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A short course on

Structural Reliability

This lecture: 
The Basic Reliability Problem



Design Equations

𝜙 " 𝑅! = 𝛾 " 𝑆!

𝜙 " 𝑀",! = 𝛾$,! " 𝑀$,! + 𝛾%,! " 𝑀%,!



Limit-state Functions

𝑔 = 𝑅 − 𝑆

𝑔 = 𝑀" −𝑀$ −𝑀%

g(x) < 0:  Failure
g(x) > 0:  Safe
g(x) = 0:  The limit-state surface

g = R − S     ⇔     g = 1− S
R

    ⇔     g = ln R
S
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𝑔 = 𝑢& − 𝑢 𝐱

𝜙 " 𝑅! = 𝛾 " 𝑆!

𝜙 " 𝑀",! = 𝛾$,! " 𝑀$,! + 𝛾%,! " 𝑀%,!



Basic Problem

r

s

f(r,s)

“Failure domain”

r > s
r < s “Safe domain”

𝑔 = 𝑅 − 𝑆

“Limit-state surface” (line in 2D)



One Approach

pf = fR(r) fS (s)dr ds∫
R<S
∫ = fR(r) fS (s)dr ds0

s

∫0

∞

∫ = FR(s) fS (s)ds0

∞

∫

r, s

PDFs

fS(s) fR(r)

Area ≠ pf



Another Approach

pf = P(g ≤ 0) = Φ
g − µg

σ g
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µg = µR − µS

σ g
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β ≡
µg

σ g

= µR − µS

σ R
2 +σ S
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g = R − S

C. A. Cornell, 1969 ACI paper:

Requires knowledge of functions of random variables & probability transformations

Reliability index:

Consider: 



b versus pf
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pf=FH-bL
pf=10-3pf =10–b (Wrong!)

(Correct!)



Invariance Problem

β =
µg

σ g

=
µR − µS

σ R
2 − 2ρRSσ Rσ S +σ S
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β =
µg

σ g

=
ln µR µS( )

σ R
2 µR

2 − (2ρRSσ Rσ S ) (µRµS ) +σ S
2 µS

2

𝑔 = 𝑅 − 𝑆

𝑔 = ln
𝑅
𝑆

µR=30, µS=20, sR=5, sS=10, rRS=0.5

=1.15 (Correct!)

= 0.92 (Wrong!)

Requires knowledge of functions of random variables

Equivalent limit-state functions:

Linear:

Nonlinear:



Real Problem?

Just use g = R – S …?

No!  Reliability analysis is so much more:

𝑔 = 𝑢& − 𝑢 𝐱

𝑔 = 𝑢& −
𝐹 " 𝐿'

3 " 𝐸 " 𝐼
Nonlinear!

Nonlinear, even for linear static analysis!

Finite element response



Understand & Solve Invariance Problem

Functions of random variables

Probability transformations



More lectures:

Terje’s Toobox:
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