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Function and Purpose ofVaP

The VariablesProcessor YaP) enables thaiser ofthe pro-
gram to dealvith stochastic quantities, so-called variables, in
some givenmathematicakxpression. In view obne of the
applications of thgrogram, this expression @alled alimit
state function(LSF). The programlends itself toreliability
analysis, but may be used inmach widercontextwhen eva-
luating the influence of variablder problemsencountered in
other fields of engineering practice.

At first, the limit state function G{) representing the problem

at hand is definedising the usual mathematicahotation and
concrete termdgor the basic variableX. The variables then
have to be described bshoosing among a set of several
distribution types. The results can be produced as a probability
of failure, asthe first four moments, or as a histogram of the
resulting stochastic quantity G.

Requirements, Installation and Starting VaP

The progranivaP, optimisedfor 16 bit processors, uses the
graphical interface Windows™. The PC must be at least of the
386-family. VaP needs lesthan2.5 MB of hard diskspace.
When using the MonteCarlo method, fastemprocessors are
obviously of advantage.

To installvVaP on yourcomputer simply insert th&aP instal-
lation disk, choose thRun command fronthe menuFile and
type a:\install.

A double click on th&/aPicon starts the program and thnain
VaP window appears as a standard Windowspplication
with its typical user interface and menu structure.
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Menus

The menu baprovidesthe essential commands afuthctions
for processing stochastic quantities.

New Create a newaP document
Open... Open an existinyaP document
Close Close the activ®&’aP document
Save Save the activiaP document
Save As... Save under a new name

Page Setup Setup the page

Printer Setup Setup the printer

Print... Print the active/aP document
Exit Quit the program

All definitions oflimit state functions and basic variables are
introduced and may be changed at ame during runtime of
the program.The limit state function GX) is written as an
algebraicexpression and ishecked automaticallfor correct
syntax and consistencilso, all variables are checked to en-
sure proper definition.

| Define [
Function Define a LSF, open thaspector panel
Variables Define Variables belonging to a LSF
DeleteLSF Delete the active LSF
ReportLSF Report the active LSF and its variables
Undo Undo the previous delete action

Different methods ofanalysisare implemented itvaP. VaP
calculates the moments[G(X)"] following procedures pro-
posed by Evanshe probability of failure p= P[G(X)<O0]
usingthe wellknown FORM procedures and iable topro-
duce a histogram dB(X) based on Crud®lonte Carlo tech-
niques.
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| Method S
G(E(X)) Evaluation with the expected values
EFEORM First Order Reliability Method
MC... Crude Monte Carlo Method
Moments Numerical Integration Method
Expectation Expectation

VaP offers the possibility to define a number &fSFs and
basic variablesAll defined limit states arestored in the
Workspaceand are accessibfeom the menuActivate The
maximum number of LSFs is limited to a number of 30.

Activate

LSF G
LSF G1

Definition of a Limit State Function

After starting the program dirst a newdocument must be
createdChooseNew from the menuFile or usethe toolbar).

An empty Report window with simple text editing features
appears. ChoosEunction from the menuDefine to see the
Inspector panel. The algebraicexpression ofthe limit state
function can be typed in the@pper sub-windowand is
checked, parsed, and compiled by pressindttiter button. If
there are no syntacticalrors inthe expressionthe Inspector
shows, in the lower sub-window, all variables contained in the
limit state function.

The progransyntax requires a function nanspelled by one
or more characters, followed by an equsilgn (=) and the
algebralcexpreSS|on In this expression,variable is intro-
duced with a series of characters beginning witattar and
distinguishing betweerapital and smallletters. Notice that

used function names cannot be selected as vanabies, and
vice versa.
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VaP includes the possibility to define several diffeteBEs in

the same Workspace by renaming the original function in the
uppersub-window, (e.g. G to Gland changing its expres-
sion. Switching back and forth between these is dosmg

the mentActivate

Limit State Function

G = P-|{L+A+E) +
+

Variables

Varisbles of G:
A

T

go.oon 40.000
sS00.000 sSC.000
350.000 To.000

1.100e+03

oE=E=

E
L
P

Enter Done

Figure 1: Inspector panel

To define alimit statefunction, the following operators and
functions may be used:

° +1-1*1/

» Exponents with a preceding circumflex ~, fatamplex”2,
xMa+b) or x-2, resp. SQRT(..and SQR(...) asalter-
natives for writing x*(1/2) and x"2

» Transcendental function€€OS(...), SIN(...), TAN(...),
ARCCOS(...), ARCSIN(...), ARCTAN(...)COSH(...),
SINH(...), TANH(...), ARCOSH(...), ARSINH(...),
ARTANH(...), EXP(...), LN(...)
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« Standard normal distribution with probability density
function PDFN(...), cumulative distribution function
CDFN(...), andinverse ofcumulative functionNVN(...).
For example G = CDFN(0.5)

« ABS(...), aswell as thefunctions MIN(... , ...) and
MAX(... , ...), which must be separated by commas as
they require two or more arguments

The arguments of trigonometridainctions andhe results of
their inverse functions have degreestlas unit. All above-
mentionedabbreviations,the constantsPl, the factor DEG
(describingthe ratio between degrees aratlians) and the
abbreviations of th&SFs, e.g. Glarereserved names and
may not be used for defining variables.

The expectation Efp of the probability offailure, the so-
called total probability, may be calculated by integration of
conditional probabilities 4x) overthe probability densities of
the variablex. To solve this problem, a bar sighhas to be
set at the end of thexpression, e.g. G = A-B%B. Then, all
basic variables to be integratémllow, each separated by a
blank space. Anexample for the use of this expectation
operator is shown in [Petschacher, 1993].

Definition of Variables

Now adistribution type must bassigned t@ach of the vari-
ables.Each variable is defined globallgside aWorkspace
By choosingVariablesfrom the Define menu, the Variables

panel appears. Each variable, in turn, is assigned a distribution

type with corresponding parameters. Alternativéhe modus
Moments with expectation, standard deviatiomnd, if
necessary, lower and updsounds, othe modusParameters
with parameters specific tdéhe distribution type may be
chosen. The modudomentss set by default.
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A

Type
C' Deterministic
O Rectangular
@ Normal 0.075
O Lognormal
O sLognormal
C' sExponential
C' Gamma

C! Beta

C' Gumbel[L]
C' Frechet{L)

O Weibull(S) 0,000
O UserDef 70 75 80 85 90

Enter E E

SaveBMP Done

0.050

0.025

m:  |[30.000000
s: |4.000000
a
b

‘Mode

“+ Moments
> Parameters

Figure 2: Variables panel

The definition of the variable is read into the program by
pressingthe Enter button. If all correspondingparameters
fulfil the conditions given by the distributiotype, the
probability density function (pdf) of the basic variable appears
as a graphical screen output. The pdf may be savebiasap

file (*.omp) by pressing th&aveBMFoutton.

By usingthe N button the next variable ialphabeticalorder
appears, with the button the previous one.

Variables mayalso be defined akistograms. Byselecting
UserDefin the Variableswindow and by clicking theEnter
button aUserDef panel appears.The lower andthe upper
bounds must be defined, followed byequence of frequen-
cies separated byressingthe space bar on theyboard. By
clicking Enter, the program willautomatically calculate the
class width. It isalso possible to open previously saved
histograms withthe Openbutton ¢.his). Histogramsmay be
saved byclicking Save Upon clicking Done, the histogram
appears in th¥ariablespanel
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Histogram

lower bound II] @ upper bound |1I]I]
C class width |11.1111

frequencies (absolute or relative)
1371514107 31
«[ 1 (]

Figure 3: Entering a histogram

The Donebutton endghe definition proceduréor the variab-
les. It is goodpractice tosaveall the entries under @uitable
name using th&avebutton undeFile.

There is no possibility of defining and handling correlations
between basic variables.

For more information about the definition ofriables, see
Definition of Distribution Parameters

Analyses of a Limit State Function

Choosing G(E[X]) from the menuMethods calculates the
value of G using the expectations of the variables.

An analysis based othe First Order Reliability Method
(FORM) [Rackwitz, 1977 is performed by choosingORM
from the menu Method The results, the so-called
Hasofer/Lind index (als&nown asthe geometrical3-value),
the sensitivity factorst and thedesign values othe variables
are printed to th&eportwindow. FORM sometimesasdiffi-
culties withuserdefined variables, due the particularshape
of the corresponding histograms.
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By choosingMC... from the menuMethoda paneffor setting
all elementdor a CrudeMonte Carlo [Rubinstein, 1981ana-
lysis appears otthe screen.The Option Automaticis set by
default enabling theiser, by pressino!, to start thesimu-
lation. Go! then changes its name3d OP! so that pressing it
a secondime interrupts thesimulation.The results displayed
in thewindow are thefirst four momentsthe probability of
failure and a graphical representation of tresults as a
histogram. The graphican besaved as &itmap file ¢.bmp)
by pressing th&aveBMFoutton. The usermay choose under
Options Define Value® change the number afasses, runs
and simulations (limited to 10°000'000) and the bounds for the
display of the histogram on th&creen. Pressinthe Done
button adds the numerical results, includihg third andorth
moments, to th&eportwindow.

Monte Carlo
~Samples
Runs: |1
Count: I 20000
1000
-Options
) Automatic
750
(8 Define Yalues
rClasses 500
il
250
rBounds
min X: |-2l]l]
l] +
max ¥: |5l][l -250 0 250 500
Mean: |159-535 Simulation SaveBMP
Std.Dev: |as_0335 { |I| 20000 Go! !
plG < O): II]_I]2351 76 - :Dune |

Figure 4: Monte Carlo panel

The calculation of thdirst four momentsusing numerical
integration proceduredvans, 1972]can be carried out by
choosingMomentsfrom the menuMethod AdditionalliyvaP
calculates the parameters of the respedofason curve, and
an approximation for the probability of failure por more
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information about this curve see [Petschacher, 1998,
1976; Draper, 1952]The parameters g, &, and xishown,
correspond t@, 5, A and¢ in [Petschacher, 1993

The expectation E(G(X)) of the functionaalculatedchoosing
Expectatiorfrom menuMethods

Editing the Report

In order torelateresults tothe respective inputlata, it is re-
commended to write a report of all the input data toRbport
window whenevedefinitions of variables oL.SFs are chan-
ged. Forthis purpose, choos&eportLSFfrom the menu
Define Results can, optionally, b@mmented by theiser,
taking advantage of the editing capabilities of Reportwin-

dow.

W D:AVAP\EXAMPLE1 vpt _o=]|

Limit 3tate Function G : -
G = P-[L+4+E)
Variables of G:
A i) 80,000 4.000
E N 500.000 50.000
L n 350,000 TO0.000
P i 1.100=+03
GIE[X] ) for G:
G(E[X]) = 170
FORM Analysis of G:
HL - Index = 1.97 P(G<0) = 0.0z242
HName Llpha Design Value
i 0.046 80.3a87
E 0.551 557.309
L 0.813 462,325
Crude Monte Carlo Analysis of G:
> 2 runs with each 10000 samples:
1. mwean = 170.5 sdev = 85.658 skew = -0.015 kurt = 3.05 p = 0.023300
2. mean = 169.6 sdev = 85.61 skew = 0.017 kurt = 2.97Y p = 0.021200
mean = 170 sdev = 55.64 skew = 0.001 kurt = 3.01 p = 0.022Z600
kd
Al =l

Figure 5: Report window



10 VaP 1.6 for Windows

Saving and Printing

All definitions inside aWorkspaceand theReportwindow
may besaved undet.vap. Automatically, two different files
arecreatedOne is the*.vap file containing the_SFsand the
variables.The secondfile *.vpt is a textfile, containing the
Reportwindow. This file can be read byny text processing
program.

By choosingPrint from the menuFile the Print panelappears,
enabling printing the Report window on any selected printer.

The results from thReportwindow can be integrated intext

processing programs using sim@wypy andPaste Graphical
results previously saved as bitmap files may be introduted
the text as well.
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Definition of Distribution Parameters
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Distribution type Para- | Moments
meters
Deterministic 1:m
Rectangular At b
1 _ _
=523 SO
asxs<b,a#b ' :b—a
V12
Normal
0 1x-mf0 .
b= AT 30 5 0] o
s>0, —00 < X < +00 .
Lognormal 0 ¢20
f) =L o LAMAD mE PR T2 g
X = F o287 HE ;’; ]
: oo
{>0,0<x<o s= expg\ +ZDE<exp( )
sLognormal . 0 ¢20
=L gy nemg)=atts | T | mEereng e g
O aler 2 ¢ HE |2 2
1 E g
(>0, E<X<® S= expg\+ZDE<exp( )
sExponential
fx(x) = Aexp(-A(x - €)) 1:¢ m=g+-—
A>0,e<Xx<o 2:A 5:1
A
Gamma )
_bP -1 1:p m=--
fy(x) —WEXP(‘bX)Xp 2:b b
AP

b>0, p>0,0<x<o
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E< X<+, uk>0

Beta r
fx(X):(X_a)r_lmb_x)t_1 La m=a+(b-a) r+t
(b—a)r+t_1|:|B(l‘,t) 2:b b o
3:r =
asxs<sb,azb,rt>1 it S r+tEdr+t+l
Gumbel (Largest) . - 0.577216
fx(x):aexp(—a(x—u)—exp(—a(x—u))) 1: u a
—0<X<+oo, a>0 2:a s= T
a6
Frechet (Largest) .
k ox-ed**  Opx-g*O Lou m=€+(u—s)/’§——§
fy(x) = ——[HF— [exp--—— :

x() u-g& u-¢gl pHDu—eD H 2:k | k
E< X<+, u k>0 3: S:(U_E)\rg_ig_rzg_ig
Weibull (Smallest) .

k x—gd(_l DDx—gd(D 1l:u m=s+(u—s)l‘§+f§
fy(x)=——CE—- [&x

x() u-g& u-¢gl pHDu—sDH 2:k k

3:¢

sz(u—s)\/‘%+i§—rzg+ié

VaP includes additional Parameter Restrictions:

m, s > 0,

1/3< m/s< 10¢¢, (Rectangular, Normal, SExp., Gumbel, Frechet)

1/3< m/s< 1@, (Lognormal, sLognormal)

Special Distributions:

A Rayleigh distribution may bdefined,using a Weibull distribution
(parametek = 2 ands= 0). An exponential distribution is obtained
by settingparameterk = 1 again using Weibull. Further, if the
parametek is set to 3.25889 or 3.31125 or 3.43938 or 3.60831,
pseudo-symmetrical cases are obtained.
The first four moments of thErechet distributiorexist only if the

parametek is larger than 4.

A Beta distribution carchange to a rectangular (uniformhstribution
by settingr = 1 andt = 1, or to a triangular distribution by setting-

1 andt = 2.




