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Abstract 

This study aims to assess reinforced concrete moment frames designed at varying ductility levels within a typical reinforced 

concrete structure, from a reliability perspective. The article explores the probabilistic methods for designing different 

ductility levels in the current Iranian Concrete Code, focusing on reliability. Specifically, a three-story concrete moment frame 
structure, designed to low, medium, and special ductility levels as per the Iranian code, is studied. The reliability analysis 

encompasses uncertainties in loading, dimensional parameters, evaluating structural performance functions such as floor drift 

and acceleration. The study utilizes horizontal earthquake components specified by the FEMA P-695 standard to analyze 

earthquake record uncertainties. Furthermore, a comparison of the reliability index and probability of failure for each 

performance function is used to assess failure uniformity. The findings reveal a maximum probability of failure in collapse 

damage state of approximately 9%, 5%, and 2% for low, medium, and special ductility frames, respectively. 
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1.Introuduction 

Despite the widespread use of concrete frames in construction, significant damage has been observed in these structures in 

some recent seismic events around the world, resulting in human and financial losses (for example, the Sarpol Zahab 

earthquake in 2016). Hence, numerous researchers have recently explored the seismic performance of reinforced concrete 

structures using diverse approaches. Reliability analysis is increasingly deemed the optimal method for evaluating the 

effectiveness of earthquake-resistant structural systems. This is due to its ability to consider the uncertainties in seismic loads 

and structural capacity. Lu et al. (1994) assessed the reliability of reinforced concrete beams designed according to ACI 

regulations. They examined a variety of beams in different positions and compared the reliability index for various modes. 

Their results emphasized the influence of live load and material strength on the reliability index [1]. Dymiotis et al. (1999) 

studied the reliability of reinforced concrete frames, assuming uncertainty in the structure’s stiffness and capacity. Their 

approach includes accounting for both local member failure and overall structure failure. They utilized seismic table test 

results from small-scale models of reinforced concrete frames to statistically represent the structure’s critical response [2]. 

Arafah examined the factors influencing the reliability of concrete beams, including concrete strength, cross-

sectional dimensions, stress in the beam, and shear strength. These factors need to be considered in structural 

design [3]. The study by Dymiotis et al. (2002) compared bending frames with frames containing masonry infills. They found 

that in the ultimate limit state, the ductility of concrete was the primary determinant of failure probability. However, in the 

serviceability limit state, the shear resistance of building materials had a more significant impact [4].The analysis and design 

of structures using reliability theory have garnered substantial attention recently. Several studies have explored the reliability 

of structures, yielding noteworthy results. However, few research studies have been conducted  on examining  current 
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regulations using reliability theories in concrete structures. For this purpose, in this research, by Considering the uncertainties 

mentioned in the probability space and the design of the structure based on the current regulation, the reliability of different 

bending concrete frames designed based on the regulation is investigated, and in this way, the effect of the uncertainties 

directly in regulations is studied. 

2-Methodogy 

In this study, the initial step involves analysing and designing 3D models using Etabs software. Subsequently, a 2D frame of 

each structure is modelled in Oppenses software [5]. After the completion of modelling and static analysis, a time history 

analysis is conducted. Lastly, the Oppenses software is connected to the RT software to carry out the reliability analysis. 

For the seismic design of the structures, a very high seismic zone and type 3 soil were selected in accordance with regulation 

2800 [6], with a base earthquake acceleration of 0.35. The study considered three frames of normal, medium, and special type 

on 3 floors to compare the ductility as per the lateral bearing system regulations for concrete bending frames. All buildings 

assumed the same residential use and gravity loading details. In total, three types of buildings with identical geometric 

conditions and loading were investigated. The dead and live loads of the structure floors were chosen as 600 and 200 kg/m2, 

respectively, following the sixth section of the national regulations [7]. Additionally, the dead and live loads of the roof were 

500 and 150 kg/m2. The beam and column sections of each floor of the three-story building in three low, medium, and special 

ductility levels are designed. All three structures had similar frames in two directions with three openings of 5.5 meters in 

length, and the height of each floor was 3.2 meters.  

3-Result and Discussion 

3-1 Reliability index values for the limit state functions of drift and acceleration. 

The reliability coefficient (β) obtained from earthquakes in normal, medium, and special bending frame models for damage 

levels from DS1 to DS4 are given in Tables 1, 2, and 3, respectively. In these tables, both functions of maximum drift and 

maximum acceleration have been considered. Among the analyses performed, none of the cases resulted in failure, and the 

probability of the failure level was zero. 

Table 1: Reliability index values in low-ductility frame for drift and acceleration functions 
DS4 DS3 DS2 DS1 

Earthquake 
Drift Acc. Drift Acc. Drift Acc. Drift Acc. 

inf 0.73 2.35 -0.82 -2.32 -2.32 -2.32 -2.32 Manjil 

inf inf inf inf inf -2.19 -2.19 -2.19 Imperial Valley 

inf 2.20 inf 2.02 -2.19 -2.19 -2.19 -2.19 Northridge 
1.40 0.99 0.98 0.37 -2.28 -2.28 -2.28 -2.28 Kobe 
inf inf inf 2.57 -2.10 -2.19 -2.19 -2.19 Landers 
inf 1.83 inf 1.33 -2.19 -2.19 -2.19 -2.19 Duzce 

 

 
Table 2: Reliability index values in medium-ductility frame for drift and acceleration functions 

DS4 DS3 DS2 DS1 
Earthquake 

Drift Acc. Drift Acc. Drift Acc. Drift Acc. 

inf 1.09 2.69 -0.29 -2.19 -2.19 -2.19 -2.19 Manjil 

inf inf inf inf inf -2.26 -2.19 -2.26 Imperial Valley 

inf 2.67 inf 2.09 -1.98 -1.59 -1.98 -2.22 Northridge 
1.62 1.21 1.11 0.58 -2.26 -2.26 -2.26 -2.26 Kobe 
inf inf inf inf -2.08 -2.08 -2.08 -2.08 Landers 
inf 2.69 inf 1.61 -2.19 -2.19 -2.19 -2.19 Duzce 
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Table 3: Reliability index values in special-ductility frame for drift and acceleration functions 
DS4 DS3 DS2 DS1 

Earthquake 
Drift Acc. Drift Acc. Drift Acc. Drift Acc. 

inf inf inf -0.29 -2.19 -2.19 -2.19 -2.19 Manjil 

inf inf inf inf inf -2.26 -1.96 -2.26 Imperial Valley 

inf 2.67 inf 2.68 -1.65 -1.51 -1.65 -1.65 Northridge 
1.69 1.45 1.31 0.82 -2.25 -2.26 -2.26 -2.26 Kobe 
inf inf inf inf -1.94 -1.94 -1.94 -1.94 Landers 
inf inf inf inf -2.19 -2.19 -2.19 -2.19 Duzce 

 

It is evident that failure at lower levels occurs earlier due to the lower limit values of acceleration and drift in performance 

functions when changing the model and characteristics of the earthquake record. Therefore, lower failure levels are less 

reliable and more likely to occur. In other words, the possibility of the structure reaching the limit values of drift and 

acceleration is lower at higher levels of structural failure, resulting in a lower probability of failure. Moreover, by 

comparing the values of normal, medium, and special frames in each earthquake, it can be seen that the highest β values are 

related to the special frame, which is due to the greater plasticity of this frame. Therefore, the bending frame with high 

ductility has a lower probability of failure. 

3-2 failure probability diagram in functional function of maximum acceleration and drift 

 To further illustrate the difference in failure rates due to acceleration and drift, the average failure probability of all models 

is depicted in the two bar graphs of Figures 1 and 2. 

 

 
 

 Figure 1: The average failure probability at different risk levels according to the 

maximum acceleration performance function 
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Figure 2: The average probability of failure at different risk levels according to 

the maximum drift performance function 

4-Conclusions. 

• In low, medium, and special-ductility moment frames in areas with the same seismicity, it can be observed that the average 

probability index of frame failure due to drift at the collapse risk level was 1.3, 0.087, and 0.075%, respectively. It is evident 

that low-ductility frames have a higher probability of failure than medium and special ones, while the probability of failure 

of the medium moment frame is higher than the special frame. This is attributed to the superior reinforcement of concrete 

components, resulting in the special frame being more flexible than the medium one, and the medium frame being more 

flexible than the low-ductility frame 

 • The examination of results in the series system, i.e., the probability of simultaneous occurrence of collapse due to 

acceleration or drift, indicates that the probability of occurrence decreases with the increase of the failure level. For example, 

the upper limit of failure probability of low, medium, and special-ductility moment frames at the level of collapse risk were 

8.6, 1.1, and 0.2%, respectively. Since the probability of series failure occurs based on the occurrence of each of the limiting 

values of acceleration or drift, the probability of series occurrence is higher than the probability of each of the functional 

functions. 

 • The probability of failure due to acceleration in low, medium, and special-ductility frames at the severe risk level (level 3) 

were 21%, 16%, and 10% respectively. The probability of failure due to drift in low, medium, and special-ductility 

momentframes at the same risk level were 8.2%, 2.2%, and 5.1% respectively. Comparing the probabilities of failure due to 

acceleration and drift shows that the non-structural failure probability, i.e., the effect of acceleration, is much higher than the 

structural collapse probability due to drift. 

5-References 

[1] R. Lu, Y. Luo, J.P. Conte, Reliability evaluation of reinforced concrete beams, Structural Safety, 14(4) (1994) 277-298. 

[2] C. Dymiotis, A.J. Kappos, M.K. Chryssanthopoulos, Seismic reliability of RC frames with uncertain drift and member 
capacity, Journal of Structural Engineering, 125(9) (1999) 1038-1047. 

[3] A. Arafah, Factors affecting the reliability of reinforced concrete beams,C.A  Brebbia,ISBN 1-85312-830-9, WIT 

Transactions on Ecology and the Environment, 45 (2000). 

[4] C. Dymiotis, B.M. Gutlederer, Allowing for uncertainties in the modelling of masonry compressive strength, 
Construction and building materials, 16(8) (2002) 443-452. 
 

[5] PEER, (2008). Open System for Earthquake Engineering Simulation (OpenSees). development platform by the Pacific 

Earthquake Engineering Research Center (PEER),, in, pp. http://opensees.berkeley.edu. 

typical

medi…

special

0

0.5

1

1 2 3 4

0.987

0.822

0.029 0.013

0.984

0.819

0.023 0.009

0.976
0.814

0.016 0.008

fa
ilu

re
 p

ro
b

ab
ili

ty

risk level

typical medium special

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T

http://opensees.berkeley.edu/


5 

 

[6] Iranian Code of Practice for Seismic Resistant Design of Buildings. Standard No. 2800, Tehran: Buildnig and Housing 

Research Center,Edition 4.in Persian 

[7] National Building Regulations, (1392). Part 6: Design Loads for Buildings. Tehran: IRI Ministry of Roads and Urban 

Development. . in Persian 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T


