Table of Contents | iii

Contents

Foreword The Plastics Pipe Institute Handbook of Polyethylene Pipe
Chapter 1 Introduction 5
Features and Benefits of PE Pipe 6
References 13

Chapter 2 Inspections, Tests and Safety Considerations

Introduction 15
PE Piping in the Field 16
Packaging for Commercial Transport 16
Receiving Inspection 18
Checking and Inspecting the Order 19
Receiving Report & Reporting Damage 19
Field Handling 20
Handling Equipment 21
Unloading Site 22
Unloading Bulk Packaged Pipe, Fittings and Fabrications 22
Unloading Large Fabrications, Manholes and Tanks 22
Pre-Installation Storage 22
Pipe Stacking Heights 23
Exposure to UV and Weather 24
Cold Weather Handling 25
General Considerations Before and During Installation 25
Pre-Construction 25
Joining and Connections 25
Cleaning Before Joining 27
Field Fusion Joining 27
During Construction and Installation 28
Damage Inspections 28
Butt Fusion Joint Quality 28
Soil Tests 29
Deflection Tests for ID controlled Pipes 30
Post Installation 32
Leak Testing — Considerations for All Procedures 32
Pressure System Leak Testing — Hydrostatic 34
Pressure System Leak Testing — Pneumatic 35
Pressure System Leak Testing — Initial Service 36
Non-Pressure System Leak Testing 37
Non-Testable Systems 37
Considerations for Post Start-Up and Operation 37

Disinfecting Water Mains 37



iv | Table of Contents

Chapter 3

Cleaning
Squeeze-Off
References

Material Properties
Introduction

PE Plastics

History of PE
Manufacture of PE
Polymer Characteristics
Density

Crystallinity

Molecular Weight
Effect of Molecular Weight Distribution on Properties
PE Piping Materials
Structural Properties

PE Pipe Material Designation Code Identifies the
Standard Classification of Essential Properties

Stress/Strain Response and its Representation by
Means of an Apparent Modulus

Apparent Modulus Under Compressive Stress
Stress / Fracture Behavior and the Determination of Working Strength

Establishing a PE’s Long-Term Hydrostatic Strength (LTHS)
and its Derivative, The Hydrostatic Design Basis (HDB)

Compensating for the Effect of Temperature on Working Strength
Compressive Strength

Evaluating the Resistance to Slow Crack Growth (SCG)
of a Sharply Notched PE Specimen

Resistance to Pressure Surges
Reaction to Occasional Pressure Surges
Reaction to Frequently Occurring Pressure Surges
Other Engineering Properties
Mechanical Properties
Resistance to Rapid Crack Propagation
Abrasion Resistance
Thermal Properties
Coefficient of Expansion/Contraction
Thermal Conductivity
Specific Heat
Material Classification Properties
Density

38
38
41

43
45
46
46
47
47
48
50
53
55
56

56

57
63
64

66
72
73

73
74
75
75
76
76
79
79
80
80
81
81
81
82



Table of Contents |v

Melt Index 82
Flexural Modulus 83
Tensile Strength at Yield 83

Color and UV Stabilization 84
Electrical Properties 85
Static Charge 85
Chemical Resistance 85
Permeability 88
Properties Related to Durability 90
Weatherability 90
Stabilization 90
Biological Resistance 91
Properties Related to Health and Safety Concerns 92
Toxicological 92
Health Effects 92
Flammability 92
Combustion Toxicity 93
References 93
Appendix A: Pipe Pressure Rating (PR) And Pressure Class (PC) 95
Appendix B: Apparent Elastic Modulus 99
Appendix C: Allowable Compressive Stress 102
Appendix D: Poisson’s Ratio 102
Appendix E: Thermal Properties 103
Appendix F: Electrical Properties 103

Chapter 4 PE Pipe and Fittings Manufacturing

Introduction 105
Raw Materials Description 106
Extrusion Line 107
Raw Materials Handling 107
Extrusion Basics 108
Extruders 110
Breaker Plate /Screen Pack 110
Die Design 110
Pipe Sizing 112
Cooling 114
Pullers 114
Take-off Equipment 114
Saw Equipment and Bundling 115
Injection Molded Fittings 115
Fabricated Fittings 118
Thermoformed Fittings 119
Electrofusion Couplings 119

Injection Molded Couplings 119



vi | Table of Contents

Chapter 5

Chapter 6

Section1

Quality Control/Quality Assurance Testing
Workmanship, Finish, and Appearance
Dimensions
Physical Property Tests
Quality Assurance Summary

References

Standard Specifications, Standard Test Methods
and Codes for PE (Polyethylene) Piping Systems

Introduction
Standard Requirements for PE Piping Materials
Standard PE Piping Material Designation Code

Standard Equation for Determining the Major Stress Induced in a
Pressurized Pipe

Standard Diameters
PE Pipe Standards are Simplified by the Use of Preferred Values

Determining a PE’s Appropriate Hydrostatic Design Stress (HDS)
Category

Determining the Appropriate Value of HDS
A Widely Recognized Source of HDS Recommendations
Standard Specifications for Fittings and Joints
General
Codes, Standards and Recommended Practices for
PE Piping Systems
Plastics Pipe Institute ( PPI)
ISO
NSF International
AWWA
Standard Plumbing Codes
Other Codes and Standards
Factory Mutual
References
Appendix 1
Gas Pipe, Tubing and Fittings
Installation

Design of PE Piping Systems
Introduction

Design Based on Required Pressure Capacity
Pressure Rating
Pressure Rating for Fuel Gas Pipe
Pressure Rating for Liquid Flow Surge Pressure
Controlling Surge Pressure Reactions

121
121
122
122
123
123

125
126
129

130
132
132

134
135
138
139
140

141
141
143
143
144
145
146
146
147
148
150
152

155

157
157
160
161
167



Table of Contents | vii

Section 2 Hydraulic Design of PE Pipe 168
Pipe ID for Flow Calculations 168
Flow Diameter for Outside Diameter Controlled Pipe 168
Pipe Diameter for ID Controlled Pipe 169
Fluid Flow in PE Piping 169
Head Loss in Pipes — Darcy-Weisbach /Colebrook /Moody 169
Pipe Deflection Effects 172
Head Loss in Fittings 173
Head Loss Due to Elevation Change 174
Pressure Flow of Water — Hazen-Williams Equation 175
Pipe Flow Design Example 176
Pressure Flow of Liquid Slurries 177
Particle Size 177
Solids Concentration and Specific Gravity 178
Critical Velocity 178
Compressible Gas Flow 182
Empirical Equations for Low Pressure Gas Flow 183
Gas Permeation 184
Gravity Flow of Liquids 185
Manning Flow Equation 186
Comparative Flows for Slipliners 188
Flow Velocity 189
Pipe Surface Condition, Aging 190
Section 3 Buried PE Pipe Design 191
Calculations 192
Installation Categories 193
Design Process 194
Earth, Live, and Surcharge Loads on Buried Pipe 195
Vertical Soil Pressure 195
Earth Load 196
Live Load 197
AASHTO Vehicular Loading 198
Impact Factor 199
Vehicle Loading through Highway Pavement (Rigid) 199
Railroad Loads 204
Surcharge Load 205
Installation Category 1: Standard Installation - Trench or Embankment 210
Pipe Reaction to Earth, Live, and Surcharge Loads 210

Ring Deflection 210
Apparent Modulus of Elasticity for Pipe Material, E 212

Ring Stiffness Constant, RSC 212
Modulus of Soil Reaction, E’ 213

Soil Support Factor, Fs 215

Lag Factor and Long-Term Deflection 216



viii

Table of Contents

Section 4

Chapter 7

Vertical Deflection Example

Deflection Limits

Compressive Ring Thrust

Allowable Compressive Stress

Ring Compression Example
Constrained (Buried) Pipe Wall Buckling

Luscher Equation for Constrained Buckling Below
Ground Water Level

Constrained Buckling Example
Installation Category #2: Shallow Cover Vehicular Loading
Shallow Cover Example
Installation Category #3: Deep Fill Installation
Compressive Ring Thrust and the Vertical Arching Factor
Earth Pressure Example
Ring Deflection of Pipes Using Watkins-Gaube Graph

Example of the Application of the Watkins-Gaube
Calculation Technique

Moore-Selig Equation for Constrained Buckling in Dry Ground

Critical Buckling Example

Installation Category #4: Shallow Cover Flotation Effects
Design Considerations for Ground Water Flotation
Unconstrained Pipe Wall Buckling (Hydrostatic Buckling)
Ground Water Flotation Example

Thermal Design Considerations
Strength and Stress/Strain Behavior
Thermal Expansion/Contraction Effects
Unrestrained Thermal Effects

End Restrained Thermal Effects

Above Ground Piping Systems

Buried Piping Systems

Appendix A.1

Appendix A.2

Appendix A.3

Underground Installation of PE Piping
Introduction
Flexible Pipe Installation Theory
Terminology of Pipe Embedment Materials
Engineered and Simplified Installation Guidelines for PE Pipe
Simplified Installation Guidelines for Pressure Pipe
Simplfied Step-by-Step Installation
Trenching
De-watering
Bedding

217
217
219
220
220
220

221
223
224
225
226
227
228
229

232
232
233
233
234
238
240

242
242
243
243
244
245
245
249
253
261

265
266
266
268
268
269
269
269
269



Placing Pipe in Trench
Pipe Embedment
Leak Testing

Trench Backfill

Engineered Installation Guidelines for PE Pipe

Deflection Control
Deflection Limit
Pipe Embedment Materials

Table of Contents | ix

270
270
270
270
271
271
273
273

Classification and Supporting Strength of Pipe Embedment Materials 274

Strength of Embedment Soil

Embedment Classification Per ASTM D-2321

Class I and Class II

Migration

Cement Stabilized Sand

Class Il and Class IVA

Class IVB and Class V
Compaction of Embedment Materials

Density Requirements

Compaction Techniques

Compaction of Class I and II Materials
Compaction of Class 1Il and IV Materials

Density Checks
Trench Construction
Trench Width
Trench Length
Stability of the Trench
Stability of Trench Floor
Stability of Trench Walls
Portable Trench Shield
Installation Procedure Guidelines
Trench Floor Preparation
Backfilling and Compaction
Backfill Placement
Sunlight Exposure
Cold (Field) Bending
Installation of Pipe in Curves

Transition from PE Pressure Pipe to Gasket Jointed Pipe

Proper Burial of Fabricated PE Fittings
Inspection
References
Appendix 1
Appendix 2
Appendix 3

274
274
274
275
276
277
277
277
277
278
279
280
280
280
281
282
282
283
284
285
286
287
289
289
291
291
292
292
293
295
295
296
296
300



x | Table of Contents

Chapter 8

Chapter 9

Above-Ground Applications for PE Pipe
Introduction
Design Criteria
Temperature
Pressure Capability
Low Temperature Extremes
Expansion and Contraction
Chemical Exposure
Ultraviolet Exposure
Mechanical Impact or Loading
Design Methodology
Pressure Capability
Expansion and Contraction
Installation Characteristics
On-Grade Installations
Free Movement
Restrained Pipelines
Supported or Suspended Pipelines
Support or Suspension Spacing
Anchor and Support Design
Pressure-Testing
References

PE Pipe Joining Procedures
Introduction
General Provisions
Thermal Heat Fusion Methods
Butt Fusion
Butt Fusion of PE Pipe Products with Different Wall Thicknesses
Optional Bead Removal
Saddle/Conventional Fusion
Socket Fusion
Equipment Selection
Square and Prepare Pipe
Heating
Joining
Cooling
Electrofusion (EF)
Heat Fusion Joining of Unlike PE Pipe and Fittings
Mechanical Connections
Mechanical Compression Couplings for Small Diameter Pipes
Stab Type Mechanical Fittings
Mechanical Bolt Type Couplings
Stiffener Installation Guidelines

305
306
306
307
307
308
308
309
309
310
310
311
314
314
315
316
320
320
323
324
326

327
327
327
328
329
329
330
331
332
332
332
332
333
333
335
335
336
336
337
338



Chapter 10

Flanged Connections

PE Flange Adapters and Stub Ends

Flange Gasket

Flange Bolting

Flange Assembly

Special Cases

Mechanical Flange Adapters

Solid DI Sleeve Connections to PE pipe

PE Pipe Connection to DI or PVC Bell End

PE Bell Adapters to DI or PVC Pipe End

DI Valve with PE Ends

Dismantling Joint

Mechanical Joint (M]) Adapters

Transition Fittings

Mechanical Joint Saddle Fittings
Restraint Methods

Wall Anchor

Mechanical Restraint Anchor

Buried Poly Anchor

Above Ground Pipeline Anchor

PE to PVC Slip-Joint Anchor Fitting
References

Marine Installations

Introduction

Selection of an Appropriate Pipe Diameter
Determination of the Required DR or SDR

Determination of the Required Weighting, and of the
Design and the Spacing of Ballast Weights

Maximum Weighting that Allows Weighted
Pipe to be Floated into Place

Determining the Maximum Weighting that Still
Allows PE Pipe to Float

Determining the Required Minimum Weighting for the
Anchoring of a Submerged Pipe in its Intended Location

Ensuring that the Required Weighting shall not be
Compromised by Air Entrapment

Determining the Spacing and the Submerged Weight
of the Ballasts to be Attached to the Pipe

Design and Construction of Ballast Weights

Selection of an Appropriate Site for Staging, Joining
and Launching the Pipe

Preparing the Land-to-Water Transition Zone and,
when Required, the Underwater Bedding

Assembly of Individual Lengths of PE Pipe Into
Long Continuous Lengths

Table of Contents | xi

340
340
343
343
344
344
345
345
347
347
348
348
349
349
351
352
352
353
354
354
355
356

359
362
362

363

363

365

365

367

368
369

371

372

372



xii

Table of Contents

Chapter 11

Chapter 12

Mounting the Ballasts on the Pipe
Launching the Pipeline into the Water

Submersion of the Pipeline Using the Float-and-Sink Method
Completing the Construction of the Land-to-Water Transition

Post-Installation Survey

Other Kinds of Marine Installations
Winter Installations
Installations in Marshy Soils
Water Aeration Systems
Dredging
Temporary Floating Lines

References

Appendix A-1

Appendix A-2

Appendix A-3

Pipeline Rehabilitation by Sliplining with PE Pipe

Introduction
Design Considerations
Select a Pipe Liner Diameter
Determine a Liner Wall Thickness
Non-Pressure Pipe
Pressure Pipe
Other Loading Considerations
Determine the Flow Capacity
Design the Accesses
Develop the Contract Documents
The Sliplining Procedure
Other Rehabilitation Methods
Swagelining
Rolldown
Titeliner
Fold and Form
Pipe Bursting
Pipe Splitting
References

Horizontal Directional Drilling
Introduction

PE Pipe for Horizontal Directional Drilling

Horizontal Directional Drilling Process
Pilot Hole
Pilot Hole Reaming
Drilling Mud

373
374
377
381
381
381
381
382
382
382
383
384
384
386
392

397
398
399
399
399
403
403
404
406
409
409
417
418
418
418
418
418
418
419

421
422
422
422
423
423



Chapter 13

Pullback
Mini-Horizontal Directional Drilling
General Guidelines

Geotechnical Investigation
Geotechnical Data For River Crossings
Summary

Product Design: PE Pipe DR Selection

Design Considerations for Net External Loads

Earth and Groundwater Pressure
Stable Borehole - Groundwater Pressure Only
Borehole Deforms/Collapse with Arching Mobilized
Borehole Collapse with Prism Load
Combination of Earth and Groundwater Pressure
Live Loads

Hydrostatic Buckling or Collapse

Ring Deformation

Performance Limits

Performance Limits of HDD Installed Pipe
Viscoelastic Behavior

Ring Deflection (Ovalization)
Ring Deflection Due to Earth Load
Unconstrained Buckling
Wall Compressive Stress

Installation Design Considerations

Pullback Force
Frictional Drag Resistance
Capstan Force
Hydrokinetic Force

Tensile Stress During Pullback

External Pressure During Installation

Resistance to External Collapse Pressure During
Pullback Installation

Bending Stress

Thermal Stresses and Strains
Torsion Stress

References

Appendix A

Appendix B

HVAC Applications for PE Pipe
Introduction

Ground Source Heat Pump Systems
Types of Ground Heat Exchangers
Pipe Specifications and Requirements

Table of Contents | xiii

424
424
424
426
426
427
427
428
430
430
431
432
433
433
434
434
434
434
434
435
436
437
438
439
440
441
442
443
444
449

450
450
451
451
452
452
457

463
463
464
466



Xiv | Table of Contents

Chapter 14

Pipe Joining Methods

Pipe Installation

Pressure Testing Ground Heat Exchanger
Solar Applications

Features and Benefits

Collector Technologies

Precautions

Installation

References

Duct and Conduit
Introduction
Conduit Specifications
Applications
Advantages of PE Conduit
Installation
Features
Material Selection
Physical Properties
Cell Classification
Other Important Physical Properties
Stabilization
Colorants for Conduit
Design Considerations
Conduit vs. Pipe
Cable Dimension Considerations
Conduit Wall Determination
Installation Method vs. Short-Term and Long-Term Stress
Below Ground Installations
Open Trench / Continuous Trenching
Direct Plow
Conduit Network Pulling
Horizontal Directional Bore
Installation Methods
General Considerations
Mechanical Stress
Pulling Tension
Bending Radii
Underground Installation
Trenching Methods
Open Trench/Continuous Trench
Digging the Trench
Plowing
Plowing Variations

466
467
468
469
470
470
471
472
472

473
473
474
474
475
475
476
476
476
477
478
478
479
479
479
480
481
482
482
483
484
485
486
486
486
486
486
487
487
487
488
489
489



Table of Contents | xv

Directional Bores 490
Installation into Existing Conduit 490
Above Ground / Aerial 491
Installation 491
Joining Methods 492
Introduction 492
General Provisions 493
Mechanical Fittings 493
Barbed Mechanical Fittings 494
Threaded Mechanical Fittings 494
Compression Fittings 494
Expansion Joints 494

Heat Fusion 495
Butt Fusion Joining 495
Socket Fusion Joining 495
Electrofusion Joining 495
Repair Operations 496

Cable Installation 496
Pulling Cable into Conduit 496
Cable Blowing or Jetting 497
Cable Installed by the Conduit Manufacturer (Cable-in-Conduit) 498
Friction in Conduit Systems 498
Definitions 498
Friction Reduction 498
Field Effects of Friction 500
Placement Planning 501
Special Applications 502
Corrugated Duct 502
Bridge Structures 503
Underwater 503
Premise (Flame Retardant) 503
Electrical/Building Code (Conduit Entry Issues) 504
Armored (Rodent and Mechanical Protection) 505
Multi-Cell Conduit 505
References 506
Appendix A 506

Chapter 15 General Guidelines for Repairing Buried PE Potable
Water Pressure Pipes

Introduction 515
Natural Gas Polyethylene Piping Systems 516
Municipal and Other Polyethylene Piping Systems 517

Temporary Field Repairs with Full Circle Band Clamp 517

Permanent Field Repairs 518



xvi

Table of Contents

Chapter 16

Small Field Repairs
Saddle Fusion Repair
Electrofusion Patch Repair
Mechanical Fitting Repair
Large Field Repairs
Mechanical Fitting Repair
Repairs with Solid Sleeves
Flange Adapter Spool Repair
Electrofusion Spool Repair
Stiffener Installation Guidelines
Restraint Methods
Mechanical Repair Fitting Restraint
Mechanical Coupling Restraint
Repair Clamps
Squeeze-off

Pipe Bursting
Introduction
History
Pipe Bursting and Trenchless Pipe Replacement Systems
Pneumatic Bursting Systems
Static Bursting Systems
Pipe Splitting
Pipe Reaming
Impactor Process
Old Pipe Material
New Pipe Material
When is Pipe Bursting a Preferred Solution?
Pipe Bursting Project Classification
Pipe Bursting Applicability and Limitations
Design Considerations
Pre-design Phase
Design Phase
Utility Survey
Investigation of Existing Pipe and Site Conditions
Insertion and Pulling Shaft Requirements
Soil Considerations in Pipe Bursting
Maximum Allowable Operating Pressure (MAOP)
Risk Assessment Plan
Ground Movement Associated with Pipe Bursting
Plans and Specifications
Submittals
Quality Control/Quality Assurance Issues
Dispute Resolution Mechanisms

518
518
519
519
521
521
522
524
526
528
530
530
531
533
533

535
536
537
537
538
539
540
540
541
541
542
544
545
546
546
548
548
549
549
550
551
551
553
556
557
557
558



Table of Contents | xvii

Maximum Allowable Tensile Pull 558
Permitting Issues 561
Typical Bidding Form For a Pipe Bursting Project 562
Selection of Pipe SDR 563
Construction Considerations 565
Typical Pipe Bursting Operation Layout 566
Shoring The Insertion and Pulling Shafts. 567
Matching System Components to Reduce Risk of Failure 568
Toning for Utilities 568
By Pass Pumping Considerations 569
Dewatering Considerations 569
Ground Movement Monitoring Program 569
Pipe Connection to the Manhole 570
Pipe Connection to Other Pipes 573
Pipe Bursting Water Mains 573
Service Connections 574
Groves on the Outside Surface of the Pipe 576
As-Built Drawing 577
Contingency Plan 578
Safety Considerations 578
Cost Estimating 578
Potential Problems and their Possible Solutions 580
References 582
Glossary 585
Organizations and Associations 602
Abbreviations 609

Index 611





