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Topic 4:
Simulation Based Reliability Assessment
(SBRA method)

* |Introduction to SBRA method
e AntHill software

 Examples
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The Principle of SBRA Method

Generating limited distribution and transformation of the desired distribution

et
1 Cumulative distribution function

X,

flx)

A

Desired probability distribution

gUn+1=(A.Un+C)mOdM

Continuous probability distribution U
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Reliability Assessment Using SBRA

* Input variables characterized using
bounded histograms with nonparametric
probability distribution.

* Analysis of the reliability function using
Monte Carlo method.

* Reliability is expressed as Pr < Py,
where P is probability of

SIMULATION - BASED

failure, and P, is designed ASSESSMENT

for Structural Engineers

value of failure probability:

)

Marek et al., CRC Press, 1995
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Resistance R

Load effect E




The Principle of SBRA Method

Variable load values, variability of cross-section and strength characteristics
Representation of random variables with non-parametric histogram -
(empirical) probability distribution

Dead load

|Vanahle: ;l | Discrete distribution
Bins: 256 File: [DEAD1.DIS

Minimum: |0.818 Median: Maximum: |1
Mean: 0.909 Variance: StDeviation:
CoVar: Skew: Kurt:

[Doad 1 <0818.1.05

J Eesetl et | o |

Long lasting load

|Vanah\e: IE | | Discrete distribution

Bins: 756 File: [LONGT.DIS

Minimum: |0 Median: Maximum: |1
Mean: 0.47775512845402  Variance: StDeviation:
CoVar Skew: Kurt

Ierg Lasting [0..0.625..1]

Probability function

J ﬂesetl Set | o |

Long lasting load

Wind load

‘Vanah\e: & | ‘ Discrete distribution
Bins: 256 File: |LnN52ms
Minimum: |0 Median: Maximum: |1—
Mean: 0.44737343826173  Variance: StDeviation:
CoVar: Skew: Kurt:
|

A

[Fong Lasting (0.0.31..0.625.1)

Short lasting load

|Vanable: | | Discrete distribution

Bins: 256 File: [SHORT1DIS
Minimum: |0 Median: Maximum: |1
Mean: 0.054E3303516362  Variance: StDeviation:
CoVar: Skew: Kurt:

[Shart Lasting [80% zero]

I Fiesst Sat | K|

Probability function

Earthquake load

Probability function
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‘Vanahla: [ ~| ‘ Discrete distibution
Bins: 256 File: [EARTH.DIS

Minimum: |-1 Median: Maximum: |1
Mean: -5.6388192727776E  Variance: StDeviation:
CoVar Skew: Kurt:
IEathquake

[ Eesell Set | o |

I Eesell & | ok |

|Vanahle: < | Discrete distribution

Bins: 256 File: [#IND1.0IS

Minimum: |1 Median: Maximum: |1
Mean B.57803663945038  Variance: StDeviation:
CoVar: Skew: Kurt:

[wind

| Besetl Set | 0K I

Probability function

Snow load

Probability function

Strength of steel

‘Variah\e: | ‘ Discrete distribution

Bins: 256 File: [SNOW1.DIS

Minimum: |0 Median: Maximum: l1—
Mean: 0.03036601880733  Variance: StDeviation:

CoVar: Skew: Kurt:

[Snow -2 manths

Probability function

[ Besell Sat | x|

|Vanahle: = | Discrete distribution

Bins: 236 File: [TyeeFy23507 DIS
Minimum: |200 Median: Maximum: |435
Mean: 285.96936E533865  Variance: StDeviation:
CoVar: Skew: Kurt:

rPevnnst na mezi kluzu Fy [MPa]

Probability function

| Beset | set | ok |

Probability function
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The Principle of SBRA Method

Strength of steel — yield stress, histogram Inputs:
with non-parametric (empirical) probability .icr of cimalations N = 1L 0es06
distribution File name *.dis = T235FY01.DIS

Statistical parameters

104 Nonparametric probability distribution

28r° ' ‘ Minimal value = 204.982
Maximal wvalue = 421.052

2| N Range = 216.070
Mean value = 286.026

Standard deviation = 23.434

5 | ) Scatter = 549.139
§ Coefficient of variation = 8.19%
b 2 Skewness = 0.571
Kurtosis = 4.658

osk _ Median = 284.300
|““ MI Quantile 5% = 249.748

I |" I| Percentile 5% = 249.748
gﬁ_d_.mmiﬂﬁo ..... Il Mh“umﬁhnwmjmm.$o.._ ) Probability (X<235) _ 0. 945

Random variable x
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Calculation using SBRA, program AntHill

" Anthill C:\AntHillN nputskT ah.ahw

File Edit Yiew Bun Tool: “Window Help

D@ & |sma |

[z000000 =" 2000000 |H|

R TS
Wanables Type Farameters | | [15F=[R-5] B
oL dead?.dis Min=0. 51800000 Max=1.0000 De_| | [F=FY .
7 e M0 00000000 Mot D0DiLe ][5 B0 DL+253 S80S LA70WIN+40FS N1 000201 0°(1-2°Epsilori)
5L short1.dis Min=0. 00000000 Max=1.0000 St
WM wind . dis Fin=-1 00000000 b ax=1.000C 4
SN Snl:lw‘l d'S - L3, PP o T T RV, [ T
~ gweq osF________________________________________ EEK
Epzilon zilon DS [ . = W Interpolate
I Sl = Probabilty Quantils
Minimur: -0 42950037 Maximum: 41022813090 M| 00000030 AL 1
° I I Mean: 17677897120  StDeviation: 45 831276688 E.IGDDDEDDDD 51 13709830 =
DeS to p oT the AntH | ] Covar 025954035  Variance: 210509147700 _
e — Skewnes:0.42640488  Kurosis: .0.21306031  _MRDO0007000  [2S0057353 =
ro ra m LSO Median: 158.63522000 E.IG.DDDDDBDD 14 19EBE216 g.-_
p g £ Inactive % Probability o

Proba

reliability function with | ¥ [ i
he GETS ID— Driffere

calculated probability of D i ; o |

failure) | B

H H Parameter —— 1 Tamge
(Resulting histogram of ]

http://www.noise.cz/SBRA/software.html | | |
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Calculation using SBRA, program AntHill

Desktop of the AntHill program

- help window

(Creating a mathematical model
using arithmetic expressions and
functions)

18/4/23

& Anthill 23 Help
Soubor Upravy Zilotka Moznosti Napovéda

[E=N R ==

Obsah | Rejstik| Zpét Tisk £ P

Whole numbers: {e.g. 1;-1; 999}
Real numbers: {e.g. 1.0; -0.5; 23.4E12; 0.8E-7; -9E4]
Operators: +; -, *; /; * {addition, subtraction, multiplication, division, power}
Unary minus: - {negation}
Functions: il
sin; cos; tan; cot {trigonometric functions}
asin; acos; atan; acot {inverse trigonometric functions}
In; log; {natural and decimal logarithms}
abs {absolute value}
int {integer part}
frac {fractional part}
div {integer division}
mod {modulo, reminder after integer division}
sgn {signum; = -1 for argument=<0, = 1 for arg.>0, = 0 for arg. =0}
pos {positive; = 1 for argument=>0, otherwise=0}
neg {negative; = 1 for argument=0, otherwise=0}
zero {zero; = 1 for argument=0, otherwise=0}
Parentheses: ( ) {unlimited number}

Names of the variables may contain letters and/or numbers. The name must start with a letter and must be different from the names of built-in functions.

Spaces (blanks) and parentheses serve as separators; multiple spaces have no effect. There is no difference between upper and lower case of letters. While calculating the formula, the
mathematical functions and the unary minus have a higher priority than the operators +-* /%

Referring to the operators, power has the highest priority, next is multiplication and division, lowest priority are addition and subtraction.

Examples of the equations -

(all equations in one group give identical results)

x=log (atgamma)+sin (a*pi)—abs(-2°n)
x=(log (a + gamma) + sin (a * Pi) - abs ((-2} * n))
X = Log(a+Gamma) +8in (a*Pi)-2bs ( (-2) *n)

X=LOG (A+GAMMA) +3IN (A*PI) —-ABS ( (-2) *N)

y=a-b*c"d
y=a- (b*c"d)
y=a— (b* (c"d))

Simulation Based Reliability Assessment (SBRA method) 7



Concepts of Reliability Assessment

Concept of ,Design Point” (PFD) Probabilistic alternative

P, = (blue)/(green) point - ants

R-S>0

Design point
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The Principle of SBRA Method

* Input random variables are expressed using bounded histograms with
non-parametric (empirical) probability distribution,

* The failure probability Pr is obtained by analysis of the reliability function
RF using Monte Carlo simulation techniques,

* The reliability is assessed on the basis of inequality Pr < P;, where Py is
the design failure probability given by design standards such as EN 1990,

* The result is always different, important to select a sufficient number of
simulation steps,

* Universal method, for more advanced calculations is not effective.

18/4/23 Simulation Based Reliability Assessment (SBRA method) 9



Example 1, Reliability Assessment

Expression and idealization of the structure under actual
static or dynamic loads in space and time using
mathematics-physical relationships determining the stress,
strain, acceleration etc. from a time

dependent load variable.

c v SN
g.: Lo
Reliability function RF: RF = R — abs(E) o
4
Structural resistance R (axial load capacity Np,) : v L
R=NRd:Avar'fy v DL

Load effect E (axial force Ng4):

E=Ng; =80-DL+2935-LL+80-SL+70-WIN +40-SN

18/4/23 Simulation Based Reliability Assessment (SBRA method) 10



Deskt f the AntHill
Bl Anthill C\Program Files (x86)\AntHill\Inputs\Tah.ahw — [m] *
File Edit View Run Tools Window Help
DEE & | +B@E |, 200000 || 2000000
il ooser === Bl input variables BN
. o [s Anthill ‘arables Type | Parameters Comment | ~
Horizortal ais: | =] DL deadl dis Min=0.81800000 Max=1.00001 Dead 1 <0.818.1.0>
LL lorg] dis Min=0L00000000 Max=1.00001 Lang Lasting [0..0.625.1)
R = ’ :
Uolleliat | K| | 5ozt 5L shorlldis Mir=0.00000000 Maw=1.00001 Shart Lasting (80% 2erc)
" = || ® || = []-000Cwind
891.160731£0 L o |.00001 Srow - 2 marths
Colouration Wmnb',ﬁ ) | | [~ Discrete  Steps:2000000 Anthill =4735.1 Pevnost na mezi kluzu Fy [MPa]
* No . Probability Quantile D.040z Epsilon
€ Freq Minimum: -3.65069445  Maximum: 83861813670 ZI|0-00000050  |0.00000000 i
" Prab Mean: 354 42044890  StDeviation:92.34413049 E.|o_00000000 |_3_334205?a
CoVar:  0.26054967 Variance: 8527.43843600
Skewnes: 042855726 Kurtosis: 02085003  __IB0.00000000 |3 83420673 '
Median:  338.41229050 Mljo.00000000  |3.88420678
[v Draw lines ' ll ]N
[~ Draw circles
[ Draw dats
378, 70531550 S L
-0.75639216 527.11317650 '
| 340
|
il Equations en]eiem] | B £valusted variables = ==] LL
SF=R-abs(S) Wariable Activity Discreta|HecaIculate Comment ~ '
R =F=2003°(1-2*E pgilon]A000 SF Ma Ma
S=R0"DL+293 5LL+B05 L+ 70PN +40°5 M| 5 _YES No
LEg il v=s Mo D L
[E— v v
o @)@ =)
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Example 1, Results

Resulting histogram of structural resistance 7
Computational model, definition o T
SF=R-abs (E) “““‘*"IE g = Wmm:mmthjﬂ
R=FY*2009* (1-2*Epsilon) /1000 Minimum: 378.70531550 | Maximum: 891.16073180 [ZI[0.00000000  0.00000000

Mean:  572.91834900 StDeviation:48.18769149

E=80*DL+293.5*LL+80*SL+70*WIN+40*SN | Covar ooatioots  Varance: 26220591100 00 000000000
Skewnes: 0 56486038  Kurtosis: 156730666 ~IM|0-00000000 0.00000000
Median: 568.85342260 1|0 00000000 0.00000000

I

i Equations

SF=R-abs(5)

R=Fv=20031-2*Epsilon), 1000
S=80FDL+293 B LL+B0°5 L+ 7O M +40°5 M

380 360
|
Resulting histogram of load effect Resulting histogram of reliability function v SN
S o =) (WMo =TT
‘m: E IR v Discrete  Steps:zoooooo  Anthill ‘ e 57 5 el 2000000 Anthill ' W]N
Minimum: 0.75639216  Maximum: 527.11317650  ZB|0-00000300 [0.90000000 Minimum: -3.65969445  Maximum: 838.61813610 (ZIl|0.00000050
Mean: 21849789910  StDeviation: 78.79539799 E.I 0.00000300 0.80000000 Mean:  354.42044890 StDeviation:92.34413049 ~3.88420678
CoVar: 036062314  \Variance: 6208.71474500 CoVar: 026054967  Variance: 8527.43843600 v S y
Skewnes: 0 56053537  Kurtosis: 060568020  /IM|0 00000300 070000000 Skewnes: 042856726 Kurtosis: -0.20850834  _IM|0.00000008  |-3.88420678
Median: 247.96004880 E.Ig_ggggo3gg 0.60000000 Median: 338.41229050 E.Iom\ 3.88420678
' V2 s
ol
NdUITIly '
failure v D L
o 130 260 390 520 o 240
| |
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Example 1, Results

Summary:

* |nput values are defined using non-
parametric bounded histograms,

* Analysis of reliability function using
Monte Carlo simulation,

e Reliability is expressed:

18/4/23 Simulation Based Reliability Assessment (SBRA method)

rﬂ 2DS&R = o @“
Huorizontal amis: |E ﬂ Aﬂthlll
Wertical axis: |H j Steps: 2000000

891.16073130

Colouration
v Ma

" Freq
[ ) Prob

v Draw lines

[ Draw circles

[ Draw dots
278 F0531550

" Failure area

-

-0. 75639216

52711317650

13



Example 1, Serviceability Limit States

Computational model, definition (6;;,,, = 5 mm)

SF=5-Deltal

DeltalL=F*1000*6/ (210*Avar)

Avar=2009* (1-2*Epsilon)
F=(80*DL+293.5*LL+80*SL+70*WIN+40*SN)

Resulting histogram of reliability function

{REE: o] ® ||
‘ ; : 5 [ Recalculate [~ Discrete Steps-1ooooon  Anthill

18/4/23 Simulation Based Reliability Assessment (SBRA method)

Minimum: -2.08087022  Maximum: 5.02357792 |0.02035085 -00000000
Mean:  1.88194845 StDeviation: 1.12440696 : 047784599
CoVar: 059746958  Variance: 1.26429100
Skewnes: 055081367  Kurtosis: 050881027  __|0-06700000\  |0.47784599
Median: 1.47856576 [l|n_na?m-u\ 0.47784599
Probability of
failure

-2 1.4 3.1 438
I

14




Example 2, Reliability Assessment

Mathematical model of probabilistic calculation: / DL+LL

Reliability function: RF =R —E lll}llllylllll

Structural resistance (ultimate bending moment): \ IPE160, / JA
R=MRd=Wy,var'fy [=6m ‘

Load effect (maximal bending moment):
1
E = Mg, =§-(2.1-DL+3.5-LL)-l2

Cross-sectional variability:

Histogram ¢ (Epsilon.dis) for |: =

Ayar = Anom - (1—2- ¢ . b =
var nom " ( ) expressing the variability of | 1 — == :

Woar = Whom - (1 — 3+ €) cross-sectional lsmwee —

Lgr = Lygm - (1 —4-¢) characteristics .- S

18/4/23 Simulation Based Reliability Assessment (SBRA method) 15



Example 2, Results

Computational model, definition

SF=R-E

R=Fy*108700*1e-6* (1-3*Eps)
E=1/8*(2.1*DL+3.5*LL) *Span”2

Resulting histogram of reliability function

Fr

Variable: |5F

Minimum: -2 40621259
Mean: 14 84758550
CoVar:  0.32816346
Skewnes: 0.465823228
Median: 13.92028712

=]

[ Recalculate

Maximum: 39.78154681
StDeviation:4 87243509

Variance:
Kurtosis:

23.74062373
-0.21521993

(=] ® =]

 Discrete  Steps:ioooooo  Anthill
Cuantile

})-00000000
o [1.88901528
T 18j0.00007200\  |0.27550992
Ml0.00000840 \ |- 27853967

10.00004614

Probability of

18/4/23

Simulation Based Reliability Assessment (SBRA method)

VB Vi g

YYYYYYYYYYYY VY

/N \IPEI6O, £ JAN

/I=6m

il 2os&r

Horizontal asis: |E ﬂ

=)= =
Anthill

Yertical awis: |H ﬂ Steps: 1000000

4397527302 [

Colouratiorn
* Mo

" Freq
" Prob

v Draw lines
[~ Diraw circles
[ Draw daots

2016737008 | - -

773010000

Failure area

16



Example 2, Relia

Probabilistic reliability assessment of the structure

18

16+

14}

12+

Resistance of the structure R

N =10%

18/4/23

N¢

Resistance of the structure R

9

10 1 12 13

Load effect E

=1_04-:

24

20

18

16

14

12

10

0
0

ility Assessment of IPE160

Probabilistic reliability assessment of the structure

24

20t
18}
16}
14}
12}

Resistance of the structure R

10k

N = 10°

)

10

Load effect E

Probabilistic reliability assessment of the structure

L ; N N . _.f'"ﬂi—. L L o
6 7 8 9 10 1 12 13
Load effect E

Simulation Based Reliability Assessment (SBRA method)

11

12

13

Resistance of the structure R

10k

Probabilistic reliability assessment of the structure

18}
16}
14}
12}

106

5 7 8 9 10 11 12 13
Load effect E

57 .
=L =""=57-10

N 10

17



Example 2, Reliability Assessment of IPE100

Probabilistic reliability assessment of the structure

o _ Ny _8877,538
AN T
= 8.8775- 107!

—_
Y
T

-
ra

-
[}

@

Resistance of the structure R

1 i i i i i i 4 i i
8 10 12 14 16 18 20 22 24 26

Load effect E
2108 Histogram of the reliability function

al. B 1] ]/ o
& 3t
[ =
[35]
=3
g 2f
L.

| lﬂ'"mm"""w

-16 -10 -5 o] 5
SF=R-E
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Example 2, Reliability Assessment of IPE120

Probabilistic reliability assessment of the structure

Ny 5,682,841

Pr=—>-= |
=N 107 22

= 5.6828 - 1071 £ ol

N =107 2 o] .

8 10 12 14 16 18 20 22 24 26

Load effect E

%105 Histogram of the reliability function

pa fa
WL

Frequency

-
= o N

=
n
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Example 2, Reliability Assessment of IPE140

Ny 424,630

Probabilistic reliability assessment of the structure

P —_— o 35 E
f — a7 o
N 107 3
S a0p
i
— - 2 ik} d
I 4-2463 ¢ 10 525_
=]
3
5 of
7 @
N =10 g | 3 =
® i5¢ , ; ; ; ;
8 10 12 14 16 18 20 22 24 26
Load effect E
%105 Histogram of the reliability function
3.5F | L .I-u‘
Jk
& 25F
@
S 2F
o
= 16}
1t
0.5
-5 0 5 10 15 20
SF=R-E
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Example 2, Reliability Assessment of IPE160

Ny 230 _

Pr=—=—— 5
F7N T 107
= 2.3000- 107>
N = 107

Histogram of the reliability function

% 10°

Frequency
= na L
— n [p%] (521 (5] on
1

=
tn

0 5 10 15 20 25 30 35
SF=R-E

Probabilistic reliability assessment of the structure

a5} -
a0t

35t

251 3

T =

Load effect E

-
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Example 3, Reliability Assessment

Mathematical model of probabilistic calculation:

Reliability function:

RF=R-—-FE

Structural resistance (ultimate bending moment) :

R=MRd=

Load effect (maximal bending moment): v l v /™
E=MEd: VVYVVVVVVVVVVYVY
1 1
=—.5.DL-1?+—--75-LL-1+ AN é
? 4 I 1| L 2
+—=-45-SL -1 ’ G P

3

18/4/23

Wy

,ar fy

Simulation Based Reliability Assessment (SBRA method)
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Example 3, Results

Computational model, definition

RF=R-E
R=Fy*Wyvar*0.1
E=6.5*POM

Wyvar=9.036* (1-3*Epsilon)
POM=5*DL*6.5/8+75*LL/4+45*SL/3

Resulting histogram of reliability function

or

'y =N =R ES
: [ Recalculate [ Discrete  Steps: 1000000 Anthill
Wariable: |RF j i Quantile
Minimum: 43.59702232  Maximum: 379.44765330 -00000000
Mean:  169.76497760  StDeviation:41.71665498 ; 29 350956504
CoVar:  0.24573181 Variance:  1740.27930300
Skewnes: 015429836  Kurtosis: 0.19241637  _I|0-00007200  |4.07534523
Median: 164.58287960 El|n_unnuc-&4c-\ |-13.66837910
L Probability of
P failure
-40 60 160 260 360

SE LT SL
DL
v v /[
VVYVVVVVYVVYVVYYVYYVYYVYY
L L L
3 6 6 3
Woser ==
Horizontal asis: |E ﬂ thlu
Yertical awis: |H ﬂ Steps: 1000000
407 12103680 [ .
Colouratior it
* Mo
" Freq
" Prob
v Draw lines

[~ Diraw circles
[ Draw daots
16287334750

21.60031250
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Example 3, Serviceability Limit States

Computational model, definition (5zim

RF=6500/350-E
E=POM*6.5%3/ (21*Iy)

_ l)
"~ 350

POM=5*5*DL*6.5/384+75*LL/48+23*45*SL./648

Iy=1.627* (1-4*Epsilon)

18/4/23

Resulting histogram of reliability function

Minimum: -15.44087188
Mean:  8.72264481
CoVar:  0.44748925
Skewnes: -0.23068170
Median: 7.83260632

Maximum: 16.04553220
StDeviation: 3.90328976

Tl or = = |
‘ e [F7 B [ Recalculate [~ Discrete  Steps-1ooooo0  Anthill

.oooooooo
3.70165300

Variance: 15.23567093
Kurtosis:  0.89632282

3.70165300

3.70165300

Proéba bi'lityé of

failure |

1 L

13

Simulation Based Reliability Assessment (SBRA method)
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Example 4, Ultimate & Serviceability Limit States

Computational model

SFsls=Llim-abs (Ldelta)

Llim=0.150
Ldelta=(5*g* (L*4) )/ (384*E*I)*1000
E=210e9

I=1/12*b* (h”*3)

SFuls=R-S

R=neg (S-Mrdel) *Mrdel+zero (S-Mrdel) *Mrdel+pos (S-Mrdel) *Mrdpl
Mrdel=Wyel*fy*1000

Mrdpl=Wypl*fy*1000

Wypl=1/4*b* (h*2) * (1-3*EPS)

Wyel=1/6*b* (h*2) * (1-3*EPS)

S=abs (1/8*gq*L*L)

fy=fyvar

q=4.5*DL+3.5*LL+5. 0*WIN
b=0.05

h=0.1

L=6

18/4/23 Simulation Based Reliability Assessment (SBRA method) 25



Example 4, Results

" IEI . ]
i EAM% Resulting histograms of
) [ [~ Discrete  Steps:1000000 1 . e .
Variabe: [3us = bt antic reliability function

Minimum: -26 44646937  Maximum: 34 21281697
Mean: 554123027  StDeviation-4 65151341 - i .
CoVar:  0.83943694 Variance: 21.63657698
Skewnes: 052118932  Kurtosis: 248146205  _IM0-00007200 '\ |-21.07959158
Median: 5.72164864 T 0 00048000 \|—1T.8985121U

robabilitvo

L] LALA] ’ -

£
1Tdliiure
-26 -1 19 34
| Ultimate limit state
[RLEZE =8 R
Variabe:[57ls = - - Dis.c Steps:1mﬂﬁbAnthiH
Minimum: -0 09634656 Maximum: 0.14999319
Mean: 003886501  StDeviation:0.02822215 _ :
CoVar:  0.72615848 Variance: 0.00079649
Skewnes: 013645676 Kurtosis: 140896228  __IM/0.00000000 \ {.0.09703022
Median:  0.03562765 1l |0.00000000 \|-U.09?03022
Probability o
Serviceability limit state
-0.09 -0.03 0.03 0.09 015

I

18/4/23

P

==

Anthill

(=]

Harizantal axis: |5

Wertical axis: |H

Steps: 1000000

55.68328209

Colouration
[+ Mo

" Freq
" Prob

[v Draw lines

[ Draw circles

[ Draw dots
16.16E91 046

0.00153324

57.48086471

N\ Failure area
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Ultimate limit state
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Reliability Assessment

Column stressed by one-component load effect

(axial force N)

18/4/23

Q
|l
=+

| =

Ngq < Npg = f - A

Simulation Based Reliability Assessment (SBRA method)

WINx
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Reliability Assessment

Column stressed by two-component load effect
(axial force N and bending moment M)

18/4/23 Simulation Based Reliability Assessment (SBRA method)

X
'WINX
SN
\ 4
L,
\ 4
30° *D—
- XWlNZ
S L,
60°
4 3
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Example 5, Reliability Assessment

Column stressed by three-component
load effect

0,:=2,309m (axial force N and bending moments

M,, and M)

e §2

4 & 3
1
i
» |
2 i
2
1 +y i
WIN, /
&
D LL7
D 3 .
'
g " i
<t , <
I o
+z = s v
. £,
< K e
Vi P
g 7
¥ ,
L
g
rhd a,=6,928m

18/4/23
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Example 5, Reliability Assessment

Tl |T WIN,

. e . . : IJJ U>2 SN a,,=2,309m
Mathematical model of probabilistic calculation:
Reliability function: RF=R—-E g N
Structural resistance (strength of material) : g 7 V

R — f y _.-ffi// a,=6,928m

Load effect (maximal normal stress):

Ng; =—-DL—-LL, —SN —WIN, —SL, — LL
- NEd My,Ed N Mz,Ed Ed 1 X X 2,X

B Apar Wy,var VVz,var My,Ed =b - (SLZ — LLZ,z + WINZ)
MZ,Ed — b ) (SLy - LLZ,y)

18/4/23 Simulation Based Reliability Assessment (SBRA method) 30



Example 5, Reliability Assessment

Computational model - Fiber 1

RF1=Fy-Sigma

Sigma=abs (Q/A-My/Wy-Mz/Wz) /1000
Q=-(Zat+80*WINvar+S*sin(pi/6)+LS*sin(pi/3)) < ]
Mz=6* (S*sin(pi/6) /tan(pi/3)-LS*sin(pi/3)/tan(pi/3)) "8
My=6* (S*cos (pi/6) -LS*cos (pi/3) +3*WINvar)
Wz=0.00009852* (1-3*Eps)

Wy=0.0007131* (1-3*Eps)

A=0.006261* (1-2*Eps) o
Eps=Epsilon §?
Zat=400*DL+300*LL1+100*SN i
S=6*SL
LS=4*LL2
WINvar=WIN

PTG N
F

2 77

A
AN

P a,=6,928m

18/4/23 Simulation Based Reliability Assessment (SBRA method) 31



Example 5, Reliability Assessment

Reliability assessment in fibers of critical cross section 1..4:

4)

1)

18/4/23

il 10 re D = = (=] i 10 re2 N el o ]
Anthill . = = i
‘Variable: RF+ - W etz Di(r::::bity £EE ﬂm‘;’::nﬂe ‘\J}arﬁnh' Im B e s Steos: 1000000 Aﬂthll.].
Minimum: -3.64268694  Maximum: 40548366550 ~ 000000200 |0.00000000 Minimum: 2748345980 Maximum: 413.208fgao  I|0-00005618
Mean:  160.20234930 ~ StDeviation:39.56173970 "0 00048000 44 13249825 Mean:  149.35427270  StDeviation:48 3889266 =l oo ooos 5621073
CoVar 024688614  Variance 1564 34011300 Mo om0 T CoVar: 032398756  \Varance: 234148822400
Skewnes: 0.28284232  Kurtosis:  0.10712264 Jo. : Skewnes 043966342  Kuriosis: 009921333 _I|0-00007200 249165712
Median:  158.05737830 "Il0.00000840 14 15696306 Median: 144.73974870 T 0.00000840 15 28216029
400 -20 380
| [
o N e = il 10 re2 D o] = =
; [ Discrete Stepsitoooons Anthill ; [ reaise [ Discrete  Stepsitonoooo  Anthill
‘\J’Bnable_ IRF1 vl Ty Quantie R |RF2 ,l P Buanie
Minimum: -26 67202618 Maximum: 420.79109590  ~IM|0-00001500 0.00000000 Minimum: 57.30321809  Maximum: 42071231740  ZIM|0-00000000 0.00000000
Mean: 246 95665650  StDeviation-42 21396510 E.quomgoou 13.35130967 Mean: 245 65617520 StDeviation: 36.30319582 E.Ig_ogmsm)o 117.89570130
CoVar:  0.17093675 Variance: 1782.01910200 CoVar:  0.14778051 Variance:  1317.92202700
Skewnes: 076837312  Kurtosis: 160754473 000007200 1560635411 Skewnes: -0 12736676  Kurtosis: 0 23417183 I8o-0o007200 96.42821840
Median: 252 27732980 E.Io_ooooog.q,o 5 39676163 Median: 247 81826760 E.|0.00000840 78 26559056

-20 90

420 60

420

Simulation Based Reliability Assessment (SBRA method)
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Example 6, Reliability Assessment

l Statically indeterminate planar frame

18/4/23 Simulation Based Reliability Assessment (SBRA method)
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Example 6, Reliability Assessment

Force method:

J% L i Load schemes on a statically
/ R.=X, - R,=SL+WIN.I, . .
i —XI R=LL

M, =X,

_ﬂ NS determined basic system

Load-induced bending
moments on the basic system

18/4/23 Simulation Based Reliability Assessment (SBRA method) 34



Example 6, Reliability Assessment

Force method:
M= R (,-x,)- LL(]Z ]

'R G-x) 2 R
;ﬁ\i {j;ié) g N c1 B e »  Real courses of
Q< - .
= . b =y ¢ _R internal forces
ok ® F:®
. R =
s i Derived analytical relations for
statically indeterminate quantities:
X, =be:Iy,l'lz’[9‘LL'12+4'll'(3‘11‘WIN+8'SL)]+12'1y,2'l%'(ll-WIN+2-SL)
8'l1'(4'1y,1'l2+3°Iy,2'l1)
5:L,1-LL-15+ 1,51 -(6-LL-1, — IF-WIN)
Xy =Ry, =

4"[2‘(4"Iy,1‘l2+3'1y,2‘l1)

18/4/23 Simulation Based Reliability Assessment (SBRA method) 35



Example 6, Reliability Assessment

Mathematical model of probabilistic calculation: L

Reliability function: RF =R —E
In Sections |, Il and 11l &
Fibers 1 and 2 (bottom, top)

Structural resistance (strength of material) :
R=f,
Load effect (maximal normal stress):

NEd My,Ed . ﬁ|
Iy,var 2

WIN

E = +

Avar

18/4/23 Simulation Based Reliability Assessment (SBRA method) 36



Example 6, Reliability Assessment

Computational model - Section |, Fiber 1

RF=Fy-abs (Sigma)

Sigma=(N/(0.004590* (1-2*Epsl))+M*0.135/I1) /1000
M=X1*3.5+X2*2 .5-P1*2.5/2-P2*3.5-Q* (3.5)*2/2
N=-P1+X2

X1=(I1*2.5*% (9*P1*2 54+4*3 5% (3*3 5*Q+8*P2))+12*I2*(3.5)*2*(3.5*Q+2*pP2)) /P

P=8*%*3.5% (4*I1*2.5+3*I2*3.5)

X2=(5*I1*P1*(2.5)*2+I2*3.5* (6*P1*2.5- t
(3.5)72*Q))/(4*2.5% (4*I1*2 5+3*I2*3.5))
I2=0.00008356* (1-4*Eps2)

I1=0.0000579* (1-4*Epsl)

Eps2=Epsilon2

Epsl=Epsilonl

P1=200*LL

Q=60*WIN

P2=260*SL

18/4/23 Simulation Based Reliability Assessment (SBRA method) 37



Example 6, Reliability Assessment

Section |, Fibers 1 and 2

Section Il, Fibers 1 and 2

Section Ill, Fibers 1 and 2

18/4/23

i 10 rF

N

E=2(E=H

Minimum: 29 50029975

Variable: [RF u

Maximum: 420 64473360

[~ Discrete
Probabiity

“ 1|0 00000000

sepectaoone Anthill
Quant

tile

E=2E=E

000000000

Minimum: -17 73422148

Maximum: 420 84720500

i 10 rF N
) I [~ Discrete
Variable: |RF Probabilty

“Il[0 00001418

stesm 00000 Anthill
Quant

tile
0.00000000

Mean: 258 29034710 ~ StDeviation-39.05889283  [~JB[0.00048000  |73.12523735
CoVar 015122088  Variance: 1525 53710900 |
Skewnes: 101868216  Kurtosis: 243366192 T8 0.00007200 98.81933955
Median: 263.60072500 Jl(0.00000840 [43 50421086
30 120 210 300 390
|

il 10rF s [E==[EE]

u I Discrete  Steps:tooooso  Anthill
Variable: |RF Probabilty Quantie
Minimum: 11117769210 Maimum: 420 46811400 |0 00000000 0-00000000

Mean- 240 16700200 StDeviation-42 15991205 ~&[0.00048000 39.95257959
CoVar  0.17564415  Variance: 1777.45818700 Sttt
Skewnes: 0.83567409  Kurtosis: 205204087 [H8l0.00007200 1775390906
Median: 244.20991210 Il[0.00000840 3.07009238
-10 80 180 280 380
[
L E=dal
[~ Discrete  Steps:1000000 Anthill
Probabiity Quantile

Minimum: 7244611676 Maximum: 42064612330 I 0-00000000 0.00000000

Mean: 25217291940  StDeviation:30.41450857  ["Ji[0 00048000 153 08271930
CoVar 012060973  Varance: 92504233180 —_—
Skewnes: 025700768 Kurtosis: 056896045 | _IMD-00007200  [136 53662700
Median: 250 83144350 Jl|0 00000840 122 29588630
120 190 260 330 400
|
o N =)=

Mean: 247 15435140 StDeviation-33 38316131 ~[0.00048000 12036874770
CoVar  0.13507009  Variance: 1114.43545900 — |
Skewnes: 0.01980282  Kurtosis: 063835015 [H8l0.00007200 10030691770
Median: 246.88896050 Il[0.00000840 23 43347266
80 160 240 320 400
[
il 10RF N f=] @ |

Variable: [RF u

I~ Discrete  stepsiooooon  Anthill
i Quant

Variable: [RF u

l'us:fale steps:i0oooo Anthill
bilty

Quantie

Probabilty
Minimum: -14.12007148  Maximum: 42036436670 000001120 [0.00000000
Mean:  185.38122210  StDeviation:58.29655226 [~ J8}(0.00048000 3364236474
CoVar  0.31446849  Variance: 339848800500 |
Skewnes: 049313605 Kurtosis: 0.44345835  |_IM[0.00007200 |16 60458273
Median: 170.75139320 Il 0.00000840 -3.82842541
-10 90 190 290 390

Minimum: -12.80127895

Maximum: 419.89335230

0.00000000
|41.19559077
21.29015898

Probat
“Il[0.00000791
(000048000

Mean:  192.01581630  StDeviation:55.96947048
CoVar:  0.29148365 Variance: 313258162600
Skewnes: 0.38513094 Kurtosis:  -0.47457128
Median:  180.29751390

18000007200

039965604

000000840

10
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Example 7, Reliability Assessment

Reliability assessment of the column
5 DL+LL+SL

[..6m
5 profile HEB 300, steel 5235, F ... 2.1 - 10! Pa
<+—> imperfections: a ... 30 mm
WIN+EQ
AL f D Dead 350
L Long Lasting 75
S Short Lasting 75
P W Wind 40
1 500
Scheme of the structure EQ Earthquake 20 (D+L+S)= ET 25

under assessment
18/4/23 Simulation Based Reliability Assessment (SBRA method) 39



Example 7, Probabilistic Calculation Model

Calculation of maximal horizontal deformation o using theory of 1" order
considering the effect of initial imperfections:

F
W+EQ+T-F ta“<l‘ ﬁ)
S = I where K =

'K e

S-(1+K)
M = e - F

Bending moment in critical cross-section:

. . M F 6]-(1+K) 1
Stress in outer fibres: — = ‘_‘ H —F.
S=o0 W + y F P& +A

18/4/23 Simulation Based Reliability Assessment (SBRA method) 40



Example 7, Reliability Assessment

Ultimate limit state

R ... structural resistance — vield stress
RF=R—E 4 Iy

E ... load effect — stress in outer fibres o
Serviceability limit state

O0¢o1 ... Structural resistance — allowed deformation (35 mm)
RF = 8¢ — 6] '

0 ... load effect — maximal horizontal deformations
Random input variables:
* 5load components, 8 random input
* cross-section variability, variables
* initial imperfection in column, in total

* yield stress f,,.

18/4/23 Simulation Based Reliability Assessment (SBRA method) 41



Example 7, Reliability Assessment

i DL+LL+SL
Computational model o S
RF1=R-Sigma &
R=Fy
Sigma=F* (abs (DELTA) * (1+K) / (K*W) +1/A) /106 A=
DELTA= (H+F*0.03*Imp/6) / (F/ (6*K))
+

K=tan (POM) /POM-1 WIN EQ
POM=6* (F/ ((2.1*10~11) *I))~0.5
H=45000*WIN+30000*EQ
F=320000*DL+120000*LL+75000*SL
I=0.0002517* (1-4*Eps)
W=0.001678* (1L-3*Eps) TG == A, L, 1,
A=0.01491*(1_2*Ep5) ’Whhb:[—_|RF1 =] [ ecacuic [ Discrete  Steps:1000000 Anthill
Eps=Epsilon B B e b

CoVar: 016903472 Variance: 158140

Skewnes: -1.05449738  Kurtosis: 243533776 _MN0.00007200  [15.87655685

Median: 241.06779540 000000840 -25.38342472

Prob:
Pl failure. | R | W el
il Py

18/4/23 Simulation Based Reliability Assessment (SBRA method) 42



Example 8, Reliability Assessment

m P =DL-DLygr + LL + LLygy + SL - SLyqy
7

/]
IPE240 ]
a &
Steel statically indeterminate
& grate stressed by a
L) . .
5000 ot 5000 _ comblnat!on of several
/QQ B ' mutually independent loads
‘DQ

18/4/23 Simulation Based Reliability Assessment (SBRA method) 43



Example 8, Reliability Assessment

Reliability criterion: Reaching stress at the yield point

Calculation of elastic deformation and maximum bending moment

P, -Li  Pp-L3
48 -E -1, 48-E-1I,

Pl (B Pl (3D
T4 \B.L+13.4 2T 4 \B3-L+13-1

_ L7 - L

w =P-
e 48 - E- (L3 -1, + 13 1)

P = P1 ~+ Pz Wimax — W2max —

Reliability function: RF = pos(R; — E;) - pos(R, — E>)

18/4/23 Simulation Based Reliability Assessment (SBRA method)

44



Example 8, Reliability Assess

Computational model

SF
R1
R2
El
E2
P

Wl
W2
I1
I2
L1l
L2

18/4/23

pos (R1-E1) *pos (R2-E2)

0.9*Fyl

0.9*Fy2

(P*L1/4* (L2~3*I1) / (L1*3*I24+L273*I1))/ (W1*Wvar*1000)
(P*L2/4* (L1~3*I2) / (L173*I24+L273*I1))/ (W2*Wvar*1000)
(80*DLvar+240*LLvar+120*SLvar+25*WINvar+40*SNvar)
0.001928

0.0007152
0.0004820*Ivar . . e epe .
Resulting histogram of reliability function
0.0001180*Ivar g nistog y
oS [ & =)
6.0 ‘ B I R — Anthill
5 0 ‘W'BW, -
: Minimum: 0.00000000  Maximum: 1.0000000 ~llo.oo006200 f08
Mean: 0.99993800  StDeviation:0.00787376 00000
CoVar 000787425  Varance: 0.00006200
Skewnes: -126.98831570 Kurtosis: 16124 0323200( M0 \ 0.00000000
Median: 0.99951169 Mo \ 0.00000000
\
Probability of
Y ] |
Tanure
0 02 0.4 06 08 1
I

Simulation Based Reliability Assessment (SBRA method)

4
IPE240
1 /
Q
&8 ,-<¢§ 4“
N\
Q
&
5000 PV 5000 )
W\
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Example 9, Reliability Assessment

(V‘\’,‘i’n'a) Steel geometry and loading of a planar truss
T 1 R oL Axial force in the investigated bar:
S (dead)
(o)
SL
c (short lasting) /\ N = — DL.~13
¥ < . DL = 6
© Investigated bar
£
™ Ne = SL.v13
L e 330 [
A —
DL=350kN b WL.\13
SL=1000 kN 2m j, 2m Ny, = +—
WL=175kN 4 m

18/4/23 Simulation Based Reliability Assessment (SBRA method) 46



Example 9, Reliability Assessment

Resistance in compression (buckling) Ng .:

132
Rl—\/R12—4.(F) £, - A

N, | = n2-E-A
e 2.(L/1)?
2 - E-A fy
A
L\* E
R _1+fy°(7) +L-Eo-(1+0.1-Resvar)-c .
1o w2 E 72
. . ] L
Resistance in tension Np ,: ,
E
Nre=fy A 0

18/4/23 Simulation Based Reliability Assessment (SBRA method)

DL
(dead)

3m

6m
=

_3m

>
o >

o 2m | 2m .
1

4m

.. yield stress

.. Ccross-sectional area

.. elastic modulus

.. distance of outside fibres

from centroidal axis

.. length of the bar

.. radius of gyration

... initial eccentricity
Res,, ... effect of residual stresses

47



Example 9, Results

Computational model, definition

RF=abs (R) —abs (N2)

R=-pos (-N2) *RM+pos (N2) *RP
RP=0.9*Fy*Avar*1000
RM=(R1- (R1*2-

4*Lr2Pi2EA* (Fy*1E6*0.9) *Avar)~0.5) / (2*Lr2Pi2EA) /1000

R1=1+FyLr2Pi2E+EOcr2

EOCr2=L*EO* (14+0.1*Resvar) *ex/iz"2
FyLr2Pi2E=( (Fy*1E6*0.9) * (L/iz)*2)/ (Pi*2*Ecko)
Lr2Pi2EA=(L/iz)~2/ (Pi~*2*Ecko*Avar)

1z=0.03547937

ex=0.165 ™
Avar=0.006261* (1-2*Eps)
Ecko=2.1E11
N2=-Vb/SinA

SinA=3/L

Mean:
CoVar:

Variable: [RF | M

0
694 56371200 StDeviation: 266.36008180
Variance: 70947.6931500(

0.38349265

Skewnes: 2.00820310
Median: 635.95854930

Kurtosis: 4 65955975

uuuuuuuuuu

-0J
[6.96431917
[74 65957048

|0.oooo

El[o.oom\oo

L=(222+372)70.5
Vb= (F1*6-F2*3+F3*2) /4

F1=1.5*175*WL

F2=1.5%1000*SL T

Probability of

'ﬂzouz&a =ic ﬁ
Horizontal axis: | Anthill
Vertical asis:  |R v Steps: 1000000
2464.20284000
Colouration
+ No
" Freq
" Prob e

Tension .
Failure
Failure
v Draw lines
[~ Draw circles
Bl Compression
1315.16411600 [S 020 o
757.16576780 1542.13107800

F3=1.35*350*DL

18/4/23
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Example 10, Reliability Assessment of Gravity Dam

18/4/23 Simulation Based Reliability Assessment (SBRA method) 49



Example 10: Flipping around point C

Reliability function: RF = 2 — E,

B
where [ is coefficient of safety

R and E are statical moments

1
E load effect (unstable): E = H, > h, w | w,
R structural resistance (stable):

h w
(Wl-f>>+6'1-(?1+wz+w3

1
R=P2‘<W1+W2+W3_§‘

1 hy 1
’W3+P1’_’ W3 » — +H1‘_‘h1

3 h

18/4/23

3

Simulation Based Reliability Assessment (SBRA method)

)+ 6
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Example 10: Slipping in the contact surface

Reliability function:

RF R E
P i P

where [ is coefficient l
of safety (£ = 2), h X
R and E are shear forces :
in the contact surface H, 5 ' l
with the coefficient of 7 l G, I
friction G, = |
COF =0.79 - 0.81. wo | oW,

E load effect (action): E = H,
R structural resistance (against slipping):

R:COF.ZFVEI‘t-l_Hl:COF.(P2+G1+GZ+GS+P1)+H1

18/4/23 Simulation Based Reliability Assessment (SBRA method) 51



Example 10: Random input variables

Water levels h{, h,
Bulk density of concrete p,
Coefficient of friction COF

4 random input variables

18/4/23 Simulation Based Reliability Assessment (SBRA method)

h,
s o l
O
| 1]
G, L A,
Wl WZ
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Example 10: Calculation in the AntHill program
Flipping around point C

Computational model, definition

RF=R-E
E=H2*wl2/3

R=(P2* (wl+w2+w3-wl*wl2/h/3)+Gl* (wl/3+w2+w3) +G2* (w2/2+w3) +G3*2/3*w3+P1l*w3*wll/h/3+H1*wll/3) /Beta
; Loads

Hl=wl1~2*1000*9.81/2/1000
Pl=wll*w3*wll/h*1000*9.81/2/1000
H2=w1l272*1000*9.81/2/1000
P2=wl2*wl*wl2/h*1000*9.81/2/1000
Gl=wl*h/2*roc*9.81/1000
G2=w2*h*roc*9.81/1000
G3=w3*h/2*roc*9.81/1000

; Random input variables

wll=3+2*norml ; Water level hl, normal, 3..5 m
wl2=10+(1-expl/5) *4 ; Water level h2, exponential, 10..14 m
roc=2800+200*norm2 ; Bulk density of concrete, normal, 2800..3000 kg/m”*3

18/4/23 Simulation Based Reliability Assessment (SBRA method) 53



Example 10: Calculation in the AntHill program

Flipping around point C Wiow e e

; [~ Fecaicusi= [ Discrete  steps:iooooss  Anthill
‘\a‘aﬁahde: |wl1 | =

I n p ut va ria b I es: Minimum: 3.00000000  Maximum: 5.00000000 f-Jll|0.00000000 0.90000000
.

Mean:  4.00017293 StDeviation: 0.32864176 E.Ig_gggggggg 080000000
CoVar:  0.08215689 Variance: 0.10800541

— \ Skewnes 000189645  Kuttosis' 017086798 |0 00000000 |0.70000000
Bl nput variables (o ][®@ ]| =] Median: 3.99776803 “Mo 00000000 [0.60000000
Yariables | Type | Parameters | ~

o1 0. dis Min=0.00000000 Max=1.00000000 Water level hl,

expl exponl.dis Min=0.00000000 M ax=5.00000000 . R .

noim2 1. dis Min=0.00000000 Max=1.00000000 normal di StrlbUtIOn,

noim3 n01.dis Min=0.00000000 Max=1.00000000

h Constant Value=18

wl Constant Value=1 3 e 5 m |3 :
we Constant Value=2

w3 Constant Value=4

Beta Constant Value=2 v

< > Water level h,, exponential distribution,
oo =)o e 10 ...14 m o= =)o =
‘ . Iﬁ | | REGEEUEE I_Da;crete Steps: 1000000 Anthill ‘ ) . | | RECHEEE I_Da;crete Steps: 1000000 Anthill
Minimum: 2800.00000000 Maximum: 3000.00000000 <Jl0-00000000 0.30000000 Minimum- 10.00000000  Maximum: 14.00000000  <J|0-00000000 0.90000000
Mean:  2900.04333000 StDewviation:32 88869107 E.Ig_gggggggg 0.80000000 Mean:  13.20121980  StDeviation:0. 75264721 E.Ig_gggggggg 0.80000000
CoVar  0.01134076  Variance: 1081.66600000 CoVar  0.05701346  Variance: 0.56647783

Skewnes:-0.00181944  Kurtosis- -0 16849049 |0-00000000 0.70000000 Skewnes: 144750848 Kurtosis- 198512715 1J|0.00000000 0.70000000
Median: 290015045400 ~Jllj0 00000000 {0.60000000 Median: 1343642815 1|0 00000000 |0.60000000

Bulk density of concrete,
normal distribution,
i B o 20 = | 2,800 ...3,000 kg - m~3
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Example 10: Calculation in the AntHill program

Flipping around point C

Results:
0w =1 ==
= - [ Discrete  steps:1oooooo  Anthill
Variabie: |RF i Probability Quantile
Minimum: 30459158540 Maximum: 3413.12604500 1|0 00000000 10.00000000

Mean: 1156.18003700 StDewation:581.12669170
CoVar:  0.50262647 Variance: 337703.231800(
Skewnes: 1.11960433 Kurtosis:  0.79250181
Median: 993.77589960

" 1%/0.00000840

[321.35792130

18 0.00007200

|338.99803420

Tl 0.00048000

|3r3r3 95787260

400 1100 1800

2500

3200

Probability of failure Pr = 0
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Example 10: Calculation in the AntHill program

Slipping in the contact surface
Computational model, definition

RF=R-E

E=H2

R= (COF* (P2+G1+G2+G3+P1) +H1) /Beta
; Loads
Hl=w1l172*1000*9.81/2/1000
Pl=wll*w3*wll/h*1000*9.81/2/1000
H2=w1272*1000*9.81/2/1000
P2=wl2*wl*wl2/h*1000*9.81/2/1000
Gl=wl*h/2*roc*9.81/1000
G2=w2*h*roc*9.81/1000
G3=w3*h/2*roc*9.81/1000

; Random input wvariables

wll=3+2*norml ; Water level hl, normal, 3...5 m

wl2=10+(1l-expl/5) *4 ; Water level h2, exponential, 10...14 m
roc=2800+200*norm2 ; Bulk density of concrete, normal, 2800...3000 kg/m"3
COF=0.80+0.05*norm3 ; Coefficient of friction, normal, 0.80...0.85
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Example 10: Calculation in the AntHill program
Flipping around point C

Input variables: Partial output:
(o —e = |ilocor || B ||
Variables | Tuvpe | Parameters | ~ g thjll
m— n1 dis Min=0.00000000 Max=1.00000000 ) [ feoafuie | Discrete  Steps:1000000 Al
expl expon].dis Min=0.00000000 Max=5.00000000 ‘ R j Probability Cuantile
norm2 n01.di Min=0.00000000 Max=1.00000000
nzrm3 n01.diz Min=0.00000000 M::-:=1.EIUUEIUUUIJ Minimum: 0.80000000 Maximum: 0.85000000 E.I1 00000000 0.90000000
h1 Emta": :a:“eja Mean:  0.82499681 StDeviation: 000822102 E.I 1 00000000 1 61653494
- e i CoVar:  0.00996491 Variance: 0.00006759
= —— T Skewnes: -0.00234222  Kurtosis: -0.17044243 < JM|1-00000000 10.65845639
Bel Conaiant Vakie=2 v Median: 0.82506525 1|1 00000000 19.48993260

Coefficient of friction COF,

normal distribution,
0.80..0.85 ||

0.8 0.81 n.82 0.4 0.85
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Example 10: Calculation in the AntHill program

Slipping in the contact surface

Results:
i o |[@ = I
o = [~ Discrete  steps:1oooooo  Anthill
Variabie: |RF =] Probability Quantile
Minimum: -3.85596999  Maximum: 568.52782100 < J|0 00000558 10.00000000

Mean:  159.23398050 StDeviation:92 84645402 E.|U.UUU[][]B:1[] |1 61653494
CoVar: 058308191 Variance: 6620 46402300 e
Skewnes: 122748647  Kurtosis: 1.26637629  _MM|0-00007200  |10.65845699

Median: 133.70283210

1l 0.00048000

|19 48993260

1] 140 260 420

260

.

Harizontal auis: |E j

Yertical asis: |H j

=T e

Anthill

Steps: 1000000

10392, 20232400

Colouration
f+ Mg

" Freq
" Prab

[v Draw lines

[ Draw circles

[ Draw dots
944 27032820

430, 50000000

361, 33000000

Probability of failure Pr = 5.58 - 107°
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Example 10: Calculation in the AntHill program

Flipping around point C and slipping in the contact surface, assessment of both

conditions together: Computational model, definition

RF=pos (R1-El) *pos (R2-E2)

E2=H2

R2=(COF* (P2+G1+G2+G3+P1l) +H1) /Beta
El=H2*wl2/3

Rl=(P2* (wl+w2+w3-wl*wl2/h/3)+Gl* (wl/3+w2+w3)+G2* (w2/2+w3) +G3*2/3*w3+P1*w3*wll/h/3+H1*wll/3) /Beta
; Loads

Hl=w1l172*1000*9.81/2/1000
Pl=wll*w3*wll/h*1000*9.81/2/1000
H2=w12+2*1000*9.81/2/1000
P2=wl2*wl*wl2/h*1000*9.81/2/1000
Gl=wl*h/2*roc*9.81/1000
G2=w2*h*roc*9.81/1000
G3=w3*h/2*roc*9.81/1000

; Input random variables

wll=3+2*norml ; Water level hl, normal, 3...5 m

wl2=10+(l-expl/5)*4 ; Water level h2, exponential, 10...14 m
roc=2800+200*norm2 ; Bulk density of concrete, normal, 2800...3000 kg/m”*3
COF=0.80+0.05*norm3 ; Coefficient of friction, normal, 0.80...0.85
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Example 10: Calculation in the AntHill program

Flipping around point C and slipping in the contact surface, assessment of both

conditions together: (EgEpw == &=
Results: ‘Wmm = ] [ Recslculste [ nic:‘t:m Stm:m?::nﬁeﬁmhl“

~Jllj0.00000300 0.50000000
[ 120.00000840 0.99902344

Minimum: 0.00000000 Maximum: 1.00000000
Mean:  0.99999700  StDeviation-0.00173205
CoVar: 0.00173205 Vanance: 0.00000300
Skewnes: -577.34767110 Kurtosis:  333328.333300( _IH|0-00007200 0.93302350

Median: 0.99951172 1l 0.00048000 0.99902390

Probability of failure
Pr=3-107°
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Combination of Loads
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Combination of Loads
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Assessment of the Structural Service Life

Dependence of R and E ontime t
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Calculation of Safe Beam Operation Time

SL| LL| St W cl
oL — -
L/m] 44R16 3 ol
-

. e 0L | by | O.L
| L/3 ’LL/G’LL/BJ L/3 | i lb X i
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Load Effect Duration Curves
RF = {Mg(t) — Mg(t)}

1 1 1
Mg(t) = = (DL - DL,,,) - L* + i (LL-LL,,) L+ = (SL-SL,,) L

Lifetime

5 ’[; Dead load 1 TS Long—term — st Short—term .
(o) ] A ‘l () ,==l

o). » 1 -

0 Time ¥ & OO GO Time ¥ g oo 00 Time ¥ g oo

&
—
o= o

Mg (t) — (As ) As,var) ) fy " Z [kN-m]
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Mg (t) [kN.m] 0 to 50 years

Load Effect

AntHill

200000
< »
axis: HMIE

Steps:
Horizontal axis
Uertical

[

a,
.ef:HchM

69

281.

30.00

0.00
0O to 50 years

111.67

M3

66
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Structural Resistance Mg (t) [KN.m] O to 50 years

Steps: 200000 s
Horizontal axis: t
Uertical axis: HMRBR 1

299 .70 [;
T El

29 .72 -
0.00 50. 00

MR 0O to 50 years
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REllablllty Function RF(t) [KN.m] 0 to 50 years

Steps: 200000 2
Horizontal axis: t
Uartical axis: SF ]_
164.28
i
Failure SR
R
g
-
-164.37 -
0.00 50.00
EF = (MR - HMS3) D to 50 years
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Reliability Function P; = 0.00005, t = 30 years

Steps: 200000 "
Horizontal axis: HMS
Uertical axis: HMB 1
299.59
191.14
111.67 281.69
Safety function 3F = MR — HMHS (30 years)
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