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 Course Context and Overview 
Structural analysis is the determination of the effects of loads on physical structures and their components. Structures subject to this type of analysis include all that must withstand loads, such as buildings, bridges, vehicles. Structural analysis incorporates the fields of applied mechanics, materials science and applied mathematics to compute a structure's deformations, internal forces, stresses, and  support reactions.

This course deals with the basic concept of determinate structures, indeterminate structures, statics & kinematics for plane frames This course focuses to analysis of statically indeterminate structures-continuous beams and rigid frames and also analysis of three hinged arches, two hinged arches and fixed arches. By the completion of the course the students will be able to analyze the statically indeterminate structures.
	Course designed by

	E.G.S. Pillay Engineering College (R2017)

	1
	Category
	Basic Sciences

(B)


	Engineering Sciences (ES)
	Humanities and Social Sciences (HSS)
	Professional Core (PC)
	Professional Elective (PE)
	Employability Enhancement Course (EEC)

	
	
	
	
	
	X
	
	

	2
	Broad area
	Structural
	Design
	Environment
	General
	

	
	
	X
	
	
	
	


III.
 Prerequisite 

Strength of Materials
IV. (a). Course Outcomes (COs):  
After successful completion of the course, students will be able to

	
	Competency
	Cognitive  level

	CO1
	Calculate the forces in the members of pin jointed frames and rigid frames using Energy consistent Deformation Method.
	Understand

	CO2
	Use the slope deflection method to analyze continuous beams and rigid frames.
	Apply

	CO3
	 Use the moment distribution method to analyze statically indeterminate structures.
	Apply

	CO4
	Determine absolute maximum bending moment and shear force in beams due to moving loads.
	Understand

	CO5
	Determine the maximum moment, shear and stresses produced in arches due to external loads, and temperature effects.
	Understand


(b). Program Outcomes (PO)
      After successful completion of the programme, Graduates will be able to

PO1: Apply the knowledge of mathematics, science, engineering fundamentals, and an engineering specialization to the solution of complex engineering problems.

PO2: Identify, formulate, research literature, and analyze complex engineering problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and engineering sciences.

PO3: Design solutions for complex engineering problems and design system components or processes that meet the specified needs with appropriate consideration for the public health and safety, and the cultural, societal, and environmental considerations.

PO4: Use research-based knowledge and research methods including design of experiments, analysis and interpretation of data, and synthesis of the information to provide valid conclusions.

PO5: Create, select, and apply appropriate techniques, resources, and modern engineering and IT tools including prediction and modeling to complex engineering activities with an understanding of the limitations. 

PO6: Apply reasoning informed by the contextual knowledge to assess societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional engineering practice. 

PO7: Understand the impact of the professional engineering solutions in societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable development.

PO8: Apply ethical principles and commit to professional ethics and responsibilities and norms of the engineering practice.

PO9: Function effectively as an individual, and as a member or leader in diverse teams, and in multidisciplinary settings.

PO10: Communicate effectively on complex engineering activities with the engineering community and with society at large, such as, being able to comprehend and write effective reports and design documentation, make effective presentations, and give and receive clear instructions.

PO11: Demonstrate knowledge and understanding of the engineering and management principles and apply these to one’s own work, as a member and leader in a team, to manage projects and in multidisciplinary environments.

PO12: Recognize the need for, and have the preparation and ability to engage in independent and lifelong learning in the broadest context of technological change.

(c). Program Specific Outcomes (PSO)
After successful completion of the programme, Students  will be able to

1. Analyse the effects of natural calamities like tsunami,storms,earthquakes,landslides etc.including disaster management and to design stable sturctures for relevant stress resultants.

 2. Use the  innovative material practices and techniques for sustainable  and eco-friendly and life-line infrastructures.
	
	Program Outcomes – Competencies – Performance Indicators


Following table gives the suggestive list of competencies and associated performance indicators for each of the PO in Civil Engineering Program.
	PO 1: Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and an engineering specialisation for the solution of complex engineering problems.

	Competency
	Indicators

	1.1
Demonstrate
competence in mathematical modelling
	1.1.1 Apply mathematical techniques such as Trignometry, linear algebra, and integral to solve problems(k2)
Apply advanced mathematical techniques to model and solve civil engineering problems(k3)

	1.2
Demonstrate
competence in basic sciences
	1.2.1 Apply laws of natural science to an engineering problem(k2)

	1.3
Demonstrate
competence in engineering fundamentals
	1.3.1 Apply fundamental engineering concepts to solve engineering problems(k2)

	1.4 Demonstrate  competence in specialized engineering knowledge to the program
	1.4.1 Apply Civil engineering concepts to solve engineering problems.(k2)

	PO 2: Problem analysis: Identify, formulate, research literature, and analyse complex engineering problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and engineering sciences.

	Competency
	Indicators

	2.1   Demonstrate   an    ability  to identify and formulate complex engineering problem
	2.1.1.Articulate problem statements and identify objectives(k2)
2.1.2.Identify engineering systems, variables, and parameters to solve the problems(k3)
2.1.3.Identify the mathematical, engineering and other relevant knowledge that applies to a given problem(k3)


	2.2 Demonstrate an ability to formulate a solution plan and methodology for an engineering problem
	2.2.1 Reframe complex problems into interconnected sub-problems(k2)
2.2.2 Identify, assemble and evaluate the problems in sturctures.(k2)
2.2.3 Identify existing processes/solution methods for solving the problem, including forming justified approximations and assumptions(k2)
2.2.4 Compare and contrast alternative solution processes to select the best process.(k2)

	2.3 Demonstrate an ability to formulate and interpret a model
	2.3.1 Combine scientific principles and engineering concepts to formulate model/s (mathematical or otherwise) of a system or process that is appropriate in terms of applicability and required accuracy.(k2)
2.3.2 Identify assumptions (mathematical and physical) necessary to allow modeling of a system at the level of accuracy required.(k2)

	2.4 Demonstrate an ability to execute a solution process and analyze results
	2.4.1 Apply engineering mathematics and computations to solve mathematical models(k2)
2.4.2 Produce and validate results through skilful use of contemporary engineering tools and models(k2)
2.4.3 Identify sources of error in the solution process, and limitations of the solution.(k2)
2.4.4 Extract desired understanding and conclusions consistent with objectives and limitations of the analysis(k2)

	PO 3: Design/Development of Solutions: Design solutions for complex engineering problems and design system components or processes that meet the specified needs with appropriate consideration for public health and safety, and cultural, societal, and environmental considerations.

	Competency
	Indicators

	3.1   Demonstrate   an    ability  to define a complex/ open-ended problem in engineering terms
	3.1.1 Recognize that need analysis is key to good problem definition(K2)
3.1.2 Elicit and document, engineering requirements from stakeholders(K2)
3.1.3 Synthesize engineering requirements from a review of the state-of-the-art(K2)
3.1.4 Extract engineering requirements from relevant engineering Codes and Standards such as IS456-2000,IS10261,IS847-2000.(K2)
3.1.5 Explore and synthesize engineering requirements considering health, safety risks, environmental, cultural and societal issues(K2)
3.1.6 Determine design objectives, functional requirements and arrive at specifications(K2)

	3.2 Demonstrate an ability to generate a diverse set of alternative design solutions
	3.2.1 Apply formal idea generation tools to develop multiple engineering design solutions(K3)
3.2.2 Build models/prototypes to develop a diverse set of design solutions(K3)
3.2.3 Identify suitable criteria for the evaluation of alternate design solutions(K2)

	3.3   Demonstrate   an    ability  to select an optimal design scheme for further development
	3.3.1 Apply formal decision-making tools to select optimal engineering design solutions for further development(K3)
3.3.2 Consult with domain experts and stakeholders to select candidate engineering design solution for further development(K3)

	3.4 Demonstrate an ability to advance an engineering design to defined end state
	3.4.1 Refine a conceptual design into a detailed design within the existing constraints (of the resources)(K2)
3.4.2 Generate information through appropriate tests to improve or revise the design(K2)

	PO 4: Conduct investigations of complex problems: Use research-based knowledge and research methods including design of experiments, analysis and interpretation of data, and synthesis of the information to provide valid conclusions.

	Competency
	Indicators

	4.1 Demonstrate an ability to conduct investigations of technical issues consistent with their level of knowledge and understanding
	4.1.1 Define a problem, its scope and importance for purposes of investigation(K2)
4.1.2 Examine the relevant methods, tools and techniques of experiment design, system calibration, data acquisition, analysis and presentation(K3)
4.1.3 Apply appropriate instrumentation and/or software tools to make measurements of physical quantities(K2)
4.1.4 Establish a relationship between measured data and underlying physical principles.(K2)

	4.2 Demonstrate an ability to design experiments to solve open-ended problems
	4.2.1 Design and develop an experimental approach, specify appropriate equipment and procedures(K2)
4.2.2 Understand the importance of the statistical design of experiments and choose an appropriate experimental design plan based on the study objectives(K2)

	4.3 Demonstrate an ability to analyze data and reach a valid conclusion
	4.3.1 Use appropriate procedures, tools and techniques to conduct experiments and collect data(K3)
4.3.2 Analyze data for trends and correlations, stating possible errors and limitations(K4)
4.3.3 Represent data (in tabular and/or graphical forms) so as to facilitate analysis and explanation of the data, and drawing of conclusions(K3)
4.3.4 Synthesize information and knowledge about the problem from the raw data to reach appropriate conclusions(K4)

	PO 5: Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering and IT tools including prediction and modelling to complex engineering activities with an understanding of the limitations.

	Competency
	Indicators

	5.1 Demonstrate an ability to identify/ create modern engineering
tools, techniques and resources
	5.1.1 Identify modern engineering tools such as computer-aided drafting, modeling and analysis; techniques and resources for engineering activities(K3)
5.1.2 Create/adapt/modify/extend tools and techniques to solve engineering problems(K4)

	5.2 Demonstrate an ability to select and apply discipline- specific tools, techniques and resources
	5.2.1 Identify the strengths and limitations of tools for (i) acquiring information, (ii) modeling and simulating, (iii) monitoring system performance, and (iv) creating engineering designs.(K4)
5.2.2 Demonstrate proficiency in using discipline-specific tools(K3)

	5.3 Demonstrate an ability to evaluate the suitability and limitations of tools used  to solve an engineering problem
	5.3.1 Discuss limitations and validate tools, techniques and resources(K3)
5.3.2 Verify the credibility of results from tool use with reference to the accuracy and limitations, and the assumptions inherent in their use.(K2)

	PO 6: The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, health, safety, legal, and cultural issues and the consequent responsibilities relevant to the professional engineering practice.

	Competency
	Indicators

	6.1   Demonstrate   an    ability  to describe engineering roles in a broader context,
e.g. pertaining to the environment,health, safety, legal and public welfare
	6.1.1 Identify and describe various engineering roles; particularly as pertains to protection of the public and public interest at the global, regional and local level.(K2)

	6.2   Demonstrate
an
understanding
of professional engineering regulations, legislation and standards
	6.2.1 Interpret legislation, regulations, codes, and standards relevant to your discipline and explain its contribution to the protection of the public.(k2)

	PO 7: Environment and sustainability: Understand the impact of the professional engineering solutions in societal and environmental contexts, and demonstrate the knowledge of, and the need for sustainable development.

	Competency
	Indicators

	7.1     Demonstrate
an understanding of the impact of engineering and industrial practices on social, environmental and in economic contexts
	7.1.1 Identify risks/impacts in the life-cycle of an engineering product or activity(k2)
7.1.2 Understand the relationship between the technical, socio-economic and environmental dimensions of sustainability(k2)

	7.2   Demonstrate   an    ability  to apply principles of sustainable design and development
	7.2.1 Describe management techniques for sustainable development(k2)
7.2.2 Apply principles of preventive engineering and sustainable development to an engineering activity or product relevant to the discipline(k3)

	PO 8: Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the engineering practice.

	Competency
	Indicators

	8.1
Demonstrate an ability to recognize ethical dilemmas
	8.1.1 Identify situations of unethical professional conduct and propose ethical alternatives(k2)

	8.2
Demonstrate an ability to apply the Code of Ethics
	8.2.1 Identify tenets of the ASCE professional code of ethics(k2)
8.2.2 Examine and apply moral & ethical principles to known case studies(k3)

	PO 9: Individual and team work: Function effectively as an individual, and as a member or leader in diverse teams, and in multidisciplinary settings.

	Competency
	Indicators

	9.1 Demonstrate an ability to form a team and define a role for each member
	9.1.1 Recognize a variety of working and learning preferences; appreciate the value of diversity on a team(k2)
9.1.2 Implement the norms of practice (e.g. rules, roles, charters, agendas, etc.) of effective team work, to accomplish a goal.(k2)

	9.2  Demonstrate effective individual
and
team
operations-- communication, problem- solving, conflict resolution and leadership skills
	9.2.1 Demonstrate effective communication, problem-solving, conflict resolution and leadership skills(k2)
9.2.2 Treat other team members respectfully(k2)
9.2.3 Listen to other members(k2)
9.2.4 Maintain composure in difficult situations(k2))

	9.3
Demonstrate success in a team-based project
	9.3.1 Present results as a team, with smooth integration of contributions from all individual efforts(k2)

	PO 10: Communication: Communicate effectively on complex engineering activities with the engineering community and with the society at large, such as being able to comprehend and write effective reports and design documentation, make effective presentations, and give and receive clear instructions

	Competency
	Indicators

	10.1   Demonstrate   an   ability to comprehend technical literature and document project work
	10.1.1 Read, understand and interpret technical and non-technical information(k2)
10.1.2 Produce clear, well-constructed, and well-supported written engineering documents(k2)
10.1.3 Create flow in a document or presentation - a logical progression of ideas so that the main point is clear(k2)

	10.2 Demonstrate competence in listening, speaking, and presentation
	10.2.1 Listen to and comprehend information, instructions, and viewpoints of others(K2)
10.2.2 Deliver effective oral presentations to technical and non-technical audiences(K2)

	10.3 Demonstrate the ability to integrate different modes of communication
	10.3.1 Create engineering-standard figures, reports and drawings to complement writing and presentations(K2)
10.3.2 Use a variety of media effectively to convey a message in a document or a presentation(K2)

	PO 11: Project management and finance: Demonstrate knowledge and understanding of the engineering and management principles and apply these to one’s work, as a member and leader in a team, to manage projects and in multidisciplinary environments.

	Competency
	Indicators

	11.1 Demonstrate an ability to evaluate the economic and financial performance of an engineering activity
	11.1.1 Describe various economic and financial costs/benefits of an engineering activity(K2)
11.1.2 Analyze different forms of financial statements to evaluate the financial status of an engineering project(K2)

	11.2 Demonstrate an ability to compare and contrast the costs/benefits of alternate proposals for an engineering activity
	11.2.1 Analyze and select the most appropriate proposal based on economic and financial considerations.(K2)

	11.3 Demonstrate an ability to plan/manage an engineering activity within time and budget constraints
	11.3.1 Identify the tasks required to complete an engineering activity, and the resources required to complete the tasks.(K2)
11.3.2 Use project management tools to schedule an engineering project, so it is completed on time and on budget.(K2)

	PO 12: Life-long learning: Recognise the need for, and have the preparation and ability to engage in independent and life-long learning in the broadest context of technological change.

	Competency
	Indicators

	12.1 Demonstrate an ability to identify gaps in knowledge and a strategy to close these gaps
	12.1.1 Describe the rationale for the requirement for continuing professional development.(K2)
12.1.2 Identify deficiencies or gaps in knowledge and demonstrate an ability to source information to close this gap.(K2)

	12.2 Demonstrate an ability to identify changing trends in engineering knowledge and practice
	12.2.1 Identify historic points of technological advance in engineering that required practitioners to seek education in order to stay current.(K2)
12.2.2 Recognize the need and be able to clearly explain why it is vitally important to keep current regarding new developments in your field.(K2)

	12.3 Demonstrate an ability to identify and access sources for new information
	12.3.1 Source and comprehend technical literature and other credible sources of information.(K3)
12.3.2 Analyze sourced technical and popular information for feasibility, viability, sustainability, etc.(K4)


	
	Program Specific Outcomes – Competencies – Performance Indicators


Following table gives the suggestive list of competencies and associated performance indicators for each of the PSO in Civil Engineering Program.
	PSO1:Analyse the effects of natural calamities like tsunami,storms,earthquakes,landslides etc.including disaster management and to design stable sturctures for relevant stress resultants.

	Competency
	Indicators

	1.1 Demonstrate   an    ability  to apply principles and analyse about natural distress.
	1.1.1 Apply the design and analysis principles concerning tsunami and storms.(K3)
1.1.2 Describe the principles pertaining to free from earthquakes and landslides while designing of any structures.(K2)

	1.2  Demonstrate   an    ability  to design with respect to disaster management principles
	1.2.1  Recognize the need and be able to clearly explain why it is vitally important to keep current regarding irrigation,hydrological features.(K2)
1.2.2 Interpret legislation, regulations, codes, and standards relevant to environmental discipline and explain its contribution to the protection of the public.(K2)

	1.3  Demonstrate   an    ability  to apply the civil engineering principles in order to face the natural calamities
	1.3.1  Recognize the need and be able to clearly explain why it is vitally important to keep current regarding Environmental pollution,climate changes and global warming.(K2)
1.3.2 Explore and synthesize engineering requirements considering health, safety risks, environmental, cultural and societal issues.(K2)

	PSO2: Use the  innovative material practices and techniques for sustainable  and eco-friendly and life-line infrastructures.

	Competency
	Indicators

	2.1 Demonstrate   an    ability  to apply principles of sustainable design and development
	2.1.1.Describe management techniques for sustainable development(k2)
2.1.2.Apply principles of preventive engineering and sustainable development to civil engineering activities.(K2)

	2.2 Demonstrate   an    ability  to apply  pollution free environment and good ecosystem concepts.
	2.2.1. Identify and  apply  the waste management systems and waste minimization techniques.(K2)
2.2.2.Practice  the pollution reduction techniques to create pollution free environment.(K3)


V. Course Outcome(CO)s Vs Performance Indicator(PI)s Matrix 

(Support provided by COs to PIs: L = lightly(1); M = Moderately (2); S = Substanially (3))

	Comp.
	PI 1.1.1
	PI 1.1.2
	PI 1.2.1
	PI 1.3.1
	PI 1.4.1
	PI 2.1.1
	PI 2.1.2
	PI 2.1.3
	PI 2.2.1
	PI 2.2.2
	PI 2.2.3
	PI 2.2.4
	PI 2.3.1
	PI 2.3.2
	PI 2.4.1

	CO1
	S
	S
	S
	S
	S
	
	S
	S
	S
	
	S
	
	S
	
	S

	CO2
	S
	S
	S
	S
	S
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	S
	S
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	S
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	S
	S
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	S
	S
	S
	
	S
	S
	S
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	S
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	CO5
	S
	S
	S
	S
	S
	
	S
	S
	S
	
	S
	
	S
	
	S


	Comp.
	PI 2.4.2
	PI 2.4.3
	PI 2.4.4
	PI 3.1.1
	PI 3.1.2
	PI 3.1.3
	PI 3.1.4
	PI 3.1.5
	PI 3.1.6
	PI 3.2.1
	PI 3.2.2
	PI 3.2.3
	PI 3.3.1
	PI 3.3.2
	PI 3.4.1

	CO1
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	Comp.
	PI 3.4.2
	PI 4.1.1
	PI 4.1.2
	PI 4.1.3
	PI 4.1.4
	PI 4.2.1
	PI 4.2.2
	PI 4.3.1
	PI 4.3.2
	PI 4.3.3
	PI 4.3.4

	CO1
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	PI 1.1.1
	PI 1.1.2
	PI 1.2.1
	PI 1.2.2
	PI 1.3.1
	PI 1.3.2
	PI 2.1.1
	PI 2.1.2
	PI 2.2.1
	PI 2.2.2

	CO1
	L
	L
	-
	-
	-
	-
	-
	-
	-
	-

	CO2
	L
	L
	-
	-
	-
	-
	-
	-
	-
	-

	CO3
	L
	L
	-
	-
	-
	-
	-
	-
	-
	-

	CO4
	L
	L
	-
	-
	-
	-
	-
	-
	-
	-
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	M
	M
	-
	-
	-
	-
	-
	-
	-
	-


Course Outcome(CO)s Vs Program outcomes(PO)s Matrix 

	Comp
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	1
	1
	-
	-
	-
	2
	-
	-
	-
	-

	CO2
	3
	3
	2
	1
	-
	-
	-
	3
	-
	-
	-
	-

	CO3
	3
	3
	2
	1
	-
	-
	-
	3
	-
	-
	-
	-

	CO4
	3
	3
	2
	1
	-
	-
	-
	3
	-
	-
	-
	-

	CO5
	3
	3
	2
	1
	-
	-
	-
	3
	-
	-
	-
	-


Course Outcome(CO)s Vs Program specific outcomes(PSO)s Matrix 

	Comp.
	PSO1
	PSO2

	CO1
	3
	-

	CO2
	3
	-

	CO3
	3
	-

	CO4
	3
	-

	CO5
	3
	-


Support provided by COs to POs/PSOs: L = lightly(1); M = Moderately (2); S = Substanially (3)
VI. Delivery Technologies:  

	S. No.
	Teaching Aids

	i
	Black board with chalk

	i. 
	Classroom with LCD Projector


VII. Syllabus
	1702CE501
	STRUCTURAL ANALYSIS I
	L
	T
	P
	C

	
	
	3
	2
	0
	4

	PREREQUISITE:

	
	Solid Mechanics II
	
	
	
	

	Course Objectives:

	1. To understand the concept of analysis of indeterminate structures.

	2. To Understand the methods of analysis of indeterminate trusses for external loads, lack of fit and thermal effects and also the influence line concept for indeterminate structure.

	3. To study behavior of arches, Settlement and temperature effects.

	Unit I
	INDETERMINATE FRAMES
	
	
	12 Hours

	Degree of static and kinematic indeterminacies for plane frames – analysis of indeterminate pin-jointed frames (Degree of statical indeterminacy up to two) – Energy and consistent deformation methods.

	Unit II
	SLOPE DEFLECTION METHOD
	
	
	12 Hours

	  Analysis of continuous beams - sinking of supports – rigid frames (with and without sway)

	Unit III
	MOMENT DISTRIBUTION METHOD
	
	
	12 Hours

	Distribution and carryover of moments – Stiffness and carry over factors - Analysis of continuous beams - sinking of supports – Rigid frames (with and without sway).

	Unit IV
	ARCHES
	
	
	12 Hours

	Arches as structural forms – Examples of arch structures – Types of arches – Analysis of three hinged, two hinged arches, parabolic and circular arches – Settlement and temperature effects.

	Unit V
	INFLUENCE LINES FOR INDETERMINATE BEAMS
	
	
	12 Hours

	Muller Breslau‟s principle– Influence line for Shearing force, Bending Moment and support reaction components of propped cantilever, continuous beams (Redundancy restricted to one)

	Further Reading:

	•Leet, K. M. and Uang, C-M. (2003). Fundamentals of Structural Analysis, Tata McGraw-Hill

Publishing Company Limited, New Delhi, ISBN 0-07-058208-4

	•Norris, C. H., Wilbur, J. B. and Utku, S. (1991). Elementary Structural Analysis, Tata McGraw-

Hill Publishing Company Limited, New Delhi, ISBN 0-07-058116-9

	REFERENCES:

	1. Vaidyanadhan, R and Perumal, P, “Comprehensive Structural Analysis – Vol. 1 & Vol. 2”, Laxmi

Publications Pvt. Ltd, New Delhi, 2003.

	2. L.S. Negi& R.S. Jangid, “Structural Analysis”, Tata McGraw Hill Publications, New Delhi, 6th Edition,

2003.

	3. Punmia.B.C, Ashok Kumar Jain and Arun Kumar Jain, " Theory of structures", Laxmi Publications Pvt. Ltd., New Delhi, 2004

	4. Reddy. C.S., "Basic Structural Analysis", Tata McGraw Hill Education Pvt. Ltd., New Delhi,2013.

	5. BhavaiKatti, S.S, "Structural Analysis – Vol. 1 & Vol. 2", Vikas Publishing Pvt Ltd., New Delhi, 2008

	6. Wang C.K. , “Indeterminate Structural Analysis”, Tata McGraw Hill Education Pvt. Ltd. New Delhi, 2010

	7. DevadasMenon, “Structural Analysis”, Narosa Publishing House, 2008

	8. Ghali.A., Nebille and Brown. T.G., "Structural Analysis - A unified classical and matrix approach" Sixth Edition, SPON press, New York, 2013.

	9. Gambhir. M.L., "Fundamentals of Structural Mechanics and Analysis"., PHI Learning Pvt.Ltd., New Delhi,2011.


	        REFERENCE WEBSITES

	1
	http://nptel.iitm.ac.in

	2
	http://www.ce.iitb.ac.in/


VIII. Detailed Course Plan
	S.No.
	Topic(s)
	Hours
	Teaching Method

	UNIT I:     INDETERMINATE FRAMES


	CO 1 Calculate the forces in the members of pin jointed frames and rigid frames using Energy consistent Deformation Method.

	1. 
	Degree of static and kinematic indeterminacies for plane frames 
	1
	Lecture with discussion

	2. 
	Analysis of indeterminate pin-jointed plane frames by Energy and consistent deformation methods. (Degree of statical indeterminacy up to two)
	4
	

	3. 
	Analysis of  rigid jointed plane frames by Energy and consistent deformation methods. (Degree of statical indeterminacy up to two)
	4
	

	4. 
	Analysis of  pin-jointed plane frame and rigid frames
	3
	Discussion with practice

	Total Number of hours for Unit I:                          12(LH-09, TH-0, PH-0,T-3)

	UNIT II: SLOPE DEFLECTION METHOD

	CO2 Use the slope deflection method to analyze continuous beams and rigid frames.

	5. 
	Continuous beams (with and without sway) 
	3
	Lecture with discussion,

Assignment

	6. 
	Rigid frames(with and without sway)
	3
	

	7. 
	Symmetry and anti-symmetry
	2
	

	8. 
	 Simplification for hinged end – Support displacements
	1
	

	9. 
	Continuous beams and Rigid frames
	3
	Discussion with practice

	Total No. of hours for Unit II:                              12(LH-09, TH-0, PH-0,T-03)

	UNIT III: MOMENT DISTRIBUTION METHOD

	CO3: Use the moment distribution method to analyze statically indeterminate structures.

	10. 
	Distribution and carryover of moments - Stiffness and carry over factors
	1
	Lecture with discussion,

Assignment

	11. 
	Analysis of continuous beams 
	3
	

	12. 
	Plane rigid frames with and without sway 
	4
	

	13. 
	Neylor’s simplification.
	1
	

	14. 
	suspension bridges with two and three hinged stiffening girders
	3
	Discussion with practice

	Total No. of hours for Unit  III:                              12(LH-09, TH-0, PH-0,T-03)

	UNIT IV: MOVING LOADS AND INFLUENCE LINES

	CO4 Determine absolute maximum bending moment and shear force in beams due to moving loads.

	15.
	Influence lines for reactions in statically determinate structures 
	1
	Lecture with discussion

	16.
	Influence lines for member forces in pin-jointed frames 
	2
	

	17.
	Influence lines for shear force and bending moment in beam sections 
	2
	

	18.
	Calculation of critical stress resultants due to concentrated and distributed moving loads. Muller Breslau’s principle 
	1
	

	19.
	Influence lines for continuous beams and single storey rigid frames 
	2
	

	20.
	Indirect model analysis for influence lines of indeterminate structures – Begg’s deformeter.


	1
	

	21.
	Influence lines for shear force and bending moment in beam sections and Muller Breslau’s principle
	3
	Discussion with practice

	Total No. of hours for Unit II :                                12(LH-09, TH-0, PH-0,T-03)

	UNIT V: ARCHES

	CO5 Determine the maximum moment, shear and stresses produced in arches due to external loads, and temperature effects.

	22.
	Arches as structural forms – Examples of arch structures
	1
	Lecture with discussion

	23.
	 Types of arches 
	1
	

	24.
	Analysis of three hinged parabolic and circular arches 
	2
	

	25.
	Analysis of  two hinged  parabolic and circular arches 
	2
	

	26.
	 Fixed arches
	2
	

	27.
	Settlement and temperature effects
	1
	

	28.
	Analysis of three hinged and two hinged parabolic and circular arches
	3
	Discussion with practice

	Total No. of hours for Unit V:                              12(LH-09, TH-0, PH-0,T-03)


IX. Test Items for Competencies/Course Outcomes 

	
	competencies
	Cognitive Levels

	CO1
	Calculate the forces in the members of pin jointed frames and rigid frames using Energy consistent Deformation Method.
	Understand

	TI1
	Determine the vertical displacement of joint A of the steel truss as shown in fig. The member BE is subjected to an increase in temperature of 70˚C. Take the coefficient of linear expansion as 0.00012per˚C and E=2x10^5N/mm2.The cross sectional area of each member is 1250mm2.
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	Understand

	TI2
	Find the stresses in all the members of the frame as shown in fig.in which the cross sectional areas of vertical members are 3000mm2 each and those of all other members are 2200mm2. E=2x10^5N/mm2
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	Understand

	TI3
	Analyze the Rigid jointed frames as shown in figure. by using Energy consistent deformation method.
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	Understand

	TI4
	Analyze the rigid jointed frames as shown in figure. by using Energy consistent deformation method.
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	Understand

	CO4
	Determine absolute maximum bending moment and shear force in beams due to moving loads.
	Understand

	TI1
	A single rolling load of 100 kN moves on gird    of span 20m. (a) Construct the influence lines for (i) Shear force and (ii) Bending moment for   section 5m from the left support. (b) Construct the influence lines for points at which the maximum shears and maximum bending moment develop.
	Understand

	TI2
	Derive the influence diagram reactions and bending moment at any section of a simply supported beam. Using the ILD, determine the support reactions and find bending moment at 2m, 4m and 6m for a simply supported beam of span 8m subjected to three point loads of 10kN, 15kN and 5kN placed at 1m, 4.5m and 6.5m respectively.
	Understand

	TI3
	A train of 5 wheel loads crosses a simply supported beam of span 22.5m. Using the influence lines, calculate the maximum positive and negative shear forces at mid span and absolute maximum bending moment anywhere in the span.

[image: image5.png]120MN 16014 D0KNESOHN 240K

Loy

250 25n asn_asn

A B
22.5m




	Understand

	TI4
	Determine the influence line for RA for the continuous beam shown in the fig.1.Compute influence line ordinates at 1m intervals.
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	Understand

	TI5
	Determine the ILD for shear force @D the midpoint of span BC of a continuous beam as shown in fig. Compute the ordinates at 1.5 m intervals.
	Understand

	TI6
	Determine the ILD for bending moment @D the midpoint of span BC of a continuous beam as shown in fig. Compute the ordinates at 1.5 m intervals.
	Understand

	CO5
	Determine the maximum moment, shear and stresses produced in arches due to external loads, and temperature effects.
	Understand

	TI I
	A three hinged arch has a span of 30m and a rise of 10m. The arch carries a udl of 60 kN per meter on the left half of the span. It also carries two concentrated loads of 160 kN and 100 kN at 5m and 10m from the right end. Determine the horizontal thrust.
	Understand

	TI2
	A symmetrical three hinged parabolic arch of span 40m and rise 8m carries a udl of 30 kN/m over the left half of the span. The hinges are provided at the supports and at the center of the arch. Calculate the reaction at the support. Also calculate the BM, radial shear and normal thrust at a distance of 10m from the left support.
	Understand

	TI3
	A two hinged parabolic arch of span 25m rise 5m is subjected to udl of 15 kN/m over the left half of the span and a point load of 25 kN at 9.5m from the right support. Find the support reaction, BM, radial shear and normal thrust at 4m from the left support.
	Understand

	TI4
	A three hinged archnis circular ,25m in span with a central rise of 5m.It is loaded  with a concentrated load of 10KN at 7.5m from the left hand hinge.Find the horizontal thrust,reactions at each end hinge and also bending mment under the load.
	Understand

	TI5
	Derive an expression for the horizontal thrust in a two hinged semicircular arch carrying a point load at the crown.
	Understand

	CO2
	Use the slope deflection method to analyze continuous beams and rigid frames.
	Apply

	TI I
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Analyse the continuous beam given in figure by slope deflection method and draw the B.M.D.


	Apply

	TI2
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Analyse the continuous beam given in figure by slope deflection method and draw the B.M.D


	Apply

	TI3
	Analysis the frame shown in below by the slope deflection method and draw the bending Moment diagram.
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	Apply

	TI4
	Analysis the frame shown in below by the slope deflection method using STADDPRO software.
	Apply

	TI5
	A symmetric portal frame ABCD is hinged at A and D, and is loaded with a uniformly distributed load of a w KN/m over the span BC. Span AB=CD=Lm and BC=2Lm.Treating joint B and C as rigid, calculate the moments at A, B, C, and D, using slope deflection method. Draw the bending moment diagrams. EI is constant.
	Apply

	TI6
	Analysis the Sway frame shown in below by the slope deflection method and draw the bending Moment diagram.

[image: image6.emf]
	Apply

	TI7
	Analysis the Sway frame shown in below by the slope deflection method and draw the bending Moment diagram.

[image: image7.emf]
	Apply

	CO3
	Use the moment distribution method to analyze statically indeterminate structures.
	Apply

	TI I
	Analysis the frame shown in below by the moment distribution method and draw the bending Moment diagram.
[image: image8.emf]
	Apply

	TI2
	Analysis the frame shown in below by the moment distribution method and draw the bending Moment diagram.
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	Apply

	TI3
	Draw the bending moment diagram and shear force diagram for the continuous beam Shown figure below using moment distribution method. EI is constant.
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	Apply

	TI4
	A beam ABCD, 16m long is continuous over three span AB=6m, BC = 5m & CD = 5m the supports being at the same level. There is a udl of 15kN/m over BC. On AB, is a point load of 80kN at 2m from A and CD there is a point load of 50kN at 3m from D, calculate the moments by using moment distribution method. Assume EI constant.
	Apply

	TI5
	Analyse the continuous beam as shown in fig.by moment distribution method using STADDPRO software.
	Apply

	TI6
	Analysis the frame shown in below by the moment distribution method and draw the bending Moment diagram.

[image: image10.emf]
	Apply


X. a) Course Outcomes – Evaluation Strategy 
	Comp.
	Internal Tests
	Tutorial
	Assignment

	CO1
	80%
	20%
	

	CO2
	80%
	
	20%

	CO3
	80%
	
	20%

	CO4
	80%
	20%
	

	CO5
	100%
	
	


   Course Co-ordinator                                                                                                         HoD



