A short course on

Structural Reliability

This lecture:
The Basic Reliability Problem

Terje’s Toolbox is freely available at terje.civil.ubc.ca
It is created and maintained by Professor Terje Haukaas, Ph.D., P.Eng.,
Department of Civil Engineering, The University of British Columbia (UBC), Vancouver, Canada




Design Equations

$Ry=7v-5

¢ - MR,n =%VDpn" MD,n +Vin - ML,n

Case

Load Combination("

Principal Loads

Companion Loads

g A W DN =

1.4D@

1.0D@ + 1.0E®

(1.25D® or 0.9D®) + 1.5L®
(1.25D@ or 0.9D@) + 1.58
(1.25D® or 0.9D®) ) + 1.4W

1.0S©) or 0.4W
1.0L©®) or 0.4W
0.5L™ or 0.5S8
0.5L©)" + 0.2556)




Limit-state Functions

¢ -R,=y: 5,

¢ - MR,n =%VDpn MD,n + Yin-® ML,n

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

g =My — My, — M,

g =u, —u(x)



Basic Problem
g=R-—S§
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Limit-state surface” (line in 2D)

“Safe domain”

r> S




One Approach

pr= | [H O fydrds=["[ fuf(s)drds= | F(s)f,(s)ds

R<S
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Another Approach

Consider: g=R-S

C. A. Cornell, 1969 ACI paper: p, =P(g<0)= CD[ d ;ug } = CD[——] = ®(-pB)

/M = Mz — Hs
U, —
\/0 tOg—

Reliability index: 8= Hy

o, °=Vg'x, Vg=0,+0;

Requires knowledge of functions of random variables & probability transformations



pversus p;
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— pr=®(-p) (Correct!)
——- pe=107 (Wrong!)



Invariance Problem

U1p=30, 11=20, 0p=5, 0~10, Pp=0.5

Equivalent limit-state functions:

. _ H —
Linear: g=R-S5 f=—"=—7= Er_Es = =1.15 (Correct!)
Gg \/GR o 2pRSO-RO-S + O
_ R In
Nonlinear: g =1In (E) B= B _ — (t /1) —— = (.92 (Wrong!)
Oy TR/t~ (2PasOr0)/ (Lelt) + 03 /13

Requires knowledge of functions of random variables



Real Problem?

Justuseg=R-S§...7

No! Reliability analysis is so much more:

Nonlinear!

g =u, —u(x) Nonlinear, even for linear static analysis!

Finite element response



Understand & Solve Invariance Problem

Functions of random variables

Probability transformations



More lectures:

Terje’s Toobox:

terje.civil.ubc.ca




