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Preamble: The course enables the students to analyse various types of simple structures 
using appropriate methods and tools. It introduces the applications of principles of mechanics 
of solids to determine stress resultants in statically determinate and indeterminate structures. 
Specific cases of cables, suspension bridges and arches are also discussed at length. The 
course trains the students to develop mathematical models and helps to sharpen their 
analytical skills. After this course students will be able to analyse structures subjected to 
moving loads as well. 

Prerequisite: CET201Mechanics of Solids 

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

Course 
Outcome 

Description of Course Outcome 
Prescribed 

learning level 

CO1 Apply the principles of solid mechanics to analyse trusses. Applying 

CO2 
Apply various methods to determine deflections in statically 
determinate structures. 

Applying 

CO3 
Identify the problemswith static indeterminacy and tackling 
such problems by means of the method of consistent 
deformations and energy principles. 

Understanding, 
Analysing, 

Applying 

CO4 
Apply specific methods such as slope deflection and 
moment distribution methods of structural analysis for 
typical structures with different characteristics. 

Understanding, 

Applying 

CO5 
Apply suitable methods of analysis for various types of 
structures including cables, suspension bridges and arches. 

Understanding, 

Applying 

CO6 
Analyse the effects of moving loads on structures using 
influence lines. 

Understanding, 
Analysing, 

Applying 

 

Mapping of course outcomes with program outcomes (Minimum requirement) 

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

CO1 2 2 - - - - - - - - - - 
CO2 2 2 - - - - - - - - - - 
CO3 3 3 - - - - - - - - - - 
CO4 3 2 - - - - - - - - - - 
CO5 3 2 - - - - - - - - - - 
CO6 3 2 - - - - - - - - - - 
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Assessment Pattern 

Bloom’s Category 
Continuous Assessment 
Tests End Semester Examination 

1 2 
Remember 10 05 10 
Understand 20 10 20 
Apply 30 25 50 
Analyse 10 10 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.  

Course Level Assessment Questions 

CO1: Apply the principles of solid mechanics to analyse trusses. 
 

1. Explain the method of joints to analyse trusses. 
 

2. Find the member forces in FH, EH and EG using method of sections. 

 
3. Analyse the truss in figure using method of joints 
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CO2: Apply various methods to determine deflections in statically determinate 
structures. 

 
1. Find the slopes at A & B, and deflections at C& D of the simple beam. 

N/mm2. I = 8500 cm4 

 
2. Find the vertical deflection at C for the frame i

method. 

3. State and prove Betti’s Theorem
4. Find the deflection and slope at C for the cantilever, using unit load method. 

Take EI as unity. 

 
CO3: Identify the problems with static indeterminacy and tackling such 

problems by means of the method of consistent deformations and energy 
principles. 

1. Explain static and kinematic indeterminacies with examples.
2. Differentiate between force and displacement methods for analysing 

indeterminate structures
 

 

Apply various methods to determine deflections in statically determinate 

the slopes at A & B, and deflections at C& D of the simple beam. 
 

 

Find the vertical deflection at C for the frame in figure using strain energy 

 
State and prove Betti’s Theorem 
Find the deflection and slope at C for the cantilever, using unit load method. 

 

Identify the problems with static indeterminacy and tackling such 
lems by means of the method of consistent deformations and energy 

Explain static and kinematic indeterminacies with examples. 
Differentiate between force and displacement methods for analysing 
indeterminate structures 

  

2 kN 

 

4 kN 

 

600 

 

600 

 

600 

 

600 

 

 

Apply various methods to determine deflections in statically determinate 

the slopes at A & B, and deflections at C& D of the simple beam. E= 2x105 

n figure using strain energy 

Find the deflection and slope at C for the cantilever, using unit load method. 

Identify the problems with static indeterminacy and tackling such 
lems by means of the method of consistent deformations and energy 

Differentiate between force and displacement methods for analysing 
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3. Find the reaction at B for the beam shown in figure, using consistent 
deformation method.

4. Analyse the 2D frame using consistent deformation method (EI is constant).
 

5. Using minimum strain energy method, analyse the continuous beam shown in 
figure. 

 

CO4: Apply specific methods such as slope deflection and moment distribution 
methods of structural analysis for typical structures with different 
characteristics. 

 

 

1. Explain briefly on the analysis of frames with sidesway, using slope deflection 
method 

2. Derive expressions for stiffness at the near

3. Analyse the continuous beam using slope deflection method (EI is constant).

4.  Analyse the continuous beam in 
constant) 

 

ion at B for the beam shown in figure, using consistent 
deformation method. 

 
Analyse the 2D frame using consistent deformation method (EI is constant).

 
Using minimum strain energy method, analyse the continuous beam shown in 

 

ply specific methods such as slope deflection and moment distribution 
methods of structural analysis for typical structures with different 

Explain briefly on the analysis of frames with sidesway, using slope deflection 

ve expressions for stiffness at the near-end for a beam with hinged far

Analyse the continuous beam using slope deflection method (EI is constant).

. 

Analyse the continuous beam in figure using moment distribution method (EI is 

 

 
ion at B for the beam shown in figure, using consistent 

Analyse the 2D frame using consistent deformation method (EI is constant). 

Using minimum strain energy method, analyse the continuous beam shown in 

ply specific methods such as slope deflection and moment distribution 
methods of structural analysis for typical structures with different 

Explain briefly on the analysis of frames with sidesway, using slope deflection 

end for a beam with hinged far-end 

Analyse the continuous beam using slope deflection method (EI is constant). 

sing moment distribution method (EI is 

 

CIVIL ENGINEERING



 

 
 

CO5: Apply suitable methods of analysis for various types of structures including 
cables, suspension bridges and arches. 

 
1. Write a note on three-hinged and two-hinged stiffening girders. 

2. State and explain Eddy’s theorem 

3.  For a cable AB, the level difference between the supports A and B is 6m, and the 
lowest point is at a vertical distance of 4.5m from A. If the horizontal span AB is 
24m and is loaded with 7.5kN/m throughout the span, find the length of the cable, 
and the minimum and maximum tension in the cable 

4. A suspension bridge with 25m span and central dip 2.5m transfers 4kN per 
horizontal metre to each cable.  Find max and min pull in each cable, and the length 
of cable 

5. The span of the 3-hinged parabolic arch shown in figure is 30m and the rise is 6m. 
Find BM, normal thrust, and radial shear at a section 7.5 m from the left hinge.  Find 
maximum BM on the arch. 

 
 
 

CO6: Analyse the effects of moving loads on structures using influence lines. 
 

 
 

1. State and explain the condition for absolute maximum bending moment in a simple 
beam when a series of concentrated loads is moving across it 

2. What are influence lines?  Draw ILD for SF and BM at any intermediate section of a 
simply supported beam.What are the uses of influence lines? 

3. Four point loads 30kN, 40kN, 20kN and 15kN, distance between them being 2m, are 
moving across a simple beam (of span 15m) from left to right with 30kN load 
leading.  Find position of the loads for maximum -ve SF and BM at a section 7m 
from left end.  Also find maximum -ve SF and BM at the section. 
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SYLLABUS 

Module – 1 

Statically determinate trusses: Method of joints and method of sections (simple illustrative 
numerical problems only) – 4 hrs. 
 
Deflection of statically determinate structures: Introduction and simple illustrative examples 
of simple beams and cantilever beams only on: a) Method of successive integrations,b) 
Moment area method and c) Castigliano’s theorem Part I– 5hrs. 
 
Module – 2 

Principle of virtual work, Betti’s theorem, Maxwell’s law of reciprocal deflections; Unit load 
method for determination of deflection of statically determinate beams and trusses (simple 
illustrative numerical problems only) – 4hrs. 
 
Analysis of Statically Indeterminate Structures:  
 
Degree of static and kinematic indeterminacies; Introduction to force and displacement 
methods. 
 
Method of consistent deformations: Analysis of beams (simple problems with one redundant, 
illustration only for two-redundant problems). Concepts of effect of pre-strain, lack of fit, 
temperature changes and support settlement. (No numerical problems) – 4 hrs.  
 
Castigliano’s theorem Part II, theorem of least work. Minimum strain energy method for 
analysing statically indeterminate structures (Illustrative simple examples only) – 2 hrs. 
 
Module – 3 

Slope Deflection Method: Analysis of continuous beams and portal frames without sway; 
Frames with sway (illustration only); Settlement effects (illustration only) – 5 hrs. 
 
Moment Distribution Method: Analysis of continuous beams and portal frames without 
sway; Frames with sway (illustration only)– 4 hrs. 
 
Module – 4 

Cables: Analysis of forces in cables under concentrated and uniformly distributed loads; 
Anchor Cable supports – 4 hrs. 
 
Suspension Bridges: Un-stiffened suspension bridges, maximum tension in the suspension 
cable and backstays, pressure on towers – 5 hrs. 
 
Module – 5 

Arches: Theory of arches – Eddy’s theorem;Analysis of three-hinged arches; Normal thrust 
and radial shear due to simple cases of loading. – 4 hrs. 

CIVIL ENGINEERING



 

 
 

 
Moving loads and influence lines: Introduction to moving loads - concept of influence lines - 
influence lines for reaction, shear force and bending moment in simply supported beams and 
over hanging beams – analysis for single concentrated load, several concentrated loads, 
uniformly distributed load shorter and longer than the span – conditions for maximum 
bending moment and shear force – 5 hrs. 
 
Text Books:  
 
1. Gere and Timoshenko, Mechanics of materials, CBS Publishers 
2. Kenneth Leet, Chia M Uang & Anne M Gilbert, Fundamentals of Structural Analysis, 
McGraw Hill 
3. R.Vaidyanathan and P.Perumal, Comprehensive Structural Analysis Volume I & II, Laxmi 
Publications (P) Ltd 
 
References:  
 
1. Wang C.K., Intermediate Structural Analysis, McGraw Hill 
2. Aslam Kassimali., Structural Analysis, Cenage Learning 
3. Chandramouli P N, Structural Analysis I –Analysis of Statically Determinate Structures, 
Yes Dee Publishing Pvt Ltd.,Chennai,Tamil Nadu. 
4. Devdas Menon, Structural Analysis, Narosa Publications 
5. Hibbeler., Structural Analysis, Pearson Education 
6. Kinney S., Indeterminate Structural Analysis, Oxford & IBH 
7. M.L. Gambhir, Fundamentals of structural Mechanics and analysis, Printice Hall India 
8. Reddy C.S., Indeterminate Structural Analysis, Tata McGraw Hill 
9. Timoshenko S.P.& Young D.H., Theory of Structures, McGraw Hill 
10.Daniel L Schodak, Structures, Pearson Education, 7e, 2014 
11.Negi L. S. and Jangid R. S, Structural Analysis, Tata McGraw Hill, 1997 
12.Rajasekaran S. and Sankarasubramanian G., Computational Structural Mechanics, PHI, 
2008 
13.S.S. Bhavikatti, Structural Analysis II, Vikas Publication Houses (P) Ltd, 2016 
14.Utku S, Norris C. H & Wilbur J. B, Elementary Structural Analysis, McGraw Hill, 1990 
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Lecture Plan –Structural Analysis I 
  

Module Topic 
Course 

Outcomes 
addressed 

No. of 
Lectures 

1 Module I: Total lecture hours: 9 

1.1 Trusses: Method of joints CO1 2 

1.2 Trusses: Method of sections CO1 2 

1.3 Method of successive integrations CO2 2 

1.4 Moment area method CO2 2 

1.5 Castigliano’s theorem Part I CO2 1 

2 Module II: Total lecture hours: 9 

2.1 Principle of virtual work, Betti’s theorem, Maxwell’s 
law of reciprocal deflections 

CO2 

 
2 

2.2 Unit load method for determination of deflection of 
statically determinate beams and trusses (simple 
illustrative numerical problems only) 

CO2 2 

2.3 Degree of static and kinematic indeterminacies; 
Introduction to force and displacement methods 

CO3 1 

2.4 Method of consistent deformations: Analysis of beams 
(simple problems with one redundant, illustration only 
for two-redundant problems). 

CO3 2 

2.5 Concepts of effect of pre-strain, lack of fit, temperature 

changes and support settlement. (No numerical 
problems) 

CO3 1 

2.6 Castigliano’s theorem Part II, theorem of least work. 
Minimum strain energy method for analyzing statically 
indeterminate structures (Illustrative simple examples 
only) 

CO3 1 

3 Module III: Total lecture hours: 9 

3.1 Slope Deflection Method: Concept and derivation of 
basic equations 

CO4 1 

3.2 Slope Deflection Method: Analysis of continuous beams 
and portal frames without sway.  

CO4 2 

3.3 Slope Deflection Method: Frames with sway (illustration 
only). Settlement effects (derivation only) 

CO4 1 

3.4 Moment Distribution Method: Concept and derivation of 
basic equations 

CO4 1 

CIVIL ENGINEERING



 

 
 

3.5 Moment Distribution Method: Analysis of beams and 
frames – non sway analysis.  

CO4 3 

3.6 Moment Distribution Method: Sway analysis 
(illustration only) 

CO4 1 

4 Module IV: Total lecture hours: 9 

4.1 Cables: Analysis of forces in cables under concentrated 
and uniformly distributed loads  CO5 3 

4.2 Anchor Cable supports CO5 1 

4.3 Suspension Bridges: Un-stiffened suspension bridges, 
maximum tension in the suspension cable and backstays, 
pressure on towers. 

CO5 5 

5 Module V: Total lecture hours: 9 

5.1 Arches: Theory of arches – Eddy’s theorem  CO5 1 

5.2 Analysis of three hinged arches-Support reactions-
normal thrust and radial shear at any section of a 
parabolic arch due to simple cases of loading 

CO5 3 

5.3 Moving loads and influence lines: Introduction to 
moving loads - concept of influence lines  

CO6 1 

5.4 Influence lines for reaction, shear force and bending 
moment in simply supported beams and over hanging 
beams  

CO6 1 

5.5 Analysis single concentrated load, several concentrated 
loads, uniformly distributed load shorter and longer than 
the span. Conditions for maximum shear and bending 
moment. 

CO6 3 
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MODEL QUESTION PAPER 

Reg. No.:_______________ Name:__________________________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 
FIFTH SEMESTER B.TECH DEGREE EXAMINATION 

Course Code: CET301 

Course Name: STRUCTURAL ANALYSIS I 

Max. Marks: 100 Duration: 3 Hours 

PART A  

Answer all questions; each question carries 3 marks. 

1. a) Explain the method of sections to analyse trusses.

b) State and prove Moment Area Theorem I

c) Explain the method of consistent deformations, with an example.

d) State and prove Betti’s Theorem.

e) Explain briefly on the analysis of frames with sidesway, using slope deflection
method.

f) Derive expressions for stiffness at the near-end for a beam with hinged far-end.

g) Write a note on anchor cable supports.

h) Write a note on three-hinged and two-hinged stiffening girders.

i) State and explain Eddy’s theorem.

j) State and explain the condition for absolute maximum bending moment in a simple
beam when a series of concentrated loads is moving across it.

(10×3 marks = 30 marks) 

PART B 

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

Module I 

2. a. Find the member forces in FH and EH and EG using method of sections.

(6 marks) 

b. Analyse the truss in figure using method of joints.
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3. a. Find the slope at A and deflection at 
successive integrations. E= 

 

b.Find the slope and deflection at B of the cantilever
kN/m, l = 3m, E= 2x105 N/mm

4. a. Find the deflection at E of the truss in 
areas of members are 1200mm2. E= 200 kN/mm

bFind the deflection and slope at C for the cantilever, using unit load method. Take 
unity. 

 

 

and deflection at C of the simple beamusing the m
. E= 2x105 N/mm2. I = 8500 cm4. 

 

Find the slope and deflection at B of the cantilever using moment area m
N/mm2, I = 8500 cm4 

 

Module II 

a. Find the deflection at E of the truss in figure, using unit load method. Cross
as of members are 1200mm2. E= 200 kN/mm2.     

 

Find the deflection and slope at C for the cantilever, using unit load method. Take 

 

  

2 kN 

 

4 kN 

 

600 

 

600 

 

600 

 

600 

 

 

(8 marks) 

using the method of 

 
(7 marks) 

moment area method. w =10 

(7 marks) 

, using unit load method. Cross-sectional 

(7 marks) 

Find the deflection and slope at C for the cantilever, using unit load method. Take EI as 

(7 marks) 
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5. a.Find the reaction at B for the beam shown in 
method. 

b. Analyse the 2D frame using consistent deformation method (EI is constant).
 

6. Analyse the continuous beam using slope deflection method (EI is constant).

7. Analyse the continuous beam in 
 

8. For a cable AB, the level difference between the supports A and B is 6m, and the lowest 
point is at a vertical distance of 4.5m from A. If the horizontal span AB is 24m and
loaded with 7.5kN/m throughout the span, find the length of the cable, and the minimum 
and maximum tension in the cable.

9. A suspension bridge with 25m span and central dip 2.5m transfers 4kN per horizontal 
metre to each cable.  Find max a

 

Find the reaction at B for the beam shown in figure, using consistent deformation 

. 

Analyse the 2D frame using consistent deformation method (EI is constant).

 

Module III 

Analyse the continuous beam using slope deflection method (EI is constant).

 

Analyse the continuous beam in figure using moment distribution method (EI is constant).

Module IV 

For a cable AB, the level difference between the supports A and B is 6m, and the lowest 
point is at a vertical distance of 4.5m from A. If the horizontal span AB is 24m and
loaded with 7.5kN/m throughout the span, find the length of the cable, and the minimum 
and maximum tension in the cable. 

A suspension bridge with 25m span and central dip 2.5m transfers 4kN per horizontal 
metre to each cable.  Find max and min pull in each cable, and the length of cable

 
using consistent deformation 

(7 marks) 

Analyse the 2D frame using consistent deformation method (EI is constant). 

(7 marks) 

Analyse the continuous beam using slope deflection method (EI is constant). 

 
(14 marks) 

sing moment distribution method (EI is constant). 

. 

(14 marks) 

For a cable AB, the level difference between the supports A and B is 6m, and the lowest 
point is at a vertical distance of 4.5m from A. If the horizontal span AB is 24m and is 
loaded with 7.5kN/m throughout the span, find the length of the cable, and the minimum 

(14 marks) 

A suspension bridge with 25m span and central dip 2.5m transfers 4kN per horizontal 
nd min pull in each cable, and the length of cable.        (14 
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marks) 

 

Module V 

10. The span of the 3-hinged parabolic arch shown in figure is 30m and the rise is 6m. Find 

BM, normal thrust, and radial shear at a section 7.5 m from the left hinge.  Find maximum 

BM on the arch. 

. 

(14 marks) 

11. a) What are influence lines?  Draw ILD for SF and BM at any intermediate section of a 
simply supported beam.(5 marks) 

 b) Four point loads 30kN, 40kN, 20kN and 15kN, distance between them being 2m, are 
moving across a simple beam (of span 15m) from left to right with 30kN load leading.  
Find position of the loads for maximum -ve SF and BM at a section 7m from left end.  
Also find maximum -ve SF and BM at the section.                                       (9 marks)                         
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