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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 pote komercne

Mathematica, Matlab, Maple, Statistica,... obrovske systémy
urcene k velmi obecnému pouziti

soucasne trendy:

— vyvoj komplexnich integrovanych systému

— implementace vice spolehlivostnich metod (hlavné simulacnich)
— duraz na “uzivatelskou pfivétivost”

— rozhrani k externim deterministickym programum
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FReET

— Feasible Reliable Engineering Tool

— FreET je viceucelovy
pravdépodobnostni software pro Obrézek 1. FReET ikona
statistickou, citlivostni a

spolehlivostni analyzu inzenyrskych . @

problému. Umoziuje simulovat A TS
nejistoty problému na Grovni { \ e
nahodnych veli¢in (ve stavebnim/ h | Do
strojnim inZenystvi typicky \, R
materialové vlastnosti, zatizeni, Py
imperfekce,...). '\:

— vyvijeno na Vysokéem Uceni
Technickem v Brné (Drahomir Novak,
Miroslav Vorechovsky & Radoslav Rusina)

reasible Reliability Engineering Tool

Obrazek 2. FReET logo
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FReET pravdepodobnostni techniky

— pravdépodobnostni techniky !, —
— MC simulace A E— / g
Ps3 >
— LHS (3 typy) )
[ ——— / SR
— LHS mean )72 — >~ VVV '
— LHS median 0 Vs Vi Vsavs b y
— LHS random - 0

9 ,uz
— FORM \
— odhad rozdéleni (uréeni nej- " x

vhodnejSiho modelu rozdeleni) &

— robustni zavedeni korelace skrz
Obrazek 3. MC & FORM

Simulované Zihani
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FReET funkce odezvy/mezniho stavu

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

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

— rozhrani k propojeni se softwarem tretich stran

Edit response/limit state function =]
o(x)- OIS __declspec(dllexport) double __stdcall
9(%)= 311015625 (LCear) (Deete) (e summation(int *num, double *input) {
Functions Numeric Variables
@ @J ‘E M ’D [IJ EJ D Variable name ‘ .
ol GIEIEI0] (2 o e o = mputldl
I 3| o R ARSI
|| [ R [ | A oo
elollsflo) Llllfile) |7~ LB ERELY
o0 |t [ ot ] [rwpa] [ o [ ][00
[ min | [ mx , return x;
Cancel ] i 0K }

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

— rozsahla knihovna rozdéleni

D

.y , vip s . O

— pratelske GUI, pokrocila vizualizace "
— parametrizace analyzy é’
— spolehlivost: pravdepodobnost poruchy, index spolehlivosti o
— statistika odezvy —— .
_ T VIEEL S

— neparametricka O

LA, Random variables
B Statistical corelation
=~ Latin Hypercube Sampling

poradova citlivostni Ao

,
|

’.% Check samples 02 | |

£2% Check variables data \

” B8 Model Analysis 0.15
analyza v |
=Ly Simulation Results Assessment
|y, Histograms 0.05 | |
b L% | THEE =N w

T Sensitivity analpsis 2 3 4 5 6 7 8 9 10 1 12 13

r A4 r
- B vské vylepdeni | &=
Digits Plot
= istribution details @ PDF () CDF
[ u I 4
StatIStICke test ro esult nam|ass| Mean | std | COV [-omell- €] Comell- pf| CF- Distribution | CF-pf |:F-S|Ne/tot]s 4
y p MR | 20| 16854 13629 )080864 12366 |19867e-035 Normal ~|19867¢-035 6480, 0

ME 20| 91102 | 0.84579 |0.09284| 10.771 |2.3529e-027  Lognormal (3 par) LI 0 5149 0

wlim | 20 0.01625| .6313e-00,.001003! 996.12 0 OneBounded Norn‘d 0 98901 0

L] LI "4 4
n eJ Vh Od n eJ S I F D I w | 20 ).01394€0.0013806)).098995 10102 |2.7187e-024 | Logistic ~l11035e-008 5628 0
; ; Gamma (3par) M 4153e-009 5504 0 e
Student + ¥ l NN4105 | S_1NY. NNa ¥
»

71 = » A AN 20| NN2NA_NNNTR [N SR 1 ARAS nNa7512
— davkovy maod ;
dVKOVY MmO Rty o
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FReET hlavni okno

> tutoriall - Freet F=1 Hol >
F|Ie Edit View Help

. V 4
~i2: Stochastic model g ULS
----- LA, Random variables ra fl Cky p a n e | g
ﬁ Statistical correlation 03 | Std 3an Std )
D bﬁ Latin Hypercube Sampling = | 1 |
A General Data 0.25, b !
L__ Check samples 02] | |
: Check variables data '
- Model &nalysis 0.15] | o
L ™~ FORM 01] | | -
=g L«_\., Simulation Results ssessment | ' kv
»»»»» |y, Histograms 0.05, ! (@)
vvvvvv M LSF definition . ﬂ —
----- T Sensitivity analysis 2 3 4 5 6 7 g 9 10 11 12 13 c
I‘ Reliability >
Digits Plot i ©
5 4] [Distibutiondetals] © PDF () CDF te Xtovy pane | <
|_
pa n eI ‘esult nam|ass| Mean Std COV |Zornell - £| Cornell - pf|  CF - Distribution CF-pf |['F-S|Nf/Ntot|1 * LéJ)
MR | 20 16.854 1.3629 )080864;” 12.366 | 1.9867e- 035 Normal v 11.9867 - 035 6480 0 m
N avi g aén |'ho CME 20 91102 | 084579 0.09284) 10771 | 23529e- 027 | Lognormal (3 par) _[ 0 |5u9 LL
|20]o. 01625 6313¢-00] 001003 99612 | 0 OneBounded Norrr_J o |sso0l 1 ©
Stro mu ' 20 3).0139461 0.0013806))098995 10102 | 2.7187-024 | Logistic _ll 1035¢-008 5628 , X
20 77439 16026 020695 4.8321 6.7562e-007 |Gamma (3 par) " 4153e-009 5504 L G'NJ
: on | nn2anal nnmar nsagaal 1AAAS | NNATSIR | Shudent + vl nnazos | sainl nna |7 (O
< | 1 » < | o | » o
O
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FReET tutorial — definice problemu

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

[ZULS =M, _ME]

|
Mp=w,f; My==(g+ql’
— SLS (mezni stav pouzitelnosti) 3
[ZSLS = Wim — W ]
[ 5 (g+q)l”
PP I € )

200 384 EI
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FReET tutorial — vstupy

— specifikace vstupnich veliCin

stredni sm.

jméno rozdéleni hodnota odchylka CoV
q KN/m Lognormal (2 par) 4 0.6 0.15

g  KN/m Normal 2.9 0.2175 0.075

[ m Normal 3.25 0.00325 0.001
I, m*  Normal 3.27 103 1.63 104 0.05
w, ~m3>  Normal 6.36 10 5.09 10°° 0.08
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=1 EcB ™=

= tutoriall - Freet
File Edit View Help

] | WY F andom variables I
L = Std ' Std

=] bﬁ Latin Hypercube Sampling | '
M General Data i
| Check samples |

A . '

8% Check variab!es data 06 o |
B tvorba/odstranéni
=L, Simulation Results Assessment 04

|y, Histograms

i, LSF definition
-~ Sensitivity analysis 02
g Reliability

velicin

/4 25 35 4 45 5 55 6
prace|s /
. . Category I I Variable Distribution support calculation Digits Plot
¢ - e ()
kateg ‘.) rleml [ New | [Name | [Delete|§ | [ New | [Insert | [Delete| | | Database | ([RawData| [ Detals | 5 2/ @ PDF ) CDF | Paran
load | geometry I materials ] Comparative values

Distribution Descriptors
Moments & params _l 4 0.6
Moments & params L‘ 29 | 02175

Lognormal (2 par) L

< il ’ Lognormal (2 par)

NUM

rozdeleni  momenty a/nebo parametry

jmena velicin
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FReET tutorial — vstupni veliCiny

— na vyber mnoho rozdeleni

S tutoriall - Freet =R ~™
File Edit View Help
Do | l& L8| 22 =
‘ erministic
= - Normal
TE p———— Lonormal (2 par)
v Random variables Lognormal (3 par)
o HHRCONS e o Weibull min (2 par)
=~ Latin Hypercube Sampling 1 Weibull min (3 par)
: & General Data Weibull max (2 par)
el Check samples Weibull max (3 par)
~~i:: Check variables data 038 Rayleigh
-8 Model &nalysis Rayleigh negative
L™ FORM 06 Beta |
=L, Simulation Results Assessment Gamma (2 par) | P D F / ‘ D F
. Histograms Gamma negative (2 par) :
~Jia, LSF definition 04 gam"‘a @ Pa:? b | |
T Sensitivity analysis aImima negatve Ly par ' v ’ v
o Rekabiity 02] ERPUTETREN o ! | p re p INAacC
Exponential negative | |
Gumbel Min. EVI ;
Gumbel Max. EV] | |
Rectangular 28 3 32 34 36
Triangular
Category Laplace Distribution support calculation Digits Plot

(Delete| [ Database | [RawData| [ Detals | 5 4| | © PDF @ CD

YHalf-Normal negative
Student t

OneBounded Normal
TwoBounded Normal

Mean | Std cov | Skewness | Kurtosis excess | Status
= \ 06 015 | 045337 0.36766 0K
Lognormal (2par) v [Iib/Ce 0075 022542 0.090476

< | m .

Ready 7 NUM

vyber rozdeéleni
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FReET tutorial — stanoveni korelace

— povolena indefinitni korelacni matice
= tutoriall - Freet =5 (ECR 5%

File Edit View Help

LETIPYIEEIE kontrola pozitivni

=-§F Stochastic model

= Correlation matrix image d f- -t t-
e blas l positive definite I R e Inl nOS I
B Statistical corelation I
o i —
A General Data w— Active cell
[ teck sanpibs ___ 000
£27 Check variables data _ _0.25
8 Model Analysis _ _0.50
1> FoRM | R
=Ly, Simulation Results Assessment = 1.00

|, Histograms
fa, LSF definition
~T Sensitivity analysis

Correlation coeficient

| g, Reliability @ Pearson () Spearman
| load | geomety | materials | Comparative values | All variables ‘
load.q | load.g | geometry.l| geometry.ly| geometry.wpl, materials.E materials.fyl
load.q 1 0 0 0 0 ‘ 0 0 ‘
load.g 0 1 0 0 0 0 ‘ 0
geometry. |RCININ: e [ R BTN
geometry.ly 0 0 0 1 0 0 0
geometry.wpl| 0 0 I 0 0 1 0 0
materials.E 0 | [ 0 0 0 1 0
< | m ] materials.fy / 0 0 0 0 1
>

> o

Ready / NUM

jednotlivé korelacni koeficienty
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FReET tutorial — vzorkovani velicin

— Ctyri vzorkovaci typy

;r tutoriall - Freet E@
File Edit View Help
I-IrYIiEriki
=-i%% Stochastic model Correlation control - norm vs. switches
LA, Random variables 05
- Statistical correlation
B | = arnnling 04
_ Actual sample
o i 03 7.0812¢-006
§§§ Check variables data _ Best sample
-8 Model Analysis 02 7.0812e-006
: lt FORM ___ Temperature
= Lﬁ, Simulation Results Assessment 0.1 L
2 Time left
|y, Histograms 08s
fa LSF definition
~T Sensitivity analysis
|, Reliability
v Number of simulations emulated annealing
p O Ce Wt | 100) [¥] Default parameters

. I 7 Sampling type Random sampling first  Automatic stop t
S I m u | Eﬂ C I N () LHS median No. of loops 28000 IC-C'lI< 4.2e-006 pa ra m e ry

@ LHS mean And @ Or = 4
simulovaného
) Monte Carlo Loopsper T 0 e v 7 7 7
ee
_ zihani
T 05 ® Fixed 0 Comparative values only
f| P " ]
) 4 B
L g

Ready NUM

vzorkovaci metoda tlaél’tE start
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FReET tutorial — zavadéni korelace

— probéhne optimalizace poradi pomoci simulovaneho zihani

;f tutoriall - Freet

[=)[=@](=]
File Edit View Help
AR = RV BP0 R
¢ Stochastic model Correlation control - norm vs. switches
LA, Random variables 05
ﬁ Statistical correlation
B atin Huyce he € aranling 04 =
A\, General Data Reached correlation (==
= __ Actual sample
g 03 M aximum deviation in correlation matrix ~ 0.00109 4.2947e-006
Check variables data ___ Bestsample
8 Model Analysis 02 Quadratic overall norm 3.93e-006 4.2947e-006
|~ FORM gesmpemfe
=Ly, Simulation Results Assessment 0.1 Time left
|y, Histograms 03s
fa LSF definition

T Sensitivity analysis

|, Reliability
Number of simulations Simulated annealing
100 Default parameters d II 7
Sampling type Random sampling first ~ Automatic stop rOZ I l I l ez I
LHS median No. of loops | 22000 IC=Cli< 4.2¢-006 N~
e B pozadovanou a
LHS random SA parameters ICi-Ci'l<|o.om - ,
Monte Carlo Loops per T |00 d k I
= . Seed 0Sazenou Korelacl
15
o s @ Random
Tmin T Fied 0 Comparative values only
< | 1 | » [ Stop |
Ready NUM
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FReET tutorial — prohlizeni histogramu

— Kkliknuti na veliCinu zobrazi histogram

;r tutoriall - Freet F=% foBFX=)

File Edit View Help
BN |2 L:H:2 2

=51 Stochastic model |
LA, Random variables

e A 140 Distribution: Nommal
B Statistical correlation . Std Moan . Mean
=~ Latin Hypercube Sampling 120 | [ Requested: 3.25

= Obtained: 3.25

|-+ Check samples 100 | | Std

Bt sl Requested: 0.00325

g i o Obtained: ~ 0.00326
-l Simulation Results Assessment €0

|y, Histograms

reied 40

fa LSF definition

T Sensitivity analysis 20

Lo, Reliability

324 324 324 325 325 325 325

zobrazena

() Parallel Coordinates o rpF 9[X)<=0
5 51 @ Canesian Coordinates ©) CDF [NOl drawn v]

[ Numbers

veligina=—

[joad | geometry | materials ]fomparative values ] All variables |

—J v [ pozadovana

l0sazena . | am korelace

=korelace
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FReET tutorial — kontrola korelaci

;r tutoriall - Freet

— kliknuti do korelacni matice zobrazi vygenerovane body

[F=1 EoR "X
File Edit View Help
AR = RV BV S B S
=-i%% Stochastic model wplvs. ly
LA, Random variables Cormelation:
s ﬁ-Statislical correlatio_n = @ Requested: 0
=" Latin Hypercube Sampling " ° Obtained:  -0.000246
= ; % . Eror 0000246
|- Check samples 5 % oF weig | o o
i = valaues uatg 2 = %é’ °°°° e
£ Model Analysis 07 on SO 2 e 2 o
E lﬁ: FORM ; T —— P £2 oy
=Ly, Simulation Results Assessment ¥ - S Eds e B B o
|y, Histograms BB g S o °
fla, LSF definition 5 % & S °
~T Sensitivity analysis 2 ° i
|, Reliability :
o WD|
[ Numbers Dlgllf ) Parallel Coordinates @ PDF 9 (850
5 51 @ Canesian Coordinates () CDF [N°t drawn '}
|load | geometry l materials I Comparative values l Al vatiables!
Ly [ we]
ry
! 1 0 0 b
Z0opbrazena
Iy | -8.081e- 0
AR I | s oo korelace
Ready NUM

Spolehlivost konstrukci

Drahomir Novak & Jan Elias
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FReET tutorial — paralelni souradnice

— |lllll = pozitivni korelace, X = negativni korelace

;r tutoriall - Freet =8| Eol ©<=)

File Edit View Help

=-i Stochastic model wpl vs. ly
LA, Random variables
B Statistical correlation
=] bc Latin Hypercube Sampling

£ Model Analysis
[~ FORM

=L, Simulation Results Assessment
| g, Histograms

fa LSF definition

T Sensitivity analysis

b R |
W .‘\_ N,
AR PR

-{@ Reliabiity | DB O, \
ARG
("] Numbers Digilf © Parallel Coordinates | @ POF ~ 9(%)<=0
5 = © Canesian Coordinates| © CDF [N°t drawn ']
| load | geometry 1malerials I Comparative values ] Mles!
Ly [ we]
| 1 0 0 Y 1 ~
pfepinad
Iy | -8.081e-005 1 0
< i I B2 0.00021101 [-0.00024608] 1 |
Ready NUM
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FReET tutorial — prohlizeni hodnot

~ LAY 4
— rozdeleno podle kategorii
=1 tutoriall - Freet [ollE =N
File Edit View Help
AR = RV RF R
=-i%% Stochastic model Digits
LA, Random variables 5 B
- Statistical correlation
=1 Latin Hypercube Sampling load | geometry| Materials | Comparative values |
& General Data 3 = =
£27 Check variables data 1 |221.66] 264.58 V4 E‘
2 | 2153926505 Vyg enerovane |
[ FORM =
=Ly, Simulation Results Assessment i el 257'08,,
|, Histograms 4 |22219] 2745 | h Od N Oty
~ Xy Sensitivity analysis =g M Z
o Reictay RIS 21649 255 serazene ta k,
7 |22015| 26366
8 |22388| 23470 aby od poVv idaly
i 215.99| 318.58
10 | 21693 254.58 = d Y
I 238.21‘268.837 poza Ovanym
12 21916/ 27341 k I [
13 [216.38| 24956 orelacim
i 210.14| 292,35
‘ ) 15 | 208.26| 24893, N
2| - I " )| 16 | 218.82| 20764 -
Ready | NUM

v
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FReET tutorial — funkce modelu

— transformace vstupnich veliCin na funkce modelu

;r tutorial0 - Freet E

File Edit View Help

IV YIEE IR

=-£2% Stochastic model

LA, Random variables
i Statistical correlation
=] bﬁ Latin Hypercube Sampling
B General Data

|:#" Check samples

[= vypocet funkci y .
=) b‘.ﬁrﬂ?::;l:;ssunsAssessment VStup preS prl me

fia LSF definition

B Sty zadani rovnic

/

1 [ |
| [New Model Function] IDeIete Model Function]l Run Model Analysis ] I /

”
p-
n OVd fu n kce / & Name of the DLL Exported functions I l Result name l
1 Expression Evaluator I a+b [§G*x771000-1/8*(d +x2)"3"2 24 ULS
Expression Evaluator | a+b §3/200-5/384*(x1 +x2)"3"4/x6/x4/1e3 Y SLS
m »

NUMS

vstup pfes DLL nazev funkce

Ready
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FReET tutorial — zadani rovnic

— jednoduchy editor explicitnich funkci
r;( tutorial0 - Freet

File Edit View Help

(D —

vyslede

N £ Stochastic model ]

: &H rdom varisbles [Ee =
funkce| Ve Bt I
St"zednl’ ( o— g(%)= 7.74384375 I - Va,ia[b,iea'”[)emn Test | /Vstupnl'
hOantE' . . [ H ” h” h] [ ( H ] ] [ - ] I[: :/ariabl eeeee Veliéiny
v e (oo o) ) oot (2] [e )]0 | o ot

veliCin || @etwie || fml(snllmlom] CslCalf [ 2,

(oo [emJfeatlion] o[ ](B]L-0] Jo e

ek BumE| =

[abs | oo | coi [ [reet] [ e ][ i J[ 1]

Lmn | [

[ cCancel ][ ok | . ResuLlJtLr;ame
“kalku Eiéka“ 2  Expression Evaluator _..| asb | 5/384%(1+x2)%34/56/+4/1€3-3/200 = sis

Ready NUM
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FReET tutorial — histogramy funkci

— vypocet charakteristik funkci modelu + zobrazeni histogramu

;f- tutorial3 - Freet = @

File Edit View Help

D |l&f|=2:7 9

=-i%% Stochastic model uLS
LA, Random variables
ﬂ Statistical correlation Mean
=1 Latin Hypercube Sampling 0.35 | Std - Std N|
B General Data | = |
|- Check samples 0.3 !
17 Check variables data | | |
9 Model Analysis 0.25 | ' |
™ FORM !
o Senaionii 02 - e |
Mrw-rrarmel 0.15 | [ |
T Sensitivity analysis | i |
|a, Reliabilty 01 | |
0.05 s
| | | _I_IJ_l
111 . 1
2 4 6 8 10 12 14
Digits Plot
5 5 @ PDF () CDF
# | Result name Classes| Mean | Variance | Std l cov l Skewnessl Kurtosisl Min | Max | Range |
1 ULS 20 7.7438 40153 20038 | 0.25876 | 0.40876 | 0.26061 2.8431 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

.
;r tutorial0 - Freet o e =]
File Edit View Help
Do 2L 222
=-£5% Stochastic model fy vs. ULS
LA, Random variables
- J8 Statistical correlation ]
=] b{: Latin Hypercube Sampling =
A General Data
|+ Check samples
57 Check variables data -
B4 Model Analysis o ) )% ot
1~ FORM s ° ool o oo
-l Simulation Results Assessment 5 ; o A o DR
|y, Histograms el g s o%0 e
T Sensitivity analysis = ; i
fy
[7] Numbers Digits () Parallel Coordinates @) PDF
5 = @ Cartesian Coordinates () CDF
|
z Name l +sensi Yy — sensi x-1 g§* # Name + sensi — sensi x-1
7 | materialsfy 072049 | \r =
1 load.q 0413 | f -0.0091449 |~
< = > 5 | geometry.wpl 0.40678 r
- - ‘ nanare T
Ready NUM

vstupni veliGiny —" vystupni veliciny
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FReET tutorial — spolehlivost

— 3 druhy odhadu spolehlivost (pravdepodobnosti poruchy)

;r tutorial3 - Freet =3 [oB(*X

File Edit View Help

DS W2 L 229

=427 Stochastic model ULS
LA, Random variables
” B Statistical correlation i L & Mean 55 q
=R, Latin Hypercube Sampling - t e t | d I
o O pypodie
2% Check variables data | | | " -
8 | ; | nejlepsiho
-l Simulg!ion Results Assessment 02 | -1I. | 4 /4
e ) g | prolozeného
e 0.1 ! d ~ | ([
LSF + ||[E=] A . rozdeleni
0.05 / | i | ™
funkce modelu — LTI L D T T

\.l /
Digits Plot N /N
5 £ Distribution details @ PDF ) CDF f
Ny = = e 2
M 3sslboame Classes) Mean | Std | COVlomello B Comellopty CF - Distribution il - Jemiflltol Sl
ULS 20 7.7438 | 20038 ).258 € 3.8646 5.5646e-005 .ognormal (3 par) : ,2.8316e-008 (403!} 0 i
2 20 |0.002269 0.0015576)686§ 14567 | 0072598 [fognormal (3 par) 0083104 §521 1623
0o I 1 - r V4 V4
Cornelluviindex a cdpovide
Ready NUM

pravdépodobnost poruchy
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FReET tutorial - FORM

— First Order Reliability Method

= tutorial3 - Freet

[E=3|EoE 3
File Edit View Help
ED A=W ¥ AE AR
=-§5% Stochastic model SLS - and anale u.alpha
~La, Random variables l9Bq | 9 ;
8 Statistical correlation
- Latin Hypercube Sampling 0
M\ General Data
| Check samples 2
£57 Check variables data s
- L = — lg¥)1
™~ FORM 4z — angle ualpha
= et s s = v’
|y, Histograms g tl tk t t
~fia, LSF definition 6 a CI O S a r
T Sensitivity analysis
|, Reliability .
-10
0 5 10 15 20 25 35 40 45
Digits Starting point ° Convergence criteria e p f
. @ x-space —
5 |2 ) uepeee  18KI1 12006 angle walpha 1e-008 [ s ]
# Name |Startinq point| alpha | Design pointfl ~ Name I q(X) evals I B B
1 load.q | 4 ~ 0.8088 47132 = uLs 368 41632 1.5694e-005 |
2 load.g 1 29 0.25621 29736 T SLS 104 1.4522 0.073224
‘ 3| geometryl | 3.25 0.026529 3.2501
< m » = i i
= 4| aeometrvlv |  0.00327 -0.45734 e

g

Ready

souradnice navrhoveho bodu

NUM
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FReET tutorial — Vysledky

Tabulka 1. ULS pravdépodobnost poruchy

metoda

Pr

FORM

LHS mean (V,,=100)
LHS mean (V,,,=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

Hhr oo O;Or C

metoda D N;y/ Ny CoV of p,
FORM 0.073

LHS mean (V,,=100) 0.083 LogNormal(3 par) 0.010 0.31
LHS mean (V,,,=1000) 0.076 LogNormal(3 par) 0.069 0.12
LHS mean (V,,,=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)

;r tutoriall - Freet @@

File Edit View Help

D AL

=-§% Stochastic model
LA, Random variables
B Statistical correlation
=] b[ Latin Hypercube Sampling
A General Data
L Check samples
i¥% Check variables data
4 Model Analysis
™ FORM
-l Simulation Results Assessment
| . Histograms
Jia, LSF definition
~T Sensitivity analysis

?

Lo, 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 X MR

2 Expression Evaluator  ...| a+b | 1/8*(x1+x2)*x3"2 bt ME

3 Expression Evaluator  ...| a+b | x3/200 Ll wlim

4 Expression Evaluator .| a+b 5/384f(x1+x2)*x3"4/x6/x4/1&3 LI w

4 | " »
Ready NUM
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FReET tutorial — rezerva spolehlivosti

— poté je slozime do vysledné funkce (LSF)
oo

;r tutoriall - Freet
File Edit View Help

BN |2 L:H:2 2
Junkce modelu a

=-i Stochastic model

LA, Random variables MR
ﬁ Statistical correlation a v .
Pl o cap iny z kategorie
E: Check samples (13 .
FEE Check variables data compa rative
14 16 18 20 10 12 [})
uts values

B8 Model Analysis
8

[~ FORM
=L, Simulation Results Assessment

I P LSF definition
o ‘ -rIJ-H1-HL-Lb
= SRR |
8 10 12 14 16 20

Agatlon

nOVé rezerva - | | MNewlLSF i | Delete LSF |
. " z ame asses I | 11
spolehlivosti — = | = Hk B
2 SLS 20 | wlim - b r ~I |
Ready / NUM
+a ) Xa
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FReET tutorial — korelace

— uvazujme nenulovou korelaci mezi nekterymi veliCinami
;f tutorial3 - Freet =N R (<= |

File Edit View Help

DS H| 2L

Ik

=% Stochastic model Correlation matrix image
LA, Random variables positive definite

B Statistical correlation
=] tz{_' Latin Hypercube Sampling _
‘ & General Data _

|-+ Check samples

7 Check variables data .0.00
8 Model Analysis _ 025
 FoRM [

=] b Simulation Results Assessment _ _0.50
|y, Histograms _ 0.75
Mo LSF definition

1.00

mmm Active cell

T Sensitivity analysis

Lo, Reliability
Correlation coeficient
@ Pearson () Spearman p (] )_O 8
| load | geometry | materials | Comparative values | All variables l Y g
load.q | load.g | geometry.l| geometry.lyl geometry. rials.E materials.fyl (W )_O 8
load.q 1 0 0 -0 0 ,0 p ) g
load.g 0 1 0 038 I 0 0
geometry.l | 0 0 1 0 0 0 0 — p(W b I ):O. 8
geometry.ly 0 0.3 0 i 0.3 I 0 0 p y
geometry.wpl| 0 03 0 038 1 7 0 0
materials.E 0 0 0 0 0 1 0
<l il Jy 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 D N;/ Nt  CoV py
| nekorelované 1.02 10-° LogNormal(3 par) O -
ULS korelované 9.47 10-° LogNormal(3 par) 1105 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 statistické
modely pro vstupni veliCiny a jejich pripadnou zavislost

— priklad a obrazky prevzaty ze skript: Sadilek, V., Dolezel, J. a
Vorechovsky, M. Resene ulohy z oblasti spolehlivosti
stavebnich konstrukci, Brno, 2010

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

800

)[‘/& L 450 {1/5} ’[
175 $B0 175 (2a0) | 248 75,155 75, 148
/r f — 1 171 11 1
N—%— —
9R10{3a . L
_ — L 12a)aR10
, =2 sr1o3) N T 11|/
=  ZKOSEN 2| ¥| IRI0EDI 1
o 7 20/20 i T Obrazek 6.
L N gﬁ\— 2 2 2 A4
2 % }»JI,J ReZ
a (=) {1a)oR20 lak
(1a) [rshoo,  6x75=450 - Jsools5 pruviakem,
L 800 L (2a) 170,139 |98, 188 | 981,13 [J0 vyztuzenl
A A ~—— al 7 A A
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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/m?®, 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 9 kN/m3 normalni 2.4 0.04
plocha pravlaku A m? normalni 0.343 0.01

nahodilé dlouhodobé z. g; kN/m? Gamma 1 1.8

délka pravlaku / m normalni 7.75 0.006
Sirka b 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 f, 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, = 512(7.59 + Ag, + 7.59;)

— unosnost

Asfy)

MrzAsfy(h—d— o7
C

— rezerva spolehlivosti g = M,. — M,

— pravdepodobnost poruchy: 0.000716
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Aplikace: tunel metra

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

— cil: urgit potfebnou hmotnost bareld @i
s vodou k minimalizaci nebezpedi
nadnaseni tunelu pfi jeho vystavbé |[& =

hmOtnOSt /, ih ' | \\ ::m K
tunelu A
? .
vztlakova | | b
Sl’la B. AT g‘,
) Obrazek 7. Tunel metra
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Aplikace: tunel metra

— 211 nahodnych veli¢in -
— imperfekce v geometrii, £ .
14 segmentu .
— vypocet vztlakové sily > s
pomoci metody Monte 2
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Car|0 ve FReETU Segments
0,5
— stanoveni 5% a 95% N —— Mean - simulation — = 5% percentile
.y o 0f N === Reality — = 95% percentile
kvantilu - A
vy s S 03 R
— potvrzeno mérenim na
skutecné konstrukci z
> 1,5
-2 L L L L L L L L L
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Obrazek 8. Méfena a simulovana vztlakova sila Segments
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Aplikace: tunel metra

Obrazek 9. Poloha barelt s vodou

Podelny rez

Svisly zavés —>| N

N\ 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 barelt s vodou

Number Absolute Frequency Histogram - [metro]

28.0000

25.2000+

22.40007

19.6000+

16.8000 1

14.0000 1

11.2000 1

8.4000+

5.60007

2.8000+

0.0000
-19.8000  -9.6400 0.5200 10.6800 20.8400  31.0000  41.1600

[BremenoP1][BremenoP1]

Ot <« » 641

51.3200 61.4800 71.6400 81.8000
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