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Abstract - In present scenario buildings with floating columns are of typical feature in the modern multi-storey construction 

practices in urban India. Such features are highly undesirable in a building built in seismically active areas. This paper 

studies the analysis of a G+30 storey. 

Floating column building for external lateral force. The analysis is done by the use of ETABS 9.7.4. Lateral force caused by 

earthquake or wind are commonly prevented by bracing system. This paper aims to investigate the effect of a floating 

column under earthquake excitation for various Inverted V Braced frame section. Linear Static and Dynamic Analysis is 

done for multi storey frame with floating column to achieve the above aim i.e. the responses (effect) and factors for safe and 

economical design of the structure under different earthquake excitation. Hence the determination of such factors for safe 

and economical design of a building having floating column. Earthquake analysis is carried out know the static and dynamic 

analysis. The different studies are carried out and the comparative studies is carried out in terms of displacement, 

Storey=drift, time period and base shear. 

 

Keywords: ESA: Equivalent Static Analysis. RSA: Response Spectrum Analysis. THA: Time History Analysis. 

OMRF: Ordinary Moment Resisting Frame. SMRF: Special Moment Resisting Frame. DBE: Design Basic Earthquake. 

MCE: Maximum Considered Earthquake.   

 

1. INTRODUCTION In civil engineering, structures undergoes, two types of loading i.e., Static loads and Dynamic loads. The 

examples for static loads are dead load, live load, which are constant with respect to time but dynamic loads will vary with respect 

to time. In many cases buildings are designed for static loads. Dynamic loads such as earthquake loads and wind loads are not 

considered in many cases due to time consuming and complex to design, but sometimes neglecting dynamic loads causes’ failure 

of the structure. The dynamic loading causes sudden tremor, which induces the instant peak acceleration. Due to this behaviour 

effect to structure will be more severe. It is a fact that the whole world is affected by the severe natural disasters from a very long 

period. It is considered that other than the various natural disasters, the earthquake was one of the major natural disaster affecting 

the natural economy by resulting into the consequences of the loss of completely destruction of the properties and also the lost of 

human lives. It is recorded that in the past people faced a severe earthquake in the world. In the execution based system, the desired 

levels of seismic performance for a structure for specified levels of earthquake ground motion are determined. As it is well known 

for the structural engineers who are very much familiar towards the lateral loads resisting systems to resist the wind and earthquake 

loads moment resisting frames, Shear walls or bearing wall and Dual system. 

Earthquake causes seismic motion in several directions, these motions emerging from the Epicenter, this result in disintegration of 

structure, the lack of awareness of earthquake performance in building still continued. In multistory structure which are most 

vulnerable to earthquake and wind forces. From top to bottom cross-section of the member increases, this leads to structure 

uneconomical overdue to safety of structure, therefore it is necessary to design a braced framed structure to counter the Lateral 

forces. Floating column is structural element which imposes directly on beam without contact on ground. These type of column 

provided where ground floor need large space for parking and to eliminate column obstacle to use the space in below floor.  

The primary goal of this project is to tackle the seismic forces by designing stable seismic resisting R.C Braced structure having 

Floating column. Earthquake affects ground to vibrate, the structure which is constructed in this ground causes deformation, 

structural failure. According to statics ground motion consists three translational and three rotational components, but rotational 

components of ground information is not available due to complex to record, translational components are recorded by an instrument 

‘’Accelerograph”. The study of generation, propagation and recording of Elastic waves in the earth due to Tectonic earthquakes, 

Volcanic earthquake, rock falls, mining, cultural noise etc can be defined as Seismology. Earthquake can be analyzed by Intensity 

and Magnitude, Seismic intensity scale is reference to know the earthquake intensity at different sites. Earthquake magnitude is a 

calculation of amount of energy released at the time of earthquake. Earthquake magnitude is directly depends to the size, nature and 

location of an earthquake. Earthquake magnitude can be measured by ‘’Richter scale. Most of the earthquakes occur as concentrated 

in narrow belts along the boundaries of the plate; these earthquakes are called as Interplate earthquakes. The earthquake which 

occurs within the plate is called as Intraplate earthquake. To overcome all the effects of lateral forces and wind loads, Structural 

design plays an important role in this new Era of construction field, by keeping this in mind the design of a structure should meet 

some of the requirements, which are explained below; 

Stability; The designed structure should be stable to avoid overturning, buckling, or sliding of the Structure, under the action of 

loads. 

Strength; The structure should be strength enough to resist the stresses developed by the loads, Including environmental loads, the 

different structural members and their connections. 
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Serviceability; To have sufficient performance of the structure under service loads which implies giving enough stiffness and 

reinforcement to contain deflection, cracking, and vibrations within the 

permissible limits. 

 

1.3 OBJECTIVE 

The main objective of this study is to study the performance of the high rise building. Then the specified columns are removed to 

check the floating column effect in the building subjected to seismic load. Further the bracings are introduced in the place of 

removed column. Attempt is made to know the importance of the bracing in the absence of the column. Earthquake analysis is 

carried out know the static and dynamic analysis. The different studies are carried out and the comparative studies is carried out in 

terms of displacement, Storey drift, time period and base shear. 

1.4 TYPES OF EARTHQUAKES 

There are mainly three types of earthquakes are studied; 

1) Shallow focus earthquake 

2) Intermediate focus earthquake 

3) Deep focus earthquake 

Shallow focus earthquakes are the earthquakes with a depth of focus < 70km. 

generally 80% of the earthquakes are under this category. 

Intermediate focus earthquakes are the earthquakes occurs with a depth of 70 to 300km. 

Deep focus earthquake are the earthquake which are having focal depth > 300km 

 

1.5 EARTHQUAKE RESISTANT STRUCTURES 

The structures designed to resist earthquakes are called earthquake-resistant structures. No structure can be perfectly designed to 

completely resist the earthquake without damage. But it can partly resist the earthquakes and try to maintain the structures during 

the seismic activity. Earthquake-resistant structures are designed to withstand large earthquakes in certain places where they are 

expected. Through this pre-detection of earthquakes in certain places reduce the loss of life by preventing the destruction of the 

building, deformation of the structures etc., The buildings, which are excessively stiff and strong, are resisting the earthquakes since 

ancient times. The main focus in the design of the earthquake-resistant structure is that it must focus on providing the required 

performance for the seismic threat at a particular location. Therefore, it is necessary that the structures be strong and deformable so 

that they can withstand the shaking of the ground and minimize the destruction. The following criterion has to be studied for 

Earthquake Resistant Structures. A) Design Basis Earthquake - characterizes the top flat increasing velocities with 10% likelihood 

of exceedance in 50 years. 

B) Maximum Considered Earthquake - characterizes the top flat increasing velocities with 2% likelihood of exceedance in 50 years. 

DBE and MCE are seismic configuration parameters for building code design. They are inferred based on statistical analysis of past 

seismicity information. It is a part of the usual probabilistic seismic hazard investigation of the site. The DBE is said to be 2/3 times 

the MCE. 

 

1.6 METHODS OF ANALYSIS 

Seismic analysis is classified under the type of load applied externally; depending upon the type of construction analysis can be 

broadly classified as Linear and Non-linear analysis. Further linear analysis is classified as Linear- static1analysis and Non Linear 

dynamic analysis. Linear static analysis is used in normal building and less height in structures. Linear- dynamic analysis is 

advanced than that of the linear static; it can be analyzed by Response spectrum method or Elastic time history method. Non- linear 

analysis split into non- linear static analysis i.e., (nothing but Pushover analysis) and nonlinear dynamic analysis. Non linear static 

analysis is more advanced analysis than that of linear static analysis and linear dynamic analysis and in this type of analysis the 

structure is analyzed by considering it in a elastic form. From this analysis we come to know the Ductility, Strength, and 

Deformation of the structure. In seismic analysis Non-linear dynamic analysis which only able to analyze bear of structure during 

the earthquake, this analysis is formed by Elasto-plastic deformation of the structural element and numerical integration motion 

differential equation. 

 

1.7 FLOATING COLUMN 

Floating column is defined as a vertical member which Floats or moves in above stories such that to provide more open space. 

These Floating columns are constructed, especially above the base floor so that it is desirable to have open space for Assembly hall 

or Parking purpose. 

 

Fig 1.1: Floating column 
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1.7.1 ADVANTAGES OF FLOATING COLUMN 

1. It helps to divide the rooms. 

2. For creating a more space in ground floor we adopt floating column. 

3. It facilitates more area for parking. 

1.7.2 DISADVANTAGES OF FLOATING COLUMN 

1) The floating column get affected by more displacement, storey drift, lateral forces than structure without Floating column. 

2) The structure having floating column is generally uneconomical structure. 

3) The structure with floating column is not preferable for the area where seismic zone is high. 

1.8 LOADING 

As an integrated system, the structure must resist and transmit all the effects of gravity loads and lateral loads acting on it to the 

foundation and ground below. The various loads to which a building is subjected to, are as follows: 

1. Gravity load 

2.  Live load 

3. Dead load 

4. Wind load 

5. Earthquake load 

1.8.1 GRAVITY LOAD 

Gravity loads are called as vertical loads. The earth’s gravitational force that acts in the vertical direction. Gravity loads are further 

distinguished as dead loads and live loads. Gravity loads comprises of the components that constitutes the structure and material, 

as well as human beings, rain water, furniture, equipment, snow, and all included within the  structure. 

1.8.2 DEAD LOAD 

The dead1load in a building shall comprises the self weight of all the framework, walls, partition walls, roofs and floors and will 

contain the weight of all other superimposed loads that are permanently affixed to the structure. For such loads, which do not change 

their position and do not constitute a preliminary section can be assumed by the design engineer using experience in size. 

1.8.3 LIVE LOAD 

Live Load comprises of those loads whose positions or magnitude or both may change with respect to time. Live load is expressed 

as a uniformly distributed load. In our country, floors of various types of building have been categorized into different classes and 

live loads corresponding to them have been specified in the code IS: 875- 1987 (part 2). 

1.9 LATERAL LOAD 

While carrying out structural analyses and design, Some of the important lateral loads for structure are earthquake load and wind 

load. 

1.9.1 WIND LOAD 

The common lateral loading is wind load. Wind loads increases with the height of the building Stresses increase with height of a 

building, building against wind loads stiffening is increasingly important, since the height of the building increases. In fact, the 

design of tall buildings is strongly influenced by wind bracing requirements. Architects have often this structural requirement as a 

forceful aesthetic expression of building facades used in several buildings. The predominant effect of the wind speed at the wind 

pressure has already been mentioned. Other important factors that affect the wind pressure, are: 

• Height above ground 

• Exposure classification of the site 

• Enclosure classification of the building 

The forces influenced by the winds on the structure increases dramatically with the increased building height. Building which has 

10 stories and of typical proportion, the design is rarely influenced by wind load. Wind induces a random time-dependent load. 

Because of winds fluctuating component (gustiness), buildings experiences dynamic oscillations. These oscillations are neglected 

in short rigid buildings, hence can be satisfactorily considered as having an equivalent static pressure. A structure may be considered 

as short and rigid if its natural time period is not greater than one second because of the gustiness of wind, more flexible systems 

such as tall buildings go through dynamic response. Wind Load is calculated according to IS: 875(Part-3) – 1987. 

 

1.9.2 EARTHQUAKE LOAD 

Earthquake loads are another lateral live load. A severe earthquake is one of the most terrifying natural events a person can 

experience. Regardless of where it occurs, it makes instant headlines all over the world. In the past, earthquakes killed a large 

number of people. They are very complex, unsafe and possibly more harmful than wind loads. It is lucky that they do not occur 

frequently. The earthquake creates ground movements that can be categorized as "shaking", "rattle" and "rolling". Each structure in 

an earthquake zone must be able to withstand all three loads of varying intensity. Although the ground can move in any direction 

under a structure, the structural analysis usually only considers the horizontal components of this movement to be critical. The 

vertical component of the earthquake is assumed to have a load bearing structure that supports suitably calculated design loads for 

vertical dead and live loads. The side resistance systems for earthquake loads are similar to those of wind loads. Both are designed 

to be applied horizontally to the structure. The minor earthquakes occur relatively frequently, the moderate are more frequent and 

heavier are rare. 

1.10 LOAD RESISTING SYSTEM 

Since the structures are exposed to two types of loads, i.e. Vertical loads due to the gravity, Further lateral load from earthquake 

and wind. The auxiliary arrangement of the building must be suitable for the type of loads. The basic layout of the building consists 

of two segments. 
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1.10.1 GRAVITY LOAD RESISTING SYSTEM 

This structural load resisting system consists of columns, girders, slabs, beams which acts fundamentally to bolster the vertical or 

gravity loads. 

1.10.2 LATERAL LOAD RESISTING SYSTEM 

This structural load resisting system comprises of bracings, columns, shear walls, and so forth which essentially acts to resist the 

horizontal loads. 

1.11 LATERAL LOAD RESISTING SYSTEM 

1.11.1 MOMENT RESISTING FRAME 

These frames infer their horizontal load resistance from the rigidity of associations between column and beams. 

1.11.2 SHEAR WALL STRUCTURE SYSTEM 

Shear wall is slender vertical cantilever opposite the horizontal load with or without frames. The shearing wall is primarily 

opposed to the horizontal load during bending with almost no shear deformation. 

1.11.3 BRACED FRAME SYSTEM 

There are two sort of braced frame system, 

1.11.4 CONCENTRICALLY BRACED FRAME SYSTEM 

Concentrically supported frames consist of column columns and columns that are connected to fixed connections. The elements 

are arranged in the form of a vertical truss. They counteract horizontal force by traversing activity. They have a higher elastic 

stiffness, but lower Ductility. 

1.11.5 ECCENTRICALLY BRACED FRAME 

Eccentrically braced frame is a kind of steel frame system including beams, Columns and struts, these elements being arranged in 

a manner in which at least one end of each bracket is connected to segment of the beam referred to as a connection. They resist 

lateral load of Frames and trusses and develop ductility through bending and shear strength.  

1.11.6 CORE AND OUTRIGGER SYSTEM 

The Outrigger construction system consists of two systems, the core and perimeter system. The lateral stiffness of a multi-storey 

building can be considerably reduced by the binding of the periphery Columns to the central core by deep girders. In the steel 

buildings, core is either formed vertical cross beam or shear wall and outrigger consists of horizontal truss. Outrigger mobilizes 

whereby the axial stiffness of the columns acts against the lateral load and at the same time the Bending moment in columns and 

beams. 

1.11.7 TUBULAR SYSTEM 

This is the most efficient way to get the lateral stiffness of the tall building, in this system; laterally load-bearing material is attached 

to the perimeter of the building. The result system is called tubular construction. Various tubular systems are framed tube, tube -in 

tube, Bundle tube and multi cell tube. 

1.12 TYPES OF BRACING SYSTEM 

1).Diagonal bracing system 

2) X-bracing system 

3) K-bracing system 

4).Inverted V bracing system 

5).V-bracing system 

 
Fig1.2: Types of Bracing System 

 

2. METHODOLOGY 

2.1 ETABS 

ETABS is sophisticated engineering software developed for a special application program designed specifically for the building 

system. This software is developed by United States this software works on principle of finite element analysis, from this software 

time-consuming for the design of the structure will be less. ETABS is abbreviated1as an extended three-dimensional analysis of the 

building system. ETABS can work with the most comprehensive and complex building models, including a wide range of nonlinear 

behaviors. In this day and age, the most important weapon for the designers is no other than ETABS. Using ETABS, the structures 

can be analyzed in various analytical methods, which are response spectrum method, a time history analysis, an equivalent static 

Method, and a pushover analysis. 

 

2.2 STEPS FOR MODELING OF BUILDING IN ETABS. 

Step 1: Define story data like floor height. Number of floors 

Step 2: Select code settings from options and define material properties from the define menu. 

Step 3: Define the frame section from the definition menu of columns, beams, beams, etc. 

Step 4: Define the slab section 
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Step 5: Draw Building Element from Drawing Menu 

Step 6: Specify the support condition 

Step 7: Define combination of load case and load 

Step 8: Load assignment 

Step 9: Define batch source 

Step 10: Check the model from the analysis model 

Step 11: Set the model from the analysis model 

Step 12: Select analysis options and run analysis 

 

2.3 METHODOLOGY 

2.3.1 GENERAL 

In the present work, the methods used for the analysis of building are Response Spectrum Method1and Equivalent Static Method. 

In practice the analysis by Response spectrum analysis is required for plan with irregularities or elevation irregularities for tall 

building. Equivalent static method is used for regular, simple and low to medium height buildings. 

2.3.2 EQUIVALENT STATIC FORCE ANALYSIS 

The equivalent lateral force for an earthquake is a unique concept used in the earthquake Engineering. The concept is attractive 

because it converts dynamic analysis into partial dynamic and partial static analysis to find the maximum displacement (or stress) 

induced by the earthquake excitation in the structure. For the seismically resistant construction of structures, only these maximum 

voltages are of interest, not the time history of stresses. The equivalent side force for an earthquake is defined as a set of lateral 

static forces that produce the same peak response of the structure as obtained by the dynamic analysis of the structure under the 

same earthquake. This equivalence is limited only to a single vibration form of the structure. Inherently, the equivalent static 

transverse force analysis is based on the following assumptions,  

Assume that the structure is rigid. 

Ensure the perfect fixity between structure and foundation. 

 During the ground motion, each point of the structure undergoes the same accelerations. 

1. Dominant0effect*of earthquakes is equivalent*to0horizontal forces of different sizes across*the1height. 

2. Approximately the total horizontal force (base shear) on the structure. 

However, during an earthquake structure does not remain rigid, it deflects, and thus base shear is he height. 

2.3.3 DYNAMIC ANALYSIS METHOD 

A dynamic analysis has to be carried out in order to obtain structural seismic force and its distribution at different heights along the 

building height and the different lateral load resisting elements for the following buildings: 

1. Regular structures: Structures with a height of more than 40 m in zones 4 and 5 and 

Their structure with a height of more than 90 m in zones 2 and 3. 

2. Irregular structures: All framed structures of more than 12 m in zones 4 and 5 and 

Those higher than 40 m in zones 2 and 3. The model analysis is carried out by a dynamic approach for structures with a certain 

arrangement, which are sufficient to the type of irregularities, building configuration. Buildings in relation to irregularities as 

described in IS-Code: 1893-2002. Dynamic analysis, executed by TIME HISTORY APPROACH or by RESPONSE SPECTRUM 

APPROACH, 

 

2.3.3.1 RESPONSE SPECTRUM METHOD: 

The response spectrum analysis=is a linear dynamic analysis method that measures every natural mode of vibration to the maximum 

seismic response of an elastic structure. The response spectrum is a graph of the maximum amplitude (velocity shift or acceleration) 

versus time for many linear oscillators with a single degree of freedom to generate the components of the earth's motion. This graph 

can be used to select the response of any free oscillator by natural frequency. Such use is in the evaluation of the building's peak 

response to an earthquake. Response spectra are one of seismic engineering for analyzing the performance of structures during 

earthquakes. The natural frequency of the structure and the building's peak response can be determined by reading the value from 

the fundamental response spectrum of the frequency. In seismic area, most building standards use this value to calculate the force 

that the structure must design.  

1.  Response Spectrum method is based on1the assumption of linear elastic structural behavior.  

2. This method consists of calculating the maximum displacement and the maximum force of the elements in each mode, 

using smooth design spectra, which is the average value of the multiple seismic moments. 

3. In order to perform response spectrum method, important parameter response spectrum in terms of expected earthquake 

intensity in the considered zone and the supporting base soil behavior have to be considered. 

4.  One of the other parameter response spectrum related to the computation process is the modal analysis in which the 

response spectrum analysis computes the structure’s response through considering the significant modes. Mode 

contribution to the structure’s response and flexural deformation is mainly dependent on the structure’s height. For low to 

mid-rise structures, the response spectrum three modes are sufficient to capture accurate results where the higher modes 

contributions diminish very quickly. However, more than three modes have to be considered for high-rise structures. These 

number response spectra of the requested mode can be chosen such that their combined participating masses are at least 

90% of the total of effective masses in the structure. 

5.  Scaling the1response spectrum curve to consider the over strength and global ductility capacity of lateral force-resisting 

systems is another important parameter during dynamic response spectrum analysis. 
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2.3.3.2 TIME HISTORY METHOD 

The time history method is a nonlinear dynamic analysis method. This is a structural analysis method when the evaluated structural 

response is nonlinear. The Time history analysis is performed by stepwise analyzing the dynamic response of the structure to 

specified loads that change with time. Here, the mathematical model has the tendency of the acceleration of the earthquake records 

which represents the predicted earthquake at the base of the building. 

 

2.4 RESCALING THE DESIGN5BASE SHEAR OBTAINED FROM RS ANALYSIS IN ACCORDANCE WITH THE 

ONES OBTAINED WITH THE STATIC ANALYSIS: 

1. If the base shear force determined by analysis of the dynamic response spectrum is less than the value specified in the static 

procedure, it is necessary to scale to the static base shear force determined by the lateral force method. Likewise, if the 

dynamic base shear obtained from the dynamic response spectrum analysis has a value larger than the static base share, this 

can be reduced. 

2.  Following the code requirements, rescaling the dynamic base shear through a magnification factor induces same base as the 

one obtained employing the static analysis. It has to be noted that maintaining the code level of base force to be same for the 

static and dynamic analysis does not necessarily lead to similar distribution of storey shear forces using the static and the 

dynamic response spectrum procedures. 

2.5 LOAD COMBINATIONS 

Load Combinations is done to get the server condition that the structures have to encounter during its design service life. Indian 

standard has suggested load combinations for safe design of the structure. The various loads are combined with the stipulation in 

IS: 875 (Part 5)-1987; whichever combination produce the most unfavorable effect in the building may be adopted  

 2.6 DESIGN SEISMIC BASE SHEAR 

In any direction, total designs lateral forces (VB) or design seismic base shears can be found by, 

(VB = Ah X W) 

VB = design*seismic*base1shear 

W , seismic*weight1of3structure 

Ah is the Design4horizontal8seismic\coefficient 

Ah have to be find out by*the below expression: 

, Ah = 
Z∗I

2∗R
∗
Sa

G
 

According to clause 6.4, IS 1893-2002 (Part 1) 

The1design0horizontal*seismic co-efficient (Ah) for*a1structure =Ah = 
Z∗I

2∗R
∗
Sa

G
 

Where, 

Z= Zone8factor obtained from Table*2 of I.S1893-2002. 

 

Table2.2: Zone factor 

 
I= Importance factor obtained from Table 6 of I.S1893-2002. 

R= Response*reduction1factor from Table*7 of I.S1893-2002. 

(Sa/g) = Average response acceleration co-efficient from fig.2 of I.S1893-2002. 

, T = 0.075 ∗ h0.75 

I = I indicates the importance factor and it rely on the functional importance of the building. It is distinguished by hazard effect and 

failure, post earthquake functional necessities, economic value and historical importance. 1.5 is regarded for the important buildings 

like schools, hospitals, monumental structures so on. And the remaining buildings I is considered as 1. R = It is response reduction 

factor which rely on detected seismic impairment performance of building, distinguished as brittle or ductile distortion of building. 

The values for R are mentioned in IS: 1893, 

 Table 7. The R value is in-between 3 and 5, for detailing of ductile reinforcement. Sa/g = coefficient for average response 

acceleration according to IS 1893:2002 clause 6.4.5 as shown in the following figure and it is depend on the natural*periods2and 

damping of8the building. The zone factor value in9the above table is given for*Maximum1Considered5Earthquake (MCE) and 

building service*life1in0a2zone. For the*factor Design4Basis*Earthquake (DBE) in1order2to decrease the4maximum 

Considered5Earthquake (MCE) zone4factor,*factor 2 is considered in the denominator of Z. 
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2.7 DESIGN BASE SHEAR DISTRIBUTION (VB) 

Design base shear VB decided above can distribute crosswise over building tallness. 

Using the following equation 

Qi = 
wi∗hi2

∑ wjn
j=1 ∗hj2

hi: ith floor height measured from base 

Wi : seismic weight 

Qi : design lateral force 

n = number *of1stories. 

 

2.8 FUNDAMENTAL8NATURAL TIME PERIOD7OF THE STRUCTURE 

For a moment1resisting5frame structure without8brick6infill panels, approximate fundamental natural8period2of vibration 

(Ta)/in*seconds, can4be assessed by7the empirical8formula For RC framing structure, (Ta= 0.075h0.75) 

For steel framing building, (Ta= 0.085h0.75) 

Where 

h = Height1of2building. 

Where, H = Building height, in m (excluding the5basement height, basement*walls2are bridged with1ground2floor3deck or 

connected in between5columns. Yet, when they are not fastened, it comprises the basement storey,). 

D =*Base dimensions of5structure at plinth0level (in m) along lateral force considered5direction. 

2.9 SEISMIC WEIGHT 

Seismic4weight of the building the seismic intensity of the entire building is the sum of the seismic intensity of all floors. It is 

necessary to distribute each weight supported between the floors so that it is inversely proportional to the distance from the floor to 

the top and bottom of the floor. Seismic weight of floors the seismic weight of each floor is the total dead load plus a reasonable 

load. For various load classes according to IS 875 (part 2), the seismic forces against the total dead load and the proportion of the 

applied load shall be calculated as shown in Table 8. Regarding the calculation of the structural seismic forces of the structure, it is 

not necessary to consider the applicable roof load. When calculating the seismic weight of each floor, the weight of the pillars and 

walls of each storey must be evenly distributed over the floors above and below the storey. 

2.10 BUILDING MODELING 

In this building model, 30 floors RC braced framed structure with Floating column are analyzed, the typical height of the storey is 

considered as 3m. The elevation and plan of the structure is as shown in the figure below. 

2.10.1 GEOMETRY OF THE PROPOSED BUILDING MODEL 

In this chapter, 5x5 Bay 30 storey steel structure is modeled by using ETABS software. The structure is symmetrical in plan and 

elevation. Winds loading are considered as per IS 875 (Part3):1987 and Earthquake loading are considered as per IS1893 (Part 1): 

2002. Parameters such as displacement and storey drift are evaluated. 

 
The plan of the building 

1. Number of storeys – G+30 

2.  The structural building is a RC frame building 

3.  Height of the building - 90m 

4.  Typical height of the building – 3m 
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5.  Thickness of the wall – 0.3m 

6.  Grade of concrete – M25 

7.  Grade of steel – 415 N/mm2 

8.  Thickness of slab – 175mm 

9.  Sizes of Column – 0.45X0.45m , 0.6X0.6m 

10.  Size of Beam – 0.3X0.45m 

11. SDL – 1.5 KN/m2 

12.  LL – 2.5 KN/m2 

13.  Zone of the building - II (0.36) 

14.  Importance factor – 1 

15. Response Reduction factor – 5 

16.  Time period Ta = 2.19sec 

The building is analyzed by response spectrum method and time history analysis. The damping factor is assumed to be 5% 

2.10.2 MATERIAL PROPERTIES 

The materials used in this building model is reinforced concrete with M25 grade and Fe-415 steel then the stress-strain relationship 

is used as per IS 456-2000. The material property of M25 grade concrete and steel Fe-415 such as Shear modulus, Poisson’s ratio, 

Modulus of elasticity, Density, etc are defined as below. Concrete: Grade M-25, Shear Modulus 9316.95 Mpa, Poisson’s Ratio 0.2, 

Modulus of elasticity 22360.68 Mpa, Density 2458.538 Kg/m3. Steel: Fe 415, Shear Modulus 76884615 Mpa, Poisson’s Ratio 0.3, 

Modulus of elasticity 25000000 Mpa, Density 7849.047 Kg/m3. 

 

 
 

Fig2.1: Material property of M25 grade concrete 

 
 

Fig2.2: Material property of steel 

2.10.3 STORY DATA 

The story data of the building model is considered as of G+30 floors of 3m height (each story) The detail of each story is shown in 

the below snap. Including that the below diagram represents about master story, similar story, spice height etc. 
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Fig2.3: Details of Story Data 

2.10.4 SECTION PROPERTIES 

2.10.4.1 FRAME SECTIONS 

The Frame sections used in this model are defined as below; the beam of size of 300x450 and column of 450x450 and 600x600 

have used in this practice. The properties of the beam like dimensions, depth, width etc are given in the rectangular section division 

and then the reinforcement details of the same beam is selected as below snap. 

 
 

Fig2.4: Details of Frame Sections 

The properties of the column section such as depth, width, name of the column which is given in material selection division are as 

in the diagram showing below, Similarly its and reinforced details are; Cover of the reinforcement for column is taken as 50mm, 

and number of bars, bar size are selected as default. 

 

2.10.4.2 WALL/SLAB/DECK SECTIONS 

For the proposed building model the slab section is used of 175mm thick and grade of concrete used is M-25. 
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Fig2.5: Proposed slab Section Details 

Once the material and sections have defined, it is time to draw them, To draw the frame section and wall/slab/deck sections there 

are quick tools as well draw tool, by using those we will draw the beams, columns and slabs. 

 

2.10.5 LOAD CASES 

In this stage we assigned Static load cases and their referral code for the proposed building. At first, we defined load patterns. In 

Define Load Patterns tab we provide load name then we provide type of load and select the code in case of lateral load calculation 

which will be calculated by E-tabs. Dead Load with Self Weight multiplier is default load and no need to define it again. We defined 

Live load, Super Dead Load, Wind Load and Seismic Load. 

 
Fig2.6: Details of load cases 

2.10.6 LOAD COMBINATIONS 

Load combinations such as Dead load + Live load and multiplier of that are taken as below diagram. 

 
Fig2.7: Details of seismic load combinations 

2.10.7 MASS SOURCE DATA 

While modeling mass source data is the term which is very essential consideration for analysis, which is take as, For dynamic 

seismic analysis of building, we have to define the mass source. According to the IS:1893, we have to consider entire dead load of 

the building and 25% of the live load if Live Load is within 3kN/m2 otherwise take 50% of the Live Load. We have defined the 

mass source of1the building by specifying the load patterns. We gave a multiplier of 1.0 for both Dead Load & Super Imposed 

Dead Load and multiplier of 0.25 for Live Load. 
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Fig2.8: Details of Mass Source Data 

2.10.8 RUN THE ANALYSIS 

Once the model has developed we need to check the model and analysis will get over by run the model. After analyzing we will get 

the value of Maximum shear force, bending moment and deformed shape for the purpose of design. 

 
Fig2.9: Analyzing the Model 

2.10.9 ANALYSIS OF THE MODEL 

The deformed shape of the model shown in figure below, which represents the maximum shear force and bending moment. 

 

 
Fig2.10: Deformed Shape of the Model 

2.10.10 SHEAR FORCE AND BENDING MOMENT DIAGRAM 

We can see the display of bending moment diagram as well as shear force diagram as below; 

 
Fig2.11: Shear Force and Bending Moment Diagram 
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2.11 TYPES OF MODELS 

The following Models are considered for the present project work 

1) Model 1 with column present all over the Building. 

2) Model 2 with floating column 

3) Model 3 floating column with inverted V Bracing 

4) Model 4 with floating column with different location 

5) Model 5 floating column with inverted V Bracing 

 

Model – 1 with column present all over the building 

 
Fig2.12: Plan and 3D view2of0the Regular model 

 

Model – 2 with floating column 

 
Fig2.13: Plan and 3D view2of0the building model with Floating Column 

Model – 3 floating column with inverted V Bracing 

 
Fig2.14: Plan and 3D view of0the building model with Floating Column and Bracing System 

Model – 4 floating column with different location 

 
Fig2.15: Plan and 3D view of0the building model with different Floating Column Location. 

Model – 5 floating column with inverted V bracing 
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Fig2.17: Plan and 3D view of0the building model with Bracing System 

 

Elevation of the Model 

 
Fig 2.17: Elevations of the structural Model with Bracing System with Floating column 

3. RESULTS AND DISCUSSION 

  3.1 RESULTS AND DISCUSSIONS 

After the analysis part, the responses are extracted for OMRF from Etabs 9.7.4 version. As discussed earlier the study of 

model with and without floating column has been carried out for several load cases and load combination and also for lateral 

load resisting systems. The responses of the structure for different parameters are noted as; 

Member specification for model 

 
3.2 EQUIVALENT STATIC ANALYSIS 

ESA is abbreviated as equivalent static analysis which is used to convert the complex dynamic analysis to the simple 

static one. This system is well suited for regular balanced structure. The overall weight of the building is calculated based 

on floor weight. These floor loads involves self -weight of the structural member, live load, and other super dead loads. 

These loads are sum up later. The seismic loads are then calculated based on floor weight and horizontal seismic co-

efficient. This horizontal coefficient is based on zone of the earthquake in which building lies, response reduction factor 

for OMRF and SMRF, Importance factor depending upon residential building or other type of building. The 

Displacement, Drift, Time Period and base shear are computed and extracted in further details of the project. 

3.3 DISPLACEMENT 

Joint Displacement or lateral displacement of the building is an important parameter we have to consider in design of a multi storey 

building. According to the Indian Codes the maximum displacement of the building should be within 1/500 times the building 

height in case of wind load and should be 1/250 times the building height in case of earthquake load. The displacement of the 

structure in X- direction and Y- direction for different models is resulted as in following table for equivalent static analysis; 
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Table 3.1: Displacement of the structure in X- direction and Y- direction for different Models by using Equivalent Static 

Analysis 

EQX and EQY 

DISPLACEMENT 

 
The table showing displacement of the structure in X- direction and Y-direction for different models is resulted as in following table 

for response spectrum analysis; 

Table 3.2: Displacement of the structure in X- direction and Y direction for different models by using Response Spectrum Analysis 

SPECX and SPECY 

DISPLACEMENT 

 
The graph showing the result for displacement in X- direction and Y- direction for equivalent static analysis 

 
Fig3.1: The graphical representation of displacement Vs Storey by using Equivalent Static Analysis 

The below graph showing the result for displacement in X- direction and Y- direction for Response Spectrum Analysis 

 
Fig3.2: The graphical representation of displacement Vs Storey by using Response 

Spectrum Analysis 
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The0displacement of the Regular model is very high compared to other structural models. In this configuration model 5 shows 

lowest displacement, where as model 4 shows highest displacement. 

 
Fig3.3: Comparing the results of Displacement for both Equivalent Static Analysis and Response Spectrum Analysis 

3.4 DRIFT 

Storey drift is the difference between displacements of two stories to the story height. Drift is characterized by lateral displacement. 

Storey drift is the drift of a level of a multi storey building from the lower level. Thus, greater the drift, greater probability of 

damage. According to the Indian code, Story drift in any story should not exceed 0.004 times the height of the story. We also have 

to check the story drift for all combinations. The drift of the structure in X- direction and Y- direction for different models is resulted 

as in following table for equivalent static analysis;  

Table 3.3: Maximum Drift of the structure in X- direction and Y-direction for different models by using Equivalent Static Analysis 

DRIFT - EQX and EQY 

 
The table showing drift of the structure5in X- direction and Y-direction for different models is resulted as in following table for 

response spectrum analysis; 

Table3.4: Maximum Drift of the structure in X- direction and Y-direction for different models by using Response Spectrum 

Analysis 

DRIFT- SPECX and SPECY 

 
The graphical representation of the drift is drawn as shown as; 
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Fig3.4: The graphical representation of drift Vs storey by using Equivalent Static Analysis 

The intern storey drift ratio is more in model 2 as compared to other models. 

The graphical representation of Response Spectra Analysis is drawn as in the following figure; 

 
Fig3.5: The graphical representation of Drift Vs storey by using Response Spectra Analysis 

Comparing the results of drifts for both ESA and RSA is represented in the following graphical representation; 

 
Fig3.6: Comparing the results of drifts for both Equivalent Static Analysis and Response Spectrum Analysis 

3.5 TIME PERIOD 

The parameter time period for different models with different bracing system by using Equivalent static analysis in X 

direction and Y direction is represented as;  

Table 3.5: Time Period for different Models with different Bracing System by using Equivalent Static Analysis in X direction 

and Y direction 

 
 

The parameter time period for different models with different bracing system by using Response Spectra Analysis in X direction 

and Y direction is represented as; 

Table 3.6: Time Period for different Models with different Bracing System by using Response Spectrum Analysis in direction X 

direction and Y direction 
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The graphical representation of the Time Period Vs Mode Shapes by using Equivalent static analysis is drawn as shown as; 

 
Fig3.7: The Graphical Representation of the Time Period Vs Mode Shapes by using Equivalent static analysis 

The graphical representation of the Time Period Vs Mode Shapes by using Response Spectrum Analysis is drawn as shown as; 

 
Fig3.8: The graphical representation of Time Period Vs Mode Shape by using Response 

Spectrum Analysis 

3.6 STUDY OF BASE SHEAR 

The table below shows different base shear values for 30 storey different models 

Table 3.7: The Base Shear for different Models for 30 storeys 

 

 
Fig3.9: The graphical representation of Base Shear for Different Models 

The base shear value directly depends on the weight of the building, the regular model is having less loads compared to other 

models. The model 5 is having highest base shear value compared to other models. 

 

4. CONCLUSION  

4.1CONCLUSION  

 The results obtained from dynamic analysis will be practical and gives the lesser deformations compared to linear static 

analysis.  

 The values obtained from static analysis are too impractical, the ESA will gives the more lateral resistant design, there by 

considering heavy design of structure. Which will increase the self weight and also the construction cost. 

 The Intern Storey drift values will increases as we move down stories and after few levels it will vary inversely. 
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 The dynamic analysis shows much practical result compared to static analysis. The Model 4 being highest in both static, 

dynamic and lowest being 5. There is a considerable reduction of approximately 20% for response spectrum analysis 

compared to static analysis. 

 The Time period and base shear value will not vary much compared to static and dynamic analysis, since these values are 

dependent on building parameter not on earthquake behaviour. 

 The model 4 is showing better ductile property which the model 5 can be considered as brittle. Since the natural time 

period of the regular system is not matching with the time period obtained from analysis, we can conclude that the time 

period depends not only on the total height, but also on the mass, configuration and others. 

 Base shear value is less in the regular model compared to bracing systems. Since base shear depends on the load. The 

regular model posses less load, so the building exhibits lowest value of base shear. 

4.2 Scope for Future Study 

 The project can be continued by further studies as stated below: 

 • The steel structure can be replaced with concrete to check the seismic performance of steel Building. 

 • Different forms of bracings can be used to alter the behavior. 

 • The time history analysis can be performed to check the exact behavior. 
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