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Abstract: The fundamental objective of this paper is to 

determine the dynamic response of the structure by the influence 

of stiffness and mass parameters. In this paper, we are presenting 

time stepping methods to obtain solutions for nonlinear dynamic 

problems in structural engineering using numerical evaluation. A 

benchmark structure having three degrees of freedom is 

considered and analyzed using Newmark’s method for nonlinear 

system by implementing the El Centro Ground acceleration and 

time values. The results of the study detail the reduction in 

displacement of the structure for the arbitrary increase in 

percentage of the mass and stiffness of the system to obtain the 

optimum mass and stiffness that can be additional to the damping 

devices. 
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I. INTRODUCTION 

  The importance of seismic design of building is essential to 

eradicate the risk and associated damage that may be caused 

due to earthquakes. As earthquake is a natural phenomenon, 

it is practically impossible to completely cease it from 

occurring [1-3]. However, we can resist its effects by 

building suitable structural models by using analytical 

methods like time stepping methods. Earthquake risk 

reduction is a complex task that involves many important 

decisions. It is important to understand the probability of 

occurrence of earthquakes to reduce its risk. Generally, the 

structures are designed for forces much lesser than its 

expected earthquake design forces. Hence when an 

earthquake ground motion approaches a structure it 

undergoes inelastic deformations. It is crucial to analyze the 

response of structures to ground motions caused by 

earthquakes [5]. 

The main objective of this paper is to determine the 

optimum mass and stiffness of a model to obtain the 

reduction in the displacement for arbitrary increase in 
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percentage of mass and stiffness. In order to satisfy the 

objective, it is necessary to understand the fundamental 

principle that the displacement of the structure rely on the 

total weight of the structure. When the dead load is higher, 

the tendency of the structure to undergo displacement 

becomes minimum. But it is not advisable to inherently 

increase the dead load of the structure [6]. The load due to 

masonry infills in a building contributes to a certain portion 

of total structural load. These masonry fillings can be 

replaced by providing damping devices which are much less 

in weight but improves the seismic performance of the 

building. These damping devices helps us to achieve 

reduction in displacement of the structure. 

Generally, the behavior of the structure to seismic forces 

is in the non-linear range. A non-linear dynamic analysis is 

the only method to describe the actual structural behavior 

during an earthquake. One of the methods of non-linear 

dynamic analysis is Time-History Analysis. Time History 

Analysis is a step-by-step analysis of the dynamic response of 

the structure by using a representative earthquake time 

history for evaluation [7-8]. In this paper we are analyzing the 

dynamic response of a structure in a non-linear system using 

the Newmark’s time stepping method. 

Newmark’s method is one of the very few methods that is 

especially useful in the dynamic response analysis. A 

structural system that has the three reactive forces namely 

stiffness, damping and inertia that has non-linear variation 

with response parameters such as displacement, velocity and 

acceleration, a set of differential equations are arrived. There 

are two special cases for Newmark’s method; average 

acceleration & linear acceleration [9-11].  

We have considered the average acceleration case. The 

variations of acceleration over a time step is defined by the 

two parameters γ and β. The values of γ and β for linear 

acceleration method is 1/2 and 1/6 respectively. The results 

of this analysis will help in understanding the structural 

behavior with respect to stiffness and mass. 

II. PROPOSED METHODOLOGY 

All real structures exhibit dynamic behaviour when 

subjected to loads or displacements. According to newton’s 

second law there may be additional inertial forces which is 

equal to mass times the acceleration. However, if the loads 

and displacements are applied slowly, the effect due to 

inertial forces may be neglected, and the analysis can be just 

static. Therefore, it can be summed up that dynamic analysis 

is just an extension of static analysis.  
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In real structures, there may be infinite number of 

displacements. Hence it is particularly important to build 

effective computer models or programs for dynamic analysis 

of the structures. The methodology adopted here is that we 

are considering a 3DOF benchmark framed system 

possessing certain mass, stiffness and damping values.  These 

values are taken into consideration to come up with accurate 

and numerical methods using computer programs to conduct 

a typical dynamic analysis [12]. The numerical method 

considered here is Newmark’s time stepping method. This 

method helps to identify the dynamic response of the 

structure by numerical evaluation of differential equations. 

Using this method, a MATLAB program is developed to 

calculate the maximum displacement of the entire three 

storied structure for the initially considered stiffness and 

mass parameters, without considering a damper. Then, the 

stiffness and mass values are increased to a certain 

percentage arbitrarily at each storey to identify the reduction 

in displacement when a damping device is introduced. 

Naturally it is understood, that the maximum displacement of 

the structure reduces when a certain percentage of mass is 

added to the damper [13] . Similarly, there is also a reduction 

is displacement for increase in the stiffness of the structure. 

Hence, for a three storied structure, the mass and the stiffness 

of the structure at each storey is increased from its original 

mass to obtain this reduction in displacement at each level. 

After obtaining these values, they are plotted in the form of a 

graph to identify its pattern of structural behavior. 

III. ILLUSTRATION  

3.1 Type of Structure 

Consider an MDOF structure with three degrees of 

freedom subjected to an earthquake ground acceleration. 

Here, K, M, C are the stiffness, mass and damping matrices 

of a certain size in the structure [14]. The example building 

frame is a benchmark frame generally taken to consideration 

for determining the dynamic response of similar structures. 

The details of the benchmark building frame are given below 

 
Fig.  1. Example Building Frame 

 

    K = 105    N/m                          (1)         

 

   M =        
              

Kg                          (2)    
                    

         

   C =                    Ns/m                      (3) 

These three parameters and their numeric variations play an 

important role in controlling the response of the structure. 

Every structure will have these three parameters inherent in 

them. In a structure, the slabs and beams are associated with 

the mass and the columns are associated with the stiffness of 

the member. Hence these parameters are essential in a 

structure and its variations will have significant effects on the 

response of the structure to ground acceleration. 

3.2 El Centro Ground Acceleration and Time Values 

El Centro is a region in Imperial Valley of California in the 

United States. On May 18, 1940 an earthquake occurred at 

21:35 pacific standard time. It was a believed to have a 

moment magnitude of 6.9. This data is called El Centro data. 

This earthquake occurred due to the result of failure along the 

imperial fault having its epicenter at a distance of 8 km north 

of the district Calexico in California. Hence as a result of this, 

a strong motion seismograph that was recorded during the 

earthquake still is considered as the first example which was 

recorded very close to the fault rupture when a major 

earthquake had occurred [15].  This record gives a detailed 

information of different types of earthquakes associated 

during the occurrence of the earthquake. Hence this data is 

universally considered as a standard data for the computation 

of displacement response of structures especially for the time 

history analysis of structures. The ground acceleration for a 

time period of upto 31.18 seconds can be obtained from the 

El Centro data and these values are used for the determination 

of the force at which the earthquake occurs, using the mass of 

the 3DOF frame building that we have considered above. 

 
Fig.  2. Flow Chart of Dynamic Analysis 

3.3 Non-Linear Analysis of Stiffness and Mass 

In order to understand the complete structural behaviour, 

it is important to conduct time history analysis for structures 

having different degrees of freedom and non –linear 

characteristics. Here, we have typically attempted to model 

the seismic response for an MDOF structure having 

non-linear characteristics [16]. For any structural system, 

displacement, velocity and acceleration are the important 

response parameters.  
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When all of these reactive forces along with 

inertial/damping forces together has a non-linear variation in 

the structure with the response parameters the analysis will 

involve solving complex non-linear differential equation. 

The method that employs the numerical evaluation in 

determining this response is the Newmark’s method. 

Newmark an American structural engineer and scientist 

developed certain time stepping methods in the year 1959 

based on the following equations. 

    ůi+1 =ůi +[(1-γ)∆t] üi+(γ∆t) üi+1                            (4)                                                

    ui+1 =ui +(∆t) ůi+[(0.5-β)(∆t)2] üi+[β(∆t)2] üi+1   (5)                                         

The procedure adopted by us is to provide time-stepping 

solution for non-linear systems which has in general two 

special cases; average acceleration and linear acceleration. 

There are two parameters γ and β for average acceleration 

method which have numerical values of 1/2 and 1/4 

respectively. 

IV. RESULTS AND DISCUSSION 

The percentage increase in the mass and stiffness 

parameters of a structure helps us to arrive at the time and 

displacement graphs. For every arbitrary increase in these 

parameters there is a suitable variation. It is necessary for us 

to understand these graphs, in order to obtain the decrease in 

the displacement for every increase. The reference value of 

the frame is obtained without taking into consideration the 

reaction due to seismic forces. Using Mat lab, the decrease in 

displacement for every arbitrary increase in percentage of the 

mass and stiffness is found and tabulated. The obtained 

values for each percentage increase should be lesser than the 

reference frame values. It is important for us to understand 

that the increase in percentage of either mass or stiffness at 

any of the storeys/floors has suitable reactions at all the other 

floors. In our case, we have increased from 1 to 10% of both 

mass and stiffness, and obtained the reduction in 

displacement at each floor. We analyze these values to find 

out if they are lesser than our reference frame values. These 

values are plotted in the form of a graph, to identify if the 

maximum peak value at a particular floor is lesser than the 

reference value of our frame.  The maximum reduction in 

displacement at any one of the floors is analyzed to find out 

the percentage reduction and its effectiveness. The mass and 

stiffness of the structure influences the displacement of the 

structure. More the self-weight of the structure, lesser is the 

tendency of the structure to undergo massive displacement. 

Our objective focuses on increasing the self-weight of the 

structure, by employing dampers, without inherently 

increasing the load of the structure. The load on the structure 

that produces the desired reduction in displacement is 

additioned to the dampers. 

 

 

Fig.  3. Mass increased in Ground Floor 1 to 10% – 

Response a) Ground Floor, b) First Floor, c) Second 

Floor 

 

Fig.  4. Mass increased in First Floor 1 to 10% – 

Response a) Ground Floor, b) First Floor, c) Second 

Floor 

 

Fig.  5. Mass increased in Second Floor 1 to 10% – 

Response a) Ground Floor, b) First Floor, c) Second 

Floor 

 

Fig.  6. Stiffness increased in Ground Floor 1 to 10% – 

Response a) Ground Floor, b) First Floor, c) Second 

Floor 
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Fig.  7. Stiffness increased in First Floor 1 to 10% – 

Response a) Ground Floor, b) First Floor, c) Second 

Floor 

 

Fig. 8. Stiffness increased in Second Floor 1 to 10% – 

Response a) Ground Floor, b) First Floor, c) Second 

Floor 

 

Fig. 9. Mass variations in Ground Floor - Percentage vs 

Displacement 

 

Fig. 10. Mass variations in First Floor - Percentage vs 

Displacement  

 

Fig.  11. Mass variations in Second Floor - Percentage vs 

Displacement  

 

Fig.  12. Stiffness variations in Ground floor – Percentage 

vs Displacement 

 

Fig.  13. Stiffness variations in First Floor - Percentage  

vs Displacement 

 
Fig. 14. Stiffness variations in Second Floor - Percentage 

vs Displacement 
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Table 1. Displacement in Top Floor (Second Floor) 

MASS-DISPLACEMENT IN 

SECOND FLOOR 
PERCENTAGE 

Maximum percentage reduction in 

Ground Floor  

95.32 

Maximum percentage reduction in 

First Floor  

92.41 

Maximum percentage reduction in 

Second Floor  

90.79 

STIFFNESS-DISPLACEMENT 

IN SECOND FLOOR 
PERCENTAGE 

Maximum percentage reduction in 

Ground Floor 

12.01 

Maximum percentage reduction in 

First Floor  

51.79 

Maximum percentage reduction in 

Second Floor  

88.113 

V. CONCLUSION 

From our study, we are able to identify that for every 

percentage increase in the mass of the structure, there is a 

corresponding reduction in the displacement also. The load 

due to masonry infills in a building contributes to a certain 

portion of total structural load. These masonry fillings can be 

replaced by providing damping devices which are much less in 

weight but improves the seismic performance of the building. 

These damping devices helps us to achieve reduction in 

displacement of the structure. 
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