
Manual of Water Supply Practices

Ideal crop marks Ideal crop marks

PE Pipe—
Design and Installation

M55

Second Edition

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


Manual of Water Supply Practices

M55

PE Pipe—Design and 
Installations
Second Edition

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


American Water Works Association
6666 West Quincy Avenue
Denver, CO 80235-3098
awwa.org

All rights reserved. No part of this publication may be 
reproduced or transmitted in any form or by any means, 
electronic or mechanical, including scanning, recording, or any 
information or retrieval system. Reproduction and commercial 
use of this material is prohibited, except with written permission 
from the publisher. Please send any requests or questions to 
permissions@awwa.org.

Manual of Water Supply Practices—M55, First Edition

PE Pipe—Design and Installation

Copyright © 2020 American Water Works Association

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any means, 
electronic or mechanical, including photocopy, recording, or any information or retrieval system, except in 
the form of brief excerpts or quotations for review purposes, without the written permission of the publisher.

Disclaimer
The authors, contributors, editors, and publisher do not assume responsibility for the validity of the content 
or any consequences of its use. In no event will AWWA be liable for direct, indirect, special, incidental, or 
consequential damages arising out of the use of information presented in this book. In particular, AWWA 
will not be responsible for any costs, including, but not limited to, those incurred as a result of lost revenue. 
In no event shall AWWA’s liability exceed the amount paid for the purchase of this book.
If you find errors in this manual, please email books@awwa.org.  
Possible errata will be posted at www. awwa.org/M55.

Managing Editor/Project Manager: Melissa Valentine
Technical Editor: Melissa Valentine
Cover Design/Technical Illustrations: Mike Labruyere
Manager, Publishing Operations: Gillian Wink
Production: Innodata
Senior Specialist - Manuals: Willadee Hitchcock
Manuals Coordinator 2: Janet Greifinger

Library of Congress Cataloging-in-Publication Data

Library of Congress Control Number: 2020942018

Printed in the United States of America

ISBN 978-1-64717-020-2	 eISBN 978-1-61300-560-6

	 DOI https://doi.org/10.12999/AWWA.M55ed2

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 pre

vie
w, 

cli
ck

 buy 
fu

ll 
ve

rs
io

n

https://www.stdhive.com/standards/awwa-m55-pdf/


iiiAWWA Manual M55

Contents

List of Figures, vii

List of Tables, xi

Preface, xiii

Acknowledgments, xv

Chapter 1 Engineering Properties of Polyethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Polymer Characteristics, 1
Mechanical Properties, 4
Other Physical Properties, 7
Chemical Properties, 9
Environmental Considerations, 10
Long-Term Properties, 12
Industry Standards, 14
Summary, 16
References, 17

Chapter 2 Manufacturing, Testing, and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Pipe Manufacture, 20
Fittings Manufacture, 22
Testing and Inspection, 23
Summary, 25
References, 26

Chapter 3 Hydraulics of PE Pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Determining the Flow Diameter of a PE Pipe, 27
Friction Head Loss, 28
Darcy-Weisbach Friction Factor, 28
Hazen-Williams Formula, 30
Fittings, 31
Air Binding, 32

Chapter 4 Working Pressure Rating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Pressure Class, 36
Surge Considerations, 37
Working Pressure Rating, 40
References, 42

Chapter 5 External Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Flexible Pipe Design, 43
Trench Terminology, 44
Soil Classes, 45
Soil Compaction, 45
Basic and Engineered Installations, 46

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


iv AWWA Manual M55

PE PIPE—DESIGN AND INSTALLATION

Basic Installation, 46
Engineered Installation, 47
Pipe Deflection, 47
Load on Pipe, 48
Pipe Stiffness, 50
Soil Stiffness, 51
Composite Soil Stiffness, 52
Bedding Coefficient, 52
Time Lag, 53
Embankment Condition, 53
Deflection Limits, 54
Flowable Fill, 54
Wall Buckling, 55
Wall Compressive Stress, 57
Examples, 57
References, 59

Chapter 6 Joining and Fittings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Heat Fusion Joining, 61
Mechanical Joining, 69
Mainline Fittings, 74
Molded and Fabricated Fittings, 74
Branching and Tapping, 75
Service Connections, 76
References, 78

Chapter 7 Transportation, Handling, and Storage of Pipe and Fittings  . . . . . . . . . 81
Receiving Inspection, 81
Product Packaging, 82
Checking the Order, 82
Load Inspection, 83
Receiving Report and Reporting Damage, 84
Unloading Instructions, 84
Unloading Site Requirements, 84
Handling Equipment, 84
Unloading Large Fabrications, 85
Preinstallation Storage, 85
Pipe Stacking Heights, 86
Exposure to Ultraviolet Light and Weather, 86
Cold Weather Handling, 87
Field Handling, 88

Chapter 8 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Excavation, 91
Locating Wires or Tapes, 96
Flowable Fill, 96
Construction Considerations, 97
References, 103

Chapter 9 Hydrotesting and Commissioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Flushing, 105
Filling, 105
Leak Testing, 106

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


vAWWA Manual M55

CONTENTS

Records, 108
Disinfection, 108
Commissioning, 109
References, 109

Chapter 10 Maintenance and Repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Disinfecting Water Mains, 111
Cleaning, 111
Maintenance, 112
Repairs, 113
New Service Connections, 113
New Connections to Mains, 114
References, 117

Chapter 11 Trenchless Installations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Allowable Tensile Load, 120
Horizontal Directional Drilling, 121
Pipe Bursting / Pipe Splitting, 122
Sliplining, 122
Close-Fit and Compression HDPE Pipe Linings, 122
References, 123

Appendix A Model Specifications for PE4710 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

Appendix B Earthquake Applications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

Appendix C Marine Installations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

Appendix D Case Studies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

Appendix E PE4710 Pipe Data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

Index, 163

List of AWWA Manuals, 171

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


viiAWWA Manual M55

Figures

1-1	 Example and performance features of the modes of a bimodal PE pressure pipe 
resin, 3

1-2	 Traditional model of HDPE, 4
1-3	 Generalized tensile stress-strain curve for PE pipe grades, 6

2-1	 Typical extrusion line, 20
2-2	 Typical pipe extruder, 21
2-3	 Typical injection molding machine, 22
2-4	 Prefabricated 90° elbow being attached in field, 23

3-1	 Moody diagram, 29

5-1	 Flexible Pipe Deflection, 44
5-2	 Trench construction and terminology, 45
5-3	 Ovality correction factor, 56

6-1	 Butt fusion joint, 63
6-2	 Typical butt fusion machine (butt fusion machines are available to fuse pipe up to 

65 in. in diameter) , 63
6-3	 Conventional saddle fusion joint, 65
6-4	 Typical electrofusion saddle fusion, 66
6-5	 Socket fusion joining, 67
6-6	 Typical electrofusion joint, 68
6-7	 Typical electrofusion fitting, 68
6-8	 Mechanical compression coupling with restraint—PE restrained by electrofusion 

flex restraints—PVC pipe restrained using a tapered gripping ring, 70
6-9	 PE flange adapter, 71
6-10	 Mechanical flange adapter with insert stiffener, 72
6-11	 MJ adapter, 72
6-12	 Transition fittings, 73
6-13	 Molded and fabricated elbows, 74
6-14	 Electrofusion branch saddle connected to gate valve by MJ adapters, 75
6-15	 Conventional saddle fusion and electrofusion branch saddles, 75
6-16	 Mechanical tapping saddle, 76
6-17	 Saddle tapping tees, 77
6-18	 Corporation stop saddles, 77
6-19	 HDPE Service Line, 77

7-1	 Typical silo pack truckload, 82
7-2	 Typical bulk pack truckload, 83

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


viii AWWA Manual M55

PE PIPE—DESIGN AND INSTALLATION

7-3	 Typical strip load truckload, 83
7-4	 Forklift load capacity, 85
7-5	 Loose pipe storage, 86

8-1	 Trench box installation, 92
8-2	 Trench Width, 93
8-3	 Soil padding for buried pipeline, 96
8-4	 Bend radius, 98
8-5	 Pullout prevention technique, 99
8-6	 Pullout prevention technique, 100
8-7	 In-line anchor using flex restraint, 100
8-8	 In-line anchor using integral pipe collar (wall anchor), 100
8-9	 Controlling shear and bending, 102
8-10	 Flange support at wall, 102
8-11	 Appurtenance support pad, 103

10-1	 Attachment of mechanical saddle, 114
10-2	� Corp stop attached to mechanical saddle, 114
10-3	 Electrofusion processor, 115
10-5	� A 6-in. outlet saddle with MJ adapter for fusion on 8-in. PE pipe, 115
10-4	� Electrofusion saddle with corp stop and cutter attached through corp stop to make 

hot tap [use new 10-19.jpg full size file on onedrive], 115
10-6	� Electrofusion coupling connecting PE reducing tee with mechanical joint 

adapter to, 115
10-7	 In-the-trench sidewall fusion to attach PE pipeline saddle to water line , 116
10-8	� Tapping sleeve with MJ outlet, 116
10-9	� Compression by flange coupling for use in joining PE to other materials, 116

11-1	 Typical HDD drill rig. (Note: can be set up within one traffic lane.), 121

D-1	 San Antonio Water System, 136
D-2	 West Monroe, LA, 137
D-3	 City of Lago Vista, TX, 138
D-4	 Fort Wayne City Utilities, IN, 139
D-5	 Mammoth Cave National Park Project, 140
D-6	 City of Duluth, MN, 141
D-7	 City of Casselberry, FL, 142
D-8	 Citizens Energy Group-White River Water, 143
D-9	 East Bay Municipal Utility District, CA, 144
D-10	 City of Miami Beach, FL, 145
D-11	 East Windsor Municipal Utility District, NJ, 146
D-12	 City of Arlington, TX, 147
D-13	 City Utilities of Springfield, MO, 148
D-14	 City of Fort Lauderdale, FL, 149
D-15	 Harris County MUD, Houston, TX, 150

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


ixAWWA Manual M55

CONTENTS

D-16	 City of Palo Alto, CA – Waverly, 151
D-17	 Citizens Energy Group, IN, 152
D-18	 City of Tulsa, OK, 153
D-19	 Colorado Springs Utilities, CO, 154
D-20	 City of Maple Ridge, BC, Canada, 155
D-21	 King County Wastewater Treatment Division, WA, 156
D-22	 US Army Corps of Engineers, VA, 157
D-23	 City of Palo Alto, CA – Sewer Rehabilitation, 158

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


xiAWWA Manual M55

Tables

1-1	 Effects of density, molecular weight, and molecular weight distribution, 2
1-2	 Electrical properties of PE, 9
1-3	 Example of D3350 Cell Classification for PE4710, 15

3-1	 Representative equivalent length in pipe diameters of various piping 
components, 32

4-1	 PE4710 HDB for standard compound, 37
4-2	 PE4710 PC* for standard powater distribution pipe at 80°F (27°C)., 37
4-3	 PE4710 Temperature compensation multipliers, FT , 37
4-4	 Surge pressures generated by a sudden change in water flow velocity for PE pipes 

operating at service temperatures through 80°F (27°C), 39
4-5	 PE4710 working pressure rating for recurring surge events as a result of 

instantaneous change in water column velocity, 41

5-1	 Soil classes for pipe installation, 46
5-2	 HS-20 live loads (includes impact) for rigid pavement (lb/in.2), 49
5-3	 HS-20 live loads (includes impact) for flexible pavement (lb/in.2), 49
5-4	 Railroad live loads (lb/in.2) (includes impact), 49
5-5	 Apparent modulus of elasticity of PE at 73° F, psi, 50
5-6	 Modulus of soil reaction, E′, values, psi, 51
5-7	 Values for the soil support combining factor, Sc, 52
5-8	 E′N based on SPT values, psi, 53
5-9	 Allowable deflection for PE pressure pipe, 54

7-1	 Suggested jobsite loose storage stacking heights for conventionally extruded pipe 
lengths, 87

8-1	 Maximum particle size permitted in embedment, 90
8-2	 Recommended trench width for basic installation, 93
8-3	 Minimum cold (field)  bending radius (long-term), 97
8-4	 Approximate Poisson’s pullout force for PE4710 DIPS DR17, 101

9-1	 Standard pressure class, 107

11-1	 PE 4710 typical safe pull stress (psi) @ 73°F , 120

B-1	 Observed ground strains due to permanent ground deformation, 128
B-2	 Japanese observations in past earthquakes, 129

C-1	 Minimum short-term bending radius, 132

E-1	 PE4710 C906 Ductile-Iron Outside Diameter (DIOD/DIPS), 160
E-2	 PE4710 C906 Iron Pipe Sizes (IPS), 161

Copyright © 2020 American Water Works Association. All Rights Reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/awwa-m55-pdf/


xiii AWWA Manual M55

Preface

M55

This is the second edition of AWWA M55, PE Pipe—Design and Installation. The manual 
provides the user with both technical and general information to aid in the design, 
specification, procurement, installation, and understanding of the high-density 
polyethylene (HDPE) pipe and fi�ings. It is a discussion of recommended practice, not an 
American Water Works Association (AWWA) standard calling for compliance with certain 
specifications. It is intended for use by utilities and municipalities of all sizes, whether 
as a reference book or textbook for those not fully familiar with HDPE pipe and fi�ings 
products. Municipal and consulting engineers may use this manual in preparing plans and 
specifications for new HDPE pipe projects.

The manual describes HDPE pipe and fi�ings products and certain appurtenances, 
and their applications to practical installations, whether of a standard or special nature. 
For adequate knowledge of these products, the entire manual needs to be studied. Readers 
will also find the manual a useful source of information for assistance with specific or 
unusual conditions. The manual contains a list of applicable national standards, which 
may be purchased from the respective standards organizations (e.g., AWWA, ASTM, etc.). 
Readers should use the latest editions of the standards that are referenced.

Credit is extended to The Plastics Pipe Institute, Inc. (www.plasticpipe.org) for its 
contribution to the manual.
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