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General progress

Publications

New traffic load testing on Sydney test(Dedek)

Material testing of test bed pipe, soil & asfbait)

Uniformly corroded pipes: Pipe stress prediGtiansed by Dilan
Through wall corroded pipes: Pipe stress predictiiszed by Dilan
Remaining wall corroded pipes: Pipe stress predictiosed by Dilan

Pressure transient monitoring and hydraulic modelling in pipe networks
(Suraniji)

Pipe burst test setup and preliminary resiltsinji)
Case studies of past pipe failures (including Harris/Ultimo lane main fall
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General progress

Activity 1a d Measurementand calculation of internal/external loads

A

Thedatarelevanto largediametepipewascollectedrom the partnerorganisationand
publicdomain

A methodfor recordingandarchivinghe datawasdeveloped an online database
Thereporton WaterMainFailureAnalysisvasfinalised

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

A newpipestresgredictionequationvasdevelopedvithin the operatingegionof the
pipelineusing3-D FE modelsimulationgPapemwassubmittedto a journalandunder
review A tool wasdevelope@ndmadeavailabléo waterutilities)

Newtraffic loadtestswereperformedon the Sydneyatertestbed

Material models for numerical analysisare calibrated using in-house laboratory
experimentsn castiron pipes
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General progress

Activity La

A
A

A

Preliminargtressassessmengseconductedo investigatéhe effectof corrosiornpatch

Detailedanalysif failure datawascarriedout to understandhe factorsleadingto
failure

Pasftfailuresnvereexplainedisingthe developedolutions

Fieldmonitoringof pressuréransientsn EastLakeMacquariesectionof HunterWater
networkis completed

Pressur&ransienhydraulianodellingandmodelvalidatiorusingfield observegressure
datafor EastLakeMacquarieectionn HunterWatemetwork WAScompleted

Theresearclon fibre opticsis showinghatthe fiber optic sensorattachedo apipeare
capableof detectinglocal strainfield changeslue to variousfactorssuchasvarying
pressurer inducinga damageon the pipe The currentwork is beingcarriedout on
reconstructinghesevariousfactorson the basisof the straindatadetectedy the fiber
opticsensorsluringexperimentssingfinite elemenimethods
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General progress
Activity 1b Failure mechanisms failure statesand remaining physicallife

A The pastpipe failure dataand observedailure mechanismseportedin the literature
werecompiled

A The failure inspectionreports provided by the partner organisationSVERE also
compilecandanalysed

A Failedand corrodedpipe sampleswvere receivedirom SWto MonashUniversityfor
testing

A Testingof castiron pipe materialbehaviourin the laboratoryusingsamplesbtained
from exhumegipes(SW)wascarriedout. Tensilegestsand aringtest werecarriedout
andmodelled Cyclictensiletestwasperformedo characteristne nonlineamehaviour
of castiron

A Non-linear constitutive models were developedto capturethe realistic cast iron
behaviouobservediuringin-housdaboratoryests
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General progress
Activity 1b
A Castiron materiabtressstrainbehaviouwascalibratedo fit the hyperbolianodel

A Laboratorytestswereperformeco characteristhe cementining propertieson the basis
of actualiningsamplesiswellaspreparegdamples

A Numericalmodelswere developedand simulationswvere conductedto investigatehe
cementiningcontributionto resistinternal/externdibadingo pipes

A Journapapemwasdraftedon assessinifpe cementining contributionto resist
A Pipefailuremodelsveredevelopedo predictthefailure

A Investigationsvereperformedon the basisof numericahnalysiso assesthe effectof
patchcorrosionon pipessubjectedo internalandexternaloadings

A Journabaperwasdraftedon traffic loadeffecton buriedpipe andsubmittecto partner
organisation®r review
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General progress
Activity 1b

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

A A solution has been provided for stressconcentrationfactors resultedin uniform
throughwallcorrosionpatches

A Preliminaryinvestigationsvereperformedto investigatehe effectof realisticthrough
wallcorrosiorpatches
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Publications

A Factsheets

0 FactsheetNo.13PipeStres$redictiorModelsfor uniformpipes
0 FactsheetNo. 15An updateon fieldinstrumentationf Sydneyatertestbed
0 FactsheetNo. 16

d FactsheetNo. 17

A Report

0 Rathnayak8, RobertD. andKodikaral (2014 Analysi©f pressuréransient®n HunterWaterNetwork

*
o, -

Fact Sheet No.13
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Publications

A Technicapapers

0

Rathnayak& M.SU.P, RobertD.], RajeeW, and Kodikarad (2013, A reviewof the pressurdransient
effects on water distribution main failures International Conferenceon Structural Engineering&
ConstructiorManagemeACSECM2013

VitanageD.C., Kodikarad, and Allen G. (2013 Collaborativeaesearcton conditionassessmerind pipe
failurepredictionof criticalwatermainsLESAM 20138 IWA Leadingedgestrategi@assetnanagement,
1012 SeptembeydneyAustraliaCD RomProceedings

Rajee\P, Kodikaral, RobertD. ZemanP. andRajanB. (2013. Factorscontributingto largediametewater
pipe failure as evidentfrom failure inspection,LESAM 20130 IWA Leadingedge strategicasset
management0-12 SeptembeydneyAustraliaCD RomProceedings
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New traffic load testing on Sydney test bed

TestBedSiteLayout
New Truck Tests
TestResults
Summary

cC: C: C: C:

Thanks to Sydney Water for their substantial N A
10
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Test Bed Site Layout
Sensors location and data acquisition
U Measurememtf pipestrainpressurgipejoint movementsoilmoisturecontent
U Ambientloggingnterval 30 mins
U Traffictriggedoggingnterval 500Hz for 9 seconds

Foot path
o
[Te)
© \ k 3200
T 1800 % Nature strip
o K——1400—— ‘i
O
™
—
I
....... S I B O
..... =+ — = e e — .\ f 8
Road pit - Logger g
cabinet <
Pipe depth at 870 mm
#140()4
1140
g
—
3660 220
o0 Pipe depth at 1000 mm L
4800 4570
450

Pipe depth at 1080 mm Pipe depth at 700 mm



2 MONASH University www.monash.edu

New Truck Tests
Test schedule

U Aimed to examinethe behaviourof pipe under traffic loadings(18 to
21/ 11 2013

1stday Preliminaryestd truck brakingdistancespeedcumplocationetc
2nd day Trucktestat O kPainternalpipepressure

39 day Trucktestat 550688kPainternalpipepressure

4" day Trucktestat 288302kPainternalpipepressure

Truck A (22.45 1)

cC:. C. C. C:

Passing at 15 km/h
Passing at 50 km/h

56.7 kN 164.5 kN Braking at 15 km/h
Braking at 50 km/h
— H S S S— — . .
i i) e e { s Cornering at max speed (i-292@m/h)
—  Truck B (38.60 t) Speed hump (pasl sidef truck)
12 i e | 3 .  m— e— Speed hump (pas=2 sidef truck)

58.9 kN 152.2 kN 171.7 kN Stop each axle
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New Truck Tests
Pressurising the test pipe

U Thetestpipewaspressurisedy openinghe
valveconnectgo anin-servicepipe

U 39 day Pipe pressurisedfom 0 to 68&Pa
(in approximatelstOkPaincrementp truck
testscommenced

U 4% day morning Pipe depressuriseffom
540 to 300 kPa (in approximatelyb0 kPa
decrementd trucktestscommenced

U 4% dayafternoonPipefurtherdepressurised
from 300 to 140 kPa (in approximately
10kPadecrement)

Pressure sensor
connected to the test pipe

13



www.monash.edu

New Truck Tests

The test setup

| rathic direction

S —

Road surface

Asphalt I:S',
Road base §
—o—
S ' 3 Natural soil
Pipe joints” ’Instrum@tlon (sity caly) &
A ' S_e_’Ctlon 7‘:_{?‘_\ = ) 660 mm dia.
"1nstrumented pi e
(Burlal de th 0'm | )A N Viea
p W o | -5\ . “tecording End of bore
o ‘ Roadcrosssection

14
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New Truck Tests
Speed hump test
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New Truck Tests

Braking test
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Test Results
Pipe strain due to internal pressures

U Testpipewaspressuriseftom 0to 668 m in approximatelgOm increment

U Depressurisefitom 55to 30 m thenfrom 30to 14 m in approximatel$ m
decrement .

700 — .
Hoop strain Hg—T
(a4

"/
s %;7

200 %
- o O/V

0 20 l 40 l 60 l 80 l 100 l 120 l 1:10
Strain change within the elastic region. Maximum strain due to internal pressure is 126
microstrain (typical failure strain is 2000 to 3000 microstrain)

Pressure (kPa)
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Test Results
Pipe hoop strain results from tests with O m internal pressure
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Braking at slow speed occurred over longer period than passingat the same speed Change
in strain betweentwo tests are similar (<5 microstain differences)
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Test Results
Pipe hoop strain results from tests with 50 m internal pressure

=3 Truck A passing at 15 km/h ’ =3 Truck B passing at 15 km/h
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0 Magnitude of changein strain results measuredwith 50 m internal pressureare verysimilar
=41 to 0 m, with differencesof only few microstrain
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Test Results
Pipe hoop strain across the pipe circumference from Truck A
tests with O m internal pressure

e
Truck|A (22.45t) [
/ L == = > /,
SAST (28.4kN) Hoop strain S6.7 kN 164.5 kN ’ - N ’
- " =P assing 15km/M-1 - R \
;_E,: 0 ——Parsing 1":|. ". 2
£ Passing 52km/?
E o ==Poareg S Pipe crosssection
£ . Slopping
% 10 :h '““
§ TADT (kN) Hoop strain

= Passing 15km/h-1

—t—Passing 15km/h-2

Pipe angle (deg)

Passs h2km/h
— @ Passing 4%m/h

Stoppin
e Braking 15km/h

pnge in strain (1um)

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




2 MONASH University www.monash.edu

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

| TruckB (38.60 1
/ L—P C5 e MOO
58.9 kN[152.2 kN

TN ) ///

SAST (kN) Hoop strain

it P 238ing 15km/ -
g. e P 34801y km/! 7 a - 7
-g assing SSkm/h - \
: " & &
w toppi
c
-; w— g Jing 1 . .
¥ Plpe crosssection
] —e—B: akon
£ 10 .
o TADT (kN) Hoop strain
1 20
12( 30 0 30 ,E 15 =P assing 15km/h
Pipe angle (deg) 2 1w e Passing A6km/h
E 5 Passing 55km/h
‘l;\. 9 Stopping
s
P e Braking 15km/I
& 10 rakmng 1osm/n
E 15 ~&—Braking 49%km/h
22 2" 220

25120 90 60 0 0 0 60 90 120

Pipe angle (deg)
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Test Results
Pipe hoop strain across the pipe circumference from Truck B

tests with O m internal pressure 2

L - Truck B (38.60 1)
L, == s )

58.9 kN 152.2 kN / 171.7 kN
TRDT (kN) Hoop strain

20

15

10 B
5

Change in strain (um)

@0@9@
\ \ \

,,
/

Pipe crosssection

wbPassing 15km/h

m@‘

@

\

Fop N\

w—d—Passing 46km/h
Passing 55km/h
Stopping

~=Braking 15km/h

~&—Braking 49km/h

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

(difference <7 microstrain)
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Test Results
Pipe hoop strain across the pipe circumferencesummary

B ==1==] e e s | (] vy |
Truck A (22.45t) l Truck B (38.60 t)
L == == el
96.7 kN 164.5 kN 589 kN 152.2 kN 171.7 kN
Effective : )
Axle compressive tensile
tyre load : :
group (kN) strain strain
A SAST 28.4 9.8011.6 5.3-7.3
TADT 41.1 15.3019.4 8.5015.3
SAST 29.4 8.209.8 3.706.2
B TADT 38.1 16.6019.2 11.1615.2
TRDT 28.6 14.16014.7 8.2011.6

24 I SASTcan be usedto representother axle groupsfor pipe strain in elastic range I
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Test Results
Relationship between tyre load and pipe hoop stress 1
U Developthe relationshipgo be usedfor calculatiorof
tyreloadin traffic events

U Test results used for calculationsare hoop strains
measuredn the pipecrown

U For truck passingests(both15km/h and50km/h) S A

U At 0 m internalpressurgsameas normal monitoring -

condition) \
U Tyreloadcalculatetbaseon singletyre =y

U At different road surfacecondition (road base and

asphalt)

25
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Test Results
Relationship between tyre load and pipe hoop stress 2

U Hoop strainat pipecrownagainstyreloads

S00
»O 0O -0
800 v
Q- 00O o o
. @ SAST - road base (16.2 t truck)
70.0 )
y=-440x , ) B TADT - road base (16.2 t truck)
’ Y 2 Abx
A TAST . road base (301 truck)
60.0
— @ TADT - road base (301 truck)
<
= O  SAST - bitumen (22 5t truck)
'g 50.0 0O TADT - bitumen (22.51 truck)
[*]
; A SAST - bitumen {38.51 truck)
-
'Z' 400 O TADT - bitumen (38.51 truck)
A A
X TRDT - bitumen (3851 truck)
0.0 g ~ Linear (Roadbase)
S A0 0 m m
’ == Linear {Bitumen)
*
200
100
26 00
0.00 5.00 10.00 15.00 20.00 2500 30.00 35.00

Microstrain
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Test Results
Relationship between tyre load and ground pressure

U Pipe hoop strain from traffic 5 v Lo srngine (5502
eventsoverthreeFridaysin July £ | ¥ i (10 B .
2013 g TN

g of
i Compressivetrainrangedrom < .
S et W%‘"W?%Qﬁ% ¥ ¥ v
6 tO 18 ue 8 _20: — e —
6 00:00 02:00 04:00 06:00 08:00 10:00 12:.00 14:.00 16:00 18:.00 20:00 22:00 24:00

U Convertfrom theplot 26to 78
KN tyreload(5.3to 8t) E R

BO.0

U Accordingto Roadand Traffic o ) |
Authority NSW total masdimit _ = o TADT - roud bee (162 1
of busis 3™ . T e vl

) 0.0 © SAST - bitumen (22,5t truck)
A A
o o 2 1m0t
0.0 P - - A SAST - bitumen (38 5t truck)
: ¢ © TADT - bitumen (38,51 truck)
200 .

x TRODT « bitumen (38.5t truck)

g 1Dt 10.0 ; Linear (Roadbase)
U Within the ballpark ' - e (tumen)
27 00 -
0.00 -5.00 -10.00 -15.00 20,00 -25.00 -30.00 35.00

Microstrain
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Test Results
Ground pressure along depths from Truck A tests with o

- Ground surface
O m internal pressure |- f
P o= == :
Truck|A (22.451) ! &
! % E% _pp2 1
/ ' 56.7 KN 1645 kN k—soo—*—soo—q!t—aoo—*—soo—*—SOO—ﬂ %
[ . . | | _iﬁF’9 I | | g
. e __
i TN L
E 200 L—*—J\ IL—,&—J
£ ® 150 100 100 150
o 300 i
o
.g 400 - — Passing 15km/h 0
a 500 5 ~&— Passing 52km/h 100
E g Passing 4% m/h =
'.2_ e e Braking 15km/h E 200
ﬁ 700 ~®-Braking 48km/h 7] 300
8' 800 é 400 = P3ssing 15km/h
o 3 —— Passing 52km/h
900 w 500 assing /
£ st Passing 49km/h
1000 '.\o: 800 e Braking 15km/h
0.00 20.00 40.00 60.00 80.00 = 700 o Braking 48km/h
Pressure (kPa) a /
@ 800 ,
At 260 mm depth, truck braking generated higher pressure than passing (up to 20 kPa).
28 Differencein ground pressurebetweenthe depth of 260 to 860 mm is up to 50 kPa.
Pressure (kPa)
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Test Results
Ground pressure along depths from Truck B tests with o

Ground surface

P :
T ] 7T T { H 3 LeP 7 4
1 [ ] [ ] ( ][ ] | <I>
T | T
PP 2
' Truck B (38.60 t) - T
L k—300—k—300——300—k—300—%—300—! =
— i B e ¥ ' e : . %8
N —
58.9 KN[152.2 kN 171.7 kN
Z
0
100
E 200
S— o
8 300
g 400 = Passing 15km/h i 100
a 500 —8— Passing 46km/h E 200
g ik i Passing 55km/h :E)— 300
= e B aking 15km/h (%] 4 ) =
5 700 o=Beokns 43 \g 00 = Passing 15km/h
8 800 3 500 48— Passing 46km/h
o E —t— Passing 55km/h
900 o 600
-— e Br aking 15km/h
1000 £ 700 i Braking 49km/h
Q.
0.00 20.00 40.00 60.00 80.00 g 800
Pressure (kPa) itk
29 1000
0.00 20.00 40.00 60.00 80.00
Pressure (kPa)
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Test Results
Ground pressure along depths from Truck B tests with O m

internal pressure 2 —
Truck B (3860It) 1 _:£P2

N
Lm%% s )

k—300—*—300—q!<—300—*—300—*—300—>!
| L. —PP9 | | 3
58.9 kN 152.2 kN 171.7 kN \ T I %ﬂ
T_ | | I
0 150 100 100 150

Ground surface

-300——300—4-260-

100
€ 200
E
o 300
v
,g 400 == Passing 15km/h
a 500 il Passing 46km/h
—ge— Passing 55km/h
g
o 600
= —— Braking 15km/h
5 700 ~&— Braking 4%m/h
o
@ 800
(a]
900
1000

At 260 mm depth, truck braking generally showed higher pressure than passing (up to 10
kPa). Differencein ground pressurebetweenthe depth of 260 to 860 mm is up to 40 kPa.
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Test Results
Ground pressure across pipe from Truck A tests with

O minternal pressure | == ==

| TrucklA(22.451)
25.00 K ‘ (i! %%

56.7 kN 164.5 kN

i

Ground surface

r\-—L—L
33 300—¥—300—4—2604
100

o
20.00 % —300—4—300—§—300—*—300—k—300—
— =0-Passing 15knm/n-1 PP13 PP18 PP.03 PP03 PPO1 PP04
& —+—Passing 15km/h-2
=< 15.00
‘J &~ Passing 52km/h
= —#— Passing 49km/h S
2 1000
8 — StOppIng
- ~=Braking 15km/h
5.00
~&~ Braking 48km/h
30.00
0.00
-1000 -800 -600 -400 -200 O 200 400 600 800 1000 25,00
Distance from pipe centre (mm) ~8—Passing 15km/h-1
§ 20.00 —+—Passing 15km/h-2
‘; ~@-Passing 52km/h
» 15.00
a ~a~Passing 49km/h
w
@ 1000 ——Stopping
a. ~=Braking 15km/h
[~ a"s]

Braking at high speed created slightly higher pressure on top of the pipe than other tests, with =
31 difference of lessthan 5 kPa

| DTStance rrom pipe centre (mm)
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Test Results
Ground pressure across pipe from Truck B tests with

O m internal pressure 1

i

Ground surface

{ } 3+ h { H H ¢
1L ) [ 11 10 ] 2
I | 1
-+ Truck B (38.60t) | $
1 | 'I
18.00 —300—4—300—§—300—*—300—k—300— 2
16.00 L 589 kN 1522 kN 171 7 kN PPllB PP|18 PP-09 PPIOS PP|01 PP|04 IS
14.00 3 ~+—Passing 15km/h-1 =
§ 12.00 -~ Passing 46km/h T
;’ 10.00 —a—Passing 55km/h
§ 8.00 —Stopping (average)
w Y
g 6.00 ~—Braking 15km/h
-~ Braking 4%m/h
4.00 e 30.00
2.00
0.00 25.00
-1000 -800 -600 -400 -200 O 200 400 600 800 1000 s —#—Passing 15km/h-1
. 2 [
Distance from pipe centre (mm) g 20 —8-Passing 46km/h
‘; —a— Passing SS5km/h
= 1500
a —Stopping (average)
§ 10.00 —=Braking 15km/h
& ~&- Braking 4% m/h
S.00
32 0.00

-1000 -800 -600 400 -200 O 200 400 600 800 1000
Distance from pipe centre (mm)
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Test Results
Ground pressure across pipe from Truck B tests with Om

internal pressure 2 o -
R == e .
lr Truck B (38.60 ) w : :

58.9 kN 152.2 kN 171.7 kN I - .
30.00 N 150 100 100 150

25.00
—e—Passing 15km/h-1

§ 20.00 -8 Passing 46km/h
= ~&~Passing 55km/h
@ 1500
a ~Stopping (average)
§ 10.00 ~—Braking 15km/h
o ~&-Braking 49km/h

5.00

0.00

-1000 -800 -800 -400 -200 O 200 400 600 800 1000
Dics i . it \

Similarto Truck A results, braking at high speed generallygave slightly higher pressure on top
of the pipe than other tests, but with small differences (<4 kPa)
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Test Results
Relationship between tyre load and ground pressure
U Groundpressuratdifferentdepthsagainstyreloads

50.0
45.0 y=111x
40.0 Ao o o o
o o o o o
= 350
=
g 30.0 §
° DDm o o
@ 250 .
.
= y =0.63x
20.0
15.0 o 260mm below surface
10.0 o 560mm below surface
a 860mm below surface
5.0
0.0
34 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

Ground pressure (kPa)
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35

Summary of New Truck Tests

Changan pipe hoop straindueto internalpressureshowedthat undernormal
operatiorpressurepipestrainis underelastiaegionwith maximumstrainof 126
microstrain

Changen strainfrom truck passingndbrakingtestsaresimilarwith differences
of lesghan5 microstrain

Changen strainfrom testswith 0 and50m internalpressurareverysimilarwith
difference®f fewmicrostraironly

Truck test results showed small differencesin hoop strain measuredfrom
differenttestg(i.e. passinghraking stopping)

Brakingtestsgeneratethigherpressurat the depthof 260mm thanothertests
(upto 20kPa)

Pressuralifferencedetweenbrakingand other testsare lesssignificantat the
depthof 860mm (lesghan5 kPa)
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36

Summary of New Truck Tests

Internalpressuréassmalleffecton pipestrainduringtraffic loading
The typeof traffic tests(i.e passingbrakingetc) hassmalleffect on the pipe
strainandpressureloseto the pipe

Maximumchangen pipestrainis lessthan20 microstraimmndchangen pressure
closeto the pipeislessthan30kPa,whichsuggestethattraffic loadinghassmall

effecton the pipe
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Material testing of test bed pipe, soil & asphalt

Soiltests
Bitumentests
Castiron tensilgests
Steetensilgests

cC. C. C. Cc:
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Material testing of test bed pipe, soil & asphalt

Soil Tests

U Initial properties
(March 2013

|| strathfield soil

Initial mc (%) 20.8

Bulk density (g/cm3) 2.07

Dry density (g/cm?3) 1.74

Saturation (%) -
Atterberg Limits Strathfield soil

Liquid limit (%) 46.6
Plastic limit (%) 14.6

13.8 (nil to slight
Linear shrinkage (%) _(n| 0 sl
curling)

38 Plastic index (%) 32.4

U Properties at pipe
testing (Dec 2013

- |strathfield soil

At testing mc (%) 26.35

Bulk density (g/cm3) ESE]

Dry density (g/cm?3) EEYA

Saturation (%) 94.5
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Material testing of test bed pipe, soil & asphalt
Soil Tests

U Initial properties U Properties at pipe
(March 2013 ¢ testing (Dec 2013
200 + Soil report data

—Gs=29
B Standard Proctor compaction
1.90 ~ —Gs=265
) OMC \ \ Lab data
1.80 - Dl hd ——Poly. (Standard Proctor compaction)

Dry density (t/m3)
2 3
*
/ /
g
N
/ A
I
b
o

1.50

1.40

39 9 14 19 24 29
Moisture content (%)
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Material testing of test bed pipe, soil & asphalt

: Cl Silt Sand
Soil Tests 100 2
90
< 80 T
U Particlesizedistribution g7 51
2 60 L
. © -—
U Oedometertest 5 50
& 40
U Triaxial test g 30
2 20
10 — < Strathfield soil || |
0 L
Void ratio vs. 0.1 1 10 100 1000
0.75 qressure 100 Particle Size €m)
07 — o0
o 80 /
065 s
IE 06 = T
"os - /\\
055 5
% 20 / \\ \
05 =
1 10 100 1000 ¢ 4~ / L
Pressure (kPa) 40 60 D0 | 120 160 1 200
40 20

Normal Stress (kPa)



2 MONASH University

www.monash.edu

Material testing of test bed pipe, soil & asphalt

Soil Tests

U Properties tested are
shown on right

U Properties will be used in
numerical modelling

U Further testing to examine EErrEad

moisture content change
from compaction

41

"*OMC-Optimum water content.

- lstrathfieldsail
lightbrown/orange

2635
1.93
1.52
945

Initial mc (%)

Bulk density (g/cm 3)
Dry density (g/cm 3)
Saturation (%)
Specificgravity, Gs 2.65
Max standarddry density (g/cm 3) 183
StandardOMC (%) 18
Liquid limit (%) 466
Plasticlimit (%) 146

Linear shrinkage (%) 138 (nilto slightcurling)
324
Shrink-swell index (Iss) 3.8

0.169
0.073

Averagecompressionindex, ¢
Compressibility parameter, 1
Averageswelling index, ¢ 0.018
Unload/reload parameter,[ 0.0078
Average coefficient of consolidation, c, e s eE

(m?sec)
Averagepermeability (m/s) 4.86x1010
Drained friction angle,3 &(°) 337

Drained cohesion,c (kPa) 8
1.36

Critical stateline, y

41
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Sydney Water Test Bed laboratory results
Bitumen Tests
A Staticcompressioteston bitumen
A Sampldrom SydneyVatertestbed
A Loadingandunloadingycles
A Resultgo usein finite elemenmodel

10000 5
8000 4
6000 - 2 ¥ 3
2000 A8 ) 13
E A - \ o
g =
\:5/ 0 T O 7))
< 0.15 3
2000 1%
= n
4000 2 Failed bitumen
Vertical 1
-6000 - Vertical 2 -3 Sample
Horizontal 1
-8000 Horizontal 2 -4
Bitumen Stress
42 -10000 -5

Axial strain (mm/mm)
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Sydney Water Test Bed laboratory results
Bitumen Tests

5.0
4.5
4.0
3.5

g 3.0
=3
~ 25

3
= 20
n

15

1.0 -
0.5 +—p— - o oo
0.0 L A:‘ - T T

0 2000 4000 6000 8000 10000

Axial gauge strain (ustrain)

Bitumen Properties _

Bulk density (g/cm3) 2.25
Peak load (kN) 31.7
Peak stress (MPa) 4.5 Failed bitumen
Axial strain at peak load 0.0476 sample
Y o u n gnodulus from gauge strain (MPa) 500
Reload modulus from gauge strain (MPa) 1030

X Average Po i s s mtiod s 0.327
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Harris Street cast iron tensile tests

Cast iron tensile tests

U Gatherdatafor castiron strength -
U Testingconductedon Harris Streetpipe, g
Sydney =
[
zommII= | l:Smm 125%/= SIZGmm
125 mmi 125 mmi
S iy

Hevation at ends Hevation at center

44
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Harris Street cast iron tensile tests
Cast iron tensile tests

=9 farris st cast iron pipe - Sample 4 Major Strain

[%]

|
1.00

0.90

0.80

0.70
Camera left R
0.50
0.40
0.30
0.20

0.10
0.01

Overlay 5]

Stage 0
Time Os 2/15,/2014
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Harris Street cast iron tensile tests
Cast iron tensile tests 160

140

120

100

80

60

Stress (MPa)

Sample 1
40 ——4 Sample 2
——=Sample 3 ||
— Sample 4

20 +—

|
0 500 1000 1500 2000 2500
Average gauge strain (ustrain)

Harris St castiron averageproperties
Bulk density (g/crmd)

Peakload (kN)

Peakstress(MPa)

Y o u n moaldus from gaugestrain (MPa)
AverageP o i s gsaton 0 s
SecantModulus (GPa)
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Cast iron pipe data review

Cast iron S .
ﬂ‘ =
U Reviewof literaturefrom CanadalJSA, UK e
andAustralia .
U Propertiesvill beusedn numericamodelling : = SR EEEEEEE)

iR

i The review includes important pipe =_
information placeof pipe,spunor pit cast, == =

|
i
|

i
1
1
i
i

pipe size,failure mode, testingmethodsand ==~ =
samplesizes == B
U It includesimportantsampletestingresults -= =
peak stress, yield offset, Po i s sadio) =" '?_,:
Y o u n gndduilus, secant modulus and .z =
fracturetoughness Pl =

it
ST
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Steel pipe tensile tests

Steel tensile tests
“““Steel Sydney pipe - Sample 2 Major Strain

(%]
lateral strain 01 - Reference
L Nominal dl IS!m:n (tec '1'1.)l
+68.135 mm | +0.000 mm | 0.000 % |

Camera left

30 0
27.0

24.0

21.0

118.0
15.0
12.0
9.0
6.0

3.0
0.0

r o
N I [ [T

Overlay

MONASH University

Tension

Stage 0
Time 0 s 2/15/2014

-ngineerin
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Steel pipe tensile tests
Steel tensile tests

400

350 -
300 -

‘S 250 -

Steelpipe averageproperties -

Bulk density (g/cm3)

Peakload (kN) 310

Peakstress(MPa) 392

£ 150 Speamen 1 Y o u nmadlgus from gaugestrain (MPa) Aok

T 100 —— Specimen 2 : : ~

< Specimen 3 AverageP o I s sabon O S 0.29
5 | | | | Upper yield strength (MPa) 317

0.00 0.05 0.10 0.15 0.20 0.25
Axial strain (mm/mm)

Lower yield strength (MPa) 308
Yield point elongation (%) 2.5

Uniform elongation (%) 157
Elongation at failure (%) 23.8
SecantModulus (GPa) 65.7
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Pipe stress prediction on uniformly corroded pipes
Type of corrosion

U Generallyobservedorrosionin failedpipe canbe groupednto
threemaincategories

A Generalcorrosion:
APatchcorrosion and
APitting corrosion

U Analyticalclosedform solutionwasdevelopedo calculatéhe
maximunmpipestresgor generatorrosionype

U Currentlydevelopingthe Analyticalclosedform solution for
patchcorrosionandpitting corrosion

50
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Pipe stress prediction on uniformly corroded pipes
Type of corrosion

U General corrosion (Type 0 1) refersto reasonablyuniform
reductionof thicknes®verthesurfacef thepipelinewall

|dealisatiorof general Field observation
51 corrosionpattern
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Pipe stress prediction on uniformly corroded pipes
Type of corrosion

U Patch corrosion (Type 0 Il) dueto graphitizatioror clusterof
geometricallynteractingits

|dealisation of patch Field observation

- corrosionpattern
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Pipe stress prediction on uniformly corroded pipes
Type of corrosion

U Pitting corrosion (Type 0 Ill) refersto localisedegionsof metal
lossthatcanbe characterisealy pit geometry

Sydney Water data Hunter Water data Sydney Water data Hunter Water data

Hunter Water data

(a) D=300 mm, t=14 mm (c) D=375 mm, t=13 mm

(b) D=300 mm, t=14 mm (d) D=500 mm, t=14.2 mm

{¢) D=450 mm, =21 mun () D=500 mm, t=22.5 mm

(A) (B) (©)
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Pipe stress prediction on uniformly corroded pipes
Stress analysis in uniform pipes (or Type | corrosion)

i Objective here is to develop nonlinear regressionbased on
dimensionlegsarameters

S :f(\N, Es’ Ep; P,k,US, D,t,h,g)

E. 0 Soil Stiffness

k 0 Lateral earth presst
co-efficient

V.0Soi |l Poi s

E,0 Pipe Stiffness

0 Groupingof nondimensional
parameters
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Pipe stress prediction on uniformly corroded pipes
ProposedStressPrediction

o ~b5 Q ~b6 6
ato'a W Q o
0 - t1
s D’ -3 § (;)%+ g%CDZ@I Q 0)
- [o] ~ [o] ~ O
W+gD?h g aE, 0 apd _4&hg 0
a4§—8+a5§?8+a6 9+a7k
CH-s~ CHs—~ C =
14000+
S 12000 .
3 Total of 6000 data points were used
g 10000 to develop the model.
S 8000
1S
D 6000 -
8
S 4000 -
o
2000
0 1 1 ? % ? % ?
0 2000 4000 6000 8000 10000 12000 1400

Numerical model prediction
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Sydney Water Test Bed modelling
Pipe stresses prediction by the-lnoear model

3
—FE Prediction
= 2+ o -field Skmph - - - -
o o field 15kmph
D N
[%)]
[%)]
o
n
(]
Q.
2
SAST
-3
3
—[E Prediction
—~ 2 +---@_field-5kmph - DI T
s o field 15kmph
= 1 +---e-field-stopped
(9]
(%]
g
n
(]
o
£
56

Non-linear model predicts realistic pipe stresses
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Pipe stress prediction on uniformly corroded pipes
Tool was provided to Water Utilities to assess pipe stresses and

I t1 cal wal |

Monash Model

t hi

cknesses

E, — Pipe stiffness

v, ~ Pipe Poisson’s ratio
E, = Soll stiffness

k ~ Lateral earth pressure

of water

7% MONASH Unlversny]

- o - Maximum pipe stress
Pipe properties

Pipe elastic modulus (GPa) E» 100 Use 100 GPa.
Poisson’s ratio Yy 03 Use 0.3
Pipe wall thickness (mm) T 18
Pipe diameter (mm) D 663 -
Burial depth {mm) h 780

100

Ultimate tensile stresngth (MPal o ' )
Soil properties
d . N L

Soff modulus (MPa)

L]
"
»N
& owm

Traffic load (kN) a5
Internal pressure (kPa) P 800 -
Critical wall thickness (mm) L, 2.7

Calcolate t Clear Values | Set Deafults ] i

Use 0.4

Reference: Robert, DJ, Rajeev, P, Kodikara J. and Rajant, B. (2013). An equation to predict maximaen pipe stress mcorporating mternal and external

loadings m buried pipes, A poblcation of Advanced Condmon Assessment and Pipe Fadize Prediction Progect (anpublished)
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Effect of Patch Corrosion in Pipe Stress
Patch/Pit corrosion geometry

Patch/Pit corrosion
I

Patch/Pit with a remaining wall thickness Through wall corrosion patch/Pit
Uniform Angular
through wall through wall

Different corrosion pattern are identified on the basis of failed mains
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Effect of Patch Corrosion in Pipe Stress
Estimate Actual stress in patch/pit corroded pipes using Stress
Concentration Factors (SCF)

RW patch or TW patch _ S
Uniform pipe idealization

m— / (Tool developed to predict S o mina)
N

~~~~~
aaaa
N,

LT actual SC:F':Snomlnal ,"'
I H
/<—— Nominal Pipe This can be computed using the

proposed uniform corrosion tool

Actual Pipe
59

SCF is required to compute using a regression equation
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Effect of Patch Corrosion in Pipe Stress

- actual_ SCF[(a/ R) (t /t)]snominal

e4/ =
= SCI e 3(1 - ) a 2 Og nomlnal
g /Rty

Patch with a
remaining wall

Through wall
uniform patch

actual

Through wall

angular patch N e -
SCFeM 22 80 usnom,na
é ¢VRt+

actual

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

61 150 15,30,60,90 4
Total Models developed for the study ~ 100 models
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Effect of Patch Corrosion in Pipe Stress
Solution Finalised for through wall corrosion

16
14 o e .
.
e
_______________ /ngé*’%/ §=0p3

SCF

0.3377
[e] pv]-2 o JSA
adagaltot
. 0 0
O T T T lr T 2 T 5‘ thT gsllna T |]\,' T
0 2 4 6 8 10 12 14 lg 18 20

A $a@lution was finalised to obtain the non-linear regression for SCF in through wall corroded
pipes
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Effect of Patch Corrosion in Pipe Stress
Practicall regions for through wall corrosion

16
T oo
-#'-#J‘.‘—‘- *
12 -
o o -
/y ¢
L[ @ e
.',,/’ .
w g8 * 2 O
%) ::’ oo
7]
6 y
L el .
A & = = Non-linear equation
® FE data
> §67%18% 5% A Practical Lamda values
o ;Lu.ln‘: Ili—a—j.‘: " A
o ;N 5 . 16 15 20
\_,/ Soe == I

63 Predictions are very good in the range of practical pit/patch geometries
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Effect of Patch Corrosion in Pipe Stress

Non-through wall corrosion analyses

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

i'e' Sactual = SCF[(a/ R), (tl/t)]'snominal

Results of FE analyses were used to
develop the non-linear regression

model
A To determine leak before failure diagrams

‘ Obtain leak before failure diagrams

(LBF) for different cases

Treat the regression to obtain LBF
64 diagrams analytically
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Pipe stress prediction on uniformly corroded pipes

Non-linear regression for ndimough wall corrosion

i Objective here is to develop nonlinear regressionbased on
dimensionlegsarameters

s =f(P,Rht' au,) 2

U Groupingof nondimensional
parameters

65

SCF is captured on the basis of Buckingham pi theorem
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Effect of Patch Corrosion in Pipe Stress

Analysis plan for remaining wall corrosion modelling

500
660

660

660

1000

1000
66

25
15

15

25

15
30

5,8,10,13 50,100,150
10,15,20,23 50,100,150,200
5,7,10,13 50,75,100

9,10 150
12 175

5,7.5,10,14 5,8,9,10,14,20,
28

5,10,15,20,2 50,100,150
3

5,7,10,13 50,100,150,200
10,15,25,28 50,100,150,200

12
12

15

12
15

Total models developed for the study ~ 90
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Effect of Patch Corrosion in Pipe Stress

Non-Linear regression model for remaining wall corrosion

10

: ?L.O- algl..O— (%)ang (at, R,t')g

y
TR T
po-aigo b 5

6
?j 0.9598
Q
T a, 6.3792
5. aa A
. LAt s . 470 a -0.0391
w 4 31-n*) 4 a P a'g ,aag o ?
S TR 0 +a° &0 g a, 1.8741
é 2 g\/Rtm ct= cR= 8
— — : as -1.1103
a o oy | O
2 %82%8 +80 g a 1.9858
e ¢l ct+ 9
a, 0.0276
ag 0.8762
0
a, 0.0853
a 1 0.0762

NLR predicted

A solution was finalised to obtain the non-linear regression for SCF in remaining wall corroded
pipes
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Effect of Patch Corrosion in Pipe Stress
Distribution of the difference in actual SCF and predicted SCF

Most data points
-Jare within® 0.5 -

Frequency
w

r r
-2 15 -1 05 ~~0-" 05 1 15 2
Difference in actual SCF and predicted SCF

G8od normal distribution was obtained with most of the data points are within 0.5
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Effect of Non-Wall Corrosion in Pipe Stress
To deterfnine leak before failure diagrams

Ligament instability lines at different pressusisy Fi

(&)

=

- ~ P17 Verylow pressures

e

o

(¢)]

© P3

=

(&)

© ~~ P4

@)
P51 Very high
pressures

69 Crack length,I’

P1<P2<P3<P4<P5
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Effect of Non-Wall Corrosion in Pipe Stress

Leak before failure diagrams

30
25 =
\.\\ - — *- — o “«__ .-
s \\\\‘. _________________ -‘_--‘""_-,.. _--_-_'q-""!-_ii _______
z e - IREE S ¥ <
EE' \\\\\ ~~~\~r~~§‘
T 15 2 e e
s T s_____
= o *P=0.8MPa
e 0 AP=12MPa
&&°
o +P=18MPa
S G e mP=24MPa
O -
Qo“ Instability segments for D 660mm, t=25mm®P=3.0MPa
0

0 50 100 150 200 250

Patch diameter (mm)

L7%F(‘)s are useful to deter mine what state of clor |
pressure
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Effect of Patch Corrosion in Pipe Stress

Summary

ACorrosion clusters have been studied to determine the sizes of realistic corrosion pa
water mains

AA solution has been proposed to assess SCF in through (uniform & angular) wall cor
pipes

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

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

A eak before failure diagrams are useful to determine what state of corrosion leads tc
pipe at a given operating pressure.

Arhe effect of multiple pitting (both through wall and remaining wall) will be investigat
future work

71
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Pressure transient monitoring and modelling

U Pressure transient monitoring and modelling
U Pressurenonitoringwork in HunterWatemetwort
U Pressur&gransientiydraulianodellingn HunterWatemetwork

e 1 11 e RO AEWTAMTE
LOOKOUT/ AOONDUT § MESERVOR | 158 11 )
ML TWA 160 60w T
== A ! | |y
EAST LAKE MACQUARIE " Rems (¥ </ o TSI T
- = sy " D J8ML 'YL 543 560
c 2 -re
AT 1 RICH
w
IV (S TOW ACSRVOR
LA e R
"
west mn‘o“ sobpmomd
1T Ao robromdt [T
w
=
s b
STV
AU
1 W o e
) awe we
. aadidtleN | o - .
L5826
10T 1
T - L“"
- o . &
oo AR NE Sy e
1
SNy on
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c
b
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Pressure transient monitoring and modelling

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

| | |

Extended period Pressure transient
hydraulic modelling

simulation
\ J

|

Knowledge of this work will be used to devsloylified approadio obtain transient
pressure magnitudes

73
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Pressure transient monitoring and modelling

Pressure monitoring program (Cardiff Soutifevent monitoring)

1200 -
1000 B Maximum pressure % _:f«'ﬂ\_\“jf.?v"'-’x'j_. ¥
(event set 1) gV AT
800 ! 4
g B Maximum pressure t: *?&'
: (event set 2) P, i ‘
5 _y TR
2600 Ay
r_Ef Steady state i
o 400 pressure 7
- . de— sites
A el H
0 T T T ] ’.-I:;AI
Site 1 Site 2 Site 4 Site 5 D
Site number L4l
A Pressure monitoring
Highest pressure rise of 270kPa was observed at qite 1 ~ Stes
t during 5s pump Staup event. o pump stations




2 MONASH University www.monash.edu

Pressure transient monitoring and modelling
Pressure monitoring program (Cardiff soutkevent monitoring)

1000
2l 525
T i1
500 ANV & [t W g P e ™ P
PV GV i \
r e Sitel(event set 1) 2.
o = Site2{cvent set 1) ;‘;;Il
= s Sited{event set 1) ot TN
_é s Sitef(cvent set 1) ' L
g s00 ] f
ll)lbm
o
.mu—i‘-_ 'r 7
s " -JL-F-\-L‘P-»‘,- Hﬂ»_}’»\- ,_.}""'L*. )b. L}“—l‘h -F~L~ 1 ,._:(t : .
100 W E Site 4
L] 9 10 it
1200~ ,,’”
—Site T{evem wt 2) s
Site 2{event set 2) 45
' ...... T MII' «“\C"l' awt 2' .x‘
1 Site £ovent set 2) v,
— - i .
00 ll" - = H—r Site 5
; =
‘;‘ 000 -
g
N — F’L F L[ o
Zm»' --7-.—!-—'\‘_]""\”“ l .}—\ H [ . "‘-—
P — e p— J-—.-“——\_/’ : o
o, 4 % A Pressure monltorlng

3
Thme hours A Si'[eS
o Reservoirs

-eSignificant steady state pressure rise was observed|when ® pump stations
pumps were in operation during period of low demapd.
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Pressure transient monitoring and modelling
Pressure monitoring program (Cardiff soutH_ong term monitoring)

i<\ B ier
1000 A
900 da
W Maximum %
800 pressure ii
TO0 s
m Average steady ¥ X
£ 600 - state pressure | {;Jf =25
_f’ 400 a
300 ¥
200 f—- Site 5
B |
0
Sate 1 Sate 2 Sate 4 Site 5
Site number ;,;;
- ) K .
Pressure transient of magnitude 135kPa was observed during A [ressuremoniioring
closure of AlV. Significant transient did not observed|at & . Reservoirs
. J 5 .
[ pumps operated with VSD and at PRV ump stations
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Pressure transient monitoring and modelling
Pressure monitoring program (LookowlLong term monitoring)

A Pressure monitoring sites @6 Main pump
1600 ) i station
Reservoirs
. Site 6
i @ Pump stations
1400 B Maximum pressure <h Y=
) ) Ee :&-\ y = .
.\/\ <«—Site 7
1200 T € sites
B Average steady \
state pressure
o 1000
=
2 800
i
w
r‘. :
L ﬁI:H:l = < /
5 -~ Site 10
: _ e CuN. 1Y 4
f R4 ’
Site 6 Site 7 Site 8 Site 9 Site 10 el
Site number EA=S e

Significant transients were observed during pump operation and closure of AlW.oStgrt
Jloump generated transient of magnitude 275kPa and closure of valve generated transiel
! magnitude 591kPa.
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Pressure transient monitoring and modelling
Pressure monitoring program (Lookowlong term monitoring)

M . N — .

A Pressure monitoring sites @5 Main pump
) i station
Reservoirs
1000 —_— ) Site 6
2 - @ Pump stations
- = = =
g' ”
£
| 7 P I |
— : o=
o LU 100 120 >
Vimeseconds =1
- - -~ Site 10
;é "o J 1‘\_‘.\‘-:.-
-E- \
E l
, 4 .
U e ——— .o.w [y M .‘:‘-q‘ . )
[ o
% ' # " i 34
Fimehoury

Geperated transients were dissipated rapidly. In all ¢a6és ddluction of pressure trans

ent
magnitude was observed with 2 to 3 km distance.
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Pressure transient monitoring and modelling
Pressure Transient hydraulic modelling (Lookout)

Case 1&2. Pump startip event at Lambton pump station

Wave speed in m/s Pump start up timein seconds

2S 5S 10s 20s 35s
Varying Vv Vv Vv V V
915m/s (3000ft/s) V \ V V V
1065m/s(3500ft/s) V V V V V
0.1% air V V V V V
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Pressure transient monitoring and modeliing
Pressure Transient hydraulic modelling (Lookout)

Case 1. Pump startip event at Lambton pump station

1600 ——Field

. i i i 9 start ave speed 915m/s A Pressure monitoring sites % Main pump
1500 Site I P up (wave sp )

R ) i station
1 1 eservoirs
. 1400- : : — .S start up (w:ls\ve speed 915m/s) or . S~ Site 6

1 1 1 ump stations
£ 1300- ' '
2
5 1200 +

g 1100 -
2 1000 -

900 -
800

0 20 40 60 80 100 120
Time/seconds ; : .
500 T T T T _F Id - ""’-l.:-lh S i
1 1 : : : Ie -_.'."" N " g |
450---Slte';7"""'*:'"""':’""""E'" ——2s start up (wave speed 915m/s ‘ gl ° z
o 400 +-------- i ity Sl et ——5s start up (wave speed 915m/s

Site 10

o
< 350 -
o
2 300
(%]
0 250 -
o
200 -
150
100

0 10 20 30 40 50 60 70 80
2N Time/seconds

" Model captured shape, magnitude, rate of initial pressure rise of transient accur
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Pressure Transient hydraulic modelling (Lookout)
Case 2. Pump shutdown event at Lambton pump station

Pressure/kPa

Pressure/kPa

1400

1300
1200 -
1100
1000
900 -
800

700 -

_________________________________

——2s stutdown (wave speed 915m(s)- - - -

——5s shutdown (wave speed 915m)/s). - - -

600

400

0
Time/seconds

80 100

RN N W W
g o ua o u
o O O o o

100

__________________________________

——2s shutdown (wave speed 915m
——5s shutdown (wave speed 915m/s)---

40

Time/s&fbnds

80 100

120

A Pressure monitoring sites Mai_n pump
i station
Reservoirs
Site 6

@ Pump stations
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Pressure transient monitoring and modelling
Pressure Transient hydraulic modelling (Lookout)

Case 3. Closure of Dudley Automated inlet valve

1 2.5 5 7.5 10

Closure timein Valveresistance (R)/(m/m3/s)
seconds

30 V V V V V
60 V V V V V
120 V V V V V
Note:

A In this case wave speed was kept constant to 915m/$t(8000
A Valve resistance is defined as follows;
DH Where;

R >~ aH = Head drop across valve
82 Q Q2 = Flow rate
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Pressure transient monitoring and modelling

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

650 :
! ! ——Field — @ —
Y00 R S ——Valve resistance = 2.5 (60s closure, wave speed 916m, A Pressure monitoring sites : St:{%gump
© i i ——Valve resistance = 5 (60s closure, wave speed 915m/s’ Reservoirs X Sie &
% 550 - ! ! ! @ Pump stations : / e
o i £,
é 500 - » o ‘ ‘ \: «——Site 7
o | | . | o | | | . S sites
o 450 - . . ! . -
=t Sjte 9
L e e S i S Y {’ 5 - A
350 : : : : : : : . 3\‘ S Y
0 20 40 60 80 100 120 140 160 180 1251 ;i e
Time/seconds bl i‘i' =
700 , i Y
= = i @ 30s valve closure AR 9k — Site 10
8 600 f---- ° ____E__._ ______ E_____._____E _______ .._E _________ -' _________ @ 60s valve closure :“"f"’ ral :
i~ A | | g | x | X A 120s vlave closure ‘ N4
B | A 1 A 1 1 ¥ ~q
= ! ! ! ! I steady state presst Yo ke
7 500 oo R ERRREEEEE EERREEEEES ARREEEEEES P MY
8 1 1 1 : : “
B 400 b AE—
300 . i . =
2 4 . 1 12
0 Valve resst%nce/(m/?sl? 0
83

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 starup Cardiff south)
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Pressure transient monitoring and modelling
Pressure Transient hydraulic modelling (pressure maps)

Only transient pressure (5s pump stanip Cardiff south)
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Pressure transient monitoring and modelling
SummaryPressure monitoring

A Significant pressure transients were captured during pressure monitoring in two

sections.

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

trunk main.

A Significant steady state pressure rise was observed when pumps were in operatic
during periods of low system demand.

A For positivepressuragisesmagnitudeof reflectedpressurevavewas significantly
lower than main pressurewave,where as for negativepressurewave seriousof

significanteflectedpressurevavesvereobserved
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Pressure transient monitoring and modelling
SummaryHydraulic modelling of pressure transients

A Computer model was able to simulated field observed pressure transients accurat

A 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

A Significant amplification of pressure wave was observed when transient wave
propagated in to smaller diameter pipes (reticulation).

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

comparison to model results.
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Pipe burst test

U Experimensetup
U Preliminaryesults
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Pipe burst test

Experimental setup -Proposed new vertical arrangement

Pressure supply /air bleed

L]

|

%

inlet Uﬂ

L2

!

L8l
Main water
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Pipe burst test
Experimental setup -Pressurizing system

| High presaure sir suply |

Top plate
I
FR. = Pressure regulator

@ @ FEV = Pressure regmlating wahze
Pomp

V= Control valve

PT = Pressure transcaducer

I Maun water sopply |
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Pipe burst test
Experimental setup -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 line
pipe section

All units are in
millimetres
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PIpe burst tes

Preliminary results 3D pipe scanning
Corrosion patch analysis

Patch 1 Patch 2 Patch 3
)]

=70 |7

O\ L L | ]J Patch Locations

Patch 1-200 to-400 and
0 Q) 270 to 315°

Patch 20 to-400 and
7 180 to 247.8

19
LS
C 13 43
P 4 !

Patch 3100 to 500 and
315 to 22.8

All units are in millimetres

=)
E]
—5
e
: 5
- @%—l—gﬁﬁ
T
o C{Jj ;Zéj r} N
2
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Pipe burst test
Preliminary results 3D pipe scanning

-

Patch length/mm

Patch width/mm 180 310 350 240

Min. remaining wall 11.7 7.1 6.5 9.9
thickness/mm

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 In progress In progress In progress In progress

stress/MP3g
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Pipe burst test
Preliminary results Numerical modelling

Patch 2 (Max stress 78.7 MPa for 1.8 MPa internal pressure)
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Pipe burst test
Preliminary results Numerical modelling

Patch 3 (Max stress 67.5 MPa for 1.8 MPa internal pressure)
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Case studies of past pipe failures

U Harrisstreet Ultimo roadcasestudy
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Harris Street case study

U A water main failure was taken place on 10"
August 2013 at 11.05m in the Sydneywater
deportlocatedat 20 William Holms Street,Potts
Hill

U Thefailledmainwas500nm diametecementined
spuncastpipelaidin 1961

U Significantlamagdasbeentakenplace
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Harris Street case study
Pipe layout of the failed pipes along with the adjacent pipes

M)
Spigot end where

crack started &
Harris Sreet

.
300 dia. ACL K N
[ | -
p— | p—
o |
% I
% |
] =} |
©°
@

g

D P 00S

UMOUBUN "IP 0S. %
DId "eIP 00£ g
pecy ownin

Main fast fracture
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Wavy crack
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Harris Street case study
Input properties for the study

Property | Unit | Description
Pavement Details (Concrete + Bitumen)

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

Poi ssonds raltio - 0.3
Subgrade properties

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

Poi ssonds raltio - 0.3
Cast iron properties
Stiffness GPa 100
Poi ssonds Raltio - 0.3
Density Kg/m 3 7800
B s

£

ge}

(48]

Q

=

(0]

2

3

a

Maximum

MWW pressure~550kPa

Time

100

Input properties are either assumed or based on data given by Sydney Water
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Harris Street case study

FE model idealisation and mesh discretisation

101

1.6m

'\ 6.6m

10m 11m

Model boundaries and mesh were selected to minimize effects arising by them




