
 



A Review of Research on Seismic Design Methods for High-Strength Concrete Shear Wall Structures

Abstract : Behavioral seismic design is the process of determining the seismic behavior of a building under different seismic fortification standards based on its importance and purpose. The goal is to ensure that the designed building has the expected functionality in future earthquakes， thereby minimizing the total cost of encountering possible seismic effects throughout its entire lifespan. Since its proposal in the 1990s， the performance-based seismic design method has attracted the attention of a large number of scientific researchers and designers， and has now become the main direction for revising seismic design codes in various countries in the century. Based on the research results on damage models for components and structures both domestically and internationally， the range of damage indices for various performance states has been summarized and statistically defined. Corresponding damage descriptions were provided in the form of macroscopic manifestations， and various performance states and damage levels were organized and quantified to determine the specific degree of damage. The damage models of shear wall structures were analyzed， and experimental data was used to compare and evaluate the commonly used damage models. The specific steps of performance-based design methods for shear wall structures were discussed. We discussed the research results of domestic and foreign methods and developed a specific set of steps for the structural design of shear walls. In addition， the construction measures that need to be noted in the structural design of shear walls have also been explained.
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Introduction

Earthquakes are sudden natural disasters that pose a grave threat to the safety of people’s lives and property, often bringing devastating consequences. The harm earthquakes inflict on human society primarily manifests in two ways: first, the destruction and collapse of buildings caused by earthquakes lead to severe casualties and substantial property losses; second, earthquakes themselves, along with secondary disasters such as floods and fires they trigger, damage the natural environment upon which human society depends, producing profound social impacts. China is situated between two of the world’s most active seismic belts—the Pacific Ring of Fire and the Eurasian Seismic Belt—making it one of the most earthquake-prone countries in the world. Moreover, earthquake-prone regions in China are widely and sparsely distributed. Frequent and powerful earthquakes have brought great hardship to the Chinese people.

The devastating earthquakes have severely impacted the production and livelihood of people in the affected areas, hindering social progress and development. On a national scale, historically, earthquake-stricken areas have already covered more than half of China’s land area. Since the 1990s, seismic activity has become increasingly frequent, and several exceptionally large earthquakes have inflicted incalculable losses on human society. These tragic losses have prompted researchers and engineering designers to delve deeply into the theory and methods of seismic-resistant design for civil engineering structures, in order to minimize the devastation earthquakes cause to people as much as possible. 

Over the past century, as our understanding of the characteristics of ground motion during earthquakes and the seismic response of structures has continued to deepen, the methods for analyzing seismic responses of building structures and for seismic-resistant design have also been steadily evolving and improving. During the mid-20th century, structural seismic response analysis methods gradually shifted from static theories and reverse

From spectral theory and elastic dynamics to nonlinear dynamics—while the rationality of seismic design standards and methodologies continues to be rigorously tested by intense earthquakes.

In the early stages of seismic design implementation, structural designs were based on a single safety level aimed solely at safeguarding human life. Since the 1970s, as people have gained a better understanding of the uncertainties inherent in earthquakes and the need to strike a reasonable balance between the economic viability and safety of buildings, the concept of multi-level seismic protection has gradually been recognized by the earthquake engineering community. The seismic design philosophy of "not being damaged by minor earthquakes and not collapsing under major ones" was gradually adopted by seismic design codes in several countries starting in the early 1980s. This design philosophy requires that, after experiencing an earthquake of the expected moderate intensity, the main structure should remain largely undamaged and easily repairable; whereas, after a severe earthquake, some degree of damage is permitted, provided that the structure does not collapse and cause casualties. This approach reflects a certain degree of tiered seismic protection. However, in the actual implementation of these codes, the primary focus remains on ensuring life safety through a single-level design criterion. Consequently, seismic design still predominantly relies on strength- or capacity-based design methods. Yet, purely capacity-based design methods struggle to effectively control the extent of structural damage under future anticipated earthquakes. A wealth of structural damage data from earthquakes has shown that many structures undergo significant inelastic deformations during seismic events. China’s three-level seismic design criteria—“not being damaged by minor earthquakes, repairable after moderate earthquakes, and not collapsing under major earthquakes”—reflect the idea of tiered seismic design for buildings and represent a significant advancement that adapts to the seismic design theories and architectural design requirements of a particular historical period. The requirement of “not being damaged by minor earthquakes” is achieved by keeping the structural response within the elastic range under small earthquakes. Although the criterion of “repairability after moderate earthquakes” is stipulated, its specific implementation details remain unclear. The term “repairable” itself is difficult to define precisely when it comes to controlling structural damage—ranging from minor damage to extensive and severe damage, all could fall within the “repairable” category. Moreover, as building functionality requirements become increasingly stringent and investment levels rise, the property losses associated with different degrees of damage vary dramatically. Thus, controlling damage solely within the “repairable” range often leaves both owners and designers at a loss. The requirement of “not collapsing under major earthquakes” focuses on ensuring human safety. For particularly important buildings, Chinese codes recommend raising the seismic fortification intensity by one degree. However, increasing the fortification intensity by one degree leads to a dramatic rise in seismic acceleration, often resulting in serious resource waste. Therefore, further refinement of design standards according to the specific needs of individual buildings is essential to meet the seismic design requirements of the new era. Regarding the performance status of structures, a classification approach currently gaining broad acceptance in the international engineering community involves categorizing buildings according to their “function.” Different performance targets are established based on the building’s functional requirements, and structural designs are then tailored accordingly. However, designing entirely based on “function” alone is not entirely accurate. “Function” is merely one indicator of a building’s normal operation and fails to fully encompass the comprehensive considerations involved in the entire lifecycle and full-life-cycle design of a building. Internationally, the recommended term “Performance-based Seismic Design,” abbreviated as PDSD, is sometimes translated as “performance-based seismic design” and other times as “performance-oriented seismic design.” So, what exactly is the difference between “performance” and “performance-oriented”?

Which term is more accurate? Academician Xie Lili has discussed this issue. In this paper, we temporarily adopt the term “behavioral state” in accordance with Academician Xie’s opinion. To ensure the behavioral state of a building, the most critical factor is to control structural deformation. Seismic design based on deformation is a superior approach compared to design based on load-carrying capacity. To effectively control structural deformation, it is necessary to control structural displacements, displacement angles, or curvatures. Designing structures according to displacements represents an effective approach for achieving performance-based structural design.

Currently, research on performance-based seismic design methods for frame structures has already been carried out to some extent; however, studies on performance-based seismic design methods for shear-wall structures are relatively rare. Moreover, shear-wall structures are widely used in modern multi- and high-rise buildings, making the study of performance-based seismic design for such structures particularly important. This paper takes shear-wall structures as its object of study and undertakes research on performance-based seismic design methods for shear-wall structures.

Shear-wall structures account for a significant proportion of modern multi- and high-rise buildings and are widely used at this stage. A shear-wall structure is a spatial framework composed of a series of vertical and horizontal shear walls and floor slabs. In service, it bears both vertical and lateral loads and is a commonly adopted structural form in high-rise buildings. Shear walls are the primary load-bearing components of shear-wall structures and, under normal working conditions, primarily withstand two types of loads: one is the vertical load transmitted from the floor slabs—this includes the effect of vertical seismic forces in seismic zones—and the other is the lateral load, which encompasses horizontal wind loads and horizontal seismic loads. To properly design the cross-section of shear walls, it is essential to understand their stress-deformation mechanisms. The internal force analysis of shear walls involves analyzing internal forces under vertical loads as well as those under lateral loads. Under vertical loads, the internal forces experienced by individual shear walls are relatively straightforward and can be analyzed according to the principles of mechanics of materials. However, under lateral loads, both the calculation of internal forces and displacements in shear walls becomes considerably more complex. Currently, seismic design codes still focus primarily on the structural detailing of shear walls, and no mature theoretical framework has yet been established regarding the failure mechanisms of shear-wall structures, particularly those occurring during the plastic stage. Research into performance-based seismic design methods for shear-wall structures will further deepen our understanding of the stress-deformation mechanisms of shear walls. How seismic design methodologies for structures should evolve, how shear-wall structural forms can be improved, and how cross-sectional design methods can be refined—all these require guidance from a more rational design philosophy.

In-depth research into the performance-based design methodology for shear-wall structures is a key research topic that aligns with the development of seismic design theory. Performance-based seismic design for shear-wall structures involves numerous aspects; this paper primarily focuses on several key areas, including performance objectives for shear-wall structures, quantification of damage indicators, the structural performance-based design process for shear walls, component testing, parameter studies, and case studies. 

 1. The proposal of a performance-based seismic design theory

The test specimen is a composite structure consisting of beams and columns between the inflection points under horizontal loading. The seismic design method is based on an understanding of actual earthquake damage andDeveloped gradually on the basis of relevant theoretical achievements, this approach has gone through several stages: the static design method, the response-spectrum method, and time-history analysis. While the time-history analysis method—due to its high demands on designers, complex calculations, and lengthy computation times—is primarily used for checking and verifying the designs of complex structures, the response-spectrum method, though simple and easy to implement, is increasingly struggling to meet the growing demands of architectural functions on structural design. Since the concept of performance-based design was proposed, this design approach—with architectural performance as its primary objective—has gained widespread popularity among designers and building owners and has become the mainstream in current research on seismic design. 

Currently, from a probabilistic perspective, seismic design methods for building structures can be categorized into two main types: deterministic seismic design methods and probabilistic seismic design methods. Deterministic seismic design methods include the static method (intensity-based method, modified intensity-based method), the response-spectrum method, and the dynamic method (time-history analysis). Probabilistic seismic design methods encompass approaches that utilize upper bounds of the response spectrum as well as methods based on random vibration theory. Although current seismic design methods have achieved relatively good seismic protection performance in past building designs, as building forms become increasingly complex and funding inputs continue to rise, the potential property losses during earthquakes are also growing larger.

Buildings designed according to the seismic design philosophy of “minor earthquakes cause no damage, moderate earthquakes can be repaired, and major earthquakes do not collapse” have demonstrated their effectiveness in safeguarding human life during earthquakes—a point that is indeed worthy of recognition. However, due to the development of modern society, certain regions have become concentrated hubs of social wealth. Should an earthquake strike such areas, it would have a profound impact on society. The earthquakes that occurred in the United States (Northridge in 1994) and Japan (Hanshin in 1995) clearly illustrated this point. Against this backdrop, people have been compelled to re-examine current seismic design philosophies. It has become evident that although the current “three-level” seismic design approach stipulates three distinct levels of seismic resistance, some of its provisions are rather vague, making it difficult to effectively control the structural behavior of buildings in actual design practice. In essence, today’s seismic design still primarily focuses on protecting human life. As a result, while earthquakes can indeed effectively prevent buildings from collapsing and causing loss of life, other types of damage often remain uncontrolled, leading to substantial property losses. Moreover, the current seismic design methods set only the minimum requirements for architectural design, making it increasingly challenging to meet the evolving functional demands of building structures. Under these circumstances, there is an urgent need to develop a seismic design methodology that can adapt to the diverse functional needs of buildings. With the advancement of seismic design theory, performance-based seismic design has attracted widespread attention and is considered the primary direction for future seismic design development. The goal of performance-based seismic design is to effectively control various damage states of buildings under earthquakes of different intensity levels in future seismic designs, enabling buildings to achieve different performance levels. Thus, throughout their entire lifecycle, buildings subjected to potential earthquakes can minimize overall losses. Performance-based seismic design is not a completely new concept; as early as 1975, New Zealand scholar R. Park proposed a seismic design approach based on the capacity principle, which already incorporated many ideas related to performance-based design.

In the early 1990s, the University of California, Berkeley, in the United States, proposed a displacement-based seismic design theory, advocating for an improvement over the current capacity-based design approach. This concept of structural seismic design was first applied to bridge design. The displacement-based seismic design approach requires structural analysis to ensure that the structure’s plastic deformation capacity meets the deformation requirements under predetermined seismic actions—that is, it controls the interstory drift angle limits of the structure under major earthquakes. Overall, the core idea behind Moehle’s design method also revolves around controlling the structure’s displacement and interstory drift levels. 

In the 1960s, Newmark was the first to note that structures with good deformation capacity can withstand larger seismic forces even at lower yield capacities. He also studied the relationship between the displacement responses of single-degree-of-freedom elastoplastic systems and their corresponding elastic systems under seismic loading. 

In the 1970s, Freeman at the University of California, Berkeley, proposed the capacity spectrum analysis method. The introduction of the capacity spectrum method provided a new direction for the development of seismic design and offered a practical approach to moving seismic design toward a performance-based approach. 

In the 1980s, seismic codes in many countries required structural designs to include checks on interstory drift angles. At this stage, drift checks served as a complement to strength-based design methods, but drift itself was not directly used as a control parameter in the design process.In 1980, Sozen was the first to systematically articulate the seismic design concept of controlling structural displacement. He argued that interstory drift is the primary factor directly influencing the extent of damage to both structural and nonstructural components. Therefore, when conducting seismic design, engineers should adopt displacement-based parameters to select economically efficient seismic-resistant structural systems. This approach—using quantified displacement design criteria to control a building’s seismic performance—represented a significant advancement over previous seismic design methods that had focused solely on force-based concepts. Since then, people have come to recognize the importance of a structure’s ductility after yielding in determining its seismic performance.Since the proposal of seismic design theory based on structural performance, establishing a structural design system founded on structural performance evaluation has been a research topic in recent years in countries such as the United States, Japan, and New Zealand.

In recent years, the American Society of Civil Engineers’ Committee on Structural Engineering has been actively promoting a new generation of design and rehabilitation methods for engineering structures based on performance. The key research applications include Vision 2000, ATC-40, and FEMA273. The performance-based design approach has already begun to be implemented in ATC-40, where the primary method employed is the capacity spectrum method. The capacity spectrum method—and its improved variants—are the main approaches used in simplified nonlinear static analysis. FEMA273, on the other hand, adopts the displacement coefficient method. In this displacement-based approach, the displacement demand is essentially derived from a nonlinear displacement spectrum, which itself is obtained by applying a series of parameter corrections to an elastic displacement spectrum generated through static analysis. Theoretically, the nonlinear response spectrum adjusted for damping is significantly more accurate than the elastic response spectrum—especially in short-period structures with high ductility. 

With funding from multiple sources, Japan launched a three-year research project titled “Development of New Architectural Structural Systems” in 1995, establishing a team comprising leading domestic experts.The Comprehensive Committee on New Building Construction Systems, which includes participation by renowned scholars, is composed of three subcommittees: Performance Evaluation, Target Levels, and Social Institutions. To advance and coordinate the progress of this project, a “New Construction Systems Promotion Conference” has also been established to discuss, plan, and coordinate efforts across various sectors. Japan’s building codes are currently being revised to adopt a performance-based design approach.

European countries such as the United Kingdom, as well as Latin American countries like Chile, are also conducting this research. Currently, this theoretical study is still in its early stages in China. In 1900, at the Sino-U.S. Seismic Code Academic Symposium, this theory was discussed, attracting attention from Chinese scholars. Researchers explored allowable deformation values for frame and shear-wall structures and introduced structural-performance-based design theory into the field of structural optimization design, proposing the concept of performance-based seismic optimization design. Moreover, some scholars have suggested that China’s seismic design for the 21st century should align with international development trends and further develop a structural seismic design theory based on performance that is tailored to China’s national conditions. Additionally, scholars from various countries have made this performance-based design a key research topic, conducting extensive and in-depth studies on it.In 1997, it was proposed that the nonlinear response spectrum in the acceleration-displacement response spectrum format could be applied to the capacity-spectrum method using an equivalent-damping elastic spectrum. In 1990, Chapra presented a report at the annual conference of the Pacific Earthquake Engineering Research Center (PEER 1999/02) on a capacity-demand-computation diagram approach for seismic displacement response of nonlinear single-degree-of-freedom systems. The report highlighted the advantages of the capacity-spectrum design method as well as its current limitations.

Gulkar et al. first proposed a method of establishing an equivalent elastic structure using equivalent stiffness and equivalent damping to estimate the nonlinear response of inelastic structures. Shibata et al. applied this method to the design of simple frame structures, marking the nascent form of the displacement-based design approach. This design method was subsequently extensively studied and applied, eventually evolving into today’s displacement-based design methodology.

In his doctoral dissertation, Kowalsk examined the application of displacement-based seismic design methods in bridge design. Additionally, Kowalsky et al. applied displacement-based design methods to the design of single-degree-of-freedom concrete structures, providing a detailed demonstration of the design process and concluding with an elastoplastic time-history analysis of the structure to verify the method’s reliability. Furthermore, they investigated the effects of parameters such as column dimensions, reinforcement ratios, and ductility requirements on the design results, demonstrating that the design process can offer designers a wide range of options for meeting target displacements.
Calvi further applied the displacement-based design method to multi-degree-of-freedom bridge design, demonstrating how this method can be used in multi-degree-of-freedom systems.

Dwairi et al. conducted elastoplastic time-history analyses of multi-degree-of-freedom continuous bridges with various parameters using a large number of seismic waves, and elaborated on the criteria for determining the target displacement model as well as techniques for analyzing the shape of the target displacement. 

Wallace J.W. proposed structural measures to ensure that shear walls have sufficient deformation capacity to meet the target displacement requirements. T. Paulary proposed estimating the structural yield displacement and the target displacement during displacement-based design.Calculation method.

After summarizing the lessons learned from the Kobe earthquake, Japan’s Shunsuke Kotani proposed that performance-based design should clearly define research objectives for performance-based design, performance levels, and post-design performance evaluation methods, including safety limit-state checks and applicable limit-state checks. In his proposed revision to the Building Standards Law, he emphasized the need to specify performance targets and develop methods for verifying performance levels.

M.J.N. Priestley summarized three performance-based seismic design methods: the capacity spectrum method, the ductility-based response spectrum method, and the displacement-based seismic design method. He compared these three design methods with the traditional force-based seismic design method, discussed the factors influencing different performance states, and took into account soil-structure interaction.

Takami Shinji and colleagues conducted research on a performance-based seismic design method for superhigh-rise reinforced concrete buildings, proposing a performance-based seismic design theory specifically tailored for such structures. They established performance levels for these buildings, defined earthquake intensity levels, and developed damage indices. As an example, they performed and compared static and dynamic analyses on a concrete frame structure, thereby verifying the applicability of this method to 60-story concrete buildings. 

Takami Shinji and colleagues conducted research on a performance-based seismic design method for superhigh-rise reinforced concrete buildings, proposing a performance-based seismic design theory specifically tailored for such structures. They established performance levels for these buildings, defined earthquake intensity levels, and developed damage indices. As an example, they performed and compared static and dynamic analyses on a concrete frame structure, thereby verifying the applicability of this method to 60-story concrete buildings. 

T. Na gao et al. used a framework structure example to verify the accuracy of the energy spectrum design method.

H.S. Lew et al. evaluated four methods for displacement-based seismic design and tested them using a single-story concrete frame structure. The study demonstrated that displacement-based seismic design is an effective seismic design approach.Research on performance-based seismic design theory in China began in the late 1990s. In October 1999, the “International Seminar on New Seismic Design Methods for Tall Buildings” was held at Tsinghua University, where participating scholars engaged in extensive exchanges and discussions on performance-based structural seismic design. Since the 1990s, Chinese scholars have achieved certain breakthroughs in structural performance-based design through in-depth research.

Qian Jiaru, Lü Wen, and Fang Ehuah from Tsinghua University presented experimental studies on shear walls subjected to cyclic lateral loads under different axial compression ratios in their research on seismic design of shear walls based on displacement ductility. The study examined the effects of axial compression ratio, height-to-width ratio, length of confined edge members, and their stirrup characteristics on displacement ductility. They also proposed recommendations for a displacement-ductility-based seismic design method for shear walls, as well as computational approaches for determining the length and reinforcement details of confined edge members. Qian Jiaru, Luo Wenbin, and others conducted research and explored performance-based seismic design for concrete frame structures, introducing the elastoplastic analysis method for structural analysis.

Qian Jiaru, Lü Wen, and Fang Ehuah from Tsinghua University presented experimental studies on shear walls subjected to cyclic lateral loads under different axial compression ratios in their research on seismic design of shear walls based on displacement ductility. The study examined the effects of axial compression ratio, height-to-width ratio, length of confined edge members, and their stirrup characteristics on displacement ductility. They also proposed recommendations for a displacement-ductility-based seismic design method for shear walls, as well as computational approaches for determining the length and reinforcement details of confined edge members. Qian Jiaru, Luo Wenbin, and others conducted research and explored performance-based seismic design for concrete frame structures, introducing the elastoplastic analysis method for structural analysis.

Lü Xilin, Zhou Dingsong, Guo Zixiong, Wang Yayong, and others have conducted research on performance-based seismic design methods for frame structures. They suggest that China’s seismic design codes for the 21st century should follow international development trends and incorporate studies tailored to China’s specific national conditions. Lü Xilin and Zhou Dingsong have carried out extensive work on performance-based seismic design theory, including ductility demand spectra and elastoplastic displacement response spectra considering site categories and design groups; the application of ductility demand spectra in performance-based seismic design; and how to simply and reasonably determine the elastoplastic displacement demands of structures under specified seismic intensities. They have studied the effects of factors such as structural strength levels, periods, site categories, and design groups on ductility demands. Combining this with research on nonlinear response spectra, they have proposed a simplified method for determining structural deformation targets—the elastoplastic displacement spectrum method. Both theoretical analysis and related experimental tests have demonstrated that the elastoplastic displacement spectrum method is a relatively accurate, simple, and practical approach for calculating displacement demands of structures under specified seismic intensities, and it holds great potential for application in performance-based seismic design. Lü Xilin and Ma Hongwang have also conducted research on the seismic optimization design of reinforced concrete frame beams based on reliability theory. Their study, grounded in current building seismic design codes, treats design variables—such as loads, material strengths, and geometric dimensions—as random variables and employs stochastic simulation methods to optimize the design of reinforced concrete frame beams. This optimization ensures that the frame beams maintain consistent reliability while meeting the requirements of current codes and minimizing design costs.

Wu Bo et al. proposed an earthquake-resistant design concept based on displacement reliability, and further developed a method for determining the representative target values of interstory drift in earthquake-resistant design directly based on displacement reliability, thereby linking the displacement-reliability-based design approach with the displacement-based design approach itself. 

Luo Wenbin et al. used the characteristic ductility spectrum method to determine the interstory drift angle requirements for frames, developed rules for decomposing displacements at frame nodes, established the relationship between interstory drifts of frames and component deformations under elastoplastic conditions, and formulated the relationships between the target drift angles of columns and their axial compression ratios and stirrup characteristic values, as well as between the target drift angles of beams and their stirrup characteristic values. 

Li Yingbing, Liu Boquan, and Shi Qingxuan, focusing on concrete frame structures and drawing upon performance-based seismic design theories and methods, have proposed a nonlinear static pushover analysis method that considers the influence of higher-mode vibration shapes in the distribution of horizontal lateral forces. The analysis examines the internal forces, deformation states, and locations of plastic hinge formation at various stages of reinforced concrete structures. They argue that a dual failure criterion based on both deformation and energy can better reflect the actual seismic damage to structures. Furthermore, they have developed an improved seismic damage model based on the collapse limit-state equation. At the component level, they separately calculated the damage indices for each component of the reinforced concrete structure, as well as the layer-level damage indices for beams, columns, and shear walls, and the overall structural damage index, thereby conducting a comprehensive seismic damage assessment of reinforced concrete structures.In addition, Fan Lichu conducted research on seismic-resistant design considering ductility for bridge structures, while Li Guoqiang focused on seismic-resistant design of structures based on reliability.The method was explored in the study. Zuo Chunren, Zuo Zhenyu, and others investigated an earthquake-resistant design approach based on seismic damage assessment.

Numerous researchers from home and abroad have made outstanding contributions to structural performance-based design, achieving significant progress in this field. They have demonstrated and refined performance-based design methods from multiple perspectives and through various examples, providing a solid foundation for the further improvement of seismic codes and standards. 

2 Conclusion

Currently, the seismic design methods widely adopted internationally are primarily the response spectrum method and the time-history analysis method. These two methods were developed based on past earthquake damage experiences and the theoretical foundations of their respective times. However, as building forms continue to evolve, earthquake damage has also begun to exhibit new characteristics, making it increasingly difficult for the response spectrum method and the time-history analysis method to meet the current seismic design requirements for existing structures. The response spectrum theory is a research outcome obtained by researchers at the California Institute of Technology in the United States after analyzing the characteristics of recorded earthquake ground accelerations. The response spectrum provides a curve illustrating the relationship between the natural period of a structural system and its maximum response acceleration, relative acceleration, and relative displacement. At present, the response spectrum method has been incorporated into seismic design codes for engineering structures in many countries. Nevertheless, the response spectrum method currently in widespread use still has numerous shortcomings.

First, the response spectrum method cannot effectively account for the nonlinear behavior of structures during strong earthquakes. Second, it fails to consider the dynamic interaction between soil and structure. Third, it does not take into account the influence of the duration of seismic motions. Moreover, the response spectrum theory can only provide the maximum seismic response of a structure; it cannot capture the entire process of structural response nor reveal the failure mechanisms of individual structural components. In addition, the response spectrum method still yields less-than-ideal results when applied to structures with non-proportional damping or irregular geometries. When conducting time-history dynamic analysis of structures, several factors must be taken into account: the seismic input must be consistent with local site conditions; for complex structures, the time histories of all three components—along with their spatial correlations—must be provided; the dynamic models of the structure and its components must accurately reflect real-world conditions and incorporate nonlinear characteristics; and the dynamic analysis should be capable of considering cumulative damage, soil-structure interaction, and phase differences among seismic waves. The seismic waves used in time-history analysis are either actual records of strong earthquakes or artificially generated seismic waves. Structures exhibit varying degrees of sensitivity to different seismic inputs, and the responses resulting from these inputs can differ significantly. This makes it difficult for designers to reach a definitive conclusion and often leaves them at a loss as to how to proceed.
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