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Abstract. Road bridges are exposed to stochastic traffic loadings that are
not simply determined. The international codes for the design and
assessment of highway bridges provide some standard trucks that can be
used in the design process. Knowing that the traffic can vary considerably
from one bridge to another, standard trucks may lead to poorly estimate the
reliability in the assessment process. So, the sensitivity of the reliability
indices to the load models will be discussed, on one hand by considering
the standard truck given by the French Fascicule 61 and on the other hand
by adopting real vehicle data from existing weigh-in-motion station. A set
of reinforced concrete bridges will be used for the application.

1 Introduction

Due to the high variability of parameters related to civil infrastructures, such as material,
geometrical or loading uncertainties, the reliability theory constitutes the best assessment
method for this kind of structures. This theory, initially applied in the field of software
assessment, is then transmitted to the field of structural engineering[1].

The particularity of the structural composition of highway bridges, as well as the
stochastic nature of vehicle loading, have made road bridges the most suitable
infrastructures for the application of the reliability approach in the assessment procedure[2].
However the adopted loading models to perform reliability calculations are often
oversimplified and generally lead to poorly estimate the reliability indices. For example a
standard truck load has been used in several studies with variable positions and
combinations in the transverse direction [3],[4], in the longitudinal direction, the influence
line analysis has been used to calculate the worst load effect.

In this paper, the importance of choosing the right traffic model will be proved. For this
purpose, two load cases will be considered, the first one is based on the standard truck Be
defined by the French Fascicule 61[5] and the second one is based on realistic data for
vehicle loads from a weigh-in-motion station located on Switzerland A1 highway[6].

The flexural limit state will be assessed for a set of 21 simply supported reinforced
concrete bridges using the first order reliability method FORM. The bridges are two or

' Corresponding author: fatima_hc1991@hotmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


https://core.ac.uk/display/200901492?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

MATEC Web of Conferences 281, 01003 (2019) https://doi.org/10.1051/matecconf/201928101003
INCER 2019

three lanes (width w=9.5 or 12.5) with lengths L ranging from 8 to 20m. The number of
the T-shaped main girders G is 4, 5 or 6.

2 Reliability approach

Structural reliability is the probability that a structure will not attain a specified limit state
(ultimate or serviceability) at a given period of time. Each limit state can be defined by a
particular form of a function called the limit state function or failure function. The general
form of a limit state function can be divided into a resistance term R and a load effect term
S as follow [7]:

G=R-S o)

The limit state function is expressed in terms of the basic variables X which affect the
structural performance, so we obtain the following expression of the limit state function:

G(X) =R(X}, X5, ..., X,) =S (DD, LL, ...) 2)

Where R is the resistance function of system of random variables which influence the
limit state, for example for a concrete section these variables are related to material
properties and section dimensions, and S is the random function of load effects resulting
from dead loads DD and live loads LL.

According to this definition, the space is divided in two zones: the reliable zone and the
failure zone. The boundary between these two subspaces is a hyper surface of equation
G(X) which is called the failure surface (i.e. R=S). Thus, the probability of failure p,
corresponds to the probability that G(X) < 0. It is calculated by FORM [8] as follow (see
Fig. 1):

1. The random variable vector {X} is transformed from the physical variable space (X-
space) to standard normal (Z-space): G ({X}) = G ({Z}).

2. In the standardized space, the reliability index corresponds to the minimum distance
between the origin of the space and the limit state surface (B=min (}; zi?)1/2)

3. The first-order approximation is then used to deduce the failure probability from the
reliability index: p/=® (-B), where ® (.) denotes the cumulative distribution function of
the standard normal distribution.

Basic Variables (X-Space) — Standard Normal (Z-Space)
X4 e X G0

Transformation

Fig. 1. Illustration of the reliability concept [9]
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3 Limit state
The flexural limit state is considered in this study with the following limit state function:
G (X) = Mp(4s, fox fyao @, o, bay...) = My (M, Myapc, -..) 3
where My is the resistance bending moment and M, is the applied moment resulting
from traffic M,z and superstructure M.
3.1 Resistance moment

The resistance bending moment in case of T-section is deduced from the rectangular stress
distribution given by Eurocode [9]:

My =A% (fu/r) * (d—s/2) “
=A% (h/ 1) X (d—(As* (/%) / 1.134 fo by); neutral axis in the flange
= A (/7)) % [d—(As (Fi/ys) —0.567 for (bg—bgo) hy) / 1.134 fo1 by]; neutral axis in the web

where 4 is the reinforcement area , f is the yield strength of reinforcement, y, is a
partial factor for reinforcing steel =1.15, s is the depth of rectangular stress bloc, f;; is the
characteristic concrete compressive strength, d is the effective depth of the cross section, by,
b, and hyare dimension parameters shown in Fig. 2.

ho

Fig. 2.Cross section of the girder

3.2 Applied moment

The applied moment is calculated once by considering trucks from system B, described in
the Fascicule 61 of the French code and another time by considering realistic traffic from
weigh-in-motion WIM data recorded in some European sites.

3.2.1 System B,

The Fascicule 61 presents the calibrated traffic load models used for the design of highway
bridges. In this study we will consider the system Bc for the reliability evaluation. The
number of trucks B, in a single queue depends on the bridge length. Trucks are positioned
laterally in order to obtain the most critical effect on the studied girder. The system Bc is
presented in Fig. 4. The transverse positions of truck Bc for a three-lane bridge are
illustrated in Fig. 4 with the influence lines of the transverse distribution coefficient for an
exterior and an interior girders.
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3.2.2 Realistic traffic

The weigh-in-motion WIM data for vehicle simulations are recorded on the Mattstetten
motorway in the past 10 years in Switzerland [6]. The recorded parameters of heavy
vehicles or trucks (vehicles with weight more than 3.5 t) can be grouped in twelve classes
with number of axles ranging from 0 to 6. The distribution of gross vehicle weight for each
vehicle class is fitted to bimodal beta distribution. An example of the gross vehicle weight
generation for the vehicle class 112r is shown by Fig. 5. Monte Carlo simulation is then
used to generate vehicle queues according to the given distribution for each vehicle class.

\
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Fig. 3. Longitudinal profile of truck Bc
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Fig. 4. Transverse positions of system Bc and influence lines for central and exterior girders
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Fig. 5. Gross vehicle weight distribution for the vehicle class 112r

4 Results and conclusion

A set of 21 simply supported reinforced concrete bridges with different length L, width w
and number of girders G is used for the calculation of reliability indices. The acronyms of
all the bridges, referring to their characteristics, are presented as the labels for the
horizontal axis in Fig. 7. The bridges are representative of the existing RC bridges.

A Matlab Toolbox is used to perform reliability calculations using first order reliability
method FORM. The performance or limit state function corresponding to the flexural limit
state is given by equation (3). This function depends on a set of random variables related to
material or geometrical properties and loading conditions.

The distributions of random variables used in the reliability analysis for the entire
bridge set are given by Table 1.

Table 1. Distribution of random variables

Description Variable | Distribution Mean COV_ | Ref.
Area of reinforcement Ay Normal Nominal 0.035 | [10]
Effective height of section d Normal Nominal | 0.0229 | [11]
Yield stress of steel Tk Normal 600 (MPa) 0.1 [12]
Concrete compression strength ek Normal 40 (MPa) 0.15 [12]
Dead load moment Mp,, Normal Nominal 0.07 [11]
Superstructure moment Mg Normal Nominal 0.1 [11]
Live load moment M Normal Nominal - -

Fig.6 presents the reliability indices calculated for the bridge set. A large difference can
be noticed between the reliability indices under truck Bc and those under realistic traffic
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data. When considering realistic traffic data, the increase of the reliability indices is given
by Fig. 7 for all the bridges.

The highest increase of the reliability index is about 218% for the bridge L8w9.5G6
under realistic traffic data as shown by Fig. 7. The average increase for all the bridges is
about 140%.

We can deduce that reliability indices are very sensitive to the adopted load case. The
standard trucks used for the design of highway bridges don’t always represent the real
loading conditions and are very general. The use of these standard truck loads for
evaluation purpose may lead to underestimate the reliability. So, we should expect early
intervention on maintenance for the structural upgrades and strengthening. In other words,
this constitutes a waste of money with little efficiency.

The structural evaluation of road bridges, based on traffic loads given by the design
standards, is not cost effective. Loading conditions are very special for each bridge. So,
traffic monitoring constitutes an important step to get more accurate results about the
degree of structural performance.
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Fig. 7. Percentage increase between reliability indices under realistic traffic and standard truck Bc
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