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ABSTRACT: The linked column steel frame (LCF) system is a new load resistant system; that by 
using replaceable ductile links, it can provide the desired structural behavior. The optimal performance 
of this system can be achieved by controlling the displacements and the sequence of yielding fuses 
in the structure. The direct displacement-based design (DDBD) method is one of the most powerful 
performance-based design methods that can control the behav-ior of a structure. This study aims to 
investigate the performance of LCF systems designed by the DDBD method. For this purpose, 8 sample 
structures with 3, 6, 9, and 12 stories and with different configurations, were designed with the DDBD 
method; and then their behavior was investigated by nonlinear static analysis. The results showed that 
in the design base shear calculated with the DDBD method, nearly most of the links of the studied 
structures were yielded; while all the beams of the modified moment frame remained elastic. This result 
shows the ability of the DDBD method to design LCF systems with controlled behavior. The results of 
the overstrength review of the studied structures also indicated that the overstrength of LCF systems 
designed with the DDBD method depends on the height and configuration. The average value of this 
coefficient was evaluated as 1.23. Also, the average inher-ent overstrength coefficient of the structural 
samples was calculated as 0.48. This result indicates the ability of the LCF systems designed by the 
DDBD method to achieve their desired failure mechanism.
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1- Introduction
The linked column frame (LCF) system is a new lat-eral-

gravity load resisting system introduced by Dusicka and 
Iwai [1]. In this system, damage to the structure during a 
seismic event is limited to specific members (i.e. replaceable 
link beams). Limiting damage to these members leads to 
preventing or reducing damage to the main members of 
the structure at all seismic hazard levels. Most research and 
design methods developed for this system are force-based 
design methods [2-4]. Force-based design methods, while 
simple, cannot de-scribe the actual (nonlinear) behavior of 
the structure and guarantee the realization of the structure 
perfor-mance objectives. However, performance-based 
design methods are the best procedures for the seismic 
design of structures. Various methods for performance-
based design have been proposed in the literature, in which 
the direct displacement-based design (DDBD) method is 
one of the best methods [5] proposed by Priestley et al. [6]. 
In 2020, the direct displacement-based design method by 
Tazarv [7] was developed for the design of LCF structural 
systems; which allows the design of LCF systems for 
different performance levels as well as ac-curate monitoring 
and control of their behavior. The purpose of this study 
is to investigate the achievement of the intended design 

goals in the linked column frame systems designed by the 
direct displacement-based method. For this purpose, a total 
number of 8 prototype structures with 3-, 6-, 9-, and 12-story 
and different configurations are designed with this method 
and eval-uated using nonlinear static analysis. Numerical 
model-ing and analysis of the examined frame samples 
were performed by OpenSees software [8]. In the modeling 
process, the nonlinear behavior of beams, link beams, and 
connections was carefully modeled and their be-havior was 
calibrated with some experimental results.

2- Methodology
To validate the proposed design method, a regular floor 

plan of a building with dimensions of 25×25 me-ters is used. 
The considered buildings consist of two groups with equal 
plan dimensions. The first group is denoted by “nS-1LC” 
that in each LCF frame, there is only one LC bay, and the 
second group is denoted by “nS-2LC” in which there are 
two LC bays. Parameter n stands for the number of stories. 
The studied structures are of 3-, 6-, 9-, and 12-story LCFs 
with the height of the stories equal to 3.5 m. The acceleration 
and dis-placement spectrums of the Iran standard IS-2800 
[9] have been used to design the prototype structures; and 
based on this code, the buildings are assumed to be lo-cated 
in a high seismicity zone on the soil type II. 
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Using the proposed design method, all 8 samples of the 
studied structures were designed. The design results are 
summarized in Table 1.

3- Results and Discussion 
3- 1- General behavior of sample frames

To investigate the behavior and overstrength of LCF 
systems designed by the DDBD method, a series of sample 
frames were designed and their behavior was investigated 
using nonlinear static analysis. For exam-ple, Figs. 1(a) and 
1(b) show the capacity curve of the 9-story frames. In this 
research, the design and evalua-tion of the LCF systems have 
been done for the RR performance level. At this performance 
level, the opti-mal behavior of this system is achieved by 
not yielding the MMF system fuses (i.e., beams). As shown 
in Fig. 1, in all frame specimens, at the base shear of the 
DDBD design, most of the link beams are yielded and all the 

modified moment frame beams are in their elastic re-gion. 
This indicates the high accuracy of the proposed DDBD of 
LCF systems in providing the base shear cor-responding to 
the nonlinear behavior (yielding of most link beams) and 
controlled (no yielding in modified moment frame beams) 
of the 

3- 2- Overstrength of sample frames
In this research, the ratio of the performance shear 

base of the structure (the base shear corresponding to 
the achievement of the first story to the design drift) to 
the design base shear calculated by the DDBD method is 
considered as the overstrength factor of a structure. The 
calculated values of the overstrength factor for the sample 
structures are shown in Fig. 2. As shown in Fig. 2, in the 
LCF structures designed with the DDBD meth-od, there 
is some overstrength compared to the design base shear; 
the main reason for this can be attributed to the executive 

Fig. 1. The capacity curve of 9-story structures: (a) Struc-ture sample 9S-1LC; (b) Structure sample 9S-2LC.

Table 1. DDBD results summary for the case study LCFs
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issues, strain hardening of materials, and overstrength of 
the link beams. According to Fig. 2, it can be concluded 
that the overstrength factor of the LCF systems designed 
by DDBD is a function of height, structure configuration, 
and performance considera-tions assumed in the design 
process, and its average value is equal to 1.23.

4- Conclusion
In this study, the behavior of LCF systems designed by the 

DDBD method was investigated. The main find-ings of this 
study are as follows:

1- The results of the parametric study and the inter-pretation 
of the sample capacity curve of the structures showed that in 
all frame samples, in the design base shear predicted by the 
DDBD method, most of the link beams are yielded, while all 
beams of the modified moment frame remain in their elastic 
range. This be-havior, which is completely in line with the 
concepts of the DDBD method, is clear proof of the success 
of this method in providing design forces corresponding to 
the nonlinear and controlled behavior of the LCF systems.

2- In the sample structures studied in this study, nearly 
most of the links of the studied structures were yielded. 
This will increase energy dissipation and pro-vide a uniform 
distribution of damage along the height of the structure.

3- Based on the studies performed on the over-strength 

of LCF systems, it was shown that the real overstrength of 
LCF systems designed by the DDBD method depends on the 
height, structure configuration, and executive issues. Its value 
in this study ranged be-tween 1.03 to 1.57 and an average of 
1.23.
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