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Preamble: The course enables the students to analyse various types of multistoreyed 

structures using appropriate methods and tools. It utilises the procedures of force methods 

and displacement methods for analysing framed structures. Plastic theory and its applications 

are introduced to students. A very important topic of applications of principles of dynamics to 

analyse structures while undergoing dynamic deformations is also made familiar with. The 

course trains the students to develop mathematical models and helps to sharpen their 

analytical skills, which also helps the student to lay foundation for further advanced topics 

like finite element method. 

Prerequisite: CET301Structural Analysis I 

Course Outcomes:  After the completion of the course the student will be able to 

 

Course 

Outcome 
Description of Course Outcome 

Prescribed learning 

level 

CO1 
Understand the principles of plastic theory and its 

applications in structural analysis. 
Understanding, Applying 

CO2 
Examine the type of structure and decide on the 

method of analysis. 
Analysing, Applying 

CO3 

Apply approximate methods of analysis for 

framed structures to ascertain stress resultants 

approximately but quickly. 

Analysing, Applying 

CO4 
Apply the force method to analyse framed 

structures. 

Understanding,Analysing, 

Applying 

CO5 
Apply the displacement methods to analyse 

framed structures. 

Understanding, 

Analysing, 

Applying 

CO6 

Remember basic dynamics, understand the basic 

principles of structural dynamics and apply the 

same to simple structures. 

Remembering, 

Understanding, 

Applying 
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Mapping of course outcomes with program outcomes (Minimum requirement) 

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

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

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

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

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

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

CO6 3 3 1 - - - - - - - - - 

 

Assessment Pattern 

Bloom’s Category 

Continuous Assessment 

Tests End Semester Examination 

1 2 

Remember 05 05 10 

Understand 10 10 20 

Apply 20 20 50 

Analyse 15 15 20 

Evaluate    

Create    

 

Mark distribution 

Total 

Marks 
CIE ESE 

ESE 

Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 

Continuous Assessment Test (2 numbers) : 25 marks 

Assignment/Quiz/Course project  : 15 marks 

 

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 

contain 10 questions with 2 questions from each module, having 3 marks for each question. 

Students should answer all questions. Part B contains 2 questions from each module of which 

student should answer any one. Each question carries 14 marks and can have maximum 2 

sub-divisions.  
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Course Level Assessment Questions 

CO1: Understand the principles of plastic theory and its applications in structural 

analysis. 

1. Derive an expression for the shape factor of a rectangular cross section. 

 

2. Explain the terms ‘design plastic moment capacity of a member’ and ‘collapse 

load of a structure’ 

3. Find the plastic moment capacity of the beam shown in figure. Assume uniform 

section throughout. 

 

4. For the cantilever in Fig.2, determine the collapse load. 

 

 

 

CO2: Examine the type of structure and decide on the method of analysis. 

1. Differentiate between force and displacement methods of analysis of framed 

structures. 

 

2. Explain how you will determine the suitability of force method or displacement 

method for analysis of a structure? 

 

3. Which are the situations in which an analyst uses approximate methods of 

structural analysis? What are their advantages and disadvantages? 

 

CO3: Apply approximate methods of analysis for framed structures to ascertain 

stress resultants approximately but quickly. 

1. What are the assumptions in cantilever method? 

 

2. Total dead load is 12 kN/m and total live load is 20 kN/m on ABCD. Analyse the 

frame for midspan positive moment on BC, using substitute frame method. 
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3. Analyse the frame in figure using portal method. 

 
 

 

CO4: Apply the force method or displacement method to analyse structures 

accurately. 

1. Derive stiffness matrix for the degrees of freedom shown for the beam in figure. 

 

2. Prove that flexibility matrix is the inverse of stiffness matrix for a given set of 

actions and corresponding displacements. 

3.  Analyse the beam in figure using flexibility method. 

 

 
4. Determine all the member end moments for the frame shown in figure, using 

stiffness method. 
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5. Determine the displacements at B for the beam shown in figure, using stiffness 

method. 

 

 
6. Find all the joint displacements for the beam in Figure 5, using direct stiffness 

method. 

 
 

CO5: Remember basic dynamics, understand the basic principles of structural 

dynamics and apply the same to simple structures. 

1. Explain the components of the basic dynamic system 

2. Derive an expression for the free-vibration response of a damped SDOF system. 

3. Explain transient and steady-state responses 

4. A vibrating system consists of a weight of W = 100kN and a spring with stiffness 

k = 20 N/m is viscously damped so that the ratio of two consecutive amplitudes is 

1/0.85. Detemine: a) the natural frequency of the undamped system, b) the 

damping ratio, c) the damping coefficient and d) the damped natural frequency. 
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SYLLABUS 

 

MODULE I – 9 hrs. 

Plastic Theory: Introduction – plastic hinge concepts – plastic modulus – shape factor – 

redistribution of moments – collapse mechanisms – Plastic analysis of beams and portal 

frames by equilibrium and mechanism methods.(single storey and single bay frames only) – 6 

hrs. 

 

Approximate methods of analysis of multistoried frames: 

Analysis for vertical loads-substitute frames-loading condition for maximum hogging and 

sagging moments in beams and maximum bending moment in columns – 3 hrs. 

 

MODULE II – 9 hrs. 

Approximate methods (continued): Wind load analysis of multistoried frames – portal 

method and cantilever method for lateral load analysis. – 2 hrs. 

 

Matrix analysis of structures: 

Definition of flexibility and stiffness influence coefficients - Concepts of physical approach – 

1 hr. 

Flexibility method: flexibility matrices for truss and frame elements-load transformation 

matrix-development of total flexibility matrix of the structure-analysis of simple structures-

plane truss and plane frame-nodal loads and element loads-lack of fit and temperature effects. 

– 6 hrs. 

 

MODULE III – 9 hrs. 

Stiffness method: Development of stiffness matrices by physical approach-stiffness matrices 

for truss and frame elements-displacement transformation matrix-analysis of simple 

structures-plane truss and plane frame-nodal loads and element loads-lack of fit and 

temperature effects. – 9 hrs. 

 

MODULE IV – 9 hrs. 

Direct stiffness method:  Introduction to direct stiffness method-Rotation of axes in two 

dimensions, stiffness matrix of elements in global co- ordinates from element co-ordinates- 

assembly of load vector and stiffness matrix, solution of two span continuous beam-single 

bay single storey portal frame. – 9 hrs. 

 

MODULE V 

Structural dynamics:  

Introduction - degrees of freedom - equation of motion, D’Alembert’s principle-damping- 

free response of damped and undamped systems- logarithmic decrement-- single degree of 

freedom systems subjected to harmonic load - transient and steady state responses, simple 

portal frame problems. – 9 hrs. 
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Text Books:  

1. James M Gere & William Weaver, Matrix Analysis of Framed Structures - (CBS 

Publishers) 

2. Mechanics of Structures Vol I & II, Junnarkar S.B., Charotar Publishing House 

3. Devdas Menon, Structural Analysis, Narosa Publications 

4. Wang C.K., Intermediate Structural Analysis, McGraw Hill 

5. Mario Paz, Structural Dynamics  

 

References:  

1. Pandit and Gupta, Structural Analysis – A Matrix Approach  

2. Reddy C. S., Basic Structural Analysis, Tata McGraw Hill 

3. Norris and Wilbur, Elementary Structural Analysis, Tata McGraw Hill 

4. Punmia B. C., Strength of Materials and Mechanics of Structures, Laxmi Publications 

5. RC Hibbeler, Structural Analysis  

6. Wang C K, Matrix Method of Structural Analysis 

7. Anil. K. Chopra, Dynamics of structures, Pearson Education/ Prentice Hall India,  

8. Clough R.W. and Penzein, J., Dynamics of structures - Tata McGraw Hill 

9. Madhujith Mukhopadhyay and Abdul Hamid Sheikh, Matrix and Finite Element Analysis 

of Structures, Ane Books India.   

10. Rajasekharan&Sankara Subramanian, Computational Structural Mechanics 

11.  William T Thomson, Theory of vibration with application  

12.  Tse, Morse Hinkle, Mechanical Vibrations   
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Lecture Plan –Structural Analysis II 

  

Module Topic 

Course 

Outcomes 

addressed 

No. of 

Lectures 

1 Module I: Total lecture hours: 9 

1.1 Plastic Theory: Introduction – concept of plastic hinge 
CO1 1 

1.2 Plastic modulus – shape factor  CO1 1 

1.3 Redistribution of moments – collapse mechanisms – 

plastic  analysis  of  beams  and  portal  frames  by  

equilibrium  and mechanism methods(single storey and 

single bay frames only) 

CO1 4 

1.4 Introduction to approximate methods of analysis of 

multistoried frames, analysis for vertical loads-substitute 

frames 

CO2, CO3 1 

1.5 Loading condition for maximum hogging and sagging 

moments in beams and maximum bending moment in 

columns – numerical problems 

CO3 2 

2 Module II: Total lecture hours: 9 

2.1 Approximate methods (continued): Wind load analysis 

of multistoried frames – portal method and cantilever 

method for lateral load analysis. 

CO3 

 
2 

2.2 Introduction to matrix analysis of structures: 

Definition of flexibility and stiffness influence 

coefficients - Concepts of physical approach 

CO2, CO4 1 

2.3 Flexibility method: flexibility matrices for truss and 

frame elements 
CO4 1 

2.3 Load transformation matrix-development of total 

flexibility matrix of the structure 
CO4 1 

2.4 Analysis of simple structures-plane truss and plane 

frame-nodal loads and element loads 
CO4 3 

2.5 Lack of fit and temperature effects  1 

3 Module III: Total lecture hours: 9 

3.1 Stiffness method: Development of stiffness matrices by 

physical approach 
CO5 1 

3.2 Stiffness matrices for truss and frame elements-

displacement transformation matrix CO5 2 
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3.3 Analysis of simple structures-plane truss and plane 

frame-nodal loads and element loads 
CO5 5 

3.4 Lack of fit and temperature effects CO5 1 

4 
Module IV: Total lecture hours: 9 

4.1 Direct stiffness method:  Introduction to direct stiffness 

method-global co-ordinates andlocal co-ordinates. 
CO2, CO5 1 

4.2 Rotation of axes in two dimensions, stiffness matrix of 

elements in global co- ordinates from element co-

ordinates- assembly of load vector and stiffness matrix  

CO5 2 

4.3 Solution of numerical problems on two span continuous 

beam – single bay single storey portal frame 
CO5 6 

5 Module V: Total lecture hours: 9 

5.1 Structural dynamics:  

Introduction - degrees of freedom - equation of motion, 

D’Alembert’s principle - Damping 

CO6 2 

5.2 Free response of damped and undamped systems CO6 2 

5.3 Logarithmic decrement CO6 1 

5.4 Single degree of freedom systemssubjected to harmonic 

load - transient and steady state responses CO6 2 

5.5 Simple portal frame problems CO6 2 
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MODEL QUESTION PAPER 

 

Reg.No.:_______________  Name:__________________________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

SIXTH SEMESTER B.TECH DEGREE EXAMINATION 

Course Code: CET302 

Course Name: STRUCTURAL ANALYSIS II 

Max. Marks: 100  Duration: 3 Hours 

 

PART A  

Answer all questions; each question carries 3 marks. 

1. a) Derive an expression for the shape factor of a rectangular cross section. 

 b) What are the advantages and disadvantages of approximate methods of structural 

analysis? 

 c) Derive flexibility matrix for the co-ordinates shown for the beam in figure. 

 

 d) What are the assumptions in cantilever method? 

 e) Derive stiffness matrix for the degrees of freedom shown for the beam in figure. 

 

 f) Prove that flexibility matrix is the inverse of stiffness matrix for a given set of actions 

and corresponding displacements. 

 g) Explain local co-ordinates and global co-ordinates. 

 h) Write down the steps involved in direct stiffness method. 

 i) Explain the components of the basic dynamic system. 

 j) Explain transient and steady-state responses. 

(10×3 marks = 30 marks) 

PART B 

Answer one full question from each module; each full question carries 14 marks. 

Module I 

2. Find the plastic moment capacity of the beam shown in figure. Assume uniform section 

throughout . 
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(14 marks) 

 

3. Total dead load is 12 kN/m and total live load is 20 kN/m on ABCD. Analyse the frame for 

midspan positive moment on BC, using substitute frame method.  

 

 

(14 marks) 

 

Module II 

4. Analyse the beam in figure using flexibility method.     

 

(14 marks) 

5 Analyse the frame in figure using portal method. 

 

Module III 
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6. Determine all the member end moments for the frame shown in figure, using stiffness 

method. 

 

(14 marks) 

 

7. Determine the displacements at B for the beam shown in figure, using stiffness method. 

 

(14 marks) 

 

Module IV 

8. Find all the joint displacements for the beam in Figure 5, using direct stiffness method. 

 

(14 marks) 

9. Find the joint displacements for the pin-jointed truss shown in figure, using direct stiffness 

method. 

 

(14 marks) 

Module V 
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10. Derive an expression for the free-vibration response of a damped SDOF system 

(Underdamped case only).                                                                                                                                    

(14 marks) 

11. A vibrating system consists of a weight of W = 100kN and a spring with stiffness k = 20 

N/m is viscously damped so that the ratio of two consecutive amplitudes is 1/0.85. 

Detemine: a) the natural frequency of the undamped system, b) the damping ratio, c) the 

damping coefficient and d) the damped natural frequency             

(14 marks) 

********* 

 

CIVIL ENGINEERING


