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1. General progress

Stressanalysis& 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

Stressanalysis& 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 Investigation®n the effectof realistichroughwall corrosionpatchesverecarriedout
Pipepitswith leakbut no burstwereidentified

A A solutionhasbeenprovidedfor stressconcentratiorfactorsresultedin nonthrough
wallcorrosiormpatches
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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 actualiningsamplesswellaspreparedgamples

A Journapapemwasdraftedon assessinpe cementining contributionto resist

A Literaturereviewis completedor fatiguebehaviour
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1. General progress

Internal & externalloadings

A Traffic loadtestsresultson the SydneyVatertest bed wereanalysedavith two journal
papersn 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 Material models for numerical analysisare calibrated using in-house laboratory
experimentsn castiron pipes

A Castiron materiabtressstrainbehavioumwascalibratedo fit the hyperbolianodel

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

A Pipebursttestswereperformedwith castiron pipe samplegrom Sydneytest bed to
validatepipefailuremodelandtestbedresults



MONASH University www.monash.edu

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/).
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2. Publications

A Factsheets

10

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 OpticalFiberSensors

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

0 FactsheetNo. 16 Monitoringof pressurdransientsn Hunter Water
network

0 FactsheetNo. 17 Numericaimodellingof pressurdransienin Hunter
Waterto predictcriticalpipefailure

0 FactSheelNo. 18 Trucktestin Sydneyestbed
0 FactSheelNo. 21 Monasltpipebursttestingfacility(undemreview)
0 FactSheelNo. 2x Monashcastiron pipeburst2 (undemreview)

0 FactSheelNo. 2x Leakbeforebreakconceptandcastiron pipefailure
prevention

Fact Sheet No.21

11
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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

12
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2. Publications

A Journapapers

13

1.

RajeeW?, Kodikara,, Chiu,W. K., & Kuen,T. (2013. Distributedopticalfibre sensorandtheirapplications
in pipelinemonitoring Key Engineering/aterials558 424434

RathnayakR.M.SU.P, KellerR., andKodikaral (pending2015, Numericakimulatiorof pressuréransients
in watersupplynetworksandanapproactho integratenodellingesultswith utility assemanagemersystem
Journabf WaterResourceBlanningandManagement

RathnayakB.M.SU.P, ShannorB., Rajee\P, andKodikarad (pending2015, Pressurdéransienimonitoring
in watersupplynetworksJournabf WaterResourceBlanagement

Rathnayak& M.SU.P, ShannorB.,RobertD., and Kodikarad (pending2015, Experimentakvaluatiorof
burstingcapacityf corrodedgreycastiron waterpipeline Journabf Engineeringtructures

Robert,D., Rajeew?, Kodiakra,d andRajaniB. (pending2015. An equatiorto predictmaximunpipestress
incorporatingnternalandexternaloading®n buriedpipes SoilsandFoundations

Robert,D., JiangR., RajeeVvP. andKodikara,d (pending2015. Contributionto cementmotor lining to the
structuratapacityf castiron watermainsASCEPIipelinéEngineering,
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2. Publications
A Reports

0 Kodikara,dJ, Rajeev,P, Robert,D., Zeman,P. (2013 Critical review of
historicainformationon largediametepipefailure

0 Kodikara,d, Chiu,W. K., RajeevP. (2013 Conceptdor monitoringof new
criticalwaterpipelinesisingopticalfibre technology

0 Rathnayakes, Robert D. and Kodikarad (2014 Analysisof pressure
transient®n HunterWaterNetwork

0 RobertD. andKodikara, (2014 HarrisStreetCaseStudyin SydneyVater

14
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3. Traffic loading test on concrete road at Sydney test

Test detalls

U Performedon 16" Oct 2014andcompleted
in aday

U Previoustests results showed changein
groundpressur@andpipestraindueto small
truck (22 tonne)is small,thereforeonlythe = [ ——
30tonnesemitrailerwasusedfor thetests — ot /& instrumented pipe. - SUSEE

= g o B (burial depth 960mm) — = e
; o~ AT

=

U Thepipewasnot bepressuriseduringtests
as the strai®pressure relationship was
obtainedduringpreviougests

G

Type of tests

Stop each axle
Passing at 15 km/h
Passing at 50 km/h
Braking at 15 km/h
Braking at 50 km/h

U Sametype of testswere carriedout asin
bitumensurface

Passing speed hump at maximum safe speed (i.e. 40
km/h)

Cornering at maximum safe speed (i.e. 20 km/h)
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3. Traffic loading test on concrete road at Sydney test
Pipe strain
U Measuremerior sometestsshowdifferentpatternof response
U Showhoopstrainat4 locationonthepipe Q

157 /
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. @
g - )
2 ‘ —45° -
< e
; Pass sr)eed hump at 40 km/h
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3. Traffic loading test on concrete road at Sydney test

Pipe strain
U Hoop straindistributionon for differenttests

SAST (kN) Hoop strain

10
=4#=—Passing 14km/h

'g 8
= 6 —4—Passing 48km/h
s a1 | | Stopping
g 2 ﬁﬁﬂ\ ﬁ —+=Braking 15km/h
; Y —— % - y ~—®—Brakingat43 km/h

2 r = | 1
[:}]
@, \ b —@—Speed hump
o Cornering
= -6
© -8

-10

-120 -90 -60 -30 0 30 60 90 120
Pipe angle (deg) Axle weight 28.9 kN

TADT (kN) Hoop strain

—_ 12 ! | =+=Passing 14km/h —_ i; %,Q*\ } —+—Passing 14km/h
g_ c 2 | —#—Passing 48km/h g_ 2 R\ | == Passing 48km/h
E 4 ™, Stopping E 4 L | Stopping
g 2 %9‘ =t==PBraking 15km/h il 2 L K =f=Braking 15km/h
7 £ o dhie
= 0 ] — —8—Braking at 48 km/h c 2 T —@—DBraking at 48 km/
& i ——Speed hump o ig \‘ﬁ ——Speed hump
% \ Cornering % -8 \\\% Cornering
6 6 < N
-8 . . . .
o4 Strains due to traffic loading was small, and test types did

l_\

~

N
-
N
o
(=)
o
(=1
o

-30 6 ‘30‘60‘90‘120 . .
Pipe angle (deg) Axle WeiLnot show big differences

T o= TOUTITY I FIATC VO TYTTU OV L IRT
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3. Traffic loading test on concrete road at Sydney test

Pipe strain
U Comparisomf hoopstrainbetweerconcreteandbitumensurface

Truck passing - SAST Hoop strain Truck braking - SAST Hoop strain
8 10
_ P\ _
g_ =& Passing 15 km/h - g_ ) —— Braking 15 km/h -
— 4 Bitumen — > Bitumen
S 24 - s L »
g i‘_:; - = -F'Ifﬁ o ha il — &= Passing 14 km/h - g %é& & 1 — = Braking 15 km/h -
2 0 ﬁ_ R 4 | Concrete ‘2 o —-——-;K.. e Concrete
= 22 = ’ = ~
8 4 e sl —m— Passing 46 km/h - v \ Dy /g —#— Braking 49 km/h -
E ) \ / Bitumen % ) Bitumen
2 6 =
v \ / —[= Passing 46 km/h - Y 0 —[= Braking 48 km/h -
Y Concrete Y Concrete
10
12 | -15 T
-120 -90 -60 -30 0 30 . 30 60 90 120
Pipe angle (deg) Truck stopped - SAST Hoop strain , (deg)
8.00
g 6.00 &
= 400 7
£ 200 >~ - / 4 h —&— Stopped - Bitumen
i ~< pod
0.0 =~ fLG
£ 2.00 — > 4
@ ~ l 4
B -4.00
=]
E -6.00 \\ 7 = &= Stopped - Concrete
© 500 "
-10.00 . . i
18 »o | .| Lower strains associated with concrete surface, 6 to 7 mm
#°#* 1in general
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3. Traffic loading test on concrete road at Sydney test

Pipe strain

U Relationshifpetweertyre loadsandhoop strainat pipe crownfor differentroad
surface

> SAST - concrete (39t truck)

100.0 . y=-12.952x < TADT - concrete (39t truck)

I ] ~ TRDT - concrete (39t truck)
SAST - bitumen (22.5t truck)
TADT - bitumen (22.5t truck)
SAST - bitumen (38.5t truck)
TADT - bitumen (38.5t truck)
TRDT - bitumen (38.5t truck)
SAST - roadbase (16.2t truck)
TADT - roadbase (16.2t truck)
TAST - roadbase (30t truck)
e P - TADT - roadbase (30t truck)

P
200+ .0 L Linear (Concrete)

| o .'. /,
80.0 -+ - ?:; Q' <D WA A ,’A

D
o
o
|
~
~
\

Tyre load (kN)
B
o
o
|
\\
\\
\\
N\
\
\
¢ © » B ¢ X O Db O

L . 4
S, -=--Linear (Bitumen)

s = =Linear (Roadbase)

0.0 F ey

19 Microstrain Sh edu
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4, SCF models for remaining wall thickness pipes

FE modelling

0
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4, SCF models for remaining wall thickness pipes
FE modelling

U MaximumprincipalensilestresgkPa)by reducingfor examplely R

(a) uncorded pipe (internal crown surface)  (b) a/R=0.15,b/R=0.15 a/b=1,c/T=0.33 (c) a/R=0.15,b/R=0.075 a/b=2,c/T=0.33

(d) a/R=0.15,b/R=0.038 a/b=4,c/T=0.33 (e) @/R=0.15,b/R=0.01875 a/b=8,c/T=0.33 () @/R=0.15,b/R=0.0094 a/b=16¢/T=0.33
21




MONASH University www.monash.edu

4, SCF models for remaining wall thickness pipes
FE modelling

U Locationof maximunyprincipaltensilestresgkPa)

(a) @/R=0.15 b/R=0.01875 a/b=8,c/T=0.33  (b) &/R=0.05 b/R=0.0625 a/h=8,c/T=0.33

Location of the max tensile stress
depend orsizes and curvaturesof
22 the elliptical patches
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4, SCF models for remaining wall thickness pipes
Model development

U Developmentof remainingwall corrosionmodel appliedto elliptical(and also
circular)yatches

SCE,,.=WRT,ab,c)2 10

At zero corrosion; I|m SCFRWC =1.0

c- O

. > 2
?4\/3‘1-/7 j+a A C g+a A C g+a ac g%l a, 11,2643
| 18 == B — 38 —=—=0] a, 0.60324.
scp=l__ 2 ¢VvRT+ “¢vab+ “¢vRa-l a, 0.0340(
-1 2 o . . L . U a, 5.4016:
| 31' /7 +a a C 8+a a C 8+a a C 81 a. 0.13026:
1 4 / )T A5 [ah 689/ L a, 3.83508!

23
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4, SCF models for remaining wall thickness pipes
Model development

9 R2=0.98 SCF=max_ellipses max_norminal
g [0 Analytical fitting "
+ Numerical observation
T 2
| N
6 N . h
SCFS_ O
O * s .
o ¢ "
4 - * O
¢ O =
e :
o) a g
HE e
1 o u u ! No corrosion
0 T T T T T T T 1
0 2 4 6 8 10 12 14 16

a/b

24
Circular patches Elliptical patches
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4, SCF models for remaining wall thickness pipes

10 -
R2=0.98
9 -
8 -

7 _

Analytical fitting
tn
*

0 1 2 3 4 5 6 7 8 9 10
Numerical observation

25 More pipe models are being undertaken with regards to a broad range of
pipe radii and thicknesses in practice.
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4, SCF models for remaining wall thickness pipes
Nonlinear hyperbolic elastic modelling

Asymptote: o= 1/b g — 8/ (a _|_ bg)
j EO = 1/3 /Nherel
) a=1/E,
for tension:

br =1/og — 1/(eE,)
for compression:

bc = 1/ac — 1/(gcEy)

Axial stress, o

€+ and S ¢r are tensile failure strain and stress

Axial strain, ¢ €c and S are compression failure strain and stress

From Balvant R (2012)
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4, SCF models for remaining wall thickness pipes
Modelling: Uniaxial tension and compression tests of pipe

150 -
tension
100 - )

50 | 4

Strain

-0.025 -0.02 -0.015 -0.01 -0.005

0.005

o Umnaxial tension (test)
—— Uniaxial tesion(ABAQUS hyperbolic model)

Stress

< Uniaxial compression (test)

— Uniaxial compression (ABAQUS hyperbolic model) \‘..«“"

compression -350 1

~400 -

Note that the ABAQU®iyperbolic (elastic) model is aser-subroutine developed by our
Monash project group, which enables to produce much quicker and better results of the resp«
of cast iron pipes than the ABAQUS btiiit Cast Iron (Cl) model does. Examples are shown late
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4, SCF models for remaining wall thickness pipes

Comparison between linear and nonlinear models for remaining wall
thickness pipes

2007 2a=200mm:
2b=90mm:;

250 - é) c=14mm:;
Flat bottom

o
]
=

—_
N
o

100 -

—Linear elastic model

Maximum tensile stress at patch (MPa)

——Nonlinear hyperbolic elastic model

LN
]
1

28 0 500 1000 1500 2000 2500 3000 3500 4000 4500

Internal water pressure (kPa)
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4, SCF models for remaining wall thickness pipes

Comparison between linear and nonlinear models for remaining wall
thickness pipes

120 -
2a=150mm;
z 100 2b=75mm:;
= c=25mm:
= Curved bottg
'z 80 -
o
= et
o 'f
@ ) 'f'
—— A P
[ ) X ".o
g 60 - PPl
& _-”
W P
- Pl
Z .-
§ 40 ! ””’
= s
= -
E
z 20 | ol
= ,," —— Linear elastic model
: -===Nonlinear hyperbolic elastic model
0 T T T T T T T 1
29 0 200 400 600 800 1000 1200 1400 1600

Internal water pressure (kPa)



4. SCF models for remaining wall th
Utilising developed remaining wall stress model

XS d 2] = No failure pit size analysis_lvan-Derek.xlsx - Microsoft Excel
m Home | Inset  Pagelayoutt  Formulas  Data  Review  View
i Calibri ‘- AN == - Number Normal 2 Normal Bad Good - | }i“w“m . }? Ko
4 33 copy @ Fin -
Past - v | & A == s .o «0 00 Conditional Format : Ex Input Insert Delete Format sort 3
¢ Fromatpainter | B L L = S R b ? $-% 0 W1 St v ar Table ! hieas T % - - 2Ciear”  Fiterv Select~
AFS - S | =IF(AES5<(103),"No","Yes")
1 | F G T | R S T u v w X Y z AA AB AC AD AE AF
5% 10% 20% 30%
3 : s Unif ini ini i ini
& Wall thickness | 5 Resultant | Pitdepth, | Long dia,a Short dia, b i SCF (e O ':'::" Stress ma Swess max, ::'l“:"‘"'"‘ Py ::',“:'""'f s :f"“'""'f o ":':”'"'”f s iz
i ea(mm’) | (mm)| van (men) = = wall, Dilan (remaining  str Dilan (Mpa) | ivan (Mpa) pe fail? ickness,  Pipe fail? ickness, ipe tail? ickness,  Pipe fail? kness,  Pipe fail?
wall), van  (MPa) Stress van Stress Ivan Stress van Stress van
1 (Mpa) (Mpa) (Mpa) (Mpa)
b , y Y
2 13 1265 1269 125 1488 203 017 206 1.769 199 a11 352 No
3
. v . v
3 13 3526 2119 125 260 1690 014 254 1622 163 413 %64 No
’ v v
203
s 13 54359.3 26308 12 34350 19580 003 7.05 2854 163 1145 464 No 256 No 246 No 382 No 332 No
5
’ . v




[

MONASH University

4 DUC U Clllc

PIpe PIp 3 erna -
3 D
dla pre e  dep
»
3
O ..
300
/ 05 8
e pipe falled a 0 P2
Q'
<
y
(e
v
A G
..7"\.1
A5

G Boldly.

3
O alo
CA - CA
»
CA
03 9.9 0 0
- .
A 0 0 0
PN
- <
P - p
4 5
/‘_'_ > P
e




MONASH University G Boldly.

4. SCF models for remaining wall thickness pipes
Utilising developed remaining wall stress model

Pipe Pipewall Internal Pit Maximum

Age diameter thickness pressure Case depth (mam) (n:)m) SCF stress f;ﬁfj?é f'\:i?d?é
(mm) (mm) (kPa) (mm) (MPa) ‘ a
3 13.7 180.2 82.83 3.69 57.3 Yes No I
55 375 13.7 800 ) i
4 13 3385 205.3 6.64 103 Yes Yes \\ S

*assume pipe failed at 103 MPa
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4. SCF models for remaining wall thickness pipes
Utilising developed remaining wall stress model

Pipe Pipewall Internal Pit a b Maximum Local
Age diameter thickness pressure Case depth SCF stress

(mm) (mm) (kPa) (mm) (mm)  (mm) (MPa) failure

9.5 225 13 10.2 103 Yes

9.5 24.1 185 2.14 21.6 No

*assume pipe failed at 103 MPa
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5. Pipe burst test
Pipe B burst model

- 120 - - - 160 -
E g S 140 o
= 100 - g _=
; Z % 120 | s
S 80 2 _Z
- z E ?100 . P
60 - 2 g - )y
] = B =
2 . : g .
g 40 O Uniaxial tension test E 60 -
= : ] 40 -
E 20 ABAQUS hyperbolic model E —— ABAQUS Hyperbolic elastic model
= —ABAQUS Castlronmodel g 20 - —— ABAQUS Cast Iron model
0 T T T 1 0 T T T T 1
0 0.001 0.002 0.003 0.004 0 1000 2000 3000 4000 5000

Water pressure (kPa)

Maximum tensile strain

Our numerical finding proves what ABAQUS manual says that the Cast Iron
modelworks well for loading patttlose to uniaxial testout not well for
complex loading paths. Comparatively, our usdefined hyperbolic model

can achieve better prediction and much quick8&6tmes faster for Pipe B
model) regardless of loading paths.
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5. Pipe burst test

S, Max. Principal it S S, Max. Principal

(Avg: 75%) 3 & >, {Avg: 75%)
+1.129e+02 3 4 . +1.328e+02
+1.021e+02 I e +1.198e+02
+9.127e+01 s +1.069e+02
+8.047e+01 A L e +9.392e+01
+6.968e+01 Maong 2 T oAT e +8.096e+01
+5.888e+01 i s +6.801e+01
+4.809e+01 18 g +5.505e+01
+3.730e+01 R | St +4.209e+01
+2.650e+01 LR B +2.914e+01
+1.571e+01 MR~ 7 e, +1.618e+01
+4.916e+00 AR o +3.222e+00
-5.878e+00 R 7 ey -9.735e+00
-1.667e+01 7 k7, -2.269e+01

a e
|
!

I
|
\a

i o oo
T3l of 7

WO T, .

Water pressure R=6MPato initialise local Water pressure P=3.7MPa to cause cr:
failure at the bottom of the patch length of abouflO0Omm

Note that the pipe B burst test can hardly show initialisation of pit break but shows
crack length of about20mmat 3.7MPa water pressure.
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5. Pipe burst test
Pipe C- Elliptical patch with 18mm uniform thickness

Detall C

-

T e ] _ Note:

A A All units are in millimetre
| | L A Remaining wall will be

manually reduced te 2

w |
\:/‘\ 3mm after machining

Sectlon B-B

U)

l Patch details

(ST .

330

&
Lol ol ol &l

II'\II fu'lll Detall C
i \/
36 B o
Detall D
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5. Pipe burst test
Pipe C burst model

S, Max. Principal

(Avg: 75%)
+1.111e+402
+1.013e+02
+9.140e+01
+8.153e+01
+7.167e+01
+6.181e+01
+5.195e+01
+4.209e+01
+3.222e+01
+2.236e+01
+1.250e+01
+2.638e+00
-7.224e+00

Water pressure
P=480kPato
initialise local failure
at the centre of the
bottom of the patch

§30mm
94\;"‘\

37 1st Pipe C burst model, Pit depth=16mm (89% thickness corroded, 2mm remaining).
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5. Pipe burst test
Pipe C burst model

S, Max. Principal
(Avg: 75%)
+1.171e+402
+1.069e+02
+9.662e+401
+8.635e+01
+7.609e+01
+6.583e+01
+5.556e+01
+4.530e+01
+3.504e+01
e : | +2.477e+01
+1.451e+01
+4.248e+00
-6.016e+00

Water pressure
P=800kPa to
initialise local failure
at the centre of the
bottom of the patch

§30mm
94\;"‘\

Dmm

38 2nd Pipe C burst model, Pit depth=15mm (83% thickness corroded,3mm remaining).
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5. Pipe burst test
Pipe C burst model

U Burstwaterpressurefor two PipeC

400 - A Crack length from FEA (89% thickness corrodec
# Crack length from FEA (83% thickness corrodec
350 -
m Critical crack length from fracture mechanics
300 - - (18mm norminal thickness)
u
u
u
E 250 7 | l‘
g At .
< ] A : n 2
-l? 200 : [ | - V'S
o A : T "
S 150 - : .
© | l
@) A ! 2 !
100 - ! !
l . E
50 - : :
0 T \i/ T \i/ T 1
29 400 600 660  goo 920 1000 1200

Water pressure (kPa)
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6. 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) ~

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

Remaining
thickness on
fracture
surface (mm)

Fracture
orientation

Pipe Diameter

material (mm) Condition

Location Installation Prior evidence Failure time

HarrisSt. Sydney

(SW) Spun cast
St Kilda, Melbourne Pit cast
(SEW)

WindaleNewcastle
(HW) Spun cast
Boronia, Melbourne Spun cast
(SEW) P
Port Melbourne
Spun cast

(SEW)

500

250

300

300

375

Un-corroded but
somedge corrosion

Seveltg corroded

Seveltg corroded

Slightlyorroded

Corroded

Longitudinal
(from Joint)

Longitudinal
(Barrel)

Longitudinal
(Barrel)

Longitudinal (?)

Longitudinal
(Barrel)

15

-3

-3

15

1-2

1961

25/11/1868

1957

1976

1938

St Kilda

Leak detected
weeksgo

Large transient
on10/07/2014

Generated
transients

Not known

Leak detected on
4/12/2014

11 pm
08/10/2014

23/07/2014
Failure after 13

transient cycles

8.40 pm
11/10/2014

2 am
16/12/2014
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6.Pipe failure case studies

Case Study B Scoresby road, Boronia
Failureoccurredon 11" October2014
300mm CICL pipein SEWnetwork
Installedn 1976(40yearsld)
Operationpressurd 70m

Wallthicknes® 12to 13mm

Cementlining 8 1 to 12 mm (likely
factorylined)

Burialdepth- approximatel®.8 m

Gn-R ani e e A e

c:

U Underconcretdoot path

U Appearto be first of suchfailureon
thismain

42




MONASH University Wwwgygh ;

6. Pipe failure case studieS:

Case Study ® Scoresby road, Boronia

U Not manycorrosionpits canbe visuallyobservedonly
located a few corrosion patchesnext to the burst
location

U No significantgraphitisatiorcan be observedon pipe
wall, more information can be obtainedafter sand
blasting

U Cementiningis crackecandcanbe easilyremovedon
somesections

U No signsof graphitisatiomunderliner,suggespossibly
factorylined
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6. Pipe failure case studies

Case Study B Scoresby road, Boronia
U Failureoccurredbn 11 October2014

U Pressuremeasurementis far from the failure “o) . o ... o
locationandon a differentmain "‘ gz S llissy
U The Wartirna PRV station meter detectedsome ’}1 ﬂ“} Tl
Fre o
flow anomaliesnd a slightincreasan flow after Pressure|’ -

the 5th October(possibléeaks?) Sfat'”,

Flow meter I

0222014 2.58.54 PM 88 2096days«P ¥  10/13201425( 54 PM

30/9 5/10 11/10

44
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6. Pipe failure case studls

YRR 53
EE2 R A

Case Study B Liardet street, Port Melbourne

U Failure occurred on 16" December
2014

375mm CICL pipein SEWnetwork
Installedn 1938(77yearsld)
Operationpressurd 90m
Wallthicknes® 1to 19mm

Cementining d averag®.8 mm (likely
insitulined)

cC: C

c:

Burialdepth- approximatelg m
U Underbitumenroadsurface

——————100—

U No recordof previousburston this
main

3 anelielfiSy

.. Mo i
<

N

N

& |
5 I / .
\.’ (/.\, &
8 N /
7

Cr &
45 : : S . : s
Failure location : *
%5,
Q\ /
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6. Pipe failure case studies

Case Study B Liardet street, Port Melbourne

i Visualinspectionshow corrosionpatchesof up to 80 x 100 Corrosion pit
mm,3to 4 mmdeep

U Significangraphitisatiomanbe observean pipewallcloseto
possibldailurelocation

U Remainingwall thicknessmay only be 1 to 2 mm at some
locationsThroughwallpits maybefoundaftersandblasting

U Cementiningis crackedand canbe easilyremovedon some
sections

U Signsof graphitisatiomnderliner
- } 4 “
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6. Pipe failure case studies

Case Study B Liardet street, Port Melbourne
U Drop of pressureueto theburst

U Analysioon demandpatternsoy UTS suggested
that the pipe may have been leaking from
around5h Decembertheir systemwould have
createcanalarmon 10" December

Leak . Strange Actual — Flow abnormality — LTS pred. 100+ Iocatlon\
400 -

Pipe burst on 16/12 N QOLWWWWVWWW(

80 -

70_‘ Pipe burst on 16/12 ==

300-

Pressure (m)

60

Flow rate (L/s)

501

200

204 Pressure plot

TTTTT (RRRRN (RARAN TrrTTT IRRRRR IRARAR (RARAN TrrTTT TrrTTT TrTTTT TrTTTT IRAR
P O P PP PP PP O PP
| Flow plot O S O O O SO

1 1 |
Dec 02 Dec 04 Dec 06 De c 08 Dec 10 Dec 12 Dec 14 Dec 16 \fLQx'

Date PP egA\Y \/'L\ b«\l Evidence of leak before break
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6. Pipe failure case studies
Site observations transient before fracture

U Drop of pressureueto theburst
Pressure plot for St Kilda case

U Large transient event was capturedtwo weeks
beforecatastrophitracture

e R
(i A crack may have initiated/propagatedoy the = = ko
pressure&hange o
U This crackwaslikelyto growrapidlywithin ashort | ; Sy z0na
period(weeksjowardgshe criticallengththatis able
to leadfracture

U Leakmightoccurafterthelargetransientevent
U RelevantaseStKilda

48
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6. Pipe failure case studies
Site observation® sign of water leak

Waterleakwasobservear detectedveekdeforethe catastrophiéracture
Likelycrackpropagatiomntil the catastrophitracture

Crackpropagatiorcausedy singleor combinedrackgrowthmechanism
RelevantasesPort MelbourngdataanalysisdndHarrisSt(observation)

cC:. C. C. C
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