






































































21SE171 

Preamble 

M.E. Degree (Structural Engineering)- 2022-23

STRUCTURAL ENGINEERING 
LABORATORY 

Category L T P Credit 

PC 0 0 4 2 

The objective of this laboratory course is to impart knowledge on analysing and designing of 

RCC and Steel structures with 20 and 30 systems under static loads which develops the 

intellectual and psychomotor skills of the students. 

Prereg-=u=is ... it=e __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _
Knowledge in concrete technology, Basic RC and steel design theory and design 

Course Outcomes 

0 th f I n e success u comp1 e 10n o If f th e course, s u en s w1 e a  e o t d t ·11 b bl t 

Expected 
Expected 

Bloom's Attainme 
cos Course Outcome 

Level nt level 
Proficiency 

(%) 
(grade) 

C01: 
Analyse 20 Beams and frame systems against the 

Analyze 80 A 
load specified in IS: 875 Part 1-3 using software 

CO2: 
Analyse 30 frame system against the load 

Analyze 75 B 
specified in IS: 875 Part 1-3 using software. '�-

Develop a design templates for RCC beams, I 

C03: Columns and beam-columns based on the IS Apply 80 A 
provisions. 

Develop a design templates for Steel Tension 
C04: member, compression members, flexural members Apply 80 A 

and beam-columns based on the IS provisions. 

Design of 20 system / 30 frame system at least of 

COS: 
G+3 considering as RCC or Structural Steel using 

Evaluate 80 A 
software and comparing results with design 
templates and detailing of the designed elements. 

Develop a Design template for foundation type of 

C06: 
isolated and combined footings and compare the 

Analyze 75 B 
results with foundation design software. Detailing of 
the foundation using detailing software. 

l!\lla�P.,ing with Programme Outcomes 
I

cos P01 P02 P03 P04 P05 P06 P07 P08 P09 P010 P011 PS01 PS02 

C01. s s M L M - - M M L L M L 

CO2. s s M L M - - M M L L M L 

C03 s M L - L - - L M L L L L 

C04 s M L - L - - L M L L L L 

C05 s s s M M -

- M M L L s L 

C06 s s M L M -

- M M L L s L 

S- Strong; M-Medium; L-Low

Passed in Board of Studies meeting held on 03.12.2022 Approved in 64th 
Academic Council Meeting held on 11.01.2023



M.E. Degree (Structural Engineering)- 2022-23

IList of ExP.eriments 
I

1 Analyse a statically indeterminate beam with or without yielding of 

support using software and generate a report including all the 

necessary analysis results 

2 Analyse a 20 frame system with or without sway incorporating 

gravity and lateral loads using software and generate report 

incorporating all the necessary analysis results 

3 Analyse a 30 frame system with or without sway incorporating all 

possible load combinations as per IS provisions using software and 

generate a report containing all the necessary analysis results 

4 Develop a spreadsheet for the design of RCC beams, columns and 

member subjected to axial compression & bending. Display the 

design abstract in an excel sheet. 

5 Develop a spreadsheet for the design of steel tension member, 

compression member, flexural member and beam-columns. 

Display the design abstract in an excel sheet. 

6 Design a 20 RCC frame system using the software as per IS 
provisions and generate the design report. Comparing the design 
results with design templates. 

7 Design a 30 RCC structure of at least G+3 using the software as 
per IS provisions and generates the design report. Comparing the 
design results with design templates. 

8 Detailed the designed RCC frame component details using suitable 

detailing software and generate the design drawing. 

9 Design a 20 steel truss system using the software as per IS 
provisions and generate the design report. Comparing the design 
results with design templates. 

10 Design a 30 steel frame structure of at least G+3 using the 
software as per IS provisions and generate the design report. 
Comparing the design results with design templates. 

11 Develop a Design template for foundation type of isolated and 
combined footings and compare the results with suitable design 
software. Detailing of the foundation details. 

Course Desig=n=e __ rs==---------------------------
S. Arul Mary

G.Celine Reena

samciv@tce.edu 

celinereena@tce.edu 
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 Revised Schedule of courses 

 Change in category of the course “Analysis and Design of 

Reinforced Concrete Structures” from Programme Elective to 

Programme core 

 Change in category of the course “Finite Element Method” 
from Programme core to Programme Elective 
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Department of Civil Engineering 

M.E Structural Engineering programme 

Schedule of courses 

Seme
sters 

Theory Courses 
Theory cum 

Practical 
Laboratory Project Credits 

1 2 3 4 5 6 7 8 9  

I 

21SE110- 
Applied 

Mathematics 
(3 Credits) 

23SE120- 
Analysis and 

Design of 
Concrete 
Structures 
(3Credits) 

21SE130- 
Theory of 

Elasticity and 
Plasticity 
(3Credits) 

21SE140- 
Dynamics of 

Structures 
(3Credits) 

- - 

21SE160- 
Forensic Engg. 

and 
Rehabilitation of 

structures 
(3Credits) 

21SE171- 
Structural 

Engineering 
Laboratory 
(2 Credits) 

- 17 

II 

21SEPX0- 
Programme 
Elective-I (3 

credits) 

21SEPX0- 
Programme 
Elective-II (3 

credits) 

21SEPX0- 
Programme 

Elective-III (3 
credits) 

 

 
21PG250 
Common 

Core 
(2 Credits) 

 
21PGPX0 

- 
Open 

Elective 
(2Credits) 

21SE260 – 
Experimental 

Techniques and    
Instrumentation 

(3) 

21SE270- 
Dynamics 

Laboratory 
(2 Credits) 

21SE280 – 
Mini Project 
(2 Credits) 

20 

III 

21SEPX0- 
Programme 

Elective-IV (3 
credits) 

21SEPX0- 
Programme 
Elective-V 
(3 credits) 

- - - - - - 

21SE380- 
Dissertation 

Phase-I 
(10 Credits) 

16 

IV - - - - - - - - 

21SE480- 
Dissertation 

Phase-II 
(15) 

15 

Total credits for curriculum 
activities 

68 

A student has to complete 2 audit courses of 24 hours duration. The courses will normally be conducted on weekends. 
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THIAGARAJAR COLLEGE OF ENGINEERING: MADURAI – 
625 015 

M.E Degree (Structural Engineering) Program 

COURSES OF STUDY 

(For the candidates admitted from 2020-21 onwards) 

 
FIRST SEMESTER 

 

Course 

code 

 
Name of the Course 

 
Category ** 

No. of 
Hours 

/ Week 

 
Credits 

L T P 

THEORY 

21SE110 Applied Mathematics FC 2 1 - 3 

23SE120 Analysis and Design of 
Concrete Structures 

PC 2 1 - 3 

21SE130 Theory of Elasticity and Plasticity PC 3 - - 3 

21SE140 Dynamics of Structures PC 3 - - 3 

21SE160 
Forensic Engg. And 
Rehabilitation of Structures 

PC 2 - 2 3 

PRACTICAL 

21SE171 Structural Engineering Laboratory PC - - 4 2 

Total 12 2 6 17 

 
SECOND  SEMESTER 

 

Course 

code 

 
Name of the Course 

 
Category ** 

No. of 
Hours 

/ Week 

 
credits 

L T P 

THEORY 

21SEPX0 Programme Elective-I PE 2 1 - 3 

21SEPX0 Programme Elective-II PE 3 - - 3 

21SEPX0 Programme Elective – III PE 3 - - 3 

21PG250 Common Core PC 2 - - 2 

21PGPX0 Open Elective PE 2 -  2 

21SE260 
Experimental Techniques and 

Instrumentation 
PC 2 - 2 

3 

PRACTICAL 

21SE270 Dynamics Laboratory PC - - 4 2 

21SE280 Mini Project PC - - 4 2 

Total 
 

15 1 10 20 
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THIRD SEMESTER 

 

Course code Name of the Course Category ** 
No. of Hours / Week 

credits 
L T P 

THEORY 

21SEPX
0 

Programme Elective – 
IV 

PE 3 - - 3 

21SEPX
0 

Programme Elective – 
V 

PE 3 - - 3 

PRACTICAL 

21SE380 Dissertation Phase-I PC - - 20 10 

Total 5 - 20 16 

 
FOURTH SEMESTER 

 

Course 
code 

Name of the Course Category ** 
No. of Hours / Week 

credits 

L T P 

PRACTICAL 

21SE480 Dissertation Phase-II PC - - 30 15 

Total - - 30 15 

 

 
** BS- Basic Sciences; HSS-Humanities and Social Sciences; ES-Engineering 

Sciences; FC- Foundation Core; PC- Programme Core; PE-Programme Elective; 

GE-General Elective; OC-One Credit Course; TC- Two Credit Course; SS-Self-

Study Course (in the list of Programme Electives) 

 
Note: 

 
1 Hour Lecture/Tutorial is equivalent 

to 1 credit 2 Hours Practical is 

equivalent to 1 credit 
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THIAGARAJAR COLLEGE OF ENGINEERING: MADURAI – 625 015 

M.E Degree (Structural Engineering) Program 

SCHEME OF EXAMINATIONS 

(For the candidates admitted from 2023-24 onwards) 
 

FIRST SEMESTER 
 

S.No. Sub. Code 
 

Name of the 
subject 

Duration of   
Terminal 
Exam. in 

Marks 
Minimum Marks 

for Pass 

Continuous 
Assessment 

* 

Terminal 
Exam ** 

Max. 
Marks 

Terminal 
Exam 

 
Total 

THEORY 

1 21SE110 
Applied 
Mathematic
s 

3 40 60 100 27 50 

2 23SE120 
Analysis and 
Design of 
Concrete 
Structures 

3 40 60 100 27 50 

 
3 

 
21SE130 

Theory of 
Elasticity and 
Plasticity 

3 40 60 100 27 50 

4 21SE140 
Dynamics of 
Structures 

3 40 60 100 27 50 

 
5 

 
21SE160 

Forensic 
Engg. and 
Rehabilitation 
of structures 

3 50 50 100 22.5 50 

PRACTICAL 

 
7 

 
21SE171 

Structural 

Engineering 

Laboratory 

 

3 

 

60 

 

40 

 

100 

 

18 

 

50 

 
SECOND SEMESTER 

 

S.No. Sub. Code 

 
Name of the 

subject 

Duration 
of   

Terminal 
Exam. in 

Marks 
Minimum Marks 

for Pass 

Continuous 
Assessment 

* 

Terminal 

Exam ** 

Max. 

Marks 

Terminal 

Exam 
Total 

THEORY 

1 21SEPX0 
Programme 

Elective-I 
3 40 60 100 27 50 

2 21SEPX0 
Programme 

Elective-II 
3 40 60 100 27 50 
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3 21SEPX0 
Programme 

Elective – 
3 40 60 100 27 50 

4 21SEPX0 
Programme 

Elective – 
3 40 60 100 27 50 

 
5 

21PG250 Common Core  
3 

40 60 100 27 50 

6 21PGPX0 Open Elective 3 40 60 100 27 50 

 

 
7 

 

 
21SE260 

Experimental 

Techniques and 

Instrumentation 

 

 
3 

 
50 

 
50 

 
100 

 
22.5 

 
50 

PRACTICAL 

8 21SE270 
Dynamics 

Laborator
3 

 
3 

 
6 

 
40 

 
100 

 
18 

9 21SE280 Mini Project - 
40 60 100 27 50 

THIRD SEMESTER 

 

 
S. 

No. 

 
Sub. 
Code 

 

 
Name of the 

subject 

Duration 

of 

Terminal 

Exam. in 

Hrs. 

Marks Minimum Marks 

for Pass 
Continuous 

Assessment 

* 

Terminal 

Exam ** 

Max. 

Mark

s 

Termina

l Exam 

Total 

THEORY 

1  
21SEPX0 

Programme 

Elective – V 

 
3 

40 60 100 27 50 

PRACTICAL 

2 
21SE380 

Dissertation 

Phase-I 
- 40 60 100 27 50 

 
FOURTH SEMESTER 

S. 
No. 

Sub Code 
Name of the 

subject 

Duration 

of   

Terminal 

Exam. in 

Hrs. 

Marks 
Minimum Marks 

for Pass 

Continuous 

Assessment 

* 

Terminal 

Exam ** 

Max. 

Marks 

Terminal 

Exam 
 

Total 

PRACTICAL 

1 21SE480 
Dissertation 

Phase-II 
- 40 60 100 27 50 

 
* Continuous Assessment evaluation pattern will differ from subject to 

subject and for different tests. This will have to be declared in advance to 

students. 

** Terminal Examination will be conducted for maximum marks of 100 and subsequently be 

reduced to 50 marks for the award of terminal examination marks. 
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LIST OF ELECTIVES 

Sl. No Subject Code Course Name 

1 23SEPA0 Finite Element Method 

2 21SEPB0 Aseismic Design of Structures 

3 21SEPC0 Bridge Engineering 

4 21SEPD0 Blast Resistant Design of structures 

5 21SEPE0 Computational methods in Structural Analysis 

6 21SEPF0 Computer Aided Design 

7 21SEPG0 Creep and Fatigue behaviour of Materials 

8 21SEPH0 Design of Foundation and Substructure 

9 21SEPK0 Design of Steel Concrete Composite Structures 

10 21SEPL0 Fracture mechanics 

11 21SEPM0 Industrial Structures 

12 21SEPN0 Prestressed Concrete 

13 21SEPQ1 Structural Steel Design 

14 21SEPR0 Structural Mechanics 

15 21SEPS0 Theory of plates 
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LIST OF OPEN ELECTIVES 

Sl. No Course Name 

1 Business Analytics 

2 Industrial Safety 

3 Operations Research 

4 Cost Management of Engineering Projects 

5 Composite Materials 

6 Waste to Energy 

 
LIST OF AUDIT COURSE 1 & 2 

A student has to complete 2 Audit courses of 24 hours duration. The 

courses will normally be conducted on weekends. 

Sl. No Course Name 

1 English for Research Paper Writing 

2 Disaster Management 

3 Sanskrit for Technical Knowledge 

4 Value Education 

5 Constitution of India 

6 Pedagogy Studies 

7 Stress Management by Yoga 

8 Personality Development through Life Enlightenment Skills 

9 Value Engineering 
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23SE120  ANALYSIS AND DESIGN OF CONCRETE 

STRUCTURES 

Category L T P Credit 

PC 3 0 0  3 

 Preamble  

 
The design of modern reinforced concrete structures may appear to be highly complex. 

However, most of these structures are the assembly of several basic structural elements such 

as beams, columns, slabs, walls and foundations. Accordingly, the designer has to learn the 

design of these basic reinforced concrete elements. The joints and connections are then 

carefully developed. The aim of this course is to keep students up to date with various 

advanced mechanics and theories on reinforced concrete structures and to develop their skills 

to conduct analysis and practical design of real-life RC structures. 

 Prerequisites  

 
Applied Mathematics, Structural Mechanics 

 Course Outcomes  

On the successful completion of the course, students will be able to 

COs Course Outcome 
Bloom’s 

Level 

Expected 

Attainment 

level (%) 

Expected 

Proficiency 

(grade) 

CO1 
Make the students be familiar with the limit state 

design of RCC bems and columns 
Apply 85 A 

 

CO2 

Identify and apply the relevant codal provisions to 

design the RC special elements such as slender 

columns, grid floors, concrete walls, spandrel 

beams, deep beams, corbels and pile cap 

 

Apply 

 

75 

 

B 

 
CO3 

Study the crack pattern of slabs using yield line 

theory and design them based on their analysis and 

design the flat slab according to IS method 

 
Apply 

 
75 

 
B 

 
CO4 

Explain the inelastic behavior of concrete elements 

and design the frames using moment rotation 

characteristics 

 
Apply 

 
75 

 
B 

 
CO5 

Make the students be familiar with the detailing of 

beams, columns and its joints against ductility 

 
Apply 

 
75 

 
B 

 
 Mapping with Programme Outcomes  

 
COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PSO1 PSO2 

CO1. S S S S M - S - - S S M M 

CO2. S S S S M - S - - S S S M 

CO3. S S S S M - S - - S S S M 

CO4. S S S S M - S - - S S S M 

CO5. S S S S M - S - - S S S M 

S- Strong; M-Medium; L-Low 
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 Assessment Pattern  

 
 

Bloom’s 
Category 

Continuous 
Assessment 

Tests 

 
Terminal 

Examination 

1 2  

Remember 10 10 10 

Understand           10 10 10 

Apply 80 80 80 

Analyse - - - 

Evaluate - - - 

Create - - - 

 
 

 Concept Map  

 

 Syllabus  

 
Design concepts - review of basic concepts, behaviour and design of RC members under 

flexure, shear, combined shear and torsion, axial compression   and calculation of deflection 

and crackwidth as per IS Code, comparative study with EuroCode and ACI Code;Special RC 

elements- design of slender columns, grid floors, plain & reinforced concrete walls, edge 

(spandrel) beams, concept of strut and tie method, deep beams,corbels,pile caps;Slabs - yield 

line theory of slabs, virtual work method and equilibrium method, introduction to Hillberg’s strip 

method of analysis (principles only), design of circular and flat slabs;Inelastic behavior of 

concrete beams - moment-rotation characteristics, moment redistribution, Baker’s method of 

limit state analysis of continuous beam;Ductile Detailing –concept of ductiltity, design of 

beams columns and joints for ductility, design of cast in-situ joints in frames, detailing for 

ductility. 
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 Reference Books  

 
1. Dr.N. Subramanian, Design of Reinforced Concrete Structures, Oxford Publishers, 2013 

2. Unnikrishna Pillai and Devdas Menon, Reinforced Concrete Design, Mc Graw Hill 

Education, New Delhi, 2017. 

3. Arthur H.Nilson, George Winter, Design of Concrete Structures, 11th Edition, McGraw Hill 

Book Co., New York, 2009. 

4. P. Bhatt, T.J. MacGinley, B.S. Choo, Ban Seng Choo and Thomas J. MacGinley, 

Reinforced Concrete; Design theory and examples, Routledge Publisher, 2006. 

5. Edward G. Nawy, Reinforced Concrete – A fundamental Approach, 6th Edition, Prentice 

Hall, 2008. 

6. Prab Bhatt, T.J. MacGinley, Ban SengChoo, Reinforced Concrete Design to Eurocodes: 

Design Theory and Examples, Fourth Edition, CRC Press, 2014 
 

 List of national and international standards  

 
1. IS 456:2000 Plain and Reinforced Concrete – Code of Practice. 

2. IS 875 (1-5):1987 Code of Practice for Design Loads (Other than Earthquake) for Buildings 

and Structures. 

3. SP 16:1980 Design Aids for Reinforced Concrete to IS 456:1978. 

4. SP 34:1987 Handbook of concrete reinforcement and detailing. 

5. IS 13920:1993 Ductile detailing of Reinforce Concrete Structures subjected to Seismic 

forces-Code of Practice. 

6. ACI224R – 80 Control of cracking in concrete structures ACI Committee 224, Concrete 

International, 1980 

7. EN1992 – Eurocode 2 (EC2) – European standards for design of concrete structures. 

8. ACI318-08 Building Code Requirements for Structural Concrete & Commentary 
 

 Course Contents and Lecture Schedule  

 
Module 

No. 
Topic 

No. of 

Lectures 

1. Design Concepts 

1.1 Behaviour and design of RC members under flexure and shear 2 

1.1.1 Combined shear and torsion 1 

1.1.2 Axial compression 1 

1.2 Calculation of deflection and crackwidth as per IS Code 1 

1.3 Comparative study with Euro Code & ACI Code 1 

2. Special RC elements 

2.1 Slender columns 2 

2.2 Grid floors 1 

2.3 Plain and RC walls 1 

2.4 Deep beams 2 
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2.5 Corbels 2 

2.6 Edge (spandrel) beams 1 

2.7 Pile caps 1 

3. Slabs  

3.1 Yield line theory - Equilibrium and Virtual work method 2 

3.1.1 
Analysis and design of square slab with different boundary conditions 

subjected to UDL and concentrated loads 
2 

3.1.2 
Analysis and design of rectangular slab with different boundary conditions 

subjected to UDL and concentrated loads 
2 

3.1.3 
Analysis and design of circular slabs with different boundary conditions 

subjected to UDL and concentrated loads 
2 

3.2 Introduction to Hillberg’s strip method of analysis (Principles only) 1 

3.3 Design of circular slabs 1 

3.4 Design of flat slab 1 

4. Inelastic Behavior of Concrete Beams 

4.1 Moment-Rotation characteristics - Moment redistribution 1 

4.2 Baker’s method of Limit State Analysis of continuous beams 1 

5. Detailing 

5.1 Detailing for ductility according to codal provisions 1 

5.2 Design of beams for ductility 1 

5.3 Design of columns for ductility 1 

5.4 Design of joints for ductility 2 

5.5 Design of cast in-situ joints in frames 2 

 
Total Hours 36 

 

 Course Designers:  

 
R.Sankaranarayanan, rsciv@tce.edu 

mailto:rsciv@tce.edu
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23SEPA0 FINITE ELEMENT METHOD Category L T P Credit 

 

PE 3 0 0 3 

 Preamble  

This course provides an introduction to the finite element analysis, from engineering 

rather than a purely mathematical point of view. 

 Prerequisite  

Fundamentals of Mathematics, knowledge of forces and resolution and equilibrium 
concepts. 

 
 Course Outcomes  

On the successful completion of the course, students will be able to 
 

 
COs 

 
Course Outcome 

Bloom's 
level 

Expected 
attainment 
level (%) 

Expected 
proficiency 
(grade) 

CO1 Illustrate the relation between stress and strain Apply 80 A 

CO2 Compute weighted integral and weak formulation Apply 80 A 

CO3 Calculate the nodal displacement, stresses and 
reaction forces in ID bar and plane truss element 

Apply 80 A 

CO4 Calculate the nodal displacement, stresses and 
reaction forces in 2D element 

Apply 80 A 

CO5 Outline different meshing techniques and use of 
finite element Software 

Apply 80 A 

 
 Mapping with Programme Outcomes  

 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PSO1 PSO2 

CO1. S M M M M L - M M L L M L 

CO2. S M M M M L - M M L L M L 

CO3. S M M M M L - M M L L M L 

CO4. S M M M M L - M M L L M L 

CO5. S M M M M L - M M L L M L 

S- Strong; M-Medium; L-Low 

 Assessment Pattern  

 

 
Bloom’s 
Category 

Continuous 
Assessment 

Tests 

 
Terminal 

Examination 

1 2  

Remember 10 10 10 

Understand           10 10 10 

Apply 80 80 80 

Analyse - - - 

Evaluate - - - 

Create - - - 
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 Concept Map  
 

 

 

 Syllabus  

Fundamental Concepts: Stresses and equilibrium – Boundary conditions – strain- 

displacement relations – stress-strain relations – potential energy and equilibrium – weighted 

integral and weak formulation – variational approach – Rayleigh Ritz method – Galerkin 

method. One dimensional formulation: Finite element modelling – coordinates and shapes 

functions – Assembly of global stiffness matrix and global load vector – properties of K – 

finite element equations – treatment of boundary conditions – quadratic shape functions – 

temperature effects. Trusses: Plane trusses – local –global transformation - stiffness matrix 

– stress calculations. Two dimensional formulation: Finite element modelling – constant 

strain triangle – problem modelling and boundary conditions - stress calculations – 

Isoparametric elements – four node quadrilateral and nine node quadrilateral elements- 

Numerical Integration-One point formula and two point formula – two dimensional integrals. 

Mesh Generation and FE software application: Convergence - Requirements for 

convergence – p and h methods of mesh refinement – ill conditioned elements – 

Discretisation errors – Auto and Adaptive Mesh Generation – Error evaluation – stages of 

FEM software. 
 

 Reference Book  

 
1. Reddy, J.N, “An Introduction to the finite element method”, McGraw Hill International 

Edition, New York, 3rd edition 2008. 

2. Tirupathi R. Chandrupatla, Ashok D. Belegundu, “Introduction to finite elements in 

engineering”, Prentice Hall of India, New Delhi, 2007. 
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3. Krishnamoorthy,C.S, “Finite Element Analysis Theory and Programming”, Tata 

McGraw Hill Publishing Co.Ltd. New Delhi 2004. 

4. Moaveni,S., Finite Element Analysis : Theory and Application with ANSYS, Prentice 

Hall Inc., 1999. 

5. Zienkiewicz, O.C, and Taylor, R.L., The Finite Elements Methods , Mc Graw Hill , 6th 

edition 1987. 

 

 Course Contents and Lecture Schedule  
 

S.NO TOPICS 
NO. OF 

LECTURES 

1 Fundamental Concepts  

1.1 Introduction 1 

1.2 Stresses and equilibrium 1 

1.3 Boundary conditions – strain-displacement relations 1 

1.4 Stress – strain relations – potential energy and equilibrium 1 

1.5 Weighted Integral and Weak formulation 1 

1.6 Variational Approach 1 

1.7 Rayleigh Ritz method 1 

1.8 Galerkin method 1 

2 One dimensional formulation  

2.1 Introduction – Finite Element Modelling, coordinates and shape functions 1 

2.2 The Potential Energy approach 1 

2.3 Assembly of Global Stiffness Matrix and Load Vector 1 

2.4 Properties of K, finite element equations and treatment of boundary 

conditions 

2 

2.5 Quadratic shape functions 2 

3 Trusses  

3.1 Introduction – Plane trusses 1 

3.2 Local and global coordinate systems 1 

3.3 Element stiffness matrix and stress calculations 1 

3.4 Introduction to three dimensional trusses 1 

4 Two dimensional formulation  

4.1 Introduction - Finite Element Modelling of two dimensional problems 1 

4.2 Constant strain triangle – Isoparametric representation 2 

4.3 Potential energy approach – Element stiffness matrix, force terms and 

stress calculations 

2 

4.4 Isoparametric elements - Four node quadrilateral – shape functions and 

element stiffness matrix 

1 

4.5 Eight and Nine node quadrilateral 2 

4.6 Numerical Integration - One point formula and two point formula 1 

5 Mesh Generation and FE software application  

5.1 Convergence and requirements 1 

5.2 p and h methods of mesh refinement 2 

5.3 Ill conditioned elements 1 

5.4 Discretisation errors 2 
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5.5 Auto and Adaptive Mesh Generation Techniques 1 

5.6 Stages of FEM software 1 

 Total Hours 36 
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Preamble  
The objective of this laboratory course is to impart knowledge on Non-

destructive testing and dynamics study of systems. Developing a practical skill for 
inspection and evaluation of various structural components using different NDT 
methods in accordance with IS codal provisions. Dynamics study of a single and 
Multi-Degree freedom system subject to hormonic, periodic excitation were dealt in 
this course. Students will also be introduced to virtual dynamics lab. 
Prerequisite  
Knowledge in Basic physics, Construction materials and technology, Dynamics of 
structure,   structural analysis 
Course Outcomes  
On the successful completion of the course, students will be able to 

 
 
COs 

 
Course Outcomes Bloom’s 

Level 

Expected 
Attainment 
level (%) 

Expected 
Proficiency 
(grade) 

  CO1 Design the concrete mix proportion using IS codal 
provisions  

Apply 75 B 

 CO2 Test the properties of concrete using non-destructive 
approaches.    

 

Apply 

 

75 

 

B 

CO3 Learn the effects of systems subjected to vibration. Apply 75 B 
 
CO4 

Demonstrate the phenomenon of vibration of Multi- 
degree-of-freedom (dof) systems under harmonic 
including the occurrence of resonances in the system 

 
Apply 

 
75 

 
B 

 

CO5 

Conduct the vibration study of multi- degree-of- 
freedom (dof) systems under periodic motion 
including the occurrence of resonances in the system 

 

Apply 

 

75 

 

B 

  CO6 Differentiate the dynamics behaviour of a three 
storied building model with and without an open 
ground floor 

 

Apply 

 

75 

 

B 

Mapping with Programme Outcomes  
 

COs PO1 PO2 PO
 

PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO1
 

PSO
 

PSO
 CO1

 
S M L - - L - L M - L M L 

CO2
 

S M L - - L - L M - L M L 
CO3 S M L - - L - L M - L M L 
CO4 S M L - - L - L M - L M L 
CO5 S M L - - L - L M - L M L 
CO6 S M 

 
L - - L - L M - L M L 

S- Strong; M-Medium; L-Low 

 
23SE270 

 
NON DESTRUCTIVE TESTING AND 

DYNAMICS LABORATORY 
Category L T P Credit 

PC 0 0 4 2 
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List of Experiments   
1. Mix design of high strength concrete as per IS method, use of admixture/plasticizer. 
2. Determination of Flow Characteristics/workability of concrete  
3. Nondestructive evaluation of concrete specimen- Ultrasonic pulse velocity, Rebound 

hammer test. 
4. Testing the strength of concrete subjected to time dependent loading and compare the 

non-destructive and Destructive approach. 
5. Field study – Evaluating the internal flaws and properties of concrete in structural 

members using NDT methods. 
6. Field study – Evaluating the corrosion of reinforcement in structural members using 

corrosion resistivity meter and Rapid chloride penetration test (RCPT). 
7. Dynamics of SDOF and three storied building frame subjected to harmonic base 

vibration. 
8. Dynamics of a SDOF and three storied building frame subjected to non-harmonic 

vibration. 
9. Dynamics of a three storied building frame subjected to periodic (non-harmonic) base 

motion. 
10. Free and Forced vibration using FFT analyzer 
11. Virtual lab- Single degree of freedom system by vibrating with initial excitation (i.e, 

initial displacement and/or initial velocity and with or without damping)  
12. Virtual lab- Determination of natural frequencies and natural mode shapes of multi 

degree of freedom system and also the response of each floor to a given ground 
motion. 

  
Course Designers:  
Dr.D.Rajkumar rajkumarcivil@tce.edu 
Mr.R.Sankaranarayanan rsciv@tce.edu  
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Preamble  
The objective of this laboratory course is to impart knowledge on various construction 
material selection through testing based on specifications. Developing a practical skill 
for inspection and evaluation of various structural components using both destructive 
and Nondestructive testing methods in accordance with IS codal provisions. 

Prerequisite  

Knowledge in Basic physics, Construction materials and technology, structural analysis 

Course Outcomes  

On the successful completion of the course, students will be able to 
 

 
COs 

 
Course Outcomes Bloom’s 

Level 

Expected 
Attainment 
level (%) 

Expected 
Proficiency 

(grade) 

CO1 
Design the concrete mix proportion using IS 

codal provisions 
Apply 75 B 

CO2 
Test the fresh and hardened properties of 

concrete 
Apply 75 

 
B 

CO3 Perform the corrosion test in RCC members. Apply 75 B 

 

CO4 
Conduct the test on RCC beam under static 
load 

 
Apply 

 

75 
 

B 

CO5 
Conduct the test on RCC column with 

concentric and eccentric loading. 
Apply 75 B 

CO6 Design steel elements and trusses Create Apply 75 B 

Mapping with Programme Outcomes  

 

COs PO1 PO2 PO PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO1 PSO PSO 

CO1 S M L - - L - L M - L M L 

CO2 S M L - - L - L M - L M L 

CO3 S M L - - L - L M - L M L 

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

CO5 S M L - - L - L M - L M L 

S- Strong; M-Medium; L-Low 
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Category L T P Credit 

PC 0 0 4 2 
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List of Experiments  

1. Mix design of high strength concrete as per IS method. 

2. Effect of minerals and chemical admixtures in concrete at fresh and hardened state with 

relevance to workability, strength and durability 

3. Determination of Flow Characteristics/workability of self-compacting concrete 

4. Nondestructive evaluation of concrete - Ultrasonic pulse velocity, Rebound hammer test. 

5. Evaluating the internal flaws and properties of concrete in existing structural members 

using NDT methods. 

6. Permeability test on hardened concrete using Rapid chloride penetration test (RCPT). 

7. Carbonation Test on concrete cubes and cylinders. 

8. Evaluating the corrosion of reinforcement in structural members using corrosion meter. 

9. Fabrication, casting and testing of reinforced concrete beam subjected to static load. 

10. Fabrication, casting and testing of reinforced concrete column subjected to concentric and 

eccentric loading 

11. Design of elemental steel members using software and validating the results with manual 

calculations using Excell spread sheet. 

12. Design of small to medium span trusses using software and detailing the members and 

joints. 
 

 

Course Designers:  

Dr. D. Rajkumar rajkumarcivil@tce.edu 

Mr. R. Sankaranarayanan rsciv@tce.edu 
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Preamble  

This course offers design of structures subjected seismic forces. 

Prerequisite  

Knowledge in Basic physics, Dynamics of structure, Structural analysis 

Course Outcomes  

On the successful completion of the course, students will be able to 
 

 
COs 

 
Course Outcomes 

TCE 

Proficiency 
Scale 

Expected 

Proficiency  

Expected 

Attainment 

level (%) 

 
CO1 

 
Understand the fundamentals of 
earthquake engineering and assess 
their impact on structural design. 

 

 
TPS2 B 

 
75 

 
CO2 

Apply the Seismic Hazard Analysis to 
evaluate seismic hazard Parameters 

 

TPS3 B 
 

75 

CO3 
Apply the Indian codal provisions to 
analyze the RC structures. 

 
TPS3 B 

75 

 
CO4 

Apply the Indian codal provisions to 
design a shear wall and masonry 
structures 

 

TPS3 B 
 

75 

 
CO5 

Analyze seismic design techniques to 
evaluate performance. 

 
 

TPS3 
B 

 
75 

Mapping with Programme Outcomes  

 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PSO1 PSO2 

CO1. M L - - - L - L M - L M L 

CO2. S M L - - L - L M - L M L 

CO3 S M L - - L - L M - L M L 

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

CO5 S M L - - L - L M - L M L 

S- Strong; M-Medium; L-Low 
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Syllabus  
 

Engineering Seismology – rebound theory- plate tectonics - Seismic design concepts EQ load 

on simple buildings – load path floor and roof diaphragms – seismic resistant building architecture 

– plan configuration – vertical configuration – pounding effects – mass and stiffness irregularities 

– torsion in structural system. 

Seismic Hazard analysis- Deterministic Seismic hazard Analysis (DSHA) - PSHA -completeness 

Analysis – Seismic Hazard curves- Uniform Hazard Response Spectrum (UHRS). lessons learnt 

in past Earth Quakes Design of RC structures IS codal provisions on Earthquake resistant 

design (IS1893, IS 13920) - Seismic coefficient and Response spectrum method - Ductile 

Detailing – Building systems – frames – braced frames- layout design of Moment Resisting 

Frames (MRF) – Design of shear wall- Design of Masonry structures. 

Cyclic loading behaviour of RCC and Steel elements (Damage Models) – Seismic Design 

techniques- base isolation – Energy dissipating devices – case studies. Performance Based 

Seismic Design - Seismic performance evaluation of structural and non-structural components 

and systems. 

Reference Books:  
 

1. Anil.K.Chopra,“Dynamics of Structures” (Theory and Applications to Earthquake 
Engineering), Prentice Hall of India Private Limited, 2nd Edition, New Delhi, 2003. 
2, Pankaj Agarwal and Manish ShriKhande, Earthquake Resistant Design of Structures, 
Prentice- Hall of India, New Delhi, 2007. 
3. Bullen K. E., Introduction to the Theory of Seismology, Great Britain at the University Printing 
houses, Cambridge University Press, 1996. 

4. S K Duggal, “Earthquake Resistant Design of Structures”, Oxford University Press, 2007. 

5. Paulay, T and Priestly, M. N. J., “A Seismic Design of Reinforced Concrete and 
Masonry buildings”, John Wiley and Sons, 1991. 
6. Srinivasan Chandrasekaran, Luciano Nunzinate, Giorgio Seriino, Federico Caranannate, 
Seismic Design Aids for Nonlinear analysis of Reinforced Concrete Structures, CRC Press, 
Florida (USA), 2009. 
7. NPTEL: Introduction to Earthquake Engineering 
https://archive.nptel.ac.in/courses/105/101/105101004/ 
8. NPTEL: Seismic Analysis of Structureshttps://archive.nptel.ac.in/courses/105/102/105102016/ 

 

List of national and international standard Codes :  
 

1. IS:1893 - (Part I), Criteria for Earthquake Resistant structures-General Provisions and 
Buildings 
2. IS:13935 – Repair and Seismic strengthening of buildings 
3. IS:4326 - Earthquake Resistant Design and Constructions of buildings 
4. IS: 13828 - Improving Earthquake Resistance of Low strength Masonry buildings. 

6. IS: 13920 – Ductile detailing of RC Structures subject to Seismic forces. 

https://archive.nptel.ac.in/courses/105/101/105101004/
https://archive.nptel.ac.in/courses/105/102/105102016/
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Course Contents and Lecture schedule:  

 
Module 

No. 
Topic 

No. of 

Lectures 

1.1 Introduction- Engineering Seismology 1 

1.2 Rebound theory, plate tectonics 1 

1.3 Seismic design concepts 1 

1.4 EQ load on simple buildings 2 

1.5 EQ load on non-symmetrical buildings 1 

1.6 
Seismic resistant building architecture, plan configuration, vertical 

configuration 
2 

1.7 Pounding effects 1 

1.8 Mass and stiffness irregularities, Torsion in structural system 1 

2. Seismic Hazard analysis-  

2.1 Deterministic Seismic hazard Analysis (DSHA) 1 

2.2 PSHA – Seismic Hazard curves 2 

2.3 Seismic Hazard curves- Uniform Hazard Response Spectrum (UHRS). 1 

2.4 Lessons learnt in past Earth Quakes 1 

3. Design of RC structures  

3.1 IS codal provisions on Earthquake resistant design (IS1893, IS 13920) 2 

3.2 Seismic coefficient and Response spectrum method 3 

3.3 Ductile Detailing, Building systems, braced frames 2 

3.4 Design of shear wall 2 

3.5 Layout design of Moment Resisting Frames (MRF) 1 

3.6 Design of Masonry structures. 2 

3.7 Cyclic loading behaviour of RCC and Steel elements. 2 

3.8 Different types of Damage Models 1 

4.Seismic Design techniques  
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4.1 

Base isolation -Types of bearings, forces on bearings, Design of 
steel rocker bearing - Design of roller bearing 

 
2 

4.2 Energy dissipating devices – case studies 2 

 
4.3 

Performance Based Seismic Design- Seismic performance evaluation of 

structural and non-structural components and systems. 

 
2 

Total periods 36 
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Preamble  

To design a structure using modern software tools available like STAAD etc. and 

present it in the form of a complete detailed drawing. Students have to work individually with 

standard codes, computational tools and software packages for analyzing, designing and 

detailing a structure. A detailed report on the work done shall be submitted by individual 

students in the form of a report and presentation. 

Dynamics study of a single and Multi-Degree freedom system subject to 

hormonic, periodic excitation were dealt in this course. Students will also be introduced 

to virtual dynamics lab. 

Prerequisite  

Knowledge in concrete technology, Basic RC and steel design theory and design 

Knowledge in Basic physics, C, Dynamics of structure, structural analysis 

Course Outcomes  

On the successful completion of the course, students will be able to 
 

 

COs 

 

Course Outcomes 

TCE 
Proficiency 

Scale 

Expected 
Proficienc 
y  

Expected 
Attainmen 
t level (%) 

 
CO1 

Analyze the structure for various loads and 
load combinations according to the relevant IS 
codes 

 
TPS3 

 
B 

 
75 

 
CO2 

Design and detail structures using computer 

software/tools and check the correctness using 

manual approximate methods 

 
TPS3 

 
 

B 

 
 

75 

 
CO3 

Design steel elements and trusses using 

computer software/tools 

 
TPS3 

 
B 

 
75 

 

 
CO4 

Demonstrate the phenomenon of vibration of 
Multi- degree-of-freedom (dof) systems 
under harmonic including the occurrence of 
resonances in the system 

 
 

TPS3 

 

 
B 

 

 
75 

 

 
CO5 

Conduct the vibration study of multi- degree- 

of- freedom (dof) systems under periodic 

motion including the occurrence of 

resonances in the system 

 

 
TPS3 

 

 
B 

 

 
75 

 

STRUCTURAL ENGINEERING 
DESIGN STUDIO 

Category L T P Credit 

PC 0 0 4 2 
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CO6 

Differentiate the dynamics behaviour of a 

three storied building model with and without 

an open ground floor 

 

TPS3 

 

 
75 

 

 
B 

 

 

Mapping with Programme Outcomes  
 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PSO1 PSO2 

CO1. S M L - - L - L M - L M L 

CO2. S M L - - L - L M - L M L 

CO3 S M L - - L - L M - L M L 

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

CO5 S M L - - L - L M - L M L 

CO6 S M L - - L - L M - L M L 

S- Strong; M-Medium; L-Low 
 
 

List of Experiments  

1. Design of RC elements using software and validating the software results with manual 

calculations using Excel spread sheet. 

2. Design single storied RC framed structure using software and detailing the rebars. 

3. Design multistoried RC framed structure using software and detailing the rebars. 

4. Analysis of multistoried RC framed structure under seismic forces. 

5. Design of elemental steel members using software and validating the results with 

manual calculations using Excel spread sheet. 

6. Design a small to medium span trusses using software and details the members and 

joints. 

7. Dynamics of SDOF and three storied building frame subjected to harmonic base 

vibration. 

8. Dynamics of a SDOF and three storied building frame subjected to non-harmonic 

vibration. 

9. Dynamics of a three storied building frame subjected to periodic (non-harmonic) base 

motion. 

10. Free and Forced vibration using FFT analyzer 

11. Virtual lab- Single degree of freedom system by vibrating with initial excitation (i.e, 

initial displacement and/or initial velocity and with or without damping) 

12. Virtual lab- Determination of natural frequencies and natural mode shapes of multi 

degree of freedom system and also the response of each floor to a given ground 

motion. 

Course Designers:  
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 Preamble   

This course work is designed to bridge the gap between engineering expertise and financial 
literacy. It introduces key financial principles and equips engineering students with the tools 

necessary to analyze capital investments, perform cost analysis, evaluate project feasibility, 
and make informed economic decisions in both corporate and entrepreneurial settings. 

 Prerequisite   

NIL 

 Course Outcomes   

On the successful completion of the course, students will be able to 

CO 
Number 

Course outcomes Bloom’s 
level 

Expected 

Attainment 
level (%) 

Expected 

Proficiency 

(grade) 

CO1 Apply financial concepts relevant to 

engineering decisions 
Apply 70 A 

CO2 Integrate financial concepts with 

engineering project management to 

improve overall project performance and 

economic viability. 

Apply 70 A 

CO3 Develop Organizational and personal 
financial plans that align with financial 
goals 

Apply 70 A 

CO4 Demonstrate the awareness of the ethical, 
environmental, and sustainability 

considerations in financial decision-making 

within engineering contexts 

Apply 70 A 

 

 Mapping with Programme Outcomes   
 

COs PO 

1 
PO 

2 
PO 

3 
PO 

4 
PO 

5 
PO 

6 
PO 

7 
PO 

8 
PO 

9 
PO1 

0 
PO1 

1 
PSO 

1 
PSO 

2 

CO1 S M L - - L S L M L M - - 

CO2 S M L - - L S L M L M - - 

CO3 S M L - L M S L M L M - - 

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

S- Strong; M-Medium; L-Low 

 Assessment Pattern   
 

 
CO CAT1 CAT2 Terminal Assignment 1 Assignment 2 

TPS 
Scal 
e 

 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 

CO1 10 20 20 - - - - - - - - - 5 10 - - - - - - 50  - - 
 

- - - - - - 

 

21SEGB1 FINANCE FOR ENGINEERS 
Category L T P Credit 

CEG 2 0 0 2 
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CO2 10 20 20 - - - - - - - - - 5 10 15 - - - - - 50  - - - - - - - - 

CO3 - - - - - - - - - 10 20 20 5 10 15 - - - - - -  - - - - 50 - - - 

CO4 - - - - - -  - - 10 20 20 5 10 10 - - - - - - - - - -  50 - - - 

 

 

 Syllabus     

Fundamentals of Financial Engineering :Role of finance in Engineering, Accounting and 

systems of accounting, Time value of money-present and future value, Annuities and sinking 

funds Depreciation ,Inflation and Taxes Capital budgeting and Project evaluation: Project 

selection  and Appraisal,  Capital  budgeting-Nature  and  process,  Capital  budgeting 

Techniques-NPV,IRR,PI,ARR&BCR,  Cost  concepts  and  control,  Risks  in  engineering 

projects,   Techniques   of   risk   analysis Financial   management:   Goals   of   financial 

management, Sources of Finance & Working capital management, Financial planning  - 

setting personal financial goals, Financial ratios in personal finance, Investment avenues, 

Insurance and Risk management Financial Decision: Value analysis& Value engineering, 

Behavioural finance, Risk and Return, Economical Decision making –Lifecycle cost Analysis, 

CSR & ESG (Environmental, Social, Governance) factors, Recent developments in Financial 

Management. 

 Course Contents and Lecture Schedule   
 

S.No Topics No. of 

Lectures 
CO 

1. Fundamentals of Financial Engineering   

1.1 Role of finance in Engineering 1 CO1 

1.2 Accounting and systems of accounting 1 CO1 

1.3 Time value of money-present and future value 1 CO1 

1.4 Annuities and sinking funds 1 CO1 

1.5 Depreciation ,Inflation and Taxes 2 CO1 

 Capital budgeting and Project evaluation   

2.1 Project selection and Appraisal 1 CO2 

2.2 Capital budgeting-Nature and process 1 CO2 

2.3 Capital budgeting Techniques-NPV,IRR,PI,&BCR 1 CO2 

2.4 Cost concepts and control 1 CO2 

2.5 Risks in engineering projects 1 CO2 

2.6 Techniques of risk analysis 1 CO2 

3. Financial management   

3.1 Goals of financial management 1 CO3 

3.2 Sources of Finance & Working capital management 1 CO3 

3.3 Financial planning -setting personal financial goals 1 CO3 

3.4 Financial ratios in personal finance 1 CO3 

3.5 Investment avenues 1 CO3 

3.6 Insurance and Risk management 1 CO3 

4 Financial Decision   

4.1 Value analysis& Value engineering 1 CO4 

4.2 Behavioural finance 1 CO4 

4.3 Risk and Return 1 CO4 
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4.4 Economical Decision making –Lifecycle cost Analysis. 1 CO4 

4.5 CSR & ESG (Environmental, Social, Governance) factors 1 CO4 

4.6 Recent developments in Financial Management 1 CO4 

 TOTAL 24  

 Reference Books   

1. Theusen G.J., Fabrycky W.J., Engineering Economy, 9th Edition, Prentice-Hall, Inc., 
New Delhi, India,2001. 

2. Engineering Economics  by R. Panneerselvam, 1st Edition 

PHI Learning Private Limited, New Delhi. (ISBN-978-81-203-1743-7) 

3 Crundwell F.K., Finance for Engineers-Evaluation and Funding of Capital Projects, 
Springer, London, UK, 2008. (ISBN 978-1-84800-032-2). 

 

 Course Designers:   

1. Dr. V. Ravi Sankar  environmentengr@tce.edu 
 

2. Mr.B.Dinesh Kumar bdkciv@tce.edu 

mailto:environmentengr@tce.edu
mailto:bdkciv@tce.edu
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21SE290 
FINITE ELEMENT ANALYSIS OF 

STRUCTURES 

 
 Preamble  

This course provides the basic concepts of finite element method and its applications to wide 

range of engineering problems. This course deals with various modelling techniques and uses 

different numerical methods for solving a system of governing equations over the domain of a 

continuous physical system (such as structural problem, thermal problem, fluid mechanics 

problem), which is discredited into simple geometric shapes called finite element. 

 

 Prerequisites  

Fundamentals of mathematics, knowledge of forces and resolution, Equilibrium concepts 
 

 Course Outcomes  

On the successful completion of the course, students will be able to 

 

CO’s for Theory part: 

COs Course Outcome Bloom’s 

Level 

Expected 

Attainment 

level (%) 

Expected 

Proficiency 

(Grade) 

CO1 
Understand the concept of finite element 
method and illustrate the relation between 
stress and strain 

Apply 75 A 

 
CO2 

Formulate and derive element stiffness matrices 
and load vectors for one-dimensional and truss 
elements using shape functions and boundary 
conditions. 

 
Apply 

 
75 

A 

 
CO3 

Develop and analyze finite element models for 
truss elements subjected to various loading and 
boundary conditions. 

 
Apply 

 
75 

 
A 

 
CO4 

Develop and analyze finite element models for 
beam elements subjected to various loading 
and boundary conditions. 

 
Apply 

 
75 

 
A 

 
CO5 

Demonstrate the process of mesh generation, 
convergence in finite element analysis and 
applying FEM software tools to perform 
structural analyses. 

 
Apply 

 
75 

 
A 

 

CO’s for Practical part: 

COs Course Outcome Bloom’s 

Level 

Expected 

Attainment 

level (%) 

Expected 

Proficiency 

(Grade) 

CO6 
Create different geometric models and one-
dimensional linear element with different 
material properties 

   Apply 75 A 

 
CO7 

Perform static analysis of cantilever beams 
under various loading conditions using FEM 
software. 

Apply 75 A 

Category L T P Credit 

PC 2 0 2 3 
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CO8 

Perform static analysis of simply supported 
beams under various loading conditions using 
FEM software. 

 
Apply 

 
75 

 
A 

 
CO9 

Perform static analysis of fixed beams under 
various loading conditions using FEM software. 

 
Apply 

 
75 

 
A 

 
 CO10 

Analyze plane trusses and 2D frame structures 
under different support and loading conditions 
using finite element principles. 

 
Apply 

 
75 

 
A 

  CO11 
Perform finite element analysis of reinforced 
concrete beams 

 
    Apply 

 
         75 

 
          A 

 
 Mapping with Programme Outcomes  

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PSO1 PSO2 

CO1 S M L - M L - M M L L M L 

CO2 S M L - M L - M M L L M L 

CO3 S M L - M L - M M L L M L 

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

CO5 S M L - M L - M M L L M L 

CO6 S M L - S L - S M M L M S 

CO7 S M L - M L - S S M L M S 

CO8 S M L - M L - S L M - M - 

CO9 S M L - M L - M M M L M - 

CO10 S M L - M L - M - L L S - 

CO11 S M L - S L - - - - L S S 

S- Strong; M-Medium; L-Low 

 

 Assessment Pattern  

 

Bloom’s 

Category 

Continuous Assessment Tests Terminal 

Examination 

Theory part Practical 
part 

Theory 

part 

Practical 

part 
1 2 3 

Remember      10       10 Observation, 
Record, 

Model test 
(100 marks) 

10  
 
 
- 

Understand      10       10 10 

Apply      80 80 80 

Analyse       - - - 

Evaluate       - - - 

Create       - - - 

 
Syllabus  

Introduction to Finite Element Analysis- Basic Concepts: Introduction, Engineering 

applications, advantages, steps in FEM, element types, stress strain relationship for 1D, 2D and 

3D cases, plane stress and plain strain conditions: One dimensional formulation - Finite 
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element modelling – coordinates and shapes functions – Assembly of global stiffness matrix and 

global load vector – properties of K – finite element equations – treatment of boundary conditions 

– quadratic shape functions ;Trusses - Formulation of Plane truss element – local –global 

transformation - stiffness matrix – stress calculations, Numerical problems on truss; Two 

Dimensional formulation - Formulation of beam element – problem modelling and boundary 

conditions - stress calculations- Numerical problems on beams carrying point loads and UDL 

loads; Mesh Generation and FE software application – Convergence - Requirements for 

convergence – p and h methods of mesh refinement – ill conditioned elements – Discretisation 

errors – Auto and Adaptive Mesh Generation – Error evaluation – stages of FEM software. 

 

 Reference Books  

1. Reddy, J.N, "An Introduction to the finite element method", McGraw Hill International 

Edition, New York, 3rd edition 2008. 

2. Tirupathi R. Chandrupatla, Ashok D. Belegundu, "Introduction to finite elements in 

engineering", Prentice Hall of India, New Delhi, 2007. 

3. Krishnamoorthy, C.S, "Finite Element Analysis Theory and Programming", Tata McGraw 

Hill Publishing Co.Ltd. New Delhi 2004. 

4. Moaveni, S., Finite Element Analysis: Theory and Application with ANSYS, Prentice Hall 

Inc., 1999. 

5. Zienkiewicz, O.C, and Taylor, R.L., The Finite Elements Methods, Mc Graw Hill, 6th edition 

1987. 

 

  Course Contents and Lecture Schedule  

Module 

No. 

Topic No. of 

Lectures 

Course 

Outcome 

1 Introduction to Finite Element Analysis 

1.1 Basic Concepts: Introduction, Engineering applications, 
advantages 

1 CO1 

1.2 Steps in FEM, element types 1 CO1 

1.3 Stress strain relationship for 1D 1 CO1 

1.4 Stress strain relationship for 2D 1 CO1 

1.5 Stress strain relationship for 3D and plane stress and plain 
strain conditions 

1 CO1 

2 One dimensional formulation 

2.1 Finite element modelling – coordinates and shapes functions 1 CO2 

2.2 Assembly of global stiffness matrix and global load vector 1 CO2 

2.3 Properties of K – finite element equations 1 CO2 

2.4 Treatment of boundary conditions – quadratic shape 
functions- temperature effects 

1 CO2 

2.5 Numerical Integration 1 CO2 

3 Trusses 

3.1 Formulation of Plane truss element  1 CO3 
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3.2 
Local –global transformation 

1 CO3 

3.3 
Stiffness matrix – stress calculations 

1 CO3 

3.4 
Tutorial - Truss problems 

2 CO3 

4 Two Dimensional formulation 

4.1 Formulation of beam element  1 CO4 

4.2 Problem modelling and boundary conditions 1 CO4 

4.3 Stress calculations 1 CO4 

4.4 Tutorial – Two dimensional problems  2 CO4 

5 Mesh Generation and FE software application 

5.1 Convergence - Requirements for convergence  1 CO5 

5.2 p and h methods of mesh refinement 1 CO5 

5.3 ill conditioned elements – Discretisation errors 1 CO5 

5.4 Auto and Adaptive Mesh Generation – Error evaluation – 
Stages of FEM software 

1 CO5 

 Total Hours 24  

 

List of Experiments: 

1. Creation of various geometric models using basic modelling tools 

2. Analysis of one-dimensional linear elements with different material properties 

3. Static analysis of cantilever beams subjected to uniformly distributed loads 

4. Static analysis of simply supported beams under point loads 

5. Static analysis of fixed beams 

6. Static analysis of continuous beams 

7. Analysis of truss with different support conditions 

8. Static analysis of solid pipe 

9. Static analysis of hollow pipe 

10. Analysis of rectangular plate with a circular hole subjected to pressure loading 

11. Buckling analysis of column sections 

12. Analysis of a simply supported reinforced concrete beam 

 

 Course Designer:  

Dr. V Ganga vgaciv@tce.edu 

 

 

 
 

 

 

 
 

mailto:vgaciv@tce.edu
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21SEGC0 
ENGINEERING SAFETY AND 

MANAGEMENT  

 
 Preamble  

Safety is a fundamental requirement in modern engineering due to increasing project 

complexity, technological advancements and the responsibility to protect people, equipment and 

the environment. This course introduces the essential principles of safety, basic legal 

requirements and the roles and responsibilities within an organisation. It familiarizes students 

with simple methods for hazard identification, risk assessment, accident prevention and safety 

communication. The subject also highlights practical workplace improvement tools such as 5S, 

ergonomics and basic safety audits. Emphasis is placed on understanding occupational health 

needs and developing a positive safety culture. By learning these concepts, students gain the 

ability to make responsible decisions and contribute to safer engineering practices in their 

professional careers. 

 

 Prerequisites  

Nil 

 

 Course Outcomes  

On the successful completion of the course, students will be able to 

COs Course Outcome Bloom’s 

Level 

Expected 

Attainment 

level (%) 

Expected 

Proficiency 

(grade) 

CO1 Describe basic safety concepts, accident 

causes and the need for safety in 

engineering. 
Understand 80 A 

CO2 Demonstrate correct application of safety 

rules, legal acts, standards and roles in 

workplace settings. 
Apply 75 A 

CO3 Identify hazards, assess risks and propose 

suitable control measures. Apply 75 A 

CO4 Explain the components of a safety 

management system, conduct simple safety 

audits and understand occupational health 

aspects. 

Apply 75 A 

 
 Mapping with Programme Outcomes  

 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PSO1 PSO2 

CO1 M L - - - L M L L L L L M 

CO2 S M L - - M M L L S M L M 

CO3 S M L - - M S L L M M M S 

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

S- Strong; M-Medium; L-Low 

Category L T P Credit 

OE 2 0 0 2 
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 Assessment Pattern  

 
Bloom’s 

Category 

Continuous Assessment Tests Terminal 

Examination 1 2 

Remember 10 10 10 

Understand 30 30 30 

Apply 60 60 60 

Analyse - - - 

Evaluate - - - 

Create - - - 

 
 Syllabus  

 
Fundamentals of Safety Management - Introduction to safety - Importance of safety in 

engineering - Simple definitions: hazard, risk, accident - Causes of accidents - Basics of accident 

prevention - Role of engineers in safety; Legislation, Standards & Responsibilities - Overview 

of Factories Act, BOCW Act, Employee’s Compensation Act - Safety policy - Roles and duties of 

safety officer, supervisor & worker - ISO, OSHA guidelines - Safety communication: signs & 

symbols - Application of legal requirements and safety standards through case studies and 

workplace scenarios; Hazard Identification & Risk Assessment - Simple hazard identification: 

checklists & walk -throughs - Basic risk assessment techniques - Risk rating : low, medium & 

high - Hierarchy of controls - Ergonomics: posture, lifting, workstation design, fatigue reduction; 

SMS, Audits & Occupational Health - Safety Management System (SMS): Basic components 

- Safety training & awareness, Safety audit steps - 5S Audit: checklist, scoring, workplace 

improvement - Occupational health: physical, chemical & welfare factor. 

 

 Reference Books  

 
1.  R.K. Jain & Sunil S. Rao – Safety, Health and Environment Management Systems, Khanna 

Publishers, 2015. 

2.  John Ridley – Safety at Work, Butterworth-Heinemann, 2012. 

3.  Hughes, P. & Ferrett, E. – Introduction to Health and Safety in Engineering, Routledge, 

2016. 

4.  Dr. K.U. Mistry – Safety Management in Engineering, Charotar Publishing, 2018. 

5.  National Building Code of India (NBC 2016), Part 7 – Constructional Practices and Safety. 

 

 Course Contents and Lecture Schedule  

Module 

No. 
Topic 

No. of 

Lectures 
COs 

1. Fundamentals of Safety Management 

CO1 1.1 Introduction to safety 1 

1.1.1 Importance of safety in engineering 1 
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Course Designers:  

 
Dr.K.Malavan kmnciv@tce.edu 

1.2 Simple definitions: hazard, risk, accident 1 

1.3 Causes of accidents (unsafe acts & conditions) 1 

1.4 Basics of accident prevention 1 

1.5 Role of engineers in safety 1 

2. Legislation, Standards & Responsibilities 

CO2 

2.1 Overview of Factories Act, BOCW Act, Employee’s 
Compensation Act. 

1 

2.2 Safety policy, Roles and duties of safety officer, supervisor & 
worker 

1 

2.3 ISO 45001 basics, OSHA guidelines 1 

2.4 Safety communication: signs & symbols 1 

2.5 Application of legal requirements and safety standards through 
case studies and workplace scenarios 

2 

3. Hazard Identification & Risk Assessment 

CO3 

3.1 Simple hazard identification: checklists & walk-throughs 2 

3.2 Basic risk assessment techniques 1 

3.3 Risk rating (low–medium–high) 1 

3.4 Hierarchy of controls 1 

3.5 Ergonomics: posture, lifting, workstation design, fatigue 
reduction 

1 

4. SMS, Audits & Occupational Health 

CO4 

4.1 Safety Management System (SMS): Basic components 1 

4.2 Safety training & awareness, Safety audit steps 1 

4.3 5S Audit: checklist, scoring, workplace improvement 2 

4.4 Occupational health: physical, chemical & welfare factors 1 

 Total Hours   24  

mailto:rsciv@tce.edu
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