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ABSTRACT 

Earthquakes are caused when substantial 

quantities of the Earth's brittle outer layer rapidly 

separate and relocate. Earthquakes, which are 

among the most devastating natural disasters on the 

globe, can be extremely lethal. In most cases, 

earthquakes do not result in fatalities due to their 

direct impact on the population. More than any 

other factor, collapsed structures such as bridges 

and buildings are to blame for a huge number of 

deaths and injuries in disasters. We can't stop 

natural disasters from occurring, but we can make 

our buildings strong enough to resist them. This 

can be accomplished by the use of structures that 

are earthquake-resistant. To minimize the damage 

caused by earthquakes, simple engineering and 

design principles can be applied at a low cost. This 

project explains the basics of engineering and 

design that must be taken into account while 

building earthquake-resistant structures. It is the 

goal of this research to determine the impact of 

earthquakes on a building and its ability to 

withstand these stresses. A building of height G+17 

RCC structure is modeled with material properties 

M30 grade for concrete and Fe500 for reinforcing 

steel and structures dimensions of length 21m, 

width 17.5m and height of G+17 is 51.5m from the 

plinth level, the support conditions are chosen to be 

fixed base and foundation depth is considered as 

1.5m below the ground level. Structures are 

modeled using ETABS in seismic zones III, IV, V 

as per IS 1893-2002 methods by using response 

spectrum method. The results are shown in terms of 

graphs and tables. 

  

I.INTRODUCTION 

The concept "structure" is used by civil 

engineers to designate any structure that includes a 

foundation, walls, columns, floors, roofs, doors, 

windows, ventilators, escalator lifts, and other 

types of surface treatments. In order to build a 

structure that can sustain all of the loads placed on 

it for the period of its intended lifespan without 

failing, structural analysis and design must be 

employed. An in-depth understanding of the 

supporting soil must be obtained through 

geotechnical investigation before designing any 

building. a geotechnical site investigation is the 

collection and evaluation of site information for the 

purpose of developing and building a construction 

foundation. In order to make sure that a building's 

final design and its intended function may be used 

for the intended purpose during construction, 

structural engineers have a challenge in finding the 

most cost-effective and efficient design. As the 

building's height increases, so does the structure's 

vulnerability to wind and seismic forces, which 

necessitates careful planning. Constructing a multi-

story building requires the use of reinforced 

concrete the most. Due to its various advantages, it 

has become a key part of modern building 

practises. It has supplanted older materials 

including stone, lumber, and steel due to its shape-

shifting ability and greater performance. This 

technology has helped engineers and architects to 

create magnificent structures. However, its value in 

several straight-line structural forms, such as multi-

storey structures and bridges, is considerable. 

Unsymmetrical structures demand extra care in 

seismic analysis and design due to the influence of 

earthquake excitations. 

1.1 Commercial building: 

Structures used for commercial purposes are 

referred to as "business buildings." There are a 

variety of business buildings under the umbrella 

phrase "commercial building." In contrast to 

commercial property, which includes multi-family 

properties like apartment buildings, residential 

property is distinct. Why? Because businesses 

conduct their operations in commercial buildings, 

while commercial property generates profit for the 

owner while providing no requirement for the 

conduct of business to take place on site. In some 

cases, multi-use structures, such as shopping malls 

and residential apartments, may be referred to as 

commercial. 

1.2 Types of commercial buildings 

Here are some of the types of commercial 

buildings: 

Office buildings 

This type of commercial structure can be found in 

any city or hamlet of any size, based on the needs 

of its residents. Office buildings can be as low as a 

single storey or as high as a skyscraper, depending 

on the location and the amount of money invested 

by the developer. Office building owners may have 

their own offices in the property, or they may rent 

out the entire building. The occupants of an office 

building, even on the same floors, may be a single 

company or a number of different organizations. 
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Restaurants 

A common type of business establishment is a 

restaurant. It's possible that the owner of a single 

restaurant-only structure, which is not a multi-use 

property, is either the restaurant's owner or the 

landlord. If the restaurant is a franchise, a chain, or 

an independent one; this is true regardless. 

Buildings used for restaurants are sometimes 

tailored to the special needs of the tenant, while in 

other situations, they are made to accommodate any 

type of restaurant. The kitchens in restaurants 

necessitate a higher level of customer service than 

in other organizations. 

Retail 

Commercial structures often conjure up images of 

retail spaces when they're mentioned. Retail can 

include any type of business that sells tangible 

items, whether it's a big-box store with a huge 

warehouse or a small retailer in a building with 

other organizations. Thus, a shopping centre, like a 

strip mall, might simply have enough room for a 

single store or it might include numerous shops. 

Almost all retail establishments have a storefront so 

that customers can walk right in, however in other 

environments like malls, the entrance can be 

located inside the structure. 

Hotels 

A hotel is a commercial building, despite the fact 

that it may appear to be a residential one on the 

surface. Be a result of their higher cost, hotel rooms 

are often referred to as commercial because of their 

perceived commercial nature. Some hotels are 

simple, one-story roadside motels, while others are 

skyscrapers with restaurants and shops tucked 

inside. According to a variety of factors, the hotel's 

owner may or may not also own the building. 

Warehouses 

A typical type of business building, warehouses 

may be found anywhere from the world's largest 

cities to the most remote regions. Using a 

warehouse as a storage hub can be done by a 

logistics and shipping company while they process 

and transfer products, or by a retailer who holds 

their inventory there until they require it in a store 

location. Warehouses can either be a short-term 

stoppage or a long-term storage facility for the 

goods they hold. Some warehouses necessitate 

rigorous temperature management due to the 

characteristics of the products they maintain. 

Industrial 

Even some types of warehouses can be considered 

industrial structures because they are used for 

manufacturing. Hazardous chemicals and heavy 

machinery can be found in industrial facilities, and 

they can also provide vehicle repair services to 

customers. Many different types of enterprises can 

be housed in industrial buildings; however, they 

tend to be grouped together due to noise or other 

dangers. Although the distance varies based on the 

city or municipality, these kinds of structures aren't 

as close to residences as they might otherwise. 

Healthcare 
Hospitals and clinics may not appear to be 

commercial enterprises, but they are, in fact, 

commercial enterprises whose major objective is to 

make money and service their customers, who are 

referred to as "patients" in healthcare. As a result, 

healthcare facilities are classified as commercial 

structures. This can be done from large medical 

centres to one-person practises. Unlike smaller 

clinics, which may be housed in their own building 

or a multi-purpose facility that they rent space 

from, larger hospitals are usually owned by the 

hospitals themselves and built specifically to meet 

their purposes. 

Multi-use 

A commercial building with a variety of tenants is 

referred to as a "multi-use" structure. Some 

examples of potential tenants are restaurants, retail 

establishments, workplaces, and even health care 

facilities.. Even if the majority of the tenants are 

residential, the property can still be classified as 

commercial if at least 51% of the tenants are 

business people. There may be some peace of mind 

for developers who choose for multi-use buildings 

because they are less dependent on a particular area 

of industry. 

1.3 Important to understand commercial 

buildings 

A fundamental understanding of business structures 

is helpful to a wide range of professionals. 

Knowing how local zoning restrictions may affect 

your company's ability to locate is essential before 

you begin the process of starting a business. The 

distinction between residential and commercial 

homes is important to know if you're in the real 

estate business and want to assist your clients 

effectively. 

As a construction professional, you need to know 

what makes a commercial building commercial and 

what regulations and norms apply to different types 

of businesses to understand what makes a 

commercial building commercial. Industrial 

facilities have quite different needs when it comes 

to technology. 

1.4 Origin of earthquake: 

Earthquakes are caused by sudden movement on 

faults. An earthquake is nothing more than the 

jarring sound made when the opposing masses of 

rock on either side of a fault rub against one 

another as they move in opposite directions. If 

faults are moving more fast than typical, an 

earthquake is more likely to occur. 
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Fig 1.1: origin of earthquake from earth 

 

1.5 Overview of Seismic Zonation Studies in 

India: 

The Indian subcontinent has been devastated by 

numerous earthquakes in the recent decade. The 

distribution of earthquakes in India is not uniform. 

The boundary between the Indian and Eurasian 

plates is the source of many of India's major 

earthquakes. Earthquakes occur more frequently in 

the northeastern and northern parts of India than in 

the southern section of the country, which is 

vulnerable to occasional tremors. Earthquakes on 

the Himalayan Frontier are some of the most 

powerful in the world. Seismologically, India's 

peninsula is not immune to earthquakes. 

1.6 SEISMIC ZONING: 

Seismic zoning can be defined as a procedure by 

which places are classified into seismic zones 

based on expected ground motion, which is stated 

in terms of peak horizontal ground acceleration 

(PGA) or peak ground velocity (PGV). When it 

comes to intense ground shaking and site or 

structural response, seismic Zonation delineates 

similar levels of hazard for all areas in the zone. 

Rather than showing the location and 

characteristics of earthquakes, seismicity maps 

provide information on force and ground motion 

levels that can be used in the construction of 

earthquake-resistant structures like buildings. 

 
Figure: India zone map 

1.7 Seismic Zoning Map of India 

In 1935, the Geological Survey of India (G. S. I.) 

produced the country's first seismic zoning map. 

This map was originally based on the amount of 

damage that earthquakes in various parts of India 

caused. It has since undergone multiple changes. 

This map depicts India's four unique seismic zones 

in a variety of red hues. The following is a list of 

the many seismic zones across the country, as 

depicted on the map: 

• Zone - II: This is said to be the least active 

seismic zone. 

• Zone - III: It is included in the moderate 

seismic zone. 

• Zone - IV: This is considered to be the 

high seismic zone. 

• Zone - V: It is the highest seismic zone. 

1.8 Importance of India's Seismic Zoning Map 

This type of map is commonly used by the various 

state governments' departments of disaster 

management. This map helps people prepare for 

natural disasters like an earthquake. A map of 

India's seismic zoning helps one to identify the 

country's least, intermediate, and most hazardous 

earthquake-prone areas. Prior to the construction of 

any high-rise building, seismological maps are 

consulted to ensure that the area is seismically safe. 

As a result, more lives are saved in the long term. 

1.9 Linear static analysis  

Calculations of displacements, strains, stresses, and 

reaction forces under the influence of applied loads 

are done. In a linear static analysis, the following 

assumptions are made: 

Small Deflections: A modest deflection is one that 

is less than one-tenth of the structure's overall 

height, width, depth, or width.  

Small Rotations: Linear codes presume all 

rotations to be small and hence use the term "little 

rotations." The tangent of an angle should be 

approximately equal to the angle measured in 

radians. 

Material Properties: Linear solutions imply all 

materials act linearly elastic. Non-linear elastic 

materials, on the other hand, do not always give. 

1.10Time history method: 

The employment of this method shall be on an 

adequate ground motion and shall be accomplished 

utilising acknowledged laws of dynamics. 

Seismological recordings are used to apply 

accelerations to the building's mathematical model, 

simulating an earthquake's impact at the structure's 

foundation. 

1.11 Response spectrum method: 

In the field of engineering, the term "spectrum" 

refers to a graph that depicts the response of a 

building across a wide variety of periods. The 

design spectrum described in the code or a site-

specific design spectrum for a structure built at a 

project site will be used to carry out this method. 

This procedure. For the purposes of dynamic 

analysis of steel and reinforced concrete buildings, 

damping values of 2 and 5 percent of critical can be 

considered. 
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1.12 Response Spectrum Analysis as per IS: 

1893-2002 

This strategy is also known as the modal method or 

the mode superposition method. the building's 

response is an amalgamation of numerous modes of 

vibration, each mode reacting with its own specific 

distortion, its own frequency, and its own modal 

dampening. 

According to IS 1893(Part-l):2002, design spectra 

for high-rise and irregular structures must be 

assessed using a response spectrum technique. In 

each of the two orthogonal principle horizontal 

directions, at least 90% of the building's 

participating mass must be taken into account. 

However, the design base shear (VB) will be 

compared to a base shear (Vb) derived using a 

fundamental period (T). For smaller values of VB, 

all response quantities (such as member forces, 

displacements and storey forces and shears) must 

be multiplied by VB/Vb (and vice versa). 

II.LITERATURE SURVEY 

P. R. Patil, M. D. Pidurkar, R. H. Mohankar 
investigated in various Analysis of portal frames 

necessitates a great deal of difficulty and time-

consuming calculations when using conventional 

methods. An in-depth investigation like this takes a 

lot of time. Rotational contributions to portal frame 

analysis, such as Kani's Method and Moment 

Distribution Method, may be useful for 

approximation and rapid analysis so that detailed 

estimations can be obtained. These two methods 

were only used for vertical loads in this study. This 

study focuses on the investigation of portal frames, 

with a focus on the most common type, the single 

bay portal frame. A cycle's errors are automatically 

rectified in subsequent cycles when using the Kani 

method, which is self-correcting.  

Balaji.U, Mr. Selvarasan M: ETABS was used to 

calculate the earthquake loads on a G+13 multi-

story residential building that was proposed for this 

project. The material properties are considered to 

be linear static and dynamically analysed. When 

performing these non-linear studies, keep in mind 

the presence of high-magnitude earthquake zones 

and type II soil conditions. Responses to 

displacements, base shear, and other variables are 

plotted. 

Siva KiranKollimarla, Chadalawada Jagan 

Mohan When it comes to seismic analysis and 

building design, there are numerous methods to 

choose from Standard codes can be used by 

engineers to examine a wide variety of projects. In 

order to highlight the utility of IS 1893:2002, Part-

1's structural analysis provision, this study aims to 

present it. 

Varalakshmi V et.al (2014) designed various 

components of a G+5-story residential structure, 

such as beam, column and foundation. HYSD bars 

(Fe 415) were used in accordance with IS 1986-85 

in order to compute the dead and live loads. 

Reinforced concrete buildings' safety depends on 

their initial architectural and structural 

configuration, as well as their design and 

reinforcing detailing in order to ensure stability and 

ductility of the building's structural elements, 

according to the scientists. 

III.METHODOLOGY 

3.1 Introduction 
In earthquake history, there has been a constant 

study of earthquakes and a detailed documentation 

of their occurrence and consequences on structures. 

Structural engineers have been working tirelessly 

since the 1970s to develop ways for developing 

earthquake-resistant structures that are basic and 

refined. Multiple updates to the criteria for 

"Earthquake Resistant Design of Structures" have 

been made to the Indian Standard 1893 by the 

Bureau of Indian Standards (BIS) New Delhi as a 

result of this continuing re-examination. By 

understanding the underlying design concepts for 

determining lateral forces, structural engineers can 

accurately comprehend code revisions. Linear 

elastic analysis and non-linear inelastic analysis 

can be used to calculate the lateral forces. In many 

countries, it is normal practise to incorporate some 

or all of the methods of analysis into the design 

process. Criteria for Earthquake Resistant Design 

of Structures, IS 1893 (Part I): 2002, limits the 

method of analysis described or utilised in this 

chapter to buildings alone, even if it can be used to 

other types of structures in some cases. 

3.2 General Terms 

• Natural Period (T): The natural period of a 

structure is its undamped free vibration time 

period. 

• Fundamental Natural Period (T1): It is the first 

(longest) period of vibrational time. 

• Diaphragm: Diaphragms are structures that 

distribute lateral stresses to vertical materials, 

such as steel and concrete floors and 

horizontal bracing systems. 

• Seismic Mass Weight divided by gravity's 

acceleration is the seismic weight.. 

• Seismic Weight (W): Additionally, this 

includes any supplementary applied load that 

may be necessary. 

• Centre of Mass: In a system, the point at 

which the sum of the masses operates. This 

location correlates to the system's centre of 

gravity. 

• Storey Shear: The sum of all design lateral 

forces at all levels above the storey in 

consideration is considered. 

• Zone Factor (Z): As measured by the MCE, it 

is an important aspect in determining the 

design spectrum of a building (Maximum 

Considered Earthquake). Effective peak 

ground acceleration is estimated using this 

standard's fundamental zone factors. 
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• Response Spectrum Analysis: An idealised 

one-degree freedom system's maximal 

response is expressed in reaction spectrum 

analysis by slicing the duration and damping 

during an earthquake ground motion. Maximal 

response can also be expressed by charting it 

against the natural period that hasn't been 

dampened or by experimenting with various 

damping levels. 

• Time History Analysis: When a building's 

foundation is subjected to a certain history of 

ground motion, the dynamic response at each 

time increment is evaluated. 

3.3 Methods of Seismic Analysis 

When adopting the structural model, an analysis 

may be undertaken to identify the seismically 

induced forces in the structures. Analytical 

methods vary in their level of precision. 

Characterizing the process can be done by looking 

at the response of the structure or material, as well 

as what kind of structural model is being 

employed. Depending on the type of external 

action and structure behaviour being researched, 

the analysis can be classified as linear static, linear 

dynamic, non-linear static, or non-linear dynamic.  

 

Fig 3.1 Method of Analysis Process 

(Syrmakezis, 1996) 

 

IV.MODELLING 

ETABS is a user-friendly, all-in-one solution 

for structural design and analysis that handles all 

aspect of the process. ETABS is a good tool for 

multi-story building analysis. The entire input data 

can be generated graphically or by simply inputting 

simple commands. In a user-friendly environment, 

it has the most advanced algorithms and the most 

cutting edge graphics. 

 A building-type structure's distinctive 

properties are taken use of by the input, 

output and numerical solutions techniques 

of ETABS. 

 In the age of nonlinear dynamic analysis 

and the additional computing power now 

available, structural engineers need a 

particular purpose programme more than 

ever before. 

 ETABS has a long history of large-scale 

projects and has become the industry 

standard in that time. Static and dynamic 

analysis of multi-story frame and shear 

wall buildings can be performed using 

ETABS software. 

4.1: Modeling of structures 

In the present study, three G+17 structure models 

with 1.5m foundation depth and 3m and 3.5m bay 

widths in length and width directions, support 

conditions are considered to be maintained at the 

bottom or at the supports/footings. Total length is 

21 m, width is 5 x 3.5 m, and height is 51.5 m for 

the structures in total. ETABS (structural analysis 

and design software) was used to simulate the 

structure, which was built with M30 concrete and 

Fe500 reinforcing steel bars for structural study and 

design. It has been suggested that a method called 

the response spectrum one be considered. 

 

Fig 4.1: Floor plan of G+17 building  

 

 

Fig 4.2: Three-dimensional view of G+ 17 structure 
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Figure: Reinforcement details of stair case 

 

 

V.RESULTS AND DISCUSSION 

 

There are tables and graphs detailing the results of 

G+17 building analysis in seismic zones III, IV, 

and V. Lateral loads, base reactions, bending 

moments, shear forces, and axial forces are among 

the parameters examined. 

5.1 Results of G+17 building in zone III 

 

Table 5.1 Storey displacements of G+17 in zone III 

Stor

y 

Eleva

tion 

m 

Loca

tion 

For EQ X For EQ Y 

X-

Dir 

(m

m) 

Y-

Dir 
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) 

X-
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) 
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m) 
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Fig: 5.1 Maximum storey displacements of structure 

for EQ X in zone III 

 

Fig: 5.2 Maximum storey displacements of 

structure for EQ Y in zone III 
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Table 5.2 Storey drifts of G+17 in zone III 
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ry 
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atio

n 

m 

Loc
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Fig: 5.3 Maximum storey drifts of structure for 

EQ X in zone III 

 

Fig5.4: Bending moment variation in beams in zone 

III 

 

Fig 5.5: Shear force variation in beams in zone 

III 
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VI.CONCLUSIONS 

 

Based on a response spectrum analysis of G+17 

building in zones III, IV, and V, the following are 

the results. 

    • As the level of the building rises, so do the 
displacement, drift, shear, and lateral loads. 

    •  As the zone expands, storey displacement, 

storey drifts, lateral loads, and storey shears 

increase. 

• X-direction loads are bigger than those in Y-

direction for every zone. When you get to 

storey 16, the lateral load maximums for 

each zone are as follows. 

• In zone III lateral load is 179.1233 KN  

• In zone IV lateral load is 268.685 KN  

• In zone V lateral load is 403.0275 KN  

• The storey displacements, storey drifts and 

storey shears in X-direction increase with 

respect to Y-direction. 

• The storey displacement is more in Y-direction 

at storey 17, storey drift is more in Y-direction 

at storey 1 and storey shear is more in X-

direction at storey 1. Those values are as 

follows for different zones  

• In zone III displacement is 13.1 mm, drift is 

0.000515 and shear is -1209.98 KN 

• In zone IV displacement is 19.6 mm, drift is 

0.000773 and shear is -1814.97 KN 

• In zone V displacement is 29.5 mm, drift is 

0.001159 and shear is -2722.45KN 

• Maximum Support reactions at the base is 

222957.867 KN 

• Shorter columns are observed to be stiffer than 

longer columns and are subjected to higher 

storey forces. 

• It is observed that with the increase in the 

seismic zones the parameters such as axial 

loads, bending moments, shear forces and 

deflections are increasing. 

Further Scope of Study:  

• Analysis and Design can be done for the same 

building by increasing the number of stories.  

• The same building can further be modelled in 

Revit Architecture for Architectural and 

Aesthetic looks. 
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