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FORM 2 prog(X) =R —-E

List RORM22lin.xls - iteracni vypocet indexu spolehlivosti metodou FORM
Funkce mezniho stavu gX)=R-E
Zakladni veli¢iny R a E se aproximuji tfi parametrickym lognormalnim rozdélenim
LN(mu,sigma, skew), které pfechazi na normalni rozdéleni pro nulovou Sikmost skew = 0.
skew =3 V + VA3 pro dvouparametrické lognormalni rozdéleni, V=sigma/mu
skew = 1,14 pro Gumbelovo rozdéleni
skew =2 V pro Gamma rozdéleni

A B C D E F G H I J K
Vstupni hodnoty Odhad (muR+mu 0,75 Lognormalni rozdéleni R a E
X mu sigma skew C X0 N.bod x u uu phiX PHIX

R 1,000 0,100 0,500 0,165 0,395 0,899 -1,008 -1,029 2,83944 0,15184
E 0500 0,100 1,000 0,322 0,190 6,899 3,992 2,788 0,03670 0,99735

Podminky pro bod x F11<G11 F1P<G12 jinak neplatny vysledek
Iteraténi vypocet metodou FORM - nova hodnota x1 do G1 PoZzadovana ptesnost beta 0,00100
Ekviv. normalni Index  Citlivost Nove x Pocet n 2
X mue sigmae Dbeta alpha X betan betan-1 Rozdil
R 0984 0,083 2972 0,348 0,899 —» 2,97174| 2,97132 0,00042
E 0277 0,223 -0,937 0,899

R-E 0,707 0,23785 Soucet ¢t 1 Pf= 0,0015



FORM and partial factors in ENS

ag (V)
(1) FORM sensitivity = T
factors X1 69(U) i D (%)
BESIR

EN 1990: o~ —0,7 oz~ 0,8
(2) Design values Dyi(X: ) = D (— 0t )

EN 1990: B = 3,8 for 50 year
(3) Partial factors x.

For o < 0, actions — 5, = Xy /X,
For o> 0, resistance — 7 = X, / X,



Design values
The leading actions

P(R <Ry) = ®y(-arf) = Dy(-0,80)

P(E > Ey) = ®y(+aef) = @y(-0,75)

The accompanying actions
P(R <Ry) = ®,(-0,4 axp) = ©(-0,320)

P(E > E,) = ®,(+0,4 o f) = D,(-0,28)



Resistance R: y, = R, /R,

Normal distribution
R, = 1z — 1,645 x 0x = (1 — 1,645 x V)

Ry= tr — og X Bx 0g = pig = 0,8x fx op = pip(1 = 0,8x fx Vi)
w(F)=(1—-1,645xVy) /(1 -0,8 x fx Vg)

Lognormal distribution
R, = 1z x exp (— 1,645 x V)
Ry= g X €Xp (—ag X < Vg)
7% (F)=exp (— 1,645 x Vi) exp (—ar x f x Vp)



Partial factors in EN 1990

Uncertainty in actions

‘

Uncertainty in action effects

‘

Uncertainty in structural resistance |—>

Uncertainty in material

‘

I4i

I

Jsd

AL

JRd

Jm

O

VE=Vi Vs¢r M = ¥m YR Vsd ™ Yra ~ 1,09
Notation as in Figure C3 in EN 1990



Partial factor for the resistance R
Normal Ry Hg +U, OR 1-1,645%xVy

"RTR,  tn—an Bon  1-08x38xV,
Lognormal
Ry explupor)  exp(-1,645xVp)
R7Ry  oxp(-ag fog  exp(-08x38xVg)
Vg O 005 0,1 0,15 0,20
7% normal 1,0 1,08 1,20 1,38 1,71

»wlognormal 1,0 1,07 1,15 1,23 1,32

In EN 1990 y; = 7., Ym = Ym Yrg WHEre v, uncertainty in R



Partial factor of resistance R
7%(B) = (1 —-1,645x VR)/ (1 —ar x B x Vy)
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Variation of y, with g for normal distribution of R



Partial factor of resistance R

7(B) = exp (— 1,645 x Vi) / exp (—ag x B x Vg)

2,5
2

1,5 -

1 -

0,5

0 1 2 B 3 4 5

Variation of y, with g for lognormal distribution of R



Partial factor of permanent load G
16(B) = (1 +0,7x Bx V)
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Variation of y; with g for normal distribution of G



Variable action Q — Gumbel distribution

o) = (1 = V4 (0,45 -0,78In(N)+ 0,78 In(=In(®(—aEp)))) /
/(1 —Vq (0,45 + 0,78 In(—In(0,98))))

/
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Variation of y, with the reliability index £ for N= 10



Variable action Q — Gumbel distribution

70o(Vo) = (1= Vg, (0,45 -0,78In(N)+0,78 In(-In(®-L (- 3)))) /
/(1= V,, (0,45 + 0,78 In(~In(0,98))))
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Variation of y, with the coefficient V for N= 10



FORM a dil¢i soucCinitele v EN

og(V)
(1) Soucinitele citlivosti = U __ o
metody FORM X! )| [20%)
4 >
Tl ) - | )

EN 1990: ¢e= —0,7 ay = 0,8

(2) Navrhové hodnoty ~ ®yi(Xiy) = O (—ay; f)
EN 1990: B = 3,8 pro 50 let

(3) Dilci souCinitele y;

Pro ay; <0, zatizeni — y; = Xjq /Xy
Pro ay;> 0, odolnost — y; = X / X4

Milan Holicky: Pravdépodobnostni zaklady metody dil¢ich soucinitelt .., Stavebni obzor



Metoda navrhovych bodu

Podminka g(X;) > 0 se nahrazuje

g(xg) = g(xq1> Xg2 > Xg35 ) > 0

kde navrhovy bod x,,; zékladni veliiny X; se stanovi:
pro libovoln¢ rozdéleni

Dyi(xg) = P(—, )

pro normalni rozdéleni
Xg = H{(1-0, 1)

pro lognormalni rozdéleni

X4 = (u/ V(A+V2)) exp(—as BV In(1+V?2)) = g exp(-a,fV))



Zjednodusene pravdépodobnostni
pojeti spolehlivosti v Eurokodech

* Index spolehlivosti p=to - rr_Ffr

2 2
O¢ \/GR + 0o

e Navrhové hodn. Ry = 4 — oo, By =y — oo,

Op
* Vahove soucinitele Ap = \/ —— ~ 0.8
) Op + O
a aproximace v EC
Of
o ~—0.7

- 2 2
\/GR + Oy



Normovane soucinitele ¢

X G
Odolnost:Dominantni odolnost 0,8
Ostatni 0,32=0,4 x0,8
Zatizeni: Dominantni zatizeni —0,7
Ostatni —0,27=-0,4%0,7

Priklad: Pro funkci g(X) = R — E a normalni R a E, podminka
g(X415 Xqp » X435 ---) > 0 zni
H(1=apfVy) — pp(1—ap V) > 0
Pro = 3.8
Up(1— 3,04V %) — 11+ 2,66V ;) > 0

Pro V,=0,1 a V= 0,3 vychazi podminka pro pruméry
Lp > 1:(1,8/0,7) = 2,6 1y,



Metoda navrhovych boda pro E<R

Ed S Rda p I'O,B — \/IURZ__I_IUEz
Or TOg

E,=u,—a, fo, R,=u,—a, po,

Ed :Rd — ,8: ILlR _ILlE
UpOp —UpOp

Vahové soucinitele:

o O

— 94
R \/ 2 N H 7 E
GR GE
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- > >
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D1il¢1 soucCinitele
R

Eq=yp B, R, =—<
VR

Ey=pp—ay fog Ry=p,—a, Bo,

E, u,—a; poy Hp TU, Op

Ly R
Y E > )R R,

Ly Hg TU,OF Hp =0y POy

EN 1990 pro dominantni: o =—0,7; az = 0,8
pro nedominantni: — o = ar = 0,4



Partial factor for the resistance R

Normal Ry Hg +U, OR 1-1,645%xVy

"RTR,  tn—an Bon  1-08x38xV,

Lognormal
Ry explupor)  exp(-1,645xVp)
/R = R4 - exp(—ag p og - exp(—0,8x 3,8 xVy)
VR 0 0,05 0,1 0,15 0,20
s normal 1,0 1,08 1,20 1,38 1,71

wlognormal 1,0 1,07 1,15 1,23 1,32

In EN 1990 y; = 7., Ym = Ym Yrg WHETe 54 Uncertainty in R



Dil¢1 souCinitele pro stale zatizeni G

Gy=1 Gy, G= g

Ve _ Gy _Hema PO =1+0,7x3,8xw,
G, Hg

W 0O 005 01 0,15
Yo 1,0 1,13 1,27 1,40




Dil¢i soucinitele spolehlivosti
- uroven I
o ZatiZeni - navrhové veli¢iny 4 =7l
 Vlastnosti materiala -n.v. Jfa=/ /7,
* Rozméry - nahodné veli¢éiny a, =a, *Aa

Ed(F;lafdaad) < Rd(F:iafdaad)
<Ed> = Mg +O‘7IBGE9<Rd> =t — 080,

* Nedostatky

- rozdilné pravdépodobnosti poruchy nosnych
prvkiu z riuznych materialu

- nedostatek representativnich dat



Navrhove hodnoty E4 a R,

DOMINANTNI VELICINY

P{E > E,} = D(+a ) = D(-0,78) = D(-2,66) = 0,00391
P{R < R,} = D(—a ) = D(—0,8) = D(—3,04) = 0,00118

NEDOMINANTNI VELICINY

P{E > E,} = ®(+0,40 f) = D(—0,28 ) = D(—1,064) = 0,143
P{R < R,} = D(-0,4a,f3) = D(-0,328) = D(-1,216) = 0,112



Odolnost v Eurokodech

Ry =R{X, | Y\>Gnom| ENV 1992 21995

R, = LR{X o | ENV 1993

VR

R, = LR{Xk / ¥m>@nomj ENV 1994

Y Rd



ZavereCne poznamky

Teoreticke postupy metody FORM umoznuji stanovit
dil¢i soucCinitele pro zadanou uroven spolehlivosti.

Dil¢i souCinitele zaviseji na f, varitaCnim koeficientu V
zakladnich veli€in a v pfipadé proménnych zatizeni take
na pomeéru referenCnich intervalu N.

Dil¢i souCinitele doporucené v Eurokodech prihlizeji k
nejistotam modelu odolnosti a u¢inku zatizeni.
Operativni postupy stanoveni dil¢ich soucinitelu se
uplatnuji pi1 diferenciaci spolehlivosti novych 1
existujicich konstrukci.



