
IJSRD - International Journal for Scientific Research & Development| Vol. 7, Issue 01, 2019 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1811 

Dynamic Analysis of Tall RCC Framed Structures Earthquake Analysis 

Structure 

M.Manjula1 A.Rajkohila2 
1M.E. Student 2Assistant Professor 
1,2Department of Civil Engineering 

1Dhanalakshmi Srinivasan Institute of Technology, Samayapuram Trichirappali, India 2TRP Engineering 

College (SRM Group}, Irungalur Trichirappali, India

Abstract— In civil engineering, an understanding of 

structural dynamics is important in the design and retrofit of 

structures to withstand severe dynamic loading from 

earthquakes, hurricanes, and strong winds, or to identify the 

occurrence and location of damage within an existing 

structure. Structural analysis comprises the set of physical 

laws and mathematics required to study and predicts the 

behaviour of structures. To perform an accurate analysis a 

structural engineer must determine such information as 

structural loads, geometry, support conditions, and materials 

properties. The results of such an analysis typically include 

support reactions, stresses and displacements. This 

information is then compared to criteria that indicate the 

conditions of failure. Advanced structural analysis may 

examine dynamic response, stability and non-linear behavior. 

The aim of design is the achievement of an acceptable 

probability that structures being designed will perform 

satisfactorily during their intended life. With an appropriate 

degree of safety, they should sustain all the loads and 

deformations of normal construction and use and have 

adequate durability and adequate resistance to the effects of 

seismic and wind. Structure and structural elements shall 

normally be designed by Limit State Method. Account should 

be taken of accepted theories, experiment and experience and 

the need to design for durability. Design, including design for 

durability, construction and use in service should be 

considered as a whole. The design of the building is 

dependent upon the minimum requirements as prescribed in 

the Indian Standard Codes. The minimum requirements 

pertaining to the structural safety of buildings are being 

covered by way of laying down minimum design loads which 

have to be assumed for dead loads, imposed loads, and other 

external loads like wind and earthquake loads, the structure 

would be required to bear. Strict conformity to loading 

standards recommended in   this code, it is hoped, will not 

only ensure the structural safety of the buildings which are 

being designed. 
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I. INTRODUCTION 

 Dynamic Analysis 

Structural analysis is mainly concerned with finding out the 

behaviour of a physical structure when subjected to force. 

This action can be in the form of load due to the weight of 

things such as people, furniture, wind, snow, etc. or some 

other kind of excitation such as an earthquake, shaking of the 

ground due to a blast nearby, etc. In essence all these loads 

are dynamic, including the self-weight of the structure 

because at some point in time these loads were not there. The 

distinction is made between the dynamic and the static 

analysis on the basis of whether the applied action has enough 

acceleration in comparison to the structure's natural 

frequency. If a load is applied sufficiently slowly, the inertia 

forces (Newton's second law of motion) can be ignored and 

the analysis can be simplified as static analysis. Structural 

dynamics, therefore, is a type of structural analysis which 

covers the behaviourof structures subjected 

to dynamic (actions having high acceleration) loading. 

Dynamic loads include people, wind, waves, 

traffic, earthquakes, and blasts. Any structure can be 

subjected to dynamic loading. Dynamic analysis can be used 

to find dynamic displacements, time history, and modal 

analysis. 

 A dynamic analysis is also related to the inertia 

forces developed by a structure when it is excited by means 

of dynamic loads applied suddenly   

 
 A simple single degree of freedom system (a mass, 

M, on a spring of stiffness, k for example) has the following 

equation of motion: 

 
 where  is the acceleration (the double derivative of 

the displacement) and x is the displacement. 

 If the loading F(t) is a Heaviside step function (the 

sudden application of a constant load), the solution to the 

equation of motion is: 

 

where  and the fundamental natural 

frequency, . 

The static deflection of a single degree of freedom system is: 

 
so you can write, by combining the above formulae: 

 
 This gives the (theoretical) time history of the 

structure due to a load F(t), where the false assumption is 

made that there is no damping. 

 Although this is too simplistic to apply to a real 

structure, the Heaviside Step Function is a reasonable model 

for the application of many real loads, such as the sudden 

addition of a piece of furniture, or the removal of a prop to a 

newly cast concrete floor. However, in reality loads are never 

applied instantaneously - they build up over a period of time 

(this may be very short indeed). This time is called the rise 

time. 

http://en.wikipedia.org/wiki/Structural_analysis
http://en.wikipedia.org/wiki/Structure
http://en.wikipedia.org/wiki/Dynamics_(physics)
http://en.wikipedia.org/wiki/Earthquake
http://en.wikipedia.org/wiki/Displacement_(vector)
http://en.wikipedia.org/wiki/Modal_analysis
http://en.wikipedia.org/wiki/Modal_analysis
http://en.wikipedia.org/wiki/Degrees_of_freedom_(physics_and_chemistry)
http://en.wikipedia.org/wiki/System
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Spring_(device)
http://en.wikipedia.org/wiki/Stiffness
http://en.wikipedia.org/wiki/Derivative
http://en.wikipedia.org/wiki/Heaviside_step_function
http://en.wikipedia.org/wiki/Damping
http://en.wikipedia.org/wiki/Rise_time
http://en.wikipedia.org/wiki/Rise_time
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 As the number of degrees of freedom of a structure 

increases it very quickly becomes too difficult to calculate the 

time history manually - real structures are analysed 

using non-linear finite element analysis software. 

II. MODAL ANALYSIS  

A modal analysis calculates the frequency modes or natural 

frequencies of a given system, but not necessarily its full time 

history response to a given input. The natural frequency of a 

system is dependent only on the stiffness of the structure and 

the mass which participates with the structure (including self-

weight). It is not dependent on the load function. 

 It is useful to know the modal frequencies of a 

structure as it allows you to ensure that the frequency of any 

applied periodic loading will not coincide with a modal 

frequency and hence cause resonance, which leads to large 

oscillations. 

The method is: 

1) Find the natural modes (the shape adopted by a structure 

and natural frequencies 

2) Calculate the response of each mode 

3) Optionally superpose the response of each mode to find 

the full modal response to a given loading 

 Modal Response 

The complete modal response to a given load F(x,t) is . The 

summation can be carried out by one of three common 

methods: 

 Superpose complete time histories of each mode (time 

consuming, but exact) 

 Superpose the maximum amplitudes of each mode 

(quick but conservative) 

 Superpose the square root of the sum of squares (good 

estimate for well-separated frequencies, but unsafe for 

closely spaced frequencies) 

 To superpose the individual modal responses 

manually, having calculated them by the energy method: 

 Assuming that the rise time tr is known (T = 2π/ω), 

it is possible to read the DAF from a standard graph. The 

static displacement can be calculated with . The 

dynamic displacement for the chosen mode and applied force 

can then be found from: 

 

 Modal Participation Factor 

For real systems there is often mass participating in 

the forcing function (such as the mass of ground in 

an earthquake) and mass participating in inertia effects (the 

mass of the structure itself, Meq). The modal participation 

factor Γ is a comparison of these two masses. For a single 

degree of freedom system Γ = 1. 

 

III. OBJECTIVE OF NBCC: 

 Building structures should be able to resist major 

earthquakes without collapse. 

 Must design and detail structure to control the location 

and extent of damage? 

 Damage limits effective force acting on structure. 

 But damage increases displacements. 

 Purpose of Analysis 

Predict, for a design earthquake, the force and deformation 

demands on the various components that compose the 

structure. Permit evaluation of the acceptability of structural 

behavior (performance) through a series of checks 

Demand/Capacity Instruct series of checks. 

IV. RESPONSE SPECTRUM METHOD, RSM 

The Response Spectrum is an estimation of maximum 

responses (acceleration, velocity and displacement) of a 

family of SDOF systems subjected to a prescribed ground 

motion. 

 The RSM utilizes the response spectra to give the 

structural designer a set of possible forces and deformations 

a real structure would experience under earthquake loads. 

 For SDF systems, RSM gives quick and accurate peak 

response without the need for a time-history analysis. 

 -For MDF systems, a true structural system, RSM gives 

a reasonably accurate peak response, again without the 

need for a full time-history analysis. 

Solution steps: 

 Determine mass matrix, m 

 Determine stiffness matrix, k 

 Find the natural frequencies ωn (or periods, Tn=2π/ωn) 

and mode shapes φn of the system 

 Compute peak response for the nth mode, and repeat for 

all modes. 

 Combine individual modal responses for quantities of 

interest (displacements, shears, moments, stresses, etc 

 Multistory building can be idealized and analsyed as 

well as multistory degree of freedom 

 Linear response can be viewed in terms of individual 

modal responses 

V. LOADS CONSIDERED 

 Dead Loads:  

All permanent constructions of the structure form the dead 

loads. The delad load comprises of the weights of walls, 

partitions floor finishes, false ceilings, false floors and the 

other permanent constructions in the buildings. The dead load 

loads may be calculated from the dimensions of various 

members and their unit weights. the unit weights of plain 

concrete and reinforced concrete made with sand and gravel 

or crushed natural stone aggregate may be taken as 24 kN/m” 

and 25 kN/m” respectively.  

 Imposed Loads:  

Imposed load is produced by the intended use or occupancy 

of a building including the weight of movable partitions, 

distributed and concentrated loads, load due to impact and 

vibration and dust loads. Imposed loads do not include loads 

due to wind, seismic activity, snow, and loads imposed due 

to temperature changes to which the structure will be 

subjected to, creep and shrinkage of the structure, the 

differential settlements to which the structure may undergo.  

http://en.wikipedia.org/wiki/Non-linear
http://en.wikipedia.org/wiki/Finite_element_analysis
http://en.wikipedia.org/wiki/Modal_analysis
http://en.wikipedia.org/wiki/Normal_mode
http://en.wikipedia.org/wiki/Stiffness
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Resonance
http://en.wikipedia.org/wiki/Oscillations
http://en.wikipedia.org/wiki/Forcing_function
http://en.wikipedia.org/wiki/Earthquake
http://en.wikipedia.org/wiki/Inertia
http://en.wikipedia.org/w/index.php?title=Modal_participation_factor&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Modal_participation_factor&action=edit&redlink=1
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 Wind Load: 

Wind is air in motion relative to the surface of the earth. The 

primary cause of wind is traced to earth’s rotation and 

differences in terrestrial radiation. The radiation effects are 

primarily responsible for convection either upwards or 

downwards. The wind generally blows horizontal to the 

ground at high wind speeds. Since vertical components of 

atmospheric motion are relatively small, the term ‘wind’ 

denotes almost exclusively the horizontal wind, vertical 

winds are always identified as such. The wind speeds are 

assessed with the aid of anemometers or anemographs which 

are installed at meteorological observatories at heights 

generally varying from 10 to 30 metres above ground.  

 Design Wind Speed (V,)  

The basic wind speed (V,) for any site shall be obtained from 

and shall be modified to include the following effects to get 

design wind velocity at any height (V,) for the chosen 

structure:  

1) Risk level;  

2) Terrain roughness, height and size of structure; and  

3) Local topography.  

It can be mathematically expressed as follows:  

Where:  

V = Vb * kl * k* ks 

Vb = design wind speed at any height z in m/s;  

kl = probability factor (risk coefficient)  

k = terrain, height and structure size factor and  

ks = topography factor  

 Risk Coefficient (kI Factor) gives basic wind speeds for 

terrain Category 2 as applicable at 10 m above ground 

level based on 50 years mean return period. In the design 

of all buildings and structures, a regional basic wind 

speed having a mean return period of 50 years shall be 

used.  

 Terrain, Height and Structure Size Factor (k, Factor)  

 Terrain - Selection of terrain categories shall be made 

with due regard to the effect of obstructions which 

constitute the ground surface roughness. The terrain 

category used in the design of a structure may vary 

depending on the direction of wind under consideration. 

Wherever sufficient meteorological information is 

available about the nature of wind direction, the 

orientation of any building or structure may be suitably 

planned.  

 Topography (ks Factor) - The basic wind speed Vb takes 

account of the general level of site above sea level. This 

does not allow for local topographic features such as 

hills, valleys, cliffs, escarpments, or ridges which can 

significantly affect wind speed in their vicinity. The 

effect of topography is to accelerate wind near the 

summits of hills or crests of cliffs, escarpments or ridges 

and decelerate the wind in valleys or near the foot of cliff, 

steep escarpments, or ridges.  

 Wind Pressures and Forces on Buildings/Structures:  

The wind load on a building shall be calculated for:  

1) The building as a whole,  

2) Individual structural elements as roofs and walls, and  

3) Individual cladding units including glazing and their 

fixings. 

 Pressure Coefficients - The pressure coefficients are 

always given for a particular surface or part of the surface 

of a building. The wind load acting normal to a surface 

is obtained by multiplying the area of that surface or its 

appropriate portion by the pressure coefficient (C,) and 

the design wind pressure at the height of the surface from 

the ground. The average values of these pressure 

coefficients for some building shapes Average values of 

pressure coefficients are given for critical wind 

directions in one or more quadrants. In order to 

determine the maximum wind load on the building, the 

total load should be calculated for each of the critical 

directions shown from all quadrants. Where considerable 

variation of pressure occurs over a surface, it has been 

subdivided and mean pressure coefficients given for each 

of its several parts.  

 Then the wind load, F, acting in a direction normal to the 

individual structural element or Cladding unit is:  

F= (Cpe – Cpi) A Pd 

Where,  

Cpe = external pressure coefficient,  

Cpi = internal pressure- coefficient,  

A = surface area of structural or cladding unit, and  

Pd = design wind pressure element seismic  

 Seismic Load:  

1) Design Lateral Force  

The design lateral force shall first be computed for the 

building as a whole. This design lateral force shall then be 

distributed to the various floor levels. The overall design 

seismic force thus obtained at each floor level shall then be 

distributed to individual lateral load resisting elements 

depending on the floor diaphragm action.  

2) Design Seismic Base Shear  

The total design lateral force or design seismic base shear 

(Vb) along any principal direction shall be determined by the 

following expression:  

Vb = Ah W 

Where,  

Ah = horizontal acceleration spectrum  

W = seismic weight of all the floors  

Fundamental Natural Period  

 The approximate fundamental natural period of 

vibration (T,), in seconds, of a moment-resisting frame 

building without brick in the panels may be estimated by the 

empirical expression:  

 Ta=0.075 h0.75 for RC frame building  

 Ta=0.085 h0.75 for steel frame building  

Where,  

h = Height of building, in m. This excludes the basement 

storey’s, where basement walls are connected with the ground 

floor deck or fitted between the building columns. But it 

includes the basement storeys, when they are not so 

connected. The approximate fundamental natural period of 

vibration (T,), in seconds, of all other buildings, including 

moment-resisting frame buildings with brick lintel panels, 

may be estimated by the empirical Expression:  

T=.09H/√D 

Where,  

h= Height of building  
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d= Base dimension of the building at the plinth level, in m, 

along the considered direction of the lateral force.  

 Distribution of Design Force  

Vertical Distribution of Base Shear to Different Floor 

Level  

 The design base shear (V) shall be distributed along the 

height of the building as per the following expression:  

Qi=Design lateral force at floor i,  

Wi=Seismic weight of floor i,  

hi=Height of floor i measured from base, and n=Number 

of storeys in the building is the number of levels at which 

the masses are located.  

 Distribution of Horizontal Design Lateral Force to 

Different Lateral Force Resisting Elements in case of 

buildings whose floors are capable of providing rigid 

horizontal diaphragm action, the total shear in any 

horizontal plane shall be distributed to the 

variousvertical elements of lateral force resisting system, 

assuming the floors to be infinitely rigid in the horizontal 

plane. In case of building whose floor lateral shear at 

each floor shall be distributed to the vertical elements 

resisting the lateral forces, considering the in-plane 

flexibility of the diaphragms cannot be treated as 

infinitely rigid in their own plane, the diagram. 

VI. CCONCLUSIONS 

The dynamic analysis depend upon magnitude of frequency 

in the structure accordingly to the different level in high rise 

building. 

 Dynamic analysis is being done mainly to reduce the 

damage of building from earthquake.  

 It should be done mainly for the building for which the 

height is greater than it’s five times of the breath. 

 Now a days we have higher rise building in india so the 

dynamic analysis should be done to reduce damage of the 

building and loss of human life’s. 
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