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ABSTRACT  

Earthquakes are currently considered a serious threat to structures, particularly steel-braced structures, 

underscoring the need for systems that are capable of maintaining functionality and serviceability after seismic 

events. In this regard, the StrongBack Structural System (SBS) has been introduced as a combination of elastic 

and plastic truss elements, which, by ensuring a uniform distribution of forces along the height of the structure, 

prevents the development of a soft-story mechanism. In this study, through a detailed investigation of the 

conventional configuration of this structural system, a new configuration is proposed with the aim of achieving 

improved seismic performance. 
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1. Introduction 

Seismic design codes have been developed with the primary objective of preventing building collapse; however, they 

do not adequately address structural performance in terms of post-earthquake serviceability and economic consequences. 

Although steel-braced frames provide life safety, they are susceptible to the formation of a soft-story mechanism due to 

brace buckling, a phenomenon that can lead to increased structural damage. Post-earthquake observations demonstrated 

that braced frames often exhibit unsatisfactory performance because of buckling of compression members, resulting in a 

reduction in their capacity under cyclic loading [1–3]. To mitigate the probabilistic formation of soft-story mechanisms, 

the StrongBack Bracing System (SBS) has been introduced. Numerous studies have shown that the presence of an elastic 

truss component in this structural system improves the uniform distribution of interstory drift along the height of the 

structure [4,5]. Furthermore, experimental and numerical investigations indicate that the strong-back system is capable 

of maintaining stiffness and reducing damage concentration, even after the failure of inelastic bracing elements [6,7,8]. 

In this study, by examining the conventional configurations of the strong-back structural system, a new configuration is 

proposed to enhance the seismic performance of the strong-back system during earthquakes. 

2. Methodology 

In this study, to investigate the seismic performance of the strong-back system in high-rise structures, buildings with 

a square plan layout consisting of four bays of 5 m each and heights of 8, 12, and 16 stories were examined (Fig1). The 

story height was taken as 2.9 m, and gravity loads were applied in accordance with the specified values. The structures 

were designed using ST37 structural steel, in compliance with ANSI/AISC 341-16 and the fourth edition of Standard 

2800 [9,10]. 

To evaluate the performance of the modelled frames, a set of 22 pairs of far-field earthquake acceleration records with 

moment magnitudes ranging from 6.5 to 7.6 on the Richter scale was employed. These ground motion records were 

recorded at distances ranging from 11.1 km to 26.4 km from the seismic source [11]. 
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Fig.1.View of the structures modelled in the OpenSees software (a) BRB, (b) SBS-BRB, (c) EM-SBS-BRB 

3. Results and Discussion 

Based on the curves presented in Fig.2, it can be observed that BRB structures experience a degradation in seismic 

performance as the number of stories increases. Comparison of the spectral acceleration values for the 8-story models 

indicates that no significant improvement in seismic performance is observed. Similarly, for the 12-story structures, 

comparison of the spectral acceleration values between the 12ST-BRB and 12ST-EM-SBS-BRB models shows an 

improvement of 27.2%. However, when comparing the 16ST-BRB and 16ST-EM-SBS-BRB analytical models, a 279.7% 

improvement in seismic performance is observed, representing a substantial enhancement in seismic behavior. 
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(c) 
Fig.2. Median  IDA curves for (a) 8-story, (b) 12-story, (c) 16-story 

By comparing the fragility curves shown in Fig.3, it can be observed that, in general, the probability of collapse increases 

with increasing structural height, since high-rise structures experience larger lateral displacements at the story levels. As 

can be seen, in the 12- and 16-story structures, the proposed model of this study was able to improve the inter-story drift. 
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(b)     

 
(c) 

Fig.3. Fragility curves corresponding to a 10% drift limit for (a) 8-story models, (b) 12-story models, 

(c) 16-story models. 

4. Conclusion 

An examination of the structural models indicates ing height has a significant influence on the results. In the 8- and 12-

story structures employing only the buckling-restrained bracing (BRB) system, the collapse demand in the 8-story 

structure exhibited lower values; however, as the height increased to 12 stories, this demand gradually increased, and 

ultimately, in the 16-story structure, very poor seismic performance was observed. This trend clearly demonstrates the 

adverse effect of building height on the seismic performance of BRB systems. It further indicates that combining the 

buckling-restrained bracing system with the strong-back system can effectively enhance the seismic performance of BRB-

based structural systems. Across all analyses, the proposed model of this study exhibited the highest seismic performance 

in the 12- and 16-story structures. In addition, the fragility curves of these structures show significantly lower probabilities 

of damage and collapse compared to the conventional BRB structural system. 
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