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Abstract: 

 

The erosion and deterioration of buildings in Iran, driven by factors such as corrosion, fatigue, and 

creep, have become increasingly widespread over the past few decades, posing significant risks to 

urban security. Concrete and steel structures under corrosive conditions exhibit various 

inconsistencies during the corrosion process. As such, assessing the safety and reliability of aging 

structures has become a critical issue in civil infrastructure management systems. This article 

explores strategies for renovating and refurbishing old buildings, presenting the best improvement 

methods based on the reliability of aging structures. The primary aim of the article is to enhance 

the reliability of concrete and steel structures through a comprehensive review, enabling more 

effective and accurate retrofitting of older buildings. The proposed methodology involves 

modeling steel and concrete structures using ETABS software, making necessary modifications 

within the software, calculating the reliability coefficient, and presenting optimized improvement 

techniques. The results obtained from the modeling indicate that the reliability index of structural 

components in all models consistently decreased over time. Furthermore, it can be concluded that 

throughout this process, special steel bracing models proved to be more effective than other 

structural types, offering greater potential to enhance safety for people. 
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1. Introduction: 

 

Considering the extensive cost of renovating 

the structures, strengthening and restoring 

weak and damaged structures in order to bear 

more loads than the design, to improve the 

deficiencies caused by erosion, and to 

increase the resistance or the formability of 

the structure by using different materials and 

various implementation methods have been 

proposed on a wide level (Wang L et al., 

2017) [1]. Since the mechanical and 

geometric properties of structural materials 

and members are not certain parameters, 

therefore, in the design of the structure, 

fluctuations in the attributes of the materials 

and loads are taken into consideration as 

probabilities (F.Biondini et al., 2016)[2]. On 

the other hand, during its useful life, the 

behavior of the structure undergoes changes 

in the loading and resistance characteristics 

of the structure. So, the decrease in resistance 

or the increase in the intensity of loading that 

occurs during the life of the structure will 

cause a decrease in the safety index of the 

structure. Thus, reconstruction and 

improvement of the structure during its life is 

essential for evaluating it. [3-5]. 

This study is aimed to provide a solution for 

the improvement of structures based on 

probabilistic methods by focusing on the 

reliability method. The old metal and 

concrete structures were both investigated by 

considering the changes in resistance and 

loading during the lifetime of them. We 

examined fatigue and corrosion in metal 

structures and creep and fatigue in concrete 

structures and then suggested improvement 

methods based on reliability to provide the 

desired safety index of the structure. Since 

the earthquakes are one of the most 

significant factors in destroying the 

structures, we tried to simulate the response 

of structures in comparison with the real 

situation and to review and present different 

solutions to introduce to the relevant 

translators for paying attention to this issue as 

a passive defense for financial protection and 

security of life in line with the progress and 

development of the country.  

In short, the objectives of this study included: 

1) reliability assessment of existing 

structures, 2) changes in the reliability of the 

structure based on the useful life of the 

building, 3) building improvement based on 

target reliability coefficient. At the end of the 

study, we answered the following questions: 

1) what is the relationship between the 

influencing parameters in the passage and the 

behavior of the structure? 2) Does the use of 

different strengthening methods in structures 

improve the stability of the structure? 3) 

What is the most effective type of structure 

design in its dynamic response to earthquake 

load? In addition, the following research 

assumptions were also investigated: a) the 

behavior of concrete is modeled linearly, b) 

the behavior of steel is linear, c) the park 

model is used as the corrosion model, d) the 

fatigue model is used as the reduction 

method. Among the various design criteria 

such as yielding, buckling, fatigue, creep and 

corrosion, the phenomenon of fatigue is the 

most important and common cause of failure 

and breakage, which should be avoided by 

proper design [6-7]. Common methods for 

fatigue life prediction can be classified into 

life-stress, life-strain, methods of fracture 

mechanics and fatigue crack growth. The 

most direct and simplest method to determine 

the fatigue life is the life-load analysis 

method [8-10].  

In their research on the strengthening of 

structures by surface mounting methods with 

resistant polymer fibers and reinforcement 

with external connection, Ayesha Siddika et 

al. (2018) [11] found that increasing in 

resistance in the surface installation method 

was more than the method of arming with 

external connection. E. Gudonis et al. (2014) 

[12] in their research on the interaction 

diagrams of hollow reinforced concrete 
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columns enclosed with FRP showed that the 

increase of FRP layers up to a size was 

effective in increasing the resistance of the 

column, but increasing the layers to more 

than 5 layers was not economical. They also 

found that increasing the dimensions of the 

hole, resulted in reducing the ultimate 

strength of the columns. Comparison of 

columns with square and circle holes showed 

that columns with circular holes had better 

performance. In their research, Nihad Tareq 

Khshain and Al-Saadi et al. (2019) [13] 

compared new methods of reinforcing 

concrete beams (FRP with NSM method) 

with old methods. The results showed that 

increasing in resistance in the NSM method 

was more than the EBR method and the 

ruling mechanism of separation turned into 

failure of the beam with the surrender of FRP. 

In some researches, researchers investigated 

the strengthening of concrete structures by 

using FRPs with the approach of reducing 

energy waste. The results showed that the 

transverse and longitudinal FRP covering in 

the cut areas of the longitudinal rebars in the 

columns could transfer the location of 

bending failure to the maximum anchor point 

[14-15]. McCormac. J (2019) [16] examined 

the effect of geogrid in increasing flexibility 

acceptance of concrete beams without 

reinforcement. A. Remennikov (2016) [17] 

compared the strengthening of concrete 

structures in seismic areas with the use of 

steel bars and reinforced polymer bars. 

Reinforced concrete sample GFRP, while its 

energy loss was low, showed a major elastic 

behavior against destruction and the 

efficiency of this system that was favorable 

in terms of the relative displacement of 

floors. In their research on the behavior of 

concrete circular columns, reinforced with 

steel jacket, they found that avoiding the 

concrete section with a steel jacket by 

preventing the lateral strain of concrete, not 

only increased the capacity e.g. the column 

bearing capacity, it also improved the 

formability and strength of the column under 

the breaking load in a seismic interval with 

time duration up to 300 seconds [18-20]. 

Researchers found that one of the 

Predominantly utilized construction 

materials, concrete holds a specific place in 

today's construction industry. While concrete 

has consistently demonstrated excellent 

performance in various structures, the 

corrosion of steel reinforcements has 

considerably diminished its durability over 

the past 30 years, even in environments with 

high and moderate levels of corrosion [21-

26]. Corrosion and its related costs have 

increasingly become a significant area of 

interest [27].El Meski. F (2014) [28] tested 

the bending and shearing behavior of 

geogrids that isolated by RC with steel fiber 

in reinforced concrete. The results indicated 

that the appropriate applications of geogrids 

with metal fiber reinforced concrete columns 

not only increased the behavior of structures, 

but also prevented their destruction. Aslani 

and Dehestani [29] briefly reviewed the life-

cycle reliability-based optimization, with a 

focus on both civil and aerospace buildings. 

Moradi et all’s proposed stochastic process 

[30] was employed to analyze the influence 

of spatial variation on the structural 

vulnerability due to pitting corrosion and the 

bending reliability of reinforced concrete 

(RC) beams. The chance of a structural 

collapse was calculated by Santos AF, 

Santiago A, Latour M, Rizzano G [31] by 

using the improved corrosion model 

published by Goodarzi M.J et al. [32] that 

suggested for RC structures subject to 

diffusion attacks from aggressive external 

agents. Ghasemi and Nowak (2006) [33] 

investigated the use of reinforcing fiber pre-

tensioned bars installed near the surface with 

a rectangular section. By applying pre-

stressing force with the amount of 21% to 

81% of the ultimate strength of composite 

rods, they concluded that this method has a 

very good effect on increasing of the leaving 
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load and the delivery load of the samples. In 

this study, researchers looked at the effects of 

different types of concrete (light concrete and 

regular concrete), the type of rebar (steel or 

glass made from polymer reinforcing fibers), 

and the type of adhesive over 10 beam 

samples were examined. The results showed 

that, in general, the reinforcement of beams 

by the surface-mounted method using glass 

reinforcements made from these fibers 

reduced the change in the final shape and 

increased the bending stiffness and bending 

capacity of the beams [34-37]. 

 

2. Materials and Methods: 

 

This study aimed to investigate the 

improvement of structures based on 

probabilistic methods by focusing on the 

reliability method in the reinforced concrete 

buildings, steel buildings with bracing 

system, and steel buildings covered with 

braced frames. To do so, the analysis and 

design of buildings were based on the 2800 

standard of earthquake and topics 3 and 10 of 

the national building regulations. We 

employed ETABS software (2017 version) to 

analyze and design the structures, as it 

analyzes and designs the members linearly 

based on the methods of analytical 

instruments. We studied modeling, 

analyzing, and designing special bending 

frames in three buildings with 6, 12, and 16 

floors which heighted 19.2, 38.4, and 51.2, 

respectively. The height of each floor in all 

models was 3.2 meters. The length of the 

buildings was equal to 24 meters and width 

equal to 14 meters. For the sake of simplicity, 

all openings were considered 4 meters long. 

Every model incorporated 5 longitudinal 

openings and 3 transverse openings. Figure 1 

shows the plan of all the models. The 

geometric models of each structure are also 

shown in figures 2 to 4.  

 

 
Figure 1: Floor plans for all selected 

models  

 

 

 

 

 

 

 

 
Figure 2: Geometric model for the 6-

story structure 
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Figure 3: Geometric model for the 12-

story structure 

 

 
 

Figure 4: Geometric model for the 16-

story structure 

In this study, we used the topic 6 of the 

National Building Regulations, published in 

2012, and the earthquake standard of 2800, 

third edition, to calculate the loads on the 

building.  We also applied the topic 10 of the 

National Building Regulations and ASCE 

360-05 regulations to design the frames. CSI 

ETABS 2017 software was used to analyze 

and design the structures. Since composite 

roof system is one of the vertical load-bearing 

systems in structures, we employed 

composite roof with the specifications of 

Figure 5 for the models. The surface unit 

weight for the surface concrete, shown in the 

software as Super Dead load, was equal to 

230 𝑘𝑔/𝑐𝑚2 for ceiling and 250 𝑘𝑔/𝑐𝑚2 for 

floors. The thickness of the floor used in the 

ceiling was equal to 10 cm. 

 
Figure 5: Details of the composite roof used in 

the models 

The first chapter of the 10th topic of the 

National Building Regulations emphasizes 

the conventional requirements of steel as a 

construction material. These steels should 

have the ultimate tensile strength 1.2 times 

the yield strength. It means: 

 

𝐹𝑢>1.2𝐹𝑦 

 

In this study, the specifications of the steel 

used were as follows: 

 

Fy = 2400 kg/cm2 

Fu = 3700 kg/cm2 

Es = 2.1×106 kg/cm2 

υs = 0.3 

γs = 7850 kg/cm3 

 

The effective mass on the seismic behavior of 

the structure has been obtained from one 

hundred contribution of dead load and weight 

of the building members plus 20% 

participation of the live load of the building, 

considering the application of the building. 

Furthermore, the effective mass contribution 

coefficient of earthquakes was used to take 

different ratios of live load to dead load into 
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consideration. The loading combinations for 

the design of this structure were in 

accordance with the 10th topic of the 

National Building Regulations. We used the 

load combination of LRFD method. The 

combination of gravity and lateral loads used, 

according to the tenth topic, was as follows:  

 

1.4 𝐷  

1.25 𝐷 + 1.5 𝐿  

𝐷 + 1.2 𝐿 ± 1.2 𝐸 𝑋  

𝐷 +1.2 𝐿 ± 1.2 𝐸 𝑌  

0.85𝐷 ± 𝐸𝑋  

0.85𝐷 ± 𝐸𝑌 
 

Also, the combination of intensified loads, 

according to the seismic requirements section 

of the 10th topic, was as follows: 

 

0.85𝐷+1.2Ω0𝐸  

𝐷+1.2𝐿+1.2Ω0𝐸 

 

In these relationships, Ω0 is the additional 

coefficient and equals to 3 for steel bending 

frames. According to the definition of 

standard 2800 and the tenth topic of the 

National Building Regulations, it is 

necessary to consider second-order effects in 

the analysis and design of all structures. So, 

D+L load combination was used in the 

second order analysis. We also used the 

method of direct analysis to consider the 

second-order effects in designing the steel 

buildings. In this new method, a hypothetical 

lateral load can be applied to the floors of the 

building to consider the primary geometric 

defects, instead of considering primary 

geometric defects in modeling. In this study, 

we employed the National loads type equal to 

0.002 gravity load with coefficient in each 

floor, imported only in the combination of 

gravity loads. More stringent completion 

requirements were considered for the design 

of members and connections of braced 

frames than the moderate bending frames. In 

other words, in the design of special bending 

frames, according to topic 10 of the National 

Regulations, the selected section should also 

meet the intensive seismic conditions in 

addition to the compactness of the section. 

We used the compact seismic type which, in 

relation to the lateral restraint of seismic and 

load-bearing side beams in medium and 

special bending frames, it had to meet the 

following requirements: a) All lateral seismic 

load-bearing beams had to have sufficient 

lateral bracing at Lb distance, so that they 

prevented any lateral buckling, twisting, and 

side-twisting during the meta-elastic shape 

change. The lateral restraint of the beams 

should be installed in such a way that at the 

place of their connection to the beam, the 

lateral location of both wings would not 

change or the twisting of the entire section 

was effectively prevented, b) It was 

necessary to install the lateral restraint at the 

place of external concentrated loads along the 

length of the beam and at the place of beam 

cross-section change, (c) Lateral restraints of 

seismic lateral load-bearing beams should be 

designed according to the following 

relationship for a force at least equal to Pbu: 

 

Pbu=0.06 Ry Fy Zb/ho 

Zb = base of the plastic section of the beam 

section 

Ho = distance from the center to the beam 

wings 

 

(d) The maximum value of Lb for seismic 

lateral load-bearing beams in systems with 

many shapes was equal to 0.86 ry E/Fy, where 

ry the radius of gyration of the beam section 

was weak around the axis. Table 1 presented 

the regulations, assumptions, and gravity and 

lateral loads in the models 6, 12, and 16 floors 

of special braced frame. 
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The 

regulations 

used 

Gravity 

loading 

The sixth topic of the national regulations 

Side 

loading 

The earthquake regulations 2800- the third edition 

Designing The 10th topic of the national building regulations, AISC 360-05 

Location of 

the project 

Very high risk of earthquake 

Application Residential 

Soil type Type III 

 

 

 

 

 

Basic 

assumption

s 

Number of 

floors 

6, 12, and 16 

Structural 

system 

Special braced steel 

Materials 

specificatio

ns 

ρ=7850 kg/m2 ,E=2.1×106 kg/cm2,fy=2400kg/cm2 

Roof type Composite 

Loading Amount Unit 

Roof dead 

load 

550 Kg/ m2 

Roof live 

load 

200 Kg/ m2 

 

 

 

Gravity 

loading 

Floors deal 

load 

500 Kg/ m2 

Floors live 

load 

500 Kg/ m2 

Overhead 

equivalent 

to 

partitioning 

200 Kg/ m2 

Side walls 

load 

275 Kg/ m2 

 

Calculation

s related to 

linear static 

analysis 

 Periodici

ty (T) 

Reflectio

n 

coefficie

nt  (B) 

Importan

ce 

coefficien

t (I) 

Behavi

or 

coeffien

t (R) 

Accelerati

on based 

on design 

(A) 

Earthqua

ke 

coefficien

t (C) 

6-story 0.92 2.3 1 7.5 0.35 0.1071 

12-story 1.54 1.62 1 7.5 0.35 0.0758 

16-story 1.91 1.41 1 7.5 0.35 0.0656 

Table 1: Specifications of the selected models in the special braced system
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2.1 Analysis and design of steel bracing 

models: 

 

Braced frames are generally divided into two 

types: convergent and divergent. In this 

study, we used convergent X bracing frame 

for special bracing models including three 

models for 6, 12, and 16 floors. Table 2 

shows the selected models. Figures 6 to 8 

manifested the geometric models of buildings 

with 6, 12, and 16 floors. 

Table 2 presented the regulations, 

assumptions, and gravity and lateral loads in 

the models 6, 12, and 16 floors of special 

braced frame. 

 

 
Figure 6: Geometric model of the 6-

story structure with special convergent 

bracing 

 

 

 
 

 
Figure 8: Geometric model of the 16-

story structure with special convergent 

bracing 

 

 
Figure 9: Floor plans for all selected 

models 

 

Figure 7: Geometric model of the            

12-story structure with special 

convergent bracing
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The 

regulations 

used 

Gravity 

loading 

The sixth topic of the national regulations 

Side 

loading 

The earthquake regulations 2800- the third edition 

Designing The 10th topic of the national building regulations, AISC 360-05 

Location of 

the project 

Very high risk of earthquake 

Application Residential 

Soil type Type III 

 

 

 

 

Basic 

assumption

s 

Number of 

floors 

6, 12, and 16 

Structural 

system 

Special convergent braced frame 

Materials 

specificatio

ns 

ρ=7850 kg/m2, E=2.1×106 kg/cm2, fy=2400kg/cm2 

Roof type Composite 

Loading Amount Unit 

Roof dead 

load 

550 Kg/ m2 

Roof live 

load 

200 Kg/ m2 

 

 

 

Gravity 

loading 

Floors deal 

load 

500 Kg/ m2 

Floors live 

load 

500 Kg/ m2 

Overhead 

equivalent 

to 

partitioning 

200 Kg/ m2 

Side walls 

load 

275 Kg/ m2 

 

Calculation

s related to 

linear static 

analysis 

 Periodici

ty (T) 

Reflectio

n 

coefficie

nt  (B) 

Importan

ce 

coefficien

t (I) 

Behavi

or 

coeffien

t (R) 

Accelerati

on based 

on design 

(A) 

Earthqua

ke 

coefficien

t (C) 

6-story 0.57 2.5 1 5.5 0.35 0.159 

12-story 0.96 2.22 1 5.5 0.35 0.141 

16-story 1.20 1.20 1 5.5 0.35 0.122 

Table 2: specifications of the selected models in the special braced frame system 
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2.2 Analysis and design of braced models 

for reinforced concrete: 

 

In this study, the selected models included 4, 

8, and 12 floors heighted 14.1, 26.9, and 39.7, 

respectively. The height of each floor in all 

models was equal to 3.2 meters and the height 

of the ground floor was 4.5 meters. The 

length of the buildings was 30 meters and its 

width 25 meters. All models included 5 

openings of 6 meters in the longitudinal 

direction and 5 openings of 5 meter in the 

transverse direction. Figure 9 showed the 

plans of all models. Figures 10 to 12 outlined 

the geometry of each structure.  

We employed topic 6 of the National 

Building Regulations, the edition 1392, and 

the earthquake standard of 2800, the third 

edition, to calculate the loads on the building. 

Furthermore, the topic 3 of the National 

Building Regulations and ACI 318-08 

regulations were used to design the frames. 

We also used CSI ETABS 2015 software to 

analyze and design the structures. The block 

beam roof system is one of the common 

vertical load bearing systems in structures. In 

this study, we used this type of roof in the 

selected model. The equivalent static analysis 

method was employed to analyze and design 

the models. The effective mass on the seismic  

behavior of the structure was obtained from 

the 100% participation of the dead load and 

the members’ weight of the building plus the 

20% participation of the live load considering 

the use of the building. Table 3 shows the 

specifications of the final models and the 

summary of the analysis and design process. 

 

 

 
Figure 10: Geometric model of the 

4-story structure 

 
Figure 11: Geometric model of the 

8-story structure 

 
Figure 12: Geometric model of the 12-

story structure
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The 

regulations 

used 

Gravity loading The sixth topic of the national regulations 

Side loading The earthquake regulations 2800- the third edition 

Designing The 9th topic of the national building regulations, ACI318-08 

Location of the 

project 

Very high risk of earthquake 

Application Residential 

Soil type Type II 

 

 

 

 

Basic 

assumptions 

Number of 

floors 

4, 8, and 12 

Structural 

system 

Special braced concrete  

Materials 

specifications 

ρ=7850 kg/m2 ,E=2.1×106 kg/cm2,fy=2400kg/cm2 

Roof type Block joist  

Loading Amount Unit 

Roof dead load 550 Kg/ m2 

Roof live load 200 Kg/ m2 

 

 

Gravity 

loading 

Floors deal load 500 Kg/ m2 

Floors live load 500 Kg/ m2 

Overhead 

equivalent to 

partitioning 

200 Kg/ m2 

Side walls load 275 Kg/ m2 

 

Calculations 

related to 

linear static 

analysis 

 Periodi

city (T) 

Refle

ction 

coeff

icien

t  (B) 

Importan

ce 

coefficien

t (I) 

Behavi

or 

coeffien

t (R) 

Accelerati

on based 

on design 

(A) 

Earthqua

ke 

coefficien

t (C) 

4-story 0.45 2.75 1 7 0.35 0.1375 

8-story 0.75 2.10 1 7 0.35 0.1050 

12-story 0.99 1.74 1 7 0.35 0.0870 

Table 3: specifications of the selected models in the reinforced concrete system 
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We calculated the resistance of beams using 

the following equation: 

 

𝑅(𝑡)=𝐹𝑦𝑍(𝑡) 
 

In this equation, R (t) is the section strength 

over time and Z (t) is the plastic modulus of 

the section over time and Fy is yield strength. 

Park's model was also used to calculate the 

effects of steel corrosion over time. Figure 13 

shows the corrosion diagrams of the model.  
 

3. Results of special steel bracing models: 

 

Considering the reliability index of the steel 

braced models, the results showed that with 

the increase in the life of the structure, the 

reliability of the components of the structure 

decreased. The reliability index in the beams 

of the steel braced models in the 6-story 

structure decreased 27% and 47% and 

changed from 4.5 to 3.26 and 2.53 after 25 

and 50 years, respectively. In the 12-story 

structure, the reliability index lessened to 

18% and 54% and reduced from 5.36 to 4.36 

and 2.46 after 25 and 50 years, respectively. 

In the 16-story structure, the index dropped 

17% and 28% and dropped from 5.5 to 4.52 

and 3.95 after 25 and 50 years, respectively. 

In addition, in the columns of the steel braced 

models in the 6-story structure, the reliability 

index decreased to 25% and 41 % and 

changed from 4.58 to 3.39 and 2.68 after 20 

and 50 years, respectively. These amounts 

were 31% and 51% for the 12-story structure 

and reached 2.84 and 2.02. The columns’ 

reliability index in the 16-story structure 

reduced to 3.58 and 2.88, about 31% and 

51%, respectively. In addition, the modeling 

results showed that the reliability index in the 

columns of the steel braced models of a 6-

story structure fell down from 4.58 to 3.39 

and 2.68, i.e. 25% and 41% after 25 and 50 

years, respectively. These amounts were 31% 

and 51% in a 12-story structure and reduced 

from 4.17 to 2.84 and 2.02 after 25 and 50 

years, respectively. Finally, in the 16-story 

structure, the reliability index of the columns 

decreased from 4.71 to 3.58 and 2.88, i.e. 

31% and 51% after 25 and 50 years, 

respectively. Figures 14 to 22 show the 

diagrams of β - η of the beams and columns 

under the effect of critical composite load for 

steel models with bending frame system in 

the structures with 6, 12, and 16 floors. Only 

the 1.2D+E+L load combination acts on the 

beams of the structure and is said to be 

critical. Seismic loads also act in the x and y 

directions. 

 

 
           Figure 14: the 6-story steel model 

beams withbending frame system (critical 

load combination 1.2D+E+L) 

 
Figure 13: Corrosion model based on 

Park model 
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Figure 15: the 12-story steel model beams 

with bending frame system (critical load 

combination 1.2D+1.6L) 
 

 
Figure 16: the 12-story steel model beams 

with bending frame system (critical load 

combination 1.2D+L+E) 

 

 
Figure 17: The 16-story 

model beams with bending frame 

system (critical load 

combination1.2D+L+E) 
 

 
Figure 18: the 6-story steel model 

columns with bending frame 

system (critical load combination 

1.2D+E+L) 
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Figure 19: the 12-story steel model columns 

with bending frame system (critical load 

combination 1.2D+1.6L) 
 

 
Figure 20: the 12-story steel model columns 

with bending frame system (critical load 

combination  

1.2D+E+L) 
 

 
Figure 21: the 16-story steel model 

columns with bending frame system 

(critical load combination 

1.2D+1.6L) 
 

 
Figure 22: the 16-story steel model 

columns with bending frame 

system (critical load combination 

1.2D+E+L) 
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3.1 Results of the braced steel frame 

models: 

 

The results of the reliability index in the 

braced steel frame models showed that the 

more the structure life, the less the reliability 

index of the structural components. In the 6-

story structure, the reliability index decreased 

from 4.61 to 3.39 and 2.03, i.e. 26% and 55%, 

after 25 and 50 years, respectively. These 

amounts were 29% and 46% in the 12-story 

structure and the reliability index reduced 

from 4.41 to 3.13 and 2.36 after 25 and 50 

years, respectively. Finally, the reductions of 

the reliability index in the 12-story structure 

were 33% and 35%, reduced from 4.17 to 

2.78 and 2.70 after 25 and 50 years, 

respectively. In addition, the results of the 

modelling proved that the reliability index of 

the columns in the braced steel frame models 

in the 6-story structure decreased from 4.72 

to 3.84 and 3.63 about 18% and 23% after 25 

and 50 years, respectively. In the 12-story 

structure, it reduced from 4.79 to 3.71 and 

2.99, i.e. 22% and 37% after 25 and 50 years, 

respectively. Finally, the reliability index of 

the 18-story structure dropped from 4.71 to 

3.58 and 2.88 about 31% and 51% after 25 

and 50 years, respectively. Figures 23 to 28 

show the diagrams of β - η of the beams and 

columns under the effect of critical 

composite load for steel models with bending 

frame system in the structures with 6, 12, and 

16 floors. 

 

 
Figure 23: The 6-story steel 

model beams with braced system 

(critical load 

combination1.2D+1.6L) 

 

 
Figure 24: The 12-story steel 

model beams with braced system 

(critical load combination1.2D+1.6L) 
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Figure 25: The 16-story steel model beams with 

braced system (critical load 

combination1.2D+1.6L) 

 

 

 
Figure 26: The 6-story steel model columns 

with braced system (critical load 

combination1.2D+1.6L) 

 

 
Figure 27: The 12-story steel model 

columns with bracing system (critical load 

combination1.2D+L+E) 

 

 

 
Figure 28: The 16-story steel model columns 

with bracing system (critical load 

combination1.2D+L+E) 
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3.2 Results of reinforced concrete bending 

frame models: 

 

Regarding the reinforced concrete bending 

frame models, the results showed that the 

increase in the life of the structure decreased 

the reliability index of the components of the 

structure. In the 4-story structure, the 

reliability decreased 27% and 47% and 

reached from 4.5 to 3.26 and 2.53 after 25 and 

50 years, respectively. These amounts were 

18% and 54% in the 8-story structure which 

changed from 5.36 to 4.36 and 2.46 after 25 

and 50 years, respectively. Finally, the 

reliability index of the columns in the 12-

story structure reduced from 5.5 to 4.52 and 

3.95, i.e. 17% and 28% after 25 and 50, 

respectively. Figures 29 to 31 show the β - η 

diagrams of the columns under the effect of 

critical composite load in the reinforced 

concrete bending frame models in the 

structures with 4, 8 and 12 floors. 

 

 
Figure 29: The 4-story concrete model columns 

with bending frame system (critical load 

combination) 
 

 

 
Figure 30: The 8-story concrete 

model  columns with bending frame system 

(critical load combination) 

 

 
Figure 31: The 12-story   

concrete model columns with bending frame 

system (critical load combination) 
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4. Conclusion: 

 

In this paper, considering the results of the 

modelling, we concluded that the reliability 

index of the structures ’components in all 

models decreased through time. Furthermore, 

as the number of the floors increased, the 

reliability index increased, too. In the 6-story 

structure, the bending frame models had 

higher reliability index than the steel brace 

frame models, but in the structures with 12 

and 16 floors, it was vice versa. Table 4 

shows the reliability index in different 

models. It can be argued that concrete 

structures, when designed with reliability 

factors in mind, are more efficient and 

adaptable to rehabilitation processes 

compared to steel buildings. Moreover, in 

certain steel bracing models, the beams of 16-

storey structures require more frequent 

adjustments than the columns over time. In 

contrast, for steel-braced frame buildings, it 

may be more practical to regularly address 

both beams and columns as time passes. For 

reinforced concrete bending buildings, it is 

observed that they can bear all loads for up to 

25 years; however, after 50 years, they 

typically require strengthening. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concrete 

 0 

year 

25 

year 

50 

year 

C4 4.9 4.08 3.58 

C8 4.97 4.37 3.99 

C12 4.97 4.26 3.74 

 

 

Steel 

beam 

6SCBF 4.5 3.26 2.53 

6SMF 4.61 3.39 2.03 

12SCBF 5.36 4.36 2.46 

12SMF 4.41 3.13 2.36 

16SCBF 5.5 4.52 3.95 

16SMF 4.17 2.78 2.7 

 

 

 

Steel 

column 

 0 

year 

25 

year 

50 

year 

6SCBF 4.58 3.39 2.68 

6SMF 4.72 3.84 3.63 

12SCBF 4.17 2.84 2.02 

12SMF 4.79 3.71 2.99 

16SCBF 4.16 2.84 2.02 

16SMF 4.71 3.58 2.88 

Table 4: The reliability index for different 

models 

 

According to the results of this research, the 

following items can be useful for future 

studies: 1. To model structures with different 

geometrical specifications, 2. To use 

nonlinear dynamic analysis through different 

analysis records, 3. To investigate the 

methods of strengthening and increasing the 

reliability in structures with low reliability. 
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