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Stress analysis &  failure prediction 

Å The data relevant to large diameter pipe was collected from the partner organisations and 

public domain. 

Å The past pipe failure data and observed failure mechanisms reported in the literature 

were compiled. 

Å The failure inspection reports provided by the partner organisations were also compiled 

and analysed. 

Å A method for recording and archiving the data was developed - an online database. 

Å The report on Water Main Failure Analysis was finalised. Stress assessments to 

investigate the effect of  corrosion patch are progressed. 

Å Detailed analysis of  failure data was carried out to understand the factors leading to 

failure. 

1. General progress  
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Stress analysis &  failure prediction 

Å Past failures were explained using the developed solutions. 

Å A new pipe stress prediction equation was developed within the operating region of  the 

pipeline using 3-D FE model simulations (Paper under review; A tool was developed and 

made available to water utilities). 

Å Pipe failure models were developed to predict the failure. 

Å A solution has been provided for stress concentration factors resulted in uniform 

through wall corrosion patches. 

Å Investigations on the effect of  realistic through wall corrosion patches were carried out. 

Pipe pits with leak but no burst were identified. 

Å A solution has been provided for stress concentration factors resulted in non-through 

wall corrosion patches. 

1. General progress  
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Material behaviour 

Å Failed and corroded pipe samples were received from SW, CWW and SEW to Monash 

University for testing. 

Å Testing of  cast iron pipe material behaviour in the laboratory using samples obtained 

from exhumed pipes (SW) was carried out.  Tensile tests and  a ring test  were carried out 

and modelled.  Cyclic tensile test was performed to characterise the nonlinear behaviour 

of  cast iron   

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

behaviour observed during in-house laboratory tests 

Å Laboratory tests were performed to characterise the cement lining properties on the basis 

of  actual lining samples as well as prepared samples 

Å Journal paper was drafted on assessing the cement lining contribution to resist  

Å Literature review is completed for fatigue behaviour 

 

1. General progress 
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Internal &  external loadings 

Å Traffic load tests results on the Sydney Water test bed were analysed with two journal 

papers in preparation. 

Å Analysis of  traffic load tests on concrete road at the Sydney Water test bed is completed 

with the relationship between traffic loads and pipe strain being developed. 

Å Field monitoring of  pressure transients in East Lake Macquarie section of  Hunter Water 

network is completed.   

Å Pressure transient hydraulic modelling and model validation using field observed pressure 

data for East Lake Macquarie section in Hunter Water network was completed. 

Å Field monitoring of  pressure transients in Frankston section of  South East Water 

network was completed.   

1. General progress 
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Internal &  external loadings 

Å Numerical models were developed and simulations were conducted to investigate the 

cement lining contribution to resist internal/external loading to pipes. 

Å Journal paper was drafted on traffic load effect on buried pipe and submitted to partner 

organisations for review. 

 

 

 

1. General progress  
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Model validation 

Å Material models for numerical analysis are calibrated using in-house laboratory 

experiments on cast iron pipes. 

Å Cast iron material stress-strain behaviour was calibrated to fit the hyperbolic model. 

Å The validity of  the numerical models were verified by simulating the traffic tests 

conducted at SW test bed. 

Å Pipe burst tests were performed with cast iron pipe samples from Sydney test bed to 

validate pipe failure model and test bed results. 

1. General progress 
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Smart pipe concept 

Å The research on fibre optics is showing that the fibre optic sensors attached to a pipe are 

capable of  detecting local strain field changes due to various factors such as varying 

pressure or inducing a damage on the pipe. The current work is being carried out on 

reconstructing these various factors on the basis of  the strain data detected by the fibre 

optic sensors during experiments using finite element methods. 

Å The report on application of  optical fibre technology for condition monitoring of  new 

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

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

1. General progress 
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Å Fact sheets 

ð Fact sheet No. 1 Overview 

ð Fact sheet No. 2 How, when and where will pipes fail within the entire 

network? 

ð Fact Sheet No.5 ð Field instrumentation of  Sydney test bed 

ð Fact Sheet No.7 ð Monitoring and modelling of  pressure transients for pipe 

failure analysis 

ð Fact Sheet No.10 ð Distributed Strain Sensing with Optical Fiber Sensors 

ð Fact Sheet No. 12 - Data collection at Hunter Water condition assessment sites 

and initial model calibration 

ð Fact Sheet No. 13 ð Pipe Stress Prediction Models for uniform pipes 

ð Fact Sheet No. 15 ð An update on field instrumentation of  Sydney Water test 

bed 

2. Publications 
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Å Fact sheets 

ð Fact sheet No. 16 Monitoring of  pressure transients in Hunter Water 

network 

ð Fact sheet No. 17 Numerical modelling of  pressure transient in Hunter 

Water to predict critical pipe failure 

ð Fact Sheet No. 18 Truck test in Sydney test bed 

ð Fact Sheet No. 21 Monash pipe burst testing facility (under review) 

ð Fact Sheet No. 2x Monash cast iron pipe burst 2 (under review) 

ð Fact Sheet No. 2x Leak before break concept and cast iron pipe failure 

prevention 

2. Publications 
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Å Conference papers 

ð Vitanage D.C., Kodikara J., and Allen G. (2013) Collaborative research on 

condition assessment and pipe failure prediction of  critical water mains, 

LESAM 2013 ð IWA Leading edge strategic asset management,10-12 

September, Sydney, Australia, CD Rom Proceedings 

ð Rajeev P., Kodikara J., Robert D. Zeman P. and Rajani B. (2013). Factors 

contributing to large diameter water pipe failure as evident from failure 

inspection, LESAM 2013 ð IWA Leading edge strategic asset management, 

10-12 September, Sydney, Australia, CD Rom Proceedings 

ð Rathnayaka R.M.S.U.P., Robert D.J., Rajeev P., and Kodikara J. (2013), A 

review of  the pressure transient effects on water distribution main failures, 

International Conference on Structural Engineering & Construction 

Management-ICSECM 2013 

2. Publications 
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Å Journal papers 

1. Rajeev, P., Kodikara, J., Chiu, W. K., & Kuen, T. (2013). Distributed optical fibre sensors and their applications 

in pipeline monitoring. Key Engineering Materials, 558, 424-434. 

2. Rathnayaka R.M.S.U.P., Keller R., and Kodikara J. (pending 2015), Numerical simulation of  pressure transients 

in water supply networks and an approach to integrate modelling results with utility asset management system. 

Journal of  Water Resources Planning and Management 

3. Rathnayaka R.M.S.U.P., Shannon B., Rajeev P., and Kodikara J. (pending 2015), Pressure transient monitoring 

in water supply networks. Journal of  Water Resources Management 

4. Rathnayaka R.M.S.U.P., Shannon B.,Robert D., and Kodikara J. (pending 2015), Experimental evaluation of  

bursting capacity of  corroded grey cast iron water pipeline. Journal of  Engineering Structures 

5. Robert, D., Rajeev, P., Kodiakra, J. and Rajani, B. (pending 2015). An equation to predict maximum pipe stress 

incorporating internal and external loadings on buried pipes, Soils and Foundations. 

6. Robert, D., Jiang, R., Rajeev, P. and Kodikara, J. (pending 2015). Contribution to cement motor lining to the 

structural capacity of  cast iron water mains, ASCE Pipeline Engineering,  

2. Publications 
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Å Reports 

ð Kodikara, J., Rajeev, P., Robert, D., Zeman, P. (2012) Critical review of  

historical information on large diameter pipe failure 

ð Kodikara, J., Chiu, W. K., Rajeev, P. (2012) Concepts for monitoring of  new 

critical water pipelines using optical fibre technology 

ð Rathnayaka S., Robert D. and Kodikara J. (2014) Analysis of  pressure 

transients on Hunter Water Network 

ð Robert, D. and Kodikara, J. (2014) Harris Street Case Study in Sydney Water 

2. Publications 
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ü Performed on 16th Oct 2014 and completed 

in a day 

ü Previous tests results showed change in 

ground pressure and pipe strain due to small 

truck (22 tonne) is small, therefore only the 

30 tonne semi-trailer was used for the tests 

ü The pipe was not be pressurised during tests 

as the strainðpressure relationship was 

obtained during previous tests 

ü Same type of  tests were carried out as in 

bitumen surface 
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Test details 

Concrete 
road surface

Instrumented pipe 
(burial depth 960 mm)

Data loggers

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

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 

Passing speed hump at maximum safe speed (i.e. 40 

km/h)  

Cornering at maximum safe speed (i.e. 20 km/h) 



16/10/2014 11:21:41

16/10/2014 11:21:42

16/10/2014 11:21:43

16/10/2014 11:21:44
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ü Measurement for some tests show different pattern of  response 

ü Show hoop strain at 4 locations on the pipe 

 

 

Passing at 15 km/h 

SAST 

TADT 

TRDT 

16/10/2014 11:15:01

16/10/2014 11:15:02

16/10/2014 11:15:03

16/10/2014 11:15:04

16/10/2014 11:15:05

16/10/2014 11:15:06

16/10/2014 11:15:07

16/10/2014 11:15:08

16/10/2014 11:15:09

16/10/2014 11:15:10

16/10/2014 11:15:11

16/10/2014 11:15:12
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Braking at 48 km/h 

Pass speed hump at 40 km/h 
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3. Traffic loading test on concrete road at Sydney test bed 
Pipe strain 

Pattern and interval of ñpeaksò depend on the type of tests 16 



ü Hoop strain distribution on for different tests 

Axle weight 28.9 kN 

Axle weight 82.9 kN Axle weight 80.1 kN 

3. Traffic loading test on concrete road at Sydney test bed  
Pipe strain 

0°

15°
30°

-120°

-60°

-30°
15°

30°

45°

60°

75°

90°

105°

120°

-90°

Strains due to traffic loading was small, and test types did 

not show big differences 
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ü Comparison of  hoop strain between concrete and bitumen surface 

3. Traffic loading test on concrete road at Sydney test bed  
Pipe strain 

Lower strains associated with concrete surface, 6 to 7 mm 

in general 
18 



ü Relationship between tyre loads and hoop strain at pipe crown for different road 

surface 

3. Traffic loading test on concrete road at Sydney test bed  
Pipe strain 
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2a 

2b 

c 

T R 

4. SCF models for remaining wall thickness pipes 
FE modelling 
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(b) a/R=0.15, b/R=0.15, a/b=1, c/T=0.33 (a) uncorded pipe (internal crown surface)  (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) a/R=0.15, b/R=0.01875, a/b=8, c/T=0.33 (f) a/R=0.15, b/R=0.0094, a/b=16, c/T=0.33 

4. SCF models for remaining wall thickness pipes 
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FE modelling 
ü Maximum principal tensile stress (kPa) by reducing, for example, b/ R 



Location of the max tensile stress 

depend on sizes and curvatures of 

the elliptical patches 

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

4. SCF models for remaining wall thickness pipes 
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FE modelling 
ü Location of  maximum principal tensile stress (kPa) 
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4. SCF models for remaining wall thickness pipes 
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Model development 
ü Development of  remaining wall corrosion model applied to elliptical (and also 

circular) patches 



SCF 

 a/b 

R2 = 0.98 

Circular patches Elliptical patches 

No corrosion  

4. SCF models for remaining wall thickness pipes 

SCF=smax_ellipse/ s max_norminal 

24 

Model development 



R2 = 0.98 

More pipe models are being undertaken with regards to a broad range of 

pipe radii and thicknesses in practice. 

4. SCF models for remaining wall thickness pipes 
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4. SCF models for remaining wall thickness pipes  
Nonlinear hyperbolic elastic modelling 

From Balvant R (2012) 

 Where,  

for tension:   

for compression:   

are tensile failure strain and stress and  fTsfTe

fCe fCsand  are compression failure strain and stress 



Modelling: Uniaxial tension and compression tests of  pipe 

Note that the ABAQUS hyperbolic (elastic) model is a user-subroutine developed by our 

Monash project group, which enables to produce much quicker and better results of the response 

of cast iron pipes than the ABAQUS built-in Cast Iron (CI) model does. Examples are shown later. 
27 

4. SCF models for remaining wall thickness pipes  



2a=200mm; 

2b=90mm; 

c=14mm; 

Flat bottom 

4. SCF models for remaining wall thickness pipes  
Comparison between linear and nonlinear models for remaining wall 

thickness pipes 
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2a=150mm; 

2b=75mm; 

c=25mm; 

Curved bottom 

4. SCF models for remaining wall thickness pipes 
Comparison between linear and nonlinear models for remaining wall 

thickness pipes 

29 



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

31 

Age 

Pipe 

diameter 

(mm) 

Pipe wall 

thickness 

(mm) 

Internal 

pressure 

(kPa) 

Case 

Pit 

depth 

(mm) 

a  

(mm) 

b  

(mm) 
SCF 

Maximum 

stress  

(MPa) 

Local 

failure 

Major 

failure 

67 375 13 800 

1 13 22.6 16.9 3.68 59.9 No No 

2 12 343.5 195.8 4.31 70 No No 

*assume pipe failed at 103 MPa 

a

b

c

Case 1 

Case 2 



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

Pipe 

diameter 

(mm) 

Pipe wall 

thickness 

(mm) 

Internal 

pressure 

(kPa) 

Case 

Pit 

depth 

(mm) 

a  

(mm) 

b  

(mm) 
SCF 

Maximum 

stress  

(MPa) 

Local 

failure 

Major 

failure 

55 375 13.7 800 

3 13.7 180.2 82.83 3.69 57.3 Yes No 

4 13 338.5 205.3 6.64 103 Yes Yes 

*assume pipe failed at 103 MPa 

a

b

c

Case 3 Case 4 



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

Pipe 

diameter 

(mm) 

Pipe wall 

thickness 

(mm) 

Internal 

pressure 

(kPa) 

Case 

Pit 

depth 

(mm) 

a  

(mm) 

b  

(mm) 
SCF 

Maximum 

stress  

(MPa) 

Local 

failure 

Major 

failure 

46 150 9.5 800 

5 9.5 225 13 10.2 103 Yes Yes 

6 9.5 24.1 18.5 2.14 21.6 No No 

*assume pipe failed at 103 MPa 

a

b

c

Case 5 

Case 6 



~195mm 

Our numerical finding proves what ABAQUS manual says that the Cast Iron 

model works well for loading path close to uniaxial test but not well for 

complex loading paths. Comparatively, our user-defined hyperbolic model 

can achieve better prediction and much quicker (~80 times faster for Pipe B 

model) regardless of loading paths.  

Pipe B burst model 

5. Pipe burst test 

34 



Water pressure P=2.6MPa to initialise local 

failure at the bottom of the patch 

Water pressure P=3.7MPa to cause crack 

length of about 100mm  

Note that the pipe B burst test can hardly show initialisation of pit break but shows a 

crack length of about 120mm at 3.7MPa water pressure. 

Pipe B burst model 

5. Pipe burst test  

35 

~195mm 



Pipe C - Elliptical patch with 18mm uniform thickness    

 

Note:  

Å All units are in millimetres 

Å Remaining wall will be 

manually reduced to 2-

3mm after machining 

 

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

3
3

0
m

m
 

100mm 

Water pressure 

P=480kPa to 

initialise local failure  

at the centre of the 

bottom of the patch 

Pipe C burst model 

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

Pipe C burst model 

5. Pipe burst test  

Water pressure 

P=800kPa to 

initialise local failure  

at the centre of the 

bottom of the patch 

3
3

0
m

m
 

100mm 
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Pipe C burst model 

5. Pipe burst test  

ü Burst water pressures for two Pipe C 
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Fig. Circumferential cracking (D=100mm) 

6. Pipe failure case studies 

Mode 1: Fracture in corroded 

patches, mostly in the pipe barrel. 

Mode 2: Fracture initiated from the 

joint, not necessarily associated with 

corrosion. 

Longitudinal cracking (D=500mm), Harris 

St., Sydney, 2013)  

40 



Location 
Pipe 

material 

Diameter 

(mm)  
Condition 

Fracture 

orientation  

Remaining 

thickness on 

fracture 

surface (mm) 

Installation Prior evidence Failure time 

Harris St. Sydney 

(SW) 
Spun cast 500 

Un-corroded but 

some edge corrosion  

Longitudinal 

(from Joint) 
15 1961 

Leak detected 

weeks ago 

11 pm 

08/10/2014 

St Kilda, Melbourne 

(SEW) 
Pit cast  250 Severely corroded   

Longitudinal 

(Barrel) 
1 - 3 25/11/1868 

Large transient 

on 10/07/2014 
23/07/2014 

Windale, Newcastle 

(HW) 
Spun cast 300 Severely corroded   

Longitudinal 

(Barrel) 
1 - 3 1957 

Generated 

transients 

Failure after 13 

transient cycles. 

Boronia, Melbourne 

(SEW) 
Spun cast 300 Slightly corroded Longitudinal (?) 15 1976 Not known 

8.40 pm 

11/10/2014 

Port Melbourne 

(SEW) 
Spun cast 375 Corroded  

Longitudinal 

(Barrel) 
1-2 1938 

Leak detected on 

4/12/2014 

2 am 

16/12/2014 

Boronia 

Harris St. St Kilda 

6. Pipe failure case studies 
Recent failure cases (Evidence of  leak before break) 

Windale Boronia 

Port Melbourne 
41 



Case Study 1 ð Scoresby road, Boronia 
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6. Pipe failure case studies  

ü Failure occurred on 11th October 2014 

ü 300 mm CICL pipe in SEW network 

ü Installed in 1976 (40 years old) 

ü Operation pressure ð 70 m 

ü Wall thickness ð 12 to 13 mm 

ü Cement lining ð 1 to 12 mm (likely 

factory lined) 

ü Burial depth - approximately 0.8 m 

ü Under concrete foot path 

ü Appear to be first of  such failure on 

this main 

 

 
Failure location



Case Study 1 ð Scoresby road, Boronia 
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6. Pipe failure case studies  

ü Not many corrosion pits can be visually observed, only 

located a few corrosion patches next to the burst 

location 

ü No significant graphitisation can be observed on pipe 

wall,  more information can be obtained after sand 

blasting 

ü Cement lining is cracked and can be easily removed on 

some sections 

ü No signs of  graphitisation under liner, suggest possibly 

factory lined 

 

 

Longitudinal 

crack 

Corrosion pit 

Graphitisation
Remaining 
metal

Cement 
lining



Case Study 1 ð Scoresby road, Boronia 
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6. Pipe failure case studies  

ü Failure occurred on 11th October 2014 

ü Pressure measurement is far from the failure 

location and on a different main 

ü The Wartirna PRV station meter detected some 

flow anomalies and a slight increase in flow after 

the 5th October (possible leaks?) 

Failure 
location

Pressure 
station

30/9 5/10 11/10 

Flow meter plot 



Case Study 2 ð Liardet street, Port Melbourne 
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6. Pipe failure case studies  

ü Failure occurred on 16th December 

2014 

ü 375 mm CICL pipe in SEW network 

ü Installed in 1938 (77 years old) 

ü Operation pressure ð 90 m 

ü Wall thickness ð 1 to 19 mm 

ü Cement lining ð average 8.8 mm (likely 

insitu lined) 

ü Burial depth - approximately 3 m 

ü Under bitumen road surface 

ü No record of  previous burst on this 

main 

 

 
Failure location



Case Study 2 ð Liardet street, Port Melbourne 
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6. Pipe failure case studies  

ü Visual inspection show corrosion patches of  up to 80 x 100 

mm, 3 to 4 mm deep 

ü Significant graphitisation can be observed on pipe wall close to 

possible failure location 

ü Remaining wall thickness may only be 1 to 2 mm at some 

locations. Through wall pits may be found after sand blasting 

ü Cement lining is cracked and can be easily removed on some 

sections 

ü Signs of  graphitisation under liner 

 

 

Corrosion pit 



Case Study 2 ð Liardet street, Port Melbourne 

6. Pipe failure case studies  

ü Drop of  pressure due to the burst  

ü Analysis on demand patterns by UTS suggested 

that the pipe may have been leaking from 

around 5th December, their system would have 

created an alarm on 10th December 

26/11/2014 00:00

28/11/2014 00:00

30/11/2014 00:00
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4/12/2014 00:00

6/12/2014 00:00

8/12/2014 00:00

10/12/2014 00:00

12/12/2014 00:00

14/12/2014 00:00

16/12/2014 00:00

18/12/2014 00:00
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Pipe burst on 16/12 

Failure 
location

Pressure 
station

Evidence of leak before break 

Pressure plot 

Flow plot 47 

Pipe burst on 16/12 



Site observations ð transient before fracture 

6. Pipe failure case studies  

ü Drop of  pressure due to the burst  

ü Large transient event was captured two weeks 

before catastrophic fracture 

ü A crack may have initiated/propagated by the 

pressure change. 

ü This crack was likely to grow rapidly within a short 

period (weeks) towards the critical length that is able 

to lead fracture. 

ü Leak might occur after the large transient event.  

ü Relevant case: St Kilda 

Pressure plot for St Kilda case 
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Pipe failure on 
23 rd  July 2014  

Transient event  on 
10 th  July 2014  



Site observations ð sign of  water leak 

6. Pipe failure case studies  

ü Water leak was observed or detected weeks before the catastrophic fracture 

ü Likely crack propagation until the catastrophic fracture 

ü Crack propagation caused by single or combined crack growth mechanism 

ü Relevant cases: Port Melbourne (data analysis) and Harris St (observation) 
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