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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

PrestressedConc. (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



Å19 US Locations

ÅPME, PWI, PAD
ÅC900/905

ÅGravity Sewer

ÅHDPE

ÅPCO, PWH, PFO
ÅC909



Express Service Trucks ESTs  
250 Mile Range
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50 Year Warranty



STANDARDS
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StandardsandManufacturing
AWWAStandards

C900
PolyvinylChloride(PVC)PressurePipeandFabricatedFittings,4 In. 
Through60In. (100mmThrough1,500mm)

C909
MolecularlyOrientedPolyvinylChloride(PVCO)PressurePipe,4 In. (100 
mm)andLarger

C605
UndergroundInstallationof PolyvinylChloride(PVC)andMolecularly
OrientedPolyvinylChloride(PVCO)PressurePipeandFittings

C907
Injection-Molded PolyvinylChloride(PVC)PressureFittings,4 In. Through
12 In. (100mm Through300mm), for Water,Wastewater,and Reclaimed
WaterService



StandardsandManufacturing
ASTMStandards

D3034 StandardSpecificationfor TypePSMPoly(VinylChloride)(PVC) 
SewerPipeandFittings

F679 StandardSpecificationfor Poly(VinylChloride)(PVC)Large-
DiameterPlasticGravitySewerPipeandFittings

D2241 StandardSpecificationfor Poly(VinylChloride)(PVC)Pressure-
RatedPipe(SDRSeries)

D2321 StandardPracticefor UndergroundInstallationof Thermoplastic
Pipefor SewersandOtherGravity-FlowApplications

D2774 StandardPracticefor UndergroundInstallationof Thermoplastic
PressurePiping



StandardsandManufacturing
PipeExtrusion

PVCcompoundis fed 
into extruder

Compoundis forced 
throughdieunder 

highpressure(2,000 
psito 5,000psi)

Pipeexitsat roughly 
400ϲFandwater 

cooled



PipeBelling

Gasketis integrallyformedwith the bell

Oneendof pipe isheateduntil pliable

Endisplacedovermandrelandexpanded,formingbell

StandardsandManufacturing



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

PressureTesting

StandardsandManufacturing



FlatteningTest: ASTMD2412

ω30%deflectionbeforereversecurvature

ω60%deflectionwithout splitting,cracking,or breaking

ωInstalled deflectionҖ тΦр҈Ҧ {C=4.0

JointTest,PressureApplications:ASTMD3139

ωVacuumpressureof -10.8psifor 1 hr

ωSustainedpressureequalto 2.5x PCfor 1 hr

ωMinimum burstpressuretest to 3.2xPCfor 60-70sec

ωVacuumpressureof -10.8psi(22in. Hg)for 10min

ωInternalpressureof 25feet of head(10.8psi)for 10min

ωAt maximumoffset andat arbitrary5%verticalringdeflection

JointTest, GravityApplications:ASTMD3212

ωSewerpipemustwithstandup to 220ft-lb impactstrength

ωWaterpipeULandFMcertifiedmustwithstandminimum100ft-lb impactstrength

ImpactTest:ASTMD2444

QualityAssuranceTesting

Falling
Tup

Pipe 
Sample

StandardsandManufacturing



HandlingandStorage

Whenunloading,careshouldbegivensothat
forklifts donot damagepipe

Avoidsevereimpactblowsandabrasiondamage

Usestrapsinsteadof chainsfor lifting

Unloadandstorepipebundlesastheywereshipped 

Ensurestoredpipeisrestingon dunnage,not other

pipe

Pipeshouldbestackedno morethan8ft high

Anypipewith problemsshouldbenotedandset
asideandthe suppliercontacted

Typical
Installation



Print Line

Size

ODType 

Manufacturer 

Standard 

Class/Type 

Certifications 

DateCode 

AllowablePull

TypicalInstallation



PipeAssembly

Provideaworkerat both ends 

Cleanthe spigotandbell 

Positionin straightalignment

Lubeper instructions

Insertspigotinto bell

Pushtogetherto insertionline 

DONOTOVER-INSERTPIPE

Insertionline(s)mustbevisible

TypicalInstallation



TypicalInstallation
PipeAssembly

ҥBar-and-Block

MechanicalPullerҦ

ҥHydraulicPuller

Excavator/BackhoeҦ



ω1 to 1.5ϲJointPullTypicallyAvailable

Changesin Direction

JointDeflection

ωAvailablein 1-5ϲSweepsor AngledCouplings
ωFittingsfor anglesover5ϲ(5 ϲ̓, 11¼ϲ, 22½ϲ,

45ϲ, 90ϲ)

FabricatedFitting

ωWithin limitsof/ƻƴǘǊŀŎǘƻǊΩǎGuidefor
Installationof GasketedPVCPipe

LongitudinalBending

TypicalInstallation



1 degree of Deflection

SDR 35 Gravity Sewer

C900 Pressure Pipe Force Required



Deflection Calculations ςExternal Load 
Design Calculator

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

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


Coupons

Coupon:Cylindricalpieceof PVCwall removedduringtapping

Couponshouldbeexaminedafter removalfrom the cutter head

Smoothcouponindicatesfeedratewascorrectandcutter was 
functioningproperly

Tapping



Striations

ωIndicateadull cutter, too rapidfeedrate,
or lackof lubricationon cuttingtool

Crown

ωIndicatesfeedratewasexcessive

Punch-Through

ωExcessivefeedrate,dull cutter,or cutter is 
of insufficientdepth for the pipewall 
thickness

Coupons
Tapping



мнέandSmaller

мпέandLarger

Spacing
Tapping



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

Burn and Alan J. Whittle

ÅEuropean tests on PVC water pipe excavated in Germany in 
нллп ŘŜǘŜǊƳƛƴŜŘ t±/ ǇƛǇŜΩǎ ƭƻƴƎŜǾƛǘȅ ŀǘ мтл ȅŜŀǊǎΦ 
ҍ 70 Years of Experience with PVC Pipes, Thomas 

Hülsmannand ReinhardE. Nowack

LONGEVITY OF PVC PIPE

WATER PIPE



Topics with PVC
- Fusible  - ммллΩ ōǊŜŀƪ ƻƴ олέ 5w нр ƛƴ hǊŀƴƎŜ /ƻǳƴǘȅ C[

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

- Poor handling
- Improper loading and unloading

- Installation issues
- Improper Backfill material/procedures
- Over Belling ςhǾŜǊ LƴǎŜǊǘƛƻƴ ƛǎ ŀ ƘǳƎŜ ƛǎǎǳŜ ά²Ƙŀǘ IƻƳƛƴƎ [ƛƴŜέ

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

- TOO MUCH Deflection ς1 degree max
- Rolled Gaskets ςtoo much deflection introducing spigot into bell

- Restraining PVC - Eagle Loc vs. RieberLok





Eagle Insertion Stop



Restraining
PVC



LOKX System Ductile Iron Fitting ïRestrained 
Joints

ÅApplications

ÅForced water & sewer

ÅPVC C900 and HDPE C906 4ò ï12ò

ÅWastewater

ÅHigh corrosion areas

ÅCoastal/shoreline areas



MULTI/JOINT® 
3000 Plus

ÅSuitable for all pipe materials, such as

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

ÅSave installation time and stock

ÅOne piece, stab-fit installation

ÅAccommodates 16 degrees of angularity

(8 degrees on each end)

ÅNo need for thrust blocks

ÅReusable

ÅProven track record more than 30 years

ÅDurable and corrosion proof

ÅApplicable for under and aboveground use

ÅMaintenance-free connection
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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:

Åconventionally extruded 

Åexpanded in a mold

Ultra -Blue expansion:

ÅMolecular reorientation in hoop 
direction

ÅImproving pipe  properties

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





Why was Ultra-Blue developed?
ÅFor PVC Users

- Retains benefits of PVC 

- Adds improved properties

- PVC Alternative to Ductile

- Eliminate Tapping Failures

ÅFor Ductile Iron Users

- Eliminates corrosion

- Eliminates perceived disadvantages of 
PVC pipe



When and Where?
History

ÅTechnology

ÅEurope: Early 1970s

ÅNorth America: Early 1990s

ÅSpread worldwide in the 1990s

ÅStandards:

ÅASTM F1483: First published 1993

ÅAWWA C909: First published 1998



AWWA C909 has superior notch 
resistance, virtually eliminating 

tap failures.

Ultra Blue
16ò 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


