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1. Introduction

The study, which is shortly described in the following paragraphs, demonstrates potential
of the SBRA (Simulation-Based Reliability Assessment) method (see e.g. [1], [2]) in
probabilistic serviceability assessment of a simply supported reinforced concrete one-way
slab (see Fig. 1). Acting loads, consisted of dead load and imposed load, are causing vertical
deflection of the slab. The goal is to assess vertical deflections of the slab.
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Fig. 1 Scheme of simply supported reinforced concrete one-way slab
2. Solved study
2.1. Input data
Dimensions of the slab were considered as deterministic values. Concrete cover,

reinforcement cross-section area and material characteristics were considered as random
variable quantities. Bounded histograms of applied loads are shown in Fig. 2.



2. 2. Applied mathematical model

The mathematical model is based on the model contained in the Eurocode 2 [3]. The
model respects influence of cracks on the stiffness of considered structure (for more details
see [3]-[6]). Creep of the concrete, due to dead and long-lasting loads, is introduced using
the creep factor ¢. (see Fig. 3). Shrinkage of the concrete is taken into account by shrinkage
factor ¢ (see Fig. 3). Those two factors were also determined according to the model
contained in the Eurocode 2 [3].
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Fig. 2 Bounded histograms of (a) dead load and (b) imposed load
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Fig. 3 Factors of (a) concrete creep ¢, and (b) concrete shrinkage ¢
2.3. Calculation

The target probability, corresponding to the serviceability assessment, is considered
P4=0.07 (according to the recommendation in the code [7]). Probability of failure Py is
calculated from the reliability function RF = R-E, where E is the vertical deflection due to
the acting loads and R is the limit value. There were used two limiting values. The first
limiting value corresponds to the case, when only dead and long-lasting loads are acting
and its value equals to 1/250 of the slab span. In the second case, all loads are considered to
be acting and the limiting value equals to 1/200 of the slab span. The resulting probabilistic



funtions corresponding to these two cases are shown in Fig. 6. The resulting probabilities
of failure are Py =0.22485 and Pgg, = 0.00455. In the first case, there is not met the
serviceability criterion P;<Pg4. This criterion can be satisfied e.g. by increasing of the
member stiffness.
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Minimum value=-5.438544398
Maximum value=11.36374602
Bins of histogram=1024
Mean=1.772418862
Variance=5.157064673
Standard deviation=2.270917144
Median=1.492605705

Variance coefficient=1.28125309
Skewness=0.5469780603
Concentration coefficient=3.229683871
Kurtosis=0.2296838708
Probability(0)=0.22485
Quantile(0.07)=-1.233865663
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Minimum value=-3.014723223
Maximum value=14.96293716

Bins of histogram=1024
Mean=5.183255452
Variance=5.382405523

Standard deviation=2.32000119
Median=4.946058939

Variance coefficient=0.4475953794
Skewness=0.4793682629
Concentration coefficient=3.247464965
Kurtosis=0.2474649654
Probability(0)=0.00455
Quantile(0.07)=2.064009768

w

N

Relative Frequency

—-

0 ) 10

RF [mm]

fsta

Fig. 4 Serviceability functions: (a) only dead and long-lasting loads are acting and R=1/250,
(b) all loads are acting and R=1/200

3. Conclusion

The paper indicates the efficient application of the SBRA method in evaluation of
serviceability criterion of reinforced concrete member. Randomness of individual input
quantities can be easilly taken into account using bounded histograms better expressing real
scatter then the parametric ones. The potential of this probabilistic approach can be also
exploited in cases, when a structure is exposed to various time-dependent effects, such as
carbonation of concrete, corrosion of reinforcements, etc. Then, the probability of failure is
variable in time and reliability assessment can be easily performed by a curve of probability
of failure (see eg. [8], [9]).
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Anotace

Cilem ptispévku je posudek pouzitelnosti prosté podepiené Zelezobetonové nosnikové
desky z hlediska svislych prihybu. Deska je naméhand rovnomérné rozdélenym
spojitym zatizenim stalym a uzitnym. Vé&t€ina vstupnich veliin je uvaZovana jako
nahodné proménna, vcéetné zatizeni, a jsou popsdna ohranienymi histogramy.
Posudek spolehlivosti je proveden na zakladé plné pravdépodobnostni metody SBRA
(Simulation-Based Reliability Assessment).



