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Project – objectives

Client: Evides
• Water supply in the Rotterdam area
• Asset Management of water supply network

1. Support Asset Management
• Stresses and safety of pipeline
• Voids developing under the pipeline
• Monitoring process

2. Evaluate our new assessment method
• Reliability, uncertainty
• INSAR satellite measurements in stead of terrestrial

settlement plates
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Project – flow chart

Pipeline (1)

Flood defence (1)

Subsurface (1)

Measurements
• Settlement

plates (1)

Soil model (2)
(D-Series)

Settlement calculation
(3) (DSettlement)

Determine soil
parameters (4)
(DGeoPipeline)

Calculate stresses and
deformation of pipeline

(5) (PLE4win)

Fit
?

Inventory History

Settlement calculation
(3a) (DSettlement)

Determine soil
parameters (4a)
(DGeoPipeline)

Calculate stresses and
deformation of pipeline

(5a) (PLE4win)

Future

Stap (6)

Failure (T)
Voids (T)

Monitoring procedure
Yes

Measurements
• Satellite (1b)

Fit
?

No

YesNo



6 April 2016

Inventory – Case 1

Steel pipeline 610 mm x 12.7 mm (1982)
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Inventory – Case 1
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Inventory – Case 1
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Inventory – Case 1
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Inventory – Case 1
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Measurements – Case 1
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Measurements – Case 1
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Measurements – Case 1
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Results – Case 1

Fit factors for settlement calculation
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Results – Case 1
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Results – Case 1
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Results – Case 1

Increase approx. 5% / 10 years
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Results – Case 1

Allowable stress = 368 MPa
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Results – Case 1

Effect of wall thickness
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Conclusions – Case 1

Stresses and safety of pipeline
• Sufficient factor of safety, now and in the future

Voids under the pipeline
• High probability of voids under the pipeline, developing further

Monitoring
• Less frequent monitoring is possible
• INSAR only (available for toe), using historical data from

settlement plates
• Discontinue measurements with settlement plates
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Inventory – Case 2
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Inventory – Case 2

HDPE pipeline 160 mm x 17.8 mm (1989)
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Measurements – Case 2
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Measurements – Case 2
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Measurements – Case 2
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Results – Case 2

Fit factors for settlement calculation
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Results – Case 2
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Results – Case 2
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Results – Case 2

Increase max. 5% / 10 years
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Results – Case 2

Increase max. 5% / 10 years
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Results – Case 2

Allowable stress = 4 MPa
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Results – Case 2

Allowable stress = 4 MPa
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Results – Case 2

Effect of stiffness
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Results – Case 2

Effect of stiffness
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Conclusions – Case 2

Stresses and safety of pipeline
• Factor of safety is critical at present, failure in the future

Voids under the pipeline
• Low probability of voids under the pipeline

Monitoring
• Frequent monitoring required
• INSAR only (available for crest and toe)
• Discontinue measurements with settlement plates
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Inventory – Case 3

Steel pipeline 610 mm x 12.5 mm (1987)
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Inventory – Case 3
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Inventory – Case 3
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Measurements – Case 3
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Measurements – Case 3
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Measurements – Case 3
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Results – Case 3

Fit factors for settlement calculation
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Results – Case 3
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Results – Case 3
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Results – Case 3

Increase approx. 10% / 10 years
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Results – Case 3

Allowable stress = 517 MPa
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Results – Case 3

Effect of wall thickness
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Conclusions – Case 3

Stresses and safety of pipeline
• Sufficient factor of safety, now and in the future

Voids under the pipeline
• High probability of voids under the pipeline, developing further

Monitoring
• Less frequent monitoring is possible
• INSAR only (available for toe), using historical data from

settlement plates
• Discontinue measurements with settlement plates
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Conclusions - method

New assessment method
• Works in pilot studies
• GeoDelft archive data usually not available / sufficient
• Fit of settlement calculations on measurements is OK
• Uncertainty (settlement, wall thickness / stiffness) in SF is less

than 1.3%
• Loading history / cause of settlements is critical
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Conclusions - method

INSAR measurements vs. settlement plates
• Reliable measurements needed for crest and toe
• Settlement plates not reliable for settlements < 30 mm / 10 years
• INSAR measurements not available for locations with ‘soft’

surface
• If reliable INSAR measurementsà use INSAR and historical

measurements from settlement plates, discontinue settlement
plates

• If no reliable INSAR measurements à maintain settlement
plates
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Future work

• Match presentation of results to information need of Evides Asset
Managers

• Integrate the method in the Evides Asset Management process
• Apply the method to the other Evides pipelines in flood defences
• Include loading history in future analyses
• Develop criteria to assess reliability of settlement measurements
• Develop criteria for reducing monitoring frequency
• Develop procedure for checking data validity and consistency

Other
• Use WTI-SOS as subsoil model


