PIPE DRAFTING
AND DESIGN






PIPE DRAFTING
AND DESIGN

Second Edition

Roy A. Parisher - Robert A. Rhea

ci\f Gulf Professional Publishing
PV

an imprint of Butterworth-Heinemann

Boston, Oxford, Auckland, Johannesburg, Melbourne, New Delhi



&

Gulf Professional Publishing is an imprint of Butterworth—-Heinemann.
Copyright © 2002 by Butterworth—Heinemann

& A member of the Reed Elsevier group

All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without
the prior written permission of the publisher.

Recognizing the importance of preserving what has been written, Butterworth—Heinemann prints
its books on acid-free paper whenever possible.

sl et Butterworth—-Heinemann supports the efforts of American Forests and the Global
- ReLeaf program in its campaign for the betterment of trees, forests, and our
7000 environment.

Library of Congress Cataloging-in-Publication Data

Parisher, Roy A.
Pipe drafting and design / Roy A. Parisher, Robert A. Rhea—2" ed.
p. cm.
Includes index.
ISBN 0-7506-7439-3 (alk. paper)
1. Piping—Drawing—Handbooks, manuals, etc. 2. Piping—Design and construction—
Handbooks, manuals, etc. I. Rhea, Robert A. II. Title.

TJ930 .P32 2001
621.8°672—dc21
2001023633

British Library Cataloguing-in-Publication Data

A catalogue record for this book is available from the British Library.

The publisher offers special discounts on bulk orders of this book.
For information, please contact:

Manager of Special Sales
Butterworth—-Heinemann
225 Wildwood Avenue
Woburn, MA 01801-2041
Tel: 781-904-2500

Fax: 781-904-2620

For information on all Gulf Professional Publishing publications available, contact our World
Wide Web home page at: http://www.gulfpp.com

10987654321

Printed in the United States of America

iv



For my parents, Archie and Joyce:
Your love and support are endless.
I could never say “Thank you” enough for what you have given me. Roy

To Mary:
Thank you for your help and support. Robert



Ahout the Gover

The 3D wire frame model on the cover is a detailed view of the piping
model used in this text and shown in the window on the back cover. This
model was created with PRO-PIPE"" and rendered in 3D Studio®.

vi



Contents

Acknowledgments ix
Preface X
About the Authors xi
Chapter 1

Overview of Pipe Drafting and Design 1

Types of Projects 1

Employers of Pipe Drafters and Designers 1
Engineering and Construction Companies 1
Operating Companies 2

Architectural Engineering Companies 2
Construction Companies 2

Fabrication Companies 2

Preparation for Piping Drafting 2

Technical Skills 3

Personal Skills 3

Creation of Pipe Drawings 3

Chapter 2

Steel Pipe 4
History of Pipe 4

Piping Materials 4
Manufacturing Methods 4
Sizing of Pipe 5

Wall Thickness 6
Methods of Joining Pipe 6
Cast Iron Pipe 8

Plastic Pipe 10

Drawing Pipe 10

Review Quiz 12

Chapter 3

Pipe Fittings 13
90° Elbows 13

45° Elbows 19

Weld Tee 22

The Stub-In 26

Coupling 27

Reducers 28

Weld Cap 31

Use of Fittings 31

Screwed and Socket-Weld Fittings 33
Pipe Nipples 33

Flanged Fittings 37

vii

Cast Iron Fittings 38

Plastic Fittings 38

Review Quiz 39

Exercise Information 40
Chapter 3 Drawing Exercises 41

Chapter 4
Flange Basics

48

Rating Flanges 48

Flange Facings 48

Flange Types 50

Bolts 57

Gaskets 57

Review Quiz 61

Exercise Information 63
Chapter 4 Drawing Exercises 65

Chapter 5
Valves

69

What Is a Valve? 69

Common Valve Types 70

Valve Operators 81

Review Quiz 82

Chapter 5 Drawing Exercises 86

Chapter 6
Mechanical Equipment

90

Types of Equipment 90
Equipment in Use 100
Equipment Terminology 101
Vendor Data Drawings 103
Drawing Equipment 103

Review Quiz 108

Chapter 6 Drawing Exercises 110

Chapter 7

Flow Diagrams and Instrumentation
Uses of Flow Diagrams 111

Type of Flow Diagrams 111

Flow Diagram Instruments 114

Piping Symbols 117

Flow Plan Arrangement 117

Review Quiz 118

Exercise Information 119

Chapter 7 Drawing Exercises 120

111



Chapter 8

Codes and Specifications 123
Codes 123

Specifications 123

Specification Classes 125

Abbreviations 126

Piping Abbreviations 126

Review Quiz 132

Chapter 9

Equipment Layout 133
Plant Coordinate Systems 133

Site Plans 136

Unit Plot Plan 136

Equipment Location Drawing 136

Foundation Location Drawing 136

Piping Drawing Index 141

Review Quiz 142

Chapter 10

Piping Arrangement Drawings, Sections, and
Elevations 143
Arrangement Drawings 143

Responsibilities of the Piping Designer 143

Information Sources for Piping Arrangement Drawings 143
Layout Procedures 144

Piping Arrangement Drawing Layout 144

Dimensioning 186

Piping Sections and Elevations: What Are They? 187
Detail Drawings 188

Review Quiz 192

Exercises: Plans, Elevations, and Sections 193

Chapter 11

Standard Piping Details 194
Pipe Rack Spacing 194

Drawing Pipe in the Rack 194
Pipe Flexibility 195

Planning for Heat Expansion 197
Pipe Anchors 198

Pipe Insulation Shoes 198

Pipe Guides 198

Field Supports 199

Dummy Supports 200

Hanger Rods 200

Spring Hangers 201

Pick-up Pipe Supports 201
Review Quiz 202

Chapter 12
Piping Systems 203
Plant Utilities 203

viii

Control Valve Manifolds 204

Utility Stations 206

Meter Runs 206

Sewer and Underground Piping Systems 207
Review Quiz 209

Chapter 13

Piping Isometrics
What Is an Isometric? 210

Drawing Piping Isometrics 216

Isometric Dimensions, Notes, and Callouts 218
Isometric Offsets 219

Review Quiz 226

Drawing Exercises 227

Chapter 14
Customizing AutoCAD

Creating Command Aliases 231
Using AutoLisp 232
Review Quiz 236

Chapter 15
Three-dimensional Modeling of Piping
Systems

Advantages of 3D Modeling 237
Checking for Interferences 237

Generating Drawings Automatically from a Model 241
Generating Isometric Drawings Automatically 241

Computer-Aided Engineering of Models 241
Choosing a Modeling Software Package 241
Building a 3D Model Using AutoPlant 242

Appendix A
Dimensional Data

Appendix B
Review of Lettering

Appendix C
Alphabet of Lines

Appendix D
Review of Math

Appendix E
Use of the Calculator

Appendix F
Architect’s Scale

Glossary

Index

210

231

237

256

292

294

295

296

299
300
308



Acknowledgments

Dr. Stanley Ebner: Support Roger Parisher: Southwest
Stephan Miller: 3D project model Fastners, Hodell-Natco, Inc.
Linda Ferrell: Rebis Alan Human: Flexitallic, Inc.
Joe Martinez: Technical Editing. Gene Eckert: ECAD, Inc., Pro-PIPE
R. B. Herrscher: Nisseki Chemical 3D model, Chapter 15

Texas, Inc. Anthony W. Horn: Chapter 15

The material, applications, and routines presented in this book have been
included for their instructional value. They have been tested for accuracy, but
are not guaranteed for any particular purpose. The publisher and authors do
not offer any representations or warranties, nor do they accept any liabilities
with respect to the material, applications, or routines.

Trademarks

AutoCAD® is registered in the U.S. Patent and Trademark office by Autodesk,
Inc.

AutoLISP® is registered in the U.S. Patent and Trademark office by Autodesk,
Inc.

ACAD.MNU Version 2000

Copyright © 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1994, 1996, 1997,
1998 by Autodesk, Inc.

Autodesk® provides this program “as is” and with all fault. Autodesk® spe-
cifically disclaims any implied warranty of merchantability or fitness for a
particular use. Autodesk®, Inc. does not warrant that the operation of the pro-
gram will be uninterrupted or error free.

AutoPLANT® is registered in the U.S. Patent and Trademark office by
Rebis, Inc.

ix



Preface

This book provides students with the basic skills they will need to prepare
a wide range of piping drawings. It presents a step-by-step approach to the
basic fundamentals students will need to begin a successful career in indus-
trial drafting and design. Chapter One gives a quick overview of the many
opportunities in drafting and design for those who master the basic skills pre-
sented in the following chapters. Then each chapter builds on the preceding
one. It is necessary therefore to master the concepts in a given chapter before
going on to the next one. Each chapter concludes with exercises and ques-
tions designed to help students review and practice the concepts presented in
that chapter.
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Overview of Pipe

Drafting and
Design

In the design of an industrial facility, engineers
develop process flow sheets, set up project specifications
and design or select equipment. The design drafters use
the information supplied by engineers and equipment
vendors and applies the knowledge and experience
gained in the office and field to design and layout the
facility.

In the design and layout of an industrial complex,
thousands of piping drawings are needed to provide
detailed information to the craftsmen who will construct
the facility. Facility design and layout must meet the cus-
tomer’s expectations as well as comply with safety codes,
government standards, client specifications, budget, and
start-up date.

The piping group has the main responsibility for the
design and layout of the facility. Drafters and designers
must coordinate their efforts with the civil, structural,
electrical, and instrumentation groups throughout the
design process. The piping group must provide each
design group the necessary information needed to com-
plete their part of the project and have the complete set of
plan and construction drawings finished on time. During
this time, it may be necessary for designers to visit the
plant construction site to establish tie-ins or verify infor-
mation necessary to complete the design.

TYPES OF PROJECTS

The field of pipe drafting and design includes the wid-
est range of opportunities of any field of design drafting.
The types of design projects one could expect to work on
may include:

* power plants
* petrochemical complex
* pulp and paper plants

* fertilizer plants

* pipe systems for hospitals and high-rise
office buildings

* pharmaceutical plants

* food and beverage plants

* synthetic fuel plants

* offshore platforms

* pipeline installations

* water treatment facilities

* environmental waste disposal

Many projects will be designed for construction in
other countries, offering the designer opportunities for
travel. Each project presents drafters and designers with
opportunities to expand their skills and knowledge of the
field of piping design.

EMPLOYERS OF PIPE DRAFTERS AND DESIGNERS

Employers seek to hire pipe drafters and designers
range for various companies. Among them are:

* engineering and construction companies
e operating companies

* architectural firms

* construction companies

* fabrication companies

ENGINEERING AND CONSTRUCTION COMPANIES

Engineering and construction companies provide the
design and layout of a facility. Many clients award the
engineering and design phase of a project to one firm and
the construction phase to another. While many operating
companies have a small engineering staff who handle the
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day-to-day needs of changing and updating drawings,
such as adding a pump or other small equipment, they do
not have the manpower to design and engineer a grass-
roots plant or major add-on. Total plant design and con-
struction may require hundreds of workers and may entail
years in the design and construction of the plant.

OPERATING COMPANIES

Operating companies are the clients who engage in the
day-to-day operation of a facility and who seek out the
services of engineering and construction firms when
expanding existing facilities or constructing a new
project. Many operating companies keep a small engi-
neering staff in the home office or at the plant job site.
Designers are exposed to the day-to-day operations of the
facility and follow the construction of small projects. This
situation may require that the designer have a broad range
of knowledge and skills, as he or she often may be asked
to design and lay out the complete project. The design
may prepare foundation, steel, and piping drawings as
needed, and may even do some electrical and instrumen-
tation design when required.

ARCHITECTURAL ENGINEERING COMPANIES

Pipe drafters and designers employed by architectural
engineering companies apply their skills to commercial
and high-rise buildings. These may include multi-story
office buildings, hospitals, condominiums, shopping
malls, or other similar structures. In addition to the indus-
trial piping components such as those found in a typical
boiler room, supplementary piping systems must be
designed for plumbing, HVAC, and drainage systems that
are also required in these structures.

Pipe drafters and designers must therefore be able to
develop drawings such as:

* piping flow sheets

* plot plans

* equipment location drawings
* piping arrangement drawings
* piping isometric drawings

Learning the “language” of piping prepares employees
for advancement to other departments within the engi-
neering firms. These departments include not only the
drafting and design departments but also:

* purchasing

* material control

* material take-off

* estimating

* pipe stress and pipe supports
* CAD support

* project management

CONSTRUCTION COMPANIES

Many firms specialize only in the construction of
plants. Here the piping designer may actually help over-
see the construction of the facility while working under
the supervision of a construction superintendent. The
designer is often called upon to make small design
changes resulting from mistakes discovered during the
construction phase or as customers dictate changes. At
the completion of the project, drawings are updated to
reflect the many changes made during construction.
These drawings are called or referred to as ‘“‘as-built”
drawings.

FABRICATION COMPANIES

Fabrication companies fabricate and ship much of the
piping necessary for the construction of the plant to the
job site. Many fabrication drawings called piping spool
drawings must be prepared. These drawings give detailed
dimensions from which welders can fabricate the pipe.
The drafter who prepares these drawings will not be
required to have an extensive background in plant layout,
however, the position provides the drafter with valuable
experience in materials and material science.

PREPARATION FOR PIPING DRAFTING

Students must have a good background in basic draft-
ing before pursuing a job in the field of pipe drafting and
design. Students should have good manual drafting skills
related to line quality and freehand lettering. At the same
time, students must acquire the necessary background to
use the latest software tools such as AutoCAD and PRO-
PIPE, which allows them to be more productive. As stu-
dents advance, they will use a variety of sophisticated
software packages, ranging from basic CAD software to
3D solid modeling.



TECHNICAL SKILLS

The drafter must become familiar with the uses of fit-
tings, flanges, valves, and equipment. This will require
time and effort to master the recognition of symbol shapes
as well as research to find the dimensions needed to draw
these items to scale. Often beginning drafters start out
making corrections to existing drawings. This is where
they acquire the skills and knowledge of piping that will
allow them to advance to the position of piping designer.

Drafters who have held field positions as pipe fitters
or welders find this real world experience valuable.
Many times this experience allows them to advance at a
faster pace.

PERSONAL SKILLS

Students should not neglect their speaking, writing,
and math skills. Every company appraises future employ-
ees during the interview process, not only for technical
skills, but also for the personal skills needed to interact
with the engineering team. This interaction is a must for
the team in order to complete the job with a minimal
amount of mistakes. Honesty, reliability, dedication to
improving skills, and a positive attitude contribute much
to the successful career of the designer. You will be a
member of a design team. You may work with people
from countries all over the world. Getting along with fel-
low workers has much to do with successful yearly eval-
uations and compensation for your efforts.

CREATION OF PIPE DRAWINGS

Manual Drafting

Manual drafters use a variety of triangles, plastic tem-
plates (circle and ellipse), and scales to layout piping
drawings. While electric erasers are not necessary, they
make the job of erasing much easier and faster. Pencils
and leads come in a wide range of sizes and shapes.
Drafters usually use a 4H lead to draw projection lines

Overview of Pipe Drafting and Design 3

and guidelines, and use an H or F lead for other line work
and lettering needs. Line thickness also has an important
role on piping drawings. A .7mm or wider lead holder is
commonly used on major elements of the drawing such as
pipe and lettering. Background components such as
equipment, foundations, support structures, and dimen-
sion lines are typically drawn with a .5mm lead.

One cannot stress enough the importance of quality
line work and lettering. Manual drawings are constantly
slid in and out of the file drawers and run through blue-
print machines. This requires that lettering and line work
be neat and of good quality to maintain clarity of dimen-
sions and callouts.

CAD Software Tools

There are many different CAD software tools on the
market today. Many engineering companies require
their designers to know and use several different CAD
software tools. Engineering companies must be pre-
pared to accommodate the client’s preference of CAD
programs. In today’s marketplace, the pipe drafter and
designer should learn how to use AutoCAD and
MicroStation. These two CAD programs are widely
used by engineering firms in the United States and
throughout the world.

As with CAD programs, there are several piping soft-
ware programs on the market today. Engineering firms
must be responsive to the needs and preferences of their
clients. Software developers steadily develop, revise, and
refine programs to meet the demands of engineering and
design firms. As with any business each software devel-
oper tries to incorporate the special features and amenities
into their software package that will attract potential
users. Often clients will dictate that all bid packages sub-
mitted for a project shall be completed using a particular
piping software program. Most piping software packages
provide the end user with the ability to develop three
dimensional computer models of the completed facility.
Software packages such as AutoPLANT, PDS, and
PDMS, among others, have the intelligence to create
either 2D or 3D drawings.



Steel Pipe

HISTORY OF PIPE

Long ago someone decided carrying water from the
nearby stream back to his or her dwelling was time-
consuming and laborious. Ingenuity gave birth to inven-
tion and the pipe was born. Using the natural resources
available, early humans probably fashioned the first pipe
from bamboo. Needing to move larger amounts of water,
they later hollowed out logs. Egyptian and Aztec civiliza-
tions made pipe from clay. The first metallic pipes were
made by the Greeks and Romans from lead and bronze.
The use of iron as a material to manufacture pipe came
about with the invention of gun powder. Gun powder, of
course, is not used to make the iron, but gun powder
necessitated the invention of stronger gun barrels. Iron
pipes soon followed. Eventually exotic metals were
developed, and pipe became the highly specialized prod-
uct it is today.

PIPING MATERIALS

Applied in a general sense, pipe is a term used to des-
ignate a hollow, tubular body used to transport any com-
modity possessing flow characteristics such as those
found in liquids, gases, vapors, liquefied solids, and fine
powders.

A comprehensive list of the materials used to manu-
facture pipe would be quite lengthy. Some of the materi-
als include concrete, glass, lead, brass, copper, plastic,
aluminum, cast iron, carbon steel, and steel alloys. With
such a broad range of materials available, selecting one to
fit a particular need can be confusing. A thorough under-
standing of the pipe’s intended use is essential. Each
material has limitations that may make it inappropriate
for a given application. Throughout this text we will base
our discussion on carbon steel pipe, the most common
material used in the piping industry.

MANUFACTURING METHODS

Carbon steel pipe can be manufactured using several
different techniques, each of which produces a pipe
with certain characteristics. These characteristics include
strength, wall thickness, corrosion resistance, and tem-
perature and pressure limitations. For example, pipes
having the same wall thickness but manufactured by dif-
ferent methods may vary in strength and pressure limits.
The manufacturing methods we will mention include
seamless, butt-welded, and spiral-welded pipe.

Seamless pipe is formed by piercing a solid, near-molten,
steel rod, called a billet, with a mandrel to produce a pipe
that has no seams or joints. Figure 2-1 depicts the manu-
facturing process of seamless pipe.

Sizing rolls
D)=
Mandrel = ( @ ( 4\Bmet
Sizing rolls

Figure 2-1. Seamless pipe.

Butt-welded pipe is formed by feeding hot steel plate
through shapers that will roll it into a hollow circular
shape. Forcibly squeezing the two ends of the plate
together will produce a fused joint or seam. Figure 2-2
shows the steel plate as it begins the process of forming
butt-welded pipe.

Shape rollers

Figure 2-2. Butt-welded pipe.



Least common of the three methods is spiral-welded
pipe. Spiral-welded pipe is formed by twisting strips of
metal into a spiral shape, similar to a barber’s pole, then
welding where the edges join one another to form a seam.
This type of pipe is restricted to piping systems using low
pressures due to its thin walls. Figure 2-3 shows spiral-
welded pipe as it appears before welding.

OIS OTS,

Figure 2-3. Spiral-welded pipe.
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SEAMLESS ROLLED

SPIRAL—-WELD

Figure 2-4. Carbon steel pipe.

Figure 2-4 shows the three pipes previously described
in their final form.

Each of the three methods for producing pipe has its
advantages and disadvantages. Butt-welded pipe, for
example, is formed from rolled plate that has a more uni-
form wall thickness and can be inspected for defects prior
to forming and welding. This manufacturing method is
particularly useful when thin walls and long lengths are
needed. Because of the welded seam, however, there is
always the possibility of defects that escape the numer-
ous quality control checks performed during the manu-
facturing process.

As a result, The American National Standards Institute
(ANS]) developed strict guidelines for the manufacture of
pipe. Pressure Piping Code B 31 was written to govern
the manufacture of pipe. In particular, code B31.1.0
assigns a strength factor of 85% for rolled pipe, 60% for
spiral-welded and 100% efficiency for seamless pipe.

Generally, wider wall thicknesses are produced by the
seamless method. However, for the many low-pressure
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uses of pipe, the continuous welded method is the most
economical. Seamless pipe is produced in single and dou-
ble random lengths. Single random lengths vary from
16"-0" to 20'-0" long. Pipe 2" and below is found in dou-
ble random lengths measuring 35'-0" to 40’-0" long.

SIZING OF PIPE

Just as manufacturing methods differ, there are also
different ways to categorize the size of a pipe. Pipe is
identified by three different size categories: nominal
pipe size, outside diameter, and inside diameter (see
Figure 2-5).

OUTSIDE DIAMETER

0D =
l INSIDE DIAMETER

D =

OD

—+- I D
L -

CWALL THICKNESS

Figure 2-5. Pipe diameters.

Nominal pipe size (NPS) is used to describe a pipe by
name only. In process piping, the term nominal refers to
the name of the pipe, much like the name 2 x 4 given to a
piece of lumber. The lumber does not actually measure
2" x 4", nor does a 6" pipe actually measure 6" in diame-
ter. It’s just an easy way to identify lumber and pipe.

Outside diameter (OD) and inside diameter (ID), as
their names imply, refer to pipe by their actual outside and
inside measurements.

Pipe 14" to 12" has an outside diameter greater than its
nominal pipe size, while pipe 14" and above has an out-
side diameter equal to its nominal pipe size.

In process piping, the method of sizing pipe maintains
a uniform outside diameter while varying the inside diam-
eter. This method achieves the desired strength necessary
for pipe to perform its intended function while operating
under various temperatures and pressures.
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WALL THICKNESS

Wall thickness is a term used to describe the thickness
of the metal used to make a pipe. Wall thickness is also
commonly referred to as a pipe’s weight. Originally man-
ufactured in weights known as standard, extra strong, and
double extra strong, pipe has since increased in complex-
ity with the development of new chemical processes.
Commodities with ever-changing corrosive properties,
high temperatures, and extreme pressures have necessi-
tated the development of numerous additional selections
of wall thicknesses for pipe. Now called schedules, these
additional wall thicknesses allow a pipe to be selected to
meet the exact requirements needed for safe operation.
An example of this variance in wall thickness is shown in
Figure 2-6.

6" NOMINAL SIZE PIPE = 6.625 ACTUAL SIZE 0.D.

STD XXS

As you can see in Table 2-1, nominal size is not equal
to either the actual OD or the ID for pipe 12" and smaller.
It is simply a convenient method to use when referring to
pipe. As a piping drafter, you should be aware however,
pipe 14" and larger is identified by its actual outside mea-
surement. The chart in Table 2-1 shows typical pipe diam-
eters and wall thicknesses.

The following formula can be used to calculate a pipe’s
inside diameter (ID):

ID = OD minus (2 x WALL THICKNESS)

Before selecting pipe, careful consideration must be
given to its material, temperature and pressure allow-
ances, corrosion resistance, and more. Buying and install-
ing pipe that does not meet the minimum requirements
can be dangerous and deadly. Using pipe that far exceeds
what is required to do the job can result in tremendous
cost overruns.

METHODS OF JOINING PIPE
+ + H °'|D' There are several methods for joining pipe together.
| The three methods we will focus on are those most
CWALL THICKNESS widely used in piping systems made of carbon steel, as
STANDARD EXTRA DOUBLE EXTRA 1S shown in Figure 2-7. They are butt-welded (BW),
WEIGHT STRONG STRONG .
screwed (Scrd), and socket-weld (SW). Later in the chap-
Figure 2-6. Pipe thickness. ter, cast iron and plastic pipe uses will be discussed.
Table 2-1
Carbon Steel Pipe Wall Thickness
NOMINAL PIPE OUTSIDE STANDARD EXTRA STRONG XX STRONG
SIZE DIAMETER
IN. MM IN. MM IN. MM IN. MM IN. MM
2 50.8 2.375| 60.3 .154 3.912 .218 5.53 436 11.07
3 76.2 3.5 88.9 216 5.486 .300 7.62 .552 15.24
4 101.6 4.5 114.3 | .237 6.02 337 8.58 .674 17.12
6 152.4 6.625| 168.3 | .280 7.12 432 10.97 | .864 21.94
8 203.2 8.625| 219 322 8.17 .500 12.70 | .875 22.22
10 254 10.75| 273 .365 9.27 .500 12.70 | 1.00 25.4
12 304.8 12.75| 323.9 | .375 9.525 .500 12.70 | 1.00 25.4
14 355.6 14 355.6 | .375 9.525 .500 12.70
16 406.4 16 406.4 | .375 9.525 .500 12.70
18 457.2 18 457.2 | .375 9.525 .500 12.70
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SOCKET WELDED

=

BUTT WELDED

SCREWED
Figure 2-7. Pipe joints.

Butt-Weld Connections

A butt-weld joint is made by welding the beveled ends of
pipe together. Beveled ends (BE) indicate that the ends of
the pipe are not cut square, but rather are cut or ground to
have a tapered edge. In preparation for the welding process,
a welder will separate two pieces of pipe by a /" space,
known as a root gap. During the welding process, the two
ends are drawn together and the /¢" gap disappears. If two
pieces of pipe 3'-0" long were welded together in this man-
ner, the result would be a total length of 6'-0".

However, sometimes a back-up ring is used in critical
situations. The back-up ring is used when there is a need
to prevent the formation of weld icicles inside the pipe.
The back-up ring creates a gap of 4" between the two
pieces of pipe. In this situation, the ring does not allow
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the ends of the pipe to be drawn together and keeps them
separated by 14"

If two lengths of pipe measuring 3'-0" each were
welded together using a back-up ring, the result would be
a total length of 6'-014". In this instance, the 4" gap
would be shown when dimensioning the pipe. Otherwise,
the root gap would not be considered at all. Figure 2-8
shows the /i¢" root gap and the resulting butt-weld joint.

END OF PIPE
BEVELED 30

B 30

1/16" ROOT GAP

BUTT WELDED JOINTS

Figure 2-8. Butt-weld joints.

Screwed or Threaded Connections

Another common means of joining pipe is the threaded
end (TE) connection. Typically used on pipe 3" and
smaller, threaded connections are generally referred to as
screwed pipe. With tapered grooves cut into the ends of a
run of pipe, screwed pipe and screwed fittings can easily
be assembled without welding or other permanent means
of attachment. Screwed pipe and its mating fittings will

Table 2-2
American Standard and API Thread Engagement

THREAD

DIMENSIONS = INCHES — MILLIMETERS

PIPE SIZE THREAD ENGAGEMENT
INCHES — MM

INCHES - MM

3/

T
— =

!

SCREWED

ENGAGEMENT
MH' A

1/2

4

13 1/2 3
20 | 9/16 | 14
254 [11/16 | 18
38 | 11/16 | 18
50.8 | 3/4 | 20
63.5 |15/16 | 24
762 | 1 25.4
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have threads that are either male or female. Male threads
are cut into the outside of a pipe or fitting, while female
threads are cut into the inside of the fitting.

As screwed pipe and fittings are assembled, a short
length of pipe is drawn into the fitting. This connection
length is called a thread engagement. When drawing and
dimensioning screwed pipe, a piping drafter must be
aware of this lost length of pipe. As the diameter of the
pipe increases, so will the length of the thread engage-
ment. Table 2-2 provides a chart indicating the thread
engagements for small bore pipe.

Socket-Weld Connections

The third method of joining carbon steel pipe is socket
welding. When assembling pipe with socket-weld fit-
tings, the pipe is inserted into the fitting before welding,
unlike a butt-weld connection that has the pipe and fitting
placed end-to-end. Inside the socket-weld fitting is a col-
lar that prevents the pipe from being inserted too deeply
into the fitting.

As with screwed connections, a short amount of pipe
is lost when the socket-weld connections are made.
Table 2-3 provides the socket depths for pipe sizes
through 3” in diameter. Before the weld is made, the pipe
fitter will back the pipe off the collar approximately 14"
to allow for heat expansion during the welding procedure.
Pipe used for socket-weld connections will be prepared
with a plain end. Plain end (PE) means the pipe is cut

square, or perpendicular to, the long axis, unlike butt-
weld fittings that have beveled ends.

CAST IRON PIPE

Not all piping systems require pipe designed to with-
stand the extreme conditions found in process piping
facilities. Cast iron pipe, which has been in use for centu-
ries, is used primarily in gravity flow applications such as
storm and sanitary sewers, and waste and vent piping
installations. Residential, commercial, and industrial
facilities routinely are built with some form of gravity
flow systems. The corrosion resistance properties of cast
iron pipe make it the ideal product for permanent below-
ground gravity flow installations.

The term cast iron refers to a large group of ferrous
metals. Cast irons are primarily alloys of iron that contain
more than 2% carbon and 1% or more silicon. Cast iron,
like steel, does corrode. What makes cast iron different is
its graphite content. As cast iron corrodes, an insoluble
layer of graphite compounds is produced. The density and
adherent strength of these compounds form a barrier
around the pipe that prevents further corrosion. In steel
this graphite content does not exist, and the compounds
created during corrosion cannot bond together. Unable to
adhere to the pipe, they flake off and expose an unpro-
tected metal surface that perpetuates the corrosion cycle.
In tests of severely corroded cast iron pipe, the graphite

Table 2-3
Forged Steel Socket Weld Fittings

SOCKET
DEPTH

(e

DIMENSIONS = INCHES ~ MILLIMETERS

PIPE SIZE
INCHES — MM

SOCKET DEPTHS
INCHES - MM

| Y
D"/ % /’_) 1 :]I
SOCKET 2
WELD 2 ;

2
4

/2
/2

13 1/2 3
20  9/16 | 14
254  5/8 16
38 3/4 | 20
508  7/8 | 22
63.5 11/8 | 29
762 13/8 | 35




compounds have withstood pressures of several hundred
pounds per square inch, although corrosion had actually
penetrated the pipe wall. Considering the low cost of raw
manufacturing materials and the relative ease of manu-
facture, cast iron is the least expensive of the engineer-
ing metals. These benefits make cast iron the choice
application in environments that demand good corrosion
resistance.

Joining Cast Iron Pipe

Cast iron pipe is grouped into two basic categories:
hub and spigot, and hubless.

The hub, or bell, and spigot joint uses pipe with two
different end types. The hub end of the pipe has an
enlarged diameter, thus resembling a bell. The spigot
end of the adjoining pipe has a flat or plain-end shape.
The spigot is inserted into the bell to establish a joint.
Two methods of preventing leaks on bell and spigot
joints are compression and lead and oakum. The com-
pression joint uses a one-piece rubber gasket to create a
leak-proof seal. As shown in Figure 2-9, when the spigot
end of the pipe is placed into the hub containing a gas-
ket, the joint is sealed by displacing and compressing the
rubber gasket. Unlike welded pipe, this joint can absorb
vibration and can be deflected up to 5° without leakage
or failure.

The lead and oakum joint is made with oakum fiber
and molten lead to create a strong, yet flexible, leak-proof
and root-proof joint. When the molten lead is poured over
the waterproof oakum fiber, which is a loose, oil laden,

GASKET SPIGOT

END

L L

/

HUB END

Figure 2-9. Compression joint.
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hemp-like packing material, the joint becomes com-
pletely sealed. Water will not leak out and, when used
underground, roots cannot grow through the joints. See
Figure 2-10.

LEAD OAKUM

SPIGOT
END

HUB END

Figure 2-10. Lead and oakum joint.

Hubless cast iron pipe uses pipe and fittings manufac-
tured without a hub. The method of joining these pipe and
fittings uses a hubless coupling that slips over the plain
ends of the pipe and fittings and is tightened to seal the
ends. Hubless cast iron pipe is made in only one wall
thickness and ranges in diameter from 12" to 10". Figure
2-11 depicts the hubless cast iron pipe joint.

STAINLESS STEEL
RETAINING CLAMP

A\ L

HUBLESS
PIPE

—=— GASKET

N
HUBLESS

MPEy

STAINLESS
STEEL
SHIELD

11111111
11111117

Figure 2-11. Hubless pipe coupling.
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PLASTIC PIPE

The latest entry into the materials list for manufactur-
ing pipe is plastic. Not originally thought of as a product
capable of performing in the environs of a piping process
facility, plastic has emerged as a reliable, safe, and cost-
effective alternative material. There is a broad range of
plastic compounds being developed today.

For piping systems, two categories are most effective:
fluoroplastics and thermoplastics. Fluoroplastics are
found in materials like PTFE, PVDF, ECTFE, CTFE,
PFA, and FEP. As a group, fluoroplastics perform
extremely well in aggressive chemical services at temper-
atures from —328 F° to +500 F°. Thermoplastics are those
that require melting during the manufacturing process.
These plastics can be welded or injection molded into
shapes for machining into piping system components.

For some piping systems, it is now inconceivable not to
use plastics. Pipes made from plastic are replacing tradi-
tional, expensive materials like glass or ceramic-lined
pipe. Some plastics such as UHMW PE, PVDF, CTFE,
and nylon have such excellent wear resistance that they
prove in Taber Abrasion Tests to be five to ten times bet-
ter in this regard than 304 Stainless Steel. The Taber
Abrasion Test cycles an abrasive wheel over the face of a
plate made of the material being tested. After 1,000
cycles of the wheel, the plate is measured to determine
the amount of weight loss. Table 2-4 lists the results.

Table 2-4
Taber Abrasion Tester

Abrasion Ring CS-10, Load 1kg

Nylon 6-10 5mg/1000 cycles
UHMW PE 5

PVDF 5-10
PVC (rigid) 12-20

PP 15-20
CPVC 20

CTFE 13

PS 40-50
Steel (304 SS) 50

ABS 60-80
PTFE 500-1000

Joining Plastic Pipe

Plastic pipe can be joined by one of the following meth-
ods: threading, solvent cement, or fusion. Threading plastic
pipe is not a viable option because it is expensive. Heavy

wall thicknesses are required, and leaks from high pres-
sures and expansion and contraction are difficult to control.
Joints made with solvent cement have proven more reli-
able. Though, once hardened, cemented joints cannot be
disassembled. They offer good resistance to abrasive chem-
ical and high-pressure commodities and are available in a
large selection of fittings without the need of threads. Heat
fusion must be performed on some plastic compounds that
are resistant to chemical solvents. Pipe can either be butt-
joined or socket-joined. Heat fusion can be used with thin-
ner wall thicknesses and are pressure resistant beyond the
burst pressure of the pipe. Socket fittings provide large sur-
face contact between pipe and fittings and are resistant to
separation. For this reason they cannot be disassembled.

Though fabrication with plastic may sound simple, cau-
tion must be exercised when using plastic pipe. The effec-
tiveness of a particular grade of plastic must be tested
before it is chosen for a particular service. Four important
variables must be evaluated: chemical resistance, pressure
limitations, temperature limitations, and stress. The various
molecular components of plastics make them susceptible to
chemical reactions with certain compounds. Hazardous
mixtures must be avoided. Pressure and temperature limita-
tions must be established for obvious reasons. Pipe that is
overheated or pressurized beyond capacity can rupture,
split, or burst. Stress, as applied to pipe, entails physical
demands such as length of service, resistance to expansion
and contraction, and fluctuations in pressure and tempera-
ture. Excessive stresses in the form of restricted expansion
and contraction, and frequent or sudden changes in internal
pressure and temperature must be avoided.

DRAWING PIPE

Pipe can be represented on drawings as either single
line or double line. Pipe 12" and smaller is typically
drawn single line and pipe 14" and larger is drawn double
line. Single-line drawings are used to identify the center-
line of the pipe. Double lines are used to represent the
pipe’s nominal size diameter.

The standard scale used on piping drawings is 34" =
1'-0". Typically hand drawn, single-line pipe is drawn
with a .9mm or a double wide .7mm fine-line lead holder.
When drawing single-line pipe with AutoCAD, a PLINE
having a width of approximately .56" (%¢") is used on
full-scale drawings or .0175"” when drawing to 34"=1"-0".
Double-line pipe uses standard line widths to draw the
pipe’s nominal size diameter. A centerline is used on all
double pipe to allow for the placement of dimensions.



Figure 2-12 provides several representations of pipe as it
may appear on a drawing.

When pipe is represented on a drawing, typically the
pipe’s nominal size dimension is used to identify pipe
size. One would find it difficult to draw a 4" pipe to its
actual outside diameter of 4'-0%2" especially on such a
small scale as 34" =1"-0".

There are certain applications, however, when the
pipe’s true outside diameter dimension is used to

NOTE: DRAWING SYMBOLS

FOR PIPE
MANUAL DRAFTING
USE THE NOMINAL

PIPE SIZE WHEN 6 9
DRAWING PIPE O.D. e
SINGLE LINE PIPE

12" AND SMALLER

AutoCAD SOFTWARE

USE THE NOMINAL
PIPE SIZE WHEN
DRAWING PIPE O.D.

PIPE MODELING
SOFTWARE
USES THE ACTUAL

PIPE SIZE WHEN
DRAWING PIPE O.D.

DOUBLE LINE PIPE
14" AND LARGER

END
VIEW

—

Steel Pipe 1

represent the pipe on a drawing. Drawings created with
most software packages are an example. Piping software
programs draw with such accuracy that pipe is drawn
using the actual outside diameter.

NOTE: Pipe created by means other than a piping soft-
ware program in this text will be drawn using nominal
sizes. Be aware that drawings created with a piping soft-
ware program use actual outside dimensions and will differ
slightly from manual and AutoCAD generated drawings.

Figure 2-12. Pipe representations.
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CHAPTER 2 REVIEW QuUIzZ

1. Name three methods of manufacturing carbon steel pipe.

2. Name the three most commonly used end preparations for joining pipe.

3. What is meant by the term nominal size pipe?

4. Which diameter of pipe varies as the wall thickness changes?

5. What is the most common material used in the manufacture of pipe?

6. When drawing pipe, which pipe sizes are drawn single line and which sizes are drawn double line?

7. How long is the gap between two lengths of pipe when a back-up ring separates them?

8. What is the name for the amount of pipe “lost” when screwed connections are used?

9. What is the standard drawing scale used on piping drawings?

10. Name three-methods for joining carbon steel and plastic pipe.




Pipe Fittings

Fittings are fabricated pieces of pipe that are used to
make changes of direction (elbow), branch from a main
pipe (tee), or make a reduction in line size (reducer) (see
Figure 3-1).

Because fittings are part of the piping system, they
must match as closely as possible in specification and rat-
ing to the pipe to which they are being attached. Fittings,
like pipe, are manufactured and classified according to
their wall thickness. There are many more wall thick-
nesses of pipe however than there are thicknesses of
fittings. Fittings are commercially manufactured in stan-
dard weight, extra strong, Schedule 160, and double extra
strong.

In the petrochemical industry, most companies have
guidelines known as piping specifications that state
pipe 3” and larger will be fabricated with butt-welded

connections. These specifications, or specs, as they are
more commonly called, may also require pipe smaller
than 3" to have screwed or socket-weld connections. For
uniformity, the previously mentioned specifications will
be used throughout this book as a basis for determining
pipe connection requirements. However, this is not to
say this is the only spec that can be written. There may
be cases where small bore pipe is butt-welded, while
larger sizes may be screwed or socket-welded.

90° ELBOWS

Of all the fittings, the elbow is the one most often
used. Simply put, the elbow, or ell, is used when a pipe
changes direction. Elbows can turn up, turn down, turn

Figure 3-1. Fittings.

13
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left, right, or any angle in between (see Figure 3-1).
Ninety degree ells can be classified as one of the
following:

e short-radius ell
e mitered ell

* Jlong-radius ell
* reducing ell

Of these four types, the long-radius elbow shown in
Figure 3-2, is the one used most often.

When determining the length of an elbow, one must
establish the center-to-end dimension. The center-to-end
dimension is the measurement from the centerline of the
fitting to the end of the fitting (see Figure 3-3).

Notice the relationship between the nominal size and
the length of the fitting. The fitting’s length is equal to the
nominal pipe size plus one-half of the nominal size. A
simple formula in the next column makes calculating this
dimension easy to remember.

The length of the fitting is equal to 1%z times the nomi-
nal pipe size or:

Figure 3-2. Long radius elbow.

Nominal pipe size x 1v2 = fitting’s length.
Example: 8" x 1¥2= 12"

NOTE: Use this formula for butt-weld fittings only.

Long-Radius Elhow

Dimensional sizes of fittings are typically provided by
the manufacturer of the fitting. Manufacturers issue
dimensioning charts containing lengths for a particular
fitting. The dimensional charts used to establish sizes of
fittings discussed in this text are listed on the Welded Fit-
tings-Flanges Chart provided in Appendix A. As a refer-
ence, portions of that chart are used throughout this
chapter when fitting measurements are needed. Using the
Welded Fittings-Flanges Chart in Figure 3-4, find the 90°
long-radius elbow. The measurement labeled A represents
the center-to-end length of the fitting. To find the fitting’s
length in inches, locate the appropriate nominal pipe size

L
1.— \\ |
I

11/2
X

Q; NOM. SIZE
X ‘

RAD.= 1 1/2 X NOMINAL SIZE

Figure 3-3. Center-to-end dimension of a
long-radius elbow.

o NOMINAL PIPE SIZES INCHES 2" | 37 |4 | e | 8 |10 |2 e
/| 71 0.D. of PIPE 25| 33|47 |63|8% |1oth2s]14
A 7 Q0L.R. FLLIATS3 4769 ]12]15]18] 2

Figure 3-4. Welded Fittings-Flanges Chart.



in the row labeled Nominal Pipe Sizes. Follow across the
chart to find the desired pipe size. Below that size, in the
row labeled A, is the center-to-end dimension of the 90°
long-radius elbow.

The center-to-end dimension (A) will be used as the
radius for the elbow’s centerline.

Drafting Symbols for the Long-Radius Elhow

The drafting symbols for the 90° long-radius elbow are
shown in Figure 3-5.

To better visualize the long-radius elbow, we have
attached a piece of pipe to each end of the fitting. This

Pipe Fittings 15

shows how the elbow might appear if it were welded to a
piece of pipe. Remember, in the single-line symbol only
the centerline of the elbow is drawn. The double-line
symbol requires that one-half of the pipe OD should be
added and subtracted respectively from the elbow’s
centerline.

Drawing the Long-Radius Elbow

Two step-by-step methods will be presented for con-
structing the 90° long-radius elbow. Figure 3-6 shows the
steps using manual drafting techniques and Figure 3-7
shows those steps using AutoCAD commands.

P=

A

&
Al Gl i
&
&
&
-

Elbow rotations

Single line: 12” and smaller

Double line: 14” and larger

Figure 3-5. 90° long-radius elbow.
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1 21" 14" ELBOW
| 11/5 X NOMINAL
- SIZE

21" I*‘I']/Z X 1411:21”

N
\\ \ \
p L
) 1]
v
/
\__//
1 12" ELBOW
1 X NOMINAL
/2 SIZE
/
1 ’7: ”
/Yy X 127=18

Figure 3-6. 14"-90° elbow. Manual drafting solutions.

Step 1. Mark off the distance from the center of the fitting to
the end of the fitting. This is the A dimension from the
Welded Fittings-Flanges Chart.

Step 2. Determine the nominal size of pipe and mark off
one-half of its size on each side of the fitting’s centerline.

Step 3. Extend the ends of the fitting down and across
respectively until they intersect. This will be the centerpoint
for drawing the arcs that will form the ell. Use a circle tem-
plate or compass to draw the arcs.

Step 4. Remember, for fittings 12" and below, only the arc
representing the elbow’s centerline is drawn when creating
single-line symbols.

1 o 14" ELBOW
11/, X DIA.
] ——/: ~— START PT. 28,23 (PT. S)

21" '/ ~END PT. 7,2 (PT. E)
[CENTR PT. 28,2 (PT. C)

USE ARC (CSE)

2. |

Lo
R

/ —

(.

Figure 3-7. 14"-90° elbow. AutoCAD commands.

Drawing set-up. Set LINETYPE to Center.

Set LTSCALE to 32.

Set LIMITS: lower left—0,0; upper right—36,36.
ZOOM, All.

Step 1. Use the ARC command, CSE option to draw the
elbow’s centerline from 28,2 (PT.C). The 21" radius should
be measured above PT.C.

Step 2. Use OFFSET to draw the inside and outside arcs of
the elbow. The offset distance will be equal to one-half of the
nominal pipe size, that is, 7".

Step 3. Use CHPROP to change the inside and outside arcs
to Continuous linetypes.

Set LINETYPE to Continuous.

Step 4. Use the LINE command to draw the ends of elbow.



NOTE: The step-by-step instructional procedures
presented using computer-aided drafting techniques
presume each student has a comprehensive knowledge
of basic AutoCAD commands. These self-instructional
steps provide a simple method to create each fitting.
They are not intended to restrict the student to any par-
ticular commands. Each student is encouraged to exper-
iment with new commands that may achieve the same
result.

Short-Radius Elhow

Another elbow that may be used under certain cir-
cumstances and with permission from the customer is
the 90° short-radius elbow. The 90° short-radius ell
makes a much sharper turn than does the long-radius ell
(see Figure 3-8). Conversely, the short-radius ell also
creates a rather large pressure drop inside the line and
does not have the smooth flow characteristics the long-
radius ell has. For these reasons the short-radius ell is
seldom used.

Figure 3-8. Long-radius and short radius elbows.

A simple formula can be used to calculate the center-
to-end dimension of the fitting for the 90° short-radius
ell. The length of the fitting is equal to the nominal pipe
size (see Figure 3-9) or nominal pipe size x 1 = fittings
length.
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CENTER TO END

—

N
i N

|
. NOM. SIZE
&

RAD.= 1 X NOMINAL SIZE

Figure 3-9. Center-to-end dimension of the short-
radius elbow.

Drafting Symbols for the Short-Radius Elbow

The drawing symbols for a short-radius elbow are
shown in Figure 3-10.

NOTE: Whenever a short-radius ell is used, the abbre-
viated note S.R. must always be placed adjacent to the
drawing symbol.

Mitered Elbows

The last 90° elbow we will mention is the mitered
elbow. The mitered elbow is not an actual fitting, but
instead is a manufactured turn in the piping system. This
elbow is made by making angular cuts in a straight run of
pipe and then welding the cuts together after they have
been rolled to a different angle (see Figure 3-11).

The mitered ell may be classified as one, two, three, or
four weld miters. The number of welds used depends on
the smoothness of flow required through the turn. A two-
weld miter will create more turbulence within the pipe
than will a four-weld miter.

Drafting Symbols for Mitered Elbows

Figure 3-12 shows the double-line drafting symbols for
two-weld and three-weld mitered elbows. Unlike the pre-
vious ells, the weld lines in the adjacent views of the
mitered elbow are represented by ellipses. Ellipses are
used because the welds are not perpendicular to your line
of sight. Therefore, when projecting from the front view
to any of the four adjoining views, the welds must be
drawn elliptical in shape.
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To =
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U= _J
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Single line: 12” and smaller Double line: 14” and larger
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Figure 3-10. Short-radius elbow symbols.

— RAD. [ — - RAD. g —— - RAD. F__
2-WELD 3-WELD 4-WELD
Figure 3-11. Mitered elbows.
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NESE

[ (.

Two-weld miter

o iR

Three-weld miter

Figure 3-12. Miter elbows drafting symbols.

45° ELBOWS

Another important fitting is the 45° elbow. This elbow
is also used to make changes in direction within the pip-
ing system. The obvious difference between the 90° and
45° elbows is the angle formed by the turn. Because the
45° elbow is one-half of a 90° elbow, as shown in Figure
3-13, it is obviously shorter.

Figure 3-13. 45° elbow.

It is logical, therefore, to assume a design using two
45° ells to make a directional change instead of two 90°
elbows would result in considerable savings. These sav-
ings are not only related to the cost of the fittings but
also to savings in the physical space needed to route the
pipe. Figure 3-14 shows that two 14" 90° elbows require
42" to alter the course of a piping run. This is consider-
ably more than the 17%2" needed by two 45° elbows.

Unlike the 90° ell, there is not a formula that can be
applied to establish the center-to-end dimension of the 45°
ell. Simply dividing the length of the 90° elbow by two
will not work. The dimension of this fitting must be found
on the Welded Fitting-Flange Chart (see Figure 3-15).

Drafting Symbols for the 45° Elhow

The drafting symbols for the 45° elbow are shown in
Figure 3-16.

Drawing the 45° Elhow

Three step-by-step methods will be presented for con-
structing the 45° elbow. Figures 3-17 and 3-18 describe
two manual methods for constructing the elbow. Figure
3-19 defines steps using AutoCAD commands to draw
the elbow.
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Figure 3-14. 90° ell versus 45° ell.

3 NOMINAL PIPE SIZES INCHES| 22 | 3" |4 | 6" | 8 Lo 2 |14
D 0.D. of PIPE 2333|472 | 68|88 103122 14
B 45LR. ELL B2 2 [22]33]5 [6 1] 74]83

Figure 3-15. Welded Fittings-Flanges Chart.

Ris
g2 et 8
& &

I
Double line: 14” and larger
Figure 3-16. 45° elbow.

Single line: 12” and smaller
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3.? Y4
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1

Figure 3-17. 45° elbow. Manual drafting solutions.

Step 1. Using construction lines, duplicate the procedure

used to draw the 90° long-radius elbow.

Step 2. From the centerpoint used to construct the arcs,

draw a 45° angle line that will cut the elbow in half.

Step 3. Erase the half of the 90° elbow that is not needed.

Step 4. Draw and darken the ends of the elbow. Darken the
arcs.

L g om

"B’ DIM S;ék___
7 g DM 8 3/47

/ o

14" —45 ELBOW

Figure 3-18. 14"-45° elbow. Alternative manual solution.

Step 1. Draw intersecting 45° construction lines as shown.

Step 2. Using the B dimension for a 14”-45° elbow from the
Welded Fittings-Flanges Chart, mark off this length along
each construction line beginning at the point of intersection.

Step 3. Determine one-half of the pipe’s diameter and mark
this distance on each side of each construction line. This will
establish the OD of the pipe.

Step 4. Use a circle template to draw the inside and outside
arcs representing the elbow. Draw an arc to represent the
elbow's centerline.
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_p
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Figure 3-19. 45° elbow. AutoCAD commands.

Step 1. Duplicate the procedure used to construct the 90°
long-radius elbow.

Step 2. Use polar coordinates to draw a 45° LINE, from the
center of the circles to the outer circle, i.e., @ 28 <135.

90° Elbows Rolled at 45°

Many times to avoid using two 90° elbows in succes-
sion, designers will use one 90° ell and a 45° ell welded
together (see Figure 3-20). In some orthographic views,
these elbows will appear at an angle to our line of sight.
In those views where the open end of the elbow appears at
an angle to our line of sight, ellipses must be used to rep-
resent the end of the fittings. Figure 3-21 shows the ortho-
graphic views of 90° ells rolled at a 45° angle.

B

90'ELL
ROLLED 45

i

—
| 4;5" \

Figure 3-20. 90° and 45° elbows welded together.

Step 3. TRIM the elbow below the 45° line. ERASE the two
construction lines.

Step 4. Use LINE to draw the two ends of the elbow.

Figure 3-22 illustrates the use of 45° ellipses to draw
the 90° elbow rolled at a 45° angle. If the 90° elbow is
rolled at 30° or 60°, simply use that degree ellipse to lay-
out and construct the elbows.

WELD TEE

The name of this fitting comes from its resemblance to
the letter T. It is a three-way fitting used to make perpen-
dicular connections to a pipe (see Figure 3-23). Lines that
connect to the main run of pipe are known as branches.
The main run of pipe is often called the header. Figure
3-24 shows a pipe header with two branch connections.

Drafting Symbols for the Weld Tee

Notice that the weld tee requires three welds be made
to install the fitting. Two types of tees are used in the pip-
ing industry:

* Straight—all three outlets are the same pipe size.
* Reducing—branch outlet is a smaller pipe size.

Figure 3-25 shows the drawing symbols for straight
and reducing tees. A callout is required on the reducing
tee to identify the header and branch sizes. The header
size is shown first.



43°

Single line: 12” and smaller

Figure 3-21. Orthographic views of 90° rolled at a 45° angle.
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Figure 3-22. Constructing the 90° elbow rolled at 45°.

Pipe Fittings
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Figure 3-23. Weld tee.
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Figure 3-24. Header and branch connections.
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Single line: 12” and smaller Double line: 14” and larger

Figure 3-25. Weld tee symbols.
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Figure 3-26. Welded Fittings-Flanges Chart.
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Figure 3-27. 14" butt-welded straight tee. Manual drafting solutions.

Step 1. Using the 11” C dimension found on the chart, draw
a centerline 22" long (11" x 2 = 22").

Step 2. Measure 7” (one-half the header pipe size) on either
side of the centerline to draw the sides of the tee.

Step 3. From the center of the tee, draw a perpendicular line,

either up or down, depending on the direction of the branch,
the length of C.

Step 4. Measure 7" (one-half the branch pipe size) on either
side of the perpendicular line to draw the branch of the tee.
Draw and darken the sides and weld lines of the tee.

Figure 3-28. 10” butt-welded straight tee. AutoCAD commands.

Drawing set-up. Set LINETYPE to Continuous.
Set LIMITS: lower left-0,0; upper right-36,36.
ZOOM, All.

Step 1. Draw a PLINE, with a width of .56" (%6") for full scale or
.0175" for 34" = 1°-0" scale, 17" long, to the right, from 12,12.

Step 2. From the MIDpoint, draw a PLINE 82" long, up, to
form the branch.

Step 3. Using OSNAP, ENDpoint, place a DONUT at each end of
the fitting. If drawing full scale, the donut is 0.0” ID and 1.75” OD.
When drawing to 5" =1'-0" scale, the donut is 0.0" ID and .05" OD.

Step 4. Add break symbols. ZOOM, Extents.
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Drawing the Weld Tee

Prior to drawing the weld tee, two dimensions must be
found. These dimensions are required to determine the
center-to-end length of the header and the length of the
branch end. If a straight tee is being used, the C dimen-
sion found on the Welded Fittings-Flanges Chart in
Figure 3-26 must be added twice to find the total length
of the fitting. On a straight tee, the C dimension is also
used as the length of the branch end. If a reducing tee is
being drawn, the M dimension must be substituted as
the length of the branch end. The M dimension is found
on the Taylor Forge Seamless Welding Fittings Chart in
Appendix A. Figures 3-27 and 3-28 provide the manual
and AutoCAD steps for drawing the tee.

THE STUB-IN

Another method of making a branch connection is
called a stub-in. The stub-in is most commonly used as
an alternative to the reducing tee. The stub-in is not an
actual fitting but rather a description of how the branch
connection is created. A hole is bored into the header
pipe, either the size of the OD or ID of the branch, and
the branch is then stubbed into it. The two pipes are fitted
together and then welded. Although the branch connec-
tion can be the same pipe size or smaller as the header,
it cannot be larger. Figure 3-29 depicts the attachment
of a stub-in. Figure 3-30 provides the single-line and
double-line drawing symbols for a stub-in.

BRANCHES
]
— ! &
N/

/ 1

HOLE CUT
IN HEADER Z(
FOR BRANCH BRANCH CUT
) TO FIT ON
0 HEADER PIPE

\\n— MAIN PIPE HEADER

SYMBOL VARIES ACCORDING
TO COMPANY STANDARD

Figure 3-29. Stub-in connections.
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Figure 3-30.
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Double line: 14” and larger

Stub-in symbols.



How close stub-ins are made is an important consider-
ation. A general rule is to allow a minimum of 3" between
welds. This means a minimum of 3" should be allowed
between the outsides of branches made from a common
header, and a header should be attached no closer than 3" to
a fitting. Figure 3-31 provides the minimum measurements
allowed between branches and fittings on an 18" header.

Stub-in Reinforcements

Even though the use of the stub-in is limited by the
pressure, temperature, and commodity within a pipe, its
use is becoming increasingly more popular. Its chief
advantage over the tee is cost. Not only can the cost of
purchasing a fitting be avoided, but the stub-in requires
only one weld; whereas, the tee requires three. When
internal conditions such as pressure or temperature of the
commodity or external forces such as vibrations or pulsa-
tions are placed on a stub-in, special reinforcement may
be necessary to prevent the branch from separating from
the header. Three reinforcing alternatives are listed below.

* Reinforcing pad. Resembling a metal washer that
has been bent to conform to the curvature of the
pipe, the reinforcing pad is a ring cut from steel plate
that has a hole in the center equal to the diameter of
the branch connection. It is slipped onto the branch
pipe then welded to both branch and header.

Welding saddle. A purchased reinforcing pad, the
welding saddle has a short neck designed to give
additional support to the branch. Figure 3-32 shows
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drawing representations of reinforcing pads and
saddles.

O-lets. Purchased fittings, o-lets have one end
shaped to the contour of the header and the other end
manufactured to accept the type of end connections
being used on the branch. Weldolets are manufac-
tured for butt-weld fittings. Sockolets are made for
socket-weld fittings. And threadolets are available
for screwed fittings. Figure 3-33 shows a typical
threadolet. Figure 3-34 gives drawing symbols for
weldolets, sockolets, and threadolets.

Other o-lets are manufactured to be used to make con-
nections at angles other than 90°. Figure 3-35 shows a
latrolet and the elbolet.

COUPLING

Another type of fitting used to make branch connections
is the coupling. Used primarily for connecting small-bore
screwed and socket-weld pipe to large-bore pipe headers,
the coupling is also used extensively where instrument
connections are required. There are two common methods
used to make branch connections with couplings:

1. The coupling rests on the external surface of the pipe
header and is welded from the outside.

2. A hole is bored into the pipe header large enough to
accept the OD of the coupling. The coupling is
inserted into the hole and is then welded. Figure 3-36
shows the coupling in use.

MAINTAIN 3" MIN. B
CLEARANCE
|
BETWEEN ,
OUTSIDE OF 8| e
PIPE AND 4 BETWEEN OUTSIDE
WELD ON ELL \ ./ ) OF PIPES
18" /1, !
18" 90" ELL=27"
3’MIN. CLEARANCE ) 1/2 0.D. 18"PIPE= 9"
BETWEEN WELDS=3 3"MIN. CLEARANCE= 3"
1/2 0.D. 18 PIPE=9" 3 _z” o 1/2 0.D. 14"PIPE= 7"
TOTAL =3'-3 ‘_ - TOTAL = 1'=7

Figure 3-31. Welding minimums for stub-ins.
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SINGLE LINE DOUBLE LINE
REINFORCING |
PAD
SADDLE

Figure 3-32. Reinforcing pads and saddles.

Figure 3-33. Threadolet.

REDUCERS

When the piping designer wants to reduce the diameter
of a straight run of pipe, a reducing fitting must be used.
Appropriately named, the reducer is available in two
styles as shown in Figure 3-37.

Concentric—having a common centerline.
Eccentric—having offset centerlines.

The concentric reducer maintains the same centerline
at both the large and small ends of the fitting.

The eccentric reducer has offset centerlines that will
maintain a flat side on the top or the bottom of the fitting,
depending on how the fitting is rolled prior to welding.

SINGLE LINE DOUBLE LINE

l
WELDOLET
SOCKOLET
THREADOLET

Figure 3-34. O-lets.

lialials

SINGLE LINE DOUBLE LINE
LATROLET
T
AN
ELBOLET W:

Figure 3-35. Latrolet and elbolet.

The eccentric reducer is used in piperacks to maintain a
constant bottom of pipe (BOP). Because pipe supports
within a piperack are of the same elevation, a pipe must
have a consistent bottom of pipe elevation so it can rest on
each support throughout its entire length. Using a concen-
tric reducer in a piperack would not permit the small
diameter end of the pipe run to rest on a pipe support.

Eccentric reducers are also used on pump suction noz-
zles to keep entrained air from entering the pump. By
keeping a flat on top (FOT) surface, vapor pockets can be
eliminated. Figure 3-38 shows the centerlines of the
eccentric reducer in its FOT and FOB orientations.

It is important that a designer not forget to include the
dimensional difference between the two centerlines of an
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Figure 3-36. Couplings as branches.

eccentric reducer when calculating the elevations of pipe
in a piperack. The formula for calculating this difference is

Offset = Large ID — small ID / 2

A quicker, though less accurate method, is to take one-
half the difference between the two outside diameters.

Drafting Symbols for the Concentric and Eccentric
Reducer

The orthographic views for the concentric and eccen-
tric reducers are shown in Figure 3-39. No matter the size
of the reducer, it is always drawn as a double-line symbol.
Notice the callouts that must be included with the eccen-
tric reducer. The large end is always listed first, no matter
the direction of flow, and the flat side must be indicated.
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Figure 3-37. Eccentric and concentric reducer.

Drawing the Reducers

Prior to drawing the reducer, the length of the fitting
must be found on the Welded Fittings-Flanges Chart (see
Figure 3-40). The H dimension will provide the end-to-
end length for either the concentric or eccentric reducer.
Always use the H dimension of the large end to determine
the fitting length.

Figures 3-41 and 3-42 provide the manual and
AutoCAD steps for drawing the reducer.

ECCENTRIC
orxe REDUCER
“X8" 147X10”
ECcC. RED, FLAT on TOP ECC. RED.
F.O.T. //~ F.O.T.
& ‘ t}L
ECCENTRIC
REDUCER
FLAT on BOTTOM E
E " 1T
12X8" \\\-14”X10’
ECC. RED. ECC. RED
F.0.B. F.0.B.

Figure 3-38. Eccentric reducers.
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ECCENTRIC _QEE:EE}_B
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P%;@ S OHe

x8”

S5

14x10”
ECC. RED. ECC. RED.
F.0.B. F.0.B.

Figure 3-39. Concentric and eccentric drawing symbols.
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Figure 3-40. Welded Fittings-Flanges Chart.
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Figure 3-41. 16” x 14” concentric reducer. Manual drafting solutions.

Step 1. Using the H dimension found on the chart, draw a Step 3. Connect the opposite ends of the fitting by drawing
centerline 14" long. lines from endpoint to endpoint.

Step 2. Measure 8"(one-half the large end size) on either  Step 4. Darken the sides and weld lines of the reducer.
side of the centerline on one end and 7" on either side of the
centerline on the opposite end.
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1 On

3. N A

i

L

1 O”x8"
ECC. RED.
F.O0.B.

Figure 3-42. 10” x 8” eccentric reducer (FOB). AutoCAD commands.

Drawing set-up. Set LINETYPE to Continuous.
Set LIMITS: lower left—0,0; upper right—20,20.
ZOOoMm, All.

Step 1. Draw a vertical PLINE with a width of .56" (%¢") for
full scale or .0175" for 3" =1"-0" scale, 10" tall from 10,10.

Step 2. OFFSET this line 7" to the right. Draw a PLINE 7" long
from 10,10 to 17,10 connecting the bottoms of the two lines.

WELD CAP

The last weld fitting we will discuss is the weld cap. It
is used to seal an open end of pipe. When dimensioning
the positional location of a weld cap on a drawing, indi-
cate only the length of the run of pipe. The cap will be
welded to the end and need not be included in the length
dimension of the run of pipe.

The weld cap is another fitting that is drawn as a dou-
ble-line symbol for all sizes of pipe.

The length of the fitting is found on the Taylor Forge
Seamless Welding Fittings Chart in Appendix A.

When representing the cap on a drawing, use an ellipse
to construct the round end of the fitting. Figure 3-43
shows the single-line and double-line drawing symbols
for a weld cap. Notice the weld dot on the single line
symbol is drawn as a half circle only.

USE OF FITTINGS

Thus far, we have discussed each fitting individually.
We will now look at how each fitting relates to other fit-
tings when used in the design of various piping systems.

Step 3. Draw a PLINE from 10,20 to 17,18. TRIM the top of
the right line to complete the symbol.

ZOOM, Extents.

Step 4. If necessary, draw a PLINE having a width of .0175",
from the MIDpoint of each vertical line outward to represent
pipe. Place note as required.

Depending on the given situation, fittings will either be
welded to each other or separated by lengths of pipe.
Welding one fitting directly to another is called fitting-
make-up (see the examples in Figure 3-44).

Most situations involving the erection of the piping
system require the designer to use pipe of various lengths
between the fittings. In these cases, pipe is cut to the
required length and the ends are beveled in preparation
for welding to the fittings. When fittings are not assem-
bled as fitting make-up and are separated by a piece of
pipe, most companies stipulate the pipe must be at least
one pipe diameter (nominal size) in length with a 3" mini-
mum spacing for pipe 6” and smaller. By maintaining this
minimum spacing between welds, a pipe can conve-
niently be cut, beveled, and welded without interference
(see Figure 3-45). The 3” minimum spacing is a standard
used throughout the piping industry and will be applied to
the drawing exercises and projects in this text.

Welds may seem insignificant to the designer, but, it
goes without saying, a piping facility could not be built
without them. Remember, all welds must be shown on
drawings. Use weld dots on single-line pipe symbols and
weld lines on double-line pipe symbols.
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Dimensioning of Fitting Make-Up ¢ Pipe should be dimensioned from center of fitting to
center of fitting, or

The next step in the drawing of pipe is the calculation * Pipe should be dimensioned from center of fitting to

and placement of dimensions. At the present time, we the end of pipe.

are only concerned with butt-weld fittings. The general

rules-of-thumb for placing dimensions on a drawing are Figure 3-46 provides some examples for placing
as follows: dimensions on drawings.

FOR MANUAL AND AutoCAD DRAWINGS
USE 30" ELLIPSE FOR END OF CAP

S - LD

Single line: 12” and smaller Double line: 14” and larger

o
5%

Figure 3-43. Weld cap drawing symbols.

Figure 3-44. Fitting make-up.

ONE PIPE DIAMETER

/. (NOMINAL PIPE SIZE) \‘
r BETWEEN WELDS  _o|\|o
AN T L
+
AN

Figure 3-45. Minimum pipe lengths.



SCREWED AND SOCKET-WELD FITTINGS

Screwed and socket-weld fittings perform the same
basic functions as butt-weld fittings. There are, however,
a few differences that must be examined. Screwed and
socket-weld fittings are normally reserved for installa-
tions using fittings 3" and smaller. Screwed and socket-
weld fittings are also available in cast iron, malleable
iron, or forged steel. Cast iron and malleable iron fittings
are typically used on low pressure and temperature lines
such as air, water, or condensate.

Lines containing high pressure and temperature
commodities, which are subject to movement and
vibration, require fittings made of forged steel. Forged
steel screwed and socket-weld fittings are manufac-
tured in two pressure classes—3000# and 60004#.
Dimensional charts for screwed and socket-weld fit-
tings are provided in Appendix A. These dimensioning
charts supply measurements for 3000# and 6000# fit-
tings. Figures 3-47 and 3-48 provide a sample of the
dimension charts for screwed and socket-weld fittings
found in Appendix A.

Most screwed fittings are manufactured with internal,
female threads per American Standard and API thread
guidelines (see Figure 3-49). Some fittings, such as plugs
and swages, however, are manufactured with external
threads.

The socket-weld fitting is replacing the screwed fit-
ting as the choice of many fabricators because it offers
greater strength. Even though screwed fittings can be
seal welded if necessary, strength of the fitting is
decreased when the threads are cut during the manufac-
turing process. Socket-weld fittings can be easily fitted
and welded without the need of special clamps or tack-
welds, which are often required to hold a butt-weld
fitting in place before the final weld is made (see
Figure 3-50).

Fittings

Like butt-weld fittings, screwed and socket-weld fit-
tings are used to make similar configurations in a piping
system. Screwed and socket-weld fittings differ in size
and shape, but they achieve the same purpose as the butt-
weld fittings. Figure 3-51 provides examples of some
screwed and socket-weld fittings.

Screwed and socket-weld fittings are drawn with
square corners using short hash marks to represent the
ends of the fitting (see Figure 3-52).
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Unions

The union, shown in Figure 3-53, is a fitting placed
within a piping configuration that will allow the assembly to
be disassembled for inspection, repair, or replacement.
Manufactured for screwed and socket-weld applications, the
union is represented on drawings as shown in Figure 3-54.

Unions should be positioned in locations that will
facilitate the easy removal of critical pieces of equipment.
Figure 3-55 shows how unions are placed in a configura-
tion to allow easy removal of the valves.

Plug

The plug, like a cap, is designed to close off the end of
a run of pipe. Plugs are manufactured for screwed fittings
with male threads and are screwed into the end of a pipe
to create a seal. Figure 3-56 shows the drawing symbols
for the plug.

Coupling

Although this fitting is used in butt-welding applica-
tions as a branch connection, its primary use is to connect
lengths of screwed and socket-weld pipe together. Some
clients may stipulate, however, that all socket-weld pipe
must be connected with a butt weld, rather than a coupling.

PIPE NIPPLES

By design, screwed and socket-weld fittings cannot be
assembled by placing one fitting directly in contact with
another fitting. Screwed fittings are manufactured with
threads on the inside of the fitting, and socket-weld fit-
tings have an internal socket that prevents fitting makeup
assembly. To facilitate the assembly of screwed and
socket-weld fittings, small lengths of pipe called pipe nip-
ples are used between fittings. Pipe nipples can vary in
length depending upon the distance required to fabricate
the pipe configuration. A close nipple is one that provides
the minimum length of pipe between fittings. Remember,
screwed and socket-weld fittings have a certain amount of
lost pipe due to thread engagement and socket depth.
Therefore, each size pipe has a different minimum length
for the dimension of a close nipple.

Many companies will use 3" as the standard minimum
for pipe nipples. This length will accommodate the
amount of pipe lost inside the fitting on each end as well
as provide sufficient wrench clearance during assembly
for the larger screwed and socket-weld pipe sizes.
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Figure 3-46. Placement of dimensions.
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Figure 3-47. Screwed fittings dimensioning chart.
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Figure 3-48. Socket-weld fittings dimensioning chart.
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Figure 3-49. Internal and external threads.
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Figure 3-50. Socket-weld fittings.

Figure 3-51. Screwed and socket-weld fittings.

Swage

One exception to the standard 3" minimum rule is the
swage nipple. Swages are functionally similar to reduc-
ers, but are specifically designed for screwed and socket-
weld pipe. Screwed swages have male (external) threads
and can be connected to other screwed fittings without the
use of a pipe nipple. They are used to make reductions in
the line size on a straight run of pipe. Swages, like reduc-
ers, are available in either a concentric or eccentric shape.
Figure 3-57 shows varying lengths and sizes of screwed
pipe and swage nipples.

3

7
- ICl;”LIPIF’E
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SOCKET—WELD FITTINGS

Figure 3-52. Screwed and socket-weld
drawing symbols.



Figure 3-53. Union.
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Figure 3-54. Union drawing
symbols.

Swages are unique in that they can be used in screwed,
socket-weld, or butt-weld configurations. When used in
these configurations, swages will have different end prep-
arations. Screwed swages will have thread ends (TE),
socket-weld swages plain ends (PE), and butt-weld
swages have beveled ends (BE). Because socket-weld
swages are inserted into mating fittings, many compa-
nies allow the substitution of beveled-end swages. Dual
purpose fittings like these will make the job of the pur-
chasing group much easier. Swages are also manufactured
with different preparations on the two ends. When speci-
fying a swage, use the following abbreviations:

BBE—bevel both ends
TBE—thread both ends
PBE—plain both ends
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UNION
2”

\ VALVE

_I_I

Figure 3-55. Positioning of unions.

PLUG IN
COUPLING
C 0
ol )
PLUG IN
VALVE

Figure 3-56. Plug drawing symbols.

BLE/TSE—bevel large end/thread small end
PLE/TSE—plain large end/thread small end

Figure 3-58 depicts the concentric swage. Notice the
end preparation combinations on the examples.
Figure 3-59 shows the drawing symbols for swages.

FLANGED FITTINGS

Flanged fittings perform functions similar to other fit-
tings of the same type. The major difference is their
method of connection. The connection joint for flanged
fittings is made by bolting two specially designed metal
surfaces together. A gasket to prevent leaks is sandwiched
between the two surfaces. Flange types will be discussed
at great length in the following chapter.
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i

Figure 3-57. Pipe and swage nipples.

888

Figure 3-58. Concentric swages.

CAST IRON FITTINGS

Cast iron fittings are typically designed for use in
gravity-flow installations using low-pressure water ser-
vices. The physical appearance of pipe routing con-
figurations made of cast iron fittings is quite different
from pipe routed with forged steel fittings because of the
large assortment of fittings available and the method in
which these configurations are assembled. Above-ground

4” 3" SWAGE
BLE—TSE

| | T

11 )

=0 3" %2" SWAGE
o PLE-TSE
‘ | | T
11 D

(N 3" x2” SWAGE

1 TBE

T

3

Figure 3-59. Swage drawing symbols.

configurations often require multiple changes in direction
and elevation to avoid obstructions with pre-existing
installations. Because molten cast iron can be easily man-
ufactured into many unique shapes that cannot be attained
with steel, manufacturers use it to produce fittings with
many varying turns, bends, and branches.

PLASTIC FITTINGS

Plastic fittings can also be manufactured in many
diverse and unique shapes. All the standard fitting shapes
are available: elbows, tees, reducers, couplings, unions,
etc. Plastic fittings are manufactured for either screwed,
socket, or butted assembly. Plastic screwed and socket fit-
tings are available in sizes through 4” in diameter. Butt fit-
tings are manufactured for sizes 6"-10".
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CHAPTER 3 REVIEW QUIZ

1. Typically, pipe smaller than 3” in diameter is manufactured as having or
end connections.

2. What is the most common fitting used?

3. What are the four classifications of elbows?

4. What is the formula for calculating the center-to-end dimension for LR and SR elbows?
LR =
SR =

5. Describe a mitered elbow.

6. When configuring tee connections, what is the main run of pipe called?

7. Name the two types of tees.

8. What are some alternate methods to a tee fitting when fabricating branch connections?

9. Which fitting is used to make a reduction in the line size of a run of pipe?

10. Name the two types of reducers.

11. Define fitting make-up.

12. What are the two pressure classifications for screwed and socket-weld fittings?

13. What type of fittings must be bolted together?

14. What is the typical installation service for cast iron pipe?

15. Name the three types of plastic fitting end types manufactured.
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EXERCISE INFORMATION

The fittings depicted in Figure 3-60 will be used to complete
the exercises in Chapters 3, 4, 5, and 10. To complete the exer-
cises, draw the symbols below using the following guidelines.

* Start from scratch and draw all symbols full scale.

* Draw symbols with a PLINE having a width of .56"
(%6") for single line symbols and a 0" width for double
line fittings. Symbols requiring a full circular shape must
be drawn with the PLINE command ARC option. These
arcs can only be drawn with a 359° circumference.

* Create weld dots with a 1.75"” diameter DONUT.

* Block each symbol individually using the block
name indicated. (DO NOT include text with the
blocked symbol.)

=

14—90TOP

7B

14—90ELL 14—90END

C—

C—

8—90TOP

8—90ELL

r ¢

8—90END

* Place a base point on one end of each fitting using
MIDpoint, ENDpoint, or CENter OSNAP options.

e In the “Block Definition” dialog box check the
Create icon from block geometry radio button.

* SAVE the file as “ELBOWS.dwg”.

After the symbols have been created and the drawing
saved, start the exercise drawing and use AutoCAD
Design Center to open the file ELBOWS.dwg. Insert the
required symbols into the appropriate locations.

NOTE: The pipe break symbol is created with ellipses.
The major axis of each ellipse is equal to one-half of the
pipe's OD. TRIM or BREAK an ellipse to create the
elliptical arc on the pipe break as necessary.

14TEETOP e}

T

14TEEFRT '

14TEEEND

[
-
14T { o
EEBAK i H
12TEETOP v@-o
12TEEFRT I é

12—-90TOP C—e
6—90TOP ~ 1 2TEEEND
/ ? 12TEEBAK @@
12-90ELL 12-90END |6-90ELL 6-goenp| OTEETOP e-(ge
(— OTEEFRT o—1e 6
C-e
10-90TOP , ~ 10TEEEND
/' ? 4-90TOP OTEEBAK &5-e
10~90ELL 10~90END  |4—90ELL 4—90END | 14y19RED 2 10RED

Figure 3-60. AutoCAD drawing symbols and File names.
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FITTING MAKE—UP
DRAW THE FRONT VIEW AS SHOWN. PROJECT TOP,LEFT AND RIGHT SIDE VIEWS.
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EXERCISE 3-3
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DRAW THE FRONT VIEW AS SHOWN. PROJECT TOP,LEFT AND RIGHT SIDE VIEWS.
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FITTING MAKE—UP
SOLVE FOR THE MISSING DIMENSIONS
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46

Pipe Drafting and Design

SOLVE FOR THE MISSING DIMENSIONS

FITTING MAKE—-UP
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FITTING MAKE—UP
SOLVE FOR THE MISSING DIMENSIONS

@ BOOO#FS SCREWED 6000#FS SCREWED
3 LONG NIPPLES 3’ LONG NIPPLES
A
// 1| T — ? / ,—h —
B 3/ /1 v Eg}i 3/£31/7 WG
o R

@ 3000# FS SW @ 6000# FS SW
3" LONG NIPPLES 3" LONG NIPPLES

L/ ﬁ%j__\“ﬁ\ A1 'E_‘iﬁwj__xﬁ\
t; 3/431/2 e t]}; 3/4"x1/21;'BESWG§_Lﬁ
—C —[HE
7 7]
!< = l‘ "

EXERCISE 3-7




Flange Basics

The flange is a ring-shaped device designed to be used
as an alternative to welding or threading various piping
system components used throughout the piping system.
Flanged connections are used as an alternative to welding
because they can be easily disassembled for shipping,
routine inspection, maintenance, or replacement. Flanged
connections are preferred over threaded connections
because threading large bore pipe is not an economical or
reliable operation. The flange is an important component
of any piping system.

Flanges are primarily used where a connecting or dis-
mantling joint is needed. These joints may include join-
ing pipe to fittings, valves, equipment, or any other
integral component within the piping system.

To erect the piping system, every piece of mechanical
equipment is manufactured with at least one outlet called
a nozzle. The nozzle is the point where, via the flange, the
piping system is connected to the equipment. From this
flange, the piping system is begun. Figure 4-1 shows how
anozzle and flange are used to connect the piping system
to a piece of equipment.

Nozzle
Flange
|

Figure 4-1. Nozzle and flange.

RATING FLANGES

Rating, as applied to flanges, may best be defined as
the maximum pressure allowed by the pressure piping
code for the specific temperature at which the flange will
be operating. Flanges and nozzles are sized according to
pressure ratings established by the American National
Standards Institute (ANSI). These pressure ratings,
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sometimes called pound ratings, are divided into seven
categories for forged steel flanges. They are 150#, 3004,
400#, 600#, 900#, 1500#, and 2500#. Cast iron flanges
have pound ratings of 25#, 125#, 250#, and 800#.

Pound ratings, when combined with the temperature of
the commodity within the pipe, are used to select the
appropriate size, rating, and type of flange. This pressure/
temperature relationship will allow any given flange to be
used in a number of different applications. For example, a
150# forged steel flange is rated to perform at 150# PSIG
at S00°F. If the temperature were decreased to 100°F, this
same flange could be used for 275# PSIG. However,
if the temperature were increased to 750°F, the flange
could only be used for 100# PSIG. As you can see, the
pressure/temperature relationship is important. When
temperature decreases the allowable pressure increases,
and vice versa. Pound ratings are also used to establish
the outside diameter and thickness of a flange. Typically
as pound ratings increase, so will the flange’s diameter
and thickness.

FLANGE FACINGS

The mating surface of a flange, nozzle, or valve is
called the face. The face is usually machined to create a
smooth surface. This smooth surface will help assure a
leak-proof seal when two flanges are bolted together with
a gasket sandwiched between.

Although numerous types of flange faces are pro-
duced, we will focus only on the following three:

¢ flat face
e raised face
* ring-type joint

Flat face

As the name implies, flanges with flat faces are those
that have a flat, level connecting surface (see Figure 4-2).
Forged steel flanges with a flat face flange are commonly



Figure 4-2. Flat face.

found in 150# and 300# ratings. Their principal use is to
make connections with 125# and 250# cast iron flanges,
respectively. Attaching steel pipe to the cast iron flanges
found on some valves and mechanical equipment always
presents a problem because of the brittle nature of cast
iron. Using a flat face flange will assure full surface con-
tact, thereby reducing the possibility of cracking the
softer cast iron. Figure 4-3 shows a sectional view of a
flange with a flat face.

Raised Face

The most common face type in use, the raised face is
available in all seven of the aforementioned pound rat-
ings. Appropriately named, this flange face has a promi-
nent raised surface. With shallow grooves etched into the
raised surface, this flange face assures a positive grip with
the gasket. Flanges rated 150# and 300# have a 1/i¢" raised
face, while flanges 400# and above have a %" raised face
(see Figure 4-4). It is important to note most dimension-
ing charts, including the ones provided in this text,
include the /4¢" raised face thickness in the length dimen-
sions for 150# and 300# flanges. However, the %" raised
face thickness is not always included in the length dimen-
sions for 400# and higher pound ratings. To assure
accurate dimensioning, always determine if the dimen-
sioning chart being used includes the “%4" raised face
thickness for the larger pound rating flanges. The 4"
raised face thickness must be added to the dimensioning
chart measurement to obtain the overall flange length if
the dimensioning chart indicates it has not been added.
Figure 4-5 includes a sectional view of a weld neck flange
having a raised face.
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= |
GASKET FACING

FLAT FACE
(FF)

Figure 4-3. Welding neck flange with flat face.

Figure 4-4. Raised face.

Ring-Type Joint

Also known simply as ring joint, the ring-type joint
does not use a gasket to form a seal between connecting
flanges. Instead a round metallic ring is used that rests in
a deep groove cut into the flange face (see Figure 4-6).
The donut-shaped ring can be oval or octagonal in design.
As the bolts are tightened, the metal ring is compressed,
creating a tight seal.

Although it is the most expensive, the ring-type joint is
considered to be the most efficient flange used in process
piping systems. The ring and groove design actually uses
internal pressures to enhance the sealing capacity of the
connecting flanges. The superiority of this seal can have
its disadvantages, however. When dismantling ring joint
connections, the flanges must be forcibly separated to
release the ring from the groove. In crowded installations,
this could cause major problems. Because of this, the ring
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—{ |~ 1/16" FOR 1504

AND 300§
—~ — 1/4 FOR 400$

~< AND HEAVIER

AN

GASKET FACING
RAISED FACE
( RF)

Figure 4-5. Weld neck flange with raised face.

Figure 4-6. Ring-type joint.

joint flange is relegated to applications where space for
maintenance and replacement are adequate.

Although available for all pound ratings, flanges with
ring-type joint faces are normally used in piping systems
rated 400# and higher. See Figure 4-7 for the sectional
view of a flange with a ring-type joint face.

GASKET FACING
RING JOINT FACE
(R )

Figure 4-7. Weld neck flange with a ring-type
joint face.

FLANGE TYPES

Flanges have been designed and developed to be used
in a myriad of applications. Each one has its own special
characteristics, and should be carefully selected to meet
specific function requirements. The following flanges
will be discussed in this chapter:

* weld neck
* threaded

* socket weld
e slip-on

* lap-joint

* reducing

* blind

* orifice

NOTE: A photograph and short description accompa-
nies each flange as well as symbols to depict the flange as
it would appear on a drawing. The manual and AutoCAD
techniques for creating the drawing symbols are shown
for the weld neck flange only. The drawing symbols for
the remaining flanges can be created in a similar fashion
with only a few minor alterations.



Weld Neck Flange

The weld neck flange shown in Figure 4-8 is occasion-
ally referred to as the “high-hub” flange. It is designed to
reduce high-stress concentrations at the base of the flange
by transferring stress to the adjoining pipe. Although
expensive, the weld neck flange is the best-designed butt
weld flange available because of its inherent structural
value and ease of assembly.

Known for its strength and resistance to dishing, the
weld neck flange is manufactured with a long tapered
hub. The tapered hub is created by the gradual increase
in metal thickness from the weld joint to the flange
facing. The symmetrical taper transition is extremely ben-
eficial under conditions of repeated bending caused by
line expansion, contraction, or other external forces. See
Figure 4-9, for weld neck flange drawing symbols.

Weld neck flanges are normally used in severe service
applications involving high pressures, high temperatures,
or sub-zero conditions.

Weld neck flanges are bored to match the ID of the
adjoining pipe. In other words, the thinner the wall of
the pipe, the larger the bore (hole) through the flange. The
thicker the wall of the pipe, the smaller the bore. Because
of these matching IDs, there is no restriction to the flow.
Turbulence and erosion are therefore eliminated.

Drawing the Weld Neck Flange

Prior to constructing the manual and AutoCAD
symbols, certain dimensional information must be pro-
vided. These dimensions can be found on the welded
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fittings—flanges dimensioning chart shown in Figure 4-10.
The figure in this chart represents the raised face weld
neck flange.

Notice the three dimensions: O, T, and L. The O
dimension represents the flange’s OD. The T defines the
flange’s face thickness and the L provides the flange’s
length or length-thru-hub dimension. These three dimen-
sions are required to construct the drawing symbols of
each flange.

To find the numerical values for these dimensions,
locate the appropriate pound rating section, that is, /50#,
300#, etc. Find the proper size pipe in the Nominal Pipe
Size column. Follow across the chart to determine the O,
T, and L dimensions. For our demonstration, we will be
using a 14"-300# raised face weld neck (RFWN) flange.
You should find the O, T, and L measurements for this
flange to be 23", 2 14", and 5 34" respectively.

Figure 4-8. Weld neck flange.

H®
ERCE

Single line: 12” and smaller

@ |

Doubile line: 14” and larger

Figure 4-9. Weld neck flange drawing symbols.
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Two step-by-step methods will be presented for con-
structing the weld neck flange. Figure 4-11 demonstrates
steps using manual drafting techniques. Figure 4-12 pre-
sents the steps using AutoCAD commands.

Slip-on Flange

The slip-on flange shown in Figure 4-13 has a low hub
that allows the pipe to be inserted into the flange prior
to welding. Shorter in length than a weld neck flange,
the slip-on flange is used in areas where short tie-ins are
necessary or space limitations necessitate its use. Two

significant disadvantages, however, are the requirements
of two fillet welds, one internal and one external, to pro-
vide sufficient strength and prevent leakage, as well as a
life span about one-third that of the weld neck flange.
They are preferred over welding neck flanges by many
users because of their lower initial cost. However, the
total cost after installation is not much less than the
welding neck because of the additional welding involved.
See the Taylor Forge Seamless Fittings Dimensioning
Chart in Appendix A for dimensions of the slip-on flange.
The drawing symbols for the slip-on flange are shown in
Figure 4-14.

300 LB RFWN | 2 25 4 6 3 10 12 14 16 18
F 5 r LO 641738+ 10124115 |17 203] 23 |253] 28
i | L TT 2 il albe gl 2 [2sf 23 )23
FN i ¥ 8 8 7 i6] '8 8 8| <% 8
Vh\l/g WTL L 23] 3 | 38|33 34|42|43]54]528]53]64
S 1/16" RAISED FACE INCLUDED ON L’ &T' DIMENSIONS

Figure 4-10. Welded fittings—flanges dimensioning chart.

1. 3. 4
11 1/2

/5 5/8

——

50 SRR -
1 1/2"
2. o2 /w 4, i
)

0

Figure 4-11. Manual drafting solutions for a 14”-300# RFWN flange.

Step 1. Draw a vertical construction line approximately 30"
tall. (This will represent the flange face.) To the right, draw a
parallel line 28" away. Draw another parallel line 5%s” away
from the first.

Step 2. Bisect the three lines with a centerline.

Step 3. On the flange face measure 11%2" (one-half of the
23" flange OD) above and below the centerline. On the right
end of the flange, measure 7" (one-half of the 14” pipe OD)
above and below the centerline.

Step 4. Draw 30° lines to represent the flange hub. Connect
the face thickness with short horizontal lines. Darken the
flange as required. A short piece of pipe can be added if nec-
essary.

Step 5. When constructing single-line symbols, the flange
will be represented as a T shape. The flange face is typically
drawn as a single line the thickness of a double wide .7mm
lead. A weld dot will be placed on the end of the flange at the
point where the pipe is attached (see Figure 4-9).
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23"
R

| A

2. TTHT N2 1w

5 5/8"
L8

Figure 4-12. 14"-300# RFWN flange. AutoCAD commands.

Drawing set-up
Set LINETYPE to Continuous
Set LIMITS: lower left corner—(0,0)
upper right corner—(10,30)

ZOOM, All

Step 1. Draw a vertical LINE 23" tall from 2,4. (This line will
represent the flange’s face).

Step 2. Use OFFSET to draw the flange face thickness 214"
toward the right. Close the top and bottom ends. OFFSET
the flange face line 5%" to the right. (This will establish the
length-thru-hub distance.) From the MIDpoint of the flange
face, draw the flange's centerline to the right.

Figure 4-13. Slip-on flange.

Lap-joint Flange

The lap-joint flange in Figure 4-15 is primarily used on
carbon or low alloy steel piping systems. Attachment of
the lap-joint flange to the piping system requires a lap-
joint stub end. The lap-joint flange and stub end assembly
are used mainly in piping systems that necessitate frequent

Step 3. OFFSET the centerline 7" (one-half of the 14" pipe
OD) above and below the pipe’s centerline. CHANGE the
linetype of these two lines to Continuous.

Step 4. From the right end of the flange, draw 30° lines toward
the flange face to represent the flange hub. TRIM as required.
ERASE construction lines. When constructing single-line
symbols, use PLINEs having a width of .56" (%4¢") full scale or
.0175"” when drawing to 3" = 1’-0” scale to draw the face
thickness and hub length. Use a DONUT with a fullscale
inside diameter of 0.000” and an outside diameter of 1.75" as
a symbol for the weld dot. Weld dots drawn to 3" = 1'-0"
scale will have an outside diameter of .05".

dismantling for inspection or routine maintenance. It is
also used in the erection of large diameter or hard-to-
adjust piping configurations because of its quick bolt hole
alignment. Figure 4-16 depicts the drawing symbols for
the lap-joint flange.

Threaded Flange

The threaded flange depicted in Figure 4-17 similar to
the slip-on flange, but the bore is threaded. Its principal
value is that it can be assembled without welding. This
feature makes the threaded flange well-suited to extreme
pressure services that operate at normal atmospheric tem-
peratures and in highly explosive areas where welding
may create a hazard.

Threaded flanges are not suited, however, for condi-
tions involving temperatures or bending stresses of any
significance, particularly when cyclic conditions exist,
which may cause leakage through the threads. After just a
relatively few cycles of expansion and contraction or
movement caused by stress, the threaded flange no longer
performs adequately.
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Single line: 12” and smaller

—

Double line: 14” and larger

Figure 4-14. Slip-on flange drawing symbols.

Figure 4-15. Lap-joint flange.

A seal weld is sometimes applied around the threaded
joint to reduce the possibility of leakage. This technique,
however, cannot be considered as entirely satisfactory nor
is it always possible. Figure 4-18 represents the single-
line threaded flange drawing symbol.

Socket Weld Flange

The socket weld flange shown in Figure 4-19 is also
similar to the slip-on flange. It was originally developed

for use on small diameter (¥2” through 4”) high-pressure
piping systems. Like socket weld fittings, pipe is inserted
into the socket then welded. An internal weld is often
employed for added strength. By grinding the internal
weld smooth, turbulence and flow restriction are kept to a
minimum. The single-line drawing symbol for the socket-
weld flange is shown in Figure 4-20.

Reducing Flange

Like the reducer fitting, the reducing flange in Figure
4-21 is used to make a reduction in the diameter of
the pipe. A reducing flange is most frequently used in
installations with limited space. Crowded situations may
necessitate the use of the reducing flange because it has a
shorter overall length when compared to a weld neck
flange and reducer-fitting configuration. Be advised how-
ever, the flow should travel from the smaller size to the
larger. If the flow were reversed, severe turbulence could
develop.

Callouts are placed on drawings to describe the reduc-
ing flange in the same manner as those used on the
reducer fitting: large end first, small end second. One
additional note is needed, however. The pound rating and
flange type is included in the callout.

F"

Single line: 12”7 and smaller

Double line: 14” and larger

Figure 4-16. Lap-joint flange drawing symbols.



G

Figure 4-17. Threaded flange.

—

Figure 4-18. Single-line threaded flange drawing
symbol.

Figure 4-19. Socket weld flange.

The reducing flange maintains all the dimensional
characteristics of the larger end size. One exception how-
ever is the internal bore. The internal bore is manufac-
tured to match that of the smaller pipe size. Figure 4-22
shows a 12" x 6”-300# raised face slip-on flange. Notice
the use of abbreviations to keep the size of the callout to a
minimum.

Reducing flanges are manufactured as weld neck, slip-
on, or threaded flange types.
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—

Figure 4-20. Single-line socket-weld drawing symbol.

Figure 4-21. Reducing flange.

| 12"X6" 3004
| RF.SO.RED.FLG.

_jp__.__ —

VESSEL NOZZLE IS 12" 300#

Figure 4-22. Reducing flange drawing symbol with
callout.

Blind Flange

The blind flange depicted in Figure 4-23 serves a func-
tion similar to that of a plug or cap. It is used to terminate
the end of a piping system. The blind flange is basically a
flange that does not have a hub or a bored center. Blind
flanges have the face thickness of a flange, a matching
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face type, and similar bolting pattern. Blind flanges can
also be used to seal a nozzle opening on a pressure vessel.
Because it is bolted, the blind flange provides easy access
to the interior of a vessel or pipe, unlike a cap that is
welded. Figure 4-24 represents the drawing symbol for
the blind flange.

Orifice Flange

Of the flanges discussed, the orifice flange (Figure
4-25) is the only one that actually performs a function.
The function of the orifice flange is to measure the rate of
the flow of the commodity through the piping system.
Orifice flanges are easy to recognize because they have a
hole drilled through the face of the flange perpendicular
to the pipe. They also have an additional set of bolts
called jack screws. These screws are used to help separate
the flanges so inspection and/or replacement of the orifice
plate can be performed. The orifice flange is a single
component of the orifice flange union assembly. The ori-
fice flange union is composed of two orifice flanges, an
orifice plate, bolts, nuts, jack screws, and two gaskets.

The orifice flange union is used to measure, or meter,
the amount of pressure drop through the orifice plate. The
length of pipe within the piping system where orifice
flanges are installed and where these measurements are

Figure 4-23. Blind flange.

BLIND FLANGE

Single line: 12" and smaller Double line: 14" and larger
Figure 4-24. Blind flange drawing symbols.

recorded is known as a meter run. Figure 4-26 shows the
orifice flange union assembly installed in a meter run.

The orifice plate, which is not typically furnished with
the orifice union assembly package, looks similar to a
large ring washer with a handle attached. When fully
assembled, the orifice plate is sandwiched between the
orifice flanges. Valve taps are inserted into pressure holes
that allow for the attachment of field monitoring equip-
ment so accurate measurements can be recorded.

Orifice flanges can be either weld neck, slip-on, or
threaded. The weld neck and threaded orifice flanges are
manufactured in 300# and larger pound ratings. However,
the slip-on orifice flange is only available as a 300# raised
face flange. The single-line and double-line drawing sym-
bols for the orifice flange are shown in Figure 4-27.

Figure 4-26. Orifice flange union assembly. Courtesy of
Nisseki Chemical Texas Inc., Bayport, Texas.
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8

s

Double line: 14” and larger

Figure 4-27. Orifice flange drawing symbols.

BOLTS

To complete any flanged assembly, two additional
items are required: bolts and gaskets. Bolts obviously
hold mating flanges, nozzles, or valves together. The
pressure rating of a flange will determine the size, spac-
ing, and number of bolts required. As the nominal pipe
size and pressure ratings change so will the diameter,
spacing, and number of bolts.

Flanges are designed to match the bolt circle and bolt
hole dimensions of other flanges that are of the same
diameter and pressure rating. Bolt hole arrangements may
seem inconsequential, but, when one considers the fact
that components of a piping system may be fabricated in
one country then shipped to another country for assembly,
bolt alignments become increasingly important. It is criti-
cal that drawings convey the exact orientation of flanges to
the fabricator. Otherwise, bolt holes may not align prop-
erly. ANSI standards require all flanges straddle either the
horizontal, vertical, or north-south centerlines of pipe and
equipment, unless otherwise noted on a drawing.

To assure that bolt holes on flanges, nozzles, or valves
align properly, holes are equally spaced around the
flange. One column on the Taylor Forge Forged Steel
Flanges Dimensioning Chart found in Appendix A indi-
cates the number and diameter of the bolt holes on
flanges. Notice bolts are found in quantities of four, that
is, 4, 8, 12, 16, etc. The following formula makes bolt
hole location and alignment quick and simple.

Formula: 360° / # of holes = angular location

Example: 360°/8 (holes) = 45°

Using this formula shows holes on an eight-hole flange
to be spaced 45° apart. By straddling the centerline, holes
will be positioned 22%2° on each side of the centerline
(see Figure 4-28).

Bolts are available in two types, machine or stud.
Machine bolts have a “head” on one end and threads on
the other. Stud bolts have threads throughout their entire
length and require the use of two nuts. Stud bolts are the
most commonly used type and are available in two
grades, A-193-B7 and A-193-B16. B7 grade bolts are
used for temperatures to 1,000°F. B16 bolts are used
when temperatures exceed 1,000°F (see Figure 4-29).

GASKETS

The primary purpose of any flanged assembly is to
connect piping systems in such a manner as to produce a
leak-free environment. Hazardous and combustible mate-
rials and extreme pressures and temperatures require the
utmost in safety precaution. Creating a leak-proof seal
between two connecting metal surfaces in an industrial
setting is almost impossible. Therefore, gaskets perform a
vital function in plant safety.
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4 BOLT FLANGE

8 BOLT FLANGE

Figure 4-28. Bolt hole spacing.

Using a gasket material softer than two adjoining
flanges is an excellent way to eliminate the possibility of
a fluid escape. Gaskets can be made of materials such as
asbestos, rubber, neoprene, Teflon, lead, or copper. When
bolts are tightened and flange faces are drawn together,
the gasket material will conform to any imperfections in
the flange faces to create a uniform seal.

Figure 4-30 demonstrates the three types of gaskets
that can be found in piping systems. They are full face,
flat ring, and metal ring. Full face gaskets (Figure 4-31)
are used on flat face flanges. Flat ring gaskets (Figure
4-32) are used on raised face flanges. Metal rings
(Figure 4-33) are used on ring-type joint flanges.

A gasket’s thickness must be accounted for when
dimensioning the piping system. The typical gasket has a
thickness of 14" (3.175mm). At every occurrence of a
flange bolting to a nozzle, two flanges joining one
another, two valves joining one another, or a flange con-
necting to a valve, a gasket thickness must be added to the
length of the pipe components. Figures 4-34 and 4-35
show that a flat-ring gasket does occupy space. Though
it’s only 14" thick, a gasket cannot be ignored.

Figure 4-36 depicts the gap between ring-type joint
flanges. The ring-type joint section of the Welded
Fittings-Flanges Dimensioning Chart, gives the gap mea-
surement as the G dimension. This dimension will vary

Figure 4-29. Stud and machine bolts.

Figure 4-30. Gaskets. Courtesy of Flexitallic, Inc.
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Figure 4-31. Full face gaskets.
Figure 4-34. Flat ring gasket and flange. Courtesy of

Flexitallic, Inc.

Figure 4-32. Flat ring gaskets. Courtesy of Flexitallic, Inc.

Figure 4-35. Flat ring gaskets between flanges. Courtesy
of Flexitallic, Inc.

Figure 4-33. Metal rings for ring-type joint flanges.
Courtesy of Flexitallic, Inc. Figure 4-36. Ring-type joint gap spacing.
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depending on the size and pound rating of the flange. This
is an important consideration to keep in mind when
dimensioning piping runs that have ring-type joint
connections.

For each instance of a gasket or ring, gap spacing
must be reflected in the dimensions shown on a piping
drawing. Tick marks are used to indicate each location
where a gasket or ring gap has been included in the

EACH SET OF
FLANGES MUST
HAVE A GASKET

DIMENSION INCLUDES

FACE TO FACE DIMENSION
OF VALVE PLUS THICKNESS | -
OF TWO GASKETS

dimensioning of the piping configuration. Tick marks are
drawn approximately 4" long and are placed on piping
drawings near the location where a gasket or ring is to be
installed. Figure 4-37 depicts two tick marks, one on each
end of a valve, that have been included in the total dimen-
sion between the faces of the two flanges. The 10%?"
dimension would be the sum total of one valve and two
gaskets.

TICK MARK
USED TO ~//'w
REPRESENT
THE GASKET

g_._

10l |

Figure 4-37. Dimensioning gaskets.
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CHAPTER 4 REVIEW QUIZ

1. Name the seven forged steel flange pound ratings.

2. Name the four pressure classes for cast iron flanges.

3. What are the three flange facings discussed in this chapter?

4. What is the thickness of the raised face on a 600# raised-face flange?

5. Briefly describe five types of flanges depicted in this chapter.

6. Give O, T, and L dimensions of the following flanges.

SIZE/RATING O T L

4"—150# R.EW.N.

6"—300# R.EW.N.

10"—400# R.E.W.N.

16"—600# R.F.W.N.

8"—600# R.F.W.N.
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7. What is the purpose of an orifice flange union?

8. Name the two types of bolts used to assemble flanges.

9. According to ANSI standards, which centerlines should flanges straddle on pipe and equipment?

10. List four materials used to manufacture gaskets.




EXERCISE INFORMATION

The fittings depicted in Figure 4-38 will be used to
complete the exercises in Chapters 4, 5, and 10. To com-
plete the exercises draw the symbols below using the fol-
lowing guidelines.

* Start from scratch and draw all symbols full scale.
* Draw symbols with a PLINE having a width of .56"
(%6") for single line symbols and a 0" width for dou-
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Create weld dots with a 1.75" diameter DONUT.
Block each symbol individually using the block
name indicated. (DO NOT include text with the
blocked symbol.)

Place a base point on one end of each fitting using
MIDpoint, ENDpoint, or CENter OSNAP options.
In the “Block Definition” dialog box check the Cre-

ate icon from block geometry radio button.
SAVE the file as “FLANGES.dwg”.

ble line fittings. Symbols requiring a full circular
shape must be drawn with the PLINE command
ARC option. These arcs can only be drawn with a
359° circumference.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>