts. (Courtesy of TAB Books,
Home Plumbing Illustrated, by R. Dodge Woodson, p. 55)

PlumberCalc_ch5  12/13/04  2:32 PM  Page 107

www.TechnicalPDF.com



108 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

you draw a riser for the job you are working with, the diagram will make it
easier for you to label the fixture-unit loads and the sizes of the vents re-
quired. Another good use of a riser diagram is to minimize wasted piping. If
you draw your piping path on paper, you can spot situations where an alter-
native plan might be used to minimize the cost of labor and materials (Fig.
5.46 and Fig. 5.47).

FIGURE 5.47 � Efficient use of DWV pipes. (Courtesy of TAB Books, Home
Plumbing Illustrated, by R. Dodge Woodson, p. 55)

FIGURE 5.48 � Materials approved
for above-ground vents in Zone
One. (Courtesy of McGraw-Hill)
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CHOOSING MATERIALS

Choosing materials for a venting system is not usually much problem. Most
jobs use Schedule-40 plastic pipe for vent pipes. There are, however, other
options for vent materials. And, not all codes allow the same types of vent ma-
terials. You will also notice from the following tables of approved materials
that there can be a difference in approved materials for vents that are installed
underground, compared to those installed above ground. We will close out
this chapter with tables that indicate what types of materials are allowed
within major plumbing codes.

VENT SYSYEM CALCULATIONS � 109

FIGURE 5.49 � Materials approved
for above-ground vents in Zone
Two. (Courtesy of McGraw-Hill)

FIGURE 5.50 � Materials approved
for above-ground vents in Zone
Three. (Courtesy of McGraw-Hill)

FIGURE 5.51 � Materials approved
for underground vents in Zone One.
(Courtesy of McGraw-Hill)

FIGURE 5.52 � Materials approved
for underground vents in Zone Two.
(Courtesy of McGraw-Hill)

FIGURE 5.53 � Materials approved
for underground vents in Zone
Three. (Courtesy of McGraw-Hill)
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Storm-water calculations stump some plumbers. I think that the problem
for some plumbers is computing the amount of water accumulated due
to structures on roofs. For example, if a roof has an enclosed stairway sys-

tem, the walls and roof of the stairway have to be factored into the equation
for what is required in rainfall drainage. Some plumbers find doing the math
for roof drains, rain leaders, and other
storm piping to be intimidating. Given
the proper charts and tables, the job is not
really too difficult.

I used to teach code classes for
plumbers who were preparing to take
their licensing tests. After teaching the
class for a while, I noticed some common
elements from class to class. One common
thread that seemed to run from class to
class was a fear of doing storm-water cal-
culations. I came to expect the classes to
be intimidated by what I didn’t perceive to
be any big deal. Knowing how to size a
drainage system for storm water is a re-
quirement for licensing where I live and
work, so the people in the class had to ad-
dress their fears. This, however, was true
only of those going for their master’s li-
cense. Oddly enough, once they were
given an example or two of how the work
is done, most of them didn’t have any
problem with their calculations.

STORM-WATER CALCULATIONS

chapter6
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��� fast code fact
Journeyman plumbers are not normally re-
quired to know how to figure roof drains and
major storm-water calculations. This is typically
the job of a master plumber. Of course, circum-
stances vary from location to location, so the
process is well worth learning at any level in your
plumbing career.

� been there done that
Don’t allow the code requirements to scare you. I
remember the first time I had to pipe an island
sink. It made me very uncomfortable, even
though there was a diagram in the codebook on
how to do the job. What may seem daunting when
you first look at the code is not necessarily such a
mess. Trust in yourself.
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FIGURE 6.1 � Rainwater code requirements. (Courtesy of Uniform
Plumbing Code)

I could create some examples for you to work with here, but I won’t.
Why? Because two of the major codes already offer sample exercises in their
codebooks, and the two codes have agreed to allow me to use their examples
for this chapter’s tutorial. So, what I’m going to do is show you actual excerpts
from two codebooks. One of the codes is the Uniform Plumbing Code. The
other is the Standard Plumbing Code, or as some people call it, the Southern
Plumbing Code. I will let you look over the examples, one at a time, and then
I will comment on them, pointing out some of the areas that may appear a 
little tricky. Let’s start with the example provided in the Uniform Plumbing
Code. Please refer to Figures 6.1 through 6.8 for code requirements and a siz-
ing example for rainwater systems. I want you to keep in mind that books age
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FIGURE 6.2 � Rainwater code requirements. (Courtesy of Uniform
Plumbing Code)

and the illustrations here may not be up to speed with your current, local
code. Check you own code requirements and use the tables here as examples
of how to use what you have.

Now that you’ve had a chance to look over the illustrations, you may have
a solid understanding of how to size a rainwater system. If you do, that’s great.
But, maybe you have a little confusion that needs to be cleared up. Let me go
over a few of the points that some plumbers from my classes have had trou-
ble with. Start by looking at Figure 6.2, part C. In category A 3.2 of Figure
6.2, I want you to look at letter A. The code tells you to figure 50 percent of
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a single wall for additional rainwater. So, if the wall is 10 feet long and 10 feet
tall, its total area would be 100 square feet. This is determined by multiplying
the width by the height. In this case, we would add 50 square feet of area to
our working numbers to apply to the sizing chart.

Now look at the ruling in letter B. It says that if you have two adjacent
walls, you must add 35-percent of their combined area to the equation. 

FIGURE 6.3 � Rainwater sizing tables. (Courtesy of Uniform Plumbing
Code)
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FIGURE 6.4 � Rainwater sizing example. (Courtesy of Uniform Plumbing
Code)

Assuming that each wall was 10 feet by 10 feet, we would have a total of 200
square feet. 35 percent of 200 square feet is 70 square feet. See how easy this
is? In the rulings identified by the letter C, you can see that no additional
square footage is added when you have two walls that are opposite of each
other and that are the same size. But, letter D offers another ruling. Assume
that you have two walls opposite of each other. One of the walls is 10 feet by
10 feet. The other is 10 feet by 15 feet. How much area do you add? One wall
is 5 feet taller than the other and 10 feet wide. This amounts to a total area of
50 square feet in differing size for computation purposes. Now all you have
to do is divide the difference in half for your working number, which in this
case would be 25 square feet. If you pay attention, the code does most of the
work for you.
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FIGURE 6.5 � Rainwater sizing tables. (Courtesy of Uniform
Plumbing Code)
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FIGURE 6.6 � Rainwater sizing tables (metric). (Courtesy of
Uniform Plumbing Code)
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FIGURE 6.7 � Gutter sizing tables. (Courtesy of Uniform Plumbing
Code)
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FIGURE 6.8 � Gutter sizing tables (metric). (Courtesy of Uniform
Plumbing Code)
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Now, let’s look at the example given by the Standard Plumbing Code
(Figs. 6.9 to 6.15). Some plumbing codes have recently joined forces to cre-
ate a cohesive code. Most of this book is based on the International Plumb-
ing Code, but there are others and there are combinations. Keep in mind that
every code jurisdiction can create their own amendments to the code, so you
must refer to your local, enforceable code to be sure that you are on track with
local requirements.

FIGURE 6.9 � Storm drain sizing tables. (Courtesy of Standard
Plumbing Code)
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The sizing example you have just seen is a good, step-by-step example of
how to size a drainage system for storm water. You’ve seen actual code ex-
amples and rulings, but remember that these codes are subject to change and
may not be the codes being used in your area. Consult your local plumbing
code for current, applicable code requirements in your region.
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FIGURE 6.10A � Rainwater code requirements. (Courtesy of Standard
Plumbing Code)
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FIGURE 6.10B � Rainwater code requirements. (Courtesy of Standard
Plumbing Code)
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FIGURE 6.11 � Rainfall rates for primary roof drains (in/hr). (Courtesy of
Standard Plumbing Code)
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FIGURE 6.12 � Rainfall rates for secondary roof drains (in/hr). (Courtesy
of Standard Plumbing Code)
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FIGURE 6.13 � Example of a roof plan. (Courtesy of Standard 
Plumbing Code)
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FIGURE 6.14 � Rainwater sizing example. (Courtesy of Standard Plumbing
Code)
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FIGURE 6.15 � Scupper sizing table roof area (sq ft.). (Courtesy of
Standard Plumbing Code)
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Sizing water heaters is not a complicated process. It is, however, an im-
portant part of most plumbing jobs. Local code requirements call for
minimum standards. The minimum facility requirements can be found in

any major codebook or local code enforcement office. Since plumbing codes
are regional, you will have to check your local code for exact requirements.
But, the math that I’m about to show you will work in any location. Some of
the numbers might be different, depending on code requirements, but the
mathematical procedure will be the same.

When you figure the size of a water heater, remember that the codes of-
fer suggestions and regulations for minimum requirements. The fact that a 40-
gallon water heater will pass code may not mean that it is the best size heater
for a given job. Use some common sense when sizing water heaters. Skimp-
ing on heater size can prove to be frus-
trating for your customers; no one enjoys
running out of hot water.

There are three types of water
heaters that we will discuss. Oil-fired wa-
ter heaters are the least common of the
three. Depending upon where you work,
you might find that gas-fired water
heaters or electric water heaters are the
most prevalent in your region. Overall,
electric water heaters are more prolific
than gas-fired heaters. Regardless of
which type of water heaters you will be
working with, you will find the following
sizing information helpful.

SIZING WATER HEATERS

chapter7
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A mistake that some plumbing contractors make
is installing water heaters that meet minimum
code requirements. This is legal, but it may not
make for happy customers. Few people enjoy tak-
ing cold showers. With dishwashers running,
clothes washers running and large families, the
size of a water heater can become very important.
If you can get by with a 40-gallon water heater, go
with a 52-gallon water heater. Upgrade the size of
water heaters to meet your customer needs to
avoid complaints down the road.

� sensible shortcut
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ELEMENTS OF SIZING

Elements of sizing are something that
you must understand, so let’s discuss
what they are. The first element is the
number of bathrooms in a home or
building. When we move to the sizing
charts in this chapter, you will see three
different formats. This is due to the
number of bathrooms. An additional 
element is the number of bedrooms
found in a home. The number of bed-
rooms is very important. Of course, the

storage size of a water heater is a key element. Other elements are the 
recovery rate, the draw, and the input in either British thermal units per hour
(Btuh) or kilowatts (KW). I have prepared some sizing tables for you to use
that will make your sizing efforts very easy. Let’s look at each table and do a
few simple sizing examples to make sure you understand how to use the
charts effectively.

HOMES WITH 1 TO 11⁄2 BATHROOMS

We will start our sizing exercises with homes where less than two bath-
rooms are present. You will see tables for gas-fired, electric, and oil-fired
water heaters. The number of bedrooms in our sample homes can range
from one to three. You will have to use the chart to size a water heater for
the examples given. Let’s start with a gas-fired water heater. The house we
will size it for will have two bedrooms and one bathroom. What size water
heater is needed (Fig. 7.1)?

All you have to do is scan the table for the answer to sizing question.
Look under the heading for two bedrooms and run down to the column that
lists storage. You will see that a 30-gallon water heater is the minimum size
recommended for the application. You will also note that the water heater
will recover fully in one hour. Personally, I’d probably up the size of the

��� fast code fact
Most codes require electric water heaters to have
a disconnect box near the appliance and a num-
ber 10 electrical wire. In years past, a number 12
wire was acceptable, but this is rarely the case
these days. Check your local code for electrical re-
quirements and don’t replace or install a water
heater that is not in compliance with current code
requirements.

FIGURE 7.1 � Water heating sizing table for gas
heaters (minimum recommendations). Assume less
than two full bathrooms.
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heater to 40 gallons, but by code in my region, a 30-gallon tank is all that
would be required.

Now, suppose we had the same house but wanted to put an electric wa-
ter heater in it? What size would we use? Refer to the table in Figure 7.2 to
find your answer. In this case, the storage capacity for an electric heater is the
same as that required of a gas-fired heater. A 30-gallon tank is all that is
needed. But, look at the recovery rate for the electric heater. It’s about half as
good as the recovery rate for a gas heater. This could be good reason to up-
grade the heater to something larger or more powerful.

Let’s consider an oil-fired water heater. The basic table (Fig. 7.3) is the
same, in terms of use. Again, using the same scenario, what size oil-fired
heater would be needed? You will find that a 30-gallon tank is, once again,
adequate. Check out the recovery rate. It’s great. As you can see, sizing water
heaters with the tables provided here is truly easy.

REMAINING TABLES

The remaining tables are different in content, but the procedures for using
them are the same. Once you know the number of bedrooms and bathrooms
for a dwelling, you can quickly and easily determine the minimum require-
ments for a water heater. You have just seen how simple the tables are. When
you have a water heater to size, just refer to the tables in this chapter (Fig. 7.4,
to 7.10) or the tables in your local codebook.

SIZING WATER HEATERS � 131

FIGURE 7.2 � Water heating sizing table for electric
heaters (minimum recommendations). Assume less than
two full bathrooms.

FIGURE 7.3 � Water heating sizing table for oil-fired
heaters (minimum recommendations). Assume less than
two full bathrooms.
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FIGURE 7.4 � Water heating sizing table for gas heaters
(minimum recommendations). Assume 2 to 21⁄2 bathrooms.

FIGURE 7.5 � Water heating sizing table for electric heaters
(minimum recommendations). Assume 2 to 21⁄2 bathrooms.

FIGURE 7.6 � Water heating sizing table for oil-fired heaters
(minimum recommendations). Assume 2 to 21⁄2 bathrooms.
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FIGURE 7.7 � Water heating sizing table for gas heaters
(minimum recommendations). Assume 3 to 31⁄2 bathrooms.

FIGURE 7.8 � Water heating sizing table for electric heaters
(minimum recommendations). Assume 3 to 31⁄2 bathrooms.

FIGURE 7.9 � Water heating sizing table for oil-fired heaters
(minimum recommendations). Assume 3 to 31⁄2 bathrooms.
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Some plumbers work their entire careers without ever having to know
anything about water pumps. Other plumbers deal with pumps on a fre-
quent basis. The difference is where the plumbers work. I’ve never

worked in New York City, but I suppose there are not many water pumps to
be installed or serviced. But where I live, in Maine, there are more homes
served by private water wells than you can shake a stick at. When I lived in
Virginia, there were plenty of water pumps, too. Some of the pumps are jet
pumps and others are submersible pumps. The two are very different, even
though they do the same job.

Jet pumps are at their best when used in conjunction with shallow wells,
with depths of say 25 feet or less. Two-pipe jet pumps can be used with deep
wells, but a submersible pump is usually a better option for deep wells. Sizing
water pumps and pressure tanks is routine for some plumbers and foreign to
others. This chapter is going to give you plenty of data to use when working
with pump systems.

The illustrations I have to offer you in this chapter are detailed and self-
explanatory. I believe that you will be able to use this chapter as a quick-ref-
erence guide to most of your pump questions. Look over the following illus-
trations and you will find data on jet pumps, submersible pumps, and pressure
tanks. The data will prove very helpful if you become involved with the in-
stallation, sizing, or repair of water pumps (Figs. 8.1 to 8.37).

WATER PUMPS

chapter8
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FIGURE 8.1 � Submersible pump installation checklist. (Courtesy of
McGraw-Hill)
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FIGURE 8.1 � (Continued) Submersible pump installation checklist.
(Courtesy of McGraw-Hill)
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FIGURE 8.2 � Submersible motor installation record. (Courtesy of
McGraw-Hill)
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FIGURE 8.3 � Average water requirements for general service. (Courtesy
of McGraw-Hill)
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FIGURE 8.4 � Daily water requirements. (Courtesy of McGraw-Hill)
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FIGURE 8.4 � (Continued) Daily water requirements. (Courtesy of 
McGraw-Hill)
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FIGURE 8.5 � Drop cable selection chart. (Courtesy of McGraw-Hill)
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FIGURE 8.6 � Formulas and conversion factors for centrifugal pumps.
(Courtesy of McGraw-Hill)
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FIGURE 8.7 � Pressure tank in use with a submersible pump. (Courtesy
of McGraw-Hill)
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FIGURE 8.8 � Performance rating chart for pump with 5 gallon-per-
minute output. (Courtesy of McGraw-Hill)

FIGURE 8.9 � Performance rating chart for pump with 10 gallon-per-
minute output. (Courtesy of McGraw-Hill)
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FIGURE 8.10 � Performance rating chart for pump with 13 gallon-per-
minute output. (Courtesy of McGraw-Hill)

FIGURE 8.11 � Performance rating chart for pump with 18 gallon-per-
minute output. (Courtesy of McGraw-Hill)
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FIGURE 8.12 � Performance rating chart for pump with 25 gallon-per-
minute output. (Courtesy of McGraw-Hill)
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FIGURE 8.13 � Output performance chart for submersible pump.
(Courtesy of McGraw-Hill)
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FIGURE 8.16 � Shallow-well
performance chart. (Courtesy of
McGraw-Hill)

FIGURE 8.17 � A typical jet-pump set-up.
(Courtesy of McGraw-Hill)
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FIGURE 8.18 � A jet pump mounted on a
pressure tank with a pump bracket. (Courtesy of
McGraw-Hill)
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FIGURE 8.19 � A typical piping arrangement for a jet pump. (Courtesy of
McGraw-Hill)

FIGURE 8.20 � Bracket-mounted jet pump on a
horizontal pressure tank. (Courtesy of McGraw-Hill)
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FIGURE 8.21 � Small, vertical
pressure tank installed above
pump. (Courtesy of McGraw-Hill)

FIGURE 8.22 � Small, vertical pressure
tank installed above pump. (Courtesy of
McGraw-Hill)
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FIGURE 8.23 � Stand-type pressure tank with a straight-through method
not using a tank fee. (Courtesy of McGraw-Hill)

FIGURE 8.24 � An underground installation of a pressure tank. (Courtesy
of McGraw-Hill)
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FIGURE 8.25 � In-line pressure tank. (Courtesy of McGraw-Hill)

FIGURE 8.26 � Stand-type pressure tank. (Courtesy of McGraw-Hill)
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FIGURE 8.28 � Specifications for pressure tanks with replaceable
bladder designs. (Courtesy of McGraw-Hill)
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FIGURE 8.28 � (Continued) Specifications for pressure tanks
with replaceable bladder designs. (Courtesy of McGraw-Hill)
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FIGURE 8.29 � Detail for a tank-tee set-up. (Courtesy
of McGraw-Hill)

FIGURE 8.30 � Pump-stand type of pressure tank. (Courtesy of McGraw-
Hill)

FIGURE 8.31 � Underground pressure tank specifications. (Courtesy of
McGraw-Hill)
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FIGURE 8.32 � How diaphragm pressure tanks work. (Courtesy of
McGraw-Hill)

FIGURE 8.33 � Recommended maximum number
of times a pump should start in a 24-hour period.
(Courtesy of McGraw-Hill)
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FIGURE 8.35 � Pressure tank sizing form. (Courtesy of McGraw-Hill)
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FIGURE 8.36 � Tank tee being used with a stand-
type pressure tank. (Courtesy of McGraw-Hill)

FIGURE 8.37 � Diagram of multiple pressure tanks being installed
together. (Courtesy of McGraw-Hill)
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Calculating minimum plumbing facilities is a common part of a master
plumber’s job. Knowing and understanding what is required in a build-
ing is not only a requirement for plumbers. Architects and engineers are

often the people who determine the requirements for a new building. Local
plumbing codes dictate minimum plumbing facilities. All plumbers have to do
is understand the information provided for them in their codebooks. The in-
formation given by the codes is fairly simple, but gaining a complete under-
standing of it can be a bit intimidating. If
the process is approached too lightly, mis-
conceptions can cause mistakes. The peo-
ple responsible for determining what
plumbing will be included in a building
cannot afford to make mistakes.

It is common for plumbers to be pro-
vided with detailed blueprints when bid-
ding jobs. The drawings will normally be
submitted to a code enforcement office
for approval. During this process, there
are many ways for mistakes to be caught.
If the person drawing the plans makes an
error, the code officer who is working
with the drawings is likely to find the
problem. Plumbers bidding the job might
catch the discrepancy.

Some jobs are not engineered. There
are times when plumbers are expected to
calculate the minimum plumbing needs
for a building. Plus, plumbers who wish to

CALCULATING MINIMUM
PLUMBING FACILITIES

chapter9
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��� fast code fact
When submitting plans and specifications with a
permit application, it is the responsibility of the
master plumber applying for the permit to make
sure that the drawings, specifications, and details
are accurate.

Knowing the minimum plumbing requirements
for a building is as simple as checking the tables in
your local plumbing codebook. The process is not
a complex one. Codes change and each jurisdic-
tion can modify a code that is adopted, so check
your current, local codebook for accurate infor-
mation that applies to your specific area.

� sensible shortcut
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gain a master’s license will have to pass an examination that is likely to require
them to compute plumbing requirements. With this in mind, let’s look at
some tables that might be used to figure the requirements for plumbing fix-
tures in various types of buildings.

COMMERCIAL BUILDINGS OF MULTIPLE TENANTS

Commercial buildings of multiple tenants is our first topic of conversation
(Fig. 9.1). This type of building can include a number of uses. Look at the
table in Figure 9.1. You can see headings for water closets, lavatories, drink-
ing fountains, and bathing fixtures. At first glance, the table seems simple
enough, and it is not too difficult. But it can be confusing, so let’s go through
some sizing examples.

I want you to assume that there will be
62 people rated for the building that we
are sizing. How many fixtures of each
type will the building require? Take a mo-
ment to work the numbers, and then read
the following results to see if you arrive at
the same number that I do.

If you look under the heading for wa-
ter closets, you will see that you need
three for men and four for women. Also
note the number 3 next to the water closet
heading. Refer to Figure 9.2 for an expla-
nation of the number. If you look at the
number 3 in Figure 9.2, you will see con-
ditions for various types of buildings
within the general group that we are
working with. For example, the statement
requires urinals in male restrooms of

restaurants, clubs, lounges, and so forth.
How many lavatories are needed in the restroom for women? The correct

answer is three. Two lavatories are needed in male restrooms. How many
bathing units are required? None, but our building will need a drinking foun-
tain. Also note that drinking fountains are required on each floor, so this
might increase the number of fixtures needed, depending upon building de-
sign. Pay attention to all details and footnotes when you use code charts and
tables for sizing.

You probably already have a handle on this type of building, but let’s do
one more quick exercise. Using the same type of building, change the occu-
pancy number to 125 people. What are the fixture requirements? We need
four toilets in the male restroom and five in the female restroom. Two lava-
tories are required in the male restroom, and three are needed for the ladies.
Drinking fountains are needed in the building. A minimum of two fountains
is required.

� been there done that
As a young plumber, I thought the codebook was
easy to deal with. Once I started being held re-
sponsible for my own code decisions, I found that
the presentation of the code was not as clear as I
once thought it was. Take some time to work with
your codebook before you need it. Learn how to
use the information in the code to your best ad-
vantage. This is best done with practice. Set your-
self up with hypothetical circumstances and use
your codebook to solve problems and answer
questions. Check with a master plumber, when
needed, to see if your solutions are correct. This
will make your field work much easier as you
come to rely on your code skills.
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FIGURE 9.2 � Minimum fixtures requirement rules. (Courtesy of Standard
Plumbing Code)
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RETAIL STORES

The minimum fixture requirements for retail stores differ from the examples
that we have just been working with. However, the concept and approach
of computing the needs is same. Refer to Figure 9.3 for listings that pertain
to retail stores. You can see that the table is very similar, in layout, to the
one we have just been using. Pay particular attention to the number 6 at the
heading of retail stores. Refer back to Figure 9.2 for an explanation of the
note. You will find that one bathroom facility can be used by both males
and females in certain types of occupancies. For example, an office with
1200 square feet, or less, can be served by a single restroom for both sexes.
A retail store with 1500 square feet, or less, can also be served by one rest-
room, unless the store is classified as a service station. Other types of build-
ings that may qualify for a single bathroom are restaurants, self-service laun-
dries, beauty salons, and barber shops. In all cases, the use of a single
restroom is contingent on the square footage of the building. With this said,
let’s run through a sample sizing example.

Assume that our sample building will accommodate 59 people. Use the
table in Figure 9.3 to determine the minimum number of plumbing fixtures
required. For the purposes of this exercise, assume that the single-bath-
room rule is not applicable. Go ahead, run the numbers, and then compare
them with mine.

You should have found that the male restroom requires two water closets.
A total of three water closets is needed for the female restroom. The male
restroom is required to have only one lavatory, but the female restroom is re-
quired to have three lavatories. Only one drinking fountain is needed, subject
to building design. By this, I mean that a drinking fountain is required on each

CALCULATING MINIMUM PLUMBING FACILITIES � 169

FIGURE 9.2 � (Continued)
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floor of the building, subject to access. If you did not arrive at these numbers,
go over the table again and see if you can find the error in your calculations.

RESTAURANTS

There are a lot of restaurants in society. This is a common type of building for
plumbers to work with. Finding the number of water closets and lavatories re-
quired in a restaurant is no more difficult than the other examples that we’ve
been working with. However, there are
additional requirements for restaurants.
Essentially, you must check with your lo-
cal code office and comply with minimum
requirements that are established by the
Board of Health.

Before we do a sizing example for a
restaurant, let’s discuss two alternative op-
tions. You will notice if you look at the
headings in Figure 9.4, that the number 6
and the number 17 are next to the heading
for restaurants. We’ve already discussed the option of number 6; it is the one
where one bathroom might be allowed for use by both sexes. The option per-
taining to number 17 are that if alcoholic beverages will be served, the estab-
lishment must meet facility requirements as set forth for clubs or lounges.

Now, let’s do a sizing example. Assume that the restaurant we are work-
ing with is rated for 250 people. How many toilets are needed? Four water
closets are required in each restroom. What is the required number of lavato-
ries? The building calls for three lavatories in each restroom. Do you notice a
difference in the ratings for restaurants, compared to the other types of build-
ings we have done thus far? If you review the tables, you will see that restau-
rants required, in almost all cases, the same number of fixtures for males as for
females. In previous examples, female restrooms required more fixtures. This
is not a big issue, just something I wanted to point out.

HOUSES

We’ve been dealing with commercial-type space, but let’s switch over to
houses. There are times when plumbers are the ones who must figure the min-
imum requirements for houses. This is especially true in very rural areas. Fig-
ure 9.5 provides the information needed to compute the fixture requirements
for a typical, single-family home. The same table can be used to figure the fix-
ture requirements for an apartment building. Check back to Figure 9.2 for ex-
planations of the numbers noted in the headings of the table. There is no big
secret to this table. Each home is required to have a minimum of one toilet,
one lavatory, one bathing unit, one kitchen sink, and one connection for a
washing machine.

If you look at the table closely, you will see that the basic minimums are
required for each dwelling or dwelling unit. This means that each apartment

CALCULATING MINIMUM PLUMBING FACILITIES � 171

��� fast code fact
If you are a residential plumber, be aware that
code requirements for commercial work can be
very different from what you are accustomed to
working with. Be sure that you are using the
proper section of the code for the type of work
that you are doing.
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in a building must be equipped with the same minimum requirements that
would be found in a home. Of course, local codes may offer a different ruling,
so always check your local code requirements before designing or installing
plumbing systems.

DAY-CARE CENTERS

Day-care centers, pre-schools, and nursery schools all fall under the same
classification when computing minimum needs for plumbing fixtures. Figure
9.6 shows you the formulas for figuring the number of fixtures needed. It’s a
simple table. Basically, you supply one toilet and one lavatory for each 15 oc-
cupants of the building. If the school will have 30 occupants, you must install
two toilets and two lavatories. When 45 people will be in the school, you
need three toilets and three lavatories. This is one of the easiest sizing exer-
cises going.

ELEMENTARY AND SECONDARY SCHOOLS

Requirements for elementary and secondary schools are a bit more complex
than those applying to pre-schools. Even so, the process of sizing the fixture
needs is not difficult. Look at the table in Figure 9.7. Notice that the table is very
similar to the ones we have been using. An equal number of toilets and lavato-
ries is required in both male and female restrooms. One drinking fountain is re-
quired for every three classrooms in the school. It is also a requirement that a
drinking fountain be located on each floor of the building. All you have to do
in order to figure fixtures for a school is look at the number of occupants and
reference it next to the number of fixtures. For example, if you have 98 occu-
pants, you need three toilets and two lavatories in each bathroom.

OFFICES AND PUBLIC BUILDINGS

Offices and public buildings may be allowed to have only one bathroom, sub-
ject to the size and use of the building. Refer to Figure 9.2, line number 6, for
a complete description of possible options in using a single bathroom. The
table in Figure 9.8 shows you sizing information for offices and public build-
ings where multiple bathrooms are used. Feel up to another sizing example?
Well, let’s try a couple with the table in Figure 9.8.

FIGURE 9.6 � Minimum fixtures for pre-schools. (Courtesy of Standard
Plumbing Code)
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Okay, assume that the public building we are working with will be rated
for 75 people. What are the fixture requirements? We will need two toilets in
the male restroom and three in the female restroom. How many lavatories are
required? Two lavatories are needed in the male restroom and three are re-
quired in the female restroom. One drinking fountain is required, but others
may be required if the building has more than one floor level, since a fountain
is required on each floor of the building. That wasn’t too hard, was it? Now
let’s try an example with a larger occupancy load.

In this example, assume that there will be 250 occupants. The amount of
water closets needed in the male restroom is four. How many are need in the
female restroom? Looks like 51⁄2 toilets, right? Well, it is, but you have to
round up to the next nearest whole number. In other words, you would need
six toilets in the female restroom. What are the needs for lavatories? The male
restroom requires four lavatories, and the female lavatory need is six. How
many drinking fountains are needed in a building that has only a single floor?
Three fountains are required.

CLUBS AND LOUNGES

When you are dealing with clubs and lounges, you must pay attention to Board
of Health requirements. Remember that if a restaurant will be serving alcoholic
beverages, the building will be treated as a club or lounge for fixture require-
ments. I should also point out that the tables we are using are from the Standard
Plumbing Code. Local codes vary, so don’t use these tables for your actual work.
I’m providing the tables for the sake of examples, not as the final word.

I’m not going to continue doing routine examples of table use. You should
understand the basic concepts now. However, I will touch on the remaining
categories and provide you with sample tables for determining minimum
plumbing fixtures. Figure 9.9 is a table set up for clubs and lounges. There is
nothing unusual about the table, so apply the same principles that we have
been working with.

LAUNDRIES

Do-it-yourself laundries are required to have at least one drinking fountain
and one service sink. Figure 9.10 will give you the basics for sizing fixture re-
quirements of do-it-yourself laundries. Notice that this type of laundry might
be allowed to operate with a single bathroom.

HAIR SHOPS

Hair shops, like beauty salons and barber shops are required to have a drink-
ing fountain and a service or utility sink. Figure 9.11 shows the basic require-
ments for fixtures in these types of buildings. It is worth noting that only one
lavatory is required for each bathroom, regardless of the occupancy load. It is
also possible that beauty shops and barber shops might be required to main-
tain only one restroom for occupants.

CALCULATING MINIMUM PLUMBING FACILITIES � 177
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WAREHOUSES, FOUNDRIES, AND SUCH

Warehouses, foundries, manufacturing buildings, and similar buildings have
some special requirements. For example, a shower must be provided for each
15 people who may be exposed to excessive heat or to skin contamination
with poisonous, infectious, or irritating material. When you look at the table
in Figure 9.12 you will see a number of numbers at the topic headings. Refer
back to Figure 9.2 for an understanding of the special notes. An example of
such a note is number 14 in the list of Figure 9.2. It says that one lavatory must
be supplied for every 15 people who may have exposure to skin contamina-
tion with poisonous, infectious, or irritating materials. Refer all of the special
notes before you begin figuring your fixture needs.

LIGHT MANUFACTURING

Buildings used for light manufacturing are affected by the special notes listed
in Figure 9.2. Pay attention to all the note references in the table labeled as
Figure 9.13. You will see that the sizing table is like the others that we have
been using and is just as easy to negotiate.

DORMITORIES

Dormitories require the use of one laundry tray for each 50 people and one
slop sink for each 100 people. However, washing machines can be used in lieu
of laundry trays. This information is found in Figure 9.14 and Figure 9.2. It is
also required that dormitories which are for the exclusive use of one sex or the
other shall have double the number of fixtures listed under the gender-spe-
cific restrooms in the table. There are also rulings in Figure 9.14 pertaining to
bathtubs and showers. You will find that sizing dormitories is not difficult, but
that it does involve some rules that we have not previously used.

GATHERING PLACES

Gathering places, such as churches, theaters, auditoriums, and similar places
can be sized for plumbing fixtures by using the information in Figure 9.15.
This reference table is straightforward and holds no surprises. If at any time
you are not sure how to title a building’s classification, check with your local
code enforcement office. Remember also to verify local standards for sizing
requirements. Given the proper information from your local code, you should
have no trouble determining the minimum fixture requirements for buildings.
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Standard fixture layouts are dictated by local plumbing codes. Plumbing
codes require certain amounts of space to be provided in front of and be-
side plumbing fixtures. The rules for standard fixtures are different than

those used to control the installation of handicap fixtures. We will use this
chapter to cover the essentials of standard fixtures and address the topic of
handicap fixtures in the next chapter. For now, just concentrate on typical fix-
ture installations when you review the information in this chapter. Before we
get into deep details, I want to remind you to consult your local plumbing
code for requirements specific to your region. The numbers I give you here
are based on code requirements, but they may not be from the code that is
enforced in your area.

If you work mostly with new construction, you probably work from blue-
prints. When this is the case, fixture locations are usually indicated and ap-
proved before a job is started. But, remodeling jobs can require plumbers to
make on-site determinations for fixture placement. A contractor might ask
you to provide spacing requirements for small jobs. Knowing how to do this
is important. For example, if a builder showed you a sketch, like the one in
Figure 10.1, would you be able to assign numbers to the areas around the fix-
tures? How wide would the compartment where the toilet is housed be re-
quired to be? The answer is 30 inches. This is common knowledge for many
plumbers, and codebooks define the distance. So, even if you don’t know the
spacing requirements off the top of your head, you can always consult your
local code for the answers.

A general rule for toilets is that there must be at least 15 inches of clear
space on either side of the center of the drain for the toilet. This equates to a
total space of 30 inches (Fig. 10.2). Now, how much clearance is needed in
front of a toilet? The normal answer is 18 inches (Fig. 10.3). Some bathrooms
are small. This can create a problem for plumbers, especially if you are re-
modeling the bathroom with new fixtures or possibly different types of 

CALCULATING PROPER FIXTURE 
SPACING AND PLACEMENT
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FIGURE 10.1 � A typical bathroom layout. (Courtesy of McGraw-Hill)

FIGURE 10.2 � Minimum width requirements for toilet. (Courtesy of
McGraw-Hill)

PlumberCalc_ch10  12/13/04  2:43 PM  Page 188

www.TechnicalPDF.com



fixtures. Getting your rough-in for the fixtures right is crucial to the job. If
you install a drain for a toilet and find out when you go to set fixtures that
there is inadequate space for the toilet to
comply with the plumbing code, there
could be a lot of work and expense re-
quired to correct the situation.

When you are laying out plumbing
fixtures, you should concentrate on what
you are doing. Get to know your code re-
quirements and check the fixture place-
ment in all directions. Figure 10.4 shows
how a legal layout might look. In contrast,
Figure 10.5 shows what would result in an
illegal layout. Notice that the distance
from the edge of the vanity is only 12
inches from the center of the toilet. To
meet code, the distance must be at least 15 inches. A problem like this might be
avoided by using a smaller vanity. If the potential problem is caught on paper,
before pipes are installed, it is much easier and less costly to correct.

CALCULATING PROPER FIXTURE SPACING AND PLACEMENT � 189

FIGURE 10.3 � Minimum distance in front of toilet. (Courtesy of 
McGraw-Hill)

When installing a drain for a standard toilet, the
center of the drain should be 12 inches from the
wall that the toilet backs up to. It is possible to get
toilets with different rough-in dimensions. For ex-
ample, you could get a toilet where the distance
from the back wall to the center of the drain
would be 10 inches. Another option is a toilet with
a rough-in of 14 inches.

� sensible shortcut
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FIGURE 10.4 � Minimum distances for legal layout. (Courtesy of 
McGraw-Hill)

FIGURE 10.5 � Illegal fixture spacing. (Courtesy of McGraw-Hill)

PlumberCalc_ch10  12/13/04  2:43 PM  Page 190

www.TechnicalPDF.com



Something else to consider when set-
ting fixtures is their overall alignment.
The plumbing codes not only require cer-
tain defined standards, they also deal with
topics such as workmanship. This means
that a job could be rejected if the fixtures
are installed in a sloppy manner. Figure
10.6 shows a toilet where the flush tank is
not installed with equal distance from the
back wall. A proper installation would have the toilet tank set evenly, with
equal distance from the back wall, as is indicated in Figure 10.7.

CALCULATING PROPER FIXTURE SPACING AND PLACEMENT � 191

FIGURE 10.6 � Improper toilet alignment. (Courtesy of McGraw-Hill)

� been there done that
There are times when space is at a premium. Con-
sider using corner fixtures, such as a corner
shower or corner toilet. This can buy you enough
space to make a remodeling job work.
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FIGURE 10.7A � Proper toilet alignment. (Courtesy of McGraw-Hill)

FIGURE 10.7B � Clearances for water closets. (Courtesy of McGraw-Hill)
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CLEARANCES RELATED TO 
WATER CLOSETS

Let’s talk about clearances related to water
closets. There’s not a lot to go over, so this
can move along quickly. Remember that
we are talking about standard plumbing
fixtures here, not handicap fixtures. The
minimum distance required from the cen-
ter of a toilet drain to any obstruction on either side is 15 inches. Measuring
from the front edge of a toilet to the nearest obstruction must prove a mini-
mum of 18 inches of clear space. When toilets are installed in privacy stalls,
you must make sure that the compartments are at least 30 inches wide and at
least 60 inches deep. That’s all there is to a typical toilet layout (Fig. 10.7).

URINALS

Urinals must have a minimum distance of 15 inches from the center of the
drain to the nearest obstruction on either side. If multiple urinals are mounted
side by side, there must be a minimum of 30 inches between the two urinal
drains. The required clearance in front of a urinal is 18 inches.

LAVATORIES

Lavatories are not affected by side meas-
urements, unless other types of plumbing
fixtures are involved. The minimum dis-
tance in front of a lavatory should not be
less than 18 inches. Obviously, minimum
requirements are just that, minimums. It
is best when more space can be dedicated
to a bathroom in order to make the fix-
tures more user-friendly.

KEEPING THE NUMBERS STRAIGHT

Keeping the numbers straight for standard plumbing fixtures doesn’t require
a lot of brain space. There are very few numbers to commit to memory. The
process gets somewhat more complicated when you are dealing with handi-
cap or “accessible” fixtures. We’re done with standard fixtures, so let’s explore
accessible fixtures.

HANDICAP FIXTURE LAYOUT

Layouts for handicap plumbing fixtures require more space than what would
be needed for standard plumbing fixtures. When you are planning the instal-
lation of accessible fixtures you must take many factors into consideration.

CALCULATING PROPER FIXTURE SPACING AND PLACEMENT � 193

��� fast code fact
Workmanship is an element of the plumbing code
that some workers fail to consider. A code officer
can fail a job for its inspection if the workmanship
is sloppy, so do neat work.

A pedestal lavatory can be a good option if you
have limited space to work with. Many pedestal
lavatories are available in sizes that are small
enough to give you the extra inch, or two, that
you may need.

� sensible shortcut
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There are regulations pertaining to door widths, compartment sizes, fixture
locations, and so forth. These rules and regulations are generally provided in
local plumbing codes. It’s not necessary for you to commit all the measure-
ments to memory, but you need to be aware of them and know where to find
the figures when they are needed for design issues.

When you are dealing with a build-
ing that requires the installation of handi-
cap plumbing fixtures, you find yourself
spread between the local building code
and the local plumbing code. The two
codes overlap when it comes to handicap
facilities. Are you, as a plumber, respon-
sible for the carpentry work? It depends
upon how you look at it. You probably
have no responsibility for the width of a
door used for access to a bathroom where
handicap fixtures will be installed. But,
the width of a toilet compartment will af-
fect you and your work. Most trades
work well together on most jobs, but this

is not always the case. If you know that rough framing done by a carpentry
crew is going to prohibit you from installing fixtures with proper placement,
you should talk to someone about the impending problem. Whether you talk
to the carpenters, a carpentry foreman, a job superintendent, or a general con-
tractor, you should raise the question of what you perceive to be a problem
with the framing work. The quicker potential problems can be caught, the eas-
ier it will be to correct them.

Who is responsible for the installation of grab bars? It could be the
plumbers or the carpenters. This is an issue that must be addressed before a
bid is given for a job. Grab bars are not inexpensive, so don’t make a mistake
by omitting them from a bid price where the person you are bidding the job
for expects you to include the bars and their installation in your bid. There’s
something else to consider on this issue. If you are responsible for the grab
bars, you are also responsible for installing proper supports in the framed
walls during your rough-in work. Some type of backing, such as a length of
framing lumber, must be installed in the wall cavity where a grab bar will be
installed. Without the backing, the grab bars will not be solid. Finding out
that there is no solid support to secure a grab bar to after a job has finished
wall coverings is going to be a real problem. I’ve seen many jobs where back-
ing wasn’t installed for wall-hung lavatories and grab bars. This is an expen-
sive and embarrassing mistake.

FACILITIES FOR HANDICAP TOILETS

Let’s talk about the facilities for handicap toilets (Fig. 10.8). When a handi-
cap toilet is installed in a privacy compartment, the minimum net clear open-
ing for the compartment must be at least 32 inches wide. The door of the

If you will be installing grab bars as a part of your
plumbing installation, you must remember to in-
stall suitable backing supports in the stud walls
prior to wall coverings being applied to the studs.
I recommend 2 x 6 or 2 x 8 lumber for this pur-
pose. The larger the backing is, the easier it is to
screw into once the walls are closed up. Make
notes on where the backing is installed, so that
you can find it when setting fixtures.

� sensible shortcut
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compartment must swing out, away from the toilet. The width of such a com-
partment should be 36 inches, with a depth of 60 inches. Unlike a standard
toilet where the side clearance is 15 inches, handicap toilets require a side dis-
tance of 18 inches. 

Grab bars must be installed at a height of no less than 33 inches and no
more than 36 inches above the finished floor. The bars must have a minimum
length of 42 inches. They must be mounted on both sides of the compart-
ment. When the bars are mounted, they
must be mounted a maximum of 12 inches
from the rear wall and extend a minimum
of 54 inches from the rear wall. A rear grab
bar, of at least 36 inches in length, must
also be installed. This grab bar must be no
more than 6 inches from the closest side-
wall and extend a minimum of 24 inches
beyond the centerline of the toilet away
from the closest sidewall.

Toilets approved for handicap installations must be higher than a normal
toilet. Most of them are 18 inches tall, but the allowable range is anything be-
tween 16 and 20 inches above the finished floor. Rules for single-occupant
arrangements vary a little from commercial installations. As always, check
your local plumbing code for exact regulations in your region.
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FIGURE 10.8 � Handicap toilet.
(Courtesy of McGraw-Hill)

��� fast code fact
Clearances for handicap fixtures differ from those
used for conventional fixtures. Don’t make the
mistake of using the wrong spacing tables when
selecting fixture locations.
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LAVATORIES

Lavatories installed for handicap use must be of a type that is accessible by a
person in a wheelchair (Fig. 10.9). The minimum clear space in front of a lava-
tory must be 30 inches by 30 inches. This is based on a measurement made
from the front face of the lavatory, counter, or vanity. Measuring from the fin-
ished floor to the top edge of a lavatory or counter should result in a meas-
urement of 35 inches. How much clearance is required under the lavatory?
Unobstructed knee clearance with a minimum of 29 inches high by 8 inches
deep should be provided. Toe clearance should be a minimum of 9 inches
high by 9 inches deep, provided from the lavatory to the wall.

Additional requirements for a handicap lavatory require that all exposed
hot-water piping be insulated. Faucets should be installed so that they are no
more than 25 inches from the front face of the lavatory, counter, or vanity.
And, the faucet must be able to be turned on and off with a maximum force
of five pounds. Now, what happens if the lavatory is installed in a privacy

compartment of a toilet? When a lava-
tory is installed in a compartment, the
lavatory must be located against the
back wall, adjacent to the water closet.
The edge of the lavatory must have a
minimum of 18 inches of clear space,
measured from the center of the toilet.

KITCHEN SINKS

Kitchen sinks require a minimum clear space in front of them that must be 30
inches by 30 inches. This is based on a measurement made from the front face
of the kitchen sink, counter, or vanity. Measuring from the finished floor to
the top edge of a kitchen sink or counter should result in a measurement of 34
inches, maximum. Unobstructed knee clearance with a minimum of 29 inches
high by 8 inches deep should be provided. Toe clearance should be a mini-
mum of 9 inches high by 9 inches deep, provided from the sink to the wall.

FIGURE 10.9 � Handicap lavatory. (Courtesy of
McGraw-Hill)

��� fast code fact
Faucets installed for handicap use must be ap-
proved for the use. This normally means either a
single-handle faucet or a faucet with blade handles.
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Additional requirements for a handicap kitchen sink require that all ex-
posed hot-water piping be insulated. Faucets should be installed so that they
are no more than 25 inches from the front face of the lavatory, counter, or
vanity. And, the faucet must be able to be turned on and off with a maximum
force of five pounds.

BATHING UNITS

Bathing units for handicap use are required to be equipped with grab bars.
Bathtubs and showers for handicap use are often different in size and equip-
ment from what you would find in a standard fixture (Fig. 10.10, Fig. 10.11).
The minimum clear space in front of a bathing unit is 30 inches from the edge
of the enclosure away from the unit and 48 inches wide. If a situation exists
where a bathing unit is not accessible from the side, the clear space in front
of the unit must be increased to a minimum of 48 inches. Faucets for showers
and bathtubs must be equipped with a hand-held shower. The hose for these
showers must be a minimum of 60 inches in length. The faucets must be able
to be opened and closed with a maximum force of five pounds.

Grab bars are required in handicap bathing units. Diameters and
widths of grab bars must be a minimum of 1.25 inches and a maximum of
1.5 inches. The bars must be spaced 1.5 inches from the wall. It is not al-
lowable for the bars to rotate. All bars used must be approved for the in-
tended use.
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FIGURE 10.10 � Handicap bathtub.
(Courtesy of McGraw-Hill)
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Bathtubs

Bathtubs for handicap use are required to have a seat. The seat may be built
in or a detachable model. Grab bars with a minimum length of 24 inches must
be mounted against the back wall, in line with each other and parallel to the
floor. One of the bars, the top one, must be mounted a minimum of 33 inches
and a maximum of 36 inches above the finished floor. The lower bar must be
mounted 9 inches above the flood-level rim of the bathtub. A grab bar must
be mounted at each end of the bathtub, with the bars being the same height
as the top bar on the back wall. The bar used on the faucet end of the tub must
be at least 24 inches long. A bar mounted at the other end of the tub must be
at least 12 inches long. Faucets must be mounted below the grab bar. If a seat
is installed at the end of a bathtub, the grab bar for that end must be omitted.

Showers

There are two basic types of showers for handicap use. Wide shower enclo-
sures are one type, and square shower enclosures are the other. Shower stalls
may be made on site or purchased as pre-fab units (Fig. 10.12). When a wide
shower enclosure is used, it must have a minimum width of 60 inches. The
depth must be no less than 30 inches. Thresholds are prohibited. Showers of
this type must be made to allow wheelchairs to enter the enclosure. Shower
valves must be mounted on the back wall. The minimum distance for the valve

FIGURE 10.11 � Handicap shower.
(Courtesy of McGraw-Hill)
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from the shower floor is 38 inches, with a maximum height of 48 inches. A
grab bar must be mounted along the entire length of the three walls that form
the enclosure. All grab bars are to be set at least 33 inches above the shower
floor, but not more than 36 inches above the floor. And, the bars shall be
mounted parallel to the shower floor.

A shower enclosure that is square in
design has to be at least 36 inches square.
Seats for this type of shower may have a
seat with a maximum width of 16 inches.
The seat must be mounted along the en-
tire length of the shower. Seat height is
established as a minimum of 17 inches
above the shower floor, with a maximum
height of 19 inches. Grab bars must be in-
stalled to extend from the edge of the seat
around the sidewall opposite the seat. These bars must be at least 33 inches
above the shower floor, and not more than 36 inches above the floor. A shower
valve must be mounted on the sidewall opposite the seat. The minimum height
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FIGURE 10.12 � Handicap shower with seat and
ramp. (Courtesy of McGraw-Hill)

Don’t order handicap fixtures until you are sure
that they are approved for use in your jurisdiction.
When in doubt, check with your local code officer
to confirm approval for specific fixtures.

� sensible shortcut
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of the shower valve shall be 38 inches above the floor. A maximum height of
48 inches is allowed for the installation of a shower valve.

DRINKING FOUNTAINS

Drinking fountains installed for handicap use shall be installed so that the
spout is no more than 36 inches above the finished floor. The spout must be
located in the front of the fountain. It is required that the flow of water from
the spout shall rise at least 4 inches. Controls for operating the fountain may
be mounted on front of the fountain or to the side, so long as the control is
side-mounted near the front of the fountain. All handicap fountains require a
minimum clear space of 30 inches in front of the fixture. The measurement is
made from the front of the unit by 48 inches wide. If a fountain protrudes from
a wall, the clear space may be reduced from a width of 48 inches to a width of
30 inches. Handicap fixtures require more attention than standard fixtures.
Keeping all the clearances straight in your head can be confusing. Refer to
your local codebook whenever you need clarification on a measurement.
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When the door to pipe, tubing, and fittings is opened, there is a lot to
learn. Some of the information is used on a frequent basis, and some
of it turns up only in remote situations. We are going to open that

door in this chapter. You are going to learn about various types of pipe and
tubing. I expect that you will find some of the data fascinating and some of it
boring. Use what you want. I will present the details in the most user-friendly
manner that I can. Tables will be used to make the reference material fast and
easy to see and understand. There’s much to learn, so let’s get started.

THE UNIFIED NUMBERING SYSTEM

Are you aware of the Unified Numbering System (UNS)? This is a system that
is meant to correlate the many metal alloy numbering systems that are being
used in our country. I could go into a long discussion on this, but I believe that
a simple table will give you enough information for now. Figure 11.1 shows
you the various categories of alloys. If you look to the left of the table, you will
see letters. The letters are the beginning for understanding types of alloys. For
example, if a rating starts with the letter C, it is referring to copper. Seeing a
letter F at the beginning of a rating indicates cast-iron.

METRIC SIZES

Metric sizes are common in many
places of the world. Plumbers in the
United States still work primarily with
customary measurements in terms of
inches. However, you may find times
when metric equivalents are useful. For
this reason, I’m providing Figure 11.2

MATH FOR MATERIALS

chapter11
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If you are like me, you never took to metric meas-
urements and don’t really want to begin to now.
This is okay. The sensible shortcut for this situa-
tion is conversion tables, which are abundant in
this book. You don’t have to do the math when
you can consult a conversion table.

� sensible shortcut
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for your use in comparing common measurements from the United States
to metric measurements.

THREADED RODS

Threaded rods are often used to hang various types of pipe. If the size of the
threaded pipe is too small in diameter and in its ability to support a proper
amount of weight, the use of the rod can be very destructive. If you have a
need to choose threaded rod for hanging pipe, you should find the informa-
tion in Figures 11.3 and 11.4 very helpful.

FIGURING THE WEIGHT OF A PIPE

Figuring the weight of a pipe and its contents is necessary when you are
choosing the needed strength of a pipe hanger. There is a formula that you
can use to accomplish this goal. Let’s say that you want to know how much a

FIGURE 11.1 � UNS metal family designations. (Courtesy of McGraw-Hill)
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piece of pipe weighs. You will need some information, which can be found in
Figure 11.5. And, you will need the formula, which is as follows:

W � F � 10.68 � T � (O.D. � T)

You’re probably wondering what all the letters mean, and you should be. I’ll
tell you. The letter W is the weight of the pipe in pounds per foot. A relative
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FIGURE 11.2 � Equivalent metric (SI) pipe sizes. (Courtesy of McGraw-Hill)
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weight factor, which can be found in Figure 11.5, is represented by the letter F.
Wall thickness of a pipe is known as the letter T. You have probably guessed that
O.D. represents the outside diameter of the pipe, in inches. I said that you could
figure out the weight of pipe and its contents. To determine the weight of water
in pipe, refer to Figure 11.6.

FIGURE 11.3 � Load ratings of threaded rods. (Courtesy
of McGraw-Hill)

FIGURE 11.4 � Recommended
rod sizes for individual pipes.
(Courtesy of McGraw-Hill)
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THERMAL EXPANSION

Thermal expansion can occur in pipes when there are temperature fluctua-
tions. Damage can result from this expansion if the pipe is not installed prop-
erly. In order to avoid damage, refer to Figures 11.7, 11.8, and 11.9 to learn
about the tolerances needed for various types of pipe (Fig. 11.10).

MATH FOR MATERIALS � 205

FIGURE 11.5 � Relative weight
factors for metal pipe. (Courtesy
of McGraw-Hill)

FIGURE 11.6 � Weight of steel pipe and contained water.
(Courtesy of McGraw-Hill)

� been there done that
As a young plumber, I guessed at a lot of math re-
quirements. This was not always smart. Don’t
gamble when it comes to pipe support. Refer to
the tables here to make sure that your choice of
hangers is safe and secure.

PlumberCalc_ch11  12/13/04  2:47 PM  Page 205

www.TechnicalPDF.com



206 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

FIGURE 11.7 � Thermal expansion
of piping materials. (Courtesy of
McGraw-Hill)

FIGURE 11.8 � Thermal expansion of PVC-DWV. (Courtesy of
McGraw-Hill)
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PIPE THREADS

Pipe threads come in different styles. Some are compatible, and others are
not. You could encounter straight pipe threads, tapered pipe threads, or fire-
hose coupling straight threads. To understand the types of pipe and hose
threads, let me give you some illustrations to consider. The tables in Figures
11.11, 11.12, and 11.13 show you how many threads per inch to expect with
different thread types. Fire hose threads are not compatible with any other
type of threads. The same is true for garden hose threads. But, some threads
are compatible with other types. If you have a female NPT thread pattern, it
is compatible with male threads of an NPT type. The proper sealant to mate
these threads is a thread seal. American Standard Straight Pipe (NPSM)
threads on female threads can be mated to either NPSM male threads or NPT
male threads. To seal such a connection, a washer seal should be used.

MATH FOR MATERIALS � 207

FIGURE 11.9 � Thermal expansion of all pipes (except PVC-DWV).
(Courtesy of McGraw-Hill)

FIGURE 11.11 � Threads per inch for national standards.

FIGURE 11.10 � Tech tips.
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Female threads that are NPSH can be coupled with male threads of
NPSH, NPSM, or NPT types. In any of these cases, a washer seal should be
used. Threads of a garden hose type are mated with a washer seal. But, what
happens when you are trying to find compatible matches for a male thread
pattern? If you have an NPT male thread, it can be mated to NPT, NPSM, or
NPSH threads. When NPT is mated to NPT, a thread sealant should be used.
Washer seals are used to mate NPSM or NPSH female threads to male NPT
threads. A male NPSM thread can mate with female thread types of NPSM or
NPSH. A washer seal should be used for these connections. Garden hose
threads, whether male or female, can only be coupled to garden hose threads,
and this is done with a washer seal.

HOW MANY TURNS?

How many turns does it take to operate a double-disk valve? It depends on
the size of the valve. Refer to Figure 11.14 for the answers to how many turns

FIGURE 11.12 � Threads per inch for American Standard Straight
Pipe.

FIGURE 11.14 � The number of turns required to operate a
double-disk valve.

FIGURE 11.13 � Threads per inch for garden hose.
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it takes to operate a valve. If you want to know how many turns it takes to op-
erate a metal-seated sewerage valve, look at Figure 11.15.

PIPE CAPACITIES

Have you ever wondered what the capacity of a pipe was? You could do some
heavy math to figure out the answer to your question, or you can look at Fig-
ure 11.16 for quick solutions to your questions.

WHAT IS THE DISCHARGE OF A GIVEN PIPE SIZE UNDER PRESSURE?

What is the discharge of a given pipe size under pressure? The pressure and
flow are both factors to consider. If you assume that you are dealing with
a straight pipe that has no bends or valves, I can give you a reference chart
to use for answers to your question. Further assume that there will be open
flow, with no backpressure, through a pipe with a smoothness rating of 
C � 100. Refer to Figures 11.17, 11.18, and 11.19 for quick-reference
charts.
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FIGURE 11.15 � Number of turns required to operate a metal-
seated sewerage valve.

FIGURE 11.16 � Pipe capacities.
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FIGURE 11.17 � Discharge of pipes in gallons per minute.

FIGURE 11.18 � Discharge of pipes in gallons per minute.
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SOME FACTS ABOUT COPPER PIPE AND TUBING

Would you like some facts about copper pipe and tubing? Well, you’re in the
right place. Let’s go over some data that could serve you well in your plumb-
ing endeavors. Figure 11.20 will show you some size data for copper tubing.
Are you interested in size details for copper that is used for drain, waste, and
vent (DWV) applications? Refer to Figure 11.21 for this information.

Copper is rated in terms of types. For example, Type K copper has a thick
wall and is considered a stronger material than Type L or Type M copper. This
type of tubing isn’t used often in residential work, but it is sometimes used for
water services when the copper is supplied
in its soft form. Soft copper comes in a roll
and allows underground piping, such as
that for a water service, to be installed
without joints. Type L copper is fre-
quently used for water distribution pipes
in homes and can be used in its soft form
for water services. A softer type of copper
is known as Type M copper. This copper
tubing is used mostly for hot-water-base-
board heating systems. It is available only
in rigid lengths and is not available in a
rolled coil. Many plumbing codes prohibit
its use for water distribution systems. Figure 11.22 will show you how different
types of copper are available for purchase.

MATH FOR MATERIALS � 211

FIGURE 11.19 � Discharge of pipes in gallons per minute.

Use Type L copper for water distribution piping.
Even if your local code allows Type M copper,
Type L copper is better, will last longer, and is less
susceptible to pinhole leaks than Type M copper.
The cost difference is noticeable, but the peace of
mind that you have in knowing that your cus-
tomers will be happy longer is invaluable.

� sensible shortcut
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FIGURE 11.20 � Copper tube - water distribution.
(Courtesy of McGraw-Hill)
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FIGURE 11.21 � Copper tube - DWV. (Courtesy of McGraw-Hill)

CAST IRON

Cast-iron pipe comes in three basic types.
One is known as service-weight pipe and
another is called extra-heavy cast iron.
These types of pipe may be purchased
with either one or two hubs. A third type
of cast-iron pipe is called no-hub pipe.
This type has no hub on either end; it is
coupled with mechanical joints (Fig.
11.24 & 11.25). Cast iron is still in use and
provides years of dependable service.

PLASTIC PIPE FOR DRAINS & VENTS

Plastic pipe for drains and vents is very common in modern plumbing.
Polyvinyl Chloride Plastic Pipe (PVC) is probably used more often than any
other type of drainage or vent pipe (Fig. 11.26). This type of pipe is strong
and resistive to a variety of acids and bases. PVC pipe can be used with wa-
ter, gas, and drainage systems, but it is not rated for use with hot water. I’ve
found this type of pipe to be sensitive to dirt and water when joints are being

��� fast code fact
Don’t use 50-50 solder for potable water piping.
Most codes require lead-free solder or, at the
most, a 95-5 solder for potable water piping. Sol-
der with a 50-50 rating is normally used only for
heating pipes at this stage of life.
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made. The areas being joined should be dry, clean, and primed prior to sol-
vent welding. Also, PVC becomes brittle in cold weather and should not be
dropped on hard surfaces.

Acrylonitrile Butadiene Styrene (ABS) pipe is the drainage pipe of pref-
erence for me. However, I do use more PVC than ABS at this point in my

FIGURE 11.22 � Available lengths of copper plumbing tube.
(Courtesy of McGraw-Hill)

FIGURE 11.23 � Tech tips.
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FIGURE 11.24 � Weight of cast-iron soil and pipe. (Courtesy
of McGraw-Hill)

career. When plastic drainage and vent
piping became popular, I cut my teeth on
ABS pipe. But, PVC pipe is less expensive
in most regions and enjoys a less-destruc-
tive rating in the case of fires, so most of
the industry, that I know of, has moved to
PVC. I like ABS because of its durability
and its ease of working with. This pipe is
so strong that I’ve seen loaded dump
trucks run over a section of ABS on a proj-
ect and never crush the pipe!

PIPING COLOR CODES

Piping color codes are used when utility companies stake out piping loca-
tions. For example, a yellow flag generally indicates one of the following
types of pipe:

� Oil
� Steam
� Gas
� Petroleum

When you encounter a blue flag that indicates the location of piping be-
low ground, the type of piping that you are probably dealing with is one of
the following:

� Potable Water
� Irrigation Water
� Slurry Pipes

��� fast code fact
Most local codes require the application of a purple
primer when PVC pipe is installed. The purple color
allows inspectors to see that a cleaner/primer has
been used. This type of primer is messy and many
homeowners complain about it, but it is often re-
quired by the code enforcement office.
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Green flags tend to mark the locations of sewers and drain lines. You can
never count on the colors to be right and you should always check with the
flagging company to know what types of pipes you may be dealing with, but
the above examples are common choices when color-coded flags are used.
Now, let’s go to Chapter 12 and see how you can troubleshoot jobs by using
tables and common sense for fast solutions to serious problems.

FIGURE 11.25 � Weight of cast-iron pipe. (Courtesy of
McGraw-Hill)

PlumberCalc_ch11  12/13/04  2:47 PM  Page 216

www.TechnicalPDF.com



MATH FOR MATERIALS � 217

FIGURE 11.26 � Polyvinyl Chloride Plastic Pipe
(PVC). (Courtesy of McGraw-Hill)
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Figures 12.1 through 12.27 provide useful tables to help you in troubleshoot-
ing problems.

TROUBLESHOOTING

chapter12

219
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FIGURE 12.1 � Questions and answers about pumps. (Courtesy of
McGraw-Hill)
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FIGURE 12.1 � (Continued) Questions and answers about pumps.
(Courtesy of McGraw-Hill)
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FIGURE 12.1 � (Continued) Questions and answers about pumps.
(Courtesy of McGraw-Hill)
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FIGURE 12.2 � Troubleshooting motors. (Courtesy of McGraw-Hill)
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FIGURE 12.3 � Troubleshooting motors. (Courtesy of McGraw-Hill)
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FIGURE 12.4 � Resistance
of electrical wire.
(Courtesy of McGraw-Hill)
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FIGURE 12.5 � Troubleshooting motors. (Courtesy of McGraw-Hill)
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FIGURE 12.6 � Troubleshooting motors. (Courtesy of McGraw-Hill)

TROUBLESHOOTING � 227
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FIGURE 12.7 � Troubleshooting motors. (Courtesy of McGraw-Hill)
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FIGURE 12.8 � Resistance readings. (Courtesy of McGraw-Hill)
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FIGURE 12.9 � Fine-tuning instructions for pressure
switches. (Courtesy of McGraw-Hill)
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FIGURE 12.10 � Meter connections for motor testing. (Courtesy of
McGraw-Hill)
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FIGURE 12.11 � Checking amperage. (Courtesy of McGraw-Hill)
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FIGURE 12.12 � Troubleshooting motors. (Courtesy of McGraw-Hill)
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FIGURE 12.13 � Troubleshooting motors. (Courtesy of McGraw-Hill)

PlumberCalc_ch12  12/13/04  7:55 AM  Page 234

www.TechnicalPDF.com



TROUBLESHOOTING � 235

FIGURE 12.14 � Wiring diagrams. (Courtesy of McGraw-Hill)
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FIGURE 12.15 � Data chart for single-phase motors. (Courtesy of McGraw-
Hill)
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FIGURE 12.15 � (Continued) Data chart for single-phase motors. (Courtesy
of McGraw-Hill)
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FIGURE 12.16 � Data chart for single-phase motors. (Courtesy of
McGraw-Hill)
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FIGURE 12.17 � Data chart for single-phase motors. (Courtesy of
McGraw-Hill)
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FIGURE 12.18 � Troubleshooting jet pumps. (Courtesy of McGraw-Hill)
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FIGURE 12.19 � Troubleshooting submersible potable-water pumps.
(Courtesy of McGraw-Hill)
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FIGURE 12.20 � Troubleshooting electric water heaters.
(Courtesy of McGraw-Hill)

FIGURE 12.21 � Troubleshooting gas water heaters.
(Courtesy of McGraw-Hill)
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FIGURE 12.22 � Troubleshooting bathtubs. (Courtesy of McGraw-Hill)
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FIGURE 12.23 � Troubleshooting toilets. (Courtesy of McGraw-Hill)
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FIGURE 12.24 � Troubleshooting showers. (Courtesy of
McGraw-Hill)
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FIGURE 12.25 � Troubleshooting lavatories. (Courtesy of
McGraw-Hill)
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FIGURE 12.26 � Troubleshooting laundry tubs. (Courtesy of
McGraw-Hill)
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FIGURE 12.27 � Troubleshooting kitchen sinks. (Courtesy of
McGraw-Hill)
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The plumbing code is complex. This chapter is not a replacement for the
code, but it will give you a lot of pertinent information that you may
use daily in a concise, accessible manner. The majority of the tables

provided here were generously provided by the International Code Council,
Inc. and the International Plumbing Code 2000. The visual nature of this
chapter will allow you to answer many of your code questions by simply re-
viewing the numerous tables.

In most cases, the tables will speak for themselves. When there may be
some confusion, I will provide some insight in the use of a table. For the most
part, this is a reference chapter that will not require heavy reading. Consider
this your fast track to code facts.

PLUMBING CODE CONSIDERATIONS

chapter13

249
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APPROVED MATERIALS

FIGURE 13.1 � Approved materials for water distribution. (Courtesy of International Code
Council, Inc. and the International Plumbing Code 2000)

FIGURE 13.2 � Approved materials for water service piping. (Courtesy of International Code
Council, Inc. and the International Plumbing Code 2000)

PlumberCalc_ch13  12/13/04  2:55 PM  Page 250

www.TechnicalPDF.com



PLUMBING CODE CONSIDERATIONS � 251

FIGURE 13.3 � Approved materials for building
sewer piping. (Courtesy of International Code
Council, Inc. and the International Plumbing
Code 2000)
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FIGURE 13.4 � Approved materials for
underground building drainage and vent pipe.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)
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FIGURE 13.5 � Approved materials for above-
ground drainage and vent pipe. (Courtesy of
International Code Council, Inc. and the
International Plumbing Code 2000)
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FIGURE 13.6 � Approved materials for
pipe fittings. (Courtesy of International
Code Council, Inc. and the International
Plumbing Code 2000)

FIGURE 13.7 � Requirements of pipe
identification. (Courtesy of International
Code Council, Inc. and the International
Plumbing Code 2000)

PlumberCalc_ch13  12/13/04  2:55 PM  Page 254

www.TechnicalPDF.com



PLUMBING CODE CONSIDERATIONS � 255

FIGURE 13.8 � Requirements for ferrules and
bushings. (Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)
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MINIMUM PLUMBING FACILITIES 

FIGURE 13.9 � Minimum plumbing facilities. (Courtesy of
International Code Council, Inc. and the International
Plumbing Code 2000)
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FIGURE 13.10 � Minimum number of plumbing facilities.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)
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FIXTURE SUPPLIES

FIGURE 13.11 � Maximum flow rates and
consumption for plumbing fixtures and fixture
fittings. (Courtesy of International Code Council, Inc.
and the International Plumbing Code 2000)

FIGURE 13.12 � Maximum flow rates and
consumption for plumbing fixtures and fixture
fittings. (Courtesy of International Code Council, Inc.
and the International Plumbing Code 2000)
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FIGURE 13.13 � Water distribution system design criteria
required capacities at fixture supply pipe outlets. (Courtesy
of International Code Council, Inc. and the International
Plumbing Code 2000)
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FIGURE 13.17 � Size of combination drain and
vent pipe. (Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)

FIGURE 13.18 � Slope of horizontal drainage pipe.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)

FIGURE 13.19 � Drainage fixture units for fixture drains
or traps. (Courtesy of International Code Council, Inc. and
the International Plumbing Code 2000)
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FIGURE 13.20 � Minimum capacity of sewage pump or
sewage ejector. (Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)

FIGURE 13.21 � Drainage fixture units. (Courtesy of
International Code Council, Inc. and the International
Plumbing Code 2000)
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FIGURE 13.22 � Maximum distance of fixture trap
from vent.(Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)

FIGURE 13.23 � Common vent sizes. (Courtesy of
International Code Council, Inc. and the
International Plumbing Code 2000)
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FIGURE 13.26 � Size and developed length of stack vents
and vent stacks. (Courtesy of International Code Council, Inc.
and the International Plumbing Code 2000)

FIGURE 13.27 � Size of drain pipes for water tanks.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)
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FIGURE 13.28 � Hanger spacing. (Courtesy of International
Code Council, Inc. and the International Plumbing Code 2000)
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FIGURE 13.29 � Sizes for overflow pipes for
water supply tanks. (Courtesy of International
Code Council, Inc. and the International
Plumbing Code 2000)

FIGURE 13.30 � Horizontal and vertical use of materials and
joints. (Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)
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AIRGAPS AND AIR CHAMBERS

FIGURE 13.32 � Minimum airgaps for water
distribution. (Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)
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FIGURE 13.33 � Minimum required air chamber
dimensions. (Courtesy of International Code Council, Inc.
and the International Plumbing Code 2000)

FIGURE 13.34 � Stack sizes for bedpan steamers and
boiling-type sterilizers. (Courtesy of International Code
Council, Inc. and the International Plumbing Code
2000)
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274 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

FIGURE 13.35 � Stack sizes for pressure sterilizers.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)

FIGURE 13.36 � Minimum flow rates. (Courtesy of
International Code Council, Inc. and the International
Plumbing Code 2000)
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FIGURE 13.37 � Location of gray water system. (Courtesy of
International Code Council, Inc. and the International Plumbing
Code 2000)
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GRAY WATER SYSTEMS

FIGURE 13.38 � Design criteria of six typical soils.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)

FIGURE 13.39 � Design criteria of six typical soils.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)
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FIGURE 13.40 � Rates of rainfall. (Courtesy of International
Code Council, Inc. and the International Plumbing Code 2000)
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FIGURE 13.40 � (Continued) Rates of rainfall.
(Courtesy of International Code Council, Inc. and
the International Plumbing Code 2000)
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FIGURE 13.41 � Hawaii figures show a 100-year, one-
hour rainfall rate. (Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)
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FIGURE 13.42 � Chart of the western United States shows a 100-year,
one-hour rainfall rate. (Courtesy of International Code Council, Inc. and
the International Plumbing Code 2000)
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FIGURE 13.43 � Alaska’s 100-year, one-hour rainfall rate.
(Courtesy of International Code Council, Inc. and the
International Plumbing Code 2000)
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FIGURE 13.44 � 100-year, one-hour rainfall rate for the eastern United
States. (Courtesy of International Code Council, Inc. and the International
Plumbing Code 2000)
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FIGURE 13.45 � 100-year, one-hour rainfall rate for the central United
States. (Courtesy of International Code Council, Inc. and the International
Plumbing Code 2000)
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RAINWATER SYSTEMS
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FIGURE 13.48 � Sizing of horizontal rainwater piping. (Courtesy
of International Code Council, Inc. and the International Plumbing
Code 2000)
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FIGURE 13.49 � Size of gutters. (Courtesy of
International Code Council, Inc. and the International
Plumbing Code 2000)
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FIGURE 13.51 � Controlled flow maximum roof
water depth. (Courtesy of International Code Council,
Inc. and the International Plumbing Code 2000)

The visual graphics here should serve you well in your career. Knowing
and understanding your local code is very important, so spend time with your
codebook to gain a complete understanding of your local codes. Keep in
mind that the information in this chapter is based in the International Code.
If you work with the Uniform code, you may discover some differences be-
tween local requirements and those shown here.
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Septic systems are common in rural housing locations. Many people who
live outside the parameters of municipal sewers depend on septic sys-
tems to solve their sewage disposal problems. Plumbers who work in 

areas where private waste disposal systems are common often come into con-
tact with problems associated with septic systems. Ironically, plumbers are
rarely the right people to call for septic problems, but they are often the first
group of people homeowners think of when experiencing septic trouble.

One reason that plumbers are called so frequently for septic problems is
that the trouble appears to be a stopped-up drain. When a septic system is
filled beyond capacity, backups occur in houses. Most homeowners call
plumbers when this happens. Smart plumbers check the septic systems first
and find out if they are at fault.

Backups in homes are not the only reason why plumbers need to know a
little something about septic systems. Customers frequently have questions
about their plumbing systems that can be influenced by a septic system. For
example, is it all right to install a garbage disposer in a home that is served by
a septic system. Some people think it is, and others believe it isn’t. The an-
swer to this question may not be left up to a plumber’s personal opinion.

Considering all of the questions and
concerns that customers might come to
their plumbers with, I feel it is wise for
plumbers to develop a general knowledge
of septic systems. This chapter will help
you achieve this goal. With that said, let
me show you what is involved with sep-
tic systems.

SEPTIC CONSIDERATIONS

chapter14
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��� fast code fact
Many local plumbing codes prohibit the installa-
tion of food grinders in homes where a septic sys-
tem will receive the discharge. 

PlumberCalc_ch14  12/13/04  2:57 PM  Page 291

xi

Copyright © 2005, 1999 by The McGraw-Hill Companies, Inc. Click here for terms of use.www.TechnicalPDF.com



292 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

SIMPLE SYSTEMS

Simple septic systems consist of a tank, some pipe, and some gravel. These
systems are common, but they don’t work well in all types of ground. Since
most plumbers are not septic installers, I will not bore you will all of the sticky
details for putting a pipe-and-gravel system into operation. However, I would
like to give you a general overview of the system, so that you can talk intelli-
gently with your customers.

THE COMPONENTS

Let’s talk about the basic components of a pipe-and-gravel septic system.
Starting near the foundation of a building, there is a sewer. The sewer pipe
should be made of solid pipe, not perforated pipe. I know this seems obvious,
but I did find a house a few years ago where the person who installed the
sewer used perforated drain-field pipe. It was quite a mess. Most jobs today
involve the use of schedule-40 plastic pipe for the sewer. Cast-iron pipe can
be used, but plastic is the most common and is certainly acceptable.

The sewer pipe runs to the septic tank. There are many types of mate-
rials that septic tanks can be made of, but most of tanks are constructed of
concrete. It is possible to build a septic tank on site, but every contractor
I’ve ever known has bought pre-cast tanks. An average size tank holds about
1,000 gallons. The connection between the sewer and the septic tank
should be watertight.

FIGURE 14.1 � A typical site plan.
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The discharge pipe from the septic tank should be made of solid pipe,
just like the sewer pipe. This pipe runs from the septic tank to a distribution
box, which is also normally made of con-
crete. Once the discharge pipe reaches
the distribution box, the type of materi-
als used changes.

The drain field is constructed accord-
ing to an approved septic design. In basic
terms, the excavated area for the septic
bed is lined with crushed stone. Perfo-
rated plastic pipe is installed in rows. The
distance between the drainpipes and the
number of drainpipes is controlled by the
septic design. All of the drain-field pipes
connect to the distribution box. The sep-
tic field is then covered with material
specified in the septic design.

As you can see, the list of materials is
not a long one. Some schedule-40 plastic pipe, a septic tank, a distribution
box, some crushed stone, and some perforated plastic pipe are the main in-
gredients. This is the primary reason why the cost of a pipe-and-gravel sys-
tem is so low when compared to other types of systems.

SEPTIC CONSIDERATIONS � 293

FIGURE 14.2 � Recommended minimum distances between
wells and septic systems and septic tanks and homes.

Many contractors have been using fiberglass sep-
tic tanks in recent years. This can be a sensible so-
lution to heavy, hard-to-handle concrete tanks.

� sensible shortcut

��� fast code fact
Many jurisdictions require septic designs to be
drawn by certified, licensed designers.
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Types Of Tanks

There are many types of septic tanks in use today. Pre-cast concrete tanks
are, by far, the most common. However, they are not the only type of sep-
tic tank available. For this reason, let’s discuss some of the material options
that are available.

Pre-cast concrete is the most popular type of septic tank. When this type
of tank is installed properly and is not abused, it can last almost indefinitely.
However, heavy vehicular traffic running over the tank can damage it, so this
situation should be avoided.

Metal septic tanks were once prolific. There are still a great number of
them in use, but new installations rarely involve a metal tank. The reason is
simple, metal tends to rust out, and that’s not good for a septic tank. Some
metal tanks are said to have given twenty years of good service. This may be
true, but there are no guarantees that a metal tank will last even ten years. In
all my years of being a contractor, I’ve never seen a metal septic tank installed.
I’ve dug up old ones, but I’ve never seen a new one go in the ground.

FIGURE 14.3 � Common septic layout.

FIGURE 14.4 � Avoid using short-turn fittings between house
and septic system.
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I don’t have any personal experience with fiberglass septic tanks, but I can
see some advantages to them. Their light weight is one nice benefit for any-
one working to install the tank. Durability is another strong point in the fa-
vor of fiberglass tanks. However, I’m not sure how the tanks perform under
the stress of being buried. I assume that their performance is good, but again,
I have no first-hand experience with them.

Wood seems like a strange material to use for the construction of a sep-
tic tank, but I’ve read where it is used. The wood of choice, as I understand it,

SEPTIC CONSIDERATIONS � 295

FIGURE 14.5 � Side view of a septic tank.

FIGURE 14.6 � Outside cleanout installed in sewer pipe and
sweep-type fittings used to avoid pipe stoppages.
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is redwood. I guess if you can make hot
tubs and spas out of it, you can make a
septic tank out of it. However, I don’t
think I would be anxious to warranty a
septic tank made of wood.

Brick and block have also been used
to form septic tanks. When these methods
are employed, some type of parging and
waterproofing must be done on the inte-
rior of the vessel. Personally, I would not
feel very comfortable with this type of
setup. This is, again, material that I have

never worked with in the creation of a septic tank, so I can’t give you much in
the way of case histories. 

CHAMBER SYSTEMS

Chamber septic systems are used most often when the perk rate on ground is
low. Soil with a rapid absorption rate can support a standard, pipe-and-gravel
septic system. Clay and other types of soil may not. When bedrock is close
to the ground, surface chambers are often used.

What is a chamber system? A cham-
ber system is installed very much like a
pipe-and-gravel system, except for the
use of chambers. The chambers might be
made of concrete or plastic. Concrete
chambers are naturally more expensive
to install. Plastic chambers are shipped in
halves and put together in the field.

� been there done that
Some contractors turn to creative solutions to save
money, but they may be making trouble for them-
selves. I prefer to use proven materials to avoid
problems down the road. Compared to the cost of
a pre-cast septic tank, building a tank on site does-
n’t make sense to me. I suggest using known prod-
ucts that are less likely to create warranty prob-
lems for you.

FIGURE 14.7 � Example of the various levels of materials in a septic
system.

Septic chambers may be made of concrete or
plastic. Many contractors prefer plastic chambers,
since they are easier to work with.

� sensible shortcut

PlumberCalc_ch14  12/13/04  2:57 PM  Page 296

www.TechnicalPDF.com



Since plastic is a very durable material, and it’s relatively cheap, plastic cham-
bers are more popular than concrete chambers.

When a chamber system is called for, there are typically many chambers
involved. These chambers are installed in the leach field, between sections of
pipe. As effluent is released from a septic tank, it is sent into the chambers.
The chambers collect and hold the effluent for a period of time. Gradually,
the liquid is released into the leach field and absorbed by the earth. The pri-
mary role of the chambers is to retard the distribution rate of the effluent.

Building a chamber system allows you to take advantage of land that
would not be buildable with a standard pipe-and-gravel system. Based on this,
chamber systems are good. However, when you look at the price tag of a
chamber system, you may need a few moments to catch your breath. I’ve seen
a number of quotes for these systems that pushed the $12,000 mark. This is
more than double what the typical cost for a gravel-and-pipe system in my re-
gion. But, if you don’t have any choice, what are you going to do?

A chamber system is simple enough in its design. Liquid leaves a septic tank
and enters the first chamber. As more liquid is released from the septic tank, it
is transferred into additional chambers that are farther downstream. This
process continues with the chambers releasing a pre-determined amount of liq-
uid into the soil as time goes on. The
process allows more time for bacterial ac-
tion to attack raw sewage, and it controls
the flow of liquid into the ground.

If a perforated-pipe system was used
in ground where a chamber system is rec-
ommended, the result could be a flooded
leach field. This might create health risks.
It would most likely produce unpleasant
odors, and it might even shorten the life of
the septic field.

SEPTIC CONSIDERATIONS � 297

FIGURE 14.8 � Example of a chamber-type septic field.

Contractors rarely make their own decisions on
how to design or install a septic system. Rely on
designs that are drawn by certified professionals.
Don’t cut corners to save a few dollars during the
installation that could cost you major money
when problems arise.

� sensible shortcut
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Chambers are installed between sections of pipe within the drain field.
The chambers are then covered with soil. The finished system is not visible
above ground. All of the action takes place below grade. The only real down-
side to a chamber system is the cost.

TRENCH SYSTEMS

Trench systems are the least expensive versions of special septic systems.
They are comparable in many ways to a standard pipe-and-gravel bed system.
The main difference between a trench system and a bed system is that the
drain lines in a trench system are separated by a physical barrier. Bed systems
consist of drainpipes situated in a rock bed. All of the pipes are in one large

bed. Trench fields depend on separation
to work properly. To expand on this, let
me give you some technical information.

A typical trench system is set into
trenches that are between one to five feet
deep. The width of the trench tends to run
from one to three feet. Perforated pipe is
placed in these trenches on a six-inch bed
of crushed stone. A second layer of stone
is placed on top of the drainpipe. This

rock is covered with a barrier of some type to protect it from the backfilling
process. The type of barrier used will be specified in a septic design.

When a trench system is used, both the sides of the trench and the bottom
of the excavation are outlets for liquid. Only one pipe is placed in each trench.
These two factors are what separate a trench system from a standard bed sys-

tem. Bed systems have all of the drain
pipes in one large excavation. In a bed
system, the bottom of the bed is the only
significant infiltrative surface. Since
trench systems use both the bottoms and
sides of trenches as infiltrative surfaces,
more absorption is potentially possible.

Neither bed nor trench systems
should be used in soils where the perco-

lation rate is either very fast or very slow. For example, if the soil will accept
one inch of liquid per minute, it is too fast for a standard absorption system.
This can be overcome by lining the infiltrative surface with a thick layer
(about two feet or more) of sandy loam soil. Conversely, land that drains at a
rate of one inch an hour is too slow for a bed or trench system. This is a situ-
ation where a chamber system might be recommended as an alternative.

Because of their design, trench systems require more land area than
bed systems do. This can be a problem on small building lots. It can also
add to the expense of clearing land for a septic field. However, trench sys-
tems are normally considered to be better than bed systems. There are
many reasons for this.

� been there done that
When working with a trench system, there should
be only one pipe in each trench. But, always fol-
low the plans and specifications that have been
approved by the local code officer.

Because of their design, trench systems require
more land area than bed systems do. This can be
a problem on small building lots.

� sensible shortcut
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Trench systems are said to offer up to five times more side area for infil-
tration to take place. This is based on a trench system with a bottom area
identical to a bed system. The difference is in the depth and separation of the
trenches. Experts like trench systems because digging equipment can straddle
the trench locations during excavation. This reduces damage to the bottom
soil and improves performance. In a bed system, equipment must operate
within the bed, compacting soil and reducing efficiency.

If you are faced with hilly land to
work with, a trench system is ideal. The
trenches can be dug to follow the con-
tour of the land. This gives you maxi-
mum utilization of the sloping ground.
Infiltrative surfaces are maintained while
excessive excavation is eliminated. The
advantages of a trench system are numer-
ous. For example, trenches can be run be-
tween trees. This reduces clearing costs
and allows trees to remain for shade and
aesthetic purposes. However, roots may still be a consideration. Most people
agree that a trench system performs better than a bed system. When you
combine performance with the many other advantages of a trench system,
you may want to consider trenching your next septic system. It costs more to
dig individual trenches than it does to create a group bed, but the benefits
may outweigh the costs.

MOUND SYSTEMS

Mound systems, as you might suspect, are septic systems that are constructed
in mounds that rise above the natural topography. This is done to compen-
sate for high water tables and soils with slow absorption rates. Due to the
amount of fill material to create a mound, the cost is naturally higher than it
would be for a bed system.

Coarse gravel is normally used to build a septic mound. The stone is piled
on top of the existing ground. However, topsoil is removed before the stone

SEPTIC CONSIDERATIONS � 299

The advantages of a trench system are numerous.
For example, trenches can be run between trees.
This reduces clearing costs and allows trees to re-
main for shade and aesthetic purposes. However,
roots may still be a consideration.

� sensible shortcut

FIGURE 14.9 � Cut-away of a mount-type septic system.
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is installed. When a mound is built, it contains suitable fill material, an ab-
sorption area, a distribution network, a cap, and topsoil. Due to the raised
height, a mound system depends on either pumping or siphonic action to
work properly. Essentially, effluent is either pumped or siphoned into the dis-
tribution network.

As the effluent is passing through the coarse gravel and infiltrating the fill
material, treatment of the wastewater occurs. This continues as the liquid
passes through the unsaturated zone of the natural soil. The purpose of the
cap is to retard frost action, deflect precipitation, and to retain moisture that
will stimulate the growth of ground cover. 

Mounds should be used only in 
areas that drain well. The topography
can be level or slightly sloping. The
amount of slope allowable depends on
the perk rate. For example, soil that
perks at a rate of one inch every sixty
minutes or less, should not have a slope
of more than six percent if a mound
system is to be installed. If the soil ab-

sorbs water from a perk test faster than one inch in one hour, the slope could
be increased to twelve percent. These numbers are only examples. A profes-
sional who designs a mound system will set the true criteria for slope values.
Ideally, about two feet of unsaturated soil should exist between the original
soil surface and the seasonally saturated topsoil. There should be three to five
feet of depth to the impermeable barrier. An overall range of perk rate could
go as high as one inch in two hours, but this, of course, is subject to local ap-
proval. Perk tests for this type of system are best when done at a depth of
about 20 inches. However, they can be performed at shallow depths of only
12 inches. Again, you must consult and follow local requirements.

HOW DOES A SEPTIC SYSTEM WORK?

How does a septic system work? A standard septic system works on a very
simple principle. Sewage from a home enters the septic tank through the
sewer. Where the sewer is connected to the septic tank, there is a baffle on
the inside of the tank. This baffle is usually a sanitary tee. The sewer enters
the center of the tee and drops down through the bottom of it. The top hub
of the tee is left open. 

The bottom of the tee is normally fitted with a short piece of pipe. The
pipe drops out of the tee and extends into the tank liquids. This pipe should
never extend lower than the outlet pipe at the other end of the septic tank.
The inlet drop is usually no more than twelve inches long.

The outlet pipe for the tank also has a baffle, normally an elbow fitting.
The drop from this baffle is frequently about sixteen inches in length.

When sewage enters a septic tank, the solids sink to the bottom of the
tank and the liquids float within the confines of the container. As the tank col-
lects waste, several processes begin to take place.

��� fast code fact
Without adequate ground cover, erosion can be a
problem. There are a multitude of choices avail-
able as acceptable ground covers. Grass is the
most common choice.
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Solid waste that sinks to the bottom becomes what is known as sludge.
Liquids, or effluent as it is called, are suspended between the lower layer of
sludge and an upper layer of scum. The scum layer consists of solids and gases
floating on the effluent. All three of these layers are needed for the waste dis-
posal system to function properly.

As the effluent level rises in a tank, it
eventually flows out of the tank, through
the outlet pipe. The effluent drains down
a solid pipe to the distribution box. After
entering the distribution box, the liquid
is routed into different slotted pipes that
run through the leach field.

As the effluent mixes with air, aero-
bic bacteria begins to work on the waste.
This bacteria attacks the effluent and
eventually renders it harmless. Aerobic
bacteria need oxygen to do their job.
Drain fields should be constructed of
porous soil or crushed stone to ensure the
proper breakdown of the effluent.

As the effluent works its way through
the drain field, it becomes odorless and harmless. By the time the effluent passes
through the earth and becomes ground water, it should be safe to drink.

SEPTIC TANK MAINTENANCE

Septic tank maintenance is not a time consuming process. Most septic sys-
tems require no attention for years at a time. However, when the scum and
sludge layers combined have a depth of eighteen inches, the tank should be
cleaned out.

Trucks equipped with suction hoses
are normally used to clean septic tanks.
The contents removed from septic tanks
can be infested with germs. The disease
risk of exposure to sludge requires that the
sludge be handled carefully and properly.

HOW CAN CLOGS BE AVOIDED?

How can clogs be avoided? Clogs can be
avoided by careful attention to what types
of waste enter the septic system. Grease,
for example, can cause a septic system to
become clogged. Bacteria does not do a good job in breaking down grease.
Therefore, the grease can enter the slotted drains and leach field with enough
bulk to clog them.
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Anaerobic bacteria work inside the septic tank to
break down the solids. This type of bacteria is ca-
pable of working in confinements void of oxygen.
As the solids break up, they form the sludge layer.

� sensible shortcut

Aerobic bacteria need oxygen to do their job.

� sensible shortcut

� been there done that
What happens if the drain field doesn’t work?
When a septic field fails to do its job, a health haz-
ard exists. This situation demands immediate at-
tention. The main reason for a field to fail in its op-
eration is clogging. If the pipes in a drain field
become clogged, they must be excavated and
cleaned or replaced. If the field itself clogs, the
leach bed must be cleaned or removed and re-
placed. Neither of these propositions is cheap.
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Paper, other than toilet paper, can also
clog up a septic system. If the paper is
not broken down before entering the
drain field, it can plug up the works.

WHAT ABOUT GARBAGE
DISPOSERS, 
DO THEY HURT A SEPTIC SYSTEM?

What about garbage disposers, do they
hurt a septic system? The answers offered to this question vary from yes to
maybe to no. Many people, including numerous code enforcement offices,
believe garbage disposers should not be used in conjunction with septic sys-
tems. Other people disagree and believe that disposers have no adverse effect
on a septic system.

It is possible for the waste of a disposer to make it into the distribution
pipes and drain field. If this happens, the risk for clogging is elevated. An-
other argument against disposers is the increased load of solids they put on a
septic tank. Obviously, the amount of solid waste will depend on the fre-
quency with which the disposer is used.

What is my opinion? My opinion is that disposers increase the risk of sep-
tic system failure and should not be used with such systems. However, I know
of many houses using disposers with septic systems that are not experiencing
any problems. If you check with your local plumbing inspector this question
may become a moot point. Many local plumbing codes prevent the use of dis-
posers with septic systems.

PIPING CONSIDERATIONS

There are some additional piping considerations for plumbers to observe.
Septic tanks are designed to handle routine sewage. They are not meant to
modify chemical discharges and high volumes of water. If, as a plumber, you
pipe the discharge from a sump pump into the sanitary plumbing system,
which you are not supposed to do, the increased volume of water in the tank
could disrupt its normal operation.

GAS CONCENTRATIONS

Gas concentrations in a septic tank can
cause problems for plumbers. The gases
collected in a septic tank have the poten-
tial to explode. If you remove the top of a
septic tank with a flame close by, you
might be blown up. Also, breathing the
gases for an extended period of time can
cause health problems.

��� fast code fact
Check your local code to see if garbage disposers
can be installed in homes that are served by sep-
tic systems. Many jurisdictions do not allow
garbage disposers in homes that depend on pri-
vate sewage disposal systems.

� been there done that
Chemical drain openers used in high quantities
can also destroy the natural order of a septic tank.
Chemicals from photography labs are another risk
plumbers should be aware of when piping
drainage to a septic system.
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SEWAGE PUMPS

There are times when sewage pumps must
be used to get sewage to a septic system.
The pumps are normally installed in a
buried box outside of the building being
served. The box is often made of concrete.
In these cases, the home’s sewer pipe goes
to the pumping station. From the pumping
station, a solid pipe transports the waste to
the septic tank.

Sewage pumps have floats that are
lifted as the level of contents in the pump
station build. When the float is raised to a
certain point, the pump cuts on, emptying
the contents of the pump station. The dis-
charge pipe from the pump must be
equipped with a check valve. Otherwise,
gravity would force waste down the pipe,
back into the pump station, when the
pump cut off. This would result in the
pump having to constantly cut on and off,
wearing out the pump.

SEPTIC CONSIDERATIONS � 303

FIGURE 14.10 � Example of a pump-station septic system.

��� fast code fact
Exterior sewage pumps must be equipped with
alarm systems. The alarms warn the property
owner if the pump is not operating and the pump
station is filling with sewage. Without the alarm,
the sewage could build to a point where it would
flow back into the building.

� been there done that
Some homeowners associate an overflowing toilet
with a problem in their septic system. It is possible
that the septic system is responsible for the toilet
backing up, but this is not always the case. A stop-
page either in the toilet trap or in the drainpipe
can cause a backup.
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AN OVERFLOWING TOILET

Some homeowners associate an overflowing toilet with a problem in their
septic system. It is possible that the septic system is responsible for the toilet
backing up, but this is not always the case. A stoppage either in the toilet trap
or in the drainpipe can cause a backup.

If you get a call from a customer who has a toilet flooding their bathroom,
there is a quick, simple test you can have the homeowner perform to tell you
more about the problem. You know the toilet drain is stopped up, but will the
kitchen sink drain properly? Will other toilets in the house drain? If other fix-
tures drain just fine, the problem is not with the septic tank.

There are some special instructions that you should give your customers
prior to having them test other fixtures. First, it is best if they use fixtures that
are not in the same bathroom with the plugged-up toilet. Lavatories and
bathing units often share the same main drain that a toilet uses. Testing a lava-
tory that is near a stopped-up toilet can tell you if the toilet is the only fixture
affected. It can, in fact, narrow the likelihood of the problem down to the toi-
let’s trap. But, if the stoppage is some way down the drainpipe, it’s conceiv-
able that the entire bathroom group will be affected. It is also likely that if the
septic tank is the problem, water will back up in a bathtub.

When an entire plumbing system is unable to drain, water will rise to the
lowest fixture, which is usually a bathtub or shower. So, if there is no backup
in a bathing unit, there probably isn’t a problem with a septic tank. But, back-
ups in bathing units can happen even when the major part of a plumbing sys-
tem is working fine. A stoppage in a main drain could cause the liquids to back
up into a bathing unit.

To determine if a total backup is being caused, have homeowners fill their
kitchen sinks and then release all of the water at once. Get them to do this
several times. A volume of water may be needed to expose a problem. Simply
running the faucet for a short while might not show a problem with the
kitchen drain. If the kitchen sink drains successfully after several attempts, it’s
highly unlikely that there is a problem with the septic tank. This would mean
that you should call your plumber, not your septic installer.

WHOLE-HOUSE BACKUPS

Whole-house backups (where none of the plumbing fixtures drain) indicate
either a problem in the building drain, the sewer, or the septic system. There
is no way to know where the problem is until some investigative work is done.
It’s possible that the problem is associated with the septic tank, but you will
have to pinpoint the location where trouble is occurring.

For all the plumbing in a house to back up, there must be some obstruc-
tion at a point in the drainage or septic system beyond where the last plumb-
ing drain enters the system. Plumbing codes require clean-out plugs along
drainage pipes. There should be a clean-out either just inside the foundation
wall of a home or just outside the wall. This clean-out location and the access
panel of a septic tank are the two places to begin a search for the problem.
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If the access cover of the septic system is not buried too deeply, I would
start there. But, if extensive digging would be required to expose the cover, I
would start with the clean-out at the foundation, hopefully on the outside of
the house. Remove the clean-out plug and snake the drain. This will normally
clear the stoppage, but you may not know what caused the problem. Habit-
ual stoppages point to a problem in the drainage piping or septic tank.

Removing the inspection cover from the inlet area of a septic tank can
show you a lot. For example, you may see that the inlet pipe doesn’t have a
tee fitting on it and has been jammed into a tank baffle. This could obviously
account for some stoppages. Cutting the pipe off and installing the diversion
fitting will solve this problem.

Sometimes pipes sink in the ground after they are buried. Pipes some-
times become damaged when a trench is backfilled. If a pipe is broken or de-
pressed during backfilling, there can be drainage problems. When a pipe sinks
in uncompacted earth, the grade of the pipe is altered, and stoppages become
more likely. You might be able to see some of these problems from the access
hole over the inlet opening of a septic tank.

Once you remove the inspection
cover of a septic tank, look at the inlet
pipe. It should be coming into the tank
with a slight downward pitch. If the pipe
is pointing upward, it indicates improper
grading and a probable cause for stop-
pages. If the inlet pipe either doesn’t exist
or is partially pulled out of the tank,
there’s a very good chance that you have
found the cause of your backup.

In the case of a new septic system, a total backup is most likely to be the
result of some failure in the piping system between the house and the septic
tank. If your problem is occurring during very cold weather, it is possible that
the drain pipe has retained water in a low spot and that the water has since
frozen. I’ve seen it happen several times in Maine with older homes.

Running a snake from the house to the septic tank will tell you if the prob-
lem is in the piping. This is assuming that the snake used is a pretty big one.
Little snakes might slip past a blockage that is capable of causing a backup.
An electric drain-cleaner with a full-size head is the best tool to use.

THE PROBLEM IS IN THE TANK

There are times, even with new systems, when the problem causing a whole-
house backup is in the septic tank. These occasions are rare, but they do ex-
ist. When this is the case, the top of the septic tank must be uncovered. Some
tanks, like the one at my house, are only a few inches beneath the surface.
Other tanks can be buried several feet below the finished grade. 

Once a septic tank is in full operation, it works on a balance basis. The in-
let opening of a septic tank is slightly higher than the outlet opening. When
water enters a working septic tank, an equal amount of effluent leaves the
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� been there done that
If a pipe is hit with a heavy load of dirt during
backfilling, it can be broken off or pulled out of po-
sition. This won’t happen if the pipe is supported
properly before backfilling, but someone may
have cheated a little during the installation.

PlumberCalc_ch14  12/13/04  2:57 PM  Page 305

www.TechnicalPDF.com



306 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

tank. This maintains the needed balance. But, if the outlet opening is blocked
by an obstruction, water can’t get out. This will cause a backup.

Strange things sometimes happen on construction sites, so don’t rule out
any possibilities. It may not seem logical that a relatively new septic tank
could be full or clogged, but don’t bet on it. I can give you all kinds of things
to think about. Suppose a septic installer was using up old scraps of pipe for
drops and short pieces, and one of the pieces had a plastic test cap glued into
the end of it that was not noticed? This could certainly render the septic sys-
tem inoperative once the liquid rose to a point where it would be attempting
to enter the outlet drain. Could this really happen? I’ve seen the same type of
situation happen with interior plumbing, so it could happen with the piping
at a septic tank.

What else could block the outlet of a new septic tank? Maybe a piece of
scrap wood found its way into the septic tank during construction and is now
blocking the outlet. If the wood floated in the tank and became aligned with
the outlet drop, pressure could hold it in place and create a blockage. The
point is that almost anything could be happening in the outlet opening, so
take a snake and see if it is clear.

If the outlet opening is free of obstructions, and all drainage to the septic
tank has been ruled out as a potential problem, you must look further down
the line. Expose the distribution box and check it. Run a snake from the tank
to the box. If it comes through without a hitch, the problem is somewhere in
the leach field. In many cases, a leach field problem will cause the distribution
box to flood. So, if you have liquid come rushing of the distribution box, you
should be alerted to a probable field problem. 

PROBLEMS WITH A LEACH FIELD

Problems with a leach field are uncommon among new installations. Unless
the field was poorly designed or installed improperly, there is very little rea-
son why it should fail. However, extremely wet ground conditions, due to
heavy or constant rains, could force a field to become saturated. If the field
saturates with ground water, it cannot accept the effluent from a septic tank.
This, in turn, causes backups in houses. When this is the case, the person who
created the septic design should be looked to in terms of fault.

Older Fields

Older fields sometimes clog up and fail. Some drain fields become clogged
with solids. Financially, this is a devastating discovery. A clogged field has to
be dug up and replaced. Much of the crushed stone might be salvageable, but
the pipe, the excavation, and whatever new stone is needed can cost thou-
sands of dollars. The reasons for a problem of this nature are either a poor de-
sign, bad workmanship, or abuse.

If the septic tank installed for a system is too small, solids are likely to en-
ter the drain field. An undersized tank could be the result of a poor septic de-
sign, or it could come about as a family grows and adds onto their home. 
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A tank that is adequate for two people may not be able to keep up with the us-
age seen when four people are involved. Unfortunately, finding out that a tank
is too small often doesn’t happen until the damage has already been done.

Why would a small septic tank create problems with a drain field? Septic
tanks accept solids and liquids. Ideally, only liquids should leave the septic
tank and enter the leach field. Bacterial action occurs in a septic tank to break
down solids. If a tank is too small, there is
not adequate time for the breakdown of
solids to occur. Increased loads on a small
tank can force solids down into the drain
field. After this happens for a while, the
solids plug up the drainage areas in the
field. This is when digging and replace-
ment is needed.

In terms of a septic tank, a pipe with a
fast grade can cause solids to be stirred up
and sent down the outlet pipe. When a
four-inch wall of water dumps into a sep-
tic tank at a rapid rate, it can create quite
a ripple effect. The force of the water might generate enough stir to float
solids that should be sinking. If these solids find their way into a leach field,
clogging is likely.

We talked a little bit about garbage disposers earlier. When a disposer is
used in conjunction with a septic system, there are more solids involved that
what would exist without a disposer. This, where code allows, calls for a larger
septic tank. Due to the increase in solids, a larger tank is needed for satisfac-
tory operation and a reduction in the risk of a clogged field. I remind you
again, some plumbing codes prohibit the use of garbage disposers where a
septic system is present.

Other causes for field failures can be related to collapsed piping. This is
not common with today’s modern materials, but it is a fact of life with some
old drain fields. Heavy vehicular traffic over a field can compress it and cause
the field to fail. This is true even of modern fields. Saturation of a drain field
will cause it to fail. This could be the result of seasonal water tables or pro-
longed use of a field that is giving up the ghost.

Septic tanks should have the solids pumped out of them on a regular ba-
sis. For a normal residential system, pumping once every two years should be
adequate. Septic professionals can measure sludge levels and determine if
pumping is needed. Failure to pump a system routinely can result in a build-
up of solids that may invade and clog a leach field.

Normally, septic systems are not considered to be a plumber’s problem.
Once you establish that a customer’s grief is coming from a failed septic sys-
tem, you should be off the hook. Advise your customers to call septic profes-
sionals and go onto your next service call; you’ve earned your money.
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� been there done that
Is there any such thing as having too much pitch
on a drainpipe. Yes, there is. A pipe that is graded
with too much pitch can cause several problems.
In interior plumbing, a pipe with a fast pitch may
allow water to race by without removing all the
solids. A properly graded pipe floats the solids in
the liquid as drainage occurs. If the water is al-
lowed to rush out, leaving the solids behind, a
stoppage will eventually occur.
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National rainfall statistics are needed for computing the requirements
of storm water systems.  The expected rainfall rates are needed to fig-
ure out systems for roof drains, storm sewers, and similar methods of

controlling storm water drainage. Fortunately, the rainfall rates for major
cities are listed in this chapter. Similar information can often be found in
plumbing codebooks.  You will also find rain maps in this chapter and some
codebooks.  You can’t accomplish much with only the rainfall rates. Consider
the following information as reference material that you can use at anytime to
compute the needs for controlling storm water. (Figs. A1.1 to A1.5)

NATIONAL RAINFALL STATISTICS

appendix1
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FIGURE A1.1 � Rainfall rates.
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FIGURE A1.1 � (Continued) Rainfall rates.
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FIGURE A1.1 � (Continued) Rainfall rates.
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FIGURE A1.1 � (Continued) Rainfall rates.
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FIGURE A1.1 � (Continued) Rainfall rates.
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FIGURE A1.1 � (Continued) Rainfall rates.

PlumberCalc_ch15(APP1)  12/13/04  7:58 AM  Page 315

www.TechnicalPDF.com



316 � PLUMBER’S AND PIPE FITTER’S CALCULATIONS MANUAL

FIGURE A1.2 � Rainfall rates for secondary roof drains. (Courtesy of McGraw-Hill)
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FIGURE A1.3 � Rainfall rates for primary roof drains. (Courtesy of McGraw-Hill)
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FIGURE A1.5 � Rainfall intensity-duration-frequency charts. (Courtesy of 
McGraw-Hill)
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FIGURE A1.5 � (Continued) Rainfall intensity-duration-frequency charts.
(Courtesy of McGraw-Hill)
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FIGURE A1.5 � (Continued) Rainfall intensity-duration-frequency charts.
(Courtesy of McGraw-Hill)
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FIGURE A1.5 � (Continued) Rainfall intensity-duration-frequency charts.
(Courtesy of McGraw-Hill)
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FIGURE A1.5 � (Continued) Rainfall intensity-duration-frequency charts.
(Courtesy of McGraw-Hill)
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FIGURE A1.5 � (Continued) Rainfall intensity-duration-frequency charts.
(Courtesy of McGraw-Hill)
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Apartments, 171, 173, 174

Bathing units, handicap, 197–200
Bathtubs, handicap, 198
Building, commercial of multiple

tenants, 166, 167

Cast iron, 213, 215
Chamber septic systems, 296–298 
Clubs, 177, 178
Color codes for piping, 215–216 
Copper pipe and tubing, 211, 212,

213, 214

Day-care centers, 174
Dormitories, 181, 184
Double-disk valve, number of

turns, 208–209 
Drains, 49–51

plastic pipe for, 213–215, 217
types of sanitary, 50–51

Drinking fountains, handicap, 200

Fittings, 64
Fixture layout, 187, 188, 189, 190,

191
handicap, 193–194 

Fixture-unit tables, 51–55 
Formulas

for pipe fitters, 17–28 

Garbage disposers, 302
Gathering places, 181, 185

Hair shops, 177, 180
Handicap fixtures, 193–194 

bathing units, 197–200 
kitchen sinks, 196–197 
lavatories, 196
toilets, 194–195 

Houses, 171, 173, 174

Kitchen sinks, handicap, 196–197 

Laundries, 177, 179
Lavatories, 193

handicap, 196
Leach field, 306–307
Lounges, 177, 178

Manufacturing, heavy, 181, 182
Manufacturing, light, 181, 183
Materials, choosing, 109

math for, 201, 
Mathematics, general trade, 1–16
Metric sizes, 201–202 
Mound septic systems, 299–300 

Numbers, keeping straight, 193

Obstacles, 24–26
Offices, 174, 176, 177
Offsets, 18–20, 21, 22–24 

rolling, 26–28 

Pipe, figuring the weight of,
202–204 

capacities, 209
color codes, 215–216 
copper, 211, 212, 213, 214
discharge of a given size under

pressure, 209, 210, 211
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plastic for drains and vents,
213–215, 216

threads, 207–208 
Piping, considerations for septic

systems, 302
Pitch, 59
Plumbing code considerations,

249–289 
Plumbing facilities, calculating

minimum, 165–166 
Potable water systems, 29–30
Public buildings, 174, 176, 177

Rainfall, national statistics,
309–324

Relief vents, 97
Restaurants, 171, 172
Riser drawings, 65, 66–70 

diagrams, 106, 107, 108 

Sanitary drains, types of, 50–51 
Schools, 174, 175
Septic considerations, 291
Septic systems, simple, 292

backups, whole-house, 304–305 
chamber systems, 296–298 
clogs, avoiding, 301–302 
components, 292–293 
garbage disposers, 302
gas concentrations, 302
how it works, 300–301 
maintenance, 301
mound systems, 299–300 
piping considerations, 302
trench systems, 298–299 
types of tanks, 294–298 

Sewage pumps, 303
Sewers see Drains
Showers, handicap, 198–199 
Sizing

building drains, 60 
exercise, 94–95, 97
horizontal branch, 60
potable water systems, 29–48

stack, 61
tall stacks, 62
trap sizing, 58
water heaters, 129–131,

132–134
with Standard Plumbing

Code, 48
with Uniform Plumbing

code, 30, 31–47
Stack vents, 97
Standard Plumbing Code, 48
Stores, retail, 169, 170, 171
Storm-water calculations, 111–115,

116–119, 120–121,
122–127 

Sump vents, 102
Supports, 62–63 

Thermal expansion, 205, 206, 207
Threaded rods, 202
Toilets, handicap, 194–195 

overflowing, 304
Trap sizing, 58

distance from trap to vent,
90–91 

Trench septic systems, 298–299 
Troubleshooting, 219–248
Tubing, copper, 211, 212, 213, 214

Unified Numbering System, 201
Uniform Plumbing code, 30, 31–47
Urinals, 193

Vent stacks, 97
Vent systems, 73

plastic pipe for, 213–215, 216
sizing tables, 91–92, 93, 94 
supporting, 104
types of vents, 73, 74–90
wet, 100

Water closets, 193
Water heaters, sizing, 129–131,

132–134 
Water pumps, 135, 136–164 
Wet venting, 100

Pipe (continued)
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