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In this study, the ratio of rotations created in beam and column members of reinforced concrete
flexural frames, relative displacements of floors at the functional levels of uninterrupted
serviceability, life safety and failure prevention have been investigated by considering
different ratios for the weak beam-strong column criterion in the optimal design process within
the framework of the performance-based design approach. For the purpose of performance-
based optimization, the center of mass meta-exploration algorithm has been used in this study.
The philosophy of the performance-based design approach and even traditional design
methods allow the structure to suffer damage when exposed to strong and relatively strong
earthquakes. Therefore, in order to estimate the safety of the structure against earthquakes, the
use of seismic safety quantification indices and structural collapse capacity seems necessary.
In this study, the relative displacements of floors and the ratio of existing to permissible
rotations of beam and column members of each optimal structure have been calculated using
time history analysis under earthquakes far and near the fault. Two examples of 3 and 6 stories
are the frames studied in this research, which are designed by considering coefficients of 0.8,
1.2 and 1.6 to control the weak beam-strong column criterion in the performance-based
optimization process. According to the obtained results, it is observed that increasing the weak
beam-strong column ratio to control the aforementioned criterion in the optimization process

leads to a decrease in the rotation ratio created in the beams and columns of the structure.

Cite this article: KhodaBandehLou. Ashkan. (2025). Investigating the influence of the weak beam-strong column rule on the
moment ratio of beam and column members of reinforced concrete bending frames optimized based on performance.
Advanced Modeling in Civil Engineering, 2(1), 149-169. DOI: 10.22126/amcen.2025.11219.1020

® @ © The Author(s).
DOI: 10.22126/amcen.2025.11219.1020

Publisher: Razi University




Advanced Modeling in Civil Engineering, Volume 2, Issue 1, 2025 150

Introduction

The ability to cause significant damage (without lateral and gravitational instability of the
building) is achieved in the vast majority of building beams by fulfilling the weak beam-strong
column criterion, especially if the earthquake is very severe. Such functional durability of the
building is achieved due to the intactness of the columns (the members responsible for
providing lateral and gravitational stability of the building) under a severe earthquake. The
design of such columns is carried out through capacity-based design. Preventing brittle shear
failure in columns and beams, preventing brittle failure in beam-column connections, and
ensuring that the total bending capacity of the columns of a node is greater than that of the
beams connected to it in a specific direction are the main parameters in the design. On the
other hand, in engineering designs, the desired goal is to reduce the cost of the project as much
as possible. The goal of optimal design is to reduce the cost at the design stage, for which
purpose numerous meta-search algorithms inspired by nature have been widely developed.
Another important point in optimal design is the method of structural analysis and design
[1,2]. Since seismic loads are unpredictable in nature, if the design is such that the structure
remains in a linear range during an earthquake, the weight of the structure obtained from this
design method will increase uneconomically. Therefore, building codes and design methods
consider the inelastic range of structural behavior with safe methods in design [3]. A robust
approach to designing structures and considering the inelastic range is performance-based
design, which is a multi-level approach to designing structures at different seismic levels. This
seismic design approach is based on the principle that the structure must meet different
performance objectives and increase the safety of the structure against seismic hazards of low
intensity and short duration to high intensity and long duration earthquakes. Optimization
methods can be effectively used in performance-based designs and define the performance of
the structure as one of the design objectives or constraints of the problem [4-7]. Throughout
history, engineers have always been striving to design optimal systems, which, due to resource
limitations, have always been the most important selection criteria for them, being cheap and
at the same time meeting all existing constraints. Today, optimization is considered a very
efficient process for economic savings in the design, construction and maintenance of
structures. On the other hand, the performance-based design method is one of the most
advanced methods of seismic design of structures. Therefore, optimal design of structures
based on performance will produce structures that are economical, safe and reliable [8].
Accurate evaluation of the performance of columns and beams in a structure is one of the most
important issues in seismic analysis of structures. In recent years, the effects of various
parameters such as the dimensions of beams, columns, geometry and shape of structural
members, and other structural parameters on the performance of structures have been
investigated. In this regard, the effect of different ratios for controlling the weak beam and
strong column criterion during the optimization process within the framework of the
performance-based design method in reinforced concrete structures is one of the important
issues that has not been seriously studied so far. Considering the recent earthquakes around
the world and the damage caused by these earthquakes, it seems important to investigate this
issue and conduct research on this issue. Therefore, considering the effects of the weak beam-
strong column criterion in seismic codes of structures, especially for optimized buildings due
to the popularity of designing this type of building in recent years, a fundamental step should



Investigating the influence of the weak beam-strong ... 151

be taken in improving the design of structures with a bending frame system. Therefore,
considering the aforementioned materials, this study investigates the effect of the weak beam-
strong column criterion on the seismic performance of reinforced concrete frames optimized
based on performance by considering different ratios to control the weak beam-strong column
criterion in the design process.

Method

In the present study, structural elements are modeled by nonlinear beam and column elements
including fiber sections and based on the method of extensive plasticity integration. P-A
effects are also considered in column elements and in order to simulate the effects of rigid
slab, the horizontal displacement of nodes is equalized. The Concrete01 material is used to
model the behavior of confined and unconfined concrete. The Steel02 steel material with 3%
isotopic hardening is used to model the behavior of steel bars. In order to calculate the required
parameters of confined and unconfined concrete, including: maximum compressive strength,
strain at maximum compressive strength and ultimate strain, the Mander model is used [9].
The load-bearing width of the beams in the direction perpendicular to the plane is 6 m.

Results

In this section, the results of numerical models will be presented to investigate the process
presented in this study. The material presented in this section can be divided into the following
two general sections:

A. Performance-based optimization of concrete flexural frames using the center-of-mass
hyperbaric algorithm, considering coefficients 0.8, 1.2, and 1.6 to control the weak beam and
teapot column criterion in the optimization process

B. Investigation of the rotation ratio in beams and columns and the relative displacement of
floors for each of the obtained optimal frames. In this study, 3- and 6-story concrete flexural
frames, with assumptions of special ductility, residential use, located in an area with very high
relative risk, and type 3 soil, have been selected for analysis. In order to reflect the difference
between external and internal columns on the behavior of the frame, it is necessary to allocate
at least three spans to the frames.

Conclusions

The main objectives of this research have been examined in three different sections by
presenting different methods and problems. In the first section, optimization within the
framework of the performance-based design method of two 3- and 6-story concrete flexural
frames has been addressed by considering different ratios for controlling the weak beam and
strong column criterion using the center of mass metaheuristic algorithm. The performance-
based design constraints in this section have been selected from the ASCE41-13 code. In the
second section, the evaluation of the rotation ratio created in the structural members as well
as the relative displacement values of the floors at the functional levels of the designed frames
has been addressed. Considering that in previous research, the evaluation of the rotation ratio
created in the structural members as well as the relative displacement values of the floors at
the functional levels and the collapse safety of the optimized structures within the framework
of the performance-based method by considering different ratios for controlling the weak
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beam and strong column criterion under near- and far-fault earthquakes had not been studied.
The most important results of this study include the following:

* In both performance-based design problems of 3- and 6-story frames, the ductility value of
the frame in the case where the safety factor considered to control the weak beam and strong
column criterion in the performance-based design problem process was larger was less than
the values in the case where this factor was considered more in the performance-based design
problem.

* As the final result of this part of the research, it can be concluded that by increasing the
stiffness in the column in the design process of concrete flexural frames, solutions with higher
initial cost are obtained.

* By increasing the ratio of the weak beam and strong column criterion in the design process,
the ductility decreases and the rotation ratio in the functional levels of uninterrupted usability,
life safety, and failure prevention decreases in columns and increases in beams.

* By increasing the ratio of the weak beam and strong column criterion in the design process,
I observe that the relative displacement of the floors in the functional levels of uninterrupted
usability, life safety, and failure prevention increases.

* Considering the ratio of 1.6 to control the weak beam-strong column criterion in the design
process of reinforced concrete flexural frames results in structures with desirable seismic
performance.

* In all 3 and 6-story concrete flexural frames, it was observed that all frames designed based
on performance, considering the allowable values, are within the acceptable seismic
performance range.
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