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1. General progress

Stressanalysisé& failure prediction

A Thedatarelevanto largediametepipewascollectedrom the partnerorganisationand
publicdomain

A The pastpipe failure dataand observedailure mechanismseportedin the literature
werecompiled

A Thefailureinspectiorreportsprovidedby the partnerorganisationgerealsocompiled
andanalysed

A A methodfor recordingandarchivinghe datawasdeveloped anonlinedatabase

A The report on Water Main Failure Analysiswas finalised Stressassessmentto
investigatéhe effectof corrosionpatchareprogressed

A Detailedanalysi®f failure datawascarriedout to understanahe factorsleadingto
failure
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1. General progress

Stressanalysisé& failure prediction
A Pasftfailuresvereexplainedisingthe developedolutions

A A newpipesstresgredictionequationwasdevelopedvithin the operatingegionof the
pipelineusing3-D FE modelsimulationgPapemunderreview A tool wasdevelope@dnd
madeavailabléo waterutilities)

A Pipefailuremodelsveredevelopedo predictthefailure

A A solution has been provided for stressconcentrationfactors resultedin uniform
throughwallcorrosiornpatches

A Investigationsn the effectof realistichroughwall corrosionpatchesverecarriedout
Pipepitswith leakbut no burstwereidentified

A A solutionhasbeenprovidedfor stressconcentratiorfactorsresultedn nonthrough
wallcorrosiorpatches

A The leak before break concept is developedand validated with pipe data and
samplescollected
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1. General progress

Material behaviour

A Failedand corrodedpipe samplesverereceivedrom SW,CWW and SEWto Monash
Universityfor testing

A Testingof castiron pipe materialbehaviourin the laboratoryusingsamplebtained
from exhumedipes(SW)wascarriedout. Tensilgestsand aringtest werecarriedout
andmodelled Cyclictensiletestwasperformedo characteristhe nonlineatbehaviour
of castiron.

A Non-linear constitutive models were developedto capture the realistic cast iron
behaviouobbservediuringin-housdaboratoryests

A Laboratorytestswereperformecdo characteristhe cementining propertieson the basis
of actualiningsamplesswellaspreparedamples

A Journapapemwasdraftedon assessinpe cementining contributionto resist

A A literaturereviewis completedor fatiguebehaviour
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1. General progress

Material behaviour

A Testing of failed castiron pipe samplesfrom burst test was carried out in the
laboratory Cycling tensile testsand a ring test were carried out to study fatigue
behaviourof castiron.
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1. General progress

Internal & externalloadings

A Traffic load tests results on the Sydney Water test bed were analysed with a
journal paperwassubmitted, anotherone under preparation

A Analysiof traffic loadtestson concreteoadat the SydneyWatertestbedis completed
with therelationshifpetweenraffic loadsandpipestrainbeingdeveloped

A Fieldmonitoringof pressurdransientsn EastLakeMacquarisectionof HunterWater
networkis completed

A Pressuré&ransienhydraulianodellingandmodelvalidatiorusingfield observegressure
datafor EastLakeMacquarieectionn HunterWatemetworkwascompleted

A Field monitoring of pressuretransientsin Frankstonsectionof South East Water
networkwascompleted
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1. General progress

Internal & externalloadings

A Numericalmodelswere developedand simulationswere conductedto investigatehe
cementiningcontributionto resisinternal/externdbadingto pipes

A Journabaperwasdraftedon traffic loadeffecton buriedpipe andsubmittedto partner
organisation®r review
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1. General progress

Model validation

A

A

Material models for numerical analysisare calibrated using in-nouse laboratory
experimentsn castiron pipes

Castiron materiabtressstrainbehaviouwascalibratedo fit the hyperbolianodel

The validity of the numericalmodelswere verified by simulatingthe traffic tests
conductecht SWtestbed

Pipe burst testswere performedwith castiron pipe sampledrom Sydneytestbedto
validatepipefailuremodelandtestbedresults

New pipe burst tests were preformed on pipe sample with elliptical patch. Test
resultswerevalidatedwith the failure model.

Further pipe burst tests will be preformed on pipe sample with different patch
size and bottom shape Failure model will be developedto validate the test

results
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1. General progress
Smartpipe concept

A Theresearclon fibre opticsis showingthatthe fibre optic sensorsttachedo apipeare
capableof detectinglocal strainfield changeslue to variousfactorssuchas varying
pressureor inducinga damageon the pipe The currentwork is beingcarriedout on
reconstructinghesevariousfactorson the basisof the straindatadetectedy the fibre
opticsensorsluringexperimentssingfinite elemenimethods

A Thereporton applicatiorof opticalfibre technologyfor conditionmonitoringof new
critical pipe was finalised(http://www .criticalpipesom/th_gallery/distributedptical
fibre-sensormndtheirapplicationsn-pipelinemonitoring/).

10
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2. Publications

A Factsheets

11

FactsheetNo. 1 Overview

Fact sheetNo. 2 How, when and wherewill pipes fail within the entire
network?

FactSheetNo.5 d Fieldinstrumentationf Sydneyestbed

FactSheetNo.7 8 Monitoringand modellingof pressurdransientdor pipe
failureanalysis

FactSheetN0.100 DistributedStrainSensingvith OpticalFibreSensors

FactSheetNo. 12 - Datacollectionat HunterWaterconditionassessmeasites
andinitialmodelcalibration

FactSheetNo. 139 PipeStres$redictiorModelsfor uniformpipes

FactSheeNo. 153 An updateon field instrumentatiomf SydneyVatertest
bed

www.monash.edu
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2. Publications

A Factsheets

12

0

FactsheetNo. 16 Monitoringof pressurdransientsn Hunter Water
network

FactsheetNo. 17 Numericaimodellingof pressurdransienin Hunter
Waterto predictcriticalpipefailure

FactSheetNo. 18 Trucktestin Sydneyestbed
FactSheetNo. 21 Monaslhpipebursttestingfacility

Fact SheetNo. 2x Monash cast iron pipe burst test 2 (under
review)

Fact SheetNo. 2x Leak before break concept and castiron pipe
failure prevention (under review)

Fact SheetNo. 2x Castiron pipe ring tests(under review)

www.monash.edu

Fact Sheet No.18
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Fact Sheet No.21
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2. Publications

A Journapapers

13

1.

Rajeev,P, Kodikara,d, Chiu, W. K., & Kuen, T. (2013. Distributed optical fibre sensorsand their
applications pipelinemonitoring Key Engineerind/laterialss58 424434

Lim,K., WongL., Wong K.C. andKodikara]K. (2019. Distribute®rillouinOpticallimeDomairSensofsr
Monitorind-ocalStiffnes€hangesndPressur€hangaa anOut of RoundPipe StructuraControlandHealth
Monitoring(acceptetil June201510 58Q1,ConstructicandBuildingechnology)

Vithanag®)., Kodikara]l andAllen,G. (2014. Collaborativeesearcbn conditiorassessmeartdpipefailure
predictioffior criticalatemaind)NaterAsseManagemedurnal/ol 10, Issud, pp 1518

Rajee\R, Kodikara], RobertD., ZemanP andRajaniB. (2014. Factorsontributingo largediametewater
pipefailureWaterAsseManagemedurnalol 10, Issug, pp 9-14

Ji,j., Zhang,C., Kodikara,J, Yang,SQ. (2015 Predictionof stressconcentratioriactorof corrosionpits
on buriedpipesby leasisquaresupportvectormachineEngineeringrailureAnalysigQ1), 55 131+138

Rathnayak& M.SU.P, Keller R., and Kodikarad Numericalsimulationof pressurdransientsn water
supplynetworksand an approachto integratemodellingresultswith utility assetmanagemergystem
Journabf WaterResourceBlanningandManagemer{tindermreview)

RathnayakB.M.SU.P, ShannorB., Rajee\, andKodikaral Monitoringof pressuréransientsn water
supplynetworksJournabf WaterResourcellanagemerfundemreview)
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2. Publications

A Journapapers

7. Rathnayakd&.M.SU.P, ShannonB.,RobertD., and Kodikarad Experimentalevaluationof bursting
capacityf corrodedgreycastiron waterpipelineJournabf Engineerindtructuregin preparation)

8. Robert, D., Rajeev,P, Kodiakra,J and Rajani,B. An equationto predict maximum pipe stress
incorporatingnternalandexternaloading®n buriedpipes ASCEPIipelinéEngineeringlunderreview)

9. Robert,D., JiangR., RajeevP. andKodikara,J Contributionto cementmotor lining to the structural
capacityf castiron watermainsASCEPipelineEngineeringunderreview)

10. ChanD., Kodikarad K., Rajee andRobert,D. (pending)Fieldstudyof largediametecastiron water
pipeburiedunderaroadwayin preparation)

14
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2. Publications
A Conferenceapers

0 VitanageD.C., Kodikarad, and Allen G. (2013 Collaborativaesearclon
condition assessmerdnd pipe failure predictionof critical water mains,
LESAM 2013 0 IWA Leading edge strategic asset managemenii-12
SeptembeydneyAustraliaCD RomProceedings

0 RajeevP, Kodikarad, RobertD. ZemanP. and RajaniB. (2013. Factors
contributingto large diameterwater pipe failure as evidentfrom failure
inspectionLESAM 20130 IWA Leadingedgestrategicassetmanagement,
1012 SeptembeydneyAustraliaCD RomProceedings

0 Rathnayak&® M.SU.P, RobertD.J, RajeevP, and Kodikarad (2013, A == =
reviewof the pressurdransienteffectson waterdistributionmain failures, ~ !
International Conference on Structural Engineering & Construction Conference Paper
ManagemeACSECM2013

15
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2. Publications
A Reports

0 Kodikara,J, RajeevP, Robert,D., Zeman,P. (20123 Criticalreviewof historicalinformationon large
diametepipefailure

0 Kodikara,J, Chiu,W. K., RajeeVvP. (2012 Conceptdor monitoringof new criticalwaterpipelinesusing
opticalfibretechnology

0 Rathnayak8, RobertD. andKodikaral (2014 Analysiof pressuréransient®n HunterWaterNetwork

0 RobertD. andKodikara, (2014 HarrisStreetCaseStudyin SydneyVater

16
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3. Pipe burst test N0.3

PURPOSE
The intention of the test is to examine size of a patch that is required to create a burst

under likely operational loads
Test specimen

Pipe information

pipe diameter 660mm
original wall thinness 25mm

tested nominal wall thickness 17mm

test pipe length 1.3m

pipe age in ground 85 years
corrosion Not significant

Pipe material Cl, vertically pit cast
Corrosion patch information

shape of the patch elliptical
patch length (longitundial direction) 330mm

patch width (circumferential direction) 100mm

Remaining wall thickness in patch area 4mm (uniform)

17
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3. Pipe burst test No.3
Test procedure

U 18 strain gauges, two displacement gauges, two pressures transducers, fibre optic ca
two cameras were used for instrumentation

U Pipe was pressurised in 300 kPa steps allowing approximately 30 minutes between e

U Path developed a crack and some leakage at 1290 kPa

U As the pressure increased the pipe burst at 1440 kPa.

U There were few casting defects which were detected after machining of the internal s
They were in the order of 5 to 10mm diameter and 5 to 10 mm deep (Figure 5a). Ho
these did not lead to any failure or leakage during pressurising up to the burst pressu
1.4MPa.

U 2. There were other corrosion patches/pits over the good part of external surface of t

18 pipe. One such pit (see Figure 5b) led to water leakage around 1 MPa pressure, but

lead to any major failure.
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3. Pipe burst test N0.3

[est Results: Strain
1.2
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19| Similar to the previous tests, comparatively higher strains were obtained at patchitt

tensile tests
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3. Pipe burst test N0.3

Test video

U Movieis in
16x speed
until close to

crack




MONASH University www.monash.edu
3. Pipe burst test N0.3

Test video
Close up

U Movieis in
16x speed
until close to

crack
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3. Pipe burst test N0.3
Test results: fallure mechanism

Failure mode was a piece blown out with longitudinal fracture extending both top
bottom directions at 1.44 MPa
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3. Pipe burst test N0.3
Test results: Interesting observations

.‘
Manufacturing defects on
machined inside pipe
surface

U A Random corrosion patch started visible leakage around 0.6MPa

U Number of small manufacturing defects were found inside wall after machining

U Small leakage was observed at several locations of the patch (4mm thick) even

internal pressure is about 100 kPa
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3. Pipe burst test No.3
Conclusions

U Itis necessary to have a large corrosion patch with maximum corrosion depth (abot
in many cases) that depend on physical characteristic of the pipe (i.e., diameter, wa
thickness, pipe strength, pressure).

U Presence of small manufacturing defects or small corrosion pits did not cause majo
burst, but they created small leaks.

U The tests conducted so far (including this) indicated that a leak happen before a ma
break. This test leak started around 1.29MPa and break occurred around 1.44MPa
pressure. This leak before break window depends on the shape of the corrosion pa
base.

U Leakbeforebreak concept may be applicable to barrel failure of water pipeline when

24 remaining ligament length increases across a corrosion patch.
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4. Pipe ring test

Test specimen and corrosion patch details

Pipe specimen information

Pipe origin

Sydney Wateest bed

Pipe diameter

660 mm

Original wall thinness 25 mm
Testpipe length 0.3m

Pipe age 85 years
Corrosion not significant

- 3
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4. Pipe ring test

Test procedure

U Pipe was cut to 330 mm and grit blasted
internally and externally

U 16 strain gauges, two displacement gauges, &
two cameras were used for instrumentation |

U Pipe was loaded until failure including 2
unload/reload cycles

U Ring test failure occurred at 65.1 kN

U Failure occurred at top inner surface under

loading plate

26
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4. Pipe ring test

Test specimen and corrosion patch details

Pipe specimen information

pipe diameter 660 mm
original wall thinness 25 mm
tested nominal wall thickness 17 mm

test pipe length 1.3 m

pipe age 85 years
corrosion not significant

Corrosionpatch information

shape of the patch elliptical
patch length 330 mm
patch width 100 mm

Remaining wall thickness in patch are{ 4 mm(uniform)

27
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4. Pipe ring test
Test Results: Strain

200 Fracture stress
180 e S A _—
160 bt 7
T 140 S0
2
” 120
Q
& 100
wv
S g0
*3 —inner 0° axial
(1] o .
= 60 e outer 90° axial +
40 - -inner 180° axial
20 - -outer 270° axial |
---outer 315° axial
0 i i

I
0 2000 4000 6000 8000 10000
Strain gauge (pstrain)

28 Similar to burst tests, comparatively higher strains were obtained at failure zor
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4. Pipe ring test

Test video

U Movieis in
16x speed
until close to

crack
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5. SCF models

SCF models for remaining wall thickness pipes

. ar
72

n
&
O
>
@
»
L
9
<
Z
O
=




MONASH University www.monash.edu

5. SCF models
SCF models for remaining wall thickness pipes

Dimensions (mm) of modelled ellipsoids irCBfinite element analyses

10-30 1.37530 5-11
250 25 2575 3.12575 15-23
500 30 2575 1.562575 10-25

A total of 115 models have been conductedfor sensitive analyses However, a corrosion with the
dimensiongreaterthan the maximumin the abovetable is beyondthe scopeof the current sensitive

analyses Sucha large corrosionin reality may be formed as a result of a clusterof small corrosions,
which needdurtheranalysesn the nearfuture

31
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5. SCF models
SCF models for remaining wall thickness pipes

U Developmenbf remainingwall corrosionmodelappliedto elliptical (and also
circular)patches

SCEK,,. =WRT,a,b,c)2 1.0

At zero corrosion:; I|m SCFRWC =1.0

C_

A2

L a, 2.39929:
a%o+a a%o+a %OI

19 JRAS 2 fabs \/_a | a, 1.24347.

4/311- n?

T
SCF= : 2 0 a. -6.1742'
; 4/3(1_ n ) G a, -0.9631:
7 %o+a a%o+a &70« a 0.48828!
4 5
b2 c/Rd= ‘cJab: cyR azy  a -1.305¢

32
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5. SCF models
SCF models for remaining wall thickness pipes
10 -
U Modeldevelopment o | R=0.83

8 4

7 4
£ ¢ ’
q‘_é 5 'Y ¢ . * *
=3 o % ¢ 4 . ¢ .
g 4- . ’? ¢ . : ¢
< 2% % ,0’ .

3 g 2

3% %

2 *

1 _

0

0 1 2 3 4 5 6 7 8 9 10
33 Numerical observation
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5. SCF models (new approach)

Engineering Failure Analysis 55 (2015) 131-138

Contents lists available at ScienceDirect

Engineering Failure Analysis

journal homepage: www.elsevier.com/locate/engfailanal

Prediction of stress concentration factor of corrosion pits on @ CrossMark
buried pipes by least squares support vector machine

Jian Ji %, Chunshun Zhang®*, Jayantha Kodikara®, Sheng-Qi Yang"

LU I B m— — WT—T—T7T 711
- 91 + Training set = g 4~ +Training set
ﬁ ] A Testing set " = A Testing set .
] 8
g A
“ 7 - 7
- - -y
2 6 g 6
2 o
&= r o
o4 ; & 4 ;
[-» - o n
=3 5 3 Al
7 r v r
24 24
A . . : A Ll s s s s s
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
SCF obtained from FEM SCF obtained from FEM
(a) (b)

Fig. 8. Comparison between SCF's obtained from LS-SVM (Model-2) and 3-D FEM modelling: (a) RBF kernel; (b) polynomial kernel.
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5. SCF models

Stress analysis of irregular corrosion pit using elliptical
approximation and SCF equation

Actual defect (a>b)

U Modelapplication Maximum it depth

2b

Maximum pit depth at
2a centre of ellipse

Elliptical approximation

| 2a

35 L : : : _
Approximation of irregular corrosion pattern by equivalent elliptical shape
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5. SCF models

Stress analysis of irregular corrosion pit using elliptical
approximation and SCF equation

U Model applicationin pipe C
stressanalyses

PC1

36

FEM of pipe C burst test

PG2



MONASH University www.monash.edu

5. SCF models

Stress analysis of irregular corrosion pit using elliptical
approximation and SCF equation

Pipe Max
R allond Long Short corrosion | Predicted
. . . . : ; . redicte
U Model application in  FEeET: hickness radius | radius -
pipe C stressanalyses
46 37.5 6 1.55
330and 17 61.5 45.5 13 2.07
35 26.5 8 1.50
70 100 70 -
—~ 4 — —
g 60 PC1 s g %01 PC2 L’ £ 60 PG3 .
z L < 80 L7 ot s
-§, 50 // g 70 4 // g‘ 50 ,/
E e S 60 P g 8/
3 ] /7 8 7 S 40 - ,
5 / s 50 , 4 5 . 7
g 30 ,/’ £ w0 R g 30 ,/
@ , 3 Vs @ p)
2 20 ’ 5 07 L7 2 20- »
@ , /, — — FEM observation § 20 / — = FEM observation E V. = = FEM observation
é 07 7 . - g 101 2 - ot § 10- 4 -
/ —— Analytical prediction P Analytical prediction = Analytical prediction
O T T T T 1 0 ! ! ! ' ! T T T T 1
37 O 05 1 15 2 25 0 0.5 1 15 2 2.5 ° 0 0.5 1 15 2 2.8

Water pressure (MPa) Water pressure (MPa) Water pressure (MPa)
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5. SCF models

Stress analysis of irregular corrosion pit using elliptical
approximation and SCF equation

U Model application in —

pipeB stressanalyses

FEM of pipe B burst test
38 PB-3
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5. SCF models

Stress analysis of irregular corrosion pit using elliptical
approximation and SCF equation

Pipe
U Model application in P R and _ _ Bredicted
pipe B stressanalyses thickness SCE

PB-1 8.5 8.5 0.5 1.05
PB-2 330 and25 36.5 30.5 3.4 1.18
PB-3 19 15.3 3.5 1.23
80 1 90 - 100 -
g - z < 80 , s 90 -
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E 60 z g 70 ‘ g >
5 4 5 Py S 70 ,
8 50 2 % 607 ’ @ P
2 P o s 2 60 ’
5 40- / 8 507 .7 S ’
° p 5 ”, 5 50 s
g 2 g 40 . 2 .
£ 30 J 4 ’ £ 407 ‘
i 4 @ 30 % 2 30 /,
E 201 = = FEM observation 2 20 , y/ . 2 P Z — — FEMob ti
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10 - . L = y) a
= Analytical prediction £ 10 - Analyical preciction = 1027 Analytical prediction
0 : : : : :
0 T T T T T 1 0 T T T T T 1
39 1 2 8 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6

Water pressure (MPa) Water pressure (MPa) Water pressure (MPa)
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5. SCF models
Pipe C burst test modelling

S, Max. Principal
(Avg: 75%)

+1.087e+02
+9.791e+01
+8.712e+01
+7.633e+01
+6.555e+01
+5.476e+01
—— +4.398e+01
- +3.319e+01
—+ +2.241e+01
+1.162e+01
+8.337e-01
-9.952e+00
-2.074e+01

u FEM

Water pressure R240kPato initialise local
failure in the middle of the patch; in contrast, the

40 measured leak pressure wWZ90kPa
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5. SCF models
Pipe C burst test modelling

Predlcted
357

analysis using SCF
equation Pipe C burst

testmodelling 120
<
o s,
S 100 - L’
s .’
S 80~ P
o 7
5 ’
o '
S 60+ 7
%) 7/
g .
2]
P 40 - , 4
z ,
Q , ' - = FEM obervation
5 207 ’
= , L/ Analytical prediction
0 T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Water pressure (MPa)
41
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5. SCF models
Pipe C burst test modelling

U StressanalysisusingSCFequation

Pipe Max

Lon Short _
Location R and radiugS radius corrosion Predicted
thickness T SCE
a (mm)

62 eE1esl 330 andl? 165 50 13 3.57

5 _Syes T _103000, 17
alew  SCEFR 357 330

=148&Pa

In compression to the measured leak pressut@@dkPaand
measured burst pressure of 1440 kPa.

42
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5. SCF models
Pipe C burst test modelling

U FEMvs. fracturemechanics

250 -
O Critical crack length from fracture mechanics
® Crack length from FEA °
200 - °
= °
£ O
~ 150 - © 5
= O e} ]
o o 5
< O
Q | © o
% 1
) |
50 - i
Crack onset ° Burst pressuré30kPa
pressuré24kPa (the : E(the measured one is
0 measured one [15290<Pa@ 1440<Pa)

1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
43 Water pressure (kPa)
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5. SCF models
Ring bending test modelling 60 -

U FEM of ring bendingtest

Load (kN)
N w N a1
o o o o

'_\
o
1

o

0 5 10 15
70 4 \Vertical deflection (mm)

O Test

44 0

0 5 10 15
Horizontal movement (mm)
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5. SCF models
Proposals of pipe D burst test

U FEM of pipeD bursttest R=330mm;T=15mm(cut from 25mm thick pipe)

S, Max. Principal
(Avg: 75%)

+1.275e+402
+1.150e+402
+1.025e4-02
+8.995e+4+01
+7.7442401
+6.4932401
+5.242e+401
+3.991e+401
+2.740e+401
+1.48%9e401
+2.382e+400
-1.013e+01
-2.2642401

L
D |

|
|
— < ______________
|
1 |

V

< >

2b=80mm c=12mm

2a=400mm

45
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5. SCF models
Proposals of pipe D burst test

U FEM of pipeD bursttest

O Critical crack length from fracture mechanics
180
® Crack length from FEA
160 - O
O
. O
B - i
£ 120 o
e
5 100 -
c
<9
X 80 - °
(&S]
o
O 60 -
40 -
d .
20 - i :):r?:sku?gset  Burst pressure
! 1 102KPa
O \1/ 8\4G(Pa T T T \l/ T 1
800 850 900 950 1000 1050 1100
46 Water pressure (kPa)
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6. Pressure transient modelling
Pressure monitoring sites and surge model of Rosedale Grove Ba

[ \k
Ry

Site 11

Section C

® Pump station
A Water reservoir

7t Monitoring site

0 0.5
I N km)

47
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6. Pressure transient modelling
Pressure monitoring sites and surge model of Rosedale Grove Ba

. : Inputs for surge tank Value
U Modellingchallenges modelling
Totaltank volume 11 m3
Diameter 1.5m
Initial level unknown
Initial gas volume unknown
Other inputs Value
Pump operatiotiahe Unknowr{fast)
5s assumed
Wavespeed Calculatellased on pipe type
and material
Energy dissipation due to otl Not considered
zones
Water consumption Assumed average demand [
house
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6. Pressure transient modelling
Pressure monitoring sites and surge model of Rosedale Grove Ba

U Modelrunsummary

5s pump start time, wave speed based on pipe type and material (expect tc
check other wave speeds and stattp times)
Initialgas volume/m3
Initiallevel
2 8 16 30
0.5 a a a a
2 a a a a
4 a a a a
5.5 a a a a

49
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6. Pressure transient modelling

Pressure monitoring sites and surge model of Rosedale Grove Ba
U Preliminarymodelresultscomparisorwith field data

800 ‘
——Field data (site 12)

750 -
——Model (Air volume 8 cum)

700 i

=

Pressure/kPa

650 | \ I\ Main pump station \ ) A
600 \ /\ \ c ite {2
550 Platitn Y Y

500 . _ r' Ao . w._.ﬁ* £ f S]te 11 w ittt
450

X

400 Site 13
0 50 100 150 200 250 [7
Time/seconds I f ‘ X
650 ‘ Section C Site T4 \
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6. Pressure transient modelling

Pressure monitoring sites and surge model of Rosedale Grove Ba
U Preliminarymodelresultscomparisorwith field data
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6. Pressure transient modelling

Conclusions

52

Model captured field pressure fluctuations for site 13 and 15 accurately.

For site 12 and 14, pressure transient models results over predicted the measured
transients. The reason might be ignorance of some the pressure zones connected t
section the model, and likely variation in unknown parameters such as demand dat
The exact properties of Surge tank was unknown and this could lead to differences

field and model results
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/. Pipe failure case studies

Mode 1: Fracture in corroded Mode 2: Fracture initiated from the
patches, mostly in the pipe barrel. joint, not necessarily associated with
corrosion.

Longitudinal cracking (D= 500mm) Harris
St., Sydney, 2013) ~

53 Fig. Circumferential cracking (D=100mm)
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/. Pipe failure case studies
Recent failure cases (Evidence of leak before break

Diameter
(mm)

Pipe

Location .
material

Fracture
orientation

Remaining

thickness on
fracture

Installation Prior evidence Failure time

HarrisSt. Sydney Un-corroded but

(SW) I CE o somedge corrosion
St Kilda, Melbourne .
(SEW) Pit cast 250 Seveltg corroded
A ElENEnEREE Spun cast 300 Sevelg corroded
(HW)
Boronia, Melbourne .
(SEW) Spun cast 300 Slightlyorroded
el SRl Spun cast 375 Corroded

(SEW)

Longitudinal
(from Joint)

Longitudinal
(Barrel)

Longitudinal
(Barrel)

Longitudinal (?)

Longitudinal
(Barrel)

surface (mm)

Leak detected 11 pm
15 L weeksgo 08/10/2014
Large transient
1-3 25/11/1868 on10/07/2014 23/07/2014
1-3 1957 Gengrated Fallure after 13
transients transient cycles
8.40 pm
15 1976 Not known 11/10/2014
1-2 1938 Leak detected on 2 am

4/12/2014 16/12/2014

St Kilda
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7. Pipe failure case studies (overseas)

800mm

25mm

Very little almost corroded, may be 1 to 2mm
Approximate Water Pressure (kPa) 600

Under a speed hump burst
Evidence of leak before break No

55
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7. Pipe failure case studies (overseas)

36in
Nominal thickness 22mm
Very little almost corroded, may be 1 to 2mm
As evident
Pressure surge
Evidence of leak before break No

56
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7. Pipe failure case studies (overseas)

Material

Diameter

Spun, Pit?

Nominal thickness

Age of installation

Failed area remaining iron thickness
Approximate Water Pressure (kPa)
Corrosion patch size

Cause of failure

Evidence of leak before break
Tensile strength

Fracture toughness

57
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7. Pipe failure case studies (overseas)

B A 6 G

58
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7. Pipe failure case studies (overseas)

Material

Diameter

Spun, Pit?

Nominal thickness

Age of installation

Failed area remaining iron thickness
Approximate Water Pressure (kPa)
Corrosion patch size

Cause of failure

Evidence of leak before break
Tensile strength

Fracture toughness

59
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7. Pipe failure case studies (overseas)

26 in

Spun, Pit?

Nominal thickness 18 mm
Age of installation

Failed area remaining iron thickness

Not much corrosion
Failure through joint

60
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7. Pipe failure case studies (overseas)

13in

Spun, Pit?
Nominal thickness 16 to 12 mm

61



MONASH University www.monash.edu

7. Pipe failure case studies (overseas)

13in

16 to 12 mm

62
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7. Pipe failure case studies (overseas)

Material

Diameter

Spun, Pit?
Nominal thickness
Age of installation
Failed area remaining iron thickness
Approximate Water Pressure (kPa)
Corrosion patch size

Cause of failure Joint failure
Evidence of leak before break

Tensile strength
Fracture toughness

63
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8. Update on optical fibres

Endurance of Fibre

U DistributedOptical Fibre sensorcansurviveunderhigh strain(15000 microstrain)
asshownin atensileeston analuminiunplate

U Howeverthebondingfailsat higherstrainwhichshownoiseat higherstrain

U To resolvesomeof thesdassuesahigherresolutiorfibre canbe usedto reducehigh
straingradientandavoidfreefibre/sharpbendon the fibre closeto the regionof
interest

Aluminium Test 2 (with curves bonded)

I i L il IR 15000
| | | |“<‘ ‘IM' ZII‘\‘m"I’Juh \{'lﬂ‘l‘ '
'w ‘. 1] ‘!ﬂ‘ 1 T .‘“
| {‘ S |
I ». — ‘Hli

N 10000

15000
ok I Colour
: 0

Fiber Length (m)

I

™0 5 100 150 contour:
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Microstrain
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8. Update on optical fibres

Monitoring Burst test with mounted fibre

U A strandof fiber wasmountedon the pipe with 83% throughwall (oval region)to
monitorthe conditionof the pipeunderbursttest

U Stresatthethinnerregionincreasedraduallyvith pressure

, Location 1

Location 2

; : Location 4
Location 3

65



