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Abstract. The article deals with possibility of application of the simulation based reliability
assessment SBRA Method in modeling of structures in the field of judgement of their
serviceability. A steel supported beam of rectangular cross sectional area was taken into
account. Strains of the model were determined using electrical resistance straingange method
were determined. Because of the same material of the model and real beam, strains and
stresses are the same in both cases.

At the first step a model of the beam was created and necessary corresponding station
modulus was determined for real beam using modeling rules.

It means that inverse procedure was used in that case. Stresses of the model and
corresponding beam were determined using SBRA when fallowing random variable quantities
as section modulus of the beams, Young's modulus of elasticity E and evading force were
taken into account.

Introduction

The article deals with an ability to assess the reliability of structural element on its model by
means of the simulation based reliability assessment SBRA Method. The aim is to present a
possibility of judgement of probability of failure of real component on its model. Steel beam
(Fig. 2) was taken into account as a model of real steel beam. Stresses of steel beam and its
model were determined using SBRA Method too. Obtained results were compared.

The simulation Based Reliability Assessment Method is a probabilistic method using the
Monte Carlo simulation [1, 3]. Probability of failures of model and real beam were
determined using Anthill software [3].

Modelling of engineering problems can be a way to solve them. This method is generally
based on the conditions

(7)s =(7)y» 1=12,...,m (1)

where 7, are so called dimensionless parameters for structure (subscript S) and model
(subscript M). Probability of failure is guided by so called safety function.
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Psi) = Ra) — Sq) (2
Where S is the load effect And R is the structural resistance. The probability of failure Pr of a

body can be then expressed as a ratio between the number Nr of results that do not fulfil the
defined before by safety function Eq.3 and the total number of results of safety function N,

[1], see Fig. 1. Then

Pr=Nr/ Nt (3)
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Fig. 1 Probability of failure
Experimental results

The used steel model in mm is stated in Fig.2. Loading forces were F=100, 200, 300, 400, 450
N. Strains were measured using electrical-resistance gages. Fig. 1. Recorded values of strains
and corresponding stresses are in the Tab. 1. To determine corresponding state in real steel
beam length of 1=2500 mm rules of modelling were used and loading forces Fs and section
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Fig. 2 Model of the beam

modulus Ws were determined. Material of model and of real beam was the same therefore
stresses in the model and in the real beam are the same, steel S235 with Young’s modulus of
elasticity E =2.1x10° MPa was used, see the Tab. 1.
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Tab.1 Results of the model and of the beam

Fm[N] 300 450
2 gimx103 | 0.225 0.33
o1im [Mpa] | 47.25 | 69.30
2 £mx103 | -0.165 | -0.26
om [Mpa] | -34.65 | -54.6

Model
experiment

Fa[kN] 75 | 11.25

Beam

Results of model and SBRA simulation is obvious in Tab. 2.

Tab.2 Results of model and of SBRA simulation

Fm[N] 300 450
Fa[kN] 75 11.25
MODEL SBRA-m SBRA-B MODEL SBRA-m SBRA-B
exp. exp.
2e1mx107° | 0.225 - - 0.33 - -
2&m x107 0. 1‘ 65 i i -0.26. i i
o1 [MPa] | 47.25 | 45.190 | 45202 | 69.30 | 67.79 | 67.80
o [MPa] | -34.7 | -34.29 | -34.19 | -54.60 | -54.48 | -54.32
o1pet[MPa] 452 67.79

m - Model, B — Beam, Det. — beam determined

e [~ Recsculatz [ Discrete  Steps 171913 Anthill I~ Recslculst= [ Discrete  Steps: 250000 A.llthl“
i | =l Prokakilty Quartile et | Sl = Prababilty Quantie
Minimum: B5.14347208  Maximum: 7052249580 JM|0-00000000 6514275257 Minimurn: 51 18445539 Maximum: 7474334569 IM|0.00000000 61. 16226865
ean B7.79754232  StDeviation:0.77657520 E.ID 00000000 514275257 Mean 7 BO238057 StDeviation: 2. 22835120 E.IEI.EIDEIUEIUEIEI 6116226565
Covar 001145433 Variance: 0.B0308505 Covar. 003286536  Variance. 4.36554305
Skewnes: 0.01176214 Kurosis: .0.1550p005  I|D00000000 [e5 14275257 Skewnes: 004573956 Kurosis, 015220708 | I0.00000000  [F1.15226565
Median:  £7.79501651 [.|D 00000000 F5. 14276257 Median: 6779089358 E.IEI.EIUEIDEIDEIEI 51.16226865

i
52 704 B2 65 B3 bl 74
Fig.3 The resulting stress oim [MPa] Fig.4 The resulting stress o1 [MPa]
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) [ Recocuse [ Disrete Stepstsizs Anthill ) H [~ Discrete  Stepsizsoooo  Amthill
Varishie: [3F033 = Proabilty GQuartile g smattm El Probabilty Quantie
Minimum 07002635 Maximur 713516510 M| 0000455 100000000 Minimum: 43.42321699  Maximum: 46.9762g640  _IM|0-00000000  [43.4160064
Mean:  3.04761721 StDeviation:0.69330841 E.In 00000000 0 70250052 Mean:  45.19689421 StDeviation: 0.51661706 E.lu_oooooggg ‘43 41600864
Covar  0.22749196 “ariance:  0.48067655 CoVar:  0.01143037 Variance: 026689319
Skewnss 065571355 Kumosis: 1 1701op76 L I0O000OOOD [0 702660150 Skewnes: 001847682  Kurtosis: -0.17081778  L_IB0.00000000  [43.4160086+
Wedian: 298340241 Hljo oonoooon 070259052 Median: 4519531558 TM[oooooooo0  [43 41600864

= = 29 == £ 435 443 4541 459 467
Fig.5 Probability of failure Pf(i), SF(i) Fig.6 The resulting stress o1m [MPa]
- o [~ Discrete  Stepsizsoone  Anthill ) ul [~ Discrete  stepsizsooos  Anthill
Variables [somat1p - Frobabiy Quantie MamRE|S0ss o Frooabity Quantie
Minimum: 40.78964360  Maimum: 49.82389979  _IN0.00000000  [40.77536387 Minimum: 737165147  Maximum: 1255373365 ~ _IM0-00000000  [7.36871071
Mean: 4521234830  StDeviation: 1 43759661 E.|D,I)I)DDDDDD ‘40 77936887 Mean:  9.07333743 StDeviation: 063184217 E.|0_00000000 |; 36871071
CoVar:  0.03290244 Variance: 2.21294366 CoVar:  0.06963724 Variance: 0.39922453 | e
Skewnes: 0.04059739 Kurtosis:  -0.16559977 E.|0.00000000 ‘40 77936887 Skewnes: 0.68901240 Kurtosis:  1.77377463 |0-00000000 | 36871071
Median: 45.19996227 E.|0.00000000 ‘40 77936887 Median:  8.99000707 Il [0.00000000 [7.36871071
93 X o o o 74 86 98 " 122
Fig.7 The resulting stress o1 [MPa] Fig.8 Probability of failure Pf(i), SF(i)

In Fig.3. and Fig.4. there are for illustration presented histograms of the resultant stresses
and section modulus and in Fig. 5. is presented histogram of probability of failure all for the
loading of Fm=300 N and figures 6. ,7. and 8. for the load Fm= 450 N.

Probability of failures of the beam determined using SBRA method were Prip = 4,8:107°
and for the model Pgiym = 4,103-107.

Obtained results show very good correspondence. It gives a sure possibility for
determination of failure probability of structure to determine it using corresponding model.
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