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The research compares the structural analyses discussed by mathematical 

modeling with those addressed by structural approaches. It discusses Eigenvalue 

Analysis, Static Pushover Analysis, Static Adaptive Pushover Analysis, Static Time-

History Analysis, Dynamic Time-History Analysis, Incremental Dynamic Analysis 

(IDA), Response Spectrum Analysis (RSA), and Buckling Analysis. Structural 

limitations, brief or extensive information about the structure, as well as the result 

of the output approach, have a major impact on the selection of the structural 

analysis method. In this research, by examining each analytical method, their 

different characteristics are discussed. 

 

1. Introduction 

    Completing a nonlinear analysis requires a number of key concerns to be addressed, as well as various improvements to reduce 

the computational load. We review the principles of this approach, walk the reader through a practical example of its application, 

and discuss the tools we use to automate the calculations required for an analysis (such as IDA). Response spectrum analysis 

(RSA) is a popular tool for building design. This approach is a simplified version of modal analysis, i.e., response history (or 

time history) analysis (RHA) using modal decomposition, which uses properties of the response spectrum concept. The purpose 

of this method is to provide a quick estimate of the peak response without the need to analyze the response history. This is 

important because RSA relies on a quick and simple sequence of calculations, while time history analysis needs solving the 

differential equation of motion over time. Despite its imprecise nature, this approach is very valuable because it allows the use 

of the response spectrum, which is a very easy way to characterize the seismic hazard. Since seismic loading is characterized by 

a response spectrum, RSA is of particular interest to practicing engineers. 
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 There are nine types techniques of structural dynamics mentioned in the study. They are Eigenvalue Analysis, Static Analysis 

(non-variable loading), Static Pushover Analysis, Static Adaptive Pushover Analysis, Static Time-History Analysis, Dynamic 

Time-History Analysis, Incremental Dynamic Analysis – IDA, Response Spectrum Analysis – RSA and Buckling Analysis. 

2. Different Type of Analysis Methods 

2.1. Eigenvalue Analysis 

By explaining the typical equation consisting of a mass matrix and a stiffness matrix, eigenvalue analysis offers dynamic features 

of a structure. Natural modes (or mode shapes), natural periods (or frequencies), and modal participation factors are among the 

dynamic features [1-2]. There are two fundamental techniques to modal analysis. The study of eigen-problems is produced by 

the definition of the eigenvalues and eigenvectors. The creation of basis vectors is the second technique. It is based on E.L. 

Wilson's Load Dependent Ritz Vectors technique, which was implemented in SAP2000. This method is used in seismic analysis 

and is effective when getting significant mass percentages is challenging. Selective orthogonalization, block subspace iteration 

(BLSI), subspace iteration (SI) when direct solvers (skyline or SPDS) are used, Lanczos and basis reduction are applied. The 

process of subspace iteration is generally slow. When a high number of Eigen pairs is required, using BLSI or Lanczos is strongly 

suggested for the study of medium-sized and especially large-scale issues. For a professional engineer, basis reduction can be 

quite effective; however, it need extra information concerning basis nodes and proper basis directions [3-5]. 

2.2. Static Pushover Analysis 

Pushover analysis is a static procedure that assessments seismic structural deformations using a reduced nonlinear performance. 

During seismic activity, structures re-design themselves. The dynamic forces on a structure are stimulated to other components 

as specific components of a structure yield or fail. A pushover study repeats this phenomena by applying loads up to the weak 

link in the structure is exposed, then changing the model to account for the structural changes caused by the weak link. The 

redistribution of the loads is seen in a second iteration. The structure is "pushed" once again until a second weak connection is 

originate. This approach is repeated until a yield form for the whole structure is found under seismic stress. Pushover analysis is 

a classic method for determining the seismic capacity of existing structures, and it is specified in various current guidelines for 

seismic retrofit design. It can also help with performance-based design of new structures that rely on ductility or redundancy to 

withstand seismic effects [6-8].  

     To evaluate seismic demands, estimated nonlinear static procedures (NSPs) are becoming more widely held in engineering 

practice. In reality, certain seismic codes, such as the Eurocode and the Japanese Building Code, have begun to integrate them 

to support in structural system performance assessment. Although Nonlinear Time-History (NTH) studies are optimal for 

estimating seismic demands, NSPs are utilized in everyday engineering presentations to avoid the problems of picking ground 

movements and the increased calculating work required by NTH models. However, it is now extensively acknowledged that 

simplified procedures based on consistent load patterns are insufficient to predict inelastic seismic demands in buildings when 

modes other than the first contribute to the response and inelastic effects change the height-wise distribution of inertia forces. A 

variety of developed approaches based on different loading vectors (derived from mode shapes) have been developed to solve 

some of these deficiencies. These techniques employ elastic modal combination rules to accommodate for higher mode effects 

while still using invariant load vectors. For example, the Multi-Mode Pushover (MMP) takes into account several pushover 

curves produced from various modal force patterns. This method is also used in the Modal Pushover Analysis (MPA) and Upper-

Bound Pushover Analysis (UBPA) procedures. Adaptive pushover procedures are another type of improved pushover method, 
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in which the load vectors are changed over time to account for changes in system modal properties during the inelastic phase. 

Using instantaneous mode shapes, comparable seismic loads are estimated at each pushover stage in this approach. The lateral 

loads that are supplied to the structure in each mode are scaled using the relevant elastic spectral accelerations. Several alternative 

adaptive load pattern-based force or displacement-based pushover processes have also been presented. Other alternative methods 

for pushover analysis include using story forces proportional to the deflected shape of the structure or developing force patterns 

based on mode shapes derived from the secant stiffness at each load step, or using methods where deformation levels and/or 

stiffness state determine the load pattern, such as using story forces proportional to the deflected shape of the structure or 

developing force patterns based on mode shapes derived from the secant stiffness at each load step [9-14]. 

2.3. Static Adaptive Pushover Analysis 

     The impacts of higher modes and changes in dynamic qualities are taken into account in adaptive pushover analysis. SAP 

2000, ETABS, MIDAS, and other standard software products are examples [15-16].  One of the main problems of traditional 

nonlinear static methods in present guidelines and codes is that they use a constant lateral load form during the study, which 

means that changes in the structure's modal properties aren't taken into account. Consequently, when the building behaves 

nonlinearly and the structure's modes and stiffness matrix are adapted, the analysis continues with the initial lateral load form. 

As a result, several academics have developed the adaptive load pattern in new years in an attempt to address the above-

mentioned shortages. At each loading phase, the applied loading pattern is altered and tailored in accordance with the structure's 

modal characters. It involves that, unlike traditional pushover procedures, in which the structure is pushed to the target 

displacement in a single step with a constant load pattern, in the Adaptive Pushover analysis, the structure is pushed to the target 

displacement in multiple steps with a new load pattern (calculated using the structure's modal characteristics in the same step) 

applied at each step. Two novel approaches have been examined: SAP (Story Shear-based Adaptive Pushover) analysis and Code 

A-lateral load distribution-based Adaptive Pushover analysis. To simplify the procedure, the adaptation of lateral load was 

limited in some selected phases when the structure practiced considerable nonlinear deformation, based on the fact that the 

structure behaved mostly in the linear range in the first steps. To classify these phases, a non-adaptive push-over analysis is done 

first, and then the adaption steps are sensibly proven using the performance curve that resulted. Its means noting that the loading 

pattern attained at each adaption stage is maintained until the following adaption step [17-24].  

2.4 Static Time-History Analysis 

     Time history analysis is quite popular in stress analysis as it provides the most realistic specification of dynamic loads. 

Accordingly, when the distinction between modes is not clear or nonlinear analysis is required, the Time History Analysis method 

is used to calculate the actual behavior (displacement, member forces, etc.) of the structure at any given time using the dynamic 

characteristics of the structure and the external forces applied. The 'Mode Superposition Method' and the 'Direct Integration 

Method' are two time history analysis approaches. When used for seismic analysis, time history analysis is a precise approach 

for determining the behavior of a building when the change in ground motion induced by an earthquake over time is known; 

nevertheless, it has the drawback of being difficult to precisely anticipate the predicted ground motion. The response spectrum 

analysis approach is more generally used in seismic analysis, as described above, and the time history analysis method should 

be utilized for railway bridge dynamic analysis, which involves periodic loads. The time variable is particularly essential in time 

history analysis. The analysis time should be sufficient for the train to pass entirely across the bridge from beginning to end. 

Because the time interval is a variable that has a big impact on the accuracy of analysis findings that are directly tied to the period 



Dilek and Sadeghpour, ENG Trans., vol. 3, pp. 1-9, August 2022 

                          
4

 
 

of the higher-order mode and the period of the load, it's important to double-check the values given by the design criteria or the 

structural analysis software [25-27]. 

Direct Integration Method: When the behavior at one point in time is acquired, a technique of getting the structure's behavior for 

an entire time interval is achieved by continuing the process of obtaining the structure's behavior at the next point in time [28-

29]. 

Mode Superposition Method: By splitting the structure's behavior into the behavior of each mode and superimposing the 

responses in all modes, a theoretically correct response time history analysis may be obtained [30-31]. 

2.5. Dynamic Time-History Analysis 

     A time history analysis is a step-by-step examination of a structure's dynamic reaction to a defined loading that may change 

over time. The seismic response of a structure under dynamic loading of a typical earthquake is determined using time history 

analysis [32]. The linear or nonlinear evaluation of dynamic structural reaction under loads that varies according to the defined 

time function is possible using time-history analysis. The modal or direct-integration methods are used to solve dynamic 

equilibrium equations. Initial conditions can be established by continuing the structural state from the prior analysis' conclusion. 

The following are some more notes [33-34]:  

Step Size — Direct-integration methods are sensitive to time-step size, which should be reduced until no difference in results is 

observed. 

HHT Value - This is a somewhat negative value. To dampen higher frequency modes and enhance convergence of nonlinear 

direct-integration solutions, the Hilber-Hughes-Taylor alpha value is also recommended. 

Nonlinearity — during nonlinear direct-integration time-history analysis, material, and geometric nonlinearity, including P-delta 

and large-displacement effects, may be modelled. 

Links — during modal (FNA) applications, link objects capture nonlinear behavior [35-37]. 

2.6. Incremental Dynamic Analysis – IDA 

     Incremental dynamic analysis (IDA) is a parametric analysis method that has recently emerged in several different forms to 

estimate more thoroughly structural performance under seismic loads. It involves subjecting a structural model to one (or more) 

ground motion record(s), each scaled to multiple levels of intensity, thus producing one (or more) curve(s) of response 

parameterized versus intensity level [38]. Vamvatsikos and Cornell [38] used various interpolation spline functions to simulate 

their IDA curves in a prior work. Such an estimate is thought to be inconvenient and ineffective for risk assessments in the future. 

As a result, numerous single functional relations were investigated, with the Ramberg-Osgood (R-O) equation emerging as the 

most appropriate. By doing a combined least squares analysis on interpolated 10th, 50th, and 90th percentile curves, a suitable 

value of r is determined, and the additional parameters K and IMC, as well as their related dispersions K and IMc, are discovered. 

For one specific scenario, it shows the fit between the actual IDA data points and the fitted R-O curve [39-42]. 

2.7. Response Spectrum Analysis – RSA 
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     Response spectrum analysis is a method to estimate the structural response to short, nondeterministic, transient dynamic 

events. Examples of such events are earthquakes and shocks. Since the exact time history of the load is not known, it is difficult 

to perform a time-dependent analysis. Due to the short length of the event, it cannot be considered as an ergodic ("stationary") 

process, so a random response approach is not applicable either. The response spectrum method is based on a special type of 

mode superposition. The idea is to provide an input that gives a limit to how much an eigen-mode having a certain natural 

frequency and damping can be excited by an event of this type [43-44].  

Three "analysis techniques" are available to conduct the RSA: 

• Technique 1, "Vary Mass": The SDOF elastic stiffness is held constant for each analysis, while the SDOF mass, M, and damping 

ratio, C, are recalculated each time depending on the initial stiffness, K, and the period under consideration. 

 • Technique 2: "Vary stiffness while maintaining Fy": In this method, the SDOF mass, M, is maintained constant while the 

system's elastic stiffness and yield displacement are modified. As a result, based on the revised Ke, the stability coefficient is 

modified. The yield force, as well as the other previously stated backbone parameters, are kept constant in this manner. As a 

result of the revised yield displacement, the backbone curve has been changed. 

• Technique 3, "Change Stiffness but Maintain y": In this method, the SDOF mass, M, is maintained constant while the elastic 

stiffness and yield strength of the system vary. As a result, the stability coefficient changes depending on the new Ke. The yield 

displacement and the remainder of the previously determined backbone parameters are kept constant in this procedure [45-50]. 

2.8. Buckling Analysis 

     Buckling Analysis is a finite element analysis technique that can address any buckling issues that cannot be solved by human 

computations. The most frequent Buckling Analysis is Linear Buckling Analysis (LBA). Nonlinear Buckling, on the other hand, 

provides more stable results than Linear Buckling [51-52].  

3. Comparison of Different Methods 

Within the case of the evaluation technique way, computing comprehensive structural characteristics calls for additional 

study, which is normally best viable through the use of the software. This factor is inadequately addressed in structural codes, 

and as an end result, the practicing engineer bears complete obligation. Additionally, the calculated elastic essential values are 

normally crucial and significantly effect the final stability layout result. The ability of eigenvalue evaluation for the computation 

of elastic essential values is examined in many papers from the attitude of well-known stability design in step with EN 1993-1-

1, the maximum new edition. Various application strategies tailored to one of a kind layout strategies are supplied, and unique 

indicator variables representing the importance of the selected sort of eigenvalue evaluation are formulated. A utility example 

determines how the numerous methods reason in exercise [53-54]. 

The maximum significant sources that have given a simple nonlinear static analysis method that might be utilized to evaluate 

the dynamic needs placed on structures for the duration of an earthquake episode are FEMA356, ATC40, and vision 2000. As 

an end result, nonlinear processes are being given growing interest because they may provide a greater particular assessment of 

the demands created in various structural parts beneath earthquake loading than some other linear technique now to be had. The 

most particular approach of comparing those demands is nonlinear dynamic evaluation of state-of-the-art mathematical models 

of systems exposed to site-unique earthquakes. However, for the time being, such a technique isn't always possible for ordinary 
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design usage. Simplified inelastic approaches appear to be the most practical analysis and overall performance assessment 

techniques for actual applications at the moment. As a result, nonlinear static approaches are gaining reputation as simple yet 

effective methods of comparing seismic needs in structures. In fact, the newly followed regulations for seismic design or 

retrofitting of structures are supposed to give professional engineers a few simple guidelines to comply with in their ordinary 

work. In the full-size majority of situations, this will obviate the requirement for an advanced linear or nonlinear time-history 

analysis of multi-story buildings. However, the introduction of such protections need to be based on a sensible method to 

assembly the structural seismic design requirements. The shortcomings of past seismic codes, as highlighted by using recent 

large earthquakes, should be taken under consideration in the advent of any new seismic code. Latest works have counseled, 

constructed, and analyzed nonlinear static analysis techniques in a spread of forms. A structural model with nonlinear fabric 

traits is displaced to aim displacement under monotonically increasing lateral pressure in this method. The demand for numerous 

structural factors is as compared to their relevant capacities due to such an evaluation [55-56]. 

As an end result, it is a reasonably truthful approach for estimating the nonlinear behavior of systems. First, a version to the 

traditional pushover evaluation is usually recommended wherein the lateral load sample has computed the use of the structure's 

first mode form and effective modal mass. Then, as the plastic hinges are produced inside the structure, every other method is 

used to modify the lateral load pattern for the duration of the analysis. Now not most effective does the cautioned adaptive 

approach automate the pushover evaluation, however, it also complements its efficacy in looking forward to gadget demand 

parameters. To evaluate the accuracy of different load patterns and to demonstrate the efficacy of the cautioned adaptive pushover 

evaluation, a numerical example is hired. Non-linear evaluation of strengthened frame systems research to this point has relied 

on finite element fashions produced the use of the stiffness method. 

     The fourth is to examine static nonlinear analysis and time history analysis utilizing flexibility-based totally finite elements 

according to Eurocode 8, as well as a sensitivity investigation of the time records analyses to seismic factors, the usage of a 3D 

model of an existent bolstered concrete building. Due to multiplied urbanization and population increase the world over, there is 

a big call for tall constructing development, and earthquakes have the ability to do the most harm to large structures. Due to the 

fact, that earthquake forces are random and unexpected, engineering techniques for assessing buildings underneath the impact 

of these forces ought to be refined. Earthquake loads need to be thoroughly studied so as to investigate the real conduct of a 

shape, with the awareness that damage is to be predicted but must be controlled. For the final numerous decades, analyzing the 

structure for diverse earthquake intensities and testing for many criteria at each stage has emerged as a necessary project [57-

59]. 

     Earthquakes create various levels of shaking in exceptional regions, as well as varying degrees of damage to systems in unique 

sites. As a result, it is required to construct a shape that is earthquake resistant at a specific intensity of shaking, in preference to 

the importance of an earthquake. Even if earthquakes of identical significance occur, their energy varies, resulting in differing 

devastating effects in numerous areas. As an end result, modifications in seismic behavior of multistory RCC body buildings for 

diverse seismic intensities in phrases of diverse reactions along with lateral displacement and base shear have to be investigated. 

Under exceptional earthquake intensities, it's far crucial to understand the seismic conduct of structures with the same layouts. 

4. Conclusions 

The study aimed to compare different types analysis methods such as Eigenvalue Analysis, Static Analysis (non-variable 

loading), Static Pushover Analysis, Static Adaptive Pushover Analysis, Static Time-History Analysis, Dynamic Time-History 

Analysis, Incremental Dynamic Analysis – IDA, Response Spectrum Analysis – RSA and Buckling Analysis. The analyses are 

applied in many different studies. Recent seismic design algorithms permit engineers to calculate design forces and displacements 
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using both linear and nonlinear analysis. Simplified static analysis, modal analysis, nonlinear pushover analysis, and nonlinear 

time-history analysis are some of the four methods of assessment comprised in Eurocode 8. These techniques are used to design 

and analyze framed systems like buildings and bridges. To be absolutely usable through design engineers, the nonlinear 

methodologies require sophisticated fashions and advanced nonlinear approaches. 
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