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The development of efficient methods for the assessment and management of civil structures is a ma-
jor challenge from an economic, social, or environmental point of view. Tools for handling uncertainties  
in loads, geometry, material properties, construction and operating conditions are essential. This is es-
pecially  important  for modeling the effects  of  natural  phenomena such as earthquakes,  floods,  hur-
ricanes, or related loading factors on buildings.

Written for students, engineers, or researchers who want to implement a probabilistic, performance-
based approach in their studies, this book presents theoretical concepts in a clear and concise way, 
each illustrated by simple examples. It also provides valuable information on the modeling of the random 
properties of loads and materials.

Although most books on reliability theory focus on theoretical concepts, this book attempts to give  
guidelines for applying these concepts in assessment and management of real, existing structures.

Ключевые слова:

Содержание.
Preface  /  
Chapter 1. Concepts from Probability Theory and Statistics  /  

1.1. The role of probability in civil engineering  /  
1.2. Physical and statistical uncertainties  /  
1.3. Axiomatics  /  

1.3.1. Probabilities  /  
1.3.2. Axioms  /  
1.3.3. Consequences  /  
1.3.4. Conditional probabilities  /  

1.4. Random variables - distributions  /  
1.4.1. Definitions  /  
1.4.2. Sampling  /  
1.4.3. Probability density function  /  
1.4.4. Main descriptors of a random variable  /  
1.4.5. Joint variables  /  
1.4.6. Independent variables  /  
1.4.7. Correlation coefficient  /  
1.4.8. Functions of random variables  /  
1.4.9. Approximate moments  /  

1.5. Useful random variables  /  
1.5.1. Discrete variables  /  
1.5.2. Normal distribution  /  
1.5.3. Lognormal distribution  /  
1.5.4. Beta distribution  /  
1.5.5. Exponential distribution  /  
1.5.6. Gamma distribution  /  
1.5.7. Student's t-distribution  /  

1.6. Limit theorems  /  
1.6.1. Law of large numbers  /  
1.6.2. Limit theorems  /  

1.7. Modeling random variables  /  
1.7.1. Point estimation  /  
1.7.2. Interval estimation  /  
1.7.3. Estimation of fractiles  /  
1.7.4. Estimation of the distribution  /  

1.8. Distribution of extremes  /  
1.9. Significance testing  /  

1.9.1. Type I and II errors  /  
____________________________________________________________________________________________________________________
10238 Structural Performance Probability-based Assessement Форма 1.3 стр. 1 из 3



1.9.2. Usual tests  /  
1.10. Bayesian analysis  /  

1.10.1. A priori and a posteriori distributions  /  
1.10.2. Updating estimators  /  
1.10.3. Bayesian networks  /  

1.11. Stochastic processes  /  
1.11.1. Basic principles  /  
1.11.2. Markovian chains  /  
1.11.3. State probability  /  
1.11.4. Time between stages  /  

Chapter 2. Structural Safety, Performance and Risk  /  
2.1. Introduction  /  
2.2. Safety and risk  /  

2.2.1. Concepts of safely  /  
2.2.2. Concept of risk related to a danger or threat  /  
2.2.3. Risk assessment  /  
2.2.4. Hazard  /  

2.3. Risk evaluation and acceptable risk  /  
2.3.1. Risk assessment  /  
2.3.2. Acceptable risk  /  

2.4. Risk-based management  /  
2.4.1. Strategies  /  
2.4.2. Risk analysis  /  
2.4.3. Legal point of view for a risk-based approach  /  

2.5. Examples of failure: bridges  /  
2.6. From safety to performance  /  

2.6.1. Functions of a structure  /  
2.6.2. Performance  /  
2.6.3. Evolution of structural functionality  /  
2.6.4. Consequences of performance losses  /  
2.6.5. Generalization of the concept of risk  /  

2.7. Human errors  /  
Chapter 3. Performance-based Assessment  /  

3.1. Analysis methods and structural safety  /  
3.1.1. Allowable stress principle  /  
3.1.2. Limit states and partial factors  /  
3.1.3. Probability-based approach  /  

3.2. Safety and performance principles  /  
3.2.1. New structures  /  
3.2.2. Existing structures  /  

3.3. Invariant measures  /  
3.4. Reliability theory  /  

3.4.1. Basic problem  /  
3.4.2. Convolution integral  /  
3.4.3. Normal variables  /  
3.4.4. Geometric expression of the reliability index  /  
3.4.5. Joint distribution representation  /  
3.4.6. Limit state with more than two uncorrelated normal variables  /  
3.4.7. Limit state with correlated variables  /  

3.5. General formulation  /  
3.5.1. Failure component - failure mode  /  
3.5.2. Safety margins - limit state functions  /  
3.5.3. Calculation methods  /  
3.5.4. Basler-Cornell index  /  
3.5.5. Hasofer-Lind index  /  
3.5.6. Rackwitz-Fiessler algorithm  /  
3.5.7. Isoprobability transformations  /  
3.5.8. Calculation of the failure probability  /  
3.5.9. Monte-Carlo methods  /  
3.5.10. Response surfaces  /  
3.5.11. Sensitivity measures  /  

3.6. System reliability  /  
3.6.1. Mathematical concepts  /  
3.6.2. Calculation of the system probability of failure  /  
3.6.3. Robustness and vulnerability  /  

3.7. Determination of collapse/failure mechanisms  /  
3.7.1. Generation of safety margins for truss structures  /  
3.7.2. β-unzipping method  /  

3.8. Calibration of partial factors  /  
3.9. Nature of a probabilistic calculation  /  
3.10. Failure probabilities and acceptable risks  /  

3.10.1. Acceptable failure probabilities  /  
3.10.2. Concept of acceptable risk  /  
3.10.3. Remarks  /  

Chapter 4. Structural Assessment of Existing Structures  /  
4.1. Introduction  /  
4.2. Assessment rules  /  
4.3. Limits when using design rules  /  
4.4. Main stages in structural assessment  /  

____________________________________________________________________________________________________________________
10238 Structural Performance Probability-based Assessement Форма 1.3 стр. 2 из 3



4.5. Structural safety assessment  /  
4.5.1. Basic concept  /  
4.5.2. First approach  /  
4.5.3. Second approach  /  
4.5.4. Third approach  /  
4.5.5. Fourth approach  /  
4.5.6. Implementing rating factors  /  

4.6. General remarks on the methods  /  
Chapter 5. Specificities of Existing Structures  /  

 5.1. Loads  /  
5.1.1. Introduction  /  
5.1.2. Stochastic processes  /  
5.1.3. Spatial variability  /  
5.1.4. Load combinations  /  
5.1.5. Permanent loads  /  
5.1.6. Live loads  /  
5.1.7. Environmental loads  /  
5.1.8. Exceptional loads  /  

5.2. Resistance  /  
5.2.1. Material properties and uncertainties  /  
5.2.2. Properties of reinforcing and prestressing steel  /  
5.2.3. Properties of structural steel  /  
5.2.4. Properties of concrete  /  

5.3. Geometric variability  /  
5.4. Scale effects  /  

Chapter 6. Principles of Decision Theory  /  
6.1. Introduction  /  
6.2. The decision model  /  

6.2.1. Decision tree  /  
6.2.2. Decision criterion  /  
6.2.3. Terminal decision analysis  /  
6.2.4. Information value  /  

6.3. Controls and inspections  /  
6.3.1. Detection probability: a discrete case  /  
6.3.2. Detection probability: a continuous case  /  
6.3.3. Load tests  /  

6.4. Maintenance optimization  /  
6.4.1. Identification of degradations and failure modes  /  
6.4.2. Decision process and RBI analysis  /  
6.4.3. Maintenance types  /  

6.5. Life cycle cost analysis  /  
6.5.1. Discount calculations  /  
6.5.2. Discount rate  /  
6.5.3. Some results from discounting analysis  /  
6.5.4. Condition, working lifetime and life cycles  /  

6.6. Maintenance strategies  /  
6.6.1. Corrective maintenance  /  
6.6.2. Systematic maintenance  /  
6.6.3. Conditional maintenance  /  

Bibliography  /  
Index  /  

____________________________________________________________________________________________________________________
10238 Structural Performance Probability-based Assessement Форма 1.3 стр. 3 из 3


