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SCHOOL OF ENGINEERING
Vision

To become, an engineering educational institution of international standing by striving
continuously in pursuit of excellence in education, research, entrepreneurship and technology
related services to the society.

Mission

1. To provide high quality education in major engineering disciplines from undergraduate
through doctoral levels through a creative balance of academic, professional, and extracurricular
programmes.

2. To foster and maintain mutually beneficial partnerships with alumni, industry, state and
central governments through public services assistance and collaborative research.

3. To be a major contributor to global technology base through scholarship and research.

DIVISION OF CIVIL ENGINEERING
Vision

To impart knowledge and excellence in Civil Engineering with a global perspective and to
groom professionals with ethical values to meet the current and future challenges for nation
building.

Mission

1. To promote quality education, research & consultancy for Industrial and societal needs.

2. To inculcate professionalism and moral values in budding Civil Engineers through sustainable
engineering practices.

3. To inspire the new generation of Civil Engineers with innovative ideas and creativity for
lifelong learning, to meet the current and future challenges of nation in a global perspective.



M. Tech Degree (Full Time) Programme in Structural Engineering (2022)

Programme Educational Objectives (PEOs)

PEO1 | To prepare Civil Engineering graduate students for their professional
career as competent structural engineers in academics/ research,
consulting, design and construction.

PEO2 | To impart practical perspectives of structural engineering so as to
provide economical and sustainable solutions to complex structural
problems in infrastructure development projects

PEO3 To inculcate multidisciplinary approach and an ability to

relate engineering issues to broader social contexts.

PEO4 | To develop entrepreneurial abilities, ethical practices and lifelong
independent learning abilities.

Programme Outcomes (POs)

At the end of the programme graduate will be able to:

PO1 Independently carry out research /investigation and development work
to solve practical problems

PO2 Write and present technical reports/documents on complex
engineering activities

PO3 Attain mastery over the various areas related to Structural Engineering

PO4 Analyse, design, experiment and interpret results of complex
Structural Engineering problems as per the relevant standards and
specifications

PO5 Utilize sustainable technologies and practices for solving
contemporary issues in Structural Engineering problems working with
inter-disciplinary teams.

PEO-PO Mapping

PO PO1 PO2 PO3 PO4 PO5
PEO
PEO1 3 2 3 3
PEO2 3 2 3 2 3
PEQO3 2 2 3 3
PEO4 2 1 2 2 3

1-Slightly , 2- Moderately, 3-Substantially



SCHEME AND SYLLABUS (2022)

SEMESTER |
SI | Course Code Course Name Hours/Week | Credits
No. L|T|P
1 22-472-0101 | Theory of Elasticity and Plasticity 3111]0 4
2 22-472-0102 | Finite Element Analysis 311]0 4
3 22-472-0103 | Structural Dynamics 31]1]0 4
4 22-472-01** | Elective | (MOOCH#) 3(1|0 3
5 22-472-01** | Elective Il (MOOCH#) 3(1|0 3
6 22-472-0112 | Research Methodology and 21110 2
Intellectual Property Rights
7 22-472-0113 | Structural Engineering Lab 0] 03 1
8 22-472-0114 | Seminar —I 0] 0] 3 1
Total 17| 6 | 6 22
SEMESTER Il
SI | Course Code Course Name Hours/Week | Credits
No. L|T|P
1 22-472-0201 | Theory of Plates and Shells 31110 4
2 22-472-0202 | Composite Structures 3]11]0 4
3 22-472-0203 | Bridge Engineering 31110 4
4 22-472-02** | Elective 1l (MOOCH#) 3]11]0 3
5 22-472-02** | Elective IV (MOOCH#) 3 ]1]0 3
6 22-472-0212 | Structural Engineering Design 0| 0] 3 1
Studio
7 22-472-0213 | Seminar- 1l 0|03 1
Total 15| 5 | 6 20
SEMESTER I
SI | Course Code Course Name Hours/Week | Credits
No. L|{T|P
1 22-472-0301 | Internship/ (MOOC #) 0| 0] 6 2
2 22-472-0302 | Dissertation Phase — | 0|0 |24 13
Total 0030 15
SEMESTER IV
SI | Course Code Course Name Hours/Week | Credits
No. L|{T|P
1 22-472-0401 | Dissertation Phase — Il 0030 15
Total 0030 15

Total credits for the M.Tech programme = 72




**Electives must be selected from the given list for the corresponding semester

# Students should mandatorily do one relevant MOOC of 12 weeks duration (approved by the
concerned DIVISION) in addition to the courses mentioned in the curriculum/syllabus. MOOC
must be completed and the certificate of completion shall be submitted before the commencement
of IV semester.

22-472-0104
22-472-0105
22-472-0106
22-472-0107
22-472-0108
22-472-0109
22-472-0110
22-472-0111

22-472-0204

22-472-0205
22-472-0206
22-472-0207
22-472-0208
22-472-0209
22-472-0210
22-472-0211

ELECTIVES | & Il (I Semester)

Stability of Structures

Prestressed Concrete Structures

Advanced Analysis and Design of Steel Structures
Structural Optimization

Soil Structure Interaction

Precast and Prefabricated Structures

Experimental Stress Analysis

Advanced Concrete Technology

ELECTIVES Il & IV (Il Semester)

Fracture Mechanics

Design of Offshore Structures

Structural Health Monitoring

Structural Design of Foundations
Earthquake Resistant Design of Structures
Advanced Design of Structures

Reliability Analysis of Structures
Retrofitting and Rehabilitation of Structures



SEMESTER-I

22-472-0101 THEORY OF ELASTICITY AND PLASTICITY
Course Outcomes:

On successful completion of this course, the student will be able to

1. Develop the concept of stress-strain tensors and the relationships in 2D and 3D
continuum problems.

2. ldealize physical problems in to plane stress and plane strain problems and solve
them using stress functions.

3. Identify the effect of torsion in thin-walled and irregular closed/open sections.

4. Apply various failure criteria for general stress states at points.

5. Apply principles of plasticity to solve problems, and to design components,

Course Articulation Matrix

co/pO PO1 PO2 PO3 PO4 PO5
co1 2 1 2 2 1
COo2 3 1 2 2 1
co3 2 1 1 2 1
CO4 3 1 2 2 1
COo5 3 1 2 2 1

1-Slightly; 2- Moderately; 3-Substantially

Module I

Introduction to Elasticity: Basic Concepts-Body force-Surfaceforce-Stress at a point-Stress &
Strain-Transformation of stress and Strain in two and three dimensions-Principal Stresses-
Equilibrium equations in two and three dimensions in Cartesian co-ordinates, Boundary conditions,
Strain displacement relations, Compatibility equations, Generalized Hooke’s Law, Stress
invariants-Mohr’s circle of stresses and strains.



Strain Rosettes-measurements and calculations both analytical and graphical solution.

Module 11

Two-dimensional stress-strain problems: Equations of equilibrium and compatibility-Plane
stress and Plane strain problems-Saint Venant’s Principle-Airy’s stress function approach,
Two-dimensional problems in Cartesian co-ordinates-cantilever beam with concentrated load
at free end—Cantilever beam with moment at free end.

Two-dimensional problems in polar coordinates-Thick-walled cylinder under radial pressure,
Plate with stress concentration.

Three-dimensional stresses and strains—analysis—transformation equations of 3D stresses and
strains.

Module 111

Torsion: Basics of Torsion theory on prismatic members-single and multiple shafts-Saint
Venant’s Theory-Warping functions-Prandtl’s Membrane Analogy-Torsion of non-circular
sections-Torsion of thin circular, rectangular and open section both single and multicell sections.

Module IV

Plasticity Theory: Introduction to plasticity: Plastic behaviour of solids-ldealized plastic solids-
Similarities & differences when compared with elasticity-ldealized material behaviour-Coulomb
friction model for elasticity and plasticity-Plastic Flow rules.

Hydrostatic stresses-Deviatoric stresses- Invariants of deviatoric stresses -Yield criteria-
Graphical representation of yield criteria-Theories of failure-Stress-strain relation for perfectly
plastic flow-Elastic-plastic analysis of beam in bending-Thick-walled cylinder and circular shaft
under torsion.

References:

1. Timoshenko. S, and Goodier. J. N., “Theory of Elasticity”, McGraw-Hill book
Company, Third Edition, 2010.

2. Chakrabarthy J, “Theory of Plasticity”, Tata McGraw-Hill P. Co. Ltd., Second Edition,
2007.

3. Johnson W. and Mellor P. B., “Engineering Plasticity”, Van Nostrand Reinhold,
London, 1973.

4. Sadhu Singh, “Theory of Elasticity”, Khanna Publishers, Delhi,2015.

5. Sadhu Singh, “Theory of Plasticity”, Khanna Publishers, Delhi,2014

6. Srinath L.S, Advanced mechanics of solids, Tata McGraw-Hill Publishing Company
Ltd., New Delhi,2008.

7. Arthur P. Boresi., Richard J. Schmidt., and Omar M. Side Bottom., “Advanced
Mechanics of Materials”, John Wiley & Sons, Inc, 2003.

8. Kirishna Raju, N., “Advanced Mechanics of Solids and Structures”, McGraw-Hill
Education, 2018.



9. Kamal, K and Ghai R.C., “Advanced Mechanics of Materials”, Khanna Publishers, New
Delhi, 2015(Re-print)
10. Helena, H. J, “Theory of Elasticity and Plasticity”, PHI Learning, 2017

22-472-0102 FINITE ELEMENT ANALYSIS
Course Outcomes:
On successful completion of this course, the student will be able to

1. Apply basic concepts involved in finite element method to solve boundary value problems
using standard methods

2. Formulate finite element procedure and to understand the basic concepts of iso-
parametric mapping for one dimensional boundary value problems.

3. Formulate finite elements and to understand the basic concepts of iso-parametric
mapping for two dimensional boundary value problems.

4. Apply numerical integration on 1D and 2D elements for FE analysis

5. Apply finite element techniques in structural and Geotechnical Engineering

Course Articulation Matrix

co/PO PO1 PO2 PO3 PO4 PO5
co1 2 1 2 2 2
COo2 2 1 2 2 1
co3 2 1 2 2 1
CO4 2 1 2 2 1
CO5 3 1 3 3 3

1-Slightly; 2- Moderately; 3-Substantially
Module I

Formulation of a finite element problem —the concept of an element and assembly of system
equations introduced through the matrix method (direct stiffness approach) for analysis of trusses
beams and frames, basic steps in a finite element procedure, boundary value problems, strong
formulation and weak formulation, boundary conditions, the weighted residual methods —
collocation, sub-domain, least square and the Galerkin methods.

Module 11



Finite element formulation for one dimensional problems: The concept of shape (interpolation)
functions, bar element — two noded and three noded, beam element, spring element, Lagrange and
Hermitian elements, axial deformation of bars under uniformly varying load and thermal stress
analysis

Iso-parametric mapping: concept, sub-parametric, iso-parametric and super-parametric
elements, quadratic iso-parametric element for general one dimensional boundary value problems.

Module 111

Finite element formulation for two dimensional problems: Shape functions of 3-noded and 6-
noded triangular elements, 4-noded quadrilateral element, FE formulation of a Laplace equation
and a Poisson’s equation subjected to certain boundary conditions — plane stress and plane strain
problems, axi-symmetric problems-thermal stress analysis.

Natural co-ordinate system and iso-parametric formulation : Shape functions (recast in natural
co-ordinates) of the triangular elements, 4-noded and 8-noded quadrilateral elements, iso-
parametric formulation in 2D, serendipity elements.

Module IV

Numerical integration: 1D elements — Trapezoidal rule, Simpson’s rule, Newton-Cotes
quadrature, Gauss-Legendre quadrature, changing limits of integration, errors in numerical
integration, Numerical integration for quadrilateral and triangular elements.

Applications in Civil Engineering Problems: Plate bending, shell element, 2D-elastic solutions
for homogeneous, isotropic medium, steady seepage analysis-

Limitations of FEM- shear locking- volumetric locking-Hour glass phenomenon, meshing and
solution problems, modelling and analysis using recent softwares

References:

1. Bhatti, M.A., Fundamental Finite Element Analysis and Applications: with Mathematica
and Matlab Computations, Wiley, 2005.

2. Reddy, J. N., An Introduction to the Finite Element Method, 3rd Edition, McGraw-Hill
Science/Engineering/Math, 2005.

3. Logan D. L., A First Course in the Finite Element Method, Thomson- Engineering, 3™
edition, 2001.

4. Krishnamoorthy, C. S., Finite Element Analysis — Theory and Programming, Tata McGraw

Hill Publishing Company Ltd, New Delhi.

K.J.Bathe, Finite Element Procedures, PHI Ltd, 1996

6. David M Potts and Lidija Zdravkovic, Finite Element Analysis in Geotechnical
Engineering Theory and Application, Thomas Telford,1999.

o
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10.
11.

12.

Zienkiewicz,C., Finite Element Method , fourth Edition, McGraw Hill,1991.
Cook, R.D., Concepts and Applications of Finite Element Analysis ,
JohnWiley&Sons,2001.

Bhavikatti.S.S., Finite Element Analysis, New Age International Publishers, 2007

Rao.S.S, Finite Element Method in Engineering, Butterworth — Heinemann, UK, 2008.
Chandrupatla, R.T. and Belegundu, A.D., Introduction to Finite Elements in Engineering,
Prentice Hall of India, 2007.

David Hutton, Fundamentals of Finite Element Analysis, Tata McGraw Hill Publishing
Company Limited, New Delhi, 2005

22-472-0103 STRUCTURAL DYNAMICS

Course Outcomes:

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

1.

2.
3.
4.

Convert any structural system into its equivalent mechanical system

Formulate and solve the equation of motion and calculate the structural response
Determine the natural frequency by means of analytical and approximate methods
Anayse dynamic response of various structural systems

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 | POS
co1 3 1 2 2 2
COo2 3 1 2 2 1
co3 3 1 2 2 1
CO4 3 1 2 2 1

1-Slightly; 2- Moderately; 3-Substantially.

Module I: Single Degree of Freedom System

Undamped and damped free and forced vibrations —critical damping — over damping —
underdamping — logarithmic decrement - response to harmonic loading — evaluation of damping
— vibration isolation — transmissibility —response to periodic forces- vibration measuring
equipments-Duhamel integral for undamped system- Response to impulsive loads — earthquake
Excitations — Response history and construction of response spectra — Response spectrum
characteristics — Base excited systems.

Module I1: Multidegree Freedom Systems and Continuous systems

Natural modes — orthogonality conditions — modal Analysis — free and harmonic vibration —
Free longitudinal vibration of bars — flexural vibration of beams with different end conditions —
forced vibration-— Mode superposition method — Mode acceleration Method

Module I11: Multistorey shear building

10



Stiffness equations of shear building — flexibility equations for shear building — relationship
between stiffness and flexibility matrices — natural frequancies and normal models — orthogonality
property of normal modes — modal super position — response of a shear building to base motion.

Module 1V: Approximate methods
Rayleigh’s method — Dunkerley’s method — Stodola’s method — Rayleigh —Ritz method —
Matrix method.

References:

1. Clough & Joseph Penzien, Dynamics of Structures . Computers and Structures, Inc , 2003

2. Meirovitch.L, Elements of Vibration Analysis . McGraw-Hill , 1986.

3. W.T. Thomson, Vibration Theory and Applications . Pearson, 2008.

4. M.Mukhopadhyay , Vibrations, Dynamics & Structural systems . A A Balkema Publishers

5. Paz Mario, Structural Dynamics—Theory and Computation .Kluwer Academic Publishers,
2003.

6. J P Denhartog, Mechanical vibrations , McGraw-Hill, 2013.

7. Timoshenko, Vibration Problems in Engineering . Oxford City Press , 2011

8. Anil K Chopra, Dynamics of structures , Pearson Education , 2009.

22-472-0104 STABILITY OF STRUCTURES

Course Outcomes:
On successful completion of this course, the student will be able to

1. Identify the causes susceptible to instability of various structures

2. Perform stability analysis for columns and beams.

3. Carryout torsional buckling analysis

4. Assess the buckling of plates and shells

5. Apply stability concepts to solve diverse problems in structural engineering

Course Articulation Matrix

co/pPO PO1 PO2 PO3 PO4 | POS5
co1 3 1 3 2 2
CO2 2 1 3 2 1
co3 2 1 3 2 1
co4 2 1 3 2 1
CO5 3 1 3 2 2

1-Slightly; 2- Moderately; 3-Substantially.

Module |

11



Buckling of Columns: Introduction- method of neutral equilibrium-critical load of the Euler
column-linearcolumn theory an Eigenvalue problem-Boundary conditions-effective length
concept and design curve-Higher order differential equations for columns-large deformation
theory for columns-the behaviour of imperfect columns-initially bent columns-eccentrically
loaded columns-inelastic buckling of columns-double modulus theory-tangent modulus theory-
Theory of inelastic column behaviour-eccentrically loaded inelastic columns-buckling load of
short columns.

Approximate Methods of Analysis: Introduction- Conservation of Energy Principle-Calculation of
the Critical Load Using an Approximate Deflection Curve-Principle of Stationary Potential
Energy-Calculus of Variations-Rayleigh-Ritz Method-Buckling Load of Column with Variable
Cross Section-Galerkin's Method-Method of Finite Differences-Calculation of the Critical Load
by Finite Differences, Effect of shearing force on the critical load

Module 11

Analysis of Beam- Columns: Beam Column with Concentrated Lateral Load-Beam Column with
distributed Lateral Load-Effect of Axial Load on Bending Stiffness- Failure of Beam Columns-
Design of Beam Columns,

Stability Analysis of Frames, Stability Analysis of continuous beam-columns

Module 111
Torsional Buckling: Torsional Load-Deformation Characteristics of Structural Members- Torsion

of thin walled cross section, Torsional buckling, Torsional-Flexural Buckling of thin walled
Columns- Lateral Buckling of rectangular beams in pure bending-Lateral buckling of simply
supported beams and Cantilever beams.

Module IV
Buckling of Plates: Differential Equation of Plate Buckling-Linear Theory-Buckling and critical

load of a rectangular plate with various boundary conditions, Inelastic Buckling of Plates-Post
buckling behavior of axially compressed Plates-ultimate Strength of Axially Compressed Plates-
buckling of cylindrical shells.

References:

1. Chazes,A., Principles of Structural Stability , Prentice Hall, New Jersy,1974.

2. Timoshenko and Gere, Theory of elastic stability ,McGrawHill, New York,2009.

3. Ziegler,H, Principles of structural stability ,Blaisdell Publication Co.Ltd, 1968.
4. Brush, D.O., and Almorth, B.O., Buckling of Bars, Plates and Shells, McGraw Hill,
1975.
Thompson JM, G W Hunt, General stability of elastic stability, Wiley, NewYork,1983.
lyengar, N. G. S., Structural stability of Columns and Plates , Eastern West Press
Ltd.,1988
7. Kumar, A., Stability of Structures, Allied Publishers Limited, 2003.

o o
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22-472-0105 PRESTRESSED CONCRETE STRUCTURES

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

1. Analyze prestressed concrete structural members and estimate the losses of prestress

2. Analyze and design prestressed concrete beams in flexure, shear and torsion as per codes of
practice

3. Design statically indeterminate prestressed structures as per codes of practice

4. Analyze and Design prestressed composite sections

5. Design prestressed slabs, pipes and tanks as per codes of practice

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 | POS
co1 2 1 2 2 1
COo2 2 1 2 3 2
co3 2 1 2 3 1
co4 2 1 2 3 2
CO5 2 1 2 3 2

1-Slightly; 2- Moderately; 3-Substantially.
Module |

Basic concept of Prestressing, Systems of Prestressing: - Pre tensioning and Post tensioning,
Methods of prestressing, types- stress concept, Pressure line. Losses of Prestress, Control of
deflections- Effect of tendon profile on deflections.

Module 11

Analysis and Design of sections for flexure, shear and torsion - Design of Pretensioned and Post-
Tensioned members- IS code provisions

Module 111

Prestressing of statically indeterminate structures- Analysis and design of continuous beams and
frames- Choice of cable profile — concordant profile

Design of end block, Anchorage zone Stresses, Anchorage zone reinforcements.

13



Module IV

Composite sections of prestressed concrete beam and cast in situ RC slab - analysis of stresses
- differential shrinkage - deflections - Flexural and shear strength of composite sections -
Design of composite sections.

Analysis and Design of post and pre tensioned PSC slabs, pipes and water tanks

References

. Krishna Raju N., Prestressed Concrete , Tata Mc.Graw-Hill Company Ltd., New Delhi,2018.
.Lin T.Y., Prestressed Concrete Structures , John Wiley,2010.
. Guyon Y., Prestressed Concrete vol.l and Il , Contractors Record Ltd., London.
. Mallick S.Kand A.P.Gupta, Prestressed concrete , Oxford and IBH Publishing Co.,
New Delhi.
5. Abels P.W., An Introduction to Prestressed Concrete, Vol.l and Il , Concrete
Publications Ltd., London.
. Prestressed concrete, Rajagopalan, Narosa Publishing House, 2010
6. 1S : 1343 — 2012, Code of Practice of Prestressed Concrete , Bureau of Indian Standards.

A WD

()]

22-472-0106 ADVANCED ANALYSIS AND DESIGN OF STEEL STRUCTURES

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

1. Appraise the behaviours on which ductile design concepts and strategies are founded .

2. Design of ductile steel structures, principally from an earth quake resistant design
perspective.

3. Apply design concepts to other materials with certain modifications.

4. Evaluate the existing metal structures

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1l 2 1 3 1 1
COo2 2 1 3 2 2
co3 2 1 2 2 2
co4 2 1 3 2 2

1-Slightly; 2- Moderately; 3-Substantially.

Module |

Advantage of Plastic Behaviour , Plastic Behaviour of Cross-Sections (emphasis on double
symmetric sections): Cyclic Plasticity concept using Elasto-perfectly Plastic Model, Pure Flexural
Yielding (Impact of residual stresses and other factors on inelastic flexural behaviour, Behaviour

14



during cyclic loading), Combined flexural and axial loading (Rectangular cross section, Wide-
flange sections - Strong and weak axis bending, Moment curvature relationships), Combined
flexural and shear loading, Combined flexural, axial and shear loading.

Module 11

Simple Plastic Analysis Methods (Step-by step method, Equilibrium method (Statical Method),
Kinematic Method (Virtual Work Method)), Theorems of Simple Plastic Analysis (Upper bound
theorem, Lower bound theorem, Uniqueness theorem), Applications of the Kinematic Method
(Basic Mechanisms Types, Combined Mechanism, Mechanism Analysis by Centre of Rotation,
Distributed Loads), Capacity design (Concepts, Shear failure protection, Column hinging
protection, Monotonic and Simple Cyclic Push-over Analysis, Seismic design using plastic
analysis, Seismic limit state philosophy,

Module 111

Design of Ductile Braced Framing Systems: Concentrically Braced Frames (Development of
CBFs, Cyclic Axial Load Response, Nonlinear Response of Concentric Braces, Brace slenderness,
Brace End Conditions, Section Shape), CBF Design Philosophy (Lateral Stiffness of CBFs, CBF
Collapse Mechanisms, Braces, Connections, Columns and beams, Improved Chevron Bracing
Configurations), Eccentrically-braced Frames (Development of EBFs , EBF Design Philosophy,
EBF Frame Geometry, Kinematics of the EBF, Link Behaviour and Length, Link Strength and
Deformations Calculations, Link Details, Frame Design Outside Links.

Module 1V

Seismic Design of Ductile Moment Resisting Frame: Basic Response of Steel Ductile Moment-
Resisting Frames to Lateral Loads, Ductile Moment Frame Column Design, Panel Zone, Beam-
to-Column Connections Beam-to-Column Design Strategies for New Buildings, including
Strengthening Strategies such as cover plates, ribs, haunches and side plates, Weakening Strategies
such as dog bone connections, Semi-rigid connections and bolted connections,

References

1. Galambos T.V, Guide to Stability Design Criteria for Metal Structures , Prentice Hall,1998.

2. Naeim F. Van Nostrand Reinhold, The Seismic Design Handbook , John Wiley & Sons,
Ltd,1990

3. Horne and Morris , Plastic Design of Low-Rise Frames ,MIT Press,1982

4. Chen Sohal , Plastic Design and Second-Order Analysis of Steel Frames , Springer-
Verlag,1995.

5. Chen, W.F., and Toma, S., Advanced Analysis of Steel Frames, CRC Press, 1993

6. Gaylord ., Design of steel structures, McGraw Hill, New York, 1992.
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22-472-0107 STRUCTURAL OPTIMIZATION

Course Outcomes:
On successful completion of this course, students will be able to

1. Distinguish different types of structural systems and to find the best concept design that
meets the design requirement according to a preselected quantitative measure of
effectiveness.

2. Exploit the available limited resources in a manner that maximises output and the
structural performance.

3. Select the best structural design from the large number of feasible designs in terms of
minimum cost, minimum weight or maximum performance or combinations of these.

4. Analyse structures using optimisation techniques which reduces design development time
and overall cost while improving design performance.

Course Articulation Matrix

CO/PO PO1 PO2 PO3 PO4 | POS5S
co1 1 1 2 1 2
C02 2 1 1 2 2
Cco3 3 3 3 3
co4 3 1 2 2 3

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Introduction- Problem formulation with examples-Single Variable Unconstrained Optimisation
Techniques % Optimality Criteria.Bracketing methods: Unrestricted search, Exhaustive search.
Region Elimination methods: Interval Halving methods, Dichotomous search, Fibonacci
method, Golden section method.

Interpolation methods: Quadratic Interpolation method, Cubic Interpolation method.

Gradient Based methods: Newton-Raphson method, Secant method, Bisection method.

Module 11

Multi Variable Unconstrained Optimisation Techniques % Optimality Criteria.

Unidirectional Search.Direct Search methods: Random search, Grid search, Univariate method,
Hooke’s and Jeeves’pattern search method, Powell’s conjugate direction method, Simplex
method.

Gradient based methods: Cauchy’s (Steepest descent) method, Conjugate gradient (Fletcher-
Reeves) method, Newton’s method, Variable metric (DFP)method, BFGS method.

Module 111
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Constrained Optimisation Techniques

Classical methods: Direct substitution method, Constrained variation method, method of
Lagrange multipliers, Kuhn-Tucker conditions.Linear programming problem: Standard form,
Simplex method.

Indirect methods: Elimination of constraints, Transformation techniques, and Penalty function
method.

Direct methods: Zoutendijk’s method of feasible direction, Rosen’s gradient Projection
method.

Module IV
Specialized Optimisation techniques ¥ Dynamic programming, Geometric programming,
Genetic Algorithms.

References

1. Rao S. S., Engineering Optimisation — Theory and Practice, New Age International.

2. Deb K, Optimisation for Engineering Design —Algorithms and examples, Prentice
Hall.2012.

3. Kirsch U, Optimum Structural Design, McGraw Hill.1981.

4. Aroral] S. Introduction to Optimum Design”, Fourth Edition McGraw Hill , 2016.

5. Rajeev S and Krishnamoorthy C. S., Discrete Optimisation of Structures using Genetic
Algorithms, Journal of Structural Engineering, VVol. 118, No. 5, 1992, 1223-1250.

22-472-0108 SOIL STRUCTURE INTERACTION

Course Outcomes:

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

1. Explain soil structure interaction concept and the complexities involved.

2. Evaluate soil structure interaction for different types of structure under various conditions of
loading and subsoil characteristics.

3. Prepare comprehensive design oriented computer programs for interaction problems based
on theory of sub grade reaction such as beams, footings, rafts etc.

4. Analyze different types of framed structure founded on stratified natural deposits with linear
and non-linear stress-strain characteristics.

5. Evaluate action of group of piles considering stress-strain characteristics of real soils
Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 | POS5
co1 3 1 2 1 2
CO2 3 1 2 2 3
co3 3 1 2 2 2
co4 2 1 2 2 2
CO5 2 1 2 2 3
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1-Slightly; 2- Moderately; 3-Substantially.

Module |

Introduction to soil-foundation interaction problems, Soil behavior, Foundation behavior, Interface
behavior, Scope of soil foundation interaction analysis, Modulus of subgrade reaction, Factors
effecting modulus of subgrade reaction, soil response models, Winkler, Elastic continuum, Two
parameter elastic models, Elastic plastic behavior, Elasticity-plasticity-viscoelasticity and
nonlinear behaviour.

Module 11

Classification of interaction problems-factors affecting interaction problems-Beams-Hetenyi
model-infinite and semi-infinite beam subjected to concentrated load, uniformly distributed load
and concentrated moment- slabs elastic foundation analysis- Winkler modified winkler analysis,
elastic half space models analysis of flexible beams and slabs on Winkler foundation, Barken’s
method for rafts IS recommendations.

Module 111

Membrane analysis-bending analysis and ultimate strength analysis of foundation shells-design
and construction of shell foundations.

Module IV

Pile analysis-axial and lateral loaded piles-p-y curves, elastic analysis of interaction between
piles- general analysis of pile groups- Interaction factor approach — settlement of pile group by
interaction factor approach for floating piles, end bearing piles on rigid stratum -pile raft system-
considering stress strain characteristics of real soils. . Anchor Piles and Determination of Pullout
Resistance.

References

1. Scott R.F,Foundation analysis, Prentice-Hall,1981

2. Selvaduari A.P.S.Elastic analysis of Soil Foundation Interaction, Elsevier Scientific
Publishing Company, Amsterdam.1979

3. Hetenyi M.,Beam on elastic foundation, Ann Arbor : The University of Michigan
Press ,1946

4. Bowels J.E, Analytical and Computer Methods in Foundation, McGraw Hill Book Co.,

New York, 1974.
5. Swami Saran ,Analysis and Design of Substructures, Oxford &IBH Publishing Co.,2006
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22-472-0109 PRECAST AND PREFABRICATED STRUCTURES

Course Outcomes: On completion of the course, a student will be able to

1. Identify the suitability and advantage of precast construction for various
structures and components

2. Apply the general principles in precast construction for structural integrity and
stability.

3. Apply design principles for modular coordination and connections of pre fabricated
components

4. Assimilate sufficient ideas for promoting precast constructions for floor slabs, beams,
columns, walls and other components of the structures.

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 1 1 2 1 1
CO2 1 1 2 2 1
co3 2 1 3 3 2
co4 2 1 3 2 3

1-Slightly; 2- Moderately; 3-Substantially.

Module 1

Suitability of precast construction: when to use precast concrete — advantages and limitations:
speed of construction, optimum use of materials, appearance and finishes, tolerance,
standardization — Modular coordination — Systems — Production — quality assurance and product
certification, and testing, codal provisions, Transportation — Erection.

Module 2

General design principles: Overall stability, structural integrity, basic force transfer mechanism,
types of connections, modular coordination and standardization, transportation and erection
planning.

Frame and skeleton structures: Components of skeletal frame, Layout and modulation, Frame
action: cantilever action of column, braced skeletal structures, comparison of system, floors and
balconies. Typical connections: column to foundation connections, column to column connections,
beam to column connection, beam to beam connection, beam to column to floor connection.
Module 3

Precast floors: totally precast floors, partially precast floors, stairs, modulation, design
considerations: diaphragm action, transverse load distribution of concentrated loads, composite
floor structures, ribbed soffit units, floor plates, beam-block floor, opening and cutouts
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Bearing walls: Load bearing cross walls, spine wall system, mixed system, elevator and stair well
shaft, special arrangement at ground level, modulation, elements of load bearing walls: interior
walls, cavity walls, interior walls, retaining walls, wall to wall connection, wall to floor
connections

Module 4

Designing and detailing of precast unit for factory structures: purlins, principal rafters, roof trusses,
lattice girders, gable frames, single storied buildings, slabs, beams and columns.

Progressive collapse- measures for avoidance of progressive collapse.

References

1. Federation internationale de la Precontrainte (FIP), 1994, Planning and design handbook
on precast building structures, SETO Ltd, 11 Upper Belgrave Street, London, ISBN 1
874266 11 5.

N

Mark Anderson, Peter Anderson,2007, Prefab Prototypes- Site-specific Design for Offsite

Construction, Princeton Architectural Press
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Arnt Cobbers, Oliver Jahn, 2010, Prefab Houses, Taschen Publisher,

Sergi Costa Duran, 2008, New Prefab Architecture, Loft Publisher

Hand Book on Precast Concrete Buildings , ICI , 2016.

Prefabricted Housing: Construction and Design Manual, Phillip Meuser, DOM Publishers,

2020.

22-472-0110 EXPERIMENTAL STRESS ANALYSIS

Course Outcomes:
On successful completion of this course, students will be able to

1.

Develop the concept of stress-strain tensors and apply it to problems of Cartesian
and polar coordinate system.
Apply the principle and theory of brittle coating method, and the measurement of
strains using strain gauges, recording and data analysis of strains.
Apply the principle of optics for stress analysis and determine stresses using Polariscope
and Interferometer.
Analyse the effect of stressed materials for different arrangements of Polariscope.

Apply principles of photo elasticity to measure stress using optics and to determine
stresses using appropriate photo elasticmaterials for models.

determine strains using appropriate coating material on 2D and 3D prototype using
birefringent coating techniques.
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Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 | PO5
co1

CO2

CO3

COo4
CO5

CO6

N (N[N W ke
L
N (NN N NN
N (NN NP
PRk Rk |~

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Elementary Elasticity Theory: Introduction-Stress-Strain-Equations of Transformation-Compatibility-
Stress-strain Relations-Two-dimensional State of Stress.

Basic Equations and Plane-Elastic problem Theory:Formulation of the Problem- Field Equations-
The Plane Elastic Problem-The Plane-strain Approach-Plane Stress- Airy’s Stress Function in
Cartesian and Polar Co-ordinates-Forms for two dimensional problems-applications to Circular
Cylinders-Thin infinite plate with and without holes.

Module 11

Theory of Brittle Coating methods: Introduction-Coating stresses - Failure theories - Brittle
coating-Crack pattern - Crack detection - Types of Brittle coating - Test procedures for brittle
coating analysis - Calibration procedures - Analysis of brittle coating data.

Strain Measurements andStrain Gauges: Definition of strain andits relation to Experimental
Determinations, properties of strain-gauge systems-Introduction to Types of strain gauges.
Electrical Strain Gauges-strain sensitivity-Gauge Construction- Gauge sensitivity and gauge
factor, Materials for adhesion base and mounting methods-foil strain gauges-Semiconductor Strain
Gauges-Strain Gauge Circuits- Recording Instruments-analysis of strain Gauge Data.

Module 111

Basic Optics for Stress Analysis: The nature of Light-Wave theory of Light-Reflection and Refraction-
Image Formation by Lenses and Mirrors-Optical diffraction and Interference-Optical Instruments- the
Polariscope and Interferometer- Moire methods of stress analysis.

Theory of Photoelasticity: Introduction, Temporary double refraction - The stress optic law - Effects of
stressed model in a Polariscope for various arrangements - Fringe multiplication methods and Fringe
sharpening.

Module IV
Two-dimensional Photoelasticity: Introduction, Isochromatic Fringe patterns - Isoclinic fringe
patterns, passage of light through plane Polaris cope and circular Polaris cope, Isoclinic

21



fringe pattern - Compensation techniques - calibration methods, separation methods,
scaling Model to Proto type stress- Materials for photo - elasticity, properties of photo elastic
materials.

Birefringent Coatings for Optical Stress Analysis: Introduction-Coating stresses, strains,
sensitivity, materials, application-effects of Coating thickness- Fringe Order Determination in
Coatings- Stress Separation Methods.

References:

1. Dally, J. W, And Riley, W. F., Experimental Stress Analysis, McGrawHill
Company, 2007

2. Sadhu Singh, ExperimentalStressAnalysis ,KhannaPublishers,NewDelhi,1990

3. DoveR. C.,and Adams,P. H., ExperimentalStress Analysis and Motion Measurements:
theory, Instruments, Circuits and Techniques , Macmilan Publishing Company,2006

4. Bechwith, T. G., and Buck, N. L., Mechanical Measurements , Addison and Wesley
Publishing Company, 1969

22-472-0111 ADVANCED CONCRETE TECHNOLOGY

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

Recognize advancements in the most versatile building material.

Apply the knowledge for various complexities and significance of concrete

Apply characteristics of high performance concrete for special applications

Design mixture proportions according to the requirement of the project

Suggest innovative techniques according to the modern trends in construction industry

agkrownE

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 | POS
co1l 2 1 2 1 1
COo2 3 1 2 2 2
co3 3 1 2 2 3
co4 2 1 3 2 3
COo5 2 1 2 2 3

1-Slightly; 2- Moderately; 3-Substantially.

Module |
The Structure of Concrete- Significance and Complexities, Structure of aggregate phase,
Structure of hydrated cement paste - Structure property relationships in hydrated cement paste-
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Strength, Dimensional stability and Durability. Transition zone in concrete-Significance of
transition zone, Strength of transition zone and Influence of transition zone on properties of
concrete.

Module 11

Fresh properties and rheology of concrete,

Hardened properties of concrete- Compressive Strength -Tensile Strength - Modulus of Elasticity
- Poissons’s Ratio - Multiaxial Strength - Shear Strength -Bond Strength - Impact Strength -
Fatigue Strength , Concrete -Composite material modelling.

Durability: Creep- Relaxation- Shrinkage and Swelling- Permeability- Chemical Attack-
Corrosion of Steel Rebars- Frost Action- Fire Damage- Design for Durability

Module 111

Concrete Mix design: Methods of Mix Proportioning- Factors Influencing Design of Concrete
Mix- Mix design using 1S:10262(2019)- ACI 211.1-91(2002)- British Mix Design Method (DOE
Method)- Modification with Artificial Aggregates, supplementary cementitious Materials
Design of high strength and high performance concrete and Self compacting concrete,

Module IV

Modern trends in concrete manufacture and placement techniques, Methods of transportation,
Placing and curing-extreme whether concreting, Special concreting methods, Vacuum
dewatering of concrete-Under water concreting.

Characterization of concrete- Variability of concrete strength- Non destructive testing and
quality control, XRD Analysis, Scanning Electron Microscope (SEM) analysis, Thermo
Gravimetric Analysis (TGA)

References

1. Kumar Mehta P and Paulo J. M. Monteiro, Concrete, Microstructure, Properties and
Materials Indian Concrete Institute, Chennai,1997.

2. Neville A.M., Properties of Concrete, Addison Wesley Longman Limited,
England,1995.

3. Neville A.M. and J.J. Brooks, Concrete Technology, Pearson Education, Asia,2008.

4. Bartos P.J.M., M. Sonebi and A.K. Tamimi, Workability and Rheology of Fresh
Concrete: Compendium of Tests, RILEM Publications S.A.R.L,France,2002.

5. Ramachandran V.S and James J., Handbook of Analytical Techniques in Concrete
Science and Technology, Principles, Techniques and Applications. William Andrew
Publishing, U.S.A,2002.
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22-472-0112 RESEARCH METHODOLOGY AND INTELLECTUAL PROPERTY
RIGHTS

Course Outcomes:
On completion of this course the student will be able to:
1. Explain the research processes (reading, evaluating, and developing)
2. lustrate literature reviews using print and online databases
3. Summarize the important issues and trends within the actual research area
4. Prepare a scientific article within a limited topic but with a quality such that the article
could be accepted for presentation in a reputed conference or workshop
5. Create a scientifically sound and reasonable and well documented plan for a Master’s
project of excellent quality.
6. Compare and contrast the different forms of intellectual property protection in terms of
their key differences and similarities.

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 POS5
co1 2 1 1 1 1
CO2 1 2 1 1 1
co3 3 3 1 1
Cco4 1 3 1 1 1
COo5 3 3 1 1
CO6 1 1 1 1 1

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Meaning of research problem, Sources of research problem, Criteria and Characteristics of a good
research problem, Errors in selecting a research problem, Scope and objectives of research
problem. Approaches to investigation of solutions for research problem - data collection, analysis,
interpretation. Necessary instrumentation.

Module 11

Effective literature review approaches, Plagiarism, Research ethics. Effective technical writing.
How to write a good report and a paper? Developing a Research Proposal, Format of research
proposal, Presentation and assessment by a review committee.

Module 111

Intellectual Property — Property theories — History of IPR — Nature — Justification — Types —
International Conventions and Treaties — International Organisations — Objects and Functions of
WIPO, WTO - TRIPS. Patents — Procedure — Provisional and Complete Specifications —
Publication — Opposition — Examination — Grant —

24



Term — Rights — Patent of addition — Limitations — Transfer — Compulsory licensing — Infringement
— Remedies — Agents.

Module IV

Copyright — Where subsists — Rights conferred — Term of CR — Performer’s rights — Assignment
and Licensing — Compulsory licensing — Infringement and remedies — Moral rights — International
CR - CR Office, Board, Societies. Trademarks — Essentials of good trademarks — Registration —
Term — Collective marks — Certification trademarks — Assignment and Transfer — Infringement
and Remedies — Appellate Board — Passing off. Semiconductor Integrated Circuit Layout Designs
— Registration — Infringement — Appellate Board. Designs — Author and Proprietor — Registration
of design — Grounds for refusal of registration — Term of copyright in registered designs — Piracy
— Remedies. Geographical Indication of goods. Traditional knowledge: Indigenous, medicinal and
bioprospecting knowledge — Need for protection.

References

1. Stuart Melville and Wayne Goddard, Research Methodology: An introduction for Science &
Engineering students, Juta & Co Ltd, 1996.

2. Ranjit Kumar, Research Methodology: A Step by Step Guide for beginners, 2nd Edition,
Pearson, 2005.

3. Gopalakrishnan N S, and Agitha T G, Principles of Intellectual Property, 2nd Edition, Eastern
Book Company, 2015.

4. Bansal K and Bansal P, Fundamentals of Intellectual Property for Engineers, BS Publications,
2013.

5. Deborah E. Bouchoux, Intellectual Property: The Law of Trademarks, Copyrights, Patents, and
Trade Secrets, 4th Edition, Cengage Learning, 2012.

6. Markel, Mike, Technical Communication. 11th Edition, Mac Millan, 2015.

22-472-0113 STRUCTURAL ENGINEERING LAB
Course Outcomes:
On successful completion of the course, the student will be able to

1. Determine the deformation and strain in RCC structures during laboratory testing and in the
field.

2. Carryout experimental research based on the knowledge gained.

Estimate strength and stiffness of RCC structures for rehabilitation or retrofitting of structures.

4. Assess the dynamic behavior of multistory frames.

w

Course Articulation Matrix
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Cco/PO PO1 PO2 PO3 PO4 PO5
co1 2 1 2 3 3
COo2 3 1 2 3 3
co3 2 1 3 2 2
co4 3 1 2 3 2

1-Slightly; 2- Moderately; 3-Substantially.

Experiments/Tests

Measurement of Strain- Mechanical Strain Gauges- Electrical Strain gauges- Extensometers and
Compressometers

Measurement of Deflection-Dial gauges - Linear Variable Differential Transducers

Principles of operations of UTM, Servo controlled machines, hydraulic loading systems, force
measuring devices etc.

Study of behaviour of structural materials and structural members- Casting and testing of simple
flexural and compression RC members

Introduction to Non Destructive Testing of RCC members.

Testing of fibre reinforced concrete, SCC and High performance concrete

Dynamics of scaled building frame model subjected to harmonic base motion.

22-472-0114 SEMINAR |
Course Outcomes:
On successful completion of the course, the student will be able to

Identify the current research trends/needs in any specific area of structural engineering.
Carryout systematic review of literature on a specific topic.

Prepare technical report in a specified format and make effective presentation.
Appraise any problem during group discussion and interviews

el A

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 3 2 3 2 2
CO2 2 3 3 2 1
Co3 2 3 2 1
co4 1 2 1 1

1-Slightly; 2- Moderately; 3-Substantially.
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Students shall individually prepare and submit a seminar report on a topic of current research, in
the field of structural engineering. The reference shall include standard journals, conference
proceedings, reputed magazines and text books, technical reports and URLs (minimum 15
references published in the last 5 years). A committee consisting of at least two faculty members
shall assess the presentation of the seminar and award marks to the students.

SEMESTER I
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22-472-0201 THEORY OF PLATES AND SHELLS
Course Outcomes:

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

1. Analyze different types of plates with various boundary conditions

2. Analyze special plate problems.

3. Address complex problems in plates and shells which require a rigorous mathematical
background.

4.1dentify different type of shells and analyse shell structures for leading to an optimal

design.

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 2 1 2 3 1
CO2 2 1 2 3 1
co3 2 1 2 3 2
co4 3 1 2 3 2

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Plate-Bending Theory:

Historical Development of Plate and Shell Theory - Thin and Thick Plates, small and large
deflection theory of thin plates-Assumptions-Limitations-General Behavior and Theory of Plates
- Strain—Curvature Relations - Mohr’s Circle of Curvature -Stresses and Stress Resultants -
Equations for Transformation of Moment - Variation of Stress within a Plate

Governing Equation for Deflection of Plates-Reduction of Plate-Bending Problem to That of
Deflection of a Membrane-Boundary Conditions -Exact Theory of Plates-Methods for Solution of
Plate Deflections-Cylindrical Bending of Plate Strips -Variously Loaded Plates - Synclastic
bending and Anticlastic bending- Strain energy in pure bending of plates in Cartesian and polar
coordinates.

Module II

Laterally Loaded Circular Plates:

Basic Relations in Polar Coordinates - The Axisymmetrical Bending - Equations of Equilibrium
for Axisymmetrically Loaded Circular Plates - Uniformly Loaded Circular Plates- Plate with
Clamped Edge - Plate with Simply Supported Edge - Comparison of Deflections and
Stresses in Built-in and Simply Supported Plates.

Local Stresses at the Point of Application of a Concentrated Load - Circular Plates under a
Concentrated Load at the Center -Plate with Clamped Edge - Plate with Simply Supported Edge.
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Annular Plates with Simply Supported Outer Edges - Plate Loaded by uniform Edge Moments
- Plate Loaded by Shear Force at Inner Edge.

Module 111

Laterally Rectangular Plates:

Navier’s Solution for Simply Supported Rectangular Plates - Simply Supported Rectangular
Plates under Various Loadings - Lévy’s Solution for Rectangular Plates-Simply Supported
Rectangular Plate under Uniform Loading-- Rectangular Plates under Distributed Edge
Moments.

Method of Superposition Applied to Bending of Rectangular Plates-Approximate Methods-
Effect of transverse shear deformation.

Large Deflection Theory:

Plate Behavior when deflections are large-Comparison of Small- and Large-Deflection Theories-
An Approximate Method for the Circular Plates-Exact Solution for the Circular Plate Problem-
General Equations for Large Deflections of Plates.

Plates of Various Geometrical Forms: Equilateral Triangular Plate with Simply Supported
Edges-Equilateral Triangular Plate under Uniform Moment along its Boundary- Equilateral
Triangular Plate under Uniform Load- Elliptical Plates -Uniformly Loaded Elliptic Plate with
Clamped Edge - Uniformly Loaded Elliptic Plate with Simply Supported Edge -Sector-Shaped
Plates.

Anisotropic Plates:

Basic Relationships-Determination of Rigidities-Rectangular OrthotropicPlates- Application of
Navier’s Method-Application of Lévy’s Method -Application of the Finite Difference Method.

Module IV

Membrane Stresses in Shells:

Theories and General Behavior of Shells -Load Resistance Action of a Shell - Geometry of
Shells of Revolution - Symmetrically Loaded Shells of Revolution - Typical Cases of Shells of
Revolution -Spherical Shell - Conical Shell- Circular Cylindrical Shell -Axially Symmetric
Deformation- Asymmetrically Loaded Shells of Revolution-Shells of Revolution under Wind
Loading - Cylindrical Shells of General Shape -Folded structures-Shell of General Form
Breakdown of Elastic Action in Shells.

Bending Stresses in Shells:

Shell Stress Resultants-Force, Moment, and Displacement Relations-Compound Stresses in a Shell
- Strain Energy in the Bending and Stretching of Shells Axisymmetrically Loaded Circular
Cylindrical Shells-A Typical Case of the Axisymmetrically Loaded Cylindrical Shell - Shells of
Revolution under Axisymmetrical Loads -Conical Shells - Spherical Shells - Cylindrical Shells -
Governing Equations for Axisymmetrical Displacements -Spherical Shells under Axisymmetrical
Load - Comparison of Bending and Membrane Stresses -Simplified Theory of Spherical Shells
under Axisymmetrical Load.

Applications of shell structures:

Pipes Subjected to Edge Forces and Moments-Long Pipes-Short Pipes-

Reinforced Cylinders-Cylinders with Collars That Prohibit Deflection-Cylinders with Collars -
Cylinders with Closed Ends-Cylindrical Tanks-analysis of cylindrical shell roofs.

Thermal Stresses in Cylinders-Uniform Temperature Distribution- Temperature Gradient
Thermal Stresses in Compound Cylinders- Discontinuity Stresses in Pressure Vessels -
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Cylinder vessels with Various heads: Cylinder with Hemispherical-Cylindrical Vessels with
Ellipsoidal Heads-Cylindrical VVessel with Flat Heads.

Cylindrical Shells under General Loads:

Introduction - Differential Equations of Equilibrium - Kinematic Relationships -The Governing
Equations for Deflections -Approximate Relations - A Typical Case of Asymmetrical Loading
Curved Circular Panels -A Simple Theory of Bending of Curved Circular Panels -Curved Circular
Panels with Variously Supported Edges.

References
1. Timoshenko, S.P., and Krieger, S.W, “Theory of Plates & Shells”, Tata McGraw-Hill
Publishing Company Limited, 2nd Edition, 1985.
2. Ugural, A.C, “Plates and Shells: Theory and Analysis”, Fourth Edition, CRC Press, Taylor
& Francis Group, Boca Raton, London, and New York,2018.
3. Ventcell, E., and Krauthammer, T., “Thin Plates and Shells: Theory, Analysis and
Applications”. Marcel Dekker Inc, New York and Basel, 2001.
4. Ramaswamy G. S., “Design and Construction of Concrete Shell Roofs”, CBS Publishers and
Distributors, 2005.
5. Gould, P.L “Analysis of Shells and Plates”, Springer-Verlag, New York, 1988.
6. Varghese P.C., Design of Reinforced Concrete Shells & Folded Plate,1st Edition, PHI Learning,
2010.
7. Reddy, J. N., “Theory and Anlaysis of Elastic Plates and Shells” CRC Press, Taylor
& Francis Group, Second Edition, 2007
8. Chandrashekhara, K,.“Analysis of Thin Concrete shells”, Tata McGraw-Hill Publishing
Company Limited, 2nd Revised Edition, 2011.
9. Flugge,W., “Stresses in Shells”, 2th Edition, Springer, Berlin, 1973.
10. Szilard, R., “Theories and Applications of Plate Analysis Classical, Numerical and
Engineering Methods”, John Wiley & Sons, Inc., 2004

22-472-0202 COMPOSITE STRUCTURES

Course Outcomes:

On Completion of the course the student will be able to

Identify the different types of composites that can be used for various purposes.
Assimilate knowledge about the manufacturing of different composites.
Analyze the behavior of unidirectional composites.

Analyze the various stresses in composites.

Identify the type of failures in composites

g bk wnE

Course Articulation Matrix
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co/pPO PO1 P02 PO3 PO4 POS5
co1 2 1 2 2 2
CO2 2 1 2 2 2
co3 3 1 2 2 1
Cco4 3 1 3 3 1
CO5 2 1 2 3 1

1-Slightly; 2- Moderately; 3-Substantially.

Module I
Introduction to Composites— Uses — Classification — Advantages — Limitations —Fibers and
Whiskers-Applications of composites, Environmental issues.
Types of Fibers — Glass Fibers — Carbon Fibers — Graphite Fibers — Aramid, Metallic and Other
Fibers.
Module 11
Matrix Materials and Polymer Resins — Polymer Matrix Materials — Metals and Fillers.
Manufacturing of Thermoset Composites — Other Composite Fabrication Methods.
Stress strain relations-Concepts in solid mechanics, Hooke’s law for orthotropic and anisotropic
materials, Linear Elasticity for Anisotropic Materials, Rotations of Stresses, Strains, Residual
Stresses.
Module 111
Behaviour of Unidirectional long fiber— Material Axes in Unidirectional Composites — Predictive
Methodology for Material Properties.
Short Fiber Composites — Load Transfer Mechanism — Longitudinal & Transverse Moduli —
Failures — Ribon Fiber Composites.
Module IV
Analysis of laminated composites-Governing equations for anisotropic and orthotropic laminates.
Angle-ply and cross ply laminates — Static, Dynamic and Stability analysis for Simpler cases of
composite plates, Interlaminar stresses
Failure of Composites- Netting Analysis, Failure Criterion, Maximum Stress, Maximum Strain,
Fracture Mechanics of Composites, Sandwich Construction
Thermal Stresses — Moisture Stresses - Hygrothermal Effects.
References:
1. Agarwal, B.D and Broutman, L.J.,John, Analysis and Performance of Fiber Composites ,
Wiley & Sons,2006
2. Jones, R.M , Mechanics of Composite Materials , Mc-Graw Hill,1999.
3. Daniel, 1.M and Ishai, O, Engineering Mechanics of Composite Materials, Oxford
University Press, 2005.
4. Hyer M.W., and White S.R., “Stress Analysis of Fiber-Reinforced Composite Materials”,
D.Estech Publications Inc., 2009
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5. Mukhopadhyay.M, “Mechanics of Composite Materials and Structures”, Universities
Press, India, 2005

22-472-0203 BRIDGE ENGINEERING
Course Outcomes:

On successful completion of the course the student will be able to
1. Proportion and design various types of bridges
2. Evaluate the forces to be considered for the design of bridge according to IRC codes
3. Design the substructure and foundations for the bridge.
4. Propose innovative construction methods for new bridges and maintenance and
rehabilitation of bridges

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 1 1 3 3 2
CO2 2 1 2 3 2
co3 2 1 3 3 2
co4 2 1 3 3 3

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Planning of bridges: Investigations for bridges — selection of site. Design of RCC bridges — IRC
loading —types of bridges - components of bridges - analysis and design of right, skew and curved
slab bridges.

Module 11

Design of girder bridges: T-beam bridges — Analysis and design of deck slab, longitudinal girders
and cross girders — Pigeaud’s method — Courbon’s method — Morice and Little method — Hendry
- Jaegar method - grillage analogy method — balanced cantilever bridges — prestressed concrete
bridges (simply supported case only)

Module 111

Bearings: Importance of bearings — bearings for slab bridges — bearings for girder bridges — Design
of elastomeric bearings — joints — Appurtenances. Substructure — different types — materials for
piers and abutments — Forces on piers and abutments — substructure design — piers and abutments
and approach structures — Bridge foundations — open, pile, well and caisson.

Module IV

Design of composite bridges (steel & concrete): Introduction to analysis and design of long span
bridges like suspension and cable stayed bridges.
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Major construction methods and maintenance and rehabilitation of bridges.

References:

1.
2.

Krishna Raju N, Design of Bridges , Tata McGrawHill, publishing company, New Delhi.
Victor D. J, Essentials of Bridge Engineering , Oxford & IBH publishing company,
NewDelhi,2014

Ponnuswami S, Bridge Engineering , Tata Mc-Graw Hill, publishing company, New
Delhi,2015.

Raina V.K, Concrete Bridge Practice- Construction Maintenance & Rehabilitation Tata
Mc-Graw Hill, publishing company, New Delhi,1991.

22-472-0204 FRACTURE MECHANICS

Course Outcomes:

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

1.

w

5.

Gain knowledge in the area of Engineering Fracture Mechanics and its applications to
Structural Engineering problems.

Recognize the influence of material behaviour against fracture failure

Estimate fracture toughness.

Apply the criteria for the development of crack opening and crack growth and crack
closure.

Evaluate the mixed mode failure initiation and the crack envelope

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1l 2 1 3 2 2
COo2 3 1 3 3 2
co3 3 1 2 3 1
co4 2 1 2 3 1
CO5 3 1 2 3 2

1-Slightly; 2- Moderately; 3-Substantially.

Module I Definition of stress intensity factor, Fracture toughness Energy release rate, Critical
Energy release rate Crack mouth opening displacement. Griffith theory, Fracture toughness,
Limitations of linear elastic fracture mechanics for concrete. Non linear fracture method Fracture
energy and size effect.
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Module Il Irwin’s plastic zone size, Dugdale approach, Energy Balance Approach, R—curve
concept, Plane strain and plane stress fracture toughness testing, Effects of yield strength and
specimen thickness on fracture toughness, Practical use of fracture toughness and R—curve data.

Module I11 Elastic plastic fracture mechanics, J-integral, Crack opening displacement (COD)
approach, Relation between J and COD, Tearing modulus concept, Standard Jic test and COD test.
Fatigue Crack Growth, Prediction of fatigue crack growth under constant amplitude and variable
amplitude loading.

Module IV Mixed mode failure: Factor envelope for material under mixed mode stress intensity
factors, Initiation of initial crack propagation direction in ductile materials under plane stress
conditions. Angled crack problem. Elasto-plastic boundary around a cracked tip.

References

1. David Broek, Elementary Engineering Fracture Mechanics, Sijthoff and Noordhaff,
Alphen Aan Den Rijn, The Netherlands, 2001.

2. Ed L. Elfgren and S.P. Shah ,Analysis of Concrete Structure by Fracture Mechanics, Proc

of Rilem Workshop, Chapman and Hall, London, 2001.

Ewalds, H.L. and Wanhill, R.J.H., Fracture Mechanics, Edward Arnold, 1984.

Kumar, P. Elements of Fracture Mechanics, Tata McGraw Hill, 2009

Jin, Z.H., Sun, C.T., Fracture Mechanics, Academis Press, 2005.

Maiti, S. K., Fracture Mechanics: Fundamentals and applications, Cambridge, 2015.
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22-472-0205 DESIGN OF OFFSHORE STRUCTURES
Course Outcomes:
On successful completion of the course the student will be able to
1. Identify the complexities involved in the offshore structures
2. Analyze offshore structures subjected to both static and dynamic loads.

3. Design of various structural elements of offshore structures
4. Check the safety of structures for accidental loads and survival capacity

Course Articulation Matrix
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Cco/PO PO1 PO2 PO3 PO4 PO5
co1 1 1 2 1 1
CO2 2 1 3 3 2
Cco3 2 1 3 3 2
co4 2 1 2 2 2

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Types of offshore structures and conceptual development - Analytical models for jacket structures
- Materials and their behaviour under static and dynamic loads - Statutory regulations - Allowable
stresses - Various design methods and Code Provisions - Design specification of API, DNV,
Lloyd's and other classification societies - Construction of jacket and gravity platforms

Module 11

Loads on offshore structures - Environmental loads due to wind, wave, current and buoyancy -
Morison's Equation - Maximum wave force on offshore structure - Concept of Return waves —
Design wave heights and spectral definition - Principles of Static and dynamic analyses of fixed
platforms - Use of approximate methods - Design of structural elements.

Module 111

Introduction to tubular joints - Possible modes of failure - Eccentric connections and offset
connections - Cylindrical and rectangular structural members — In plane and multi plane
connections - Parameters of in-plane tubular joints - Kuang's formulae - Elastic stress distribution
- Punching shear Stress - Overlapping braces - Stress concentration - Chord collapse and ring
stiffener spacing - Stiffened tubes - External hydrostatic pressure - Fatigue of tubular joints -
Fatigue behaviour - S-N curves - Palmgren-Miner cumulative damage rule - Design of tubular
joints as per API Code-

Jackup Rigs Configuration and operation of jackups; Simplified analysis; Spudcan penetration and
extraction; Spudcan — pile interaction; Design of jackup legs

Module IV

Design against Accidental Loads (Fire, Blast and Collision)-Behavior of steel at elevated
temperature; Fire Rating for Hydrocarbon fire; Design of structures for high temperature; Blast
Mitigation-Blast walls; Platform survival capacity and Plastic design methods.

References

1. Dawson, T. H., Offshore Structural Engineering, Prentice Hall, 1983.

2. APIRP 2A., Planning, Designing and Constructing Fixed Offshore Platforms, AP1,2014.
3. McClelland, B &Reifel, M. D., Planning & Design of fixed Offshore Platforms, Van
Nostrand, 1986.

Graff, W. J., Introduction to Offshore Structures, Gulf Publ. Co.1981.

Reddy, D. V &Arockiasamy, M., Offshore Structures Vol.1 & 2, Kreiger Publ. C0.1991.
6. Morgan, N., Marine Technology Reference Book, Butterworths, 1990.
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7. Gerwick B.C., Jr. Construction of Marine and Offshore Structures, CRC Press, Florida,
2000.

22-472-0206 STRUCTURAL HEALTH MONITORING
Course Outcomes:

On successful completion of the course the student will be able to
1. Identify various models of damage assessment and health monitoring techniques.

2. Apply different sensors and tests for monitoring of structural health.

3. Perform certain techniques including NDT for monitoring of health of structures.

4. Assimilate IT assisted techniques for remote testing of health of structures, like multi-
storied buildings, bridges, etc.

Course Articulation Matrix

Co/PO PO1 PO2 PO3 | PO4 | PO5
Co1 2 2 1 3 3
COo2 2 2 1 3 3
CO3 2 1 1 3 3
CO4 2 2 1 3 3

1-Slightly; 2- Moderately; 3-Substantially.

Module |

Introduction: Definition of Structural Health Monitoring (SHM), Classification, Types,
Components — Advantages and Benefits.

Review of Structural Modelling:  Finite element models — models of damage and collapse
behavior of structures, theoretical prediction of structural failures.

Module 11

Sensors and Tests: Review of signals and data acquisition systems — Frequency and time
domain representation of systems, Fourier / Laplace Transforms, modelling from frequency
response measurement, Strain measurement — LVDT, Temperature sensors, Fibre Optic Sensing
Technology, DIC. Sensors — selection, installation and placement, data acquisition,
communication, processing and analysis, storage, diagnostics.

Module 111
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Static and Dynamic Field Testing: Stress history data, Dynamic load allowance tests, Ambient
vibration tests, Forced vibration tests, Dynamic response method

Intelligent health monitoring techniques — Neural network classification techniques — extraction
of features from measurements, training and simulation techniques, case studies.

Module IV
Data Acquisition: Static and Dynamic data acquisition systems, components — hardware.

Remote SHM: Importance, Advantages, Methodology — Wireless communication,
telemetry, real time remote monitoring, 10T and machine learning applications (introduction only),
Case studies — Bridges and multi-storied buildings — optimal placement of sensors, structural
integrity of aging.

References:

1. Daniel Balageas, Claus-Peter Fritzen, Alfredo Guemes, Structural Health Monitoring, John
Wiley and Sons, 2006.

2. Douglas E Adams, Health Monitoring of Structural Materials and Components — Methods
with Applications, John Wiley and Sons, 2007.

3. Ou, J. P, Li, H. and Duan, Z. D., Structural Health Monitoring and Intelligent
Infrastructure Vol-1, Taylor and Francis Group, London, U. K., 2006.

4. Wu, Z. S., Structured Health Monitoring and Intelligent Structures, Vol-1 and 2, Balkema,
2003.

5. Rao, J. S., Vibratory Condition Monitoring of Machines, Narosa Publishing House, India,
2000.

22-472-0207 STRUCTURAL DESIGN OF FOUNDATIONS

Course Outcomes:

On successful completion of the course the student will be able to
1. Suggest suitable foundation required for a particular structure according to the

properties of underlying soil and design the same.

2. Perform structural design and detailing of isolated footing and combined footings.

3. Analyze and design of raft foundation and combined pile raft foundation both by
conventional method and incorporating soil structure interaction

4. Perform design and detailing of pile and pile cap

5. Design and implement reinforced concrete retaining structures and flexible retaining
structures
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Course Articulation Matrix

co/pPO PO1 PO2 PO3 PO4 PO5
co1 3 1 3 2 3
COo2 2 1 3 3 2
co3 3 1 3 3 2
Co4 2 1 3 3 2
CO5 2 1 3 3 3

1-Slightly; 2- Moderately; 3-Substantially.

Module I

Introduction to Design of reinforced concrete foundations; Soil pressure for structural design,
Conventional structural design of continuous strip wall footings, individual footings, combined
footings —rectangular, trapezoidal and strap, balanced footings.

Module 11

Raft Foundations — Types of rafts, Structural Design of rectangular and circular rafts using
conventional method of analysis, cellular rafts and basement floors, Combined Piled Raft
Foundations, Analysis and design of rafts and mats incorporating soil structure interaction.
Module 111

Structural design of piles including under-reamed piles —Pile groups, Design of grade beams,
Analysis of pile cap- Truss theory and Bending Theory, shape of pile cap, Structural design of pile
caps and detailing — Structural Design of Well Foundations.

Module IV

Structural design of retaining walls- Cantilever retaining wall- basement retaining walls,
Anchorage of retaining walls, Counter fort retaining wall

Flexible retaining Structures — Earth pressure calculation, Cantilever Sheet Pile Wall- Anchored
Bulk Heads — Analysis-Design of embedment length and suitable section, lateral supports in open
cuts.

References:

1 Swami Saran, Analysis and Design of Substructures , Oxford & IBHPublishing Co,2006.
2. Varghese P.C.,Design of Reinforced Concrete Foundations PHI Learning Pvt. Ltd,20009.
3. Sharat Chandra Gupta, Raft Foundations — Design and Analysis with Practical
Approach, New Age International Pvt. Ltd,1997.
4. Shamsher Prakash, Hari D.Sharma, Pile Foundations in Engineering Practice,Wiley
IEEE,1990
5. Nainan P. Kurian, Design of Foundation Systems: Principles and Practices , Narosa
Publishing House,1994.
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6. Karuna Moy Ghosh, Foundation Design in Practice, PHI Learning, Pvt td. 2011.

22-472-0208 EARTHQUAKE RESISTANT DESIGN OF STRUCTURES

Course Outcomes:

On successful completion of the course, students will be able to
1. Describe basics of seismology, magnitude and intensity of earthquake.
2. Apply general principles of seismic design of buildings based on relevant design
standard.
3. Carry out earthquake analysis and design of multi-storeyed buildings.
4. Carry out earthquake analysis and design of special structures like water tanks, stack
like structures, bridges etc.

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 2 1 3 2 2
CO2 2 1 3 2 2
co3 3 1 3 3 2
co4 3 1 3 3 2

1-Slightly; 2- Moderately; 3-Substantially.

Module |

Earthquake Ground Motion: Causes of earthquake- Seismic waves-Intensity and Magnitude of
earthquake-Energy released in an earthquake-earthquake frequency- seismic zones in India-strong
motion-source effect-path effect-site effect-use of strong motion data; strong motion
characteristics-Response spectrum-types of response spectra-design spectrum.

Module 11

Seismic Resistant Building Architecture: Seismic effects on structures-Inertia forces-
deformations-horizontal and vertical shaking-Importance of architectural features-effects of
irregularity-Lateral load resisting systems-Building Characteristics-Mode shapes and
fundamental period, Building frequency and ground period, Damping, Ductility, Seismic weight,
Hyperstaticity, Non structural elements, foundation soil/Liquefaction, foundations-Quality of
construction and materials.

Module 111

Lateral Loads: 1S 1893 based determination of design lateral forces in multi-storey RC buildings.
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Soil structure interaction effects: direct approach-sub structure approach (description only).

Ductility requirements of RC buildings: displacement ductility-rotational ductility-considerations
based on 1513920 in flexural members, columns, joints of frames- Load combinations and
permissible stresses - Design and detailing of frames , shear wall and frame walls

Earthquake Resistant Design of building with soft storey-seismic analysis — flexural capacity of
beams — strong column weak beam mechanism —moment magnification factors for column —
design for shear in beams — design for shear in columns

Module 1V

Special structures: Earthquake resistant design of water tanks — Elevated tower supported tanks-
Hydrodynamic pressure, Design of towers — stack like structures-.Chimneys- design of bridges

References

1. Chopra, A. K. Dynamics of Structures . Pearson Education Pvt. Ltd. 2009

2. Agarwal P and Shrikhade M, Earthquake resistant design of structures, Prentice Hall of India
Pvt Ltd.

3.Paz, M. Structural Dynamics: Theory and Computation . CBS Publishers & Distributors, New
Delhi,1987.

4. Duggal, S. K., Earthquake Resistant Design of structures, Oxford University Press, 2007.

5. Datta, T.K., Seismic Analysis of Structures, John Wiley and sons (Asia) Pvt Ltd, 2010.

6. BIS Codes, latest (1S:1893, IS : 4326, 1S:13920)

22-472-0209 ADVANCED DESIGN OF STRUCTURES

Course Outcomes:
On successful completion of this course, students will be able to

Perform the design of special structures which are constructed for special purposes.
Design deep beams, grid floors, flat slab and folded plates.

Analyze and design power plant structures

Analyze and design of power transmission structures and substation structures.

PowhdPRE

Course Articulation Matrix

Co/PO PO1 PO2 PO3 | PO4 | PO5
co1 3 1 2 3 2
co2 3 1 3 3 2
co3 3 1 3 3 2
co4 3 1 3 3 2

1-Slightly; 2- Moderately; 3-Substantially.
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Module |

Analysis and design of corbels and deep beams, design of grid floors, design of flat Slabs, design
of folded plates by ACI-ASCE Task committee method.

Module 11
Design of Spatial Structures-

Space frame and space trusses- configurations-types of nodes—general principles of design
philosophy—Behaviour. Analysis of space frames and space trusses-Formex Algebra,
FORMIAN-Detailed design of space frames and space trusses.

Module 111
Design of Power Plant Structures

Bunkers and Silos-Chimneys and Cooling Towers including the design of foundations-High
Pressure boilers and piping design—Nuclear containment structures,

Module IV
Analysis and Design of Power Transmission Structures

Analysis and design of Transmission Line Towers. Types of bracing patterns- Sag and Tension
calculations. Substation Structures. Tower foundations-Design of foundations for towers-
Structural design of supports for foundation excavation, design of ground anchors

References:
1. Purushothaman,P, Reinforced Concrete Structure Structural Elements: Behaviour Analysis
and Design ,TataMcGrawHill,1986.

2. KrishnaRaju,N. Advanced Reinforced Concrete Design, CBS Publishers and
Distributors,1986.

Ramasamy,G.S., Designand Construction of Concrete Shells Roofs, CBSPublishers,1986
Subramanian N., Principles of Space Structures , Wheeler PublishingCo0.1999
Santhakumar A.R. and S.S.Murthy, Transmission Line Structures, TataMcGrawHill,1992.

Varghese.P.C., Design of Reinforced Concrete Shells and Folded Plates, PHI Learning Pvt.
Ltd., 2010

7. Manohar S.N, Tall Chimneys - Design and Construction, Tata McGraw Hill, 1985.
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22-472-0210 RELIABILITY ANALYSIS OF STRUCTURES

Course Outcomes:
On successful completion of the course, the student will be able to

1. Identify the importance of probabilistic structural analysis
2. Perform reliability analysis of basic structural elements under different safety criterion.
3. Develop reliability based design criteria of any structure and determine optimal safety
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factors.
4. Perform system reliability analysis of simple structures.

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 1 1 1 1 1
Co2 2 1 1 2 2
co3 2 1 2 3 3
co4 3 1 2 3 1

1-Slightly; 2- Moderately; 3-Substantially.

Module I

General introduction to structural safety and reliability, Concept of uncertainty in reliability
based analysis and design

Basic statistics and probability theory - Characteristics of random distributions, Levels of
significance and confidence, moments and expectation, common probability distributions.

Module 11

Resistance distributions and parameters- Introduction, Statistics of properties of concrete,
steel and other building materials, statistics of dimensional variations, characterization of
variables, allowable stresses based on specified reliability. Probabilistic analysis of loads-
gravity loads, wind loads

Module 111

Basic of structural reliability, Concepts of failure of structure, computation of structural
reliability. Reliability methods: Introduction, basic variables and failure surface, first order
second moment methods (FOSM) , First order reliability method (FORM),

Reliability based design- determination of partial safety factors, development of

reliability based design criteria.

Module IV

Simulation methods in reliability analysis- Monte Carlo study of structural safety- Monte Carlo
method, applications.

Reliability of Structural system- system reliability, modelling of structural systems, bounds of
system reliability, reliability analysis of frames

References

1. Ranganathan. R., Reliability Analysis and Design of Structures , Tata McGraw Hill, 1990.

2. Ang, A. H. S & Tang, W. H., Probability Concepts in Engineering Planning and Design,
Vol. | Basic Principles , John Wiley & Sons, 1975.

3. Ang, A. H. S & Tang, W. H., Probability Concepts in Engineering Planning and Design,
Vol. Il Decision, Risks and Reliability , John Wiley & Sons, 1984.

4. Jack R. Benjamin & C. Allin Cornell., Probability, Statistics and Decision for Engineers ,
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McGraw-Hill,2014.
5. Madsen, H. O., S. Krenk & N. C. Lind, Methods of Structural Safety , Prentice-Hall, 1986

6. Ditlevson, O., and Madsen H.O, Structural Reliability methods, Wiley;1996.

22-472-0211 RETROFITTING AND REHABILITATION OF STRUCTURES
Course Outcomes:

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

1. Identify the causes of distress in RCC structures.

2. Assess the distress using non-destructive tests.

3. Suggest appropriate solutions to the environmental problems and damages on building due to

natural hazards such as earthquakes.

4. Carryout retrofitting of structures under distress using modern techniques and application of
polymers and new cementitious composites.

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 2 1 2 2 1
COo2 3 1 2 2 1
co3 3 1 3 3 3
CO4 3 1 3 3 3

1-Slightly; 2- Moderately; 3-Substantially.
Module |

Failure of Structures: Review of the construction theory — performance problems —
responsibility and accountability — case studies — learning from failures — causes of distress in
structural members — design and material deficiencies — over loading

Concept of Repairing — retrofitting — strengthening — rehabilitation — restoration — remoulding
Repair materials/ methods: — Repair methodology, issues related to material Technology -
Desired properties of repair materials — materials for repair — new repair systems / products.

Module 11

Diagnosis and Assessment of Distress: Visual inspection — Rapid visual assessment of structures,
non destructive tests — ultrasonic

pulse velocity method — rebound hammer technique — ASTM classifications — pullout tests —
Bremor test — Windsor probe test — crack detection techniques — case studies — single and
multistorey buildings — Fibreoptic method for prediction of structural weakness

Environmental Problems and Natural Hazards: Effect of corrosive, chemical and marine
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environment — pollution and carbonation problems — durability of RCC structures — damage
due to earthquakes and strengthening of buildings — provisions of BIS 1893 and 4326

Module 111

Retrofitting of Masonry buildings: Failure mode of masonry buildings — out-of-plane failure — in-
plane failure — diaphragm failure — failure of connection — methods of retrofitting — cement or
epoxy injection— using wire mesh and cement mortar — re construction of bulged portion of
masonry wall — grouting with cement — pointing with mortar — shotcreting — using FRP fabric —
using RC and steel frames — adding reinforcements to masonry — stitching of wall corners — use of
tie rods — Prestressing of masonry — external binding or jacketing — Splint and bandage technique
— Inserting new walls — exterior supplemental elements — strengthening of parapets.

Module IV

Repair of Concrete Floors: Surface preparation — thin bonded toppings — reinstating joint sealants
— Crack repair — crack cleaning and resin injection — crack cutting and mortar filling — application
of cement/sand screed — use of toppings Retrofitting of Steel Structure: Rain water protection —
drainage in structural members — preparation of surface by sand blasting — protective coatings —
Cathodic protection — Sacrificial metal — adding additional plates strengthening the joints —
concrete jacketing .

Retrofitting of RC structure: Global retrofitting methods — adding new shear walls — adding steel
bracing — adding infill walls — non-conventional methods — seismic base isolation —
Supplemental damping devices; Member or local retrofit methods — jacketing/confinements —
jacketing of columns using steel sections — reinforced concrete jacketing — FRP jacketing — beam
jacketing — beam column joint jacketing — slab column connection — foundation — ferrocement
and fiber concretes as rehabilitation materials — strengthening by pre-stressing — case studies —
bridges — water tanks — cooling towers — heritage buildings — high rise buildings.

References
1. Concrete Structures-Repair, Rehabilitation and Retrofitting, B.Bhattacharjee, CRS
Publishers and Distributors, 2017.
2. Jacob Feld and Kenneth L Carper, Structural Failures, Wiley Europe,1997.
3. Concrete Structures-Protection, Repair and Rehabilitation, R.Dodge Woodson, Elsevier,
20009.
4. Dovkaminetzky, Design and Construction Failures, Galgotia Publication, New
Delhi,2001.
5. Sidney M Johnson, Deterioration, Maintenance and Repairs of Structures, McGraw Hill
Book Company, New York ,1965.
6. CPWD Handbook on Repair and Rehabilitation of RCC buildings, Govt of India Press,
New Delhi, 2014.
ACI 546R-14, Guide to Concrete Repair, American Concrete Institute, 2014
8. A Primer on Rapid Visual Screening, National Disaster Management Authority, Govt.of
India,2020.
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9. FEMA P-154, Rapid Visual Screening of Buildings for Potential Seismic Hazards: A
Handbook, 2015.

22-472-0212 STRUCTURAL ENGINEERING DESIGN STUDIO

Course Outcomes:
On successful completion of the course the students will be able to
1. Model and analyse various structures/structural elements for different types of loading

2. Design of various structural components as per codal provisions and carryout detailing
3. Perform dynamic analysis

Course Articulation Matrix

Cco/PO PO1 PO2 PO3 PO4 PO5
co1 3 1 3 3 1
CO2 3 2 3 3 1
Cco3 3 1 3 3

1-Slightly; 2- Moderately; 3-Substantially

The student has to practice software packages for Analysis and Design by working out different
types of problems listed below:

1. Analysis and design of various structural elements like slabs, beams, columns, portal
frames etc.

2. Analysis and design of multistoried framed structures for Dead Load, Live Load, Wind

Load, Earth Quake Load and its Combinations as per codal Provisions

Analysis and design of steel structures.

Design of bridges, Design of Towers

Dynamic analysis of frames
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22-472-0213 SEMINAR 11
Course Outcomes:
On successful completion of the course, the student will be able to

1. Identify and gather information on recent research topic in structural engineering
2. Document the collected information in a specified format
3. Deliver technical talk with confidence
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4. Appraise any problem in group discussion and interviews
5. Identify topic for dissertation work

Course Articulation Matrix

CO-PO PO1 P02 PO3 PO4 PO5
co1 3 2 3 2
Cc0o2 3 3 1 1
co3 2 3 1 1
co4 1 2 1 1
Co5 2 1 1

1-Slightly; 2- Moderately; 3-Substantially.

Students shall individually prepare and submit a seminar report on a topic of current research, in
the field of proposed project work. The reference shall include standard journals, conference
proceedings, reputed magazines and text books, technical reports and URLsS (minimum 15
references published in the last 5 years). A committee consisting of at least two faculty members
shall assess the presentation of the seminar and award marks to the students.
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SEMESTER I11

22-472-0301 INTERNSHIP

Course Outcomes:
On successful completion of the course, the student will be able to:

1. Gain exposure to professional work culture and practices.

2. Apply and correlate theory and practice in the area of structural engineering.

3. Develop domain specific problem solving and critical thinking in day to day operation, trouble
shooting and minor modifications at site

4. Create proper documentation of the work and present it before a committee.

Course Articulation Matrix

CO/PO PO1 PO2 PO3 PO4 POS
co1l 2 1 2 1 3
c0o2 2 1 2 1 2
Co3 3 2 3 2 2
co4 1 3 1 1

1-Slightly; 2- Moderately; 3-Substantially.

The objective of this training is to expose the students to industry environment and practices. The
students have to undergo training for duration of 4 weeks in construction sites / Structural
Engineering Design Consultancy organizations / R & D organizations after the completion of
second semester. The students shall submit a report of the training undergone and present the
contents of the report before the evaluation Committee. Evaluation committee will award the
marks based on training quality, contents of the report and presentation.

MOOC COURSE

Those students opting for MOOC course shall credit a MOOC course of minimum 8 weeks
duration after getting prior approval from the division.
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22-472-0302 DISSERTATION PHASE - |

Course Outcomes:
At the end of the course the students will be able to

1. ldentify topics in thrust areas of structural engineering taking into account of its usefulness
to society/ industry.

2. Identify research gaps in the chosen topic by conducting an extensive and systematic review
of relevant literature.

3. Formulate research objectives, plans and methodology for the execution.

Perform independent research work on the topic by experimental/ analytical approaches

5. Prepare systematic technical report and make effective presentation

&

Course Articulation Matrix

co/pPO PO1 PO2 PO3 PO4 PO5
co1 3 1 2 1 1
CO2 3 1 1 1 1
co3 3 2 2 3 2
Cco4 3 1 2 3 2
CO5 2 3 1 2 1

1-Slightly; 2- Moderately; 3-Substantially.

Each student shall individually carry out a project in an Industry / R&D institution / University
department. The project work shall be reviewed and evaluated periodically during the 3™ semester
and continued in the 4™ semester. The progress evaluation of the project shall be done by a team
of minimum 3 internal examiners including the project guide and the coordinator. The evaluation
shall be based on (i) Presentation of the work, (ii) Quality and content of the work carried out and
(iii) Viva Voce.
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SEMESTER IV

18-472-0401 DISSERTATION PHASE — Il

Course Outcomes:
On completion of the project work students will be able to

Carry out independent research work on the topic by experimental/ analytical approaches
Demonstrate a degree of analysis and originality in advanced investigations

Document and present the results of research work in a professional way

Communicate technical information by means of oral as well as written presentation skills with
professionalism and engage in lifelong learning

5. Defend the findings of the research before an expert panel and peers

6. Propose new approaches/solutions/interpretations in any challenging problems.

A wbdpE

Course Articulation Matrix

CO/PO PO1 PO2 PO3 PO4 PO5
co1
C02

Cco3
Cco4
CO5

CO6

WIWIN[W | W Ww
DWWk | W Ww
N
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1-Slightly; 2- Moderately; 3-Substantially.

The project work shall be reviewed and evaluated periodically during the semester. A detailed
project dissertation in the prescribed format shall be submitted at the end of the semester. All the
test results, relevant design and engineering documentation shall be included in the dissertation.

Towards the end of the semester, there would be a presubmission presentation before the
evaluation committee to assess the quality and quantum of the work done. This would be a
prequalifying exercise for the students for getting approval for the submission of the dissertation.

The students shall aim to prepare a technical paper for a peer reviewed journal /international
/national conferences organized by reputed institutions/organizations/professional bodies.

The final evaluation of the project shall be done by a panel of examiners consisting of Project
guide, Course coordinator and an External examiner. The evaluation shall be based on (i)
Presentation of the work, (ii) Quality and content of the dissertation and (iii) Viva Voce.
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