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MC analyza na pocitacCi

Excel: mozné, ale velmi malo typu rozdéleni, nezle zavést korelace
omezena grafika, pracné. Crystal Ball: nastavba na Excel

VAP, StruRel, Slang, M-Star, C-Fit, Codecal, Profes, Unipas,
Proban, Phimeca-Soft, Nessus, Cossan, CalRel, PPDV, ...

Casto vyvijeno nejprve na univerzitach a poté komercné

Mathematica, Matlab, Maple, Statistica,... obrovské systémy
urcené k velmi obecnemu pouziti

soucasne trendy:

— vyvoj komplexnich integrovanych systému

— implementace vice spolehlivostnich metod (hlavné simulacnich)
— ddraz na “uzivatelskou privétivost”

— rozhrani k externim deterministickym programum
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FReET

— Feasible Reliable Engineering Tool

— FreET je viceucelovy
pravdepodobnostni software pro Obrézek 1. FRET ikona
statistickou, citlivostni a

spolehlivostni analyzu inZenyrskych . FREET

problému. Umoziuje simulovat A s
nejistoty problému na Grovni { \ L e
nahodnych veligin (ve stavebnim/ h | Do
strojnim inzenystvi typicky v/ | T
materidlové vlastnosti, zatiZeni, e
imperfekce,...). '\:

— VyVvijeno na Vysokvem UcCenl , Feasible Reliability Engineering Tool

Technickem v Brné (Drahomir Novak, ,
Miroslav Vofechovsky & Radoslav Rusina) Obrazek 2. FReET logo
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FReET pravdepodobnostni techniky

— pravdépodobnostni techniky !\

— MC simulace
— LHS (3 typy)
— LHS mean
— LHS median
— LHS random
— FORM

— odhad rozdeleni (urCeni nej-
vhodnéjsiho modelu rozdeleni)

— robustni zavedeni korelace skrz

Simulované Zihani

P2 »

Pe -

Pa >

P3 »

P >

ps ............................... > .................... e

0 Vs V1 V3VaVe V2 y

Obrazek 3. MC & FORM
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FReET funkce odezvy/mezniho stavu

— uzavrena forma (primo) pres editor rovnic
— prima definice pomoci “kalkulacky”

— neprimo pres uzivatelem vlozenou DLL knihovnu
— rozhrani k napojeni DLL knihoven

— rozhrani k propojeni se softwarem tretich stran

Edit response/limit state function [ :
B __declspec(dllexport) double  stdcall
a(%)= 911015625 (Cear | (Dote) (Tost) summation(int *num, double *input) {
Functions Numeric Variables
i lemlnlm]  illad o s double a = input[0];
oo e ot o] [t lon L A double b = input[l];
o (e | e [ [T [ e K { et geometry.| -
’_ta——n] ’at%‘ |ta——th \i_“hl lé‘ léJ ‘é’ \;J 4 geometry.ly p !
31 | [ P | R A ey
@lz‘@‘g' @u ?’ \Z‘ 7 melendity double x = a+b;
) o) e )
[ min | [ mas | | return x;
Cancel J l 0K }

Obrazek 4. “Kalkulacka” & kod DLL funkce
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FReET vastnosti

— rozsahla knihovna rozdéleni

— pratelske GUI, pokrocila vizualizace
— parametrizace analyzy

— spolehlivost: pravdepodobnost poruchy, index spolehlivosti
— statistika odezvy - T

File Edit View Help

o

Obrazek 5. FReET GUI

DAL 272

— neparametricka T
poradova citlivostni

|

L7 Chec samples 02 |

£if Check variables data

’ 2 Model Analysis 0.15
F~ FORM 01 |
a n a yza =L, Simulation Results Assessment ;
i, Histograms 0.05 [
la, LSF definition | M

m Sensitivity analysis 2 3 4 5

r A 4 r
- B vske vyl nij| e
Digits Plot
= istribution details @ PDF () CDF
. . , -
StatIStICke test ro esult nam|ass| Mean | std | OV [omell- €] Comell- pf| CF-Distribution | CF-pf [:F-s|Nf/Ntot] 4
y p MR |20 16854 13629 080864 12366 |19867e-035 Normal ~l1o867e-035 6480, 0

ME |20 91102 | 0.84579 |0.09284| 10.771 |23529¢-027 Lognormal (3 par) Ll 0 [S149 0 | |4

wlim | 20 |0.01625| 6313e-00,.001003; 996.12 0 OneBounded NornfL] 0 98900 0

[ LI "4V 4
n eJ V h Od n eJ S I P D F w | 20 ).01394€/0.0013806/).098995 10.102 |2.7187e-024  Logistic ~|11035e-008 5628 0
i \m] 77439 16026 020695 Gamma 3par) M 4.153e-009 5504 0 -
1S 20| NN22N N ANT32R 1 AARAS NNA7512 | Student + " NN42105 | SR10 NN Y
»

— davkovy maod —
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FReET hlavni okno

=1 tutoriall - Freet == on |
File Edit View Help

7% Stochastic model g rafl Cky pa N el uLS
: LA, Random variables
8 Statistical corelation L
0.3
[2[ Latin Hypercube Sampling |
A General Data 0.25)
| Check samples 02 |
3% Check variables data ]
-l Model Analysis 0.15) o
B- b Simulation Results Assessment | N
|y, Histograms 0.05) o)
i, LSF definition | ﬂ —
T Sensitivity analysis 2 3 4 5 6 11 12 13 -
L, Reliability >
Digits Plot O
[P'S N ) P » - - r c
5 5 Distribution details | @ PDF () CDF textovy pa nel
—
D anel ‘esult nam|ass| Mean | Std | COV | omell- Cornell-pfl CF - Distribution | CF-pf |’F-S|N/Neot| » Lq%
MR |20 16854 13620 1080864 12366 |19867e-035 Normal ~119867¢-035 6480, 0 | o
navigaén |’h0 i ME |20 7971197;7\7034579 0.09284| 10771 723757279@-9277} Lognormal (3 par) _] 0 '7.51495 0o | L
| wiim \20 001625, 6313¢-00, 001003 996.12 \ 0 | OneBounded Norrr__l 0 s o || o
Stromu i w }zo§).o1394c:0.0013806).098995: 10102 |27187e-024 Logistic V_IL 1035e-008 .5628 0 &
ULS 20 7743 16026 020695 48321 675626-007 [Gamma 3 par) & 4153e000 ss04 0 Bl N
<] m = < o0l nn2nal nomar Insorcal 1/ROS | NNATSI2 | Shudent+ nna210s | g1l nnd | T ~E
£ m
| ’ S
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FReET tutorial — definice problemu

— prosty nosnik o rozpéti 1=3.25 m, ocel S235, prufez 1120
— dve rezervy spolehlivosti:
— ULS (mezni stav unosnosti)

[ZULS:MR_ME]

1
I\/IR:Wplfy; ME:_(g+q)|2
— SLS (mezni stav pouzitelnosti)
[ZSLS = Wi =W ]
I 5 (g+q*

W, =——: W=
"™ 200 384 EI
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FReET tutorial — vstupy

— specifikace vstupnich veliCin

., " stredni sm.
jmeéno rozdeleni hodnota odchylka CoV
q KN/m Lognormal (2 par) 4 0.6 0.15
g KN/m Normal 2.9 0.2175 0.075
I m Normal 3.25 0.00325 0.05
l, m*  Normal 3.27 10° 1.63 104 0.08
W,  m? Normal 6.36 10° 5.09 10°° 0.04
E GPa Lognormal (2 par) 220 6.6 0.03
f, MPa Lognormal (2 par) 265 18.55 0.07

Tabulka 1. Vstupni veliCiny tutorialu




FReET tutorial — vstupni veliCiny

— vstupni veliCiny Ize rozdelit do kategorii

=f tutoriall - Freet
Flle Edit View Help

" & Random variables
0.8 L Std ) Std

a6 Latln Hypercube Samplmg | I
B General Data :
L_ Check samples |
17 Check variables data 06
£ Model Analysis
1™~ FORM
=L, Simulation Results Assessment 04
i, Histograms
fia, LSF definition
T Sensitivity analsis 02
g Reliability

tvorba/odstranéni
velicin

N

, X 25 35 4 / 45 5 55 6
prace|s
i - I Category I I Variable Distribution support calculation Digits Plat
| - @ @
kategj ‘.) rl e m I [ New | [Name | [Delete|f | [ New | [ Insert | [Delete| | | Database | [RawData| [ Detals | 5 |2 @ PDF (0 CDF | Paran
load | geometry [ materials I Comparative values | ) i

Distribution

‘Moments&params L] 4 | 06 .
[Moments & paroms =] 29 | o175 |

Legnormal (2 par)

< [ e » Lﬂorgrnormalr (ijarrr]

NUM

a/nebo parametry

11

Ready

jmena veliCin rozdeleni
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FReET tutorial — vstupni veliCiny

— na vyber mnoho rozdeleni

=1 ‘tutoriall - Freet == Een ==}
File Edit View Help

Y IEE

?

Ueterministic

— - Normal
| s Lognormal (2 par) g
~ Random variables Lognormal (3 par)
CHRTS e Weibull min (2 par)
=- b{: Latin Hypercube Sampling 1 Weibull min (3 par)
A General Data Weibull max (2 par)
d L__ Check samples Weibull max (3 par)
i:: Check variables data 0.8 Rayleigh
-5 Model &nalysis Rayleigh negative
-~ FORM 06 Beta |
=Ly, Simulation Results Assessment Gamma (2 par) | P D F / ‘ D F
|, Histograms 04 gamma &egat';ve (2 par) ' |
fia, LSF definition ) amma > par) |
T Sensitivity analysis Gamma negative (3 par) ' I iy , -
L& Reliabilty 02 Eeponeal ' p re p INacC
’ Exponential negative i |
Gumbel Min. EVI ;
Gumbel Max. EVI | I 3 <
Rectangular 28 3 32 34 36
Triangular
Category Laplace Distribution support calculation igit Plot
[Delete] [Database] [Haw Data] [ Details ] = ) PDF @ CD
PHalf-Normal negative
g::;gz:‘ e NSl scriptors | Mean Std cov I Skewness I Kurtosis excess I Status I
/ TwoBounded Normal == 1 015 0.45337 0.36766 | OK |
< 1 ’/ | » Lognormal (2 par) 02175 | 0075  0.22542 0.090476
) 4

Ready 7 NUM

vyber rozdeleni
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FReET tutorial — stanoveni korelace

— povolena indefinitni korelacni matice

9r tutoriall - Freet -
File Edit View Help

BELIP VIR kontrola pozitivni
_ - — definitnosti

7o __
A General Data — Active cell
| Chock samples —_— 000
27 Check variables data _ _0.25
~El Model Analysis = . 0.50
™ FORM — 0.75
=L, Simulation Results Assessment 1.00
|, Histograms
la LSF definition - —
m Sensitivity analysis Correlation coeficient
Lo, Reliability @ Pearson () Spearman
| load | geomety | materials | Comparative values | All variables
load.q | load.g | geometry.l| geometry.ly geometry.wpll materials.E materials.fyl
load.q 1 | 0o | o | o o | o 0
load.g 0 1 0 0 0 0 ‘ 0
geometr.[HIETIIE T T
geometry.ly 0 0 0 1 0 0 0
geometry.wpl| 0 0 0 0 1 0 0
materials.E 0 0 0 0 1 0
<[, N " materials.fy 0 0 0 0 0 1
>

= =

Ready / NUM

jednotlivé korelacni koeficienty
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FReET tutorial — vzorkovani velicin

Ctyri vzorkovaci typy

1 tutorial - Freet F=R{Eon )
File Edit View Help
DS | AR LE| D2
Stochastic model Correlation control - norm vs. switches
LA, Random variables 05
B Statistical correlation
=, f h aranling 0.4
— Actual sample
i 03 7.0812¢-006
i:: Check variables data ___ Best sample
-8 Model Analysis 02 7.0812e-006
. ™ FORM ___ Temperature
=] [ﬂ., Simulation Results Assessment 0.1 %rfr:e left
|, Histograms 0.8s
la LSF definition

T Sensitivity analysis
L, Reliability

umber of simulations

pocet _
simulaci N

< I

l 100)

Sampling type

(") LHS median
@ LHS mean

() LHS random
() Monte Carlo

) 4

Simulated annealing
[V] Default parameters

Random sampling first
No. of loops 28000
SA, parameters
LoopsperT O
Tmax 05
Tmin 05

Automatic stop
IC=ClI< 4.2e-006
And w:)r Or

ICi-Ci'l< p.0o1

Seed
@ Random
() Fined 0

parametry
simulovaného
zihani

v

Ready

vzorkovaci metoda

NUM \
tlacitko start

Spolehlivost konstrukci
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FReET tutorial — zavadeéni korelace

— probehne optimalizace poradi pomoci simulovaneho zihani

’;‘Pf tutoriall - Freet [E@]=]
File Edit View Help
LD | &AL 229
:: Stochastic model Correlation control - norm vs. switches
LA, Random variables 05,
B Statistical correlation
Ly s 0.4, Reached correlation ==
— Actual sample
& S 03] M aximum deviation in correlation matrix ~ 0.00109 4.2947e-006
i:: Check variables data ___ Bestsample
B8 Model Analysis 02 Quadratic overall nom 3.93e-006 4.2347e-006
™~ FORM - geg"pe’a‘”’e
=Ly Simulation Results Assessment 0.1] oK Time left
ity Histograms 03s
la, LSF definition

T Sensitivity analysis
L, Reliability

Number of simulations Simulated annealing

100 Default parameters 7 ’

Sampling type Random sampling first  Automatic stop rOZd I I m ez I
LHS median No. of loops | 25000 HC=Cl< [42e-006 =

®) LHS mean And @ Or p Oza d Ova n O u a
LHS random LSA param?lerf: ICi-Ci'l<{0.001 o~ -
donte Carlo 1]
dosazenou korelaci

max 05 @ Randor
T 05 ;::; " 0 Comparative values only
< BT b [ Stop ]
Ready NUM
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FReET tutorial — prohliZzeni histogramu

— Kkliknuti na veliCinu zobrazi histogram

;—}’f- tutoriall - Freet F=% EoB ==
File Edit View Help
DS 2L 222
-1 Stochastic model |
LA, Random variables istribution:
140 Distribution: Nomal
B Statistical correlation ; St Mean - Mean
=~ Latin Hypercube Sampling 120/ | ’| Requested: 3.25
aiadiall Obtained:  3.25
100 | | Std
iz CTIECR Ve gae Requested: 0.00325
B Model Analysis 80/ Obtained:  0.00326
*~ FORM
=L, Simulation Results Assessment 60]
|yl Histograms 40
la, LSF definition 1
T Sensitivity analysis 20
L, Reliability

3.24 324 324 325 325 325 325 3.25

zobrazena

() Parallel Coordinates @ PDF 9 (x]<=0
5 51 @ Canesian Coordinates () CDF [NOl drawn v]

TRVl
» — - =—= - =
Ve | I (.II n a _load E geometty | materials [Pomparative values | All variables |

] v pozadovana

| 0 0

L
dosazens . . |-EE e korelace

=korelace e

[ Numbers
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FReET tutorial — kontrola korelaci

— Kkliknuti do korelacni matice zobrazi vygenerované body

;’f- tutoriall - Freet

File Edit View Help
B0 & L@ LR P2
-1 Stochastic model wpl vs. ly
Lo, Riandom variables . Cormelation:
i H‘Stahsucal correlatlo_n = o Requested: 0
i_?l bc Latin Hypercube Sampling ° Obtained:  -0.000246
e O 2 % . Error: 0.000246
|-+ Check samples 2 S sy b o
| 5 = valiauics Uuatg 5 2 °°°o &
-5 Model &nalysis SR & 4 N - o S
[~ FORM " Sy e e s
=L, Simulation Results Assessment ° 4 ° 0: Hg0 = °°° 2 o
|y, Histograms y S 50 i 5 o e
i, LSF definition & ¥ ° ¢
T Sensitivity analysis ° & .
", Reliabilty °
o WD|
7] Numbers D'g'tf @) Parallel Coordinates @ PDF 9 (Sl
5 %1 @ Cantesian Coordinates () CDF Not drawn 'J
lliad_‘ geometry | materials I Comparative values I Al variables |
Ly [
r
[ 1 0 0 b
| Zoprazena
Iy |-8.081e- 0
= M korelace
Ready NUM

Spolehlivost konstrukci
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FReET tutorial — paralelni souradnice

— |IIl| = pozitivni korelace, X = negativni korelace

;’f- tutoriall - Freet
File Edit View Help

=3 O~

-1 Stochastic model
LA, Random variables
B Statistical correlation
= bc Latin Hypercube Sampling

£ Model Analysis
‘[ FORM
=L, Simulation Results Assessment
|, Histograms
la LSF definition
T Sensitivity analysis
‘| g Reliability

:"{ %ﬁ

AN

Ready

[~ Numbers

Digits

. I @ Parallel Coordinates I @ppF  91X)<= L

) Cartesian Coordinates | () CDF [Not drawn vJ

N
[Iiad_j geometry | materials I Comparative values l AMgiables |

| 1

Iy |-8.081e-005 1

0

| : Iw:ll \

prepinac

 NUM

Spolehlivost konstrukci
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FReET tutorial — prohlizeni hodnot

s

— rozdeleno podle kategorii

9r tutoriall - Freet -
File Edit View Help

-1 Stochastic model Digits

LA, Random variables 5 B
B Statistical correlation

H s e g ———————
=" Latin Hypercube Sampling load materials | Comparative values |

& General Data 3 i B
221,66 264.58 |

21539 26505 vygenerovane

21357| 257.08|

2219 274.5; hOd nOty

21519/ 23288,

%Ziii‘;‘iii / “serfazené’ tak,
57 e aby odpovidaly

27 Check variables data

m

‘[ FORM
=L, Simulation Results Assessment
|, Histograms
la LSF definition
T Sensitivity analysis
‘| g Reliability

21599|318.58,

21693, 25458: pOzad ova nym

238.21) 26883 |
219.16i 2341 k | 7
13 216.3871249.56‘5 Ore aCIm
21014|292.35|
15 | 208.26| 248.93| N
16 | 21882 297.64|

Ready NUM

\ 4
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FReET tutorial — funkce modelu

— transformace vstupnich veli€in na funkce modelu

;‘r tutorial0 - Freet IEl
File Edit Yiew ,HEIP

l.:.D =l '/LQ JH 3 | A

=-iF Stochastic model

LA, Random variables
B Statistical correlation

=] b{: Latin Hypercube Sampling

M. General Data

L__ Check samples

~

T vypocet funkci y .
=iy, L‘fhi:\l;:?sti!c;r;:::;ults Assessment VSt u p p re S p r I m e

fia, LSF definition

; E g:;':m;y analysis Za d é n I’ rOV n i C

/

[New Model Function] i Delete Model Function] i Run Model Analysis ] /

n OVé fu n kce / Z Name of the DLL Exported functions I | Result name |

1 Expression Evaluator I a+b 'x7*1000-1/'8'(x1+x2)'x3"2 s ULS
2 Expression Evaluator 1| a+b §3/200-5/384*(x1 +x2)"3 "4 /x6/x4/1e3 SLS
n | »

NUMS

Ready

vstup pres DLL nazev funkce
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FReET tutorial — zadani rovnic

— jednoduchy editor explicitnich funkci

vyslede
funkce
stredni

hodnotg

velicin

“kalku

funkce

7
;{tutorialo-Freet
File Edit View

HE|[::

£3 AN E?;? E‘E| ?‘

/

o |[&][=

-

[ah

\

EE

V'ebg

Stochastic model

LA, Random variables
ﬂ Statistical correlation
Latin Hypercube S amplin:

|

CRRBERN-5°x71000-1/8(x1 +x2]%3"2

{

a
gl®])= 7.74384375
i ata

[ Clear HDeIete][ Tesl]

vstupni

4

Nunerc Variables
[sin Hasin][sinh][asinh] [ ( ][ ] ] [ ~ ] |[1> ‘I\iariabl eeeee Vellélny
| = |

& St (en] [oton [t fstn] [ ][5 ) o] | N Somel
(oo [ee ool io]  [][2][]l-0] fo M
e Wmm| P~
)| ]
ey ()
[ Cancel | [ ok | e ResulIJtLr;ame
a ék a“ 2 | Epressionbvaluator | ash| 53840 s @M e300 ] sis.
Ready NUM

Spolehlivost konstrukci
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FReET tutorial — histogramy funkci

— vypocet charakteristik funkci modelu + zobrazeni histogramu

5{ tutorial3 - Freet =5/fch
File Edit View Help
IDEW| & .£]|=22 %
=51 Stochastic model uLS
L, Random variables
ﬁ Statistical correlation Mean
= Latin Hypercube Sampling 0.35 | Std e Std N
M\ General Data | = I
|-+ Check samples 03 !
i5% Check variables data | | |
£ Model Analysis 0.25 | ' I
™ FORM !
B Lot Do 02 i b |
ipenifeiufmive 0.15 | | |
T Sensitivity analysis | i |
Lo, Reliability 01 | i
0.05 | | |
1 I L . 1T []
2 4 6 8 10 12 14
Digits Plot
5 5 @ PDF () CDF
# | Result name | Classes | Mean ] Variance | Std I cov l Skewnessl Kur‘tosis' Min I Max | Range l
1 ULS 20 7.7438 40153 20038 | 0.25876  0.40876 | 0.26061 28431 12,999 10.156
i SLS 20 | 0.002269 | 2.4262e-006 | 0.0015576 | 0.68648 | -0.76132 | 0.82817 | -0.003633 | 0.0050507 | 0.0086836
< | .
Ready NUM
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FReET tutorial — citlivostni analyza

— vizualizace v paralelnich & kartézskych souradnicich, serazeni
E=mjr=n )

;f- tutorial0 - Freet
File Edit View Help

=-£F Stochastic model fy vs. ULS
LA, Random variables
: B Statistical correlation
S Latin Hypercube Sampling
- M General Data
1+ Check samples
%% Check variables data -
-5 Model Analysis ’ o o
-|~ FORM ST AT
(L, Simulation Results Assessment ° B o
|, Histograms

uLs

T Sensitivity analysis

[ Numbers Digitf () Parallel Coordinates @) PDF

5 = @ Cartesian Coordinates () CDF

Name l +sensi — sensi x-1 Name + sensi — sensi x-1

materialsfy | 072049 =
load.q | | -04736 |

>
=R

T

-0.0001449 |

PO, T i AN T

78 = 5 geometry.wpl | 040678 |
= [ nasare T

NUM

vstupni veliCiny — vystupni veliginy

23
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FReET tutorial — spolehlivost

3 druhy odhadu spolehlivost (pravdépodobnosti poruchy)

S tutorial3 - Freet == o<~

File Edit View Helpi ;
DS M| 2L =22 2 |

=831 Stochastic model ULS
LA, Random variables
. Statistical correlation Mean ‘
- Latin Hypercube Sampling 0.35 2 Std " Std .J
M General Data | ':: | p pOd I e
|+ Check samples 03 ! f
-§7 Check variables data - | | | . v 7
52 Model Analysis : ; J I p h
o | i | nejliepsino
=] Lﬁ, Simulation Results Assessment 0.2 | == | v ye
|y, Histograms i p I h
~Jlay LSF defirition 0.15 /|r ! I ro Oze ne O
l A 4 r
i ahili 0.1 .
LSF + || e A | rozdéleni
0.05 / | | | ™
funkce modelu R -
2 4 6 8 10 12 14
\.l
Digits Plot N / N
\ 2 @ PDF © CDF / f
T pame! Classes| Mean Std CO L lgmell -8 Cornell o CF - Distribution _of | gf- Nigi( "‘
S 20 77438 @ 20038 ).258 5 3.8646 55646&005 .ognormal (3 par) : (28316e-008 >403 0
) 20 0002269 |2.0015576 686 14567 | 0072598 flognormal G pan snf o1 s
| Y 4 ny Y 4
Cornelliviindex-a odpovidajic =
Ready NUM

pravaepodobnost poruchy
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FReET tutorial - FORM

— First Order Reliability Method

;r tutorial3 - Freet [ [E@ ==
File Edit View Help

(D& E| 8- ?

=R l;m::::zr:‘z‘:ngles SLS - | gf¥) | and angle u,alpha

B Statistical correlation
= Latin Hypercube Sampling 0
A General Data
L_ Check samples 2

::% ::E.-’

: Check variables data s
: : 5 — g
/> FORM 4|z — angle ualpha
- e s
|y, Histograms g tI )4 ’tk t t
fia, LSF definition 6 a C I O S a r
T Sensitivity analysis
Lo Reliability i
-10
0 5 10 15 20 25 30 35 40 45
Digits Starting point o Convergence criteria p f
@ x-space
5 |2 ) uereee  18KI1 12006 anglewalpha 1008
£ Name l Starting point ] alpha | Design point|§ # E3 Name l q(X) evals I B .
1 load.q 4 ‘7 0.8088 47132 E% 1 uLs 368 | 41632 1.5694e-005
2 load.g [ 29 0.25621 29736 e 2 | sis | 104 ‘ 14522 ‘ 0.073224
| 3| geometry.l 3.25 0.026529 3.2501
< 1 | — T 1 i
4 | aeometrvlv | 000327 | -0.45734 ¥
Ready NUM

souradnice navrhového bodu
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FReET tutorial — Vysledky

Tabulka 1. ULS pravdépodobnost poruchy

metoda

Ps

FORM

LHS mean (N,,,=100)
LHS mean (N,,,=1000)
LHS mean (N,,,=10000)
LHS mean (N,,,=100000)

1.57 10°

2.83 108 LogNormal(3 par)
1.77 10 LogNormal(3 par)
6.75 10°® LogNormal(3 par)
1.02 10 LogNormal(3 par)

Tabulka 2. SLS pravdépodobnost poruchy

nhrom 0O C

metoda P; N: /N,  CoV of p;
FORM 0.073

LHS mean (N,,,=100) 0.083 LogNormal(3 par) 0.010 0.31
LHS mean (N,,,=1000) 0.076 LogNormal(3 par) 0.069 0.12
LHS mean (N,,,=10000) 0.077 LogNormal(3 par) 0.079 0.04
LHS mean (N,,,=100000) | 0.077 LogNormal(3 par) 0.077 0.01




FReET tutorial — rezerva spolehlivosti

— nejprve definujeme slozky rezervy spolehlivosti(LSF)

9{ tutoriall - Freet
File Edit View Help
o

iDL ?

=-§ Stochastic model
L, Random variables
. J Statistical correlation

= bﬁ Latin Hypercube Sampling
i - General Data

L_ Check samples
-£%% Check variables data
B8 Model Analysis

™ FORM
- L, Simulation Results Assessment
|, Histograms
fia, LSF definition

m Sensitivity analysis

L. Reliability
New Model Function] [Delete Model Function] [ Run Model Analysis
# Name of the DLL Exported functions Result name
1 Expression Evaluator  ...| a+b | x5*x7*1000 =1 MR
2 Expression Evaluator  ...| a+b | 1/8* (1 +x2)*x3"2 _L[ ME
3 Expression Evaluator  ...| a+b | x3/200 L' wlim
4 Expression Evaluator  ...| a+b | 5/384"(l +x2)"3"4/x6/x4/1€3 _'J w
<4 e 13
Ready NUM
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FReET tutorial — rezerva spolehlivosti

— poté je slozime do vysledné funkce (LSF)
S E=0(ECR (™)

File Edit View Help

10 = JR 7 S I o
= li\toc:::lcilz sziibles ,,tu n kce mOdel u a-

B Statistical correlation

MR
g e ciny z kategorie
: L_ Check samples 13 .
27 Check variables data CO m p a ra t I Ve
£ Model Analysis
14 16 18 20 10 12
ULS

e 8 values”

=Ly, Simulation Results Assessment
| ‘A o ‘ -DJ-H_|HL-LL— | l I
~ ~ | I L
8 10 12 14 16 20

Py LSF definiton
nova’ rezerva — | NewLSF i[DeleteLSF] /

. . & LSF Name Classes I l Operation |
spolehlivosti 1 - | = r —E |

2 SLS A 20
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FReET tutorial — korelace

— uvazujme nenulovou korelaci mezi nekterymi veliCinami

= tutorial3 - Freet = |[-E
File Edit View Help
ID@ | &.&| 229
= Stochastic model Correlation matrix image
: Lo, Random variables positive definite
B Statistical correlation
& b{ Latin Hypercube Sampling _
|-+ Check samples _ = Active cell
-8 Model Analysis 025
| FORM /1 I
-l Simulation Results Assessment _ -0.50
|yu. Histograms _ 0.75
Jia, LSF definition 100
— —— 8

T Sensitivity analysis
Lo, Reliability

< | I "

Correlation coeficient

p(l, 908

— /)(th 9)=0.8

@ Pearson () Spearman
| load | geometry | materials | Comparative valuesi All variables |
load.q Ioad.glgeometry.l] geometry.Iy‘ geometry. nals.E materials.fyl
load.q 1 0 | 0 ; 0 0 2= !
load.g 0 1 0 038 I 0 0
geometry.| 0 0 1 0 : 9 0 0
geometry.ly 0 0.8 0 1 ] 0.8 I 0 0
geometry.wpl| 0 0.8 0 03 A 1 0 0
materials.E 0 0 0 0 A 0 1 0
materials.fy 0 0 0 0 _ 0 0 1

Ready

NUM
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FReET tutorial — korelace

— efekt korelace na spolehlivost nosniku

Tabulka 3. Pravdépodobnost poruchy s korelaci a bez korelace vstupnich veli€in

mezni stav ok N: /N  CoV p;
| nekorelované 1.02 10 LogNormal(3 par) o -
ULS korelované 9.47 10 LogNormal(3par) | 1107 1
nekorelované 0.077 LogNormal(3 par) 0.077 0.01
SLS korelované 0.057 LogNormal(3 par) 0.056 0.01
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Aplikace s vyuzitim JCSS

— Joint Committee on Structural Safety - poskytuje statisticke
modely pro vstupni veliCiny a jejich pripadnou zavislost
— priklad a obrazky prevzaty ze skript: Sadilek, V., Dolezel, J. a

VoFechovsky, M. ReSené Ulohy z oblasti spolehlivosti
stavebnich konstrukci, Brno, 2010

— ové&feni unosnosti ZB priivlaku T-prifezu, ktery je soudasti
skeletoveho systemu vyrobni haly

800

175, 450 175
7 7K £ '[ 24p 7R 1RR TR “; 2 )[
175 L 450) , 175 {2a) 248 75,1585 Jb, 1748
17 O = (O 7
&\4\7 -
8R10{3a L
= ’EE} ™~ — 1} _'\?E/IGR]U
2 ZKOSENI SRREEY) N
™~ Vs . k! a 4
= 20720 W I 1 N A Obrazek 6.
o N~ TN 2 s slals v
3 gy 17 Rez
- (=) (1a)eR20 lak
(1a) [spoo, ex75=450_ Jools pruviakem,
L 800 L (2a) [J0,139 98], 188 198,139 0 vyztuzenl
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Aplikace s vyuzitim JCSS

— pusobi jako prosty nosnik, efektivni délka 7.75 m, vzdalenost
mezi pravlaky je 7 m, celkova plocha 350 m?

— JCSS geometrie betonovych dilcu: CoV=0.006

— JCSS vlastni tiha betonu: y=24 kN/m3, CoV=0.04

— JCSS uzitné zatizeni: y=m_ 0°= 0 >+ 0 SAKIA
lehky pramysl: m =1 kN/m?, o =1 kN/m?, o ;=2.8 KN/m?,
A,=100 m?, k priblizné 1

— JCSS poloha vyztuze: min 5 cm, max 10 cm

— JCSS plocha vyztuze: CoV = 0.02

— JCSS tahova pevnost: s=40 MPa

— JCSS tlakova pevnost: CoV = 0.06
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Aplikace s vyuzitim JCSS

veliCina symbol rozdéleni mean CoV
konstrukce stropu g kN/m? normalni 5.5 0.1

tiha Zelezobetonu o KN/m3 normaini 2.4 0.04
plocha pruvlaku A m? normalni 0.343 0.01
nahodilé dlouhodobé z. g, kN/m? Gamma 1 1.8

délka pruvlaku I m normalni 7.75 0.006
Sifka b m normailni 0.45 0.006
vyska h m normalni 0.57 0.006
poloha vyztuze d m Beta 0.085 0.07
plocha vyztuze A m? normalni 0.005283 0.02
tahova pevnost fy MPa lognormalni 580 0.07
tlakova pevnost f. MPa lognormalni 43 0.06
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Aplikace s vyuzitim JCSS

— moment od zatizeni

1
M, = §l2(7.5g + Ag, + 7.59;)

— unosnost

Asfy)

Mr=ASfy<h—d— o7
C

— rezerva spolehlivosti g = M,, — M,

— pravdepodobnost poruchy: 0.000716

Spolehlivost konstrukci Drahomir Novak & Jan Elias
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Aplikace: tunel metra

— betonovy tunel metra pod rekou
Vitavou v Praze (2002)

— cil: uréit potfebnou hmotnost barell
s vodou k minimalizaci nebezpecCi
nadnaseni tunelu pri jeho vystavbe

hmotnost /I P N
tunelu AN .
[ T
vztlakova B )
sila N .
) Obrazek 7. Tunel metra
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Aplikace: tunel metra

— 211 nahodnych veliCin

— Imperfekce v geometrii,
14 segmentu

— vypocet vztlakove sily
pomoci metody Monte

Uplift force [t/m] .

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Car|0 Ve FReETU Segments
0,
— Stanoveni 500 a 959 5 N —— Mean - simulation — — 5% percentile
kvantillj 0 %\ m Reality — = 95% percentile
— ~
£ ~
v v ’ =, -0,5 —
— pOtVFZGﬂO merenim na 3
skutecné konstrukci =

, ow . i 0’1’234567891011121314
Obrazek 8. Mérena a simulovana vztlakova sila Segments
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Aplikace: tunel metra

Obrazek 9. Poloha bareltl s vodou

Podelny rez

Svisly zavés _>| X

A\ T
Draha pro vysuv
Pudorys Ponton Kluzné podpory
l [ l 1
x2 x2
<
3 4

x1
L >« pr

0 1 2
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Aplikace : tunel metra

Obrazek 10. Hmotnost bareltl s vodou

Absolute Frequency Histogram - [metro]

Number
28.0000

25.2000

22.4000+

19.60001

16.80001

14.00001

11.20001

8.4000+

5.6000+

2.8000+

0.0000
-19.8000  -9.6400 0.5200 10.6800 20.8400 31.0000 41.1600 51.3200 61.4800 71.6400 81.8000

[BremenoP1][BremenoP1]

Ot < » 64t
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