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I. INTRODUCTION  

 

The current era is known as modernization. Science and technology are rapidly getting advanced day by day. It 

is difficult for us to work without machines. We may accept it as the reality. But unfortunately man has 

extended main qualities of machines to his life, they are; Speed and repetitiveness.  Thus we complained that 

our life has become mechanical. But we have forgotten that the man is the creator of machines so it should be 

only treated as means to satisfy his needs. Ultimately the result of it is that three factors they are, Hurry, Curry 

and Worry have emerged as main killers for human being. The researcher thinks that this may the key reason 

for human being to lose his satisfaction and peace of mind and develops the problem of mental health. 

College students are the cream of adolescent and young adult population. Some studies have shown that 15% of 

the students suffer from mental problems like depression, psychosomatic disorders, adjustment problems, and 

alcohol and drug abuse. In addition, many more students may have emotional problems related to their family 

and college life. Thus students who have these problems have to be identified and helped. Because of a low 

availability of mental health services and also of stigma attached to psychological consultations, these students 

do not seek help and suffer in silence.  

Youngsters are often regarded as an invaluable asset of any country. Such an emphasis is obviously based on the 

potential of young person to contribute intellectually, political and economically to the society. Thus over all 

adjustment and sense of well being are very crucial factors for their positive contributions to the society. To 

achieve this to be mentally healthy is very important. Unfortunately this point is not given much importance in 

the current curriculum at college level. 

Over the last three decades the approaches to literacy and education seem to be swinging away from literacy and 

education for its own sake to their potential and actual use in real life contexts. The need to help people develop 

better life skills and livelihoods (Oxenham et al 2002) 

Life skills have been defined by the World Health Organization (WHO) as ―abilities for adaptive and positive 

behavior that enable individuals to deal effectively with the demands and challenges of everyday life‖. They 

represent the psycho-social skills that determine valued behavior and include reflective skills such as problem-

solving and critical thinking, to personal skills such as self-awareness, and to interpersonal skills. Practicing life 

skills leads to qualities such as self-esteem, sociability and tolerance, to action competencies to take action and 

generate change, and to capabilities to have the freedom to decide what to do and who to be. Life skills are thus 

https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/Critical_thinking


 

815 | P a g e  

 

distinctly different from physical or perceptual motor skills, such as practical or health skills, as well as from 

livelihood skills, such as crafts, money management and entrepreneurial skills.  

The Mental Health Promotion and Policy (MHP) team in World Health Organization‘s (WHO) Department of 

Mental Health has produced this definition of life skills: ―Life skills education is designed to facilitate the 

practice and reinforcement of psychosocial skills in a culturally and developmentally appropriate way; it 

contributes to the promotion of personal and social development, the prevention of health and social problems, 

and the protection of human rights‖. (WHO 1999) 

Life skills learning need not be confined to a specific age or stage in life. The idea of understanding life skills 

from a lifelong learning rests upon integrating learning and living both horizontally across family, community, 

study, work, leisure, and ‗life spaces‘ and vertically from birth to death. Lifelong or in this case ‗life skills 

learning‘ is reflected in the knowledge, experience, wisdom, harmony and self-realisation rooted in the practical 

affairs of ordinary men and women (Yeaxley 1929:165 quoted in Ouane 2002). From Faure Report (1972) to the 

Delors Report (1996), it has been recognised that lifelong learning is integral to a meaningful human life.  

WHO (1997): Life skills consist of human abilities for adaptive and positive behaviour to deal effectively with 

the demands and  

challenges of everyday life. 

UNICEF- (2001) Life Skills based education is a behaviour development approach of implementation of 

curriculum to address a balance of three areas of learning viz knowledge, attitude and skills to live and work 

effectively. 

 

"Life Skills" is a great program under the leadership of the World health Organization (WHO) in collaboration 

with different nongovernmental organizations (NGOs) and other social development organizations. This is a 

program to educate the people — especially the young generation —in schooling and beyond. It has clear and 

defined objectives for the society so that an organized, acceptable, and beneficial lifestyle is developed for 

everyone. This program has different subsections that cover different areas of life:  Mental health, Physical 

health, Social harmony and tolerance.  The following are defined objectives for mental health, which are being 

worked out for Problem solving and decision-making skills, development of critical and creative thinking skills, 

communication and interpersonal skills, self-awareness and empathy, coping with stress and emotions These 

objectives have given multifaceted Life Skill programs in different areas and countries, in accordance with their 

prevailing problems. Different definitions of terms were identified in achieving the goals of this program:  
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 Dealing with conflicts, authorities, stress, emotions, and cultural and religious disharmony 

 Making cross-culture relationships and friendships across societies and countries 

 Resisting pressure, clarification of values and customs, negotiations 

 Coping disappointment 

 Planning ahead, assertiveness, and empathy 

 Sociability, respect, self-esteem, tolerance, trust, sharing, compassion, and so forth 

These are the high-valued terms that are to be achieved through the Life Skill program of education. Through 

this, many mental, health, and social problems can be controlled at very basic and initial levels. The basic goal 

of the Life Skill education system is to develop a mentally and physically moderate society with agreed and 

suitable lifestyle and behaviors.  

These shifts need to be seen in close relationship to the dramatic changes and challenges facing us today, 

relating to growing unemployment poverty, inequality, violence, and environmental destruction. The pressing, 

difficult situation caused by these changes demands that we mobilize the skills, abilities and creative problem-

solving potential of the entire population. The importance of skills with broader development of personal 

potential becomes significant when the future is uncertain. According to the Delors Commission (1996) human 

being‘s further progress depends less upon continued economic growth than upon an increase in a broader 

‗personal development’ and empowerment that people need to steer overall developments in a sensible way.  

Life skills cannot be learned in an abstract and theoretical way. Rather it requires the individual to subject his 

own experience, contexts and observations about problems to creative analysis and evaluation, to collect, probe 

and discuss his experience where it happens in real life.  

 Life skills are developed as a result of a constructive processing of information, impressions, encounters and 

experiences, - both individual and social - that are a part of one‘s daily life and work and the rapid changes that 

occur in the course of one‘s life. The social dimensions are particularly important as they condition life itself 

and compel individuals to purposefully acquire skills, develop attitudes and values in order to face and master 

real life situations (Ouane 2002).  

On this background an innovative approach has adopted by College of Engineering, Pune ( CoEP ). Faculty of 

Psychology has designed the course of Applied Psychology to satisfy the need of engineering students. The 

course was designed with the help of their knowledge, experiences and valuable suggestions by other faculty 

members and from the dialogues with the students. 

The researcher is working as a facilitator and a counselor in the engineering college for last seven years. While 

dealing with the students the researcher came across variety of problems of engineering students. The 

experience of seven years with students and knowledge of Psychology helped to find out the solution and it 

proved to be effective.  

Group counseling method is adopted to make the session interactive and effective. The course has adopted 

developmental approach to counseling rather than a therapeutic. The counselor helps the students to get aware 

about their potentials and good qualities and help them to enhance it.  

 

 

 

II. ADVANTAGES OF GROUP THERAPY 
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Group therapy is often more enriching for some than individual therapy. You can benefit from the group even 

during sessions when you say little but listen carefully to others. Most people find that they have important 

things in common with other group members, and as others work on concerns, you can learn much about 

yourself. In the group environment, others serve as ―mirrors‖ that reflect aspects of yourself that you can 

recognize and explicitly choose if you want to modify or change. Group members may bring up issues that 

strike a chord with you, which you might not have been aware or of known now to bring up yourself. A natural 

process or enhanced acceptance of self and others occurs as one learns to relate more honestly and directly with 

others in the group. The group provides an opportunity for personal experimentation - it is a safe place to risk 

enough to learn more about you. 

Group is a therapy format that approaches issues of personal growth through the use of interpersonal interaction 

– to interact with others to identify and understand our maladaptive patterns and how to change them.  Group 

interactions provide an opportunity to build relationships and receive interpersonal feedback about how we 

experience one another.  You can gain specific skills and strategies to meet personal goals, explore areas that 

present personal challenges, and gain support and encouragement from others.  Group is one of the most 

effective ways to explore and support changes you wish to make in your life. (Christian L. Wimmer, Iowa State 

University) 

A counseling group is usually comprised of 10-15 people who meet face to face with one trained facilitator and 

discuss on the planned topic. Members listen to each other and openly provide each other feedback. These 

interactions give members an opportunity to increase understanding, try out new ways of being with others and 

learn more about the ways they interact. The group therapy environment provides a safe confine to experiment 

with alternative ways of treating oneself and others that may be more satisfying. Many people feel they are 

somehow weird or strange because of their problems or the way they feel; it is encouraging to hear that other 

people have similar difficulties and can grow past them. 

        

 III. COURSE EDUCATION OBJECTIVES  

 

1. To enable self awareness in one‘s personality and learning essentials of everyday life skills 

2. To strengthen the skills required in industrial/workplace settings 

3. To overcome stressful situations effectively with the help of psychological approach 

 

 

 

 

 

 

 

 

IV. COURSE CONTENT 
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    Life skills Points covered under it Skills to be learned 

1. Self awareness Johari Window 

 

SWOT analysis 

Time management                            

Life planning                                                                 

 

to appreciate others, to share with others, how to give 

feedback, how to received positive and negative 

feedback 

to get aware about own strengths and weaknesses 

to utilize time effectively 

to consider and to relate their strengths and weaknesses 

for career planning 

2.Adjustment Personal 

Family 

Work environment 

 

enables to understand their level of personal and family 

adjustment and different effective ways of adjustment 

to decide their priorities in life and to maintain balance 

between work and family 

3. Stress Stressors - Internal and 

external  

Stress management techniques 

to become aware about stress proneness of their 

personality 

and to learn cognitive and behavioral and social  stress 

management techniques 

4. Emotional 

Intelligence 

Understanding of own 

emotions, reasons for it,  

Managing emotions 

Self motivation 

Empathy 

to enable to understand one‘s own emotions, how to 

manage them, to understand other‘s emotions, to be 

self motivated and how to motivate others and to 

develop and maintain good relationship with others 

        

V. METHODOLOGY 

 

Students are divided into groups of 15 to 20.Each group meets once in a week. The topic is decided by the 

counselor. Usually the session begins with either activity or with psychological test. After that test scores and its 

interpretation are discussed with students. It makes students aware about their current position in the respective 

area and the guideline for its improvement. Many common problems and issues in daily life are discussed with 

students. The sessions helped them to learn different skills to develop their personality. Each student maintains a 

journal where his responses are recorded. At the end of the course it helps to get overall view about his 

personality. 

            

VI. COURSE OUTCOMES 

 

a) Students use Self awareness techniques for understanding their own personality and learn to apply these 

techniques in everyday life. 

b) Students learn time management skills and understand the importance of planning in their life and are 

prepared for the workplace behavior. 

c) Students learn effective ways of adjustment in different situations. 

d) Students analyze their stress patterns and learn different ways of coping with stress. 
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e) Students understand the concept of Emotional Intelligence and to be aware about their emotions and 

understand the importance of managing own emotions. 

f) Student learns to be empathetic with others and how to enhance interpersonal relationship. 

 

VI. FEEDBACK FROM THE STUDENTS 

 

At the end of the course student gave their feedback on the effectiveness of the course. All the students 

appreciate the initiative taken by the college. They have given positive feedback regarding the manner in which 

it is conducted.  

Following are the common responses of the students about the course- 

1. It helped us to understand different aspects of our personality. 

2. We learned to make self analysis and to introspect. 

3.We are able to manage our time effectively 

4. We have learned to be more considerate about others.  

5. We have learned to manage our emotions. 

6. After this course, our aim is not only to become an effective engineer but also a good human being. 

 

VII. CONCLUSION 

 

The course provided practical knowledge to the students to enhance their potentials. Skills imparted to them 

helped them to develop their personality and gave the different perspective to their lives. 

Earlier students were taught to mind only machines; but this course made them to mind their own minds. 
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ABSTRACT                                                                                                                                                    

Reversible Computing is an emerging research area and is a promising technology for the next generation of 

computers due to low power consumption, high speed requirement. For Designing the circuits in reversible 

Computing, Development of Tools, HDLs, implementation platform are needed like irreversible computing. 

Neither implementation platform, nor adequate tools to realize the circuits have become available. In 

irreversible circuits ASIC & FPGA are used for implementation commonly. However in reversible circuits, 

target technology is not yet matured and hence implementation is not possible. FPGA technology provides a 

flexible way of circuit realization in lab. Along the same line RPGA (Reversible Programmable Gate Array) 

structures have also been proposed, but circuit implementation can not be made possible. In this paper we 

propose a simulation tool RPGASim that can realize any symmetric circuit and verify the output.  

 

Keywords :  Reversible Circuits, RPGA Structure, Reversible Circuits Realization, RPGASim, Symmetry 

Analyzer      

 

I. INTRODUCTİON  

In early 1960‟s R. Landauer [1] had shown that for irreversible logic computation, each bit of information lost 

generates kTln2 joules of heat energy, where k is the Boltzmann constant and T is the absolute temperature. By 

2020 this energy loss will become a substantial part of energy dissipation, if Moore‟s law continues to be in 

effect. This particular problem of VLSI designing was realized by Bennet and others in 1970s. Bennett [2] had 

shown that kTln2 energy dissipation would not occur, if a computation is carried out in a reversible way. The 

design that does not lose any information is called “reversible.” The reversible circuits offer an alternative that 

allows arbitrarily small energy dissipation. Reversible are the circuits (gates) that have the same number of 

inputs and outputs and have one-to-one mappings between vectors of inputs and outputs; thus the vector of the 

input states can be uniquely reconstructed from the vector of the output states [ 3] [4].  

In 1980 , Toffoli [5] has proposed a well known Toffoli Gate followed by Fredkin Gate [5] in year 1982 that has 

begun an era of reversible computing. There are many implementation platforms are available in irreversible 

computing like ASIC, FPGA etc. But they cannot be used in reversible computing because of its same number 

of inputs and outputs. Target technology for implementation has not become available. In reversible computing 

most of the resulting tools are not publicly available. RevKit, an open source toolkit that aims to make recent 

developments in reversible circuit design accessible to other researchers. Like FPGA in irreversible circuits 

implementation platform in reversible computing has been proposed in the name of  Reversible Programmable 

Gate Array (RPGA) [6]. But for implementation of the circuit hardware is still not available. One of the way to 

observe circuit realization in RPGA is simulation. In this paper we propose a simulation tool namely 
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„RPGASim‟ that can realize any symmetric circuit on RPGA. A symmetric circuit is the one that has same 

output for same number of ones in inputs. An RPGA structure contains regular AND/OR plane and as well as 

EXOR planes for circuit realization. The tool provides a GUI for circuit design entry followed by its symmetry 

analysis. RPGA is reconfigured accommodating the circuit. The same RPGA can be used in lieu of the circuit. 

  

The next section of this paper explain the RPGA structure followed by the gates used in RPGA structure in 

section III. Section IV contains complete CAD flow of the RPGA simulation process which includes design 

entry to configuration as well as testing of the circuit on RPGA. USAGE and Results are shown in section V 

and finally concluded the work in section VI.    

  

II. RPGA STRUCTURE 

In irreversible circuit lab level implementation is possible on devices like Programmable logic devices 

(PLDs)/Field programmable gate array (FPGA). In these devices a predefined structure in the form of AND/OR 

plane or logic blocks. They can be made active by switch setting during configuration and used for circuit 

implementation. Reversible circuits require same number of inputs and outputs. Hence the structure of lab level 

implementation device should also have same number of inputs and outputs. So, Soo-Hong Kim and Sung Choi 

[6] have proposed RPGA structure consisting of AND/OR plane and EX-OR plane an example of three input 

RPGA structure shown in Fig. 1. The oval structure of the figure indicates MAX/MIN (OR/AND) structure 

whereas rectangular box shows EX-OR/Copying gate.  

 

Fig. 1 RPGA structure with Constant/garbage inputs/outputs 

The above structure can be used to realize any symmetric circuit and outputs can be observed on any of the S 

outputs. A symmetric function [7] can be defined as that the same number of ones in the input side of the truth 

table the output will also be same.  
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Table I.   (a) Symmetric function (b) Asymmetric function 

 

 

 

 

 

 

 

 

 

 

 

 

In section (a), at input (0,0,1), (0,1,0), (1,0,0), (1,1,1) have  same output o1 = 1 and at input (0,1,1), (1,0,1), 

(1,1,0), (1,1,1) have same output o2 = 1. So, it gives symmetric function at S1,3 and S2,3. In section (b), at input 

(0,1,0), (1,0,0) have different outputs for o1 and at input (0,1,1), (1,0,1), have different outputs for o2. So, it 

shows asymmetric function. 

 

III. RPGA STRUCTURE GATES 

To realize RPGA structures following reversible gates are used: 

3.1. Picton Gate 

Picton Gate in [8] published by Perkowski. This is a 4 input and 4 output gate as shown in Fig. 2.  

 

Fig. 2  Reversible Picton Gate 

3.2. Picton as a MAX/MIN Gate 

Picton can be used to build first plane of RPGA structure. Because MAX/MIN Gate can be built using two 

Picton Gate. This gate gives the two garbage outputs. 

 

Fig. 3 Picton as MAX/MIN Gate 

3.3. Kerntopf Gate 

Kerntopf Gate [9] is a 3 input and 3 output gate as shown in fig. 4.  

a b c o1 o2 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 1 1 

1 1 0 0 1 

1 1 1 1 1 

 

a b c o1 o2 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 0 0 

1 0 1 1 0 

1 1 0 0 1 

1 1 1 0 0 
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Fig. 4 Reversible Kerntopf Gate 

3.4. Kerntopf as a MAX/MIN Gate 

Kerntopf is also used to build first plane of RPGA structure. because MAX/MIN gate is realized by making C = 

1 in Kerntopf gate. This gate is better than the Picton Gate because  it gives only one garbage output. 

So,kerntopf gate is a better option to create a RPGA structure [9].
 

 

Fig. 5 Kerntopf as a MAX/MIN Gate 

3.5. Feynman Gate (CNOT) 

Feynman gate is a 2*2 one-through reversible gate is shown in Fig. 6.  If C=0 then it is called copying gate.  

 

Fig. 6 Reversible Feynman (CNOT) Gate 

IV. CAD FLOW FOR RPGA SIMULATION 

The RPGASim takes reversible circuit  schematic and RPGA structure in input. Truth table is generated from 

the schematic of the circuit and tested through symmetry analyzer. If found symmetric then simulated on RPGA. 

The CAD flow of above process is shown in Fig. 7.   

  

Fig. 7 CAD flow for RPGA Simulation 

Each step of a simulation process is described below. 
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4.1. Design Entry Of a Reversible  Circuit 

In this section we describe that how to enter design of a reversible circuit in RPGA simulator. The schematic of 

a design should be readily available. The entire circuit is divided in time slot in such a way so that on any line 

there should be at most one gate in one slot and the facility should be available to pick the gate from gate 

library. A good data structure should capture the design for storage and retrieval purpose Fig. 8 shows  the 

environment for design entry. There is one commonly used library namely NCT is available for reversible 

circuit.  

 

Fig. 8 Design Entry of a Reversible Circuit 

4.2. Truth Table Generator 

Next step of CAD flow in Fig. 5 is Truth Table generation. As we know the truth table of reversible circuit is 

different than the truth table of irreversible circuit. Truth Table of reversible circuit includes constant/garbage 

inputs/outputs but the truth table of irreversible circuit does not contain these two. The RPGA simulator requires 

irreversible truth table for implementation of the circuit through reversible structures. Hence the generation of 

truth table involves two steps namely generation of reversible truth table followed by generation of irreversible 

truth table as in Fig. 9. 

 

Fig. 9 Generation of Irreversible Truth Table 

 

Fig. 10 shows the conversion of circuit to truth table from design entry. For n inputs there are 2
n 

possible input 

combinations. As the number of inputs is not a large number 2
n
 combinations can be written in the input portion 

of truth table. The truth table will contain 2n columns for n- input circuits. Each column will be filled with 2
n
 

entries represented in binary. 
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Fig. 10 Conversion of Circuit to Truth Table from Design Entry 

As per our plan tool is also capable of processing irreversible truth table also. Hence the user of the tool will 

have the options of  truth table/ schematic design entry. 

4.3. Symmetry Analyzer 

As the RPGA structure capable of simulating only symmetric circuits, analysis of the symmetry in truth table of 

the circuit is necessary. Fig. 11 describes the symmetry analysis of irreversible truth table of a circuit. 

 

Fig. 11 Symmetry Analysis 

4.4. RPGA Structure Entry 

There are two planes in RPGA structure [6] as shown in Fig. 1. Former plane contains circuit inputs and 

complex gates like (Picton [6], Kerntopf [6]). Basically in former plane MAX/MIN out of the two inputs is 

desired. This MAX/MIN has been achieved in kerntopf gate by making third input C = 1, in picton gate by 

making C = 0, D = 1. However later plane requires copying and Feynman gates. The inputs are fed to plane one 

and outputs are taken out from later plane. For n - inputs there are 2
n 

possible combinations. Input lines are fed 

at the input of first plane. Hence required n - input lines however output is obtained at one of the output lines. 

To represent output for every symmetric function 2
n
 - 1 (for n = 4, 2

n 
- 1 = 15 ) lines in output. The tool is 
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expected to draw entire RPGA structure based on number of input lines. These lines will represent the output 

corresponding to one function. As multiple outputs are available on this structure, multiple functions can also be 

realized. 

4.5. RPGA Simulator and Output 

The simulator program will display RPGA structure assuming MAX/MIN, Copying and Feynman gate. The 

MAX/MIN Gate is derived from other complex gates but our simulator uses as MAX/MIN gate. The simulator 

takes as at input a truth table (after symmetry analysis) and highlights the outputs. 

Configuration and User mode 

RPGA simulator works into 2 modes namely  

1. Configuration Mode 

2. User Mode 

The two modes are described below: 

1) Configuration Mode 

RPGA simulator starts in configuration mode all its outputs are inactive Configuration identifies right output pin 

as per input circuit. Fig. 12 shows RPGA and Fig. 13 configured RPGA. Initially input plane, lines and output 

plane are of black color. When configured the input plane are of pink color, input and output lines are of yellow 

color, inactive blocks are of light gray color and active blocks are of orange color. In Figure there are two active 

blocks S1,3 = O1 and S2,3 = O2. 

 

Fig. 12 RPGA structure 

 

Fig. 13 Configured RPGA 

2) User Mode 

Once the RPGA is configured for desired multioutput circuit. User can apply desired inputs and get the output. 

The user can also test the output for all possible inputs through next/previous button. In Fig. 14 suppose user 
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apply input I1 = 1, I2 = 0, I3 = 0 then user can get the outputs at S1,3 = O1 and S2,3 = O2. So, for I1 = 1, I2 = 0 

and I3 = 0 output line S1,3 shows green(1) color and output line shows red(0) color. 

 

Fig. 14 User Mode 

V. USAGE AND RESULTS 

The RPGASim has been tested and the circuits realization has been verified for some benchmark suite circuits 

managed by the Maslov [10]. One of the circuit is shown in Fig. 15. 

Reversible Benchmark Circuit : 1bitadder(r32). 

 

Fig. 15 Symmetric Reversible Circuit 

5.1. Graphical User Interface 

In order to make the tool user friendly a Graphics user interface is implemented. After initial introduction screen 

two major screens namely design entry screen and RPGA screen are implemented. 

 

5.2. User Session: 

 

This section describes the step to be used for a typical realization of circuit. Suppose a user wishes to realize a 

circuit from a benchmark suite. 

 

To realize a circuit on a RPGA structure following steps are used in RPGA simulator. 

 User has to draw a schematic of a reversible circuit by selecting number of lines, gate library and time slots. 

 

Fig. 16 Design Entry of Reversible Circuit 
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 After it simulator generates irreversible truth table of circuit in truth table generator. 

 

Fig. 17 Generated Truth Table of Reversible Circuit 

 Now symmetry analysis is done in symmetry analyzer. 

 

 

Fig. 18 Symmetry Analysis of generated truth table 

 User has to develop a RPGA structure in RPGA initial mode. 

 

 

Fig. 19 RPGA structure 

 User can also enter in configured mode. 

 In RPGA user mode user can apply possible inputs of truth table and get outputs. 

After these step circuit is to be realized on RPGA structure. Next section shows the results. 

 

5.3. Results 

Circuit has been realized on a RPGA structure in RPGA simulator. Fig. 20 shows the result at the particular user 

inputs. Suppose user apply input I1 = 1, I2 = 0 AND I3 = 0. User can get the result at S1,3 for output1 and S2,3 

for output2. So, for I1 =1, I2 = 0 I3 = 0 green color indicates on at S1,3 = O1 and red color indicates off at S2,3 

= O2. 
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Fig. 20 Circuit Realization Result 

Hence we observed that the developed simulator is working well and can be used testing any circuit. 

 

VI. CONCLUSION 

In this work we propose a simulation tool RPGASim that can realize any symmetric circuit and verify the 

output. The simulator is also capable of realizing irreversible truth table on RPGA. As no platform is available 

as of now for realization of reversible circuits including RPGA, RPGA simulator will be of immense use for 

designers working in this area. Hence our tool provides a complete solution for reversible as well as irreversible 

circuits. A new structure  technique is needed to realize asymmetric functions also. A large number of copying 

gate plane lines are required in present RPGA structures. The reduction in such lines is required in improved 

RPGA structures. Presently binary valued circuits are realized in proposed RPGA structure should realize 

multivalued circuits too as a further work.  
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ABSTRACT 

A mobile adhoc network is an autonomous network that consists of nodes which communicate with each other 

with wireless channel. Due to its dynamic nature and mobility of nodes, mobile adhoc networks are more 

vulnerable to security attack than conventional wired and wireless networks.In MANET,A routing protocol 

plays important role to handle entire network for communication and determines the paths of packets. A node is 

a part of the defined network for transferring information in form of packets. If all packets transferred from 

source to destination successfully, it has been assumed that the routing protocol is good. But, an attacker turns 

this dealing as a speed breaker and turning point of a highway. One of the principal routing protocols AODV 

used in MANETs.The security of AODV protocol is influence by malicious node attack. In this attack, a 

malicious node injects a faked route reply claiming to have the shortest and freshest route to the destination. 

However, when the data packets arrive, the malicious node discards them. To preventing malicious node attack, 

this paper presents PPN (Prime Product Number) scheme for detection and removal of malicious node. 

 

I. INTRODUCTION 

  

A wireless or mobile adhoc network (MANET) is formed by agroup of wireless nodes which agree to forward 

packets for eachother. One assumption made by most adhoc routing protocols isthat every node is trustworthy 

and cooperative. In other words, if anode claims it can reach another node by a certain path or distance,the claim 

is trusted. If a node reports a link break, the link will nolonger be used. Although such an assumption can 

simplify the designand implementation of adhoc routing protocols, it does make adhocnetworks vulnerable to 

various types of denial of service (DoS) attacks,One class of DoSattacks is malicious packet dropping. A 

malicious node can silentlydrop some or all of the data packets sent to it for further forwardingeven when no 

congestion occurs. Malicious packet dropping attackpresents a new threat to wireless adhoc networks since they 

lackphysical protection and strong access control mechanism. Anadversary can easily join the network or 

capture a mobile node andthen starts to disrupt network communication by silently droppingpackets.If malicious 

packet dropping attack is usedalong with other attacking techniques, such as shorter distance fraud,it can create 

more powerful attacks,which maycompletely disrupt network communication.Other routing attacks are gray 

hole attack, worm hole attack 
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Prime Product Number (PPN) scheme is proposed to mitigate the adverse effects of misbehaving nodes. The 

basic idea of the PPNscheme is that, each node in the network has a specific prime numberwhich acts as Node 

Identity and this identity must not be changed. MANET can be organized into a number of clusters in such a 

waythat every node is a member of at least one cluster, and there will beonly one node per cluster that will take 

care of the monitoring issue,which is generally called cluster head. When any intermediatenode/Destination 

Node generates RREP packet to the Source Nodethen it has to reply with Prime Product Number i.e. the product 

ofprime numbers from destination node to the source node and someother information. If Prime Product 

Number is fully divisible andReplied information is right then declare node as trustworthy nodeotherwise Call 

the process Removal of Malicious nodes.In this paper, PPN scheme is presented in detail and evaluationof the 

PPN scheme as an add-on to the Adhoc On Demand DistanceVector Routing (AODV) protocol. 

 

III. LITERATURE SURVEY  

 

Adrian Perrig et. al. [1] developed a Rushing AttackPrevention (RAP), a generic defense against the rushing 

attack foron-demand protocols. A set of generic mechanisms that togetherdefend against the rushing attack: 

secure Neighbor Detection, secureroute delegation, and randomized ROUTE REQUEST forwarding.Author also 

describe a technique to secure any protocol using an ondemandRoute Discovery protocol. The protocols 

discussed in thispaper require an instantly-verifiable broadcast authenticationprotocol, for which we use a digital 

signature. However, anysignature used should be able to keep up with verification at linespeed, to avoid a 

denial-of-service attack. When RAP is enabled, itincurs higher overhead than do standard Route Discovery 

techniques,but it can find usable routes when other protocols cannot, thusallowing successful routing and packet 

delivery when other protocolsmay fail entirely. 

Tamilselvan et. al. [2] proposed an enhancement of the AODVprotocol by introducing fidelity table. The RREPs 

are collected in theresponse table and the fidelity level of each RREP is checked andone is selected having the 

highest level. After acknowledgement isreceived, the fidelity level of the node is updated proving it safe 

andreliable. The fidelity level of the participating nodes is updated basedon their faithful participation in the 

network. On receiving the data packets, the destination node will send an acknowledgement to thesource, 

whereby the intermediate node’s level will be incremented. Ifno acknowledgement is received, the intermediate 

node’s level willbe decremented. However, updating the fidelity table of each node bybroadcasting it to other 

nodes results in congestion and also theselection of wrong RREP from the response table cause another 

routerequest flooding. 

Vishnu K et al. [3] used the concept of Backbone network.Backbone nodes (BBN) are a group of nodes which 

are powerful interms of battery and range. Backbone network is formed with thesenodes which are permitted to 

allocate Restricted IP addresses (RIP)to newly arrived nodes. The author assumes that the environment isin 

Backbone network. When source node wants to transmit data, itasks the nearest BBN for an unused RIP. Then 

the source nodetransmits RREQ to both destination and RIP. If the source node justreceives the RREP from the 

destination, this situation means thenetwork is regular and safe. If the source receives RREP from RIP;however, 

this situation means there are black hole in this route.Therefore, the source node sends a monitor message to 

alarm theneighbor node to go into promiscuous mode and let them start tolisten the network. The source would 

send some dummy datapackets to destination. At the same time the neighbor node canmonitor the situation of 

the forwarding packets. If the packet lossof the monitored node is beyond the normal case, the neighbornode 
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would alert source node about the situation. The sourcenode would identify the monitored node as black hole 

byreceiving the responded messages of the neighbors. The network environment is assumed that the normal 

nodes are more thanthe malicious nodes. The original design of MANETs does nothave Backbone network, 

therefore this concept and method onlycan suit special environment. If we only use the method of RIP,the 

method cannot lock the black hole and remain need tomonitor and observe the suspicious node. 

Khalil et al. [4] introduces LITEWORP in which they usedthe notion of guard node. The guard node can detect 

the wormhole if one of its neighbour is behaving maliciously. The guard node is acommon neighbour of two 

nodes to detect a legitimate link betweenthem. In a sparse network, however, it is not always possible to find 

aguard node for a particular link. 

Jaydip Sen et.al. [5] described the mechanism whichmodifies the AODV protocol by introducing two concepts, 

(i) datarouting information (DRI) table (ii) cross checking. DRI table hastwo bits information which is used by 

the nodes that respond tothe RREQ message of a source node during route discoveryprocess. Each node 

maintains an additional data routinginformation (DRI) table. The process of cross checking theintermediate 

nodes is a one-time procedure which should beaffordable for the purpose of security. The source node 

broadcasts aRREQ message to discover a secure route to the destination node.The intermediate node that 

generates the RREP has to provideinformation regarding its next hop node and its DRI entry for thatnext hop. 

Upon receiving the RREP message from intermediate node(IN), source node(SN) will check its own DRI table 

to see whetherIN is its reliable node. If SN has used IN before for routing datapackets, then IN is a reliable node 

for SN and SN starts routing datathrough IN. Otherwise, IN is unreliable and thus SN sends furtherroute-request 

(FRQ) message to next-hop-node (NHN) to check theidentity of the IN. 

Saurabh Gupta et. al. [6] described a protocol BAAP foravoiding malicious nodes in the path using legitimacy 

tablemaintained by each node in the network. BAAP uses Adhoc OndemandMultipath Distance Vector 

(AOMDV) to form link disjointmulti-path during path discovery. When intermediate nodes reply tosource node, 

few nodes in the path may have multiple paths to thedestination but it eventually chooses only one path to 

destinationnode. In BAAP, each node maintains a legitimacy table to choose themost legitimate node to source 

node and next hop to destination)while sending RREP back to source node. Legitimacy table containsthree 

fields: NodeID, Pathcount and Sentcount. NodeID field storesthe IP address of the node whose legitimacy is 

being recorded.Pathcount field specifies the number of times the node has beenchosen in the route and the 

Sentcount field describes the number oftimes connection to destin0.ation have been successfull node throughthe 

NodeID. These two count field are also used to define theLegitimacy Ratio (Sentcount/(Pathcount +1)) of a 

NodeID whichindicates the confidence of node in performing its intended functionof correct routing. A higher 

legitimacy ratio means higher possibilityof a node being non-malicious. 

Piyush Agrawal et. al. [7] proposed a complete protocol todetect a chain of cooperating malicious nodes in an 

adhoc networkthat disrupts transmission of data by feeding wrong routinginformation. Proposed techniques is 

based on sending data in termsof equal but small sized blocks instead of sending whole of data inone continuous 

stream. The flow of traffic is monitoredindependently at the neighborhoods of both source and destination.The 

results of monitoring is gathered by a backbone network oftrusted nodes. With assumption that a neighborhood 

of any node inthe adhoc network has more trusted than malicious nodes, ourprotocol can not only detect but also 

remove a chain of cooperatingmalicious nodes (gray/black hole) by ensuring an end-to-endchecking between the 

transmission of two blocks of data. 
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Rutvij H. Jhaveri et. al. [8] proposed a novel approach AdhocOn-demand Distance Vector (AODV) protocol for 

Gray Hole andBlack Hole Attacks. In this proposed mechanism, an intermediatenode receiving abnormal 

routing information from its neighbor nodeconsiders that neighbor node as a malicious node. The 

intermediatenode appends the information about the malicious node in the routereply packet and every node 

receiving that reply packet thenupgrades its routing table to mark the node as malicious node. Whenrouting 

request is sent, a list of malicious node is appended to thepacket and every node receiving the packet upgrades 

its routingtable to mark the listed nodes as malicious. The proposed schemenot only detects but also removes 

malicious node by isolating it, tomake safe and secure communication. 

Black hole attack is Denial Of Service (DoS) attack on routingtraffic.In this attack, a malicious node tries to 

capture the path towarditself by falsely claiming larger sequence number and smaller hopcount to the destination 

and then absorb all data packet withoutforwarding them to destination node. Progress of a black hole attackis 

illustrated as when Source node intends to establish a route todestination node, by broadcasting route request 

(RREQ) packet.However, when black hole node (BH) receives an RREQ, itimmediately sends an RREP which 

is having larger sequence numberand smaller hop count to source node. On receipt of RREP from BH, the 

source starts transmitting the data packets, which BH simplydrops instead of forwarding to the destination. A 

black hole can beformed either by a single node or by several nodes in collusion [9]. 

A Gray hole attack is a variation of the black hole attack, wherethe malicious node is not initially malicious, it 

turns malicioussometime later. During Worm hole attack, a malicious node capturespackets from one location in 

the network and “tunnels” them toanother malicious node at a distant point which replays them locally.The 

tunnel can be established in many ways e.g. in-band and out-ofbandchannel[10]. 

The former is an exposed or open wormhole attack [11]while the latter is a hidden or close one. This makes the 

tunneledpacket arrive either sooner or with a lesser number of hops comparedto the packets transmitted over 

normal multi hop routes. Whenmalicious nodes form a wormhole they can reveal themselves or hidethemselves 

in a routing path. In general terms, an attacker that canforward ROUTE REQUESTs more quickly than 

legitimate nodes cando so, can increase the probability that routes that include theattacker will be discovered 

rather than other valid routes. 

 

III.METHODOGOLY 

 

In MANETs, routing misbehavior can severely degrade theperformance at the routing layer. Specifically, nodes 

may participatein the route discovery and maintenance processes but refuse toforward data packets. How do we 

detect such misbehavior? How canwe make such detection processes more efficient (i.e., with lesscontrol 

overhead) and accurate (i.e., with low false alarm rate andmissed detection rate)? Prime Product Number (PPN) 

scheme is proposed to mitigate the adverse effects of misbehaving nodes. The basic idea of the PPNscheme is 

that, each node in the network has a specific prime numberwhich acts as Node Identity and this identity must not 

be changed. MANET can be organized into a number of clusters in such a waythat every node is a member of at 

least one cluster, and there will beonly one node per cluster that will take care of the monitoring issue,which is 

generally called cluster head. When any intermediatenode/Destination Node generates RREP packet to the 

Source Nodethen it has to reply with Prime Product Number i.e. the product ofprime numbers from destination 

node to the source node and someother information. If Prime Product Number is fully divisible andReplied 

information is right then declare node as trustworthy nodeotherwise Call the process Removal of Malicious 
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nodes.In this paper, PPN scheme is presented in detail and evaluationof the PPN scheme as an add-on to the 

Adhoc On Demand DistanceVector Routing (AODV) protocol.  

In PPN scheme,every Cluster head node maintains the neighbor table which is usedo keep information about all 

the nodes In the path discovery of PPNscheme, an intermediate node will attempt to create a route that doesnot 

go through a node whose replied information is wrong and PPNis not fully divisible. Therefore, malicious nodes 

will be graduallyavoided by other non-malicious nodes in the network. 

  

3.1 RREQ Packet  

 

Type 

 

J 

 

R 

 

D 

 

G 

 

U 

 

Reserved 

Hop 

Count 

RREQ ID 

Originator IP Address 

Originator Seq Number 

Destination IP Address 

Destination Seq Number 

Figure 3.1 RREQ Packet in PPN 

 

3.2 RREP Packet 

In the proposed scheme RREP has additional Node ID, PrimeProduct Number and Cluster Head Node ID of 

NRREP fields shown inFigure 2. Node ID field is used to store ID of NRREP , Prime productnumber is used to 

store the prime product of all the nodes fromdestination to source in the path and cluster head node ID of 

NRREPfield contains the cluster head Node ID of the node which originatesthe RREP. 

Type R A Reserved Prefix Size Hop Count 

Source IP Address 

Destination IP Address 

Destination Seq Number 

Life Time 

Node ID Prime Product Number Cluster Head Node ID 

Nrrep 

Figure3.2 RREP Packet in PPN 

 

3.3 NeighbuorsTable 

In PPN scheme each cluster head maintains a neighbor tablewhich is used to keep information about all the 

nodes as shown inTable 1. Neighbor table contains two fields Node ID and ClusterHead Node ID. Each node in 

the network has a specific primenumber which acts as Node Identity and this identity must not bechanged. 

Every node is associated with a Cluster Head into thenetwork. Each node’s ID and its Cluster Head ID are 

stored into thetable. 

TABLE 3.3 :Neighbor Table  
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Node ID Cluster head node ID 

 

The proposed scheme relies on reliable nodes (nodes through which source has routed data previously and 

knows them to be trustworthy) to transfer data packets. The algorithm for the proposed mechanism is depicted 

in Fig. 4.3 and Fig 4.4 In the modified protocol, the source node (SN) broadcasts a RREQ message to discover a 

secure route to the destination node. The intermediate node (IN) that generates the RREP has to provide 

information regarding its cluster head and product of all prime numbers from destination to source node in the 

form of Prime 

Product Number (PPN). Upon receiving the RREP message from IN, SN with the help of its cluster head (CH) 

will divide the PPN with the Node IDs stored in neighbor table at CH to see whether IN is its reliable node. If 

SN finds that IN replied information is right and PPN is fully divisible, then IN is a reliable node for SN and SN 

starts routing data through IN. Otherwise, IN is unreliable and thus SN calls the malicious node removal process 

and Subsequently SN ignores any other RREP from the malicious node. 

 

3.4 Algorithm to Detect Malicious Node Attack in MANET’s 

Notation : 

MN: malicious node   NRREP :RREP from an intermediate node 

1. Begin 

2. For (source node) 

3. { 

4. Broadcast RREP packet to every neighbor node 

5. Receive RREP 

6. RREP will be choose among various reply having largest sequence number &minimum hop count and all 

other RREP buffered at originating node 

7. Process RREP 

8. } 

9. If (prime product team if fully divisible && replied info is right ) 

10. Declare node as trustworthy node 

11. Else 

12. { 

13. Declare NRREP as MN 

14. Call removal of malicious node(); 

15. } 

 

 

3.5 Removal Process of Malicious Nodes and Algorithm to Remove Malicious Nodes from 

MANET’s  

1) Cluster Head Node 5 adds Malicious Node M to themalicious list. Now, Node 5 broadcasts the malicious list 

tothe whole network 
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CH : Cluster Head     MN: Malicious node 

1. Begin 

2. Respective CH adds MN to malicious node 

3. Broadcast this list to the whole network 

4. All nodes of the network after getting the malicious list finds the node ID’s of the malicious node in 

their table. 

5. Each node flushes all the enters related to these node ID’s from the respective tables 

6. End 

 

Figure 4.5 Network Topology of PPN Scheme 

2) All nodes of the network after getting the malicious listfinds the Node M in their tables and each node flushes 

allthe entries related to Node M from the respective tables. 

 

V. CONCLUSION 

 

In this paper, A security protocol has been proposed that can be utilized to identify malicious nodes in aMANET 

and thereby identify a secure routing path from a source node to a destination node avoiding the malicious 

nodes(i.e Prime Product Number (PPN) scheme is proposed to mitigate the adverse effects of misbehaving 

nodes. The basic idea of the PPN scheme is that, each node in the network has a specific prime number which 

acts as Node Identity and this identity must not be changed). As future work we intend to include that the 

proposed security mechanism may be extended so that it can defend against themalicious nodes which are 

present inside the clusters. The nextstep is to simulate more scenarios in which more complicatedmisbehaviors 

exist and other metrics need to be measured suchas latency and end-to-end delay. 
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ABSTRACT—The paper deals with the study of Tunneling in a sensitive area with shallow overburden in 

which the ground settlement is inevitable. This project discussed the interaction between twin parallel tunnels 

with various soil layers and the actual distance between the tunnel. The objective of this study is to determine 

the magnitude of ground settlement induced by the interaction between a twin parallel tunnel and the various 

layers of soil and then to determine the actual spacing that must be provided between the tunnel inorder to 

reduce the stress acting over it. The surface settlement is caused by a combination of ground loss at the tunnel, 

which includes the ground loss at the tunnel face, convergence of the tunnel opening and the closure of the 

physical gap between the concrete lining. The magnitude of intensity and extension of settlement significantly 

depends on several factors such as physical, mechanical and hydraulic properties of the interested rock/soil 

formation, geomorphologic condition, tunnel overburden, tunnel cross-sectional area, excavation methods and 

construction phases. Thus, study on this problem is crucial in order to predict the amount of ground settlement 

to enable preventive measure can be taken when and where necessary during the tunnel excavation. The result 

shows a different value of ground settlement at different spacing between the tunnels. With the help of pipe roof 

supports the deflection and stress intensity can be decreased, thus improves the lifetime of the tunnel The result 

obtained delivers a great portion of engineering justification that may help engineer to make important decisions 

during the planning, design and construction stages of tunnels with shallow overburden The modeling and 

analysis was carried out with the help ofANSYS Workbench 14.5 software.  

 

Keywords—Ground settlement, Actual spacin, Preventive measures, Various soil layers . 

 

I. INTRODUCTION 

The construction and use of tunnels can be considered one of the most important features of civilization in 

developed nations. It became one of the necessities of life. It is found that tunnels effectively helped in the 

consistency and fluency of traffic as means to carry passengers from one place to another, particularly in over-

populated cities. There are variety of uses for tunnels used in the purposes of security and industry. They can be 

constructed under dams and reservoirs and water canals to transport water and to move electric turbines One of 

the challenges is to construct tunnel under a sensitive area with shallow overburden in which the ground 

settlement is inevitable. This project discussed the various appropriate shapes of tunnel that must be provided in 

the respective soil profile and the interaction between twin parallel tunnels with various soil layers and the 
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actual spacing between the tunnel and the tunnel supports parameters that provide information on ground 

settlement prediction. The objective of this study is to determine the magnitude of ground settlement induced by 

the interaction between a twin parallel tunnel with various layers of soil and when the twin tunnel issupported 

by a method called pipe roof system and then to determine the actual spacing that must be provided between the 

tunnel inorder to reduce the stress acting over it. The system acts as a support to protect the above ground 

structure during tunnel excavation with different horizontal spacing at a constant depth of 10 m. Composite 

beam is designed to represent the pipe roof system which consists of steel pipes, grout infill and rock properties 

that were combined using weighted averages and an equivalent rock mass strength derivation. Pipe roof is one 

of the tunnel support system used during a shallow tunnel construction. The installation of the support utilizes 

the area around the crown and sides of the tunnel wall. It acts as a temporary reinforcement to enhance the soil 

structure before any excavation being held. However, excavation of shallow tunnel normally leads to 

unavoidable amount of surface settlement especially in the excavation of soft soil formation and weathered 

weak rocks. The surface settlement is caused by a combination of ground loss at the tunnel, which includes the 

ground loss at the tunnel face, convergence of the tunnel opening and the closure of the physical gap between 

the concrete lining. The magnitude of intensity and extension of settlement significantly depends on several 

factors such as physical, mechanical and hydraulic properties of the interested rock/soil formation, 

geomorphologic condition, tunnel overburden, tunnel cross-sectional area, excavation methods and construction 

phases . These problems become more critical when excavation performed below an urban or congested area 

where the interaction between the tunnel and buildings foundation is crucial. The dynamic loads created by 

moving objects add an extra displacement above the excavated tunnel due to the densification or swelling effect 

of the overburden. Thus, study on this problem is crucial in order to predict the amount of ground settlement to 

enable preventive measure can be taken when and where necessary during the tunnel excavation. The result 

shows a different value of ground settlement at different spacing between the tunnels .The result obtained 

delivers a great portion of engineering justification that may help engineer to make important decisions during 

the planning, design and construction stages of tunnels with shallow overburden.ANSYS is a powerful 

numerical simulation tool for analysing a structure and calculating its stresses and deformations. It comes handy 

in the static and dynamic analysis. In-situ stresses exist in the ground prior to any excavation, which is one of 

the major influential factors for underground construction. The tunnel is considered as a thin cylindrical opening 

in an infinite medium of soil mass. Non-linearity in a FEM tool like ANSYS can be simulated with the help of 

some soil models. This element can be used as a plane stress, plane strain or as an axi-symmetric element. It is 

also useful for concrete applications like reinforced composites such as fiberglass .The primary reason for 

ground movements above the tunnel, also known as surface settlements or settlement trough is convergence of 

the ground after excavation, which changes the in situ stress state of the ground and results in stress relief 

.Short-term settlements usually occur during or after excavation within a certain period of time by assuming that 

the soil is in the state of dominant undrained condition. In long-term settlements, the conditions are mostly due 

to creep, stress redistribution, consolidation of soil after underground water drained, and elimination of pore 

water pressure inside the soil; thus, it may take a few months to a few years to reach stabilized level. The 

underground are so unique in many ways that engineer will face new challenges and obstacles in monitoring the 

quality of the underground condition in their routine works. Generally most tunnel design and construction are 
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based on the observational design and construction method which was widely applied in most of the 

underground construction throughout the world besides having individuals with different experience on site. 

 

1.1Twin tunnel 

 

Various twin tunnels have various purposes and shapes according to the soil profile and their characteristics . 

The twin tunnel are opted when there is adequate amount of land available and of various conditions like both 

railway and road ways. Fig. 1 shows an example of twin tunnel. Fig.2.3.4. refers to the various schematic 

diagrams of circular, elliptical and rectangular with circular arch tunnel. These diagrams point us towards the 

exact idea of the dimensions, various components and the exact requirements of tunnels during construction. 

 

Fig. 1:twin tunnel 

 

1.2 Various shapes  

 

 

Fig. 2: outline of circular tunnel                                                        Fig. 3: outline of elliptical tunnel 

 

 



 

842 | P a g e  

 

Fig. 4: outline of rectangular with circular arch tunnel 

1.3 Objectives of present study: 

 

1) To reduce the maximum combined stress, bending moment, torsion and shear force acting on the tunnel by 

analyzing various shapes of tunnel and selecting the suitable shape for the tunnel. 

2) After selecting the suitable shape, the various spacing between the tunnelsare analyzedinorder to reduce the 

displacement and axial force. 

3) Pipe roof supports are used during the construction stage and of which diameter pipe will be suitable for 

decreasing the equivalent stress and deformations are analyzed.   

 

1.4 Soil strata and properties 

 

Table 1: Details of soil profile 

 

Layers and its depth(m) Density 

(Kg/m
2
) 

Young’s 

modulus 

(N/m
2
) 

Poisson’s 

ratio 

Clayey sand 

0 to 3.2m 

2000 3.25*10
8 

0.3 

Sand +Gravel 

3.2 to 8m 

1900 3.25*10
8 

0.3 

Silty Sand + Gravel 

8 to 28.5m 

2000 4.08*10
8 

0.3 

Hard rock 

>28.5 

2000 5.23*10
8 

0.2 

 

II. Modeling of the tunnel 
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2.1 Based on shape  

 

The entire work  based on shape consists of three models of various shapes and they are analyzed .These various 

shapes of tunnel ,circular elliptical rectangular with circular arch tunnel are meshed ,supports are provided and 

then the loads are applied. The load on the first layer is due to traffic or various dead loads and is taken as  

6kN/m2 .The bottom layers are subjected to hydrostatic pressures and a value of 29.43KN/m3 is applied for the 

second layer and 166.67KN/m3 for the third layer. As fourth layer lies below the tunnel, its hydrostatic pressure 

will not affect the tunnel. The thickness of concrete lining provided is 280mm with a young’s modulus of 

3e10N/m2 and a Poisson ratio of 0.2. As the tunnel is below the earth surface they are supported by fixed 

supports. Theelement selected are BEAM 188 for the concrete lining and SHELL 181 for the soil 

profile.Fig.5.6.7. refers to the circular, elliptical and rectangular with circular arch tunnel after meshing and 

various loads are applied to various layers of soil profile   The meshing done was hybrid meshing as it consists 

of both hexahedron meshing and tetrahedron meshing. Results of analysis of various shapes are shown in Table 

2.  

 

 

Fig. 5:modelled circular tunnel Fig. 6: modelled elliptical tunnel 

 

 

 

Fig. 7:modelled rectangular with circular arch tunnel 
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Table 2:  Analysis of various shapes 

Shapes 

 

Shear 

force 

(n) 

 

Bending moment 

(n.m) 

 

Maximum 

combined stress 

(pa) 

 

Torsion 

(n.m) 

 

Circle 

 

1.6454x10
5
 

 

2.4713x10
5
 

 

1.7824x10
6
 

 

5.2298x10
-4

 

 

Ellipse 

 

2.524x10
5
 

 

4.1002x10
5
 

 

2.7753x10
6
 

 

3.1805x10
-4

 

 

Rec with circular arch 

 

1.0124x10
5
 

 

1.2198x10
5
 

 

1.1368x10
5
 

 

5.8073x10
-5

 

 

 

 

2.2 Based on spacing 

From the results obtained from the Table 2, we have concluded that rectangular with circular arch tunnel has the 

minimum shear force ,bending moment, maximum combined stress and torsion, thus rectangular with circular 

arch tunnel has been selected. Spacing has been provided between the twin tunnel, by taking in account of the 

diameter of the tunnel. Diameter of the tunnel is 6440 mm, thus the spacing provided is 0d, 0.5d, d, 2d and 

4d.Fig.8.9.10.11.12. refers to the various spacing provided in rectangular with circular arch tunnel The various 

spacing provided between the rectangular with circular arch tunnel has been analyzed. Results of various 

spacing are shown in Table 3. 

 

Fig. 8: 600 mm spacing between the tunnelsFig .9: 3200mm spacing between the tunnels 
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Fig .10: 6440 mm spacing between the tunnelsFig .11:12880 spacing between the tunnel 

 

 

Fig .12: 25760 mm spacing between the tunnel 

 

Table 3:  Analysis of various spacing 

 

SPACING 

    (mm) 

 

AXIAL 

FORCE 

(N) 

 

DISPLACEMENT 

(m) 

 

600mm 

 

80796 

 

1.2066x10
-3

 

 

3200mm 

 

68507 1.1889x10
-3

 

 

6440mm 

 

70283 1.1578x10
-3

 

 

12880mm 

 

67949 1.0992x10
-3

 

 

25760mm 

 

15839 8.5349x10
-4
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2.3 Based on pipe roof supports 

Due to the presence of unexpected sandy strata in the course of tunnelling, heavy soil inflow resulted which lead 

to the failure of tunnel at that region. Further tunnelling requires a suitable pre- supporting system to avoid the 

soil inflow during underneath excavation. Pipe roofing is one such pre supporting system which was found to be 

most effective with regard to the weak ground conditions of the site. In this system, steel pipes of specific 

diameters (ranging from 89mm to 200mm) and length 6m to 9m are installed at the crown of the tunnel. 

Grouting is done in the annular gaps of the pipes and between the ground and pipes. Considering the structural 

action, it is a pre-support system with longitudinal beam action in the direction of tunnel excavation. Installed 

steel pipes are interconnected to form a roof-like structure, called a pipe roof, above the tunnel excavation. In 

soil ground condition, pre reinforcement of the core which has to be excavated, using longitudinal steel pipes 

grouted into the ground, allows the excavation of tunnels in very difficult ground conditions. 

Inorder to suggest a suitable diameter and length for the pipes to be used in the system, pipes of different 

diameters 101.6, 152.4 mm and length 6m were analysed for the same loading condition using ANSYS 

Workbench 14.5. The analysis was carried out and the diameter showing minimum deformation on loading was 

finalized for using in the system. 

 

Fig .13: pipe roof support of 101.6 mm dia pipe                  Fig .14:pipe roof support of 152.4 mm dia pipe 

Table 4:  Analysis of various pipe diameters 

 

Pipe diameter 

(mm) 

Length of 

the pipe 

(mm) 

Deformation 

(m) 

Equivalent 

stress 

(Pa) 

101.6 6000 .0046045 4.5502x10
8 

152.4 6000 .014869 4.662x10
8 

 

III. RESULTS AND DISCUSSIONS 

The present study is to compare the various shapes of tunnel and the suitable shape is selected and the spacing 

has been provided and they are analysed.Pipe roof supports are used during construction to avoid the chance of 

failure due to the presence of sandy strata.The analysis were carried out for diferent models and the results are 

presented in the form of graphs are presented here. 
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3.1 Based on shape 

 

 

Graph .1:comparison  of maximum combined stressGraph .2: comparison  of  bending moment for various 

shapesfor various shapes 

 

 

Graph .3: comparison  of  torsion  for various shapesGraph .4: comparison  of shear force  forvarious  

shapes 

 

3.2 Based on spacing between the tunnel 

 

Graph .5: comparison  of  displacement  for various Graph .6: comparison  of  axial force for various  

                  spacing                                                                              spacing 
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3.3 Based on the pipe roof support 

 

Graph .7:comparison  of  equivalent  stress for        Graph .8: comparison  of deformation for various pipe                

various pipe roof diameters                                                            roof diameters 

 

IV. CONCLUSIONS 

 

In this study an effort was taken to compare the various shapes of tunnel and the suitable shape selected ,spacing 

has been provided between the tunnel and they are analysed .Pipe roof supports are used of suitable diameter has 

been used inorder to reduce the deformation and equivalent stress . Following are the conclusions obtained from 

the graphs by comparing various shapes and the spacing provided  between them and also the various diameter 

of the pipes. 

1) From the result obtained from the analysis, maximum combined stress, bending moment, torsion and shear 

force acting on the tunnel is reduced by analyzing various shapes of tunnel and from that result suitable shape 

for the tunnel was rectangular with circular arch tunnel 

2) After selecting the rectangular with circular arch tunnel, the various spacing between the tunnel are analyzed 

and the axial force and vertical displacement has been reduced when the spacing is at the maximum. 

3) Pipe roof supports are used during the construction stage and pipe diameter of 101.6 has minimum 

deformation and equivalent stress and when the diameter increases the deformation and equivalent stress is 

gradually increasing.   
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Abstract - Concrete is by far most useful material for building construction in the world and in last decades 

reinforced concrete structures has played an important role in construction industry. Providing strength, stability 

and ductility are major purposes of seismic design. It is necessary to design a structure to perform well under 

seismic loads. In this paper linear analysis is carried out for high rise R.C building with different pattern of 

bracing system. The shear capacity of the structure can be increased by introducing Steel bracings in the 

structural system.  Especially the use of bracings in an RC  building increases the seismic performance of the 

building and it can be used for retrofitting for buildings which are structurally weak. There are „n‟ numbers of 

possibilities to arrange steel bracings such as Diagonal, X, K, V, Inverted V or chevron and global type 

concentric bracings. A typical 9 story building is designed for various types of concentric bracings like 

Diagonal, V, X, ZX, INVERTED V, ZIPPER and Performance of each frame is carried out through linear static 

analysis. In this project the buildings aspect ratios are changed and purposefully the sections of the building are 

kept same for all aspect ratio so that it will help us to study the effect bracing on building with inadequate 

sections. Three types of sections i.e. ISMB, ISMC and ISA sections are used to compare for same patterns of 

bracing. Effect of each bracing are analysed and compared . This project also helps to study chances of 

retrofitting of  buildings using steel bracings   

 

Keywords: Linear Analysis, R.C Frames with Different Types of Concentric Bracings. 

 

I. INTRODUCTION 

Earthquake is a natural phenomenon, which is created in earth‟s crust. Period of earthquake is normally pretty 

short, enduring from few seconds to over a minute or so. This duration, the building experiences vibration due to 

the forces which are acting . Major loss due to earthquake ground motion was mainly building collapse or 

damages. Due to earthquake, the structure base perceives high-frequency movements, which affects inertial 

forces of the structural or non-structural components. The force is generated by the building's trend to remain at 

rest and at its original position, while the ground underneath is moving. The estimation of the seismic exposure 

of buildings is a very complex issue caused by the non-deterministic features of the seismic act and the necessity 

for an exact expectation of the seismic reactions for levels away from conventional linear performance.   
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Horizontal strength has constantly been a main issue of structures generally in the areas with high earthquake 

vulnerability, later this problem has been examined and eccentric, concentric and knee bracing systems have 

been proposed and as a result these systems were implemented by the civil engineers. Inelastic performance is 

one of the main issues impelling the choice of bracing systems. The bracing system that has a more plastic 

distortion before collapse can consume more energy during the earthquake.   

Seismic Analysis is a subdivision of structural analysis and is the computation of the response of a structural and 

non-structural component to earthquakes. It is fraction of the course of structural design, earthquake engineering 

or structural estimation and retrofit in areas where earthquakes are predominant. Providing stability, strength 

and ductility are major expectations of seismic design. 

There are three causes of weaknesses in a building, which have to be reported for by the retrofitting engineer:   

1. Insufficient design and detailing   

2. Deterioration of material with time and use   

3. Damage due to earthquake or other catastrophe.   

Studies conducted in this paper is:  

 To perform linear static analysis of the bare  frame and in terms, base shear carried, roof displacement and 

performance point of the structures for varying aspect ratios.  

 To study the effect of different aspect ratios on performance of different steel  frame structures such as X 

bracing, Inverted V bracing and comparing the  results with bare frame structures.  

 To study the effect of aspect ratio for different bracings.  

 To study the effect of bracings for buildings with inadequate structure. 

 

II. RECENT RESEARCH WORK 

Khan and Khan, (2014) studied on the typical 15th – story regular steel frame building with different pattern of 

bracing system. This building is designed for various types of concentric bracings like V, X, Diagonal and 

Exterior X and performance of each frame is carried out through nonlinear pushover analysis. Three types of 

sections i.e.ISA, ISMC, ISMB are used to compare for same patterns of bracing. From the results, it was found 

that due to bracing in both direction base shear carrying capacity for V,X, Diagonal, increases up to 40-50% as 

compared to bare frame model and displacement at roof level reduced up to 70-80%, where for both the cases 

Exterior Xbrace showed better results than other braces. Exterior X brace model have increased performance 

level compared to other types of bracing models. ISMB sections gives more stiffness and better performance 

point compared to angle and channel section for similar type of brace. 

Madhusudan et al., (2014) studied on the effect of a provision of concentric bracings on the seismic 

performance of the steel frames and they considered the two different types of concentric bracings (viz. X and 

inverted-V type bracing) for the different storey levels. For this purpose, ETABS, Finite Element software has 

been used and the comparison between the performances of 1- bay X and inverted–V type and bare frames is 

made using pushover curves. To analyse the seismic performance of the frames they considered base shear, roof 

displacement and the number of hinges formed. Observation showed that steel bracing can be used as a retrofit 

for the existing structure. They found that inclusion of bracing increased the base shear capacity and decreased 

the roof displacement and also reduced the inter story drift. The lateral storey displacements of the building are 
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reduced by the use of inverted-V bracing in comparison to the X bracing system. Steel frames with insufficient 

lateral stiffness can be retrofitted with braces. 

Maddala, (2013) studied on the seismic performance of a typical six story steel frame building with different 

types of eccentric bracing i.e. D, V and K as per the Indian code IS 800- 2007. Performance of each frame is 

carried out through nonlinear pushover analysis using Seismostruct software and conclusions were drawn based 

on these results. They observed that shear capacity of the structure can be increased by introducing steel bracing 

in the structural system and bracing can also be used asretrofit. It was found that bracing arrangement in D and 

K family showed better performance than other bracing system. 

Golghate, Baradiya and Sharma, (2013) aims to evaluate reinforced concrete building seismic zone –IV is 

designed and constructed based on code IS- 456-1978 and revised code IS-1893-2000 and performance of each 

frame is carried out through nonlinear static analysis. Pushover analysis is carried out for a four story RC 

building and results were drawn out from these analysis. This analysis gave the results based on plastic hinges, 

performance of the building, pushover curves and capacity spectrum. It was found that hinges developed in 

beams and columns in three stages i.e.  Immediate occupancy, Life safety and collapse prevention level. This 

analysis gave the picture of more accurate seismic performance of the structural/ non structural damage element. 

Pranamya, (2013) shaped a comparative study on an existing RC frame structure with and without considering 

infill stiffness for the 2D and 3D models in which the slabs were modelled as membrane with rigid diaphragms, 

membrane with semi rigid diaphragms, shell element and without any diaphragms using static nonlinear 

pushover analysis. Infill frames modelled based on equivalent strut approach. Non-linear pushover analysis was 

performed considering moderate seismic zone (ZONE-III) of India. From the analysis result, it was found that 

the bare frame and the infill frame with slab modelled as a shell element showed better performance in resisting 

base shear but relatively weak in showing the ductile behaviour compared to other model considered. When 

evaluating the post elastic behaviour of the bare frame with infill frames, it was found that the infill frame is 

showing better performance in terms of resisting base shear but weak in exhibiting the ductile behaviour since 

the open ground floor exhibiting the soft story effect. 

Uva et al., (2012) studied on masonry infill section to overall seismic resistance of structure and modelled the 

infill section as equivalent strut of width bw by different mathematical models together with the nonlinear force 

displacement relationship and the result were compared. They also considered the effect of single and multiple 

struts on the performance of the building. They have concluded that infill panels simulated with wide struts are 

characterized by a brittle behaviour whereas lower values of „bw‟favor a ductile behaviour. They have also 

concluded that it assess the actual seismic performance of the framed structure in the presence of infill it is 

evident to do the experimental investigation for the realistic assessment of masonry mechanical parameters to be 

introduced in the strut models and it is crucial to adopt multiple strut systems to assess the local shear failure in 

the column during the interactive behaviour of masonry with the frame. FEMA 356 (2000) recommends the 

elastic in-plane stiffness of a solid unreinforced masonry infill panel prior to cracking may be represented with 

an equivalent diagonal compression strut of width, Weff, given by equation below. The equivalent strut shall 

have the same thickness andmodulus of elasticity as the infill panel it represents. 

Weff =   0.175( h hcol )-0.4 rm 

Where,   h =  (Em t sin2ø)/(4 Ec Ic hm ) 
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Where hcol is column height between centre lines of beams, hm is height of infill panel, Ec is modulus of 

elasticity of frame material, Em is expected modulus of elasticity of infill material, Ic is moment of inertia of 

column, rm is diagonal length of infill panel,ø is Angle whose tangent is the infill height-to length aspect ratio, 

radians. t is the thickness of infill panel. 

Fiore et al., (2012) discussed the results of the nonlinear static assessment performed for two RC existing 

buildings located in a high seismic hazard area. Both building are characterized by regularity in plan and 

elevation, but while the first one is a low rise construction, the second one is relatively tall (7-storey). For the 

two case studies, moreover, a complete investigation protocol was previously carried out, providing detailed 

experimental information about the materials. Numerical analyses were performed by using spatial models, both 

for the bare frames and for the infilled frames, in order to appraise the variation of the structural capacity 

because of the interaction of the infills with the RC elements. It was found that the presence of „„strong‟‟ infill 

panels can substantially alter the post-elastic behaviour of the framed building and the actual collapse 

mechanisms that are activated. For the high rise building the influence of infill increases the stiffness but 

reduces the ductility whereas for the low rise building the reduction in the ductility is very negligible. They have 

also found that the theoretical framework provided by the quadri-linear   is well fitted for the analyses of single 

frames, whereas some variation are encountered in the 3D analyses, where the interaction among infilled and 

frames prevents the formation of the ideal softening branch. 

Leslie, (2012) explained the pushover analysis of RC frame in simple approach by illustrating with one 

example. He also explained about hinges, acceleration displacement response spectra in simple manner and also 

selection seismic coefficient CA and CV values for different types of soil considered as per code IS 

1893(2002).Finally he has given the limitations of pushover analysis. 

Sangle, Bajoria and Mhalungkar, (2012) compared the results of seismic analysis of high rise steel building 

with different pattern of bracing system and bare frame model and the linear time history analysis is carried out 

with different pattern of bracing system for Northridge earthquake. Natural frequencies, fundamental time 

period, mode shapes, inter story drift and base shear are calculated with different pattern of bracing system. 

Further optimization study was carried out to decide the suitable type of the bracing pattern by keeping the inter-

story drift, total lateral displacement and stress level within permissible limit. They concluded that bracing 

element will have very important effect on structural behaviour under earthquake effect and it also showed 

better results in terms of Base shear and Displacement at roof level. 

Vijayakumar and Babu, (2012) estimated the behaviour of G+2 reinforced concrete bare frame subjected to 

earthquake forces in zone III. The reinforced concrete structures were analysed by nonlinear static analysis 

(Pushover Analysis) using SAP2000 software. It was found that the pushover analysis is a simple way to 

explore the nonlinear behaviour of the buildings. The results obtained in terms of pushover demand, capacity 

spectrum and plastic hinges gave an insight into the real behaviour of structures. The existing building designed 

and constructed using IS-456-1978 and analysed as per IS-1893-1984 and is found inadequate in code IS-1893-

2000 provisions. Most of the hinges have developed in the beams in the form of immediate occupancy, Life 

safety, Collapse prevention and few in the columns. The column hinges have limited the damage. Some of the 

beams have reached ultimate moments which have to be strengthened and improved by the performance of the 

structures. 
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Kamath et al., (2012) investigated the behaviour of various models of reinforced concrete moment resisting 

frames with soft story at different floor levels. They found that as the location of soft story moves from ground 

floor to top floor, the displacement at the top most floor level reduces significantly and it also shows that 

bending moment and shear forces in the soft storey columns gradually reduces for both dynamic and equivalent 

static analysis. The most critical location of soft storey is the first storey level. For the location of soft storey 

between first to fourth storey the maximum bending moment in the column follows an increasing trend with 

peak acceleration in the time history. Infill increases lateral resistance and stiffness of the frames, so they appear 

to have a significant effect on the reduction of the lateral displacement. 

Poluraju and Nageshvara., (2011) assessed the performance of framed buildings under future expected 

earthquakes using a non-linear static pushover analysis. For this purpose G+3 building was considered for the 

analysis. Observations showed that properly designed frame will perform well under seismic loads. The 

nonlinear behaviour of the buildings is easily explored using Pushover analysis and gave better understanding of 

real behaviour of the structures. It was found that the hinges developed more in the beams than the columns, 

thereby column had limited damage. 

Kadid and Yahiaoui, (2011) examined the seismic behaviour of RC buildings strengthened with different types 

of steel braces, X-braced, inverted V braced, ZX braced, and Zipper braced and nonlinear pushover analysis is 

carried out. For the analysis purpose they considered three and six story RC building with different patterns of 

bracing system with different cross sections as mentioned above. Conclusions showed that adding braces 

influenced the global capacity of the buildings in terms of strength, deformation and ductility in comparisons 

with no bracing. They found that the X and Zipper bracing systems performed better than other braces 

depending on the type and size of the cross section. 

Dolsek et al.,(2008) studied the effect of masonry infill on the seismic response of a four-storey reinforced 

concrete frame using pushover analysis and the inelastic spectrum approach. Authors concluded from the 

analysis results that the infill can completely change the distribution of damage throughout the structure. Also 

they concluded simple modelling with equivalent diagonal struts, which carry loads only in compression, are 

able to simulate the global seismic response of the in filled frames, and is suitable for practical applications. 

Mehmet and Ozmen, (2006) examined the possible asymmetry in the result of nonlinear static analysis 

(pushover analysis) due to default and user-defined nonlinear component properties in SAP 2000. Four and 

seven story buildings were considered to represent low and medium rise buildings for this study. Conclusions 

showed that plastic hinge length and transverse reinforcement spacing had no access on the base shear capacity 

while these parameters have considerable access on the displacement capacity of the frames. Illustration trace 

out that an increase in the amount of transverse reinforcement improves the displacement capacity. The 

observation openly showed that user-defined hinge model is better than the default-hinge in imitating nonlinear 

behaviour appropriate with the element properties. However, if the default-hinge model if approved due to 

easiness, the user should have clear idea about what is provided in the program and should avoid the misuse of 

default-hinge properties. 

Moghaddam and Hjirasouliha, (2005) examines the ability of the pushover analysis to measure the seismic 

deformation demands of concentrically braced steel frames. Accuracy of the pushover analysis has been 

documented by conducting non linear dynamic analysis on 5, 10 and 15 story frames subjected to 15 synthetic 
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earthquake records characterizing a design spectrum. It is laid out that pushover analysis with proposed lateral 

load pattern adds suspicious estimates of inter-story drift. To overcome this inability, an abridged analytical 

model for seismic response prediction of concentrically braced frames is proposed. In this access, a multi-storey 

frame is cut down to an equivalent shear building model by carrying out a pushover analysis. A conventional 

shear-building model has been refitted by introducing added springs to report for flexural displacements in 

extension to shear displacements. It is laid out that refitted shear-building models have a superior estimation of 

the nonlinear dynamic response of real framed structures in comparison to nonlinear static procedures. 

 

III. DESCRIPTION OF RC FRAMES BUILDING 

In the present study, a 2- bay two dimensional steel frame structures with and without bracing systems with 

different aspect ratios ranging from 2.0 to 3.75 has been modelled and analysed using ETABS. Bracings 

considered for the study are X braced, V bracings Inverted V bracings, ZX bracings, and Zipper bracings. In the 

first part frame sections with same sections are considered for the study, for maximum strength required for 

beam and column. The building consists of G+9 stories. For simplicity all columns are assumed to be fixed at 

the base. The height of each floor is 3.0m. The sizes used for beam is 250 x 300, column is 300 x 300 and that of 

bracing is ISMB100. 

Table1. Different Aspect Ratios

ASPECT RATIO HEIGHT OF BUILDING(m) BASE WIDTH(m) 

2 30 15 

2.5 30 12 

3 30 10 

3.75 30 8 

 

IV. LOAD APLLIED FOR THE STRUCTURE FOR ANALYSIS 

 Live load on floor is taken as 3kN/m2 and on roof is 1.5kN/m2. Floor finish on the floor is 1kN/m2. 

Weathering course on roof is 2kN/m2. In the seismic weight calculation only 25% of floor live load is 

considered. The building is steel moment resisting frame considered to be situated in seismic zone V . The 

medium type of soil is considered in the analysis. . The code used for assigning earth quake is IS 1893 2002. 

The structure is assumed to be at zone V to get the maximum response of the structure due to earth quake. 

 

V.MODELS CONSIDERED FOR THE ANALYSIS 

Aspect ratios considered in the study are 2.0, 2.5, 3.0 and 3.75 respectively.   

Following 44 base models for sections were considered for the two dimensional analyses are shown   

Considering all the aspect ratios  

i.     Bare Frame 

ii.    One Bay X Braced Frame 

iii.   Two Bay X Braced Frame 

iv.   One Bay  V Braced Frame 

v.    Two bay V braced frame 
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vi.   One bay ZX braced frame 

vii.  Two bay ZX braced frame 

viii. One bay inverted v bracing 

ix.   Two bay inverted v bracing 

x.    One bay zipper bracing 

xi.   Two bay zipper bracing 

 The buildings were structurally in adequate except building with aspect ratio 3.75. 

All other section are failed when bare frames are analysed. This results will help us to compare the values before 

and after braces were introduced and how much the bracings strengthens the building without failing. 

              

Fig 1. Bare Frame     Fig 2. One Bay X Bracing 

                           

        Fig 3.Two bay X Bracing                                                     Fig 4. One Bay V Bracing     
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                       Fig 5. Two bay V bracing                                                Fig 6.One bay ZX bracing 

                                  

Fig 7. Two bay zx bracing               Fig 8. One bay inverted v bracing 

                   

                   Fig 9. Two bay inverted v bracing                                             Fig 10. One bay zipper bracing 
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Fig 11. Two bay zipper bracing 

 

VI. RESUTS AND DISCUSSION

Table 2. Roof Displacement

 Roof Displacement 

Aspec

t Ratio 

Bare 

Fram

e 

One 

Bay 

Inverte

d V 

Braced 

Frame 

One 

Bay  

V 

Brace

d 

Frame 

One 

Bay X 

Brace

d 

Frame 

One 

Bay 

ZX 

Brace

d 

Frame 

One 

bay 

zippe

r  

Two 

Bay  

V 

Brace

d 

Frame 

Two 

Bay  

Inverte

d V 

Braced 

Frame 

Two 

bay 

zippe

r  

Two 

Bay 

ZX 

Brace

d 

Frame 

Two 

Bay X 

Brace

d 

Frame 

2 30.5 6.9 7.9 8 7.17 7.01 2.4 2.2 3.06 3.03 2.8 

2.5 26.5 7.3 8.5 7.8 7.72 7.3 3.5 3.16 3.1 3.2 3.3 

3 23.9 7.8 7.2 8.06 8.3 7.9 4 3.4 3.4 3.6 3.4 

3.75 21.3 8.9 10.6 8.79 9.59 8.9 4.9 4.19 4.2 4.4 3.8 

 

From the results it is found that when braces are used significant reduction in roof displacement has seen in all 

models. It can be observed that as the aspect ratio increased base shear and roof displacement decreased 

considerably and also observed that as bracing introduced to the structure, it increases the base shear carrying 

capacity and reduces the roof displacement. 
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Table3. Base shear 

Base shear in kN 

 Aspec

t Ratio 

Bare 

Fram

e 

One 

Bay 

inverte

d v 

Braced 

Frame 

One 

bay v 

Brace

d 

Frame 

One 

Bay x 

Brace

d 

Frame 

One 

bay zx 

bracin

g 

One 

bay 

zippe

r 

Two 

bay 

inverte

d v 

zipper  

Two 

bay v 

bracin

g 

Two 

bay 

zipper 

bracin

g 

Two 

bay zx 

bracin

g 

Two 

bay x 

bracin

g 

2 22.47 63.78 63.78 64.79 63.778 64.19 60.93 65.17 65.99 65.17 53.35 

2.5 22.73 56.03 56.03 56.79 56.03 56.44 57.25 61.32 58.07 57.25 58.77 

3 22.93 50.87 50.87 51.47 50.87 51.28 52 52 52.82 52 53.19 

3.75 23.11 45.72 45.72 46.16 45.72 46 46.76 46.76 47.58 46.776 47.64 

 

Graph 1.Roof Displacement of Bare Frame with One bay Inverted V Bracing 

                         Graph 2.Roof Displacement Of Bare Frame With One Bay V Braced 
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Graph 3. Roof Displacement Of Bare Frame With One Bay X Braced Frame 

 

Graph 4. Roof Displacement of Bare Frame with One bay ZX Braced Frame 

 

Graph 5. Roof Displacement Of Bare frame With One bay Zipper Bracing 
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Graph 6. Roof Displacement Of Bare Frame With Two bay V Braced Frame 

 

Graph 7. Roof Displacement Of Bare frame With Two bay Inverted V Bracing 

 

Graph 8. Roof Displacement Of Bare Frame With Two Bay Zipper Bracing 
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Graph 9. Roof Displacement Of Bare frame With Two bay ZX Bracing 

 

Graph 10. Roof Displacement  Of Bare frame With Two bay X Bracing 

 

VII. CONCLUSION 

 Use of bracings increses structural adquecy of buildings 

 It increses the performance of building, significant change or reduction in roof displacemnt is shown 

when bracings are used 

 Usage of bracings increase the base shear capacity of buildings 

 The buildings which failed during seismic analysis( bare frame) shown structural adequacy when 

bracings are introduced 

 X,and Zipper Bracings shown around 80- 90% increase in stability of buildings 

 Normaly zipper bracing are not used for retrofiting purposes as it hard to find window or door openings 

for buildings 

 X and V bracings are commonly used for retrofitting purposes 
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