
Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



Australia • Brazil • Mexico • Singapore • United Kingdom • United States

STEPHEN L. HERMAN

ELECTRICAL WIRING
INDUSTRIAL

Based on the 2017 National Electrical Code®

16th edition

01929_fm_ptg01_i-xii.indd   1 11/24/16   10:30 AM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



Electrical Wiring Industrial, 16th Edition
Stephen L. Herman

Senior Vice President and General Manager, 
Skills: Jonathan Lau 

Product Director: Matt Seeley

Product Manager: Vanessa Myers

Senior Director, Development: Marah 
Bellegarde

Senior Product Development Manager:  
Larry Main

Content Developer: Mary Clyne

Product Assistant: Mara Ciacelli

Vice President, Marketing Services: Jennifer 
Ann Baker

Marketing Manager: Scott Chrysler

Senior Production Director: Wendy Troeger

Production Director: Andrew Crouth

Senior Content Project Manager: Glenn Castle

Cover image: © 279photo Studio/ 
Shutterstock.com

© 2018, 2015 Cengage Learning

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced or distributed in any form or by any means, except as 
permitted by U.S. copyright law, without the prior written permission of the 
copyright owner.

Library of Congress Control Number: 2016954009

ISBN-13: 978-1-337-10192-9
Book Only ISBN: 978-1-337-27096-0

Cengage Learning
20 Channel Center Street
Boston, MA 02210
USA

Cengage Learning is a leading provider of customized learning solutions  
with employees residing in nearly 40 different countries and sales in more  
than 125 countries around the world. Find your local representative at  
www.cengage.com.

Cengage Learning products are represented in Canada by  
Nelson Education, Ltd.

To learn more about Cengage Learning, visit www.cengage.com

Purchase any of our products at your local college store or at our preferred 
online store www.cengagebrain.com

Notice to the Reader
Publisher does not warrant or guarantee any of the products described herein or perform any 
independent analysis in connection with any of the product information contained herein. 
Publisher does not assume, and expressly disclaims, any obligation to obtain and include 
information other than that provided to it by the manufacturer. The reader is expressly warned 
to consider and adopt all safety precautions that might be indicated by the activities described 
herein and to avoid all potential hazards. By following the instructions contained herein, the 
reader willingly assumes all risks in connection with such instructions. The publisher makes no 
representations or warranties of any kind, including but not limited to, the warranties of fitness 
for particular purpose or merchantability, nor are any such representations implied with respect 
to the material set forth herein, and the publisher takes no responsibility with respect to such 
material. The publisher shall not be liable for any special, consequential, or exemplary damages 
resulting, in whole or part, from the reader’s use of, or reliance upon, this material.

For product information and technology assistance, contact us at   
Cengage Learning Customer & Sales Support, 1-800-354-9706

For permission to use material from this text or product, submit all  
requests online at www.cengage.com/permissions. 

Further permissions questions can be e-mailed to  
permissionrequest@cengage.com

Printed in the United States of America 
Print Number: 01  Print Year: 2016

01929_fm_ptg01_i-xii.indd   2 11/29/16   9:41 AM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



1
CHAPTER

Preface .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . vii

Acknowledgments  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . x

Plans and Sitework .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1
Construction Plans  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2
Explanation of Plan Symbols .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2
Sitework  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6
Testing the Site for Grounding Requirements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6
Interpreting the Site Plan  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13
Metrics (SI) and the NEC .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 18

The Unit Substation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  26
The High-Voltage Section . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 28
Transformer Protection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 31
Overcurrent Protection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 31
Determining Transformer Fuse Size . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 34
The Transformer Section  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 36
The Low-Voltage Section .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 36
The High-Voltage Metering Equipment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 39
Service Entrances . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 40
Transformer Maintenance .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 46

Feeder Bus System  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  55
Feeder Ducts .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 56
The Circuit-Breaker Cubicles .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 60
Plug-In Busway . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 60
Bus Plugs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 64

Panelboards  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  66
Panelboards .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 67
Branch-Circuit Protective Devices .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 70
Panelboard Protective Device .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 71
Power Panelboards .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 71

Trolley Busways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Three-Phase Trolley Busway  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 76
The Trolley Busway Runs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 76
Lighting in the Manufacturing Area .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 81
Lighting in the Boiler Room . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 84

Using Wire Tables and Determining Conductor Sizes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  89
Conductors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 90
Insulation Type .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 94
Correction Factors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 96

Contents

2
CHAPTER

3
4
5
6

CHAPTER

CHAPTER

CHAPTER

CHAPTER

iii

01929_fm_ptg01_i-xii.indd   3 11/24/16   10:30 AM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



More Than Three Conductors in Raceway . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 97
Underground Conductors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 97
Selecting Conductors for Equipment Installation . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 97
Calculating Conductor Sizes and Resistance .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 99
Long Wire Lengths .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 99
Calculating Resistance .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 100
Parallel Conductors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 104
Testing Wire Installations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 106
The American Wire Gauge .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 108

Signaling Systems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  113
The Master Clock .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 114
The Program System . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 115
The Paging System .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 116
The Fire Alarm System . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 119

Basic Motor Controls .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  126
Two-Wire Controls .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 127
Three-Wire Controls .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 129
Schematic Symbols . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 130
Overload Relays .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 137
Schematics and Wiring Diagrams . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 145
Start–Stop Push-Button Control Circuit .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 147
Forward–Reverse Control .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 148
Basic Air-Conditioning Circuit . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 150
Timing Relays .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 150

Motors and Controllers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  162
The Machines and Their Motors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 163
Motor Types  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 163
Single-Speed Squirrel-Cage Induction Motor  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 163
The Wound-Rotor Induction Motor .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 173
Determining Direction of Rotation for 3-Phase Motors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 176
Connecting Dual-Voltage 3-Phase Motors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 179
Dual-Voltage Single-Phase Motors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 183
Determining Direction of Rotation for Single-Phase Motors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 185
Terminal Identification for Direct-Current Motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
Determining the Direction of Rotation of a Direct-Current Motor .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 189
Direct-Current Power Supplies .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 190
Variable-Frequency Drives .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 195

Motor Installation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  206
Motor Nameplate Data .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 207
Motor Installation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 211
Motor Tables .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 212
Direct-Current Motors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 212
Single-Phase Alternating-Current Motors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 213
Two-Phase Motors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 213
Three-Phase Motors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 214
Determining Conductor Size for a Single Motor .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 214
Overload Size .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 216
Overload Heaters  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 217
Protecting Large Horsepower Motor  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 218
Motor Starter Sizes .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 219
Determining Locked-Rotor Current .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 219
Short-Circuit Protection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 222
Multiple Motor Calculations . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 226

7
CHAPTER

8
CHAPTER

9
CHAPTER

10
CHAPTER

iv	 ﻿  ﻿

01929_fm_ptg01_i-xii.indd   4 11/24/16   10:30 AM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



C0NTENTS    v

Power Factor  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  232
Loading on Alternating-Current Circuits .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 233
Power Factor Measurement  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 239
The Synchronous Condensers . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 241
The Tie-In .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 244
Correcting Power Factor with Capacitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Correcting Motor Power Factor .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 251
Installing Capacitors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 251
Testing Capacitors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 251

Ventilating, Air Conditioning, and Other Facilities . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  258
The Ventilator and Exhaust Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 259
Special Terminology .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 261
The Cooling Equipment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 261
Liquid Chillers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 264
The Precipitation Unit . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 265

System Protection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  270
System Protection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 271
Circuit Breakers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 272
Fuses .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 282

Lightning Protection . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  286
Atomic Structure .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  287
How Lightning Is Generated  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 288
Master Label .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 290
Building Protection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 290
Safety Rules  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 291

Site Lighting .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  294
Lamp Selection .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 295
Illuminance Selections .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 299
Power Limitation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 300
Luminaire Placement  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 300
Electrical Installation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 302

Programmable Logic Controllers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  304
Differences between Programmable Logic Controllers and  

Personal Computers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 305
Basic Components  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 305
Installing Programmable Logic Controllers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 315
The Differential Amplifier  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 316

Developing a Program for a PLC  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  318
Assigning Inputs and Outputs . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 320
Converting the Schematic .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 320

Fiber Optics . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  325
Fiber Optics . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 326
Fiber-Optic Connectors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 329
Fiber-Optic Lighting .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 333

12
CHAPTER

13
CHAPTER

14
CHAPTER

15
CHAPTER

16
CHAPTER

17
CHAPTER

18
CHAPTER

11
CHAPTER

01929_fm_ptg01_i-xii.indd   5 11/24/16   10:30 AM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



vi  

Hazardous Locations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  336
Equipment Approval .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 338
Intrinsically Safe Circuits and Equipment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 338
Equipment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 339
Seals  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 340
Circuit-Breaker Panelboards . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 343
Luminaires  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 344
Motor Controls .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 345
Flexible Cords and Receptacles .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 348
Hazardous Areas .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 351
Explosionproof Equipment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 355

Harmonics  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  360
Harmonic Effects  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 361
Circuit-Breaker Problems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 363
Bus Ducts and Panelboard Problems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 363
Determining Harmonic Problems on Single-Phase Systems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 364
Determining Harmonic Problems on 3-Phase Systems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 367
Dealing with Harmonic Problems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 367
Determining Transformer Harmonic Derating Factor  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 368

Electrical Specifications  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 370

Code Index  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 376

Index  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 377

19
CHAPTER

20
CHAPTER

01929_fm_ptg01_i-xii.indd   6 11/24/16   4:35 PM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



  Intended Use and Level

Electrical Wiring—Industrial is intended for use in industrial wiring courses at two-year 
community and technical colleges. The text walks the reader step-by-step through an indus-
trial building, providing the basics on installing industrial wiring systems. An accompanying 
set of plans at the back of the book shows students how the concepts learned in each chapter 
are applied to an actual industrial building. This pairing of theory and application helps stu-
dents understand and meet requirements set forth by the National Electrical Code® (NEC®).

 Subject and Approach

The sixteenth edition of Electrical Wiring—Industrial is based on the 2017 NEC. The NEC 
is the basic standard for the layout and construction of electrical systems. To gain the greatest 
benefit from this text, the learner must use the NEC on a continuing basis.

In addition to the NEC, the instructor should provide the learner with 
applicable state and local wiring regulations as they may affect the indus-
trial installation.

In addition to the accurate interpretation of the requirements of the NEC, the successful 
completion of any wiring installation requires the electrician to have a thorough understand-
ing of basic electrical principles, a knowledge of the tools and materials used in installations, 
familiarity with commonly installed equipment and the specific wiring requirements of the 
equipment, the ability to interpret electrical construction drawings, and a constant awareness 
of safe wiring practices.

Electrical Wiring—Industrial builds upon the knowledge and experience gained from 
working with the other texts in the Delmar Cengage Learning electrical wiring series and 
related titles. The basic skills developed through previous applications are now directed 
to industrial installations. The industrial electrician is responsible for the installation of 
electrical service, power, lighting, and special systems in new construction; the change-
over from old systems to new in established industrial buildings; the provision of addi-
tional electrical capacity to meet the growth requirements of an industrial building; and 
periodic maintenance and repair of the various systems and components in the building.

Preface

vii
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viii	 PREFACE

  Features

An introduction to plans and sitework is the topic of 
the first chapter in the book, providing explanations 
of identifying symbols and interpreting the plans in 
order to help orient the student to the industrial job 
site. Examples are integrated into the text and take 
the student step by step through problems, to illus-
trate how to derive solutions using newly introduced 
mathematical formulas and calculations. Industrial 
building drawings are included in the back of the 
book, offering students the opportunity to apply the 
concepts that they have learned in each chapter as 
they step through the wiring process. Review ques-
tions at the end of each chapter allow students to test 
what they have learned and to target any sections 
that require further review.

 New to this Edition

•	 Updated to the 2017 National Electrical Code

•	 Extended coverage of motor installation

•	 Extended coverage of service entrances

•	 Additional information concerning transformers

•	 Instruction on selecting conductors for 
equipment

•	 Additional information concerning motor 
control symbols

To access additional course materials including 
MindTap, please visit www.cengagebrain.com. At 
the CengageBrain.com home page, search for the 
ISBN of your title (from the back cover of your 
book) using the search box at the top of the page. 
This will take you to the product page where these 
resources can be found.

This edition of Electrical Wiring—Industrial 
was completed after all normal steps of revis-
ing the NEC NFPA 70 were taken and before 
the actual issuance and publication of the 2017 
edition of the NEC. These steps include the 
following:

•	 The National Fire Protection Association 
(NFPA) solicits proposals for the 2017 NEC.

•	 Interested parties submit proposals to the 
NFPA.

•	 Proposals are sent to Code-Making Panels 
(CMPs).

•	 CMPs and the Technical Correlating 
Committee review proposals.

•	 Report on Proposals document is published.

•	 Interested parties submit comments on the 
proposals to the NFPA.

•	 CMPs and Technical Correlating Committee 
review comments.

•	 Report on comments document is published.

•	 Review of all Proposals and Comments is 
conducted at the NFPA Annual Meeting.

•	 New motions are permitted to be made at the 
NFPA Annual Meeting.

•	 Finally, the Standard Council meets to 
review actions made at the NFPA Annual 
Meeting and to authorize publication of the 
NEC.

Every effort has been made to be technically 
correct, but there is the possibility of typographical 
errors or appeals made to the NFPA board of direc-
tors after the normal review process that could result 
in reversal of previous decisions by the CMPs.

If changes in the NEC do occur after the 
printing of this book, these changes will be incor-
porated in the next printing.

The NFPA has a standard procedure to intro-
duce changes between Code cycles after the 
actual NEC is printed. These are called Tentative 
Interim Amendments, or TIAs. TIAs and cor-
rected typographical errors can be downloaded 
from the NFPA website, http://www.nfpa.org, to 
make your copy of the Code current.
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	 PREFACE	 ix

platform, or a Learning Management System. 
MindTap is a new personal learning experience that 
combines all your digital assets—readings, multi-
media, activities, and assessments—into a singular 
learning path to improve student outcomes.

MindTap Electricity for Electrical Wiring—
Industrial has been specially designed for the 16th 
edition to provide interactive learning activities, 
study tools, and assessments ready to integrate with 
your learning management system.

To access additional course material, including 
MindTap, please visit www.CengageBrain.com. At 
the CengageBrain.com home page, search for the 
ISBN (from the back cover of the book), using the 
search box at the top of the page. This will take 
you to the product page where the resources can be 
found.

 About the Author

Stephen L. Herman has been both a teacher of 
industrial electricity and an industrial electrician 
for many years. He received his formal education 
at Catawba Valley Technical College in Hickory, 
North Carolina. After working as an industrial elec-
trician for several years, he became the Electrical 
Installation and Maintenance instructor at Randolph 
Technical College in Asheboro, North Carolina. 
After nine years, he returned to industry as an elec-
trician. Mr. Herman later became the lead Electrical 
Technology instructor at Lee College in Baytown, 
Texas. After serving 20 years at Lee College, 
he retired from teaching and now lives with his 
wife in Pittsburg, Texas. Mr. Herman has received 
the Halliburton Education Foundation’s award for 
excellence in teaching. He has been a guest speaker 
at professional organizations and has three times 
been a judge for the national motor control competi-
tion at Skills USA.

 Supplements

The Instructor Companion Website contains an 
Instructor Guide in PDF format with answers to all 
review questions included in the book. Two sets of 
PowerPoint presentations are available as well: as 
chapter presentations and a series of topical pre-
sentations. To round out your resource package, 
we have included an Image Gallery, and Cengage 
Learning Testing Powered by Cognero.

Cengage Learning Testing Powered by Cognero 
is a flexible, online system that allows you to:

•	 author, edit, and manage test bank content from 
multiple Cengage Learning solutions

•	 create multiple test versions in an instant

•	 deliver tests from your LMS, your classroom, 
or wherever you want.

To access the Instructor Companion Website 
from SSO Front Door:

	 1.	 Go to http://login.cengage.com and log in using 
the Instructor e-mail address and password.

2.	 Enter author, title, or ISBN in the Add a title to 
your bookshelf search box, and click Search.

3.	 Click Add to My Bookshelf to add Instructor 
Resources.

4.	 At the product page, click the Instructor 
Companion site link.

New Users

If you’re new to Cengage.com and do not have a 
password, contact your sales representative.

 Mindtap® Electricity for Electrical 
Wiring—Industrial

MindTap® is more than an eBook, a homework 
solution, a resource center, a course delivery 
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1

Chapter 1

Objectives

After studying this chapter, the student should be able to

•	 read site plans to determine the location of the specific 
items.

•	 select materials for electrical sitework.

•	 identify underground wiring methods.

•	 perform International System of Units (SI) to English 
and English to SI conversions.

•	 calculate metric measurements.

•	 make measurements using a set of plans and a scale.

Plans and Sitework
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2	 Chapter 1    Plans and Sitework

after the final grading. The responsibility of who 
does the ditch-work (general contractor or electri-
cian) is usually agreed upon before the contract is 
awarded.

Figure 1-1 gives the standard symbols used on 
construction site plans for contour lines and other 
features.

Benchmark

The benchmark (BM), as given on the site plan, 
is the reference point from which all elevations are 
located. The benchmark elevation is established by 
the surveyor responsible for the preliminary survey 
of the industrial site. This BM elevation is related to 
a city datum or to the mean sea level value for the 
site. The elevation is usually given in feet and tenths 
of a foot. For example, an elevation of 123.4 ft is 
read as “one hundred twenty-three and four-tenths 
feet.” Table 1-1 is used in making conversions from 
tenths of a foot to inches.

Elevations

The electrician must give careful attention to the 
elevations of the proposed building. These details 
are shown on Sheet Z-1 of the enclosed plans for the 
industrial building. These drawings provide valuable 
information concerning the building construction. 
Measurements on the elevations may be a plus or a 
minus reference to the BM elevation as given on the 
site plan.

Invert Elevation

When an invert elevation (INV) is given, this 
quantity indicates the level of the lower edge of 
the inside of a conduit entering the manhole (this 
conduit is usually the lower one in an installation). 
Refer ahead to Figure 1-19.

Measuring Building Plans

It is sometimes necessary to determine lengths 
and dimensions from a set of building plans. Building 
plans are drawn to a specific scale, and can therefore 

  Construction Plans

An electrician who has previously wired a resi-
dence or a commercial building is familiar with 
electrical floor plans and symbols. Although the 
electrical plans and symbols are basically simi-
lar for an industrial building project, additional 
emphasis is often placed on the sitework. The 
electrician must continually coordinate and work 
with the general foreman who is employed by the 
general contractor.

After the contract for the project is awarded, 
the electrical contractor must inspect the site plans 
to determine the approximate location of the indus-
trial building on the site, as well as the locations of 
underground wiring, raceways, and manholes. The 
contractor then moves a trailer to the site and locates 
it so that it will require a minimal amount of reloca-
tion during construction. This trailer is used to store 
materials and tools during the construction of the 
building.

Building Location

The building location is given on the site plan 
by referring to existing points such as the center-
line of a street. If the electrical contractor and the 
crew arrive on the site before the general contractor 
arrives, they are not required to “stake out” (locate) 
the building. However, they should be able to deter-
mine its approximate location. A site plan, such as 
the one given on Sheet Z-1 of the industrial build-
ing plans included in this text, shows the property 
lines and the centerlines of the street from which 
the electrician can locate the building and other site 
improvements.

 � Explanation of Plan Symbols

Contour Lines

Contour lines are given on the site plan to 
indicate the existing and the new grading levels. 
If the required underground electrical work is 
to be installed before the grading is complete, 
trenches must be provided with enough depth to 
ensure that the installations have the proper cover 
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	 Chapter 1    Plans and Sitework	 3

Standard format
symbols 

Other symbols
and indications

Benchmark — 
Number — Elevation

Test boring — Number

Existing spot elevation to change

Existing spot elevation to remain

New spot elevation

Existing spot elevation
New spot elevation

Existing contour to change

Existing contour to remain

New contour

Existing contour
New contour

Existing contour to change
Final contour or proposed contour

Fire hydrant

Manhole 
(Number — Rim elevation)

Manhole — Rim elev. — Inv. elev.

Catch basin (Rim elevation)

Curb inlet (Inlet elevation)

Drainage inlet — Inlet elevation

Power and/or telephone pole

Standard format
symbols

Other symbols
and indications

Light standard

Existing tree to remain

Existing tree to be removed

Water main (size)

Telephone line (underground)

Power line (underground)

Gas main (size)

Fuel oil line (size)

Sanitary sewer (size)

Storm sewer (size)

Combined sewer (size)

Drain tile (size)

Fence (or required construction fence)

Contract limit line

Property line

Centerline (as of a street)

New building 

Existing building to remain

Existing building to be removed

BM-1-680.0

TB-1

350.0

352.0

354.0

240

240

244

MH

CB

BM EL. 680.0

+ 350.0

+ 352.0

 + 354.0

+360.0
+362.0

240

240

244

406

404

108

104

MH-4-680.0

CB 680.0

DR 680.0

 680.0

MH EL. 680.0
INV. EL. 675.5

T P

10" diam. oak

10" Oak

10" Oak

10" diam. oak

W 6" W

T

P

G 4" G

O 1" O

SAS 12" SAN

STS 24" ST

COS 18" S

DRT

x x x x 

CLL

PRL

6" DR. T.

FENCE

. ..

FIGURE 1-1  Site plan symbols.
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4	 Chapter 1    Plans and Sitework

be used to determine distances by measurement. 
Electrical contractors must sometimes use building 
plans to estimate the cost of materials such as con-
duit, wire, and fittings in order to bid on a job. To esti-
mate lengths with a common ruler can be extremely 
difficult and inaccurate. The composite site plan 
shown on page Z1 of the plans provided in the text 
indicates a scale of 1" = 50'. Using a common ruler 

to measure distances requires determining the length 
represented by each mark on the ruler. If the ruler 
is divided into 12 inches and each inch is divided 
into 16 parts, each 1/16 inch mark would represent a 
distance of 3.125 feet or 31/8 feet (50'/16). 

A device called a scale is generally used to make 
measurements of building plans. Scales physically 
look like a ruler, but are marked differently. There 
are two basic types of scales: architect and engineer. 
Architect scales use common fractions to determine 
lengths. House plans are generally drawn to a scale 
of 1/4" = 1', or 1/8" = 1'. This is the same as saying that 
the scale is 1" = 4', but commercial and industrial 
buildings are generally too large to be drawn to this 
scale. If a building is 500 feet in length it would 
require a minimum of 125 inches to draw the build-
ing at a scale of 1" = 4'. For this reason, plans for 
commercial and industrial building are draw to a 
much larger scale. An engineer scale would be used 
when working with a plan of this type. The engineer 
scale contains scales that work with factors of 10, 
such as 1" = 10', 1" = 30', and up to 1" = 60'. Scales 
are generally triangular shaped to permit six differ-
ent scales on one measuring device, Figure 1-2. 

Table 1-1

Conversions of tenths of a foot to inches.

Tenths Decimal Fractional

0.1 ft 1.2 in. 13⁄16 in.

0.2 ft 2.4 in. 23⁄8 in.

0.3 ft 3.6 in. 35⁄8 in.

0.4 ft 4.8 in. 413⁄16 in.

0.5 ft 6 in. 6 in.

0.6 ft 7.2 in. 73⁄16 in.

0.7 ft 8.4 in. 83⁄8 in.

0.8 ft 9.6 in. 95⁄8 in.

0.9 ft 10.8 in. 1013⁄16 in.

1" = 10'

1" = 50'

1" = 20'

1" = 40'

1" = 30'

1" = 60'

FIGURE 1-2  Scales are triangular shaped to permit them to provide six different scale values.
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	 Chapter 1    Plans and Sitework	 5

Above the 0 is a smaller number 12, and above 
the 1 is a smaller number 11, and above the 2 is a 
smaller number 10. These smaller numbers permit 
the scale to be read from the opposite end. Like the 
larger numbers, mentally add a zero to each. This 
scale represents a scale of 1" = 10'. Since it contains 
a total of 12 inches, it can measure a total length of 
120 feet.

Because the composite site plan is drawn to 
a scale of 1" = 50', the 1" = 50' scale will be dis-
cussed next. Like the previous example, to better 
understand how to use this scale, mentally add a 
zero after each number. The 2 becomes 20 and the 
4 becomes 40. At a length of 1 linear inch the scale 
represents a distance of 50 feet, Figure 1-4. The 
scale is divided by larger and smaller hash marks. 
The space between each of the larger hash marks 
represents a distance of 10 feet. There are 10 smaller 
hash marks between each of the larger. Each of the 
small hash marks represents a distance of 1 foot. 

Reading the Scale

Reading a scale may seem difficult until you 
understand a few basic principles. A portion of the 
1" = 10' scale is shown in Figure 1-3. The scale is 
divided into 12 one-inch segments like a common 
ruler, but there are 10 marks between each of the 
1 inch divisions. To better understand how to use this 
scale, mentally add a zero after the numbers shown. 
The number 1 becomes 10 and the number 2 becomes 
20. Since this scale is designed to represent a scale of 
1" = 10', the first inch mark would represent 10 feet. 
There are 10 hash marks between 0 and 1. Each hash 
mark, therefore, represents a distance of 1 foot. A 
larger hash mark midway between the inch marks is 
added for convenience. There are also 10 hash marks 
between the 1 and 2. Adding a mental zero after the 2 
would indicate that it represents a distance of 20 feet. 
The first hash mark after the 1-inch mark or 10 feet 
mark would indicate a distance of 11 feet. 

1" 1"

10' 20'1'
5'

11'

1"

50'
10'

20'
30'

40'

FIGURE 1-3  The 1" = 10' scale.

Figure 1-4  The 1" = 50' scale.
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6	 Chapter 1    Plans and Sitework

The smaller numbers show above the larger numbers 
permits the scale to be read from the opposite end. 
The number above the 0 is 60. By mentally adding a 
zero, 60 becomes 600. This scale can measure a total 
distance of 600 feet.

  Sitework

There may be requirements for several different 
types of electrical systems to be installed on the site 
apart from the building itself. The electrician should 
review the plans and specifications carefully to be 
aware of all requirements. It is then the responsibil-
ity of the electrical contractor/electrician to ensure 
that these requirements are met and that installations 
are made at the most advantageous time and in a 
fashion that will not conflict with sitework being 
carried out by other trades.

 Testing the Site for Grounding 
Requirements

When determining the site for a building, one of the 
most important considerations is the system ground. 
Proper grounding helps protect against transient cur-
rents, electrical noise, and lightning strikes. Several 
methods can be used to test the electrical grounding sys-
tem. The effectiveness of the grounding system greatly 
depends on the resistivity of the earth at the location of 
the system ground. The resistivity of the earth varies 
greatly throughout the world and even within small 
areas. Many factors affect the earth’s resistivity such 
as soil type (clay, shell, sand, etc.), moisture content, 
electrolyte content (acids, salts, etc.), and temperature.

In theory, the system ground is considered to 
have a resistance of zero because it is connected to 
system grounds everywhere, via the neutral con-
ductor, Figure 1-5. In actual practice, however, the 

Service panel

Neutral conductors

Neutral bus

Grounding rod

FIGURE 1-5  All neutral conductors are bonded together, forming a continuous grounding system.
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	 Chapter 1    Plans and Sitework	 7

current carrying capacity of the grounding system 
can vary greatly from one area to another.

Testing

There are different methods for determining the 
resistivity of the grounding system. An old method 
used by electricians for many years is to connect a 
100-watt lamp between the ungrounded (hot) con-
ductor and the grounding conductor, Figure 1-6. To 
perform this test, the grounding conductor must be 
disconnected from the neutral bus in the panel. The 
brightness of the lamp gives an indication of the 
effectiveness of the grounding system. Although this 
test indicates whether the grounding system works, it 
does not indicate the actual resistance of the system. 
To measure the actual resistance of the grounding 
system requires the use of special equipment such as 
a ground resistance tester, Figure 1-7. There are three 
main tests used to measure ground resistance: the 
Wenner four-point test, the three-point fall-of-poten-
tial test, and the clamp-on ground resistance test.

The Wenner Four-Point Method

The Wenner four-point test is generally performed 
before building construction begins. This method 

100-watt lamp

Grounding conductor

Circuit breaker

Grounding rod

FIGURE 1-6  A 100-watt lamp is used to test the 
grounding system.

FIGURE 1-7  Ground resistance tester.
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measures the ground resistance over a wide area. The 
results are used in designing the grounding system to 
ensure that it performs properly. This test requires the 
use of a 4-pole ground resistance meter, four metal 
rods, and conductors. The four rods are driven into 
the ground in a straight line, with equal space between 
each rod, Figure 1-8. To perform this test, the ground 
resistance tester produces a known amount of current 
between rods C1 and C2, producing a voltage drop 
across rods P1 and P2. The amount of voltage drop 
is proportional to the amount of current and ground 
resistance. Readings are generally taken with probes 
C1 and C2 spaced 5, 10, 15, 20, 30, 40, 60, 80, and 
100 feet apart. If possible, it is recommended to per-
form the test with the probes spaced 150 feet apart.

The calculated soil resistance is the average of the 
soil resistance from the surface to a depth equal to the 
space between the probes. If the probes are set 30 feet 
apart, for example, each probe will provide an average 
resistance measurement from the surface to a depth 
of 30 feet. The tests should not only be made with the 
probes spaced different distances apart but also with 
the probes in different directions from a central point. 
If the site is large enough, it is generally recommended 
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8	 Chapter 1    Plans and Sitework

C1 C2P1 P2

Current flow

Voltage drop

Ground resistance meter

FIGURE 1-8  The Wenner four-point test.

	 3.	 a voltage probe that is inserted at various dis-
tances between the grounding rod and the cur-
rent probe (C). The voltage probe is placed in 
a straight line between the grounding rod and 
the current probe.

Ideally, the current probe (B) should be placed at 
a distance that is at least 10 times the length of the 
grounding rod (A), Figure 1-9. If the grounding 
rod is 8 feet in length, the current probe should be 
placed at least 80 feet from the grounding rod.

To perform this test, the grounding rod must be dis-
connected (electrically isolated) from the neutral bus 
in the service panel. Failure to do so will completely 
invalidate the test. The meter provides a known amount 
of current that flows from the current probe and back 
to the meter through the system grounding rod. The 
resistance of the earth causes a voltage drop that is 
measured between the current probe and the voltage 
probe. The amount of voltage drop is proportional to 
the amount of current flow and the ground resistance. 

to perform the test along at least two sides, generally 
from one corner to the other. It should be noted that 
underground structures such as metal water pipes 
can influence the readings. The best results will be 
obtained by gathering as much data as possible.

Three-Point Fall-of-Potential Test

The fall-of-potential test requires the use of a 
ground resistance meter. It is performed after the 
installation of the grounding system and should be 
done annually to ensure the quality of the grounding 
system. Annual testing provides protection against 
the degradation of the system before damage to 
equipment and performance problems occur.

In the three-point fall-of-potential test, the three 
points of ground contact are

	 1.	 the system ground (grounding rod) (point A);

	 2.	 a current probe placed some distance from the 
grounding rod (point B); and
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	 Chapter 1    Plans and Sitework	 9

System grounding
rod (A)

Voltage
probe (C)

Current
probe (B)

FIGURE 1-9  The three-point fall-of-potential test.

Resistance readings should be taken at several loca-
tions by moving the voltage probe a distance equal to 
10% of the distance between the system grounding 
rod and the current probe. If performed properly, the 
three-point ground resistance test is the most accurate 
method of determining ground resistance.

The Clamp-On Ground  
Resistance Test

The clamp-on ground resistance test requires the 
use of a special clamp-on ground resistance meter. 
This test has several advantages over the three-point 
fall-of-potential test.

	 1.	 The service grounding system does not have to 
be disconnected and isolated from the neutral 
bus.

	 2.	 There are no probes that have to be driven into 
the ground or long connecting conductors.

	 3.	 The neutral conductor supplied by the utility 
company ties innumerable grounds together in 
parallel. The clamp-on ground tester measures 
the effective resistance of the entire grounding 
system.

	 4.	 Because this test is performed by a clamp-on 
meter, there are no connections that have to 
be broken or reconnected, resulting in a safer 
procedure, Figure 1-10.

The clamp-on ground resistance tester, Figure 1-11, 
contains two transformers. One transformer induces 
a small fixed voltage at approximately 2 kHz on the 
grounding conductor. If a path exists, the voltage will 
result in a current flow. The path is provided by the 
grounding system under test, the utility neutral, and 
the  utility grounding system. The second transformer 
inside the meter senses the amount of current at the 
unique frequency provided by the first transformer. 
The  amount of current is proportional to the induced 
voltage and the resistance of the grounding system. The 
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10	 Chapter 1    Plans and Sitework

Clamp-on
ground tester

Grounding electrode conductor

Grounding rod

Utility neutral
conductor

Neutral bus

FIGURE 1-10  The clamp-on ground resistance 
test.

FIGURE 1-11  Ground resistance tester.
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meter uses the two known electrical quantities to calcu-
late the resistance of the grounding system.

The information gathered from these tests is 
used to help determine the best grounding method 
for the electrical installation. In some cases it 
may be necessary to employ multiple ground rods 
connected together, Figure 1-12, or other types of 
grounding electrodes as discussed in NEC 250.50, 
250.52, and 250.53.

Grounding and Bonding Considerations

Many technicians and electricians pay little atten-
tion to grounding and know only the basic require-
ments specified by the National Electrical Code. 
However, grounding is one of the most important 
parts of any electrical installation. Proper grounding 
protects circuits and equipment from destruction and 

personnel from injury. Grounding is generally thought 
of as connecting a system to earth via a grounding 
electrode, as shown in Figure 1-10. In reality, ground-
ing is connecting a circuit to a common point of refer-
ence. Almost all grounded systems are connected to 
earth, which is a common point of reference, but the 
earth generally does not provide the low-impedance 
path necessary to protect against ground-fault cur-
rents. NEC 250.4(A)(5) states, The earth shall not be 
considered an effective ground-fault current path.*

Grounding not only provides a low-impedance 
path for fault currents, but it also provides a common 
point of reference for different electrical systems 
and voltages, Figure 1-13. A low-impedance path 
exists from the alternator supplying power to the last 
device connected to the circuit. The alternator has 
an output of 13.8 kV, which is stepped up to 138 kV 
for transmission. The voltage is stepped back down 
to 13.8 kV at a unit substation. The plant substa-
tion steps the voltage down to 480 volts to feed the 

*Source: NFPA 70-2017
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	 Chapter 1    Plans and Sitework	 11

plant bus system. Other 3-phase and single-phase 
transformers are powered by the plant bus. A battery 
backup system is used by an uninterruptable power 
supply. All of these different power systems and 
voltages are connected together via grounding con-
ductors. Grounding is also used to protect against 
lightning, static electricity, and the influence of 
high frequency. It should be noted, however, that 
the grounding requirements listed in the National 
Electrical Code are intended for direct current and 
60-hertz AC systems. These requirements may not 
provide an effective ground for high frequency. 
Alternating current systems are subject to skin 
effect, which is the tendency of electrons to move 
toward the surface of a conductor, Figure 1-14.

The higher the frequency, the greater the skin 
effect. At a frequency of 10 MHz, a 6 AWG cop-
per conductor may exhibit a resistance of several 
thousand ohms. High-frequency circuits must be 
grounded with a conductor that contains a large sur-
face area, such as braided cable or wide copper tape.

Safety

Besides providing a common point of connection 
for different systems and voltages, grounding plays 
a large part in the safety of equipment and personal. 

Battery

Alternator
13.8 kV

13.8 kV
(Plant Service Entrance)

138 kV
(Transmission Line)

480 V
(Plant Substation)

(Plant Bus System)

208/120 V 3 Phase

240/120 V 1 Phase Battery Back-up

FIGURE 1-13  A low-impedance ground is connected throughout the system.

Grounding electrode conductor

Grounding rod

Utility neutral
conductor

Neutral bus

FIGURE 1-12  It is sometimes necessary to 
connect multiple grounding electrodes together.
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12	 Chapter 1    Plans and Sitework

The phase current will be 13.85 A (277/20). 
Because the stator windings are connected in wye, 
the line current will be the same as the phase cur-
rent. Now assume that one of the phase windings 
develops a shorted winding to ground. If only part of 
the winding is shorted, the motor may still operate 
with an increase of current on two of the lines, and 
the current may not be sufficient to cause the circuit 
breaker to open, Figure 1-16.

If the case of the motor is not grounded, there is 
no complete circuit for current flow, which causes 
the case of the motor to exhibit a voltage of approxi-
mately 277 volts to ground. Anyone touching the 
motor is in danger of electrocution. The resistance of 
the human body can vary from as low as 500 ohms 
to as high as 600,000 ohms. Assume that a person 
touching the motor has a resistance of 1000 ohms 
to ground. That would produce a current flow of 
approximately 277 mA, which is about three times 
the amount necessary to cause death.

If the motor is properly grounded, Figure 1-17, 
the grounding conductor will provide a very low-
impedance path to ground. The low-impedance 

When the grounding system is properly installed 
and maintained, it provides a low-impedance path to 
ground. A common saying among people in the elec-
trical trades is that current follows the path of least 
resistance. There is some truth to that idea, but it is 
not the whole truth. Current will behave in the man-
ner dictated by Ohm’s law. Assume that a 3-phase, 
480-volt motor is protected by a 30-ampere circuit 
breaker. Also assume that the stator windings have 
an impedance of 20 ohms. If the stator windings are 
connected in wye, Figure 1-15, each winding will 
have an applied voltage of 277 volts (480/1.732).

FIGURE 1-14  Alternating current causes electrons 
to move toward the surface of the conductor. This 
action is called skin effect.

30 A 16.5 A

16.5 A

13.85 A

30 A 13.85 A

13.85 A

13.85 A

FIGURE 1-15  A 3-phase motor is connected to 
480 volts.

FIGURE 1-16  One-stator windings develop a short 
to the case of the motor.

30 A 16.5 A

16.5 A

13.85 A

Grounding conductor

FIGURE 1-17  A grounding conductor provides a 
low-impedance path to ground.
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	 Chapter 1    Plans and Sitework	 13

are lengths of wire used to connect the equipment 
to the grounding system. Some examples of where 
bonding jumpers are required are around impaired 
connections such as reducing washers or oversized, 
concentric, or eccentric knockouts. Metallic boxes, 
raceways, cable trays, cable sheath, armored cable, 
metal water pipes, and exposed parts of metal build-
ings are also required to be bonded, Figure 1-18.

  Interpreting the Site Plan

Notations that do not normally appear on a site plan 
have been added to plan Z1 of the plans located in 
the back of the text. These notations are aids used to 
locate specific spots on the plan. The notations are 
identified by an asterisk followed by a number such 
as *1, *2, and so on.

Refer to the Composite Site Plan. Note the 
benchmark located in the southeast quadrant of the 
plan. This is the point at which the surveyor began 

grounding conductor forces the motor case to exist at 
ground potential, and the shock hazard is eliminated. 
Also, the current path to ground will very likely 
cause enough current flow for the circuit breaker to 
open. It should be noted that grounding conductors 
should be installed in the same conduit as circuit con-
ductors; otherwise, the impedance of the grounding 
conductor may increase due to inductance.

Bonding

Bonding is used to connect the metal parts 
of equipment or building structure to the ground-
ing system. The NEC states that Bonding shall 
be provided where necessary to ensure electrical 
continuity and the capacity to conduct safely any 
fault current likely to be imposed.* Article 250 of 
the NEC lists the requirements and specifications 
for the bonding of equipment. Bonding jumpers 

Grounding electrode conductor

Grounding rod

Utility neutral
conductor

Neutral bus

Metal water pipe Grounding clamp

Bonding jumper

Bonding jumper

Bonding jumper

FIGURE 1-18  Bond jumpers are used to connect electrical parts to ground.

*Source: NFPA 70-2017
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14	 Chapter 1    Plans and Sitework

until the cables are pulled in. The telephone company 
later removes this cap and extends the conduit up the 
pole to the point of connection. The conduit is then 
sealed with a special telephone fitting or with a com-
pound known as gunk. A long sweep conduit elbow 
or quarter bend is installed at the base of the pole. At 
the lowest point of this fitting, a small V-groove is 
cut or a 3⁄8 in. (9.5 mm) hole is drilled for moisture 
drainage. This drainage hole is known as a weep 
hole. A small dry well is then constructed below the 
weep hole and is filled with rocks. A pull wire (fish 
wire) is installed in the raceway from the pole to the 
junction box at the point where it enters the building. 
In general, 12-gauge galvanized wire is used as the 
fish wire, but a nylon string will do as well.

Direct Burial Wiring

The electrician may have a choice of several 
methods of installing underground wiring. The selec-
tion of the method to be used depends on the type of 
materials available and whether provisions are to be 
made for replacing the conductors. If direct burial 
cable is used, Figure 1-20, care must be taken to pro-
tect the cable from damage. For example, the cable 
can be installed in the ground to a greater depth than 
that at which normal digging takes place. Added pro-
tection is obtained by placing a treated board over the 
cable to provide a shield against digging and probing 
near the cable. The cable should also be surrounded 
by a layer of sand to prevent any abrasion of the 
cable by sharp stones and other objects in the soil.

Underground Raceways

Although underground raceways are more 
expensive to install, they provide many advantages 
that direct burial installations do not, such as permit-
ting the removal of the original conductors and/or the 
installation of new conductors with higher current or 
voltage ratings. Underground raceways are available 
in a number of different materials, including rigid 
metal conduit and rigid nonmetallic conduit.

Rigid metal conduit can be installed directly 
in the soil if (300.5 and 300.6 of the National 
Electrical Code [NEC]):

•	 ferrous conduits (iron or steel) do not rely 
solely on enamel for corrosion protection;

measuring the elevations seen on the plan. Notice 
that some of the elevation lines have crossing hash 
marks. The hash marks indicate that that section of 
the elevation is to be changed. Locate the contour 
lines for 748 and 749. Parts of these lines have 
crossing hash marks and parts do not. Only the sec-
tions denoted with hash marks are to be changed.

The new elevations are shown with dark heavy 
lines. These dark heavy lines are shown to connect 
at some point with the existing contour lines. The 
elevation of the connecting contour line indicates 
what the new elevation is intended to be. At position 
*1, located in the upper southwest quadrant, a heavy 
dark line connects with the 749 elevation line. The 
area indicated by the new contour line is to be 749. 
Locate the new contour line connecting with the 749 
contour line at *2. Trace this line to the point where it 
intersects with the layout of the building. Notice that 
the entire building is positioned in an area marked by 
these two new contour lines. This indicates that the 
building site is to be changed to a uniform 749 ft in 
preparation for pouring the concrete slab.

The site plan indicates that the industrial building 
has an elevation of 751.5 ft. This is the elevation of 
the poured concrete slab. The difference in elevation 
between the finished slab height and finished ground 
elevation is the thickness of the concrete slab. In this 
example the concrete slab will be poured to a thick-
ness of 30 in.

New spot elevations are used to indicate an 
elevation different from that marked by the plot 
plan. For example, locate the new contour line at *3. 
This new contour line connects to the 747 contour 
line. Now locate the new spot elevation at position 
*4. The arrow points to the curb inlet drain. The curb 
inlet drain is located in an area that is indicated to be 
747 ft. The new spot elevation, however, shows that 
the curb inlet drain is to be 0.3 ft (90 mm) lower than 
the surrounding area.

Telephone Service

Telephone service is provided by conduit that 
runs from the telephone pole. The conduit runs 
underground at a minimum depth of 18 in. (450 mm) 
and then is run up the telephone pole for a distance of 
8 ft (2.5 m), Figure 1-19. A temporary standard pole 
cap is installed to protect the equipment from water 
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	 Chapter 1    Plans and Sitework	 15

large or sharply angular substances, or corrosive 
material.

Special precautions should be taken when using 
nonferrous conduit (aluminum) to prevent the conduit 

•	 the conduit is made of a material judged suit-
able for the condition; and

•	 the conduit is not placed in an excavation that 
contains large rocks, paving materials, cinders, 

Minimum 8 ft (2.5 m)
above finished grade

[NEC 300.5(D)(1)]

D

A

C

B

A

B

C

D

E

F

G

H

Treated pole

Pole cap

Fish wire

Trade size 2 rigid metal conduit, intermediate metal conduit,
or schedule 80 pvc [NEC 300.5(D)(4)]

Long sweep ell

Dry well

Underground raceway

Grade

Minimum 18-in. (450-mm) cover (NEC Table 300.5)

E

FG

H

Minimum of 1/6 of
total pole length

FIGURE 1-19  Telephone service installation.

Finished grade

24-in. (600-mm)
minimum

Treated running board

6 in. (150 mm) of sand

Cable approved for
direct burial 

Fill dirt

FIGURE 1-20  An installation of direct burial cable.
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16	 Chapter 1    Plans and Sitework

conduit must be encased in not less than 2 in.  
(50 mm) of concrete.

NEC Article 344 gives the installation require-
ments for rigid metal conduit and NEC Article 352 
covers rigid polyvinyl chloride conduit type PVC.

The minimum requirements for the installation 
of conduit and cables underground are given in NEC 
Table 300.5. The general installation requirements 
are as follows.
For direct burial cables:

•	 the minimum burial depth is 24 in. (600 mm);

•	 where necessary, additional protection is to 
be provided, such as sand, running boards, or 
sleeves;

•	 a residential exception permits cable burial to a 
depth of only 12 in. (300 mm) with GFCI pro-
tection; NEC Table 300.5, column 4.

For rigid polyvinyl chloride conduit type PVC:

•	 the minimum burial depth is 18 in. (450 mm);

•	 a 12 in. (300 mm) burial depth is permitted if a 
2 in. (50 mm) concrete cover is provided over 
conduit;

from contacting sodium chloride (salt) mixtures. 
Concrete mixes often use such mixtures to lower 
the freezing temperature of the green concrete. The 
chemical reaction between the aluminum and the salt 
may cause the concrete to fracture or spall (chip or 
fragment). When protection is desired or required for 
the type of raceway used, concrete is poured around 
the conduit, as shown in Figure 1-21, with at least 
2 in. (50 mm) of cover in compliance with NEC Table 
300.5.

The use of rigid polyvinyl chloride conduit type 
PVC is covered in NEC Article 352. These conduits 
may be used:

•	 concealed in walls, floors, and ceilings;

•	 under cinder fill;

•	 in locations subject to severe corrosive conditions;

•	 in dry and damp locations;

•	 exposed where not subject to physical damage; 
and

•	 underground.

If the electrical system to be installed operates 
at a potential higher than 600 volts, the nonmetallic  

6 in. (150 mm) minimum for rigid
metal conduit (RMC)
18 in. (450 mm) minimum for 
other raceways
12 in. (300 mm) with concrete
encasement

2 in.
(50 mm)
minimum

Concrete encasements are
required for certain
types of raceways Plastic support permits concrete

to flow under and around raceway

Earth

Fill

FIGURE 1-21  Concrete encasement of raceways.
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ber and size of raceways and conductors that are to 
be installed. The drain is an important part of the 
installation because it removes moisture and allows 
the manhole to remain relatively dry. If a storm sewer 
is not available for drainage, the installation of a dry 
well is an alternate choice.

Lighting Standards

Most types of area lighting standards require 
the installation of a concrete base, Figure 1-23. The 
manufacturer of the lighting standard should provide 
a template for the placement of the anchor bolts. If 

•	 a 24 in. (600 mm) burial depth is required in 
areas subjected to heavy vehicular traffic.

For rigid conduit:

•	 the minimum burial depth is 6 in. (150 mm);

•	 a 24 in. (600 mm) burial depth is required in 
areas subjected to heavy vehicular traffic.

Manholes

Underground raceways terminate in underground 
manholes similar to the one shown in Figure 1-22. 
These manholes vary in size depending on the num-

Manhole rim Manhole cover Grade elevation

Backfill

May be concrete
or brick

Conduit

Drain

Trap

Invert elevation

Pulling ring

Cable rack

Manhole
head

SEE NEC ARTICLE 110 PART V

FIGURE 1-22  Typical manhole.

01929_ch01_ptg01_001-025.indd   17 21/11/16   9:21 AM

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203


