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HISTORY OF PRESSURE PIPE

TIMELINE FOR TYPE OF PIPE MATERIALS

Pipe Material Joint Type
Internal 

Corrosion 
Protection

External 
Corrosion 
Protection

1890 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Steel Welded None None

Steel Welded Cement None

Cast Iron (pit cast) Lead None None

Cast Iron Lead None None

Cast Iron Lead Cement None

Cast Iron Lead None None

Cast Iron Lead Cement None

Cast Iron Rubber Cement None

Ductile Iron Rubber Cement None

Ductile Iron Rubber Cement PE

Asbestos Cement Rubber Material Material

Reinforced Conc. (RCP) Rubber Material Material

Prestressed Conc. (PCCP) Rubber Material Material

PVC Rubber Material Material

High Density Polyethylene Fused Material Material

Molecularly Oriented PVC Rubber Material Material

Commercially Available Predominantly in Use



PVC Pressure Pipe Manufacturers

Uni-Bell MEMBER COMPANIES



• 19 US Locations

• PME, PWI, PAD
• C900/905

• Gravity Sewer

• HDPE

• PCO, PWH, PFO
• C909



Express Service Trucks ESTs  
250 Mile Range



63” HDPE within REACH



50 Year Warranty



STANDARDS

C900 available up to 60”

C909 6, 8, 12, 16, 24”



Standards and Manufacturing
AWWA Standards

C900
Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 In. 
Through 60 In. (100 mm Through 1,500 mm)

C909
Molecularly Oriented Polyvinyl Chloride (PVCO) Pressure Pipe, 4 In. (100 
mm) and Larger

C605
Underground Installation of Polyvinyl Chloride (PVC) and Molecularly
Oriented Polyvinyl Chloride (PVCO) Pressure Pipe and Fittings

C907
Injection-Molded Polyvinyl Chloride (PVC) Pressure Fittings, 4 In. Through
12 In. (100 mm Through 300 mm), for Water, Wastewater, and Reclaimed
Water Service



Standards and Manufacturing
ASTM Standards

D3034 Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) 
Sewer Pipe and Fittings

F679 Standard Specification for Poly(Vinyl Chloride) (PVC) Large-
Diameter Plastic Gravity Sewer Pipe and Fittings

D2241 Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-
Rated Pipe (SDR Series)

D2321 Standard Practice for Underground Installation of Thermoplastic
Pipe for Sewers and Other Gravity-Flow Applications

D2774 Standard Practice for Underground Installation of Thermoplastic
Pressure Piping



Standards and Manufacturing
Pipe Extrusion

PVC compound is fed 
into extruder

Compound is forced 
through die under 

high pressure (2,000 
psi to 5,000 psi)

Pipe exits at roughly 
400°F and water 

cooled



Pipe Belling

Gasket is integrally formed with the bell

One end of pipe is heated until pliable

End is placed over mandrel and expanded, forming bell

Standards and Manufacturing



DR

Pressure 

Class 

(psi)

Hydrostatic 

Pressure 

Test (psi)

1000 Hour

Sustained

Pressure

Test (psi)

Quick Burst 

Pressure 

Test

(psi)

25 165 330 350 535

21 200 400 420 630

18 235 470 500 755

14 305 610 650 985

Pressure Testing

Standards and Manufacturing



Flattening Test: ASTM D2412

• 30% deflection before reverse curvature

• 60% deflection without splitting, cracking, or breaking

• Installed deflection ≤ 7.5% → SF = 4.0

Joint Test, Pressure Applications: ASTM D3139

• Vacuum pressure of -10.8 psi for 1 hr

• Sustained pressure equal to 2.5 x PC for 1 hr

• Minimum burst pressure test to 3.2 x PC for 60-70 sec

• Vacuum pressure of -10.8 psi (22 in. Hg) for 10 min

• Internal pressure of 25 feet of head (10.8 psi) for 10 min

• At maximum offset and at arbitrary 5% vertical ring deflection

Joint Test, Gravity Applications: ASTM D3212

• Sewer pipe must withstand up to 220 ft-lb impact strength

• Water pipe UL and FM certified must withstand minimum 100 ft-lb impact strength

Impact Test: ASTM D2444

Quality Assurance Testing

Falling
Tup

Pipe 
Sample

Standards and Manufacturing



Handling and Storage

When unloading, care should be given so that
forklifts do not damage pipe

Avoid severe impact blows and abrasion damage

Use straps instead of chains for lifting

Unload and store pipe bundles as they were shipped 

Ensure stored pipe is resting on dunnage, not other

pipe

Pipe should be stacked no more than 8ft high

Any pipe with problems should be noted and set
aside and the supplier contacted

Typical
Installation



Print Line

Size

OD Type 

Manufacturer 

Standard 

Class/Type 

Certifications 

Date Code 

Allowable Pull

Typical Installation



Pipe Assembly

Provide a worker at both ends 

Clean the spigot and bell 

Position in straight alignment

Lube per instructions

Insert spigot into bell

Push together to insertion line 

DO NOT OVER-INSERT PIPE

Insertion line(s) must be visible

Typical Installation



Typical Installation
Pipe Assembly

← Bar-and-Block

Mechanical Puller →

← Hydraulic Puller

Excavator/Backhoe →



• 1 to 1.5° Joint Pull Typically Available

Changes in Direction

Joint Deflection

• Available in 1-5° Sweeps or Angled Couplings
• Fittings for angles over 5° (5 ⅝°, 11 ¼°, 22 ½°,

45°, 90°)

Fabricated Fitting

• Within limits of Contractor’s Guide for
Installation of Gasketed PVC Pipe

Longitudinal Bending

Typical Installation



1 degree of Deflection

SDR 35 Gravity Sewer

C900 Pressure Pipe Force Required



Deflection Calculations – External Load 
Design Calculator

https://www.uni-bell.org/External-Load-Design-Calculator

https://www.uni-bell.org/External-Load-Design-Calculator


Coupons

Coupon: Cylindrical piece of PVC wall removed during tapping

Coupon should be examined after removal from the cutter head

Smooth coupon indicates feed rate was correct and cutter was 
functioning properly

Tapping



Striations

• Indicate a dull cutter, too rapid feed rate,
or lack of lubrication on cutting tool

Crown

• Indicates feed rate was excessive

Punch-Through

• Excessive feed rate, dull cutter, or cutter is 
of insufficient depth for the pipe wall 
thickness

Coupons
Tapping



12” and Smaller

14” and Larger

Spacing
Tapping



• AWWA Water Research Foundation study confirms life 
expectancy of PVC water pipe in excess of 110 years.
− Long-Term Performance Prediction for PVC Pipes, Stewart 

Burn and Alan J. Whittle

• European tests on PVC water pipe excavated in Germany in 
2004 determined PVC pipe’s longevity at 170 years. 
− 70 Years of Experience with PVC Pipes, Thomas 

Hülsmann and Reinhard E. Nowack

LONGEVITY OF PVC PIPE

WATER PIPE



Topics with PVC
- Fusible  - 1100’ break on 30” DR 25 in Orange County FL

- Tap Failures 
- Is pipe Deflected
- Tapping with dull tap bit

- Poor handling
- Improper loading and unloading

- Installation issues
- Improper Backfill material/procedures
- Over Belling – Over Insertion is a huge issue “What Homing Line”

- Pressure test works but when reduced to working pressure bells can leak

- TOO MUCH Deflection – 1 degree max
- Rolled Gaskets – too much deflection introducing spigot into bell

- Restraining PVC - Eagle Loc vs. RieberLok





Eagle Insertion Stop



Restraining
PVC



LOKX System Ductile Iron Fitting – Restrained 
Joints

• Applications

• Forced water & sewer

• PVC C900 and HDPE C906 4” – 12”

• Wastewater

• High corrosion areas

• Coastal/shoreline areas



MULTI/JOINT® 
3000 Plus

• Suitable for all pipe materials, such as

(D)CI, AC, PE, PVCO and (stainless) steel

• Save installation time and stock

• One piece, stab-fit installation

• Accommodates 16 degrees of angularity

(8 degrees on each end)

• No need for thrust blocks

• Reusable

• Proven track record more than 30 years

• Durable and corrosion proof

• Applicable for under and aboveground use

• Maintenance-free connection







24” C909 PVCO – NEW 2024



What is AWWA C909?

Ultra-Blue is PVC pipe that due to 
its unique manufacturing process 
has additional benefits over 
conventionally extruded PVC pipe.

Ultra-Blue is to PVC pipe what 
Ductile Iron is to Cast Iron.



What is Ultra-Blue?

Ultra-Blue is high molecular weight 
PVC that is:

• conventionally extruded 

• expanded in a mold

Ultra-Blue expansion:

• Molecular reorientation in hoop 
direction

• Improving pipe  properties

https://www.youtube.com/watch?v=IMaoj1RYS7k





Why was Ultra-Blue developed?
• For PVC Users

- Retains benefits of PVC 

- Adds improved properties

- PVC Alternative to Ductile

- Eliminate Tapping Failures

• For Ductile Iron Users

- Eliminates corrosion

- Eliminates perceived disadvantages of 
PVC pipe



When and Where?
History

• Technology

• Europe: Early 1970s

• North America: Early 1990s

• Spread worldwide in the 1990s

• Standards:

• ASTM F1483: First published 1993

• AWWA C909: First published 1998



AWWA C909 has superior notch 
resistance, virtually eliminating 

tap failures.

Ultra Blue
16” AWWA C909

Pressure Rated 165 psi

Pressurized to 78 psi, Deflected Then 

Tapped Twice On Deflected Area

Pressurized from hydrant

Blow off Tap

Blow off Tap

Pressurized from hydrant

Tapped while deflected



Backhoe did full tooth impact on 
pressurized line. Pipe took 5 full 
impacts before breaking. 

Due to Biaxial Orientation pipe 
does not split longitudinally but 
breaks locally where repairs 
can be made easier. 



Pipe breaks in layers similar to plywood. You can see where the backhoe struck the pipe 5 times 
before rupture. 

AWWA C909 PVCO has 4 times the impact strength of conventional PVC and 3 times the cyclical 
strength.



This piece of AWWA C909 Ultra Blue PVCO was crushed then 
pressurized to its rated pressure with no leaks, cracks or splits.



Ultra Blue – Why this is the Super Pipe

Just a few examples of Ultra Blue benefits
• Increased Hoop Strength
• Higher Impact resistance, even in freezing temperatures
• Lighter weight
• No Longitudinal Cracks
• Great Cyclic Fatigue resistance
• Large ID – more flow
• Eliminate tapping failures
• Engineered for Seismic applications
• Best properties for elevation changes



Issues with C909
• Gaskets

• Loose Gaskets are installed by hand after pipe is made so they are 
necessarily looser than C900 gaskets

• Debris in Gasket

• Over Lubing

• Short Stubs

• Thin Walls do not hold up to cyclical strength required on shorter stubs

• Recommend Anchor Couplings to connect Hydrants to Valves (Clear 
Water)

• Direct Tapping – Not allowed

• Over deflecting is much easier with C909



Supply Concerns

• Only 3 Manufacturers in North America

• JM Eagle in US

• IPEX and NAPCO in Canada (NAPCO in 2022)

• Only 3 of JM Eagle’s 17 PVC plants can currently 
produce C909

• Major Supply is 6” – 12” Class 235 (DR 18 Equiv)





Restraining PVCO


