UC Berkeley
SEMM Reports Series

Title
Safety Index by First-Order Second-Moment Reliability Method

Permalink

bttgs:géescholarshiQ.orgéucéiteméSdg946fZ|

Authors
Kitagawa, Makoto
Der, Kiureghian

Publication Date
1980-12-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/5dq946f7
https://escholarship.org
http://www.cdlib.org/

L UATEen ﬁé*gkmuge %?un - : :
'Qﬁﬁﬁxﬁtwhypfw&&e S0 of" Pz?ii @ﬁbAhcﬁf¢ﬁ
iﬁlVET“l@y Of meLzordiagl;hrﬁaE&j;

"_Re%art_ﬁﬂg b”
ciDivision: “&,r1“

and 5t tructiral Meéchanics
QBapaAu%w&i_ I i
'E@“?verazxv'Jff

(2

S Decenber 1980




CUTARLE OF CONTENTS

| Introfuction —— ;:_;ffiﬁ“f” - ;”ti“f”“f,“ﬂifjfj‘*fff e

]*;@ ﬁ@&dmgﬁiﬂﬁ xmrggwﬂ 'r-b €co w&s@eﬁﬁ hﬁ@% {£¥?$3ﬁ5ﬁ%w%

.:QsikFﬁrm&Eaiignfé %hm mei?ed

:”7f232 Lack Qf ﬁmvﬁrlanﬁﬁ :

e

'-f2;3[?fchaﬁiﬁizyfiﬁﬁa?maticﬁ:”

*i@hs;gﬁvaﬁamd fi’ st~Order Second-Moment Meihod(POSE) wiemmm

el Fﬁfmmi&éiwﬁgéffzﬁe3m@ti9df

1302 Correlated random varisbles

o33 Inclusion of the digtribution information —em—m

bk
N

'tg.@émpééiéﬁﬁ meﬁwean y’?ﬁSﬂ ana F@ ﬁ %e né§s :”

.fﬁ E ?ﬁfeﬁé-ﬁf naﬁmilﬂear Berfcfman $an$t1am f  "'°1_f_ TS - AN

'=¢f§$2 Effeggt$§5ﬁsﬁ%ﬁgrﬁgi}yarig§zeggf e e e e - S SR

503 BEFCt of vamisble sorrelstion e 3g

3f iS&wmawy;aﬁd Cowci gign  ;; : f'_  ff d' 'f'i:_'ff'_. _H? :.i4i:fjn.”

R@fﬁ:{*ﬁ?{icag ol ¥ N : '. ._ 16 Ll

T fFAgur$s

:ﬁpsendax X @qewgs Gthe fsr Pr&gram g%ﬁn H"."f f_fff;fj”  ff§§ T3? 5f “

"*ﬂw?ﬁﬁgané*x ﬁ%@ﬁﬁ%?v ?regwam FosH 'n’:f”;fljf'ffff]ﬂiujffffﬂsi.;f“*-”

'fjépgemﬁzx EEK amgle ﬁma Gf ﬁcmyuger ?r@gw&m.fﬁgy - ' f'




Page 1

le Introduction

&ny struciure must be designed so that it withstande dead loads,
live loads and any unusual disturbances, %o which i% might be subjiected
during its 1ifs time. A%t the same tims, howe§3r§ & siructurs design
muet be done within certain economic and funciional comstrainis. On
the face of uncertsinities in losde and sirucitural properiies, thase
goals can only be accomplished by esiablishing & reasonable level
of safety for the siructurs.

Since Freudenthal proposed his clasaical reliability theory (1),
the application of probabilitietic concepis in siructural design has
besn & majer concern among Tresearchers and engineerg. Fresudenthal
proposed the probabiliiy of failure as a safeiy measure instsad of
the conventionel safeiy factor,

However, the claesical theory of reliability is appropriate only
when our informatlion on siruciural resistances, loade, eic., is comlsie
and accuraite maihematical analysis can be performed. In practice,

" the informaiion regquired for such analysi= may not be completely
available. One also has to recognize the existence of uncertainiies
arising from both inherent randomness and siaiistical error in aciual
design applications {2). Furthermore, direct calculation of failure
probabiliiy requires numerical integration, which is not appropriats
in engineering praciice and in code-making.

To eovercome ithose shortcomings of ihe classical theory, ihe
first—order second-moment reliability theory was developed as &
practical altsrnaiive {3). This theory siands on the basic recogniticn
that the siaie of incomplete knowledge and information is unavoidable,
It is characterized by its way of represeniing ithe unceriainiy in
structural design variables. Namely, only the firsi and second moments,
i.8. means and variances, of design variables are used in snalysis,

Furthermore, ihe performance funciion of ihe siructure, which
describes the criterion for iis safety, is linearized through a firsi-
order Taylor expansion. For ithese reascns, the method has come 10

be known as the first-order second-moment (FOSM) reliability method.
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2. The Mean=Value First-Order Second-Momenti Methed (MVYFOSHM)

2,1 Formulaetion of the method

Nezlecting time effects, the safety criterion of a particular

structure cap bhe written in general in terms of a performance funciion,.

Z=g (X, Ky gonmeee b X ) { 2.1 )

where Kzs represent siructiural variables which night influsnce the
structural resisiances and/or the exiernal load actions. In the second-
moment approach, ihe unceritainty of the variables, K;a y 1s expressed
only through their means { firsi moment }4%%3? and their standard
deviations 75 { square root of the second cenitral moment ). |

The performance funciion is usually formulsted such that Z>0

denotas survival and Z=0 denotes failure of ithe siruciure. Then, ihe

fzilure gurface is described in ithe n—dimensional space of X;s as

gl Xy o Xy peeney X } o= O { 2.2 }
The firsti two iterms of the Taylor expansion of ¥g.(2.1) at ihe
i * .

poinit {le f x§ §-m= g x;:} yields

=g { 2%, X = )4 aﬁ{iag o =¥ ) e (2,3

&€ 1 f Tyt g - fﬁ;% 5 5 L Ze
Eg.{2.3) is an approximation of Eg.{2.1)}. If the performence function
is linear, Eg.{2.3) is exaci. The MVPOSH meihod seiects'{xi 3 XZ g»~~»X§}
f" ; 3

0 sgual the meangfﬁi ggjg gmmmmgﬁAnjny

This yields the mean of Z

g g ( My o fly ammemy ph ) (29%}

and the standard deviation of &

2 s
2 : o
R 2. A §ii>.%,<.

iFg GE

o= [2.65

in which g?ij is the correlaiion coefficient between Ki and XJ 5
and the derivatives are evaluastied i the mean values. In terms of thess
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guantities, ithe safeily index is defined as

=M Jerey { 2.6 )

Observe thail ﬁ?can be interpreted as the distance from ithe mean of

g{*) %o the origin in terms of the standard deviation of g{+), as shown
in Pig.2.1. As the safety index is compuied through only the firsi
$Wo moments of the design variables, i1 is 2 useful and convenient

zafety measure from the praciical siandpoint,

2.2 Lack of invariancs

Egs. {2.4) and {2.5) show thai ithe calculaied mean and variance
of Z w#ill depend on how the performance funciion is delined. This means
that the caloulated safety index is influenced by how the performance
function is formulated, alihough the same failure surface may be involved.
That is to say, the safety index based on the MVFOSH method lacks
invariance relative to the formulation of the performance funcilon.

To illustrate this lack of invariance, the following example
is presented, Assume that bnly two wvariables are included : H, struciaral
resistance, and S, load effect. The failurs event is defined by { R=S J.
Phe following formulations of the performance funciion are consistent

with this failure critsrion:

Gy= R =5 { 2.7 )
'Zz_zfi/Swl { 2.8}
Zp= 1ln R - 1n S { 2.9 )

2
Define the first iwo momenis of R and S by {fﬁg " Og ) and
2 . . . .
(fﬁé M CVS Js respectively. Assuming neo correlaition between R and 3,
following the procedure dicussed above, one chiains ihe corresponding

safety indices as

B v =]
1 y’;éé; + 5; { 2.10 )
r = 1 1

ﬁggx:mm?rm.@ggﬂgm??g { 2,11 )
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If the design variables are uncorrelated, using Egs.{2.3)-(2.5),

4+he mean and variance of 7 are
7
=2 5% Ll - (3.1)
where gl x
g
_ [Z:(%"}T * U3

regpectively, in which

[l 3
s
R
b
H
i
3
s

e =3 %, (8,07 (3.2)

2 - gE N2 2
= {3 i{ x0T/ = (»«;gr«%}%.s’; { 3.3

411 derivaiives in the above eguations are evaluated at the poiaid
- R ¥ k3
ixl . x2 fr g XEEQ /
As the safety index ﬁgis defined by‘/xz_/{;k ; using Bgs.{3.1) and {3.2]
Zgw;*(ff«*f - %, m@ﬁ ( 3.4 )

Lani * %
Thus, the llnearizaﬁion geint%’x R xnﬂ}and the safety index fﬁ

are found by sclving the system of equaiions

z:/wi B giﬁacrg e ( 3.5 )
* #* * .
& ( Xl 7 X2 P Kn }’:G

$or non-linsar performance funciions, Fg.{(3.D} can only be solved
shrough itesration to obitain the minimum value of ﬁg. The iteration
. &

procedure is digcussed in the nexi chapler.

3.2 Correlatsd random variables

In the preceding sectiion, ihe design variables were assumed to
be uncorrelated, When ihess variables are correlaied, the problem can

be solved by transformiﬂg into a sei of uncorreldyed variables as follows 3

et if&%&x /f[i and HTXE ﬁ.;}ﬁiﬁ,} = E {(&} 3 {?{} ]
o

denote the mean vector and the covariance matrix of correlated variables,
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follows:

} in the ¥-space, The derivatives of

3.7 )

H
i

the Z-space is formulated

g,l=)

as & linear combination

] in

( 3.8 )

gatisfias

( 3.9

such that =ach has

.‘T' 5 E
i;f%} $ (5% (I,
¥ @X.j%\&g’é.
3 P 3
3% -
x P s —a‘ ”}.
where T =1j component of the matrix { {Z} .
oW,
3
it gb@ald he noted herein thal the sigen mairix 7
Proyml -
{{Z} } wmw [
when the cﬁmpﬁted gigen vegtors are normalized
a unit BEuclidean length.
3.3 Inclusion of distribution information (5)
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4. Computer Program

The computer program % POSM ¥ was developed to compute the safely
index socording te the sdvanced FOSYM method for any arbitrary performancs
function. The program uses an iteration method 10 compute the minlimunm
value of fg and %the corresponding feilure point. The iferation siaris
by assuming initial values of £§§s and ﬁgﬁ The initial value of /3
is compuied by the HVFOSH method. And the first values of Qﬂzs ars
computed ai the mean point. The flow chari for the algoriibhm of ihe

program is desoribed below and in Fig.4.1l.

k3
(1) The user is required to provide the followings ( (D) ).
1} Performance function - ergx( Kl ; XZ gy Kn 3
2} Derivaetive functions ~———- (%gx /%X_ ) i=1,2, w—wmg&
3} Mean value =3 g8 wmmmmy Mg
=i v fa Hon'
: i T L2
4) Covariance matrix ivx"i’l , $ 0705
i}‘g\
“\\ 2
P
s \)n\ o

5) Type of disiribution for each variable X

(2} Por correlated variables, orthogonal itransformation is performed
through the eigen mairix {5}(<:>~"kdj)
1) Find eigen matrix [Z) , such %hat {V 1 (Z ]T v Eg@ iis a diagonal

X
matriz with eigen valunes.

2) Pransform mesn %ﬁé% %o iﬁ%} ; iﬁi%::éz

{3) Initial value of Chls are computed (@5,

{ B4/ wu.
Gy /) =12y n )

é§( Cu/ W, )

5 -

computed at iwj %ﬁ%( Bg.{3.8} )

(4) Initial value for (3 is computed by MVFOSHM method ((5))

gjfzﬁ& E{Z{Sa {20»4) —— {206)@

% X . 4 .
The nmumber in the circle means the block number in Pigaed.d
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-y S 1
{8) Modify the value of gg s such ithat the point wagzxa#%§ w?ﬁi?wﬁ“w %
4 ! v
igs on ths failure surface. This is done by solving l
g (ET o - N ==
gw(/um PafFlyy s ~mrmm e o /Mm f } ©

This equation is solved by Yewlon®s method, Using the computsd

value of s she failure point on the surface is computed {{%}"

© ).

(6} Using the distribution information of each variable, fitting %o
normal distribution is done gkw!““ @; Ja
1} When the variable has a normal distribution, or when the

distribution is not specified, the me&nf&i and the standard
deviation G“; remains unchanged.

2) When the variable is non-normally disiributed, the mean and
standard deviation are modified using Ege. (3.12) and (3.13).

3} After flbt#ng ig completed, new mean vecior, zéf ; and covariance
matrix, EV a, ars computed. In consxruculxg:iﬁ s She correlaiion
coefficients ‘§§3 are assumed %0 be unchanged.

(7} Transform the mean vecior é@%ég and the covarisnce malrix, {?3} ;
into an uncoprrselated set of wvariables ithrough a new elgen matrix
(77, The procedure is the same as that in step {2). { {3 )

{8) Wew failure point, Xf, and cosine directorsﬂgﬂfs, are Gomyﬂted
using the latest means and standard deviations { {3 — Je

{9} &s done in step (5), modification of P’ must De done so that the
linsarization point is on the failure surface { iﬁ”wm i& )

{10) The convergence of ijeration is checked by comparing the latesti

g?and gﬂ;g with those obtained in the preceding siep { g@ e i@-}a

{11) 17 ﬁganﬂ/or p. !s have not converged, go back 1o step {6} and

repeat calculation. If they are comverged, prini resulis | g} -

@ ).
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5. Comparison beiwsen § O5M and POSK Methods

5.1 Bffect of non-linear performance function

In section 2.2, the " lack of invariance " in ithe MVFCSM method,
which is caused by the non-linsarity of ithe performance funciion,
was discussed. The FOSK methed,; on the other hand, is invariani relative
t0 the formulation of the psrformance funciion. To illusirate this,
safety indicses for the three formulations of the performance funciion
in Egs. {2.7)=-{2.9) are computed and are shown in Table 5.1 and Figs,
Hedew=Deo 2,

Observe that resulits for all three formulations are the same,
except for small deviation, less than 0.4 %, which are dus to the
convergence tolerance assumed in the iteration process. Note that
formulation 1 { BEg.{(2.7) }, which is iinear,'requires no iteration,

Thersefore, the resulis corresponding to ithis formulation are exact.

5.2 Bffect of non~normal variables

To see the effect of non-normal wvariables, the safeiy index was
computed for the performance Tunciion Z=H -~ 5 , where H and 5 wars

assumed 1o have the following disiribuitions.

Case R 3 | Index
1 Normal Normal N/N
2 Log-normal Log-normal &ﬁ/Lﬁ
3 Gamma Camma . GA¥/GAN
4 Gamma Normal SA%%%
5 Extreme-III |Extreme-I EX3/EXL
& Exireme~III |Exireme~II EX3/EX2

Compuiations werse carried out for all the above cases and the mean

and coefficient of wvariaition values given in the following table.
A

/% . 40, 60

f% 20

5
SR=""/u0]0.1, 0.15, 0.2, 0.25, 0.3

g

déw Q//'L'{S {:;"1‘3 {3*3

¥ean Value

Y

Coefficient of Veriation

X

’
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To ebtair itne accuracies of the MYVFOSH an

1
exact failure provability for sach case was alsgo computed using

szzjé‘ﬁ(s)fs{s)ds { 5.1 )

where ?B{a}m{:z}? of wariable R, and fsga}m POF of variable S, The

- 4 N , e - - - Y v 5
rumerical integration required in Eg.(%.1) was carried out using
the IMSL rouline called © DCADRE ¥, Then, the zafety indexggg, Was
computed from

_;33¢”1{ 1~P. )~ { 5.2 )

Results for the above computations are shown in Tables 5.2 and

5.3 for [ﬁ and Tables 5,4 and 5.5 for Pﬁa Thess results arse also
shown plotted in Pigs. 5.3--5,12 for £ and Figs. 5.13—5.22 for Ffs
From these resulis, one may make the following remarks 3

{1) The effect of non-normal distribution is siznificani when rA;fﬁ/}%

is large or when d%
of failure in such cases becomes more sensitive to the t

and Cg are small, This is because the probability
alls of
the digdributions of B and S, On the other hand, this effeoi besoomes
comparatively small for small » or large é% and ﬁ;»
F 5

(2) Hesults based on the POSH method closely agrees with those obiained
by numerical integration of ithe sxact expression. Thus, by iransformatior
into eguivalent normal disiribution through Egs. (3.12)-—{3.13),
accurate resulis can be obiained.

[3) When variables have extreme-—value distributions, e.z. cases FX3/EX1
or EXS/EXZ, the safely index seems to be smaller than that which
is based on normal disiribuiions. Thus, the zssumption of normal
distribution gives unconservative resulis.

{4) Phe negligence of disiribuiiocn information may resuli in significant

| misjudgement, when a high safety index is reguired. Therefore,
the inclusion of such informaiion, when avallable, is esseniial

in safety analysis.



5.3 Effect of wvariable correlation

Po examine the effect of correlation between design variables,
the safely index for ithe performance funciion Z=RB -~ I was compuised
assuming ﬁ%Rm 4G, f&é::g@, {?%xréy ;}éﬂrg and correlation cosefficient

izsm “0.5, =0ud, =0s3, =0.2; =0ul, 0.0, 0.1, 0.2, 0.3, 0.4, 0.5.
Ho nop~normal distributions werse assumed for B and 5. The resulis of
the computation are shown in Table 5,6,

Cheerve that ihe-safety index varies smignificantliy with the

correlation coefficisnt. Thus, inclusion of informaiion on correlation

i
between wvarisbles g also essentizl in siruciural safety analysis,

6. Summary and Conclusion

This stﬁdy can be summarizesd and concluded as follows:
{1) Phe MVPOSH method gives the correct soluiion of ihe safeily index
and the feilure probability in thé case of linear performances
function with normal wvariables. But, this method has the following
ghortcomings.
1) Bignificent error is inirocduced by linearization of ithe non~linsar
performance function aboul the mean peint., This resulis in lack
of invarisnce of the computed safeiy index relalive to¢ ithe formulation
of the performance funciion.
2) Bven if information on non-normal distribution of some variables
is avsileble, such informeticn cannct be rationally included
in the analysis.
{2) "hese shoricomings are overcome by ihe FOSM meithod, while keeping
the simple algebra of the second-moment approach.
1) The lack of invariance in the WVFOSH method can be overcome by
doing the linear expansion of ihe performance funciion aboud
2 point located on the fallure surface instsad of about the
mean peint
2) The information on non—normal variables can be included in the
analysis, by fititing the non-normal distribution to normal

digtribuition at ithe failure point.
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indexr can be compuled

{3} when the variables are correlated, ihe gafet"
by transforming the correlated varisbles into a set of uncorrelated
variables., This calcoulation is possible for & performence funciilon
Wwith non-normal variablee, if correlatiion coefficients are assunmed
1o be unchanged.

{4) The effect of the non~linearity of the performance funciion cannoi
he neglected in the MVFOSN approach. POSH method is essential
for a non-—linear performance funcition.

5) The inclusion of the information on non-normal variables, wher

{

available,

feiy evaluation, especliaily

3
1 k) 1 ow
when P, is
whe
(&) The effect of correlation between design variables cannci be negleched.
{?) The haszic ides of the compuier program "PFORHMY iz fo assume initiasl
values of ﬂg and chls and Yo carry cut iteration unii these values
] : o : 4 W] ! i T e
are cenverged. The initial value of %ﬁ ig compuied by the MYPFOEN
method, and the first values of 5&53 are computed at ihe mean poini.
These initial assumpticns sesm to be fine To obiain the corrsct

soliuiion when the failure suriacs is
problems have smooih failure surfaces
al

should be useful for most siruciur
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a1

Program "FOSEY conslstis of a main progranm

The flow chart of the program is shown in

t{hrough

N . . S . . N
The subpregram “LGY mputes ihe numerical wvalus of Li/éXj L LI
for a certaln value of ix}mm{x1, ----- ’Kn)* This subprogram is provided
e

by the user,

{3) LIGH

The subprogram "DICGWY computes the numericel value of &&ﬁ/%wj {j=1,ma--
as a linear combination of dbk/af {i#= 1,ewwemyn) through Eo.(3.8).
(4) cos

The funztion of “COSINE" iz to compute &ﬂ}‘ efined by Eg.(3.3).

{d& in the reduced space (W-space), which is defined by the followi

equation, i

s computed by uﬁln* ROOSTHNRER with BDGY and “DIGWY,
JEL . sz '
oA, = ( ;mi}a‘(}"’/‘}”ﬁ(

1

(5) BBETA

The function of M“RETAY i to scolve the following eguation in iterms of
G{ ) == Gy mmmmmmmmmmy MG B O™ J==0
(ﬁ) &'(/ TP P n nfy Wi

so ithat the lipearization point is on the farlure surface. The eguaiion

’"..

is golved using Newton's method
=4 - o /M“g)

(6) LgE, GaM, TYPEl, TYPBEZ, WRIRL, BYXPO

These subprograms aim to fi1 the non-normal disiribuiions to "eguivalent
normal distributions® through Bgs.(3.12) and {3$L3}g Phe subprograms

correspond 1o the following distributicnsz.



TYPEL
TYPEZ wmewwew Twpe 11 Bxtireme diz,

WEIBL === Weibull dis. (Type I1I Exireme dis. )
EXPD sewsmmen frpponential dis.

(1) grox

The funciiocn of “WI0ZLY is 1o transform variable 1“} ihe ori
space{ X=-space } by muliiplying the sigsn mairix iz}&

(8} GXQF#

This is a funciion declaration of ihe veriormances funciion g {z

I3 g_jj.

hisg program musi he

1
) MINCH

by the user
: he user.

F R

safety index through Fg.(2.13).1% belongs to IMSL routines.

2. Definition of paramelers

R

£y

Number of wariables {n=10)

A X 1 Performance
gx{x) r g (1, -+
x(10) : Variables of performance funtion iK; Kl’ Kgg‘--u_,
W{10) s Variables transformed into uncorrelated space

.-

LR e [ PP i

e (H}_f ot v n}
HpIs(10) ¢« Type of digtribusion for each variable A

I=Normail / Unspecified, 2=Log-Normal,; 3= Gamma

4 =Type=], 5=Type-2, OL.ckxponential, T=4ecibull

Z(10,1G) s Fagen mairiz to transform variables from correlated

(X=space) to uncorrelaied spuce [W-space).
3

derivatives of gX(X 3 Xpmm—y X J

Y i o
(&*x/aﬁ {Fk/Jx fomne g J&y/&”

pex{10) Partial

e

DGM(lO) : Pariisl dFPlV;bleu of gaﬁ' ﬁqgﬂww~? wn)
(ﬁgh’/&?wy E‘J/;:ia’% T ;}Lr'/kf

B {10} : Mean vector of i!} é%j~w(ﬁm ,ﬁ%qg»«m— Qn )

Bd{10} : Kean vector of {w} @%&- Qﬂg ?fn;,-&ﬁm ﬁ%n )

a

Vi{10,10) : Ceovariance matrix of {X} [V j\;}x

-
- .
e ~ u
Fa s
S e
@ o o
t

1

T

(9

The funciion of YHDNORY is to compute the failurs probability from
the

L
o

———p X
¥ # n)°

An)
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e Sy ;"g-“"“;r’?’p o 1
ﬂ@(LG;lG} : Ly /=iiil jigr :
. Sy ‘
! .
i ?nzﬂ
f“f'z - o P o N~ . FR. oy < T?—? (
i;ﬂ\\.-@;lﬁ} Uransiormed varlanoe mairix Ey = ] “r%
¥ i
PN, 0
| . !
RN 2|
r L
4 £ 2 : : ' 3
SGH( 10 : Standard deviation vecior of %ﬁ} - S
{ (} / )
i s T g s s st o e il
T U O ' Tn)
Ay f A 3 I . . Lo £ IR, . o 3 ¢ y 5
ABX( L0 : ¥Modified mesn vector after fititing 1o normal distributions
£ k4 z
}7} wmf ) H J
P00 JE e 1] )
A20x(10) 2 Modified standard deviation vector after fitding 3o

AVX(10,10) & M¥odified covariance matrix after fitting to normel disiributions

\ . § s
ALW(10) : Mean vectorgﬁ?} , obtained by trensformat
FOR
ASGW(10) 1 Variance mairix[V} ], obiained by
Ta : numbeyr of

]
o]

Index showing iterailion number of calculation of{ﬁ

NIA : Allowable max., number of Ia ( NIAS30 )
HIB : Allowable max. number of IE ( NIBS 30O )

a4(10,30) : A{1,14) means 03 a1 the iteration stage of 14

B(30) : B{IB) means f?at the iteration stage of IR

EPA : Convergence tclerance for ¢l . Check is done by
gg(i,m) - A(igiaml)f*ﬂi?é A(if—"ly--”,n)

PR r Convergence tolerance for/ . Check is dons by
| B(1B) ~ B(1B~1) )|/ B(IB) <{FB

P¥ : Probabiliiy of failure

NCABE ¢ Total number of cases of analysis
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is described in 1. a uveser of this pro

subprograns as follows.

(1) The performance funciion is

The user iz reguired ito program the fcollowings,

. : - . . 2 o
performance function, gﬂ(fl; X K1)“”£1 ~ X KS s
s

dh

am includes the following:
e : 4 . .
Cx=X{1)¥*%{1) - x{2}*%(3)
(2) Derivatives of the performance function are defined in the subroutine
DG as follows:

SUBROUTLYE DG(X,D0%)
—

The user is reguired to progras the paris indicaited by Yt
Example: For the performance function described above, ii is programmed
zg follows ¢
BGX(1)=2.0%%(1)
DGR(2 )= ~X(3)
DGX(3 )= —X(2)



4. Data input to FOIM

{1) Master conirol card ( 215 )}

Golumns Yariable Entry
1w HX Toval pumber of variables { NXIs 10 )
foemm10) NCASE Humber of casss of analysis

{(2) Convergence control card { 2Fl0.5 , 2I5 )

Columns Variablie Eniry
Jommeman 1.0 EPA Convergence tolerance for the compuiaiion
T
11w 20 EPB Convergence tolerance for the computation
of‘ﬁ
2125 NIA Maximum number of iteration for ihe

computation of %%} ( ¥I1a 5230

26——=30 BiH Maximiun of iterztion for tne
computation of B ( NIB<30 )
{3) Varizble data card
Card 1 Heading ( 7410 )
Columns Variable Entry
Y PINL--DITT Enter the heading information for use

in labeling the cuiput for each case

(Note} Begin each new set of data with a new heading card.

Card 2 Distributions and mean values ( 15, ¥10.3 )

Columns Variable Entry
Lo KDIS(10) Type of distribution of each variable

G 15 (10} ¥ean value of each variable



(Hote 1} Thie card
following

numbsr of

o
H

(Note 2) NDIS

Card 3 Covariances

Columns Variab
1=ee10 yX{1;2
1120

21=~-30 VE(1,2

PR
[P

¥
etCe

(Note) When the inpui for

cagse. Inpul

Output of ¥FOSM

4@

Fxsmple of the output is shoun
i

VA{1,2

Page &0
ig preparaed for each variable, and put in order
+he gequence of variables, Therefore, total

lwmwﬁormal/Unﬁp@cified

Sl ognornal

3 FEmma

4-——lizirene { Type 1 )
Sem—Extreme { Type I )

freem Ty ponential

Jem—Weibull ( Bxtreme Type 111 )

{ 77F10.3 )

le Entry
) Enter the first row of the covariance matrii
) at first, then move 1o ihe second row, and

) etc. When ihe Tirst card is full, continue
+0 the second card, and £iC,

(=]

3

card 3 is over, a user can g0 {0 the next

another sat of variable data from card 1.

I1T.



My

i3
.\W.J

P

¢
kS

i

-

Epne













Ly

age

r













Appendix T1Y  Exaxnple Bun of Compuler Program FOOE

As an example, the caleulation of the safety index for the following

CREes Was carrisd oui.

{1} Performance function gy( Xy
.

x x. e K B e H
4 2§ 4{:) )E 1 2 3

{2) Computation

10 25 O
0 0 40000 ;

Distrivutions of variables are nol specified,

~

2) Case-2 :
{/i} = { 40, 50, 1000 )
[v,) {25 o 0

0 25 0

i

. O o 40000

Xl Log~Normal
X2 e R OTIMAL
PSRNV 1) =)
XS type 1
3} Case~3

{}«&};} == { 40, 50, 1000 )

[v}am 25 10 0
10 25 0

¥ 0 40000
Xl ~~~~~ Log—-Hormal

Y s M evrrn
ﬁg Normal

X e Type T
3 JFpe



provided by a user

(1) PuncrIOoN Gx{X)

{2) sUBROUTINE(X,DGX)
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