‘oreword v
eface 1z
THE WHY OF REINFORCED PLASTICS 1
1.1 Introduction and a Short History 1
1.2 The Thermoplasts 4
1.3 The Thermosets 4
1.4 Reinforcing Material 6
.5 Advantages, Scope, and Use of the Thermosets o
1.6 Relative Cost Trends and Uses of Some Common
Chemical-process Materials of Construction 10
BASIC APPLICATION PRINCIPLES 16
2.1 Introduction 16
2.2 Common Fabrication Methods 17
2.3 Six Generic Types of Resins 21
2.4 The Grades of Reinforcing Glass 22
2.5 Chemical-resistant Laminate Surfacing Systems 23
2.6 Chemical-resistant Laminate Structural Systems 24
2.7 Laminate Construction 25
2.8 Service-application Guide 27
2.9 Metallic Corrosion 36
2.10 Chemical Attack of Reinforced Polyesters or Epoxies—
The Counterpart of Metallic Corrosion 36
2.11 A Practical Test Program for Piping Systems 38
2.12 Selecting the Pipe and the Vendor 42
2.13 Polyester Putty—A Filling Material 45
2.14 Basic Recommended Product Standard, TS-122C, with
Comments 45
3 POLYESTER PIPING SYSTEMS 52
3.1 Laminate Construction 52
3.2 Product Standard Recommended Purchasing
Specifications 55

3.3 Vacuum Services 66

zi1



Conients

i

3.4 Typical Size Distribution

3.5 Estimating Information and Cost Tables

3.6  Price Ranges—Polyester Pipe and Fittings

3.7 Repair Techniques Applied to a Damaged Pipe

3.8 Insulation Value

3.9 Reliability—Expected Service Life

3.10 Head Loss versus Flow Rate

3.11 Light Stability—Ultraviolet

3.12 Release Film and Its Detection

3.13 Advantages of Hand-laid-up Polyester Piping Systems over
Machine-made Polyester or Epoxy Systems—A Review

4 EPOXY PIPING

4.1 Introduction

4.2 Epoxy Pipe—Basic Construction

4.3 Epoxy Piping—Common Characteristics

44 Epoxy Fittings—A General View

4.5 Manufacturing Methods—Pipe and Fittings

4.6 Helpful Engineering Hints in Installing Epoxy Piping

4.7 Repair of Epoxy Piping

4.8 Reinforced Epoxy Pipe—Equivalent Lengths for Fittings

4.9 Installation Costs of Epoxy Piping Systems

4.10 Brief Case Histories of Epoxy Piping

4.11 Advantages of Machine-made Epoxy-piping Systems over
Hand-laid-up Polyester Systems

5 COMPOSITE PIPING, TANKS, AND STRUCTURES

5.1  Introduction

5.2 ABS (Acrylonitrile-Butadiene-Styrene) and RP Polymer
5.3 Bisphenol and Isophthalic Fibrous-glass Systems

54 Epoxy and RP Polyester

5.5 Furane and Reinforced Polyester

5.6 Glass and RP Polyester

5.7 Polyfluorocarbon and Reinforced Polyester

5.8 Polypropylene Lined—Fiber-glass-reinforced Polyester
5.9 PVC and Reinforced Polyester Composite

5.10 RP Polyester and RP Epoxy

6 A REINFORCED PLASTIC WORKSHOP IN THE PLANT

7  JOINING REINFORCED PLASTIC PIPE

7.1  Methods of Joining Reinforced Plastic Pipe
7.2 Comparative Joining Costs
7.3 Burst Tests on Joints

69
70
82
82
85
85
88
89
91

91

94

94

95

98
100
102
105
107
108
109
114

117

121

121
124
125
126
126
128
128
129
130
131

133

139

139
148
149

7.4

8.1
8.2
8.3
84
865
8.6
87
8.8

Contents

Bolt and Gasketing Specifications

7.5 Wrapped Joints—Polyester—Manpower Requirements by
Sizes

7.6 Estimating Data on Hanging, Bolting, and Drilling RP
Pipe

7.7 Adhesive Joints—Epoxy—Manpower Requirements by
Sizes

7.8 Intermingling Polyester and Epoxy Pipe

7.9 Flanging Systems

7.10 Why Joints Fail

SUPPORTING AND ANCHORING REINFORCED PLASTIC PIPE

Introduction

Recommended Installation Practice—Polyester Pipe
Supporting Reinforced Epoxy Pipe

Expansion and How to Deal with It

Anchoring Force—Epoxy Pipe

Rotational Torque—RP Pipe

Pressure Surges

Eliminate Pulsating Flows on RP Systems

8.9 Hydraulic Hammer with Quick-closing Valves

‘810 Hydrostatic Testing

3.11 Design Check Points for Anchoring, Supporting, and
Tracing RP Pipe

REINFORCED PLASTIC INDUSTRIAL SEWER AND
DRAIN PIPING

Introduction

Standard Joining Methods

Excavation and Trenching

Types of Sewer and Drain Piping

Manholes and Drain-piping Considerations
Helpful Hints in Installing Reinforced Plastic Pipe

PERSONNEL—LABOR RELATIONS, TRAINING, AND
SAFETY PRECAUTIONS

Labor Relations

Arbitrator’s Decision

Training Requirements

Safety Instructions—Polyesters
Industrial Hygiene—Polyesters
Collision Hazards—Safety

- Safety Instructions—Epoxy

150
152
153

153
157
158
163

167

167
169
171
172
179
180
181
186
186
188

188

191

191
191
192
194
199
201



zvi

11

11.1
11.2

11.3
11.4
11.5
11.6
W7

11.8
11.9

11.10
11.11
11.12
11.13
11.14

12

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
12.9
12.10
12.11
12.12
12.13
12.14
12.15
12.16
12.17

12.18
12.19
12.20
12.21
12.22

Contents
DUCT SYSTEMS

An Introduction to Duct Systems

Recommended Product Standard for RP Ductwork with
Extensions

Polyester Duct Calculations

Design and Purchasing Information for Duct Systems

Expansion Joints in Ductwork

Supporting Ductwork

Helpful Hints in Reinforced Fabrication of Ducts, Hoods,
and Stacks

Repair of Existing Duct Systems

Alternative Duct Construction—The Ductwork of the
Future?

Prevention, Causes, and Propagation of Ductwork Fires

Flame and Burning Theory—Chlorinated Polyesters

Fire Protection in RP Vapor-handling Structures

Butterfly Valves and Dampers

Ductwork Cost Estimating

STORAGE TANKS

RP Tank Design—General Considerations

Introduction to Product Standard TS-122C

Wall Thickness of RP Tanks

Graduated Wall Heights for Economic Construction

Filament-wound Tanks—On-site Construction

Kabe-o-Rap Tanks

Tank Nozzles

Manholes

The Knuckle Area

Interior Baffles

Accessory Attachment Lugs

Lifting Lugs

Tank Venting

Tank Drains

External Design

Supporting RP Tanks

Working in Reinforced Plastic Tanks—Precautionary
Measures of Safety

Heating in a Reinforced Plastic Tank

Insulation of RP Tanks

Storage of Flammable Liquids

Water Testing and Postcure

Signs and Causes of Tank Failure

223
223

225
230
248
251
254

258
260

260
261
267
268
269
270

273

273
280
285
285
287
291
292
297
299
299

302
302
302
303
306

310
311
311
313
314
314

12.23
12.24
12.25
12.26
12.27
12.28

13

13.1
13.2
13.3
13.4

14.10
14.11
14.12
14.13
14.14
14.15

 14.16

14.17

RP Tanks for Food Service
Laminate Library
Stiffening Devices—Tanks

Basic Design Calculations for Reinforced Plastic Tanks

Costs of Corrosion-resistant Storage Tanks
Review Section—RP Tanks—What to Avoid

ELECTRICALLY GROUNDING REINFORCED PLASTIC SYSTEMS

How Static Charges Build Up

An Explosive Example

Reducing the Explosive Hazard—Basic Principles
Methods and Techniques of Grounding

CHEMICAL-PROCESS EQUIPMENT DESIGN IN REINFORCED

PLASTICS—CASE HISTORIES

Introduction

Air-pollution-control Equipment
Barometric Condenser

Cooling Towers

Correcting an Error the Easy Way
Crystallizers

FRP as a Maintenance Repair Material
The Repair of RP Structures

High-cost RP Arrangements

RP Pumps

RP Rotary Dryer

A Sectionalized Tank

Sky Derrick Cuts Rigging Cost of RP Duct 80 Percent
Spinning Exhaust System

Underground Gasoline-storage Tanks
Zinc Ion-exchange Process

Ten Capsule Case Histories

THE QUEST FOR MINIMUM BIDDING PRICES

The Philosophy of Design
Selecting the Vendor
Obtaining Contractor Bidding
Advance Planning

Traffic

Contents

vt

315
316
316
317
321
321

325

325
326
326
329

336

336
338

346
348
349
353
355
357
358
360
361
363
371
373
374
374

379

379
382

385



T

16

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9

Contents

AFTERTHOUGHTS

Introduction

Buy Up to a Standard, Not Down to a Price
Cobalt Naphthenate

The Spray-lay-up System

The Design Parameters in Detail

Polyester Flanged Fittings—A Different View
Reinforcing Materials and Protective Barriers
Superpolyester Resins

Flextran—Reinforced Polyester Mortar Pipe

APPENDICES:

Appendix A Chemical Resistant Section of the Recommended

Product Standard for Custom Contact Molded
Reinforced Polyester Chemical Resistant Pro-
cess Equipment, TS-122C dated September 18,
1968.

Appendix B Test Methods Section of the Recommended

Product Standard for Custom Contact Molded
Reinforced Polyester Chemical Resistant Process
Equipment, TS-122C dated September 18, 1968.

Appendix C Proposed Standard—Filament Wound FRP Pipe.

Light and Heavy Grades A/C 1002, December,
1966.

Appendix D Proposed Standard—Filament Wound FRP Tanks,

A/C 1008, November, 1966.

Appendix E FRP Standards Presently in Preparation.

Index

4381

387

387
387

389
394
394
398

401

403

406

409

423
430



