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Risk and Reliability

� Definition

� The risk that a system is incapable of meeting the demand  is 

defined as the probability of failure pf over the specified system 

lifetime under specified operating conditions. System reliability, 

denoted by r, is the (complementary) probability of nonfailure, 

r = 1 - pf

� Capacity (X) vs. Demand (Y)

� Strength vs. Load, or Resistance vs. Force

� e.g. 

Landing capacity vs. the flight arrival rate of an airport

spillway capacity vs. flood discharge

� Capacity and Demand are both Uncertain!
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Factor of Safety

� Definition

� The safety  factor of a system, treated as a random variable and 

defined as Z= X/Y, is the ratio between capacity X and demand 

Y for the system
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Factor of Safety Example(1-1)
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Factor of Safety Example(1-2)
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Factor of Safety Example(1-3)
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Factor of Safety Example(1-4)
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Factor of Safety

� Central Safety Factor

� ζ=

where μX: expected capacity, μY: demand

� Nominal Safety Factor

� Nominal value of capacity: x* = μX - hXσX

� Nominal value for the demand: y* = μY + hYσY

� Safety factor

z* =

where hX and hY are sigma units of their respective functions
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Factor of Safety Example(2-1)
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Factor of Safety Example(2-2)
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Safety of Margin

� Definition

� The safety margin of a system is the random difference 

S = X – Y between capacity X and demand Y of the system
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Safety of Margin Example(1-1)
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Safety of Margin Example(1-2)
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� Mean and variance

μS = μX -μY

σS
2 = σX

2 - 2ρXYσXσY + σY
2

� Probability of failure

� Reliability cdf of the standard normal distribution

Safety of Margin

� For Normal Capacity and Demand
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Safety of Margin Example(2-1)
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Safety of Margin Example(2-2)
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Reliability Index

� Definition

� The reliability index of a system, denoted by β, is defined as 

the ratio between the mean and standard deviation of the safety 

margin of the system

� Reliability index

β = μS / σS

� Reliability index in terms of the first two moments of the 

capacity and the demand functions 
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Reliability Index Example(1-1)
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Reliability Index Example(1-2)
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Reliability Index

� Influence of correlation

� For VX = VY = V

where ν = VX / VY, ρ = ρXY

� To measure the correlation coefficient between capacity and 

demand is not an easy task, because it depends on many 

factors

� What would happen if we neglect ρ?
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Reliability Index

� Influence of correlation
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Reliability Index Example(2)
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Reliability Index

� For Lognormal Capacity and Demand

� For VX = VY = V

Statistics for Civil & Environmental Engineers

Reliability Index Example(3-1)
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Reliability Index Example(3-2)
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Reliability Index Example(3-3)
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Reliability Index Example(3-4)
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Reliability Index Example(3-5)
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Reliability Index Example(3-6)
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� The performance function of a system is the random function 

g(X, Y) of capacity X and demand Y describing system 

performance, related to its possible failure, or limiting state 

of interest, given by g(X, Y)= 0

Performance Function

� Definition

� For reduced variables

X’ = (X –μX ) / σX  ,    Y’ = (Y –μY ) / σY

g(X’, Y’)= σXX ’ –σYY ’ +μX –μY = 0

� Reliability index for uncorrelated variables
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Performance Function
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Performance Function

� In General,

� For Mutually Independent Variates
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Performance Function Example(1)
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Performance Function Example(2)
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Assignment 6

� Chapter 9

Problems

9.3 / 9.5 / 9.7 / 9.12 / 9.18

Due date: December 1st, 2009


