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Abstract - When we consider a structure or a building, there 
is a possibility of uncertainties or variability in material 
properties and loading. This review paper shows the studies of 
a complete review of literature on reinforced concrete beams 
which is based on structural reliability analysis and is solved 
by different probability-based design methods. The 
probability-based design approach has widespread acceptance 
and is a more precise and accurate way of treating 
uncertainties and variabilities in a structure. Using structural 
engineering, reliability in a structure is a performance or 
functionality that can be measured. The methods which are 
reviewed in this paper are FORM (First Order Reliability 
Method), Monte-Carlo Simulation, TCM (Three-Term 
Conjugate Map), Fault Tree Analysis, and Hasofer-Lind 
Method. 

Key Words:  First Order Reliability Method, Three-Term 
Conjugate Method, Fault Tree Analysis, Hasofer-Lind 
method, Structural Reliability. 

1. INTRODUCTION  

In a structure, there are many individual structural 
components, one of the important structural elements is a 
beam which carries the load from the walls and is made to 
cause bending, shear, and torsion and they are always 
dependent on the parameters such as depth, length, 
materials, and cross-sectional shapes. Analysis of reinforced 
concrete beams is designed by BS5950 (1990) and it was 
explained by FORM, at the serviceability and ultimate limit 
states. A random and stochastic approach is considered for 
design variables such as span, load ratio, and intensity of live 
loads. The serviceability limit state tells us that the 
appearance, cracking, vibration, exposure condition, and 
thermal resistance whereas the ULS tells us about the 
loading form in bending and shear. Steel beams transfer 
transverse loads by flexural action into a column in a 
structure. The function of several variables, most of them are 
random variables has a resistance in the structural member 
and the applied loads. Hence, the probabilistic approach 
enables the use of the design of structural safety to be 
treated more rationally.  

Reliability methods are probability-based approaches that 
are used in assessing the performance and safety of 
structural components or systems. When the probability-
based components or the system for a specific period meets 

some specified demands under specified environmental 
conditions are defined as Reliability. Therefore, Reliability 
has the ability of the structural system to fulfill its design 
purpose for a specific time duration. The probability 
approaches in the reliability analysis take into account the 
uncertainties in the structural component variables or the 
system as a whole. Uncertainties are inherent in the 
component strength, random variables, and corresponding 
loading effects. Reliability may also be defined as the 
structure that can be applied without any damage for a 
certain amount of time under some probabilistic situations. 

Ps + Pf = 1 

 

Fig -1: Graphical representation of Probability of failure 
(Pf) and Margin of Safety (M) 

Due to the presence of more structural components in the 
system, there is a possibility of failure. A failure mode in the 
system is considered by combining the structural elements 
that lead to the failure of the structural system. Identifying 
the failure modes in a structural system is important for the 
appropriate design and maintenance of the structural 
system. Reinforced concrete beams are subjected 
simultaneously to torsion, shear, and bending which is the 
case for a system reliability analysis is required when a 
whole structure or just a structural element has many 
modes.  
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Fig -2: Typical representation of the Reinforced concrete 
beam (Source – Internet). 

Structural Reliability is the modern and best way to deal 
with or handle uncertainties in engineering design. FORM, 
SORM, HL Method, Point Estimate method, Monte-Carlo 
Simulation, Three-Term Conjugate Map (TCM), MVFOSM, 
and Fault Tree Analysis are the different types of reliability 
approaches that can be used to find out the Safety Index (ß), 
and Probability of Failure (Pf). 

2. LITERATURE REVIEW 

2.1 Fault Tree Analysis: A fault tree can be explained by a 
graphical logical flowchart that describes the inter-
relationships of the basic structural components that are 
composing the system and leads to the occurrence of a 
predefined undesired top event in the tree. For structural 
engineering systems, the undesired top event is defined as 
structural system failure. The fault tree analysis identifies 
the failures (faults) that can tend to unintended work. 
Therefore, the fault tree shows the different modes (the 
sequence of basic component failures) that lead to the 
system failure. 
 
The approximate and rigorous results are provided which 
might consider the structural building as a single system or a 
unit which will be emphasized because of the reliability 
which was utilized in the analysis instead of the structural 
reliability.  

 
 

Fig -3: Fault Tree Diagram 
 
2.2 First Order Reliability Method (FORM): The reliability 
of structural elements can be assessed and utilized by basic 
design approaches. For a perfect solution for the safety 
factor and probability of failure, the input is given as 
standard deviation values, mean values, load values, and 
resistance values in certain limit states. 
 
It is vastly used in applications of estimation of structural 
reliability. Taylor expansion is involved in this procedure to 
find the equations in the limit state, which cannot be 
explained by the average values in the functions. Normally 
distributed variables are studied in this paper. 
 
Using the Rosenblatt transformation, the method deals with 
the conversion which is excluding normal variables to the 
normal variables which give standard values and it is 
inclusive of zero average value that is the mean value, and 
the variance is always kept equal to one. The main agenda is 
to find the failure point which is defined as the distance from 
the origin of the reduced values and the minimum distance 
of the limit state surface of the reduced variables. 
 
One of the performance equations formulated for the 
reinforced concrete beam is, 
 
Z=R-S …… (R-Resistance and S-Effect of loads) 
 

 
 
Probability of Failure, Pf = ø (-ß) 
 
For a reinforced concrete beam, when all the parameters are 
considered involving the effect of loads, and hence the 
equation is enumerated as, 
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Where, area of tension steel, As (mm2) 

 Yield strength of steel, fy (N/mm2) 
 Bean width, b (mm) 
 Length of the beam, L (mm) 
 Compressive strength of concrete, fcu  (N/mm2)  

 
The reliability index and probability of success for various 
steel beams were determined using the probability-based 
reliability of the analysis. The developed model with 
different parameters like length, depth, and strength was a 
stochastic model. Different dimensions of concrete beams 
were constructed and built with varying dimensions like 
depth, length, and thickness. It proves that if the safety index 
increases it will increment along the depth and a slight 
decrease in the probability of failure, which automatically 
increases the probability of success. For every 2m increment 
in the length of the beam, there is a decrement in the safety 
factor. The Pf always remains constant when the safety index 
is directly proportional to the characteristic strength of 
beams. 
 
In one of the studies, it was found that the performance 
equations for every failure mode such as shear failure mode, 
bending failure, and deflection mode. 
 

 Bending failure mode:  
 

 
 

 Deflection failure mode:  
 

 
 

 Shear failure mode:  
 

 
 

Where, Length of the beam, L (mm) 
 α is the DL-LL ratio 
 Compressive strength of the concrete, fy (N/mm2) 

FORM uses the combination of analytical and approximate 
values and it solves the problems at each stage. Firstly, the 
parameters have been defined as Normal, Log-normal, or 
Gumbel distribution which may or may not be independent 
of each other. The limit state which was the original limit 
state is now converted into the surface of the new limit state.  

 

2.3 Monte Carlo Simulation: Some of the simulation 
methods is very helpful for finding a solution for the safety 
index in a structure. Simulation is the process of conducting 
experiments on a model instead of applying experiments 
directly to the system or the components. A model, physical 
or mathematical, is a representation of the system or the 
components to study its performance. Monte Carlo 
simulation is the most common simulation technique. MCS 
deals with the non-probabilistic methods to probabilistically 
assess output variables of interest. The uncertainties in the 
material properties, loads, geometry, and various models are 
taken into consideration for evaluating the probability of 
failure and safety index.  
 
A particular reliability index is found using varying lengths, 
depth, and characteristic strength, and changes in the 
probability of failure were observed.  

 

 
 

Where, d – effective depth of the beam 
 Bw – width if the beam 
 As – area of tension reinforcement 
 f’

c – compressive strength 
  fy – yield strength of steel 

 
It was clear that, when a relatively low value of Monte Carlo 
simulation, it can be very accurate to predict the probability 
of success in the pre-defined limit state. The Pf values are 
lower than 105 for MCS and vary significantly in the random 
variables, degrees of freedom, and complications in the 
problem. 
 
2.4 Three-term Conjugate Map (TCM): It is based on one 
of the important methods in the reliability approach which is 
the basic probability-based design approach. The finite step-
length concept is used for a formulation that was extracted 
from a non-linear conjugate map and is called the Three-
term Conjugate Finite Step-Length Method (TCFS). The 
sensitivity vector consists of three terms which are namely 
the first term will be the gradient vector, the conjugate 
gradient in the intermediate term, and finally the last is the 
previous gradient vector in the succeeding event. Identifying 
the multi-story building failure of reinforced concrete beams 
is one of the main applications of the TCM method which is 
plotted against many formulations in the structural 
reliability of FORM methods. 
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FORM method may or may not provide stable results 
without the variations in solution by non-linear 
formulations. Using the probability-based approaches, TCM 
approaches a structural analysis of reinforced concrete beam 
which is tested in both forms of corrosion variations namely 
pitting corrosion and uniform corrosion, in this case, a 
special brittle failure mode is included for the formulations 
of the performance equation. 
 
The distance between the reinforcement and the 
compressive fiber of the extreme layer and the width of the 
section increases directly the value of the system reliability 
of the system and it also implies other parameters. 

 
 

Fig -4: Flowchart for TCFS procedure. 
 
2.5 Hasofer-Lind Method: The reliability index (ß) can be 
explained as the ratio of the average value of a particular 
event to the deviation of the same particular event. It can 
also be explained as the minimum length from the failure 
region to the origin of a design point. This can be explained 
by a common equation, 
 

                     Z=R-S 
 

                   ß = µ / σ 
 

It also explains how the reliability index is defined by Mean 
Value First Order Second Moment (MVFOSM) method by the 
terms R and S which is the resistance and the effect of loads. 
We can tell that it is almost similar to MVFOSM if both the 
variables that are R and S are normally distributed.  
 
 

3. RESULTS AND DISCUSSIONS 
 

 Some uncertainties in the design are not consistent 
which are in a deterministic approach and have 
failed to put into consideration the measuring safety 
factors such as load factor and the factor of safety. 
 

 The increment in the depth increases the safety 
index factor which automatically decreases the 
probability of failure. This is explained graphically 
in chart -1 by taking the values of the depth and the 
safety index. 
 

 
        

   Chart -1: Graphical representation of Safety 
index vs Depth in mm. 

 
 We can see from fig no.6 that the longer the length 

of the beam, it is unsafe for the reinforced concrete 
beam which also increases the tendency to fail. The 
length of the beam is increased by 2m each up to 
10m to show that the safety index is inversely 
proportional to the length of the beam. 
 

 
 

Chart -2: Safety index vs Length (mm) 
 

 When the graph is plotted against the characteristic 
strength and the safety index, it shows that it varies 
linearly that is it is directly proportional to each 
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other and the probability of failure remains 
constant. This is shown in chart -3. 
 

 
 

Chart -3: Safety index vs Characteristic strength 
(kN/m2) 

 

4. CONCLUSIONS 
 

 The probability of failure (Pf) remains constant 
when the safety index is directly proportional to 
characteristic strength. 
 

 Probability of failure has a constant whole number 
of 1.0, when there is a decrement in the reliability 
index which automatically shows an increment in 
both the parameters namely characteristic strength 
and depth.  
 

 The distance between the reinforcement and the 
compressive fiber of the extreme layer and the 
width of the section increases directly the value of 
the system reliability of the system and it also 
implies other parameters like compressive strength 
of concrete and specified strength of the beams. 
 

 When the Hasofer-Lind method is used, the 
calculations were calculated for capacity, durability, 
and serviceability to find the reliability of the 
structural design in reinforced concrete beams.  
 

 From the above review papers, it can be concluded 
that when we need to decrease the failure rate the 
cross-sectional area of the beam and steel should be 
increased.  
 

 To produce more accurate results the system’s 
reliability has its merits in predicting the life period 
of the building, but it can be costly and time-
consuming.  
 

 The Three-term Conjugate Finite Step-Length 
method shows very accurate results for non-linear 
structural components and is also more efficient 

when compared to some of the probability-based 
design approaches.  
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