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1. General progress

2. Publications

3. New traffic load testing on Sydney test bed (Derek)

4. Material testing of  test bed pipe, soil & asphalt (Ben)

5. Uniformly corroded pipes: Pipe stress prediction finalised by Dilan

6. Through wall corroded pipes: Pipe stress prediction finalised by Dilan

7. Remaining wall corroded pipes: Pipe stress prediction finalised by Dilan

8. Pressure transient monitoring and hydraulic modelling in pipe networks 
(Suranji)

9. Pipe burst test setup and preliminary results (Suranji)

10. Case studies of  past pipe failures (including Harris/Ultimo lane main failure

Presentation Outline



Activity 1.aðMeasurementand calculation of internal/external loads

Å Thedatarelevantto largediameterpipewascollectedfrom thepartnerorganisationsand

publicdomain.

Å A methodfor recordingandarchivingthedatawasdeveloped- an online database.

Å Thereporton WaterMainFailureAnalysiswasfinalised.

Å The reporton applicationof opticalfibre technologyfor conditionmonitoringof new

critical pipe was finalised(http://www .criticalpipes.com/th_gallery/distributed-optical-

fibre-sensors-and-their-applications-in-pipeline-monitoring/).

Å A newpipestresspredictionequationwasdevelopedwithin theoperatingregionof the

pipelineusing3-D FE modelsimulations(Paperwassubmittedto a journalandunder

review; A tool wasdevelopedandmadeavailableto waterutilities)

Å Newtraffic loadtestswereperformedon theSydneyWatertestbed.

Å Material models for numerical analysisare calibratedusing in-house laboratory

experimentson castiron pipes.

General progress
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Activity 1.a

Å Preliminarystressassessmentsareconductedto investigatetheeffectof corrosionpatch

Å Detailedanalysisof failuredatawascarriedout to understandthe factorsleadingto

failure.

Å Pastfailureswereexplainedusingthedevelopedsolutions

Å Fieldmonitoringof pressuretransientsin EastLakeMacquariesectionof HunterWater

networkiscompleted.

Å Pressuretransienthydraulicmodellingandmodelvalidationusingfieldobservedpressure

datafor EastLakeMacquariesectionin HunterWaternetwork WAScompleted

Å Theresearchon fibreopticsis showingthat thefiberopticsensorsattachedto apipeare

capableof detectinglocal strain field changesdue to variousfactorssuchas varying

pressureor inducinga damageon the pipe. The currentwork is beingcarriedout on

reconstructingthesevariousfactorson the basisof the straindatadetectedby the fiber

opticsensorsduringexperimentsusingfiniteelementmethods.

General progress
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Activity 1.b Failure mechanisms,failure statesand remaining physical life

Å The pastpipe failuredataand observedfailuremechanismsreportedin the literature

werecompiled.

Å The failure inspectionreports provided by the partner organisationsWERE also

compiledandanalysed.

Å Failedand corrodedpipe sampleswerereceivedfrom SW to MonashUniversityfor

testing.

Å Testingof castiron pipe materialbehaviourin the laboratoryusingsamplesobtained

from exhumedpipes(SW)wascarriedout. Tensiletestsand aringtest werecarriedout

andmodelled. Cyclictensiletestwasperformedto characterisethenonlinearbehaviour

of castiron

Å Non-linear constitutive models were developedto capture the realistic cast iron

behaviourobservedduringin-houselaboratorytests

General progress

5



Activity 1.b

Å Castiron materialstress-strainbehaviourwascalibratedto fit thehyperbolicmodel

Å Laboratorytestswereperformedto characterisethecementliningpropertieson thebasis

of actualliningsamplesaswellaspreparedsamples

Å Numericalmodelsweredevelopedand simulationswereconductedto investigatethe

cementliningcontributionto resistinternal/externalloadingto pipes

Å Journalpaperwasdraftedon assessingthecementliningcontributionto resist

Å Pipefailuremodelsweredevelopedto predictthefailure

Å Investigationswereperformedon thebasisof numericalanalysisto assessthe effectof

patchcorrosionon pipessubjectedto internalandexternalloadings.

Å Journalpaperwasdraftedon traffic loadeffecton buriedpipeandsubmittedto partner

organisationsfor review

General progress
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Activity 1.b

Å The validity of the numericalmodelswere verified by simulatingthe traffic tests

conductedatSWtestbed.

Å A solution has been provided for stressconcentrationfactors resultedin uniform

throughwallcorrosionpatches.

Å Preliminaryinvestigationswereperformedto investigatethe effectof realisticthrough

wallcorrosionpatches.

General progress
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Å Factsheets

ð FactsheetNo.13PipeStressPredictionModelsfor uniformpipes

ð FactsheetNo. 15An updateon field instrumentationof SydneyWatertestbed

ð Fact sheetNo. 16

ð Fact sheetNo. 17

Å Report

ð RathnayakaS., RobertD. andKodikaraJ. (2014) Analysisof pressuretransientson HunterWaterNetwork

Publications
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Å Technicalpapers

ð RathnayakaR.M.S.U.P., RobertD.J., RajeevP., andKodikaraJ. (2013), A reviewof the pressuretransient

effects on water distribution main failures, International Conferenceon Structural Engineering&

ConstructionManagement-ICSECM2013

ð VitanageD.C., KodikaraJ., andAllen G. (2013) Collaborativeresearchon conditionassessmentandpipe

failurepredictionof criticalwatermains,LESAM 2013ðIWA Leadingedgestrategicassetmanagement,

10-12September,Sydney,Australia,CD RomProceedings

ð RajeevP., KodikaraJ., RobertD. ZemanP. andRajaniB. (2013). Factorscontributingto largediameterwater

pipe failure as evident from failure inspection,LESAM 2013ðIWA Leadingedgestrategicasset

management,10-12September,Sydney,Australia,CD RomProceedings

Publications
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New traffic load testing on Sydney test bed
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üTestBedSiteLayout

üNewTruckTests

üTestResults

üSummary

Thanks to Sydney Water for their substantial inclined support
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Sensors location and data acquisition

ü Measurementof pipestrain,pressure,pipejoint movement,soilmoisturecontent

ü Ambientlogginginterval: 30mins

ü Traffic triggerlogginginterval: 500Hz for 9 seconds
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New Truck Tests
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ü Aimed to examinethe behaviourof pipe under traffic loadings(18 to

21/ 11/ 2013

ü 1st day: Preliminarytestðtruckbrakingdistance,speedhumplocationetc.

ü 2nd day: Trucktestat0 kPainternalpipepressure

ü 3rd day: Trucktestat550-688kPainternalpipepressure

ü 4th day: Trucktestat288-302kPainternalpipepressure

Truck A (22.45 t)

56.7 kN 164.5 kN

Type of test

Passing at 15 km/h

Passing at 50 km/h

Braking at 15 km/h

Braking at 50 km/h

Cornering at max speed (i.e. 22-29 km/h)

Speed hump (passover 1 sideof truck)

Speed hump (passover 2 sideof truck)

Stop each axle

Test schedule



ü Thetestpipewaspressurisedbyopeningthe

valveconnectsto anin-servicepipe

ü 3rd day: Pipepressurisedfrom 0 to 688kPa

(in approximately100kPaincrement)ðtruck

testscommenced

ü 4th day morning: Pipe depressurisedfrom

540 to 300 kPa (in approximately50 kPa

decrement)ðtrucktestscommenced

ü 4th dayafternoon: Pipefurtherdepressurised

from 300 to 140 kPa (in approximately

100kPadecrement)

New Truck Tests
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Pressurising the test pipe

Pressure sensor 

connected to the test pipe



New Truck Tests
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The test setup

Video 

recording

Roadcross-section



New Truck Tests
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Speed hump test



New Truck Tests
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Braking test



New Truck Tests
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Cornering test
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ü Testpipewaspressurisedfrom 0 to 66.8 m in approximately10m increment

ü Depressurisedfrom 55 to 30m thenfrom 30 to 14m in approximately5 m

decrement

Test Results
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Pipe strain due to internal pressures

Hoop strain

15°
30°
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Strain change within the elastic region. Maximum strain due to internal pressure is 126

microstrain (typical failure strain is 2000 to 3000 microstrain)



Test Results
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Pipe hoop strain results from tests with 0 m internal pressure
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Truck A passing at 15 km/h Truck B passing at 15 km/h
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Truck A braking at 15 km/h Truck B braking at 15 km/h
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Brakingat slow speed occurredover longer period than passingat the same speed. Change

in strain betweentwo tests are similar (<5 microstaindifferences)



Test Results
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Pipe hoop strain results from tests with 50 m internal pressure
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Magnitudeof changein strain results measuredwith 50 m internal pressureare verysimilar

to 0 m, with differencesof only few microstrain
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Pipe hoop strain across the pipe circumference from Truck A 

tests with 0 m internal pressure 

15°
30°
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Pipe cross-section

For Truck A, change in hoop strain between different tests are similar (difference <7

microstrain)



Test Results

22

Pipe hoop strain across the pipe circumference from Truck B 

tests with 0 m internal pressure 1
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Pipe hoop strain across the pipe circumference from Truck B 

tests with 0 m internal pressure 2
15°

30°
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Pipe cross-section

Similar to Truck A, the change in hoop strain for Truck B with different tests are small

(difference<7 microstrain)
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Pipe hoop strain across the pipe circumference - summary

SASTcan be used to representother axlegroupsfor pipe strain in elastic range

Truck
Axle 

group

Effective 

tyre load 

(kN)

Max. 

compressive 

strain

(mm)

Max. 

tensile 

strain

(mm)

A
SAST 28.4 9.8 ð11.6 5.3 - 7.3

TADT 41.1 15.3 ð19.4 8.5 ð15.3

B

SAST 29.4 8.2 ð9.8 3.7 ð6.2

TADT 38.1 16.6 ð19.2 11.1 ð15.2

TRDT 28.6 14.1 ð14.7 8.2 ð11.6



ü Developthe relationshipto be usedfor calculationof

tyreloadin trafficevents

ü Test results used for calculationsare hoop strains

measuredon thepipecrown

üFor truckpassingtests(both15km/h and50km/h)

üAt 0 m internalpressure(sameas normalmonitoring

condition)

üTyreloadcalculatedbaseon singletyre

üAt different road surfacecondition (road base and

asphalt)

Test Results
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Relationship between tyre load and pipe hoop stress 1
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ü Hoop strainatpipecrownagainsttyreloads

Test Results

26

Relationship between tyre load and pipe hoop stress 2



ü Pipe hoop strain from traffic

eventsoverthreeFridaysin July

2013

ü Compressivestrainrangedfrom

6 to 18µe

ü Convertfrom the plot: 26 to 78

kN tyreload(5.3 to 8 t)

ü Accordingto Roadand Traffic

Authority NSW total masslimit

of busis:

ü Within theballpark

-20

-10

0

10

20

20
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00C

h
an

ge
 in

 h
o
o
p
 s

tr
ai

n
 ( m
e
)

 Crown (SG 05)
 Left springline (SG 02)
 Right springline (SG 11)Friday

27

Test Results
Relationship between tyre load and ground pressure



Test Results

28

Ground pressure along depths from Truck A tests with 

0 m internal pressure 

At 260 mm depth, truck braking generated higher pressure than passing (up to 20 kPa).

Differencein groundpressurebetweenthe depth of 260 to 860 mm is up to 50 kPa.
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Ground pressure along depths from Truck B tests with 

0 m internal pressure 1 
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Ground pressure along depths from Truck B tests with 0 m 

internal pressure 2

PP 7
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PP 9
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At 260 mm depth, truck braking generally showed higher pressure than passing (up to 10

kPa). Differencein groundpressurebetweenthe depth of 260 to 860 mm is up to 40 kPa.
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Ground pressure across pipe from Truck A tests with 

0 m internal pressure 

Brakingat high speed created slightlyhigher pressureon top of the pipe than other tests, with

differenceof less than 5 kPa
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Ground pressure across pipe from Truck B tests with 

0 m internal pressure 1 
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Ground pressure across pipe from Truck B tests with 0 m 

internal pressure 2

Similar to TruckA results, braking at high speed generallygaveslightly higher pressureon top

of the pipe than other tests, but with small differences(<4 kPa)



ü Groundpressureatdifferentdepthsagainsttyreloads

Test Results

34

Relationship between tyre load and ground pressure



Summary of  New Truck Tests

ü Changein pipe hoop straindueto internalpressureshowedthat undernormal

operationpressure,pipestrainis underelasticregionwith maximumstrainof 126

microstrain

ü Changein strainfrom truckpassingandbrakingtestsaresimilarwith differences

of lessthan5 microstrain

ü Changein strainfrom testswith 0 and50m internalpressureareverysimilarwith

differencesof fewmicrostrainonly

ü Truck test results showedsmall differencesin hoop strain measuredfrom

differenttests(i.e. passing,braking,stopping)

ü Brakingtestsgeneratedhigherpressureat the depthof 260mm thanothertests

(upto 20kPa)

ü Pressuredifferencesbetweenbrakingand other testsare lesssignificantat the

depthof 860mm(lessthan5 kPa)

35



Summary of  New Truck Tests

ü Internalpressurehassmalleffecton pipestrainduringtraffic loading

ü The typeof traffic tests(i.e. passing,brakingetc.) hassmalleffecton the pipe

strainandpressurecloseto thepipe

ü Maximumchangein pipestrainis lessthan20microstrainandchangein pressure

closeto thepipeis lessthan30kPa,whichsuggestedthattraffic loadinghassmall

effecton thepipe

36



üSoiltests

üBitumentests

üCastiron tensiletests

üSteeltensiletests

37

Material testing of  test bed pipe, soil & asphalt



Soil Tests
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Material testing of test bed pipe, soil & asphalt

ü Initial properties

(March 2013)
üProperties at pipe

testing (Dec 2013)

Strathfield soil

At testing mc (%) 26.35

Bulk density (g/cm3) 1.93

Dry density (g/cm3) 1.52

Saturation (%) 94.5

Strathfield soil

Initial mc (%) 20.8

Bulk density (g/cm3) 2.07

Dry density (g/cm3) 1.74

Saturation (%) -

Atterberg Limits Strathfield soil

Liquid limit (%) 46.6

Plastic limit (%) 14.6

Linear shrinkage (%)
13.8 (nil to slight

curling)

Plastic index (%) 32.4



Soil Tests
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Material testing of test bed pipe, soil & asphalt

ü Initial properties

(March 2013)

üProperties at pipe

testing (Dec 2013)



Soil Tests
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Material testing of test bed pipe, soil & asphalt

üParticle sizedistribution

üOedometertest

üTriaxial test
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Material testing of test bed pipe, soil & asphalt

üProperties tested are 

shown on right

üProperties will be used in 

numerical modelling

üFurther testing to examine 

moisture content change 

from compaction

Strathfield soil

Colour lightbrown/orange

Initial mc (%) 26.35

Bulk density (g/cm 3) 1.93

Dry density (g/cm 3) 1.52

Saturation(%) 94.5

Specificgravity, Gs 2.65

Max standarddry density (g/cm 3) 1.83

StandardOMC(%) 18

Liquid limit (%) 46.6

Plasticlimit (%) 14.6

Linear shrinkage(%) 13.8 (nil to slightcurling)

Plasticindex (%) 32.4

Shrink-swell index (Iss) 3.8

Averagecompressionindex, cc 0.169

Compressibility parameter,ʇ 0.073

Averageswelling index, cs 0.018

Unload/reload parameter,ʆ 0.0078

Averagecoefficient of consolidation, cv

(m2/sec)

6.62×10-8

Averagepermeability (m/s) 4.86×10-10

Drained friction angle,ʒõ(°) 33.7

Drained cohesion,cõ(kPa) 8

Critical stateline,ɥ 1.36
*OMC-Optimum water content. 41



Bitumen Tests
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Sydney Water Test Bed laboratory results 
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Sydney Water Test Bed laboratory results 

Bitumen Properties

Bulk density (g/cm3) 2.25

Peak load (kN) 31.7

Peak stress (MPa) 4.5

Axial strain at peak load 0.0476

Youngôsmodulus from gauge strain (MPa) 500

Reload modulus from gauge strain (MPa) 1030

Average Poissonôsratio 0.327
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Cast iron tensile tests
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Harris Street cast iron tensile tests

12.5 mm

Plan

Elevation at center
12.5 mm

20 mm 20 mm

75 mm 75 mm

Radius 
12.5 mm

Radius 
12.5 mm

75 mm

Ғ  237 mm

12.5 mm

Elevation at ends

20 mm

üGatherdatafor castiron strength

üTestingconductedon Harris Streetpipe,

Sydney



Cast iron tensile tests
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Harris Street cast iron tensile tests

DIC cameras

Loading 

machine



Cast iron tensile tests
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Harris Street cast iron tensile tests

Harris St castiron averageproperties

Bulk density (g/cm3) 6.6

Peakload (kN) 19.5

Peakstress(MPa) 135

Youngôsmodulus from gaugestrain (MPa) 106.5

AveragePoissonôsratio 0.31

SecantModulus (GPa) 65.7
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Cast iron
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Cast iron pipe data review

ü Reviewof literaturefrom Canada,USA,UK

andAustralia

ü Propertieswill beusedin numericalmodelling

ü The review includes important pipe

information: placeof pipe,spunor pit cast,

pipe size,failuremode,testingmethodsand

samplesizes.

ü It includesimportant sampletestingresults:

peak stress, yield offset, Poissonõsratio,

Youngõsmodulus, secant modulus and

fracturetoughness.



Steel tensile tests
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Steel pipe tensile tests



Steel tensile tests
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Steel pipe tensile tests

Steelpipe averageproperties

Bulk density (g/cm3) 6.2

Peakload (kN) 31.0

Peakstress(MPa) 392

Youngôsmodulus from gaugestrain (MPa) 200.5

AveragePoissonôsratio 0.29

Upper yield strength (MPa) 317

Lower yield strength (MPa) 308

Yield point elongation(%) 2.5

Uniform elongation(%) 15.7

Elongation at failure (%) 23.8

SecantModulus (GPa) 65.7
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üGenerallyobservedcorrosionin failedpipecanbegroupedinto

threemaincategories:

ÅGeneralcorrosion;

ÅPatchcorrosion; and

ÅPitting corrosion.

üAnalyticalclosed-form solutionwasdevelopedto calculatethe

maximumpipestressfor generalcorrosiontype

üCurrentlydevelopingthe Analyticalclosed-form solution for

patchcorrosionandpittingcorrosion

Type of  corrosion

50

Pipe stress prediction on uniformly corroded pipes



üGeneral corrosion (Type ð I) refers to reasonablyuniform

reductionof thicknessoverthesurfaceof thepipelinewall.

Type of  corrosion

Idealisationof general

corrosionpattern

Field observation

Reduced pipe 

thickness

51

Pipe stress prediction on uniformly corroded pipes



üPatch corrosion (Type ðII) due to graphitizationor clusterof

geometricallyinteractingpits.

Type of  corrosion

Idealisation of patch

corrosionpattern
Field observation

52

Pipe stress prediction on uniformly corroded pipes



üPitting corrosion (Type ðIII) refersto localisedregionsof metal

lossthatcanbecharacterisedbypit geometry.

Type of  corrosion

(A) (B) (C)
53

Pipe stress prediction on uniformly corroded pipes



Stress analysis in uniform pipes (or Type I corrosion)

54

ü Objective here is to develop non-linear regressionbased on

dimensionlessparameters
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Pipe stress prediction on uniformly corroded pipes



ProposedStressPrediction
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Pipe stress prediction on uniformly corroded pipes
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Numerical model prediction

Data
1 : 1 line

R2 = 0.99

Data used for calibration

Total of   6000 data points were used 

to develop the model. 



Pipe stresses prediction by the non-linear model
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Sydney Water Test Bed modelling 

Non-linear model predicts realistic pipe stresses
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Tool was provided to Water Utilities to assess pipe stresses and 

critical wall thicknesses of water mainsé

57

Pipe stress prediction on uniformly corroded pipes



Effect of  Patch Corrosion in Pipe Stress
Patch/Pit corrosion geometry
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Patch/Pit with a remaining wall thickness Through wall corrosion patch/Pit

Uniform 

through wall

Angular 

through wall

Patch/Pit corrosion

Different corrosion pattern are identified on the basis of failed mains



Estimate Actual stress in patch/pit corroded pipes using Stress 

Concentration Factors (SCF)
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alnoactual SCF min.ss =

Effect of  Patch Corrosion in Pipe Stress

Actual Pipe

Uniform pipe idealization 

(Tool developed to predict snominal)

This can be computed using the 

proposed uniform corrosion tool

RW patch or TW patch

Nominal Pipe

SCF is required to compute using a regression equation
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Patch corrosion 

type

Field scenario Model idealisation Proposed solution

Patch with a 

remaining wall

Through wall 

uniform patch

Through wall 

angular patch

Effect of  Patch Corrosion in Pipe Stress
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Idealised FE models were developed to characterise the actual corrosion patterns



Developed models to capture the realistic shapesé

Pipe diameter - 2R

(mm)

Pipe thickness - h

(mm)

Patch radius bottom - d

(mm)

Inclination -a

(degrees)

No of models

500 15 50 0,15,30,60,90 5

100 15,30,60,90 4

25 50 0,15,30,60,90 5

100 15,30,60,90 4

660 15 10 0,15,30,45,75,90 6

25 15,30,45,75,90 5

50 15,30,45,60,75,90 6

75 15,30,45,75,90 5

100 15,30,45,75,90 5

12.5,37.5,150,220 90 4

20 12.5,25,37.5,54,99 90 5

25 50 0,15,30,45,75,90 6

100 15,30 2

12.5,25,37.5 90 3

26.4 12.5,25,37.5,54,99 90 5

35 12.5,25,37.5,54 90 4

1000 15 150 0,15,30,60,90 5

270 15,30,60,90 4

82.5,202 90 2

30 82.5 0,15,30,60,90 5

150 15,30,60,90 4

Total Models developed for the study ~ 100 models

Effect of  Patch Corrosion in Pipe Stress
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Solution Finalised for through wall corrosion

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12 14 16 18 20

S
C

F

l

Non-linear equation

FE data

3377.0
5.12.1

4 2

sin

1
..

2

)1(3
4998.5

îý

î
ü
û

îí

î
ì
ë

ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å-
³=

a

n

Rh

d
SCF

93.01 Re2 =ö
÷

õ
æ
ç

å-=
Total

siduals

SS
SS

R

Effect of  Patch Corrosion in Pipe Stress

A solution was finalised to obtain the non-linear regression for SCF in through wall corroded 

pipes
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Practical lregions for through wall corrosion

Effect of  Patch Corrosion in Pipe Stress

Predictions are very good in the range of practical pit/patch geometries

67%18% 15%

l
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Non-through wall corrosion analyses

[ ] alnoactual ttRaSCF min.)/'(),/( ss =

Å To determine solution for actual stress as a function of SCF

i.e.

Å To determine leak before failure diagrams

Results of FE analyses were used to 

develop the non-linear regression 

model

Obtain leak before failure diagrams 

(LBF) for different cases

Treat the regression to obtain LBF 

diagrams analytically

Effect of  Patch Corrosion in Pipe Stress
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Non-linear regression  for non-through wall corrosion

65

ü Objective here is to develop non-linear regressionbased on

dimensionlessparameters
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üGroupingof non-dimensional

parameters

Pipe stress prediction on uniformly corroded pipes
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SCF is captured on the basis of Buckingham pi theorem



Analysis plan for remaining wall corrosion modelling
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2a

D

(mm)

h

(mm)

(h-tõ) 

(mm)

2a 

(mm)

Total models

500 15 5,8,10,13 50,100,150 8

500 25 10,15,20,23 50,100,150,200 12

660 15 5,7,10,13 50,75,100 12

9,10 150 2

12 175 1

660 15 5,7.5,10,14 5,8,9,10,14,20,

28

9

660 25 5,10,15,20,2

3

50,100,150 15

1000 15 5,7,10,13 50,100,150,200 12

1000 30 10,15,25,28 50,100,150,200 15

Total models developed for the study ~ 90

Effect of  Patch Corrosion in Pipe Stress
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Non-Linear regression model for remaining wall corrosion
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Effect of  Patch Corrosion in Pipe Stress

A solution was finalised to obtain the non-linear regression for SCF in remaining wall corroded 

pipes
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Coefficient Value

a1 0.9598

a2 6.3792

a3 -0.0391

a4 1.8741

a5 -1.1103

a6 1.9858

a7 0.0276

a8 0.8762

a9 0.0853

a10 0.0762
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Effect of  Patch Corrosion in Pipe Stress

Most data points 

are within    0.5°

Good normal distribution was obtained with most of the data points are within    0.5°



Ligament instability lines at different pressures (using FE)

Effect of  Non-Wall Corrosion in Pipe Stress
To determine leak before failure diagrams
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Effect of  Non-Wall Corrosion in Pipe Stress

Leak before failure diagrams

LBFôs are useful to determine what state of corrosion causes to leak the pipe at given operating 

pressure

Instability segments for D 660mm, t=25mm
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Summary

Effect of  Patch Corrosion in Pipe Stress

ÅCorrosion clusters have been studied to determine the sizes of  realistic corrosion patches in 

water mains

ÅA solution has been proposed to assess SCF in through (uniform & angular) wall corroded 

pipes

ÅA solution has been proposed to assess SCF in remaining wall corroded pipes

ÅThese solutions can be used to predict maximum pipe stresses for realistic pipes.

ÅLeak before failure diagrams are useful to determine what state of  corrosion leads to leak the 

pipe at a given operating pressure. 

ÅThe effect of  multiple pitting (both through wall and remaining wall) will be investigated in 

future work



üPressure transient monitoring and modelling

üPressuremonitoringwork in HunterWaternetwort

üPressuretransienthydraulicmodellingin HunterWaternetwork

72

Pressure transient monitoring and modelling



Pressure transient modelling and field pressure 
monitoring programme in Hunter Water network

Extended period 
simulation

Field pressure 
monitoring

Pressure transient 
hydraulic  modelling

Pressure transient monitoring and modelling

Knowledge of  this work will be used to develop simplified approach to obtain transient 

pressure magnitudes
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Pressure transient monitoring and modelling

Pressure monitoring program (Cardiff  South-event monitoring)

Site 1

Site 2

Site 3

Site 4

Site 5

Pressure monitoring 

sites
Reservoirs

Pump stations

Highest pressure rise of  270kPa was observed at site 1 

during 5s pump start-up event.
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Pressure transient monitoring and modelling
Pressure monitoring program (Cardiff  south-event monitoring)

Site 1

Site 2

Site 3

Site 4

Site 5

Pressure monitoring 

sites
Reservoirs

Pump stationsSignificant steady state pressure rise was observed when 

pumps were in operation during period of  low demand.
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Pressure transient monitoring and modelling
Pressure monitoring program (Cardiff  south-Long term monitoring)

Site 1

Site 2

Site 3

Site 4

Site 5

Pressure monitoring 

sites
Reservoirs

Pump stations

Pressure transient of  magnitude  135kPa was observed during 

closure of  AIV. Significant transient did not observed at 

pumps operated with VSD and at PRV 
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Pressure transient monitoring and modelling
Pressure monitoring program (Lookout-Long term monitoring)

Pump stations

Reservoirs

Pressure monitoring sites Main pump 

station

Site 6

Site 7

Site 8

Site 9

Site 10

Significant transients were observed during pump operation and closure of  AIV.  Start-up of  

pump generated transient of  magnitude 275kPa and closure of  valve generated transient of  

magnitude 591kPa.
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Pressure transient monitoring and modelling

Pump stations

Reservoirs

Pressure monitoring sites Main pump 

station

Site 6

Site 7

Site 8

Site 9

Site 10

Generated transients were dissipated rapidly. In all cases 40-50% reduction of  pressure transient 

magnitude was observed with 2 to 3 km distance.

Pressure monitoring program (Lookout-Long term monitoring)
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Pressure transient monitoring and modelling

Pressure Transient hydraulic modelling (Lookout) 

Wave speed in m/s Pump start up timein seconds

2s 5s 10s 20s 35s

Varying V V V V V

915m/s (3000ft/s) V V V V V

1065m/s(3500ft/s) V V V V V

0.1% air V V V V V

Case 1&2. Pump start-up event at Lambton pump station
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Pressure transient monitoring and modelling
Pressure Transient hydraulic modelling (Lookout) 

Case 1. Pump start-up event at Lambton pump station
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Model captured shape, magnitude, rate of  initial pressure rise of  transient accurately.
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Pressure transient monitoring and modelling
Pressure Transient hydraulic modelling (Lookout) 

Case 2. Pump shutdown event at Lambton pump station
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Closure timein 

seconds

Valveresistance (R)/(m/m3/s)

1 2.5 5 7.5 10

30 V V V V V

60 V V V V V

120 V V V V V

Pressure transient monitoring and modelling

Pressure Transient hydraulic modelling (Lookout) 

Case 3. Closure of   Dudley Automated inlet valve

2Q

H
R
D
=

2Q

H
R
D
=

Where;

æH = Head drop across valve

Q² = Flow rate

Note:

Å In this case wave speed was kept constant to 915m/s (3000 ft/s)

Å Valve resistance is defined as follows; 
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Pressure transient monitoring and modelling

Pressure Transient hydraulic modelling (Lookout) 
Case 3. Closure of   Dudley Automated inlet valve

Pump stations

Reservoirs

Pressure monitoring sites Main pump 

station

Site 6

Site 7

Site 8

Site 9

Site 10
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Valve resistance = 2.5 (60s closure, wave speed 915m/s)
Valve resistance = 5 (60s closure, wave speed 915m/s)

Valve resistance had a impact on the magnitude of  pressure transient.
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Pressure transient monitoring and modelling
Pressure Transient hydraulic modelling (pressure maps) 

Maximum pressure (5s pump start-up Cardiff  south)
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Pressure transient monitoring and modelling

Pressure Transient hydraulic modelling (pressure maps) 

Only transient pressure (5s pump start-up Cardiff  south)
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Pressure transient monitoring and modelling

Summary-Pressure monitoring

Å Significant pressure transients were captured during pressure monitoring in two 

sections.

Å Magnitude of  pressure transients dissipated rapidly as they propagated along the 

trunk main.

Å Significant steady state pressure rise was observed when pumps were in operation 

during periods of  low system demand.

Å For positivepressurerisesmagnitudeof reflectedpressurewavewassignificantly

lower than main pressurewave,whereas for negativepressurewaveseriousof

significantreflectedpressurewaveswereobserved
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Pressure transient monitoring and modelling

Summary-Hydraulic modelling of  pressure transients 

ÅComputer model was able to simulated field observed pressure transients accurately.

Å Computer model simulated the shape and magnitude of  the initial pressure pulse 

and the rate of  initial pressure rise quite accurately for all cases studied. 

Å Significant amplification of  pressure wave was observed when transient wave 

propagated in to smaller diameter pipes (reticulation).

Å Field data showed considerably higher damping of  pressure transient waves in 

comparison to model results. 



üExperimentsetup

üPreliminaryresults
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Pipe burst test
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Pipe burst test

Experimental set-up -Proposed new vertical arrangement
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Pipe burst test
Experimental set-up -Pressurizing system
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Pipe burst test
Experimental set-up -Assembling
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Pipe burst test

Preliminary results- 3D pipe scanning of  sample 1

Sample Details

Length=1340mm

Diameter = 660mm

Thickness=25mm

Installed year :1930

Spun cast in situ lined 

pipe section

180°

+670

-670

0°

All units are in 

millimetres
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Preliminary results- 3D pipe scanning
Pipe burst test

Corrosion patch analysis

Patch 1 Patch 2 Patch 3

Patch Locations

Patch 1: -200 to -400 and 

270° to 315 °

Patch 2: 0 to -400 and 

180° to 247.5°

Patch 3: 100 to 500 and 

315° to 22.5°

+670

-670

0°

All units are in millimetres
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Preliminary results- 3D pipe scanning

Pipe burst test

Patch 1 Patch 2 Patch 3 Patch 4

Patch length/mm 220 360 360 260

Patch width/mm 180 310 350 240

Min. remaining wall 

thickness/mm

11.7 7.1 6.5 9.9

FEM stress (1.2MPa) 37.3 52.5 45.6 35.2

FEM stress (1.8Mpa) 55.9 78.7 67.5 51.3

Experimental 

stress/(MPa)

In progress In progress In progress In progress
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Pipe burst test

Preliminary results- Numerical modelling

Patch 2 (Max stress 78.7 MPa for 1.8 MPa internal pressure) 

180°

+670

-670

0°
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Pipe burst test

Preliminary results- Numerical modelling

Patch 3 (Max stress 67.5 MPa for 1.8 MPa internal pressure) 

0°

+670

-670



üHarrisstreet/ Ultimo roadcasestudy
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Case studies of  past pipe failures
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Harris Street case study

ü A water main failure was taken place on 10th

August 2013 at 11.05pm in the Sydneywater

deport locatedat 20 William Holms Street,Potts

Hill

ü Thefailedmainwas500mmdiametercementlined

spuncastpipelaidin 1961

ü Significantdamagehasbeentakenplace



Pipe layout of  the failed pipes along with the adjacent pipes

99

Harris Street case study
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Input properties for the study
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Harris Street case study

Property Unit Description
Pavement Details (Concrete + Bitumen)

Thickness mm 250
Stiffness MPa 3000
Density KN/m 3 23

Poissonôs ratio - 0.3
Subgrade properties

Thickness 1 mm 1350
Stiffness MPa 50
Density KN/m 3 19.5

Poissonôs ratio - 0.3
Cast iron properties

Stiffness GPa 100
Poissonôs Ratio - 0.3

Density Kg/m 3 7800

Time 

P
re

s
s
u
re

 h
e
a
d
 (

m
) 

Maximum 

pressure~550kPa

Input properties are either assumed or based on data given by Sydney Water



Harris Street case study

FE model idealisation and mesh discretisation
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Model boundaries and mesh were selected to minimize effects arising by them

Traffic Load

10m 11m

6.6m

750D straight pipe

500D elbow pipe

1.6m

220,000 soil elements

158,000 pipe elements


