Online ISSN : 3060-7620 _
Razj University

Evaluation of the accuracy of traditional Pushover methods in regular

RC structures

Nima Shahbazi'*', Reza Aghayari®®

1.Civil Engineering Dept., Faculty of Engineering, Razi University, Kermanshah, Iran. E-mail: n.shahbazi@razi.ac.ir
2.Corresponding Author, Civil Engineering Dept., Faculty of Engineering, Razi University, Kermanshah, Iran. E-mail:

r.aghayari@razi.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Article

Article history:
Received

2024-08-10

Received in revised form
2024-10-22

Accepted

2024-12-02

Available online
2024-12-23

Keywords:

Pushover procedures,

RC moment-resisting frames,
Higher modes effect,
Far-fault ground motions,
Pulse-like ground motions

In the traditional pushover method, which has been the noticed by seismic design code, only
the effect of the first vibration mode of the structure is considered, reducing the accuracy of
the results, especially in mid-rise and high-rise structures. In this article, the accuracy of
traditional pushover methods was investigated in the field of short to tall reinforced
concrete structures, and for this survey, the results of Nonlinear Time History (NTH) were
used as a reference. The studied pushover methods include the traditional pushover method
with Triangular, First-Mode and Modal lateral load pattern. To evaluate the accuracy of the
mentioned methods, 4 regular special reinforced concrete moment-resisting frame
constructions with the number of floors such as 3, 6, 9 and 12 were opted and designed
according to ACI 318-19 and ASCE7-22 codes for the Portland city, USA. Analysis of
eigenvalues, linear static, linear spectral dynamics, nonlinear statics and nonlinear time
history dynamics were performed by ETABS and SeismoStruct software. The ground
motions used include 10 far-fault records and 30 near-fault pulse-like records with forward-
directivity. The drift ratio parameter was used as an index of deformation and the shear
parameter was used as an index of force demand. It was observed that with the increase of
the height of the structures, the accuracy of the investigated methods decreased and in the
discussion of the maximum drift of the structure, a difference equal to 68% was calculated.
In the discussion of shear distribution, the maximum difference equal to 168% was
calculated. However, the traditional pushover method with the first mode and modal lateral
load patterns have provided better results than the triangular lateral load pattern.

Cite this article: Shahbazi, Nima., & Aghayari, Reza. (2024). Evaluation of the accuracy of traditional Pushover methods in
regular RC structures. Advanced Modeling in Civil Engineering, 1(2), 13-33.

DOI: 10.22126/amcen.2024.11233.1022

© The Author(s).
TATEM  DOI: 10.22126/amcen.2024.11233.1022

Publisher: Razi University




Advanced Modeling in Civil Engineering, Volume 1, Issue 2, 2024 14

Introduction
Nowadays, the performance-based seismic engineering (PBEE) method has become a

suitable tool for designing new structures and improving existing structures. Among the
relatively accurate analyses for determining the seismic response of structures in the (PBEE)
method, we can mention the nonlinear time-history dynamic analysis (NTH) and the
incremental nonlinear dynamic analysis (IDA). Considering the time-consuming nature of
this type of analysis, the large amount of calculations, and the need for seismic engineering
knowledge, the nonlinear static analysis (Pushover) (NSP) method has attracted the attention
of civil engineers. In general, the pushover analysis method can be classified into two
categories: conventional (traditional) and advanced pushover analysis. In the traditional
pushover method, which is considered in seismic design codes such as Iranian Standard
2800, Eurocode 8, FEMA 440, ASCE 41 and etc., only the first mode of the structure is
considered. In fact, in the traditional pushover method, the lateral load pattern applied to the
structure is constant until the end of the analysis. Based on the studies conducted, the
conventional (traditional) pushover analyses presented in the codes have important
limitations. In this way, this analysis method cannot consider the effect of high vibration
modes on the response of the structure and also ignores changes in the dynamic
characteristics of the structure that can lead to a variable load pattern. In fact, the load
pattern in traditional pushover methods is constant and this method is not able to consider
changes in the modal characteristics of the structure and stiffness reduction during the
analysis. In this paper, the accuracy of traditional pushover methods provided by seismic
design codes for regular short- to high-rise reinforced concrete structures is investigated.
The results of nonlinear dynamic analysis (NTH) are used as a reference. Studies have
shown that near-fault records containing progressive directional effects can cause damage
and energy accumulation in certain classes of structures based on the pulse period. To
investigate the accuracy of pushover methods in this regard, the near-fault records used in
this study are classified into three categories.

Method
In this study, the results of numerical analyses were used to evaluate the accuracy of

traditional pushover methods in RC structures. First, four special RC flexural frame
buildings of 3, 6, 9, and 12 stories were selected in the plan, then they were modeled in
ETABS software for linear static analysis and design based on ASCE 7-22 and ACI 318-19
codes. In this paper, the 3-story structure represents short-rise structures, the 6-story
structure represents medium-rise structures, and the 9- and 12-story structures represent
high-rise structures. After that, the structures were also modeled in two-dimensional and
nonlinear form in the 2021SeismoStruct software environment. A set of 10 records far from
the fault and 30 records near the fault were collected and scaled with the spectrum used in
the design of the structures. The near-fault record were divided into three categories based
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on the pulse period. Nonlinear dynamic analysis was performed on the structures under the
selected record sets and the average values of maximum roof displacement, drift ratio and
story shear were extracted under each set of records. The average values of maximum roof
displacement calculated under nonlinear dynamic analyses were used as the target
displacement of the pushover analyses under each set of records. The pushover analyses
examined included traditional pushover analysis with three triangular lateral load patterns,
first mode and the pattern obtained from spectral analysis. The displacement response of the
structures and story shear were extracted and finally, to evaluate the accuracy of the
aforementioned pushover methods, the drift ratio and story shear of the structures under
pushover analyses were compared with the drift ratio and story shear of the structures under
nonlinear dynamic analyses.

Results and Conclusions

In terms of maximum drift created in the structure, there is no difference between the lateral
load patterns in the pushover analysis for short-rise structures (3 stories). As the height of
the structures increases, the use of traditional pushover methods with the first mode and
spectral lateral load patterns can provide better results than the triangular load pattern.
However, the difference between the responses compared to the results of nonlinear analyses
is significant and has reached a maximum of 68 percent in the 12-story structure. In terms of
the story drift ratio, it is observed that in short-rise structures up to 3 stories, there is no
difference between the results of the pushover methods studied in this article. As the height
of the structure’s increases, the difference between the response of the incremental and
inelastic dynamic methods is very significant. The results of traditional incremental load
methods with the first mode lateral load patterns have a better similarity with the results of
dynamic analyses. It is concluded that the pushover methods examined in this paper do not
have sufficient accuracy in estimating the displacement requirements of structures. In the
discussion of the distribution of floor shear, the pushover methods examined in this paper
have provided almost similar results and, in most cases, they have calculated the shear value
more than the results of dynamic analyses. In the meantime, the triangular lateral load
pattern has calculated the shear value in the lower floors of the structure more than the other
cases. However, it is concluded that the pushover methods provided by seismic codes do not
have sufficient accuracy in estimating the force requirements of structures and have a
significant difference with the results of nonlinear dynamic analyses, which in the largest
case is equal to 168 percent.
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