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Start where you are,
use what you have,

do what you can.

Arthur Ashe

This quote by Author Ashe was borrowed from an article by ASCE Past President Robert

W. Bein in ASCE News, May 2001, on ASCE's infrastructur e report card and local needs
assessment.

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf


This page intentionally left blank 

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf


Contents

1. Maintenance of the Infrastructur e 1

1.1 The Role of Maintenance 1

1.2 Probabilistic Methods in Maintenance 3

1.3 Areas of Maintenance Activity 8

1.3.1 Genera l Maintenance Objectives 8

1.3.2 Maintenanc e of Structural Integrity 8

1.3.3 Maintenanc e of System Operation 9

1.3.4 Maintenanc e Aimed at Incipient Failure Mechanisms 1 0

1.3.5 Hazar d Ratings 1 3

1.4 State of the Infrastructur e 1 5

1.4.1 Historical Perspective of the Water Infrastructur e 1 5

1.4.2 Dam Inventory 1 6

1.4.3 Da m Inspection Findings 2 3

1.4.4 Nationa l Infrastructur e Assessment 2 3

1.4.5 Da m Incidents and Failures 2 8

1.5 Regulations and Guidelines in Support of Maintenanc e 3 2

1.5.1 Governmen t Regulations 3 2

1.5.2 BUREC' s Safet y Evaluatio n of Existing Dams 3 4

1.5.3 Designe r Legacies for Maintenanc e 3 8

1.5.4 Standin g Operating Procedures 3 9

1.5.5 Revie w of Operation and Maintenance 4 0

1.5.6 FER C Project Engineering Guidelines 4 1

1.5.7 Maintenanc e Activities of the USACE 4 4

1.5.8 Maintenanc e Activities of the TVA 4 5

1.6 Probabilistic Maintenanc e Perceptions of Field Personnel 4 7

1.6.1 Surve y of Maintenance Personnel 4 7

1.6.2 Selected Survey Questions 4 8

1.6.3 Feature s Desired by Maintenanc e Personnel 5 7

2. Elements of Probabilistic Methods 5 9

2.1 Sets, Events, and Probabilities 5 9
2.1.1 Set s 5 9

2.1.2 Event s and Probabilities 6 3

2.1.3 Probabilitie s of Ordinary Sets 7 2

2.1.4 Conditiona l Probabilities 7 9

2.1.5 Bayes ' Formula 8 5

2.1.6 Murphy' s Law 9 9

v

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf


vi CONTENT S

2.2 Probabilistic Variable s and Functions 10 0

2.2.1 Probabilistic Variables 10 0

2.2.2 Probabilisti c Function s 10 3

2.2.3 Probabilistic Processes 10 4

2.2.4 Probabilisti c Model s 11 4

2.3 Mean and Variance 11 9

2.3.1 Populatio n Mea n 11 9

2.3.2 Populatio n Variance 12 1

2.3.3 Coefficien t of Variation 12 2

2.4 Calculating wit h Expectations an d Variances 12 3

2.4.1 Individua l Data Versus Expectation as Input 12 3

2.4.2 Variance of Linear and Nonlinear Relations 12 6

2.4.3 Variance of a Sum or Differenc e 12 7

2.4.4 Sampl e Mea n and Sample Variance 12 9

2.4.5 Confidenc e Bands 13 6

2.4.6 Chebyshe v Inequalit y 13 8

2.5 Probability Functions  14 1

2.5.1 Probabilit y Density Function 14 1

2.5.2 Cumulativ e Distribution Functio n 14 2

2.5.3 Moment s of the Random Variable 14 5

2.6 Gaussian Probability Densit y Function 14 7

2.6.1 Derivatio n of the Probability Density Function 14 7

2.6.2 Cumulativ e Distribution Function and Reliability 15 2

2.6.3 Dispersio n o f the Probability Density Function 16 3

2.6.4 Polynomia l Approximation an d Inversion of the cdf 16 7

2.6.5 Judgmenta l Establishment o f the pdf 17 3

2.6.6 Qualit y Control Based on the pdf 17 6

2.7 Other Probabilit y Distributions 17 8

2.7.1 Selected Distributions 17 8

2.7.2 Binomia l Distributio n 17 9

2.7.3 Unifor m Distributio n 19 1

2.7.4 Triangula r Distributio n 19 4

2.7.5 Exponentia l Distribution 19 6

2.7.6 Bet a Distributio n 19 9

2.7.7 Poisson Distributio n 20 3

2.7.8 Weibull Distribution 20 9

2.7.9 Student' st-Distribution  21 6

3. Calculating wit h Random Variables 22 5

3.1 Prediction 22 5

3.1.1 Predictio n of a Random Variable 22 5

3.1.2 Predictio n Usin g Least Square s 23 3

3.1.3 Predictio n Usin g a Stochastic Model 24 0

3.1.4 Predictio n Using an Autoregressive Mode l 24 5

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf


CONTENTS vi i

3.1.5 Join t Distributio n of Two Normal Random Variables 24 7

3.1.6 Conditiona l Distributio n of a Random Variable 24 9

3.2 Transformation of a Random Variable 25 0

3.2.1 Linea r Transformatio n 25 0

3.2.2 Logarithmi c Transformatio n 25 5

3.3 Arithmetic with Random Variables 26 3

3.3.1 Su m and Differenc e of Random Variables 26 3

3.3.2 Su m and Differenc e of Normal Random Variables 27 2

3.3.3 Produc t of Rando m Variables 27 6

3.3.4 Quotien t of Rando m Variables 27 9

3.4 Sampling Distribution s 28 0

3.4.1 Distributio n of the Sample Mea n 28 0

3.4.2 The Centra l Limit Theorem 28 2

3.4.3 Samplin g the Unifor m Distribution 29 2

3.4.4 Testing the Sampling Distributio n 29 8

3.4.5 Testing the Normal Approximation by Regression 30 2

3.5 Reliability 30 4

3.5.1 Reliabilit y and Unreliabilit y 30 4

3.5.2 Reliabilit y Criteria 30 6

3.5.3 Reliabilit y Assessment 30 9

3.6 Hazard Function and Related Functions 31 5

3.6.1 Derivatio n of the Hazard Function 31 5

3.6.2 Relation s Among Probabilit y Functions 31 7

3.6.3 Mortalit y Rates 31 9

3.6.4 Failur e and Survival Probabilities and Expectations 32 8

3.7 Probabilit y and Retur n Periods 33 9

3.7.1 Probabilit y Assignment by Data Rankin g 33 9

3.7.2 Retur n Periods 34 1

3.7.3 Partial-Duratio n Series and Retur n Period 34 3
3.7.4 Seasona l Distributio n 35 3

3.7.5 Interarriva l Times 35 5

3.7.6 Earthquak e Probabilities and Retur n Periods 35 7

4. Probabilistic Approach t o Systems 36 2

4.1 The System as an Assembly of Components 36 2

4.1.1 Probabilisti c Natur e of Systems 36 2

4.1.2 Syste m Disaggregation 36 4

4.1.3 Combination s and Permutation s 36 7

4.1.4 Th e k-out-of-n System 37 0

4.2 System Structur e 37 2

4.2.1 Seria l and Parallel Systems 37 2

4.2.2 Structur e Functions 37 8

4.2.3 Hydrosystem s as Mixed Systems 38 2

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf


viii CONTENT S

4.3. Syste m Reliabilit y Functions 38 6

4.3.1 Syste m Reliabilit y 38 6

4.3.2 k-out-of- n Reliabilit y 38 7

4.3.3 Reliabilit y of Serial Systems 39 7

4.3.4 Reliabilit y of Parallel Systems 40 3

4.4 Redundancy 40 5

4.4.1 Syste m Redundanc y 40 5

4.4.2 Componen t Redundanc y 40 9

4.4.3 Comparison o f System and Component Redundanc y 41 1

4.5 Cut Sets and Tie Sets 41 4

4.6 Standby 41 9

5. Probabilistic Maintenance Concepts 42 3

5.1 Maintenance Options 42 3

5.2 Maintenanc e Managemen t 42 4

5.3 Reliability-Centered Maintenanc e (RCM) 42 7

5.4 Maintenance Times 42 9

5.4.1 Corrective Maintenanc e Time 42 9

5.4.2 Preventiv e Maintenanc e Time 42 9

5.4.3 Downtim e 43 2

5.4.4 Downtim e Distributio n 43 4

5.4.5 Maximu m Downtime 43 7

5.4.6 Expecte d Cycle Time 43 8

5.5 Availability 44 1

5.5.1 Availabilit y Under Corrective Maintenanc e 44 1

5.5.2 Availability Unde r Preventive Maintenance 44 1

5.5.3 Transien t and Steady-State Availability 44 3

5.5.4 Expecte d Availability 44 4

5.5.5 Availabilit y and Reliabilit y 44 5

5.6 Maintainabilit y 44 7
5.6.1 Maintainabilit y Measures 44 7

5.6.2 Accessibility 44 9

5.7 Maintenanc e Strategy 45 0

5.7.1 Maintenanc e as Interferenc e with a Random Process 45 0

5.7.2 Maintenanc e Actions 45 1

5.7.3 Even t Tree as Decision Aid 45 4

5.7.4 Example s of Successful an d Failed Maintenanc e 45 5

5.8 Economy of Maintenanc e 45 8

5.8.1 Benefit-Cos t Analysis 45 8

5.8.2 Probabilisti c Benefi t and Cost Streams 47 1

5.8.3 Correctiv e Maintenanc e Economy 47 6

5.8.4 Preventiv e Maintenanc e Economy 47 9

5.8.5 Th e Economy of Prematur e Demise 48 3

5.9 Maintenanc e Scheduling Method s 48 9

5.9.1 Critica l Pat h Method (CPM) 48 9

5.9.2 Projec t Evaluatio n and Review Technique (PERT) 49 0

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf


CONTENTS i x

6. Risk in Maintenance 49 3

6.1 Nature of Risk 49 3

6.1.1 Definitio n of Risk 49 3

6.1.2 Type s of Risk 49 6

6.1.3 Hazar d and Risk 50 1

6.1.4 Attitud e Toward Risk 50 1

6.1.5 Ris k Perception 50 2

6.2 Risk Transfer 50 4

6.2.1 Th e Principle of Insurance 50 4

6.2.2 Types of Insurance 50 8

6.2.3 Insurabl e and Uninsurabl e Risk 51 4

6.2.4 Habitua l Risk and Self-Insurance 51 7

6.2.5 Effec t o f Insuranc e on Financial Position 51 9

6.2.6 Liabilit y 52 3

6.2.7 Professiona l Liabilit y Insuranc e 52 4

6.2.8 Suret y 52 6

6.2.9 Liabilit y Risks in the Deteriorating Infrastructur e 52 7

6.3 Risk Managemen t 52 9

6.3.1 Element s of Risk Managemen t 52 9

6.3.2 Event-Consequence Relationships 53 3

6.3.3 Ris k Managemen t in Maintenance 53 7

6.3.4 Ris k Control 53 8

6.3.5 Risk y Decisions 54 5

6.4 Objective Risk Evaluatio n 54 9

6.4.1 Variance and Standard Deviation as Risk Measures 54 9

6.4.2 Decision by Hypothesis Testing 55 1

6.5 Subjective Risk Evaluatio n 56 1

6.5.1 Persona l Probabilit y 56 1

6.5.2 Subjectiv e Risk Measures 56 2

6.5.3 Utilit y Function 56 8

6.5.4 Utilit y Function—Related Risk Measures 57 1

6.6 Risk Evaluation Example 57 6

6.6.1 Da m Rehabilitation Analysis 57 6

6.6.2 Evaluatio n of Alternatives 58 1

6.6.3 Subjectiv e Risk Measures 58 7

6.6.4 Benefit-Cos t Analysis 59 0

6.6.5 Discussion of Results 59 5

6.7 Concluding Remark s 60 0
Glossary 60 3

References 62 3

Index 64 1

https://www.civilenghub.com/ASCE/134894119/Hydraulic-Structures-Probabilistic-Approaches-to-Maintenance?src=spdf

	Contents

