
ISSN: 2455-2631                                                                © July 2021 IJSDR | Volume 6 Issue 7 

IJSDR2107026 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  154 

 

Seismic Investigation of Four-Story TBC Structure 

Using Equivalent Static Method 
 

1Abhishek Singh Chandel, 2Abhishek Sharma 

 
1M.Tech. Scholar, 2Assistant Professor 

Civil Engineering Department 

Structural Engineering 

CBS Group of Institutions 

 

Abstract: The results produced in a masonry building using nonlinear static analysis, using a range of techniques in 

continuous and discontinuous microelement modulation, are compared in this publication. The purpose of this research is 

to provide a benchmarking system for evaluating the dependability of software packages. General parameters (dynamic 

characteristics, capacity curves, and related bilinear curves) as well as synthetic parameters of structural security (for 

example, the maximum acceleration compatible with the life-limit state) and the simulated damage response were 

considered in the research. The findings offer insight into the use of continuous outcomes as well as the potential professional 

ramifications. Also considered were different approaches to Seismic Investigation of Four-Story TBC Structure Using 

Equivalent Static Method, as well as the effectiveness of this response. 
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I. INTRODUCTION  

An earthquake occurs as a result of a fast release of energy into the earth's crust, which results in the generation is determined by 

the frequency, kind, and magnitude of earthquakes that occur throughout time in that region. Buildings are vulnerable to ground 

movement when they are constructed. The frequency content, and duration are the most important rules in the study of the behaviour 

of structures under seismic stress. 

 

Equivalent Experiments  

Its method defines a number of building forces, which are often represented by a spectrum of seismic design responses, in order to 

reflect the effect of earthquake ground motion on the structure. According to various building codes, this method is augmented by 

include additional variables to explanation for taller buildings with specific higher modes and low twisting levels, among other 

things. Many programmes make use of modifying variables to lower the design demands in order to account for the effects of the 

"rendered" structure on the surrounding environment.  

 

Analysis of spectrum 

Generally, this is required for all structures, with the exception of those that are very simple or complex, according to various 

building codes. In the case of a structure, the reaction may be characterised as a collection of many particular shapes (modes) that 

match to the "harmonics" produced by a vibrating string. Depending on the modal frequency and mass of the mode, the answer in 

each mode and aggregated to provide an estimate of the overall structural reaction. Combination methods include the following: 

 Absolute – ABS 

 Square root of squares sum - SRSS 

 Complete quadratic combination- CQC. 

 

Because phase information is lost during the production of the response spectrum, the outcome of an analysis of the response 

spectrum using the response spectrum of a ground movement is typically different from the result of a linear dynamic analysis using 

the same ground movement. This is because the ground movement's response spectrum contains phase information. 

 

Linear dynamic analysis 

When there aren't any significant higher mode effects, static methods are the best choice. In a nutshell, traditional structures are 

generally correct in this regard. In the case of towering structures. They allow for the consideration of higher modes as compared 

to linear static procedures. But since they are based on the assumption of a linear elastic reaction, their effectiveness decreases as 

the linearity of the response increases. Because the structure's response to ground motions is calculated in the time field, all phase 

information is preserved when using linear dynamic analysis in this manner. Only linear features are presumed to exist in the first 

place.  
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Nonlinear static analysis 

A linear approach is often used when it is expected that the structure will retain nearly its original elasticity at the level of uncertainty 

associated with linear processes increases to the point that demand conservatism and acceptance criteria must be strict in order to 

avoid undesirable performance from occurring. Nonlinear static techniques make use of structural SDOF equivalents to explain 

seismic ground movement, and response spectrum is used to characterise seismic ground movement.  

Dynamic nonlinear analysis 

Nonlinear dynamic analysis makes use of a mix of ground movement data and a thorough structural model to provide results with 

a very low level of uncertainty in their conclusions. After being, detailed structural models produce estimates of deformations to 

components. Which is performed as part of the analysis. Using this technique, which is the most rigorous, is required for buildings 

of unique or exceptional importance in order to comply with specific building codes. Multiple, nonlinear assessments at varying 

degrees of intensity are required for a comprehensive assessment that reflects a variety of possible earthquake situations, due to the 

fact that the features of the earthquake response change depending on the strength or severity of the earthquake. This has resulted 

in the development of methods such as progressive dynamic analysis (PDA), among others. 

 

Four-Story TBC Building 

Equivalent Static Analysis of Structures 

The comparable static lateral force method is a simple approach to replace a static force distributed sideways on a structure 

with a design purpose for the impact of dynamic loading of an anticipated earthquake.  

 
Fig. 1: Equivalent lateral shear force lengthways two orthogonal axes 

 

The load on a particular structure due to an earthquake originates from soil movements, defined as change in ground accelerations 

over time, which leads to forces on the structure have to be defined initially in order to build a structure capable of withstanding the 

impact of an earthquake. However, since each earthquake may lead to accelerations in ground movements even at a single site, it is 

not possible to precisely define the resultant forces that impact the structure within a particular prone seismic area. Consequently, 

a realistic assessment of these pressures is essential for the safety and cost-effectiveness of a building. The easiest approach to 

accomplish this is by utilizing the "static lateral force equivalent" technique even though its usage is restricted by different site and 

structural constraints which are recognized and described below. Within this technique, seismic coefficient is used to generate the 

lateral force on the mass of the structure roughly equal to the anticipated earthquake's dynamic loading. 

 

Horized irregularities 

• Irregularity of the torsional system – the condition is there if the components of the seismic-force resistance system tend to twist 

and disrupt horizontally if the building is pushed to the side by a side force. 

• Reentrant corner irregularity - this is a geometrical situation that arises when the corner is absent or if a structure is created by 

many connected wings in its roughly rectangular design. 

• Diaphragma discontinuity - This happens in structures with big atriums when the floor or roof has a wide-open space. 

Vertical Irregularities 

• Irregularity of the soft tale of rigidity – This happens when the rigidity of one story is significantly lower than the above stories. 

• Irregularity of weight/mass - this occurs when the weight of a building at one level exceeds that at the levels immediately above 

or below it. 

Equivalent Lateral Inert Force Procedure 

The equivalent lateral force method offers a straightforward way for the inelastic dynamic response effects to be included into a 

linear static analysis. This method is helpful for all buildings in the preliminary design and is permitted to design the overwhelming 

majority of structures. As mentioned before, the method is only applicable for buildings without any major weight and rigidity at 

high altitudes, where the predominant answer to ground movements is horizontal without any considerable twist (FEMA 750 2007). 

The following stages include the comparable static analysis method. 

• Total lateral seismic force calculation V 

• Calculation of the inherent and accidental torsion extra forces 

• Driving, overturning and P-delta determination 
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II. Modelling and analysis 

 

In addition to 14 employed components, an audience, two shops, one electric room, a large showroom, and other amenities, the 

Technology Innovation and Industry Relations building has an auditorium. It consists of the following eight units, all of which are 

located on the first floor:  

 Technology Incubation Cell (TIC),  

 Business Incubation Cell (BIC) and  

 Skill Enhancement Cell (SEC).  

 
Fig 2: Planed layout of building 

 
Fig 3: Plan basic arck-building 

 
Fig 4:  Isometric view of TBC building 

Loads on construction 

Building loads, including as live load, dead load, and seismic load, are assessed and designed in accordance with International 

Standard IS-1893-2002. The different loads placed on the TBC building are shown in the following graphs. 
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Fig 5: live load is acting on TBC building 

 
Fig 6: bending diagram on TBC building  

 

III. Design and Analysis 

Particularization of beam and column 

The materials M25 and Fe415 are being used in the construction of technology innovation and industrial relations (TBC) 

structures. There are two different section types in use. 0.45x0.4 section of a beam surrounded. These reinforcing features, which 

may be seen below. 

 
Fig 7: Ref beam 

 
Fig 8:  reinforcement details of column 
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Seismic evaluation 

In Europe and in the United States, the problem of seismic loading and analysis has become more relevant to decision-makers. 

Several factors contribute to this, including the frequency of large-scale seismic events, which are often seen in major metropolitan 

areas and which typically result in devastating loss of life.  This insatiable curiosity pushes science to its ever-expanding boundaries. 

Astronomical instruments such as away from the action. To guarantee that a telescope has a long design life, it is essential that 

seismic considerations be taken into account. Historically, seismic loads were considered to be similar static accelerations that 

varied according to a variety of factors such as the seismicity of the location, the method has been refined to enable for more 

appropriate patterns to be created. The design idea remained substantially unchanged; however, small modifications were necessary 

as a result of the robust earthquakes. In order to take use of new information, further modifications have been made, including the 

definition of suitable structural characteristics for different construction materials. This method, however, was intended for the 

construction of buildings rather than telescopes. There are several major differences between these two applications. The duration 

of vibrations in buildings is longer. They have been designed as conventional frames; however, they may be streamlined to be used 

as double-dimensional frames if desired. Observing scopes, on the other hand, are deflection-controlled structures that are mostly 

composed of orthogonal, closely spaced elements with short periods of vibration. The dynamic nature of the load must be included 

in all earthquake design calculations. When it comes to fundamental regular structures, however, analyses performed using similar 

linear static methods are often sufficient. Most practise codes for normal, low, and medium-rise buildings allow for this, which is 

then used to determine the design load. Consequently, similar static analyses may be used successfully with low to medium-rise 

buildings that do not have significant lateral and lateral torsion modes, with just the first mode in each direction being relevant. Tall 

structures (above, say, 75m) when second or higher modes are required, as well as buildings subjected to torsional forces, make the 

method much less suitable. In such cases, both Euro Code 8 and the International Building Code (IBC) require the use of complex 

techniques. Even in this case, though, "health check" for future results that are based on more sophisticated techniques. An 

earthquake motion is represented by a spectrum of seismic design response forces in a structure, and this approach explains the 

effect of earthquake motion on a structure. It is presumptively in many building codes; the applicability of this method is broadened 

to incorporate considerations for taller buildings with greater modes of failure as well as for structures with lower twist levels. Many 

programmes make use of modifying variables to lower the design demands in order to account for the effects of the "rendered" 

structure on the surrounding environment.  

 

Findings  

The structure has been charged in accordance with IS1893 (2002), and the STAAD Pro programme has generated a number of 

different load combinations. Taking into account the third zone criteria in India's seismic zones. The following table shows the 

quantities of concrete and reinforcement required for different software diameters. 

Required total concrete volume = 1967.17m3 

Table 1: details of reinforcement 

 

 
 

IV. Conclusion and Future Scope 

To ensure that all earthquake design calculations take into account the dynamic character of the load, when it comes to basic regular 

structures, however, assessments conducted using linear static techniques that are comparable to those described above are often 

adequate. Most current practise codes for normal, low, and medium-rise structures allow for this, which is then used to calculate 

the design load for the building in question. Because of this, low to medium-rise structures that do not have substantial lateral and 

lateral torsion modes, with just the first mode in each direction being important, may be effectively analysed using static methods 

similar to those described above. For example, tall structures (above, say, 75m) when second or higher modes are needed, as well 

as buildings exposed to torsional stresses, render the technique much less appropriate than it would otherwise be. The employment 

of sophisticated methods is required in such situations by both the Euro Code 8 and the International Building Code (IBC) standards. 

Even in this situation, though, a "health check" should be performed to ensure that future findings based on more advanced methods 

are accurate. When an earthquake motion is represented by a spectrum of seismic design response forces in a structure, the impact 

of the earthquake motion on the structure may be explained. Despite the fact that it is presumptively included in many building 

codes, the application of this approach has been extended to include concerns for taller buildings with more causes of failure as 

well as for structures with lower twist levels. When designing a structure, several programmes make use of altering variables to 

reduce the design requirements in order to account for how the "rendered" structure will interact with the surrounding environment. 
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