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Abstract. In this article, the reliability analysis data of simply supported reinforced concrete 
beams are presented. Beams are structural elements that are very important in all kinds of 
structures namely high rise buildings, frame structures, load bearing buildings, timber structures 
and farm structures. The investigation was done using first order reliability method (FORM) 
with varying parameters such as depth, length and characteristic concrete strength. The safety 
index and probability of failure from the reliability of the simply supported beam with varying 
properties was given. The result of the model investigated shows that the formal deterministic 
way of measuring safety such as in factor of safety and load factor failed to put into 
consideration uncertainties in design  like depth, length, characteristic strength etc. and 
therefore not consistent. 

 
1. Introduction 
Beams are structural elements made to withstand loads that can cause bending and they are always 
identified using parameters like its length, material and cross-sectional shape. Structural design is 
tailored towards building structures that satisfy serviceability, safety as well as durability criteria under 
certain service conditions [1,2]. Uncertainties has become an inherent feature that must be considered in 
engineering design [3]. Reliability analysis is a modern good way to handle and treat uncertainties in 
engineering design [4–6]. Reinforced concrete (RC) structures are highly durable but their performances, 
serviceability and safety are constantly faced with actions during their operational life. The importance 
of the assessment and evaluation of reinforced concrete structural elements for the design of structural 
systems in relation to safety and functionality cannot be overemphasized [7].  

Deterministic methods are mostly influenced and not determined using systematic assessment of 
reliability while been assessed in the entire structure [8]. These methods create irregularities in 
engineering design which culminates into either inadequate design or over-design.  Additional costs 
incurred in the course of this irregularities does not necessarily contribute to the overall reliability of the 
structure [9]. Civil engineering is therefore growing in interest to fully adopt reliability design methods 
to ensure a balance design which will be more reliable and cost effective. The method can also be used 
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to better evaluate the various sources of failure and use the data acquired to develop design that is 
insensitive to variations in materials, construction techniques and environment.  

2. Methodology 
Singly reinforced concrete beams having different properties which include length, depth and 
characteristic strength were cast to determine their reliability. Varying dimensions of beams were cast 
having different lengths and depths while characteristic strength was also varied. The Safety index (β) 
and Probability of failure (pf) for the various beams were determined using reliability of analysis. 
Reliability analysis of simply supported reinforced concrete beam was investigated using first order 
reliability method (FORM). A stochastic model was developed and properties like depth, length and 
characteristic strength was varied. 

 
 

3. Result and discussions 
Table 1 shows the stochastic model for singly reinforced concrete beam. Table 2, 3 and 4 gives the 
reliability data for beam using varying depth, length and characteristic strength respectively while Table 
5 presents the reliability data and chart respectively for beam using varying characteristic strength of 
concrete and depth. Table 6 gives the reliability results for beam using varying characteristic strength of 
concrete and length. The result of the model investigated shows that the formal deterministic way of 
measuring safety such as in factor of safety and load factor which are deterministic approach failed to 
put into consideration some uncertainties in design and therefore not consistent. 
 

Table 1. Stochastic Model for Singly Reinforced Concrete Beam. 
I Xi Pdf X V 6� =  �. � 
1 Fcu LN 30 × 10�� �� 	
⁄  0.15 4.5 × 10� 

2 B N 300 × 10��	 0.06 2.16 × 10�
 

3 D N 550 × 10��	 0.06 3.3 × 10�
 

4 L N 6	 0.06 3.6 × 10�� 

5 G LN 40��/	
 0.15 6.0 × 10� 

6 Q LN 12��/	
 0.15 6.8 × 10� 
 
 
3.1. Varying Depth 
Table 2 shows that the safety index increases alongside increment in the depth and the probability failure 
decreases which connotes that the higher the depth of the beam, the safer it becomes but with increase 
in cost of materials.  
 

Table 2. Reliability Results for Beam using Varying Depth. 

Depth d (mm) Safety Index (β) Probability of 
Failure (pf) 

194 -7.080 1 

269 -4.590 1 

417 -1.249 0.894 

565 1.073 0.142 
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715 2.859 0.212 × 10�
 
 
 
3.2. Varying Length 
The length of the beam was varied from 2 m to 10 m and the safety index decreases as the length 
increases, this also causes increment in the probability of failure as can be seen from table 3; this implies 
that the shorter the length of beam is, the safer it is and increase in length increases failure tendency.  
 

Table 3. Reliability Results for Beam using Varying Length. 

 Length L(m) Safety Index (β) Probability of 
Failure (pf) 

2 8.943 0.193 × 10��� 

4 3.935 1.416 × 10�
 

6 0.867 0.193 

8 -1.332 0.909 

10 -3.038 0.999 
 
3.3. Varying Characteristic Strength 
The characteristic strength is directly proportional to the safety index as presented in table 4 and the 
probability of failure remains constant.  
 

Table 4. Reliability Results for Beam using Varying Characteristic Strength of Concrete. 

Characteristic Strength Fcu (�� 	
⁄ ) Safety Index (β) Probability of Failure (pf) 

20 -16.157 1.00 

25 -16.092 1.00 

30 -16.033 1.00 

35 -15.979 1.00 

40 -15.927 1.00 
 
3.4. Varying Characteristic Strength and Depth 
An increment in both the characteristic strength and depth (Table 5) causes a decrease in the safety index 
and a constant whole number 1.0 as the probability of failure. This shows that it is not safe and 
economical with a certain tendency of failure. 
 
Table 5. Reliability Results for Beam using varying Characteristic Strength of Concrete and Depth. 

Characteristic Strength Fcu 
(�� 	
⁄ ) Depth d (mm) Safety Index (β) Probability of Failure (pf) 

20 194 -16.493 1.00 

25 269 -16.395 1.00 



NIAE 2019

IOP Conf. Series: Earth and Environmental Science 445 (2020) 012031

IOP Publishing

doi:10.1088/1755-1315/445/1/012031

4

30 417 -16.195 1.00 

35 565 -15.958 1.00 

40 715 -15.675 1.00 
3.5. Varying Characteristic Strength and Length 
From table 6, the characteristic strength of concrete (Fcu) and the length was varied together and it was 
discovered that the safety index decrease down the table negatively and with a constant probability of 
failure 1.00, this implies that the structure is not safe and economical. 
 
Table 6. Reliability Results for Beam using Varying Characteristic Strength of Concrete and Length. 

Characteristic Strength Fcu 
(�� 	
⁄ ) Length l (m) Safety Index (β) Probability of Failure (pf) 

20 2 -14.926 1.00 

25 4 -15.775 1.00 

30 6 -16.033 1.00 

35 8 -16.161 1.00 

40 10 -16.238 1.00 
 
4. Conclusion 
Deterministic approach has been proved to be with imperfections in cost and safety. It should therefore 
be totally replaced with new probabilistic approach as it takes into detail consideration all uncertainties 
that could result to failure during the usable life span of the structure. 
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