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RELIABILITY ASSESSMENT OF BRIDGE STRUCTURES 

Purpose. The main purpose of the work was to analyze the methods for assessing bridge reliability, compare the 
approaches of Ukrainian state building codes with European standards for determining reliability, and provide rec-
ommendations for improving the regulatory framework of Ukraine. Methodology. The article is devoted to the 
study of bridge reliability as a key aspect of their design and operation. The theoretical foundations of structural 
reliability theory are considered, with the theory being based on a probabilistic approach to safety assessment taking 
into account the random nature of loads and material resistance. Findings. In the first section of the article, based on 
the theory of multiplication of probabilities for dependent events, it is shown that the reliability of a structure can be 
represented as the product P(t)=P0 Pt(t), where P0 is the reliability at the operation start moment, and Pt(t) is a func-
tion that characterizes the change in reliability over time and satisfies the condition Pt(t)=1 at t=0. The second sec-
tion considers finding the reliability P0, which is equal to the probability that the generalized load E will be less than 
the generalized resistance R. It has been proven that if the failure rate of the structure remains unchanged, increasing 
its initial reliability P0 has very little effect on the residual service life (i.e., the time it will operate before becoming 
inoperable). Originality. The work shows that the failure rate function (risk function) fr(t), which characterizes the 
structural degradation processes, does not depend on the initial reliability P0 but is determined only by the functional 
dependence on Pt(t). This, in turn, leads to the fact that the residual service life of the structure depends mainly not 
so much on the initial reliability P0 as on the degradation function Pt(t). Practical value. Current domestic standards 
overestimate initial reliability, which can lead to a significant increase in material costs without a corresponding 
increase in its operating life. Therefore, it is recommended to consider the possibility of amending the DBN and 
harmonizing it with the requirements of the Eurocode, taking into account the real conditions for ensuring the relia-
bility of structures. 

Keywords: structural reliability; normal distribution law; safety index; random variable; generalized load; gener-
alized resistance 

Introduction 

In the early stages of bridge construction, struc-
tures were given massive configurations in order to 
make them stronger and more rigid, based on the 
assumption that the larger the cross-section, the 
stronger the element. Over time, the understanding 
of the principles of construction changed. The de-

velopment of mathematics, physics, mechanics, 
and materials science contributed to the emergence 
of the permissible stress method, which began to 
be used for structural calculations. Today, the main 
method is the limit state design method. This 
method is based on probabilistic indicators of load 
and material resistance. The papers (
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Kharchenko, Stakhova, Yevseichyk, Tsybulskyi, & 
) laid the foundation for the basic 

methods of probabilistic structural calculations. 
In the current DBN ( 2-14:2018, 

2018), in which the basic principles of structural 
reliability calculations have become normative, 
there are certain inconsistencies between (

- ) and 
( - ). 

In modern design, considerable attention is paid 
to the service life and residual capacity of bridges. 
In papers ( - 2019a; 2019b; 

Medvediev, Kharchenko, Stakhova, Yevseichyk, 
Tsybulsky ), the condition of struc-
tures is analyzed, and methods for assessing and 
predicting the technical condition and residual ca-
pacity are presented. 

The purpose of this article is as follows: 
 to show that the remaining service life of 

bridges depends not so much on the initial (design) 
reliability of the structure P0 at the time of com-
missioning but on the rate of degradation of the 
structure over time; 

to show that for a given level of structural re-
liability, the sufficiency of the calculated load and 
resistance values depends on the coefficients of 
variation and margin. 

Purpose 

The main purpose of the work was to analyze 
the methods for assessing bridge reliability, com-
pare the approaches of Ukrainian state building 
codes with European standards for determining 
reliability, and provide recommendations for im-
proving the regulatory framework of Ukraine. 

Methodology 

The theory of reliability for building structures 
is a theory of safety calculation that takes into ac-
count the probabilistic nature of loads and structur-
al resistance. Therefore, in order to be able to use 
the mathematical apparatus of this theory, we will 
give the basic definitions. 

A failure is an event that consists in a violation 
of the operability of a structure, i.e., a complete or 
partial loss of its quality. 

Failures, depending on the causes of their oc-

currence, are divided into sudden and gradual. 
Sudden failures are associated with design errors, 
hidden defects in materials or construction work, 
or operational violations. Gradual failures are 
caused by irreversible physical and mechanical 
changes: corrosion, creep, material fatigue, etc. 

Let us denote by T the time of operation of a 
structure before its failure. That is, T is the time of 
failure-free operation of a structure. Obviously, T 
is a random variable. 

The reliability of a structure is defined as the 
value (function) P(t), which is equal to the proba-
bility that no failure will occur in the structure dur-
ing the time from 0 to t, i.e. 

(t)= {T>t}.   (1) 

In other words, reliability is the probability of 
failure-free operation of a structure over a period 
of time from 0 to t. 

Along with the reliability function P(t), we will 
consider the failure probability function 

V(t)= {T<t}.   (2) 

Functions (1) and (2) determine the probabili-
ties of opposite events, therefore 

(t)+V(t)=1.   (3) 

Let us set the following problem (Medvediev, 
Kharchenko, Stakhova, Yevseichyk, Tsybulskyi, & 

): let the structure operate without fail-
ure until time t0. What is the probability that it will 
not fail during the time interval from t0 to t? As 
shown in ( - 2019a; 2019b; 

Medvediev, Kharchenko, Stakhova, Yevseichyk, 
), the conditional proba-

bility we are looking for is 

(t0, t)=P(t)/P(t0),  (4) 

where P(t0) is the reliability of the structure at 
time t0.  

From (4) it also follows that  

(t0, t0)=1.   (5) 

If we take t0 as the initial time, i.e., consider 
t0=0, then formula (4) can be written as 

(t)=P0Pt(t),   (6) 

where P0 is the reliability at the start of opera-
tion t0=0 (it can be called the design reliability of 
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the structure), and the function Pt(t)= (0, t) and 
according to (5) satisfies the initial condition 

Pt(t)=1, at t=0.   (7) 

Bridges, according to ( -
1990:2002, 2013), are classified as structures with 
responsibility class CC2, for which the design reli-
ability is a number very close to unity ( 0 0,9993 

 0,9995), therefore, on the graphs, the dependen-
cies P(t) and Pt(t) practically coincide. To empha-
size which of these functions is being considered, 
the point from which the graph begins is marked 
with P0 or 1, respectively. 

The time function Pt(t) characterizes how the 
reliability of a structure changes (decreases) over 
time and is used to determine the residual life of 
the structure. 

Let us define another function that is very im-
portant in reliability theory. To do this, let us set 
the following problem ( -
2013): the structure operated without failure from 
0 to time t. What is the probability that it will fail 
in a small interval of time from t to t t. Using 
formula (4), we can show ( -
1999; 2019a; , 2017) that 
the probability we are looking for is equal to 

V(t, t+ t)= fr(t) t,  (8) 

where the function fr(t) (failure rate) is a func-
tion of failure intensity (density) ( -

2019a; 
2017) and is equal to 

   (9) 

In other words, fr(t) is the probability that the 
structure will fail in the next small time interval if 
it has been operating without failure before that. 
Based on this probabilistic meaning of the failure 
rate function fr(t), it is often called the risk func-
tion. 

Taking into account (6), formula (9) takes the 
form 

   (10) 

From equation (10) it follows that the risk func-
tion (and therefore the residual life of the structure) 
does not depend on the design reliability P0 and is 

determined only by the time function Pt(t). Indeed, 
if conditions are not created to reduce the intensity 
of degradation of structural elements, then no mat-
ter how large (i.e., close to 1) the value of P0 is, the 
reliability P(t) will quickly decrease to its critical 
value. 

From equation (9), after integration with taking 
into account the initial condition (7), we obtain 

0
0

t

fr t dt
  (11) 

If we assume that the risk function does not 

fr(t) 0=const, then from 
formula (11) we obtain the well-known exponen-
tial law of reliability 

0    (12) 

This law is widely used in reliability theory. It 
is quite simple, easy to use, and, most importantly, 
has a so-called characteristic property. It consists 
in the fact that the probability of failure-free opera-
tion in the interval (t0, t0+
beginning of this interval, but depends only on its 

well, but only in the case of sudden failures. 
Whereas in the case of gradual failures, the risk 
function cannot be considered a function that does 
not depend on time. As the construction material 
degrades, the risk function will gradually increase, 
and the use of the power law (12) can lead to sig-
nificant errors in determining reliability. 

Thus, the task of determining the reliability of a 
building structure can be divided into two parts: 

determining the design or initial reliability P0 
at the operation start moment of the structure; 

determining the time function Pt(t), which 
characterizes the change in reliability over time. 

Findings 

Let us divide all calculated values into two 
main groups: generalized load E, which includes 
the parameters of external forces, and generalized 
resistance R, which includes the geometric and 
physical parameters of the materials of the struc-
ture itself. If we assume that E and R are determin-
istic values, then the calculation of the structure 
strength (or safety) consists in checking the ine-
quality 

R>E.   (13) 
However, as practical experience shows, both 
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forces and geometric parameters and strength char-
acteristics of materials have significant dispersion 
(scattering), the neglect of which can lead to sig-
nificant errors in determining the area of safe be-
havior of the structure. That is, the generalized 
load E and the generalized resistance R for any 
moment in time during the operation of the struc-
ture must be considered random values. The task 
of reliability theory is to calculate the probability 
of fulfilling condition (13) with a predetermined 
accuracy. 

Let us introduce a random variable S 
( , which is called 
the strength reserve and is equal to the difference 

S=R E.   (14) 

Then the design reliability P0 is the probability 
that the random variable S will be greater than ze-
ro, i.e. 

0=P{R E >0} = P{S>0}.  (15) 

Here, S, E, and R are defined at time t=0. 
In most problems, it can be assumed that the 

generalized resistance and load have normal distri-
bution laws. Then the random variable S will also 
be distributed according to the normal law with 
parameters 

   (16) 

where R, E are mathematical expectations, 
and R, E are the standard deviations of resistance 
and load, respectively. Then it is easy to show 
(
2021) that the reliability (15) will be determined by 
the formula 

   (17) 

where the function ( )  
2

2

0  

is the Laplace function, and the parameter  is 
called the safety characteristic: 

   (18) 

As can be seen from Figure 1, which shows the 
distribution density function of the safety margin 
PS, the v

that fall within the interval from S=0 to S= S  

 

Fig. 1. Density of strength reserve distribution 

Taking into account (16), the safety characteris-
tic can be represented as: 

R E

R E   (19) 

Let us introduce a deterministic value called the 
reserve coefficient: 

   (20) 

Then (19) takes the form: 

2 2 2
,E

E R

   (21) 

where   are the 

coefficients of variation of the values R and E, re-
spectively. 

The formula for determining the safety charac-
teristic (21) has an advantage over formula (19) 
because the coefficients of variation can be esti-
mated even with insufficient statistical information 
regarding the strength of the structure and the load. 

According to the requirements of ( -
EN 1990:2002, 2013), the design reliability of the 
bridge must be at least 0,99928. This level of relia-
bility, as follows from (17), corresponds to a safety 
factor of =3.8. For more critical structures, a 
higher value of  is selected. Obviously, the higher 
the safety factor selected (assigned), the more ex-
pensive the structure will be. 

According to current standards ( -
22:2009, 2009), probabilistic calculation is re-
placed by a reliability criterion, which consists in 
fulfilling inequality (13) 
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    (22) 

where Rd and Ed are absolute calculated values of 
generalized resistance and load, which have the 
same reliability as the safety factor S. This means 
that the number of standards that separate the val-
ues Rd and Ed from the corresponding mathemati-
cal expectations R E is equal to , i.e. 

  (23) 

It can be shown that the calculation of the 
structure according to criterion (22), where the cal-
culated values are determined by the relations (23), 
leads to a significantly increased reliability than 
according to formulas (17) and (19). For this pur-
pose, let us denote the number of standards in for-
mulas (23) by *. Then, from (22) it is easy to ob-
tain 

* .R E

R E
    (24) 

Then, taking into account the inequality 

   (25) 

from (24) we obtain 

2 2

* .R ER E

R E R E

  (26) 

From relation (26) it follows that the number of 
standards for the calculated values (23) must be 
less than the safety characteristic 
calculation according to formulas (23) where *=  
leads to an overestimated value of reliability P0 
according to (17). 

As an example, let us consider a special case 
where the coefficients of variation of the general-
ized resistance and load have the following values: 

 = 0.3, R = 0.135.   (27) 

Let us assume that the number of standards in 
formulas (23) is equal to *=3.8. Then, from ine-
quality (24) for the reserve coefficient (20), we 
obtain 

  4.4.   (28) 

Taking into account (28) for the safety charac-
teristic (21), we have 

  5.1.   (29) 

It is obvious that such values of  lead to a sig-
nificantly higher reliability of the structure than 
when =3.8. 

On the other hand, if we assume that the safety 
characteristic is equal to *=3.8 from (21), we ob-
tain . Then, from inequality (26) at  we 
have 

* 2.8.
E R

   (30) 

Therefore, to ensure a reliability level of 
P0=0,99928, which corresponds to a safety factor 
of , the number of standards * in the formu-
las for determining the calculated values Rd and Ed 
must be selected at variation coefficients =0.3, 

R=0.135 no more than =2.8. 
As can be seen from Fig. 2, the maximum 

number of standards *max at which condition (22) 
holds true is determined by the equality 

    (31) 

 

Fig. 2. Distribution function 
of random variables E and R 

Using (19), (20), and (23) from condition (29), 
we can obtain that 

2 2

max ,    (32) 

where  

Thus, instead of the reliability criterion in the 
form of inequality (22), equality (31) can be used, 
provided that the number of standards in the calcu-
lated values (23) is determined from condition 
(32). 
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Originality and practical value 

The work shows that the failure rate function 
(risk function) fr(t), which characterizes the struc-
tural degradation processes, does not depend on the 
initial reliability P0 but is determined only by the 
functional dependence on Pt(t). This, in turn, leads 
to the fact that the residual service life of the struc-
ture depends mainly not so much on the initial reli-
ability P0 as on the degradation function Pt(t). 

Conclusions 

The main factor determining the service life of 
a structure (total or residual) is not so much its ini-
tial (or design) reliability P0 as the rate of its deg-
radation, which is determined by the time functions 
Pt(t fr(t). In other words, if the failure rate of 
the structure remains unchanged, increasing its 
initial reliability P0 has very little effect on the re-
sidual service life (i.e., the time it will operate be-
fore becoming inoperable). Current domestic 
standards overestimate initial reliability, which can 
lead to a significant increase in material costs 
without a corresponding increase in its operating 
life. Therefore, it is recommended to consider the 
possibility of amending the DBN and harmonizing 
it with the requirements of the Eurocode, taking 
into account the real conditions for ensuring the 
reliability of structures. 

Compliance with the reliability criterion in the 
form of inequality Rd Ed guarantees that for a 
given number of standards * for the calculated 
values Ed and Rd ( * is usually specified), the reli-
ability of the structure  will exceed the number of 

*. This can lead to the creation of an additional 
reliability margin, which, firstly, may be inappro-
priate and, secondly, will definitely lead to a sig-
nificant increase in the cost of construction. There-
fore, the use of the limit case Rd = Ed can be pro-
posed as a reliability criterion. In this case, the 
number of standards for calculated values is related 
to the reliability of the structure by the ratio 

2 2

max Thus, using the above 

equalities, we can select all the necessary parame-

ters of the distribution of random variables E and R 
to ensure a predetermined level of reliability of the 
structure. 
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