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FD1: MATHEMATICS I

1. LIMITS AND CONTINUITY OF A FUNCTION

2.  DIFFERENTIATION

Definition, Derivative by first principle, Differentiation of implicit functions, Differentiation of trigonometric functions, Differentiation of inverse trigonometric functions, Transformation, Differentiation of exponential and Logarithmic Functions, Hyperbolic functions, Derivatives of the inverse hyperbolic functions, Differentiation with respect to a function, Differentiation of Parametric Equations.

3. SUCCESSIVE DIFFERENTIATION

Calculation of nth derivative, Leibnitz’s theorem.
4. GENERAL THEOREMS, EXPANSION OF FUNCTIONS.

Rolle’s Theorem, Mean value theorem (Lagrange’s form), Increasing and Decreasing functions, Mean value theorem (Cauchy’s form).

Expansion of functions;

Taylor’s expansion theorem, Maclaurin’s theorem, Taylor’s and Maclaurin’s infinite series.
5.  INDETERMINATE FORM

L’ Hospital’s rule, Evaluation of % form, Evaluation of [image: image1.png]818



form, Evaluation of [image: image2.png]


 form, Evaluation of 00, 1 [image: image3.png]
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0 form.

 

6. CURVATURE

Radius of curvature, Special formula for parametric equations, Radius of curvature at the origin.

 

7. MAXIMA AND MINIMA

Maximum and Minimum values of a function.

 

8. ELEMENTARY INTEGRATION

Table of elementary integrals, Simple examples.

 

9. INTEGRATION BY SUBSTITUTION

Introduction, Change of independent variable in [image: image5.png][ £ @y



, Working rule to evaluate [image: image6.png]] F(x)dx



 by the substitution, Four important integrals, standard forms, Integrals of tan x, cot x, sec x, cosec x.

 

10. INTEGRATION BY PARTS
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, Important integrals.

 

11. INTEGRATION BY PARTIAL FRACTIONS

Non-repeated linear factor, Repeated linear factor, Linear and quadratic factors (non-repeated) Quadratic (repeated), Integration of rational fraction by substitution.

 

12. INTEGRATION OF IRRATIONAL ALGEBRAIC FUNCTIONS

Integration of rational functions, integral of the type [image: image9.png]dx

Y





13.  INTEGRATION OF TRIGNOMETRIC FUNCTIONS
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, Reduction formula method, Integration of positive even integral, Integrals of rational functions of sinx and cosx.

 

14. REDUCTION FORMULA
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15. DEFINITE INTEGRALS

Definition, Properties of definite integrals, Examples base on properties.

 

16. AREAS OF PLANE CURVES

 

17. VOLUMES AND SURFACES OF SOLIDS OF REVOLUTION

 

18. LENGTHS OF PLANE CURVES

Arc Formulae, Arc formulae for polar equations.

 

19. SIMPSON’S RULE

HDE2 - CHEMISTRY

1. WATER TREATMENT:

Introduction, Sources of Water, effect of Water on Rocks and Minerals, Types of Impurities Present in water, Effects of Impurities in Natural Waters, Methods of Treatment of Water for Domestic and International Purposes, Removal of Dissolved Salts: Softening of Water, Boiler Feed Waters, Boiler Troubles.

2. FUELS

Introduction, Classification of Fuels, Solid Fuel (Coal), Classification of Coal by Rank, Analysis of Coal, Pulverized Coal, Metallurgical Coke, Manufacture of Metallurgical Coke, Liquid Fuels, Petroleum, Refining of Petroleum, Synthetic Petrol, cracking, Polymerization, Synthetic Method, Refining Gasoline, Reforming, knocking, Gaseous Fuels, Natural gas, Producer Gas, Water Gas or Blue Gas, Bio-gas, Fuel gas.

3. LUBRICANTS

Introduction, Functions of Lubricant, Requirements of a Lubricant, Mechanism of Lubrication, Classification of Lubricants, Properties of Lubricating oils, Glossary, Questions.

4. POLYMERS AND PLASTICS

Introduction, Polymerisation, Classification of Polymers, Tacticity, Functionality of Polymer, Polymerisation Processess, Mechanism of Addition Polymerisation, Effects of Structure on Polymer Properties, Plastics, Compounding of Plastics, Thermoplastics resins, Silicones resins, Elastomers or rubber, Adhesives, Glossary, Questions.

5. THERMODYNAMICS

Introduction, Laws of Thermodynamics, Isothermal and adiabatic Processes, Thermochemistry, System, Glossary, Questions.

6. CORROSION

Introduction, Characteristics of Corrosion, Mechanism of Corrosion of iron, Types of Corrosion, Corrosion and redox Process, Factors Which influence Corrosion, Corrosion Control, Glossary, Questions.

7. ENVIRONMENTAL POLLUTION CHEMISTRY

Introduction, Important definitions, Air Pollution, Water Pollution, Soil Pollution, Pollution by heavy metals, Glossary, Questions.

 8. METALLIC BOND AND SEMICONDUCTORS

Introduction, Nature of Metallic bond: Theories, Mechanism of thermal Conduction,  Mechanism of electrical conduction, Ductility and malleability, Thermal conductivity, Electrical Conductivity, Photoconductors, Semiconductors, Glossary, Questions.

HDE3 - ENGLISH FOR COMMUNICATION

1. THE COMMUNICATION EVENTS

Nature Of Communication, Objective, Definition Of Communication, Situation For Communication, Need Of Communication, Types Of Communication, Verbal Or Oral Communication, Elements Of Communication , Modes Of Communication (Verbal And Non-Verbal), Charts And Graphs, Flow Process Chart, Written Communication , Oral Communication, Media: Channels Of Communication, Message : Form And Content, Communication Process, Effective Communication, Barriers Of Communication, Summary

2. SUMMARIZATION

Summary Writing

3. COMPREHENSION AND VOCABULARY

Comprehension, Vocabulary [(A) Synonyms And Antonyms, (B) Homonyms, (C) Same Word Used As Different Parts Of Speech, (D)One Word Substitution], Word Formation, Root

 4. PRINCIPLE OF LANGUAGE GRAMMAR AND USAGES

The Sentence Elements, Words, Phrases, Clauses Sentences, Sentence, The Word, Noun, Verb, Tenses And Their Usages, The Verb : Person And Number, Agreement Of The Verb With The Subject, The Infinite, Adverbs, Adjectives, Preposition, Relations Expressed By Prepositions, Conjunction, Clauses, Determiners And Modifiers, Sentence Connectives,  The Compound Nd Complex Verb Phrase, Complementation And Subordination, Sentences, Change Of Voice, Change Of Degree, Affirmative And Negative Sentences, Direct And Indirect Speech, Conversion Of Compound Sentences Into Simple Sentences, Conversion Of Complex Sentences Into Compound Sentences, Punctuation

 5. BASIC OFFICIAL CORRESPONDENCE

The Process Of Formal Written Communication, The Qualities Of Good Writing, Principles Of Message Organization, Mechanics Of Writing, Elements Of Structure, Forms Of Layout, Styles Of Presentation, Types Of Letters ,Enquiry Letter, Making Claims, Offering Adjustments, Communication Core, Importance And Function, Drafting The Application, Elements Of Structure, Preparing The Resume, Job Offer, Resignation Letter, Communication Core

 6. TECHNICAL WRITING 

Framing Definitions, Classification And Description Of Objects, Instructions, Types Of Instructions

HDE4 - ELECTRICAL TECHNOLOGY

1. BASIC CONCEPTS & UNITS:

Force, Weight, torque, work, energy, Power, Electric charge, Electric Current, EMF, Voltage, Potential Difference Concepts of Ac/Dc Voltage/current.

 2. ELECTROSTATICS:

Coulomb’s Law, Electric Field, Electric Flux, Electric Field Intensity, Electric Flux Density, Electric Displacement, Charge Density, Permittivity, Dielectric Constant, Electric Potential, Gauss Law, Capacitor, Capacitance of parallel Plate Capacitor, Energy Stored in Capacitor, Capacitors in Series & Parallel, Capacitance of a Multiplate Capacitor, Force of Attraction between plated of Capacitor, Insulation Resistance of Cable.

3. ELECTRIC CIRCUIT ELEMENTS:

Resistance, Specific Resistance, Resistance in Series & Parallel, Open Circuit and Short Circuit, Temperature Coefficient of Resistance, Linear & Non-linear Resistance, Inductance, Energy Stored in Inductance, Inductance in Terms of Flux Linkage Per Ampere, Inductance in Series & Parallel, Linear & Non-linear Inductances.

4. ELECTROLYSIS & STORAGE CELL:

Electrolysis, Faraday’s law of Electrolysis, Primary & Secondary Cells, Equivalent Circuit of Cell, Rating of Cell, Cells in Series & parallel, Lead Acid Battery, Nickel Cadmium Cell, Zinc Carbon Cell.

5. ELECTROMAGNETISM:

Magnetic Field, Electromagnetism, Magnetic & Non-Magnetic Materials, Permanent & Temporary magnets, Magnetic flux Density, MMF, Magnetic Field Strength, Force on a Conductor Carrying Current in a Magnetic Field, Biot Savart Law, Ampere’s law, Permeability, Force between parallel Conductors, Definition of Ampere, magnetic Shielding, B-H Curve, Magnetisation Curve, Hysteresis, Hysteresis Loss, Modern Theory of Magnetism, Electromagnetic Induction, Fleming Right Hand Rule, Lenz’s law, Dynamically Induced e.m.f., Statically induced e.m.f., Eddy Currents, Eddy current loss, Self & Mutual Inductance, Coefficient of Coupling.

 6. SINGLE PHASE AC CIRCUITS:

Alternating Voltage & Current, Phase Angle, Phase Difference, Average Value of Sinusoid, Root mean Square or Effective Value, Representation of Sine Wave by Phasor, Alternating Current and Power in Resistive Circuit, Alternating Current and power in Capacitive Circuit, Alternating Current in Series RL Circuit, Apparent, Active & Reactive Power & Power Factor,

Alternating Current & Power in RC Circuit, Alternating Current & Power in RLC Series Circuit.
HDE5 - MECHANICS

1. INTRODUCTION

Introduction to Mechanics, Definitions, Idealisation in Mechanics, Basic Concepts, Fundamentals Principles, System of Units, Dimensional Analysis, Methods of Solution, Vector Algebra, Summary.

2. STATICS OF PARTICLES CONCURRENT FORCES IN PLANE

Introduction, Resultant of Forces, Resolution and Components of Force, Resultant of Several Concurrent Forces, Equilibrium of a Particle, Equation of Equilibrium, Application of Statics of Particles, Summary.

 3. STATICS OF PARTICLES CONCURRENT FORCES IN SPACE

Introduction Components of Forces in Space, Resultant of Several Concurrent Forces, Equilibrium of a Particle in Space, Application of Statics of Particle, Summary.

 4. STATICS OF RIGID BODIES - NON – CONCURRENT FORCES IN PLANE

Introduction, Moment of Force about a Point, Varignon’s Theorem, Moment of Couple, Resolution of a Given Force into a Force, Resultant of Coplanar Non-Concurrent System, Application of Statics of Rigid Bodies, Method of Minimum Potential Energy- Stable Equilibrium, Summary.
5. STATICS OF RIGID BODIES-NON-CONCURRENT FORCES IN SPACE

Introduction, Moment of Force about a Point, Moment of Force about a Given Axis, Couples in Space, Resolution of Force into Force and Couple, Resultant of Non-concurrent, Non-coplanar System, Equilibrium of Rigid Body in Three Dimensions, Summary.
6. FRICTION

Introduction, Characteristics of Dry Friction, Laws of Friction, Angle of Friction, Angle of Repose, Cone of Friction, Applications, Summary.
7. CENTROID AND CENTRE OF GRAVITY

Introduction, Centroid of Area, Line and Volume, Centroid of a Line, Centroid of Area, Centroid of Composite Area, Therorems of Pappus and Guldinus, Centroid of Volume,  Centre of Gravity, Centre of Mass, Summary.

8. MOMENT OF INTERIA AND MASS MOMENT OF INTERIA

Introduction, Second Moment of Area, Moment of Inertia of Plane Area by Integration, Moment of Inertia of Composite Section, Principle Axes and Principle Moments of Inertia of a Thin Rectangular Plate, Mass Moment of Inertia, Summary.

9. SIMPLE STRESSES AND STRAINS SSS-1

General Meaning of Stress , Unit of Stress, Simple Stresses, Strain, Stress Strain Relation, Nominal Stress and True Stress, Behaviour of Materials Under Repeated Loadings, Factor of Safety, Hooke’s Law, Extension/Shortening of a bar, Bars With Cross-Sections Varying in Steps, Bars With Continuously Varying Cross-Sections, Bars Subjected to Varying Loads, Indeterminate Structural Problems, Compounds Bars, Temperature Stresses, Simple Shear, Poisson’s Ratio, Volumetric Strain, Elastic constant, Relationship between Modulus of Elasticity and Modulus of Rigidity, Relationship between Modulus of Elasticity and Bulk Modulus, Strain Energy due to Direct Stresses and Impact Loads, Strain Energy due to Share Stresses.

10. SHEAR FORCE AND BENDING MOMENT DIAGRAMS IN STATICALLY DETERMINATE BEAMS SFB-1

Shear Force and Bending Moment, Sign Convention, Relationship between Load Intensity, Shear Force and Bending Moment Diagrams, SF and BMD For Standard Cases, FD and BMD for Beams Subjected to Various Loads, Short Cut Procedure.
HDE6 - General Civil Engineering

D-1  Finite Element and Finite Difference Methods

Derivation of Backward, Forward and Central Difference Relations and estimate of error in use of these Relations. Solution of the beam type problems in Equilibrium, stability and vibration using these, Extension of Central Difference Relations in solution of Partial Differential Equations. Application to Laplace equation and torsion problems, Introduction to Finite Element Method and its uses in analysis of Civil Engineering Structures, Derivation of the element characteristics and condensation technique. Application of the Method in treatment of Plane stress and Plane strain problems, Organisation of the Finite Element programme and data preparation, Efficient solution techniques for simultaneous linear algebraic equations obtained in Finite Difference and Finite Element formulation.

References

1. Introduction to Finite Element Method - Desai and Abel.

2. Finite Element Method in Engineering - S.S. Rao.

D-2  Construction Equipment and Techniques

General considerations, Principle of Economics of Mechanised Construction Pavement Construction Equipments, Earth moving equipments, Excavation and lifting devices, Asphalt paving equipments,         Special Equipments, Construction Process of Deep foundation for dams, bridges, high rise building, docks, harbours and airports. 

List of References

1. Stuart Wood J.R. - Heavy construction equipment and methods, Prentice Hall Englewood Cliffs, New Jersy.

2. R.L. Peuritoy - Construction Planning equipment and methods, McGraw Hills International Book Company.

3. James F. Russel - Construction equipment, Metropolitan Book Co. Delhi.          1985.

D-3  Precast and Modular Construction Practices

Overview of reinforced and prestressed concrete construction Design and detailing of precast/prefabricated building components, Structural design and detailing of joints in prefabricated structures, Production of ready mixed concrete, quality assurance, Use of equipments in precast prefabricated structure, Productivity analysis, Economics of form work, Design of Formwork and their reusability, Modular construction Practices, Fibonacci series, its handling and other reliable proportioning concepts. Modular coordination, Standardisation, system building, Lamination and Advantages of modular construction.

D-4  Transportation System and Planning

Introduction, Technology of Transportation, Transportation system, Transportation, Planning

References

1. Introduction to Transportation Engineering - William W. Hay.

2. Introduction to Transportation Engineering Planning - E.K. Mortak.

3. Metropolitan Transportation Planning - J.W. Dickey.
D-5  Traffic Engineering

Introduction, Traffic Flow Theory , Traffic Studies ,Traffic Control 

References

1. Highway Engineering - S.K. Khanna & CED Justo.

2. Transportation and Traffic Engineering Handbook - Institution of Transportation Engineering, U.S.A.

D-6  Rural Roads

Introduction, Rural Roads - their necessity and importance for the nation, Alignment and Design, ideal alignment and deviations from it, Construction and Maintenance 

References

1. Highway Engineering - S.P. Bindra

2. Journals of Indian Roads Congress

3. Journals of Indian Highways

D-7  Analytical Photogrammetic Techniques

Development of photogrammetry as mapping technique, applications and advantages, Coordinate systems used in photogrammetry, Elements of interior and exterior orientation. Lens distortion and its elimination, elements of relative orientation, absolute orientation, Principles of re-projection, General idea about stereoplotting instruments, Different systems of aerial triangulation, Principles, Details of independent model configuration, strip formation and adjustment, Ground control provision, Choice of photographic scales, factors affecting cost and accuracy, Map substitutes, photomaps and mosaics.

D-8  Theory of Errors and Adjustment Computations

Errors-definition, sources and classification, Mathematical model, Error propagation, Laws of accidental errors, types of frequency distribution, Normal law of error, Deviation of normal law. Test of departure, most probable value, Measures of precision, standard error of indirectly observed and conditioned quantities, Weighting of observations, Rejection criteria, Statistical tests to be applied to observational data, Chi-square test, I-test, variance ratio test, curve fitting and correlation, Propagation of systematic and accidental errors, theory of least squares and its application to adjustment problems, Adjustment computations by observation equation method and condition equation method in matrix form, Adjustment of simple triangulation figures, Adjustment of level nets.

D-9  Elements of Geodesy and Field Astronomy

Figures of earth, some important spheroids, Properties of spheroids and Geoid, Spherical excess, computations of geodetic positions, Map projection-necessity and classification, properties of cylindrical and conical projections, Definitions of terms used in field astronomy, Astronomical coordinate systems, elementary spherical trigonometry, Napier's rules, Astronomical triangle with star at elongation, prime vertical, horizon and transit, systems of time, Interconversion, equations of time, Simple methods of determining azimuth, latitude and time, correction to field observations.

D-10   Remote Sensing in Civil Engineering

Definition of terms, space and airborne imageries, characteristics of photographic images, colour, tone and texture, Techniques of photo-interpretation, Special equipments, photo-interpretation keys, Ground truth collection and verification, photo-interpretation for selection of Civil Engineering project sites such as for buildings, Railways and highways etc,       Principles of Remote Sensing and platform for remote sensing, different platform sensor combinations, The multiconcept, remote sensing through visible and other bands spectral signals, Different methods of remotely sensed data interpretation, Application of Remote sensing in land use and land cover analysis water resources management flood zoning and damage estimation, pollution studies, regional planning, Survey of natural resources and engineering works, Remote sensing satellite and their data products.

D-11   Design of Sub-structures

Footing Bridge Sub-structures, Retaining Walls, Marine Sub-structure, Machine Foundation.

D-12   Principles of Town Planning and Architecture

Principles of town planning, Land use patterns, Population survey, Density concepts, Services and transportation planning, Concept of habitat including environmental pollution, problems of metropolis, Satellite town concepts, Garden city movement, Neighbourhood planning, Brief history of architecture, Impact of development of materials through ages, Evolution of architectural forms, Anesthetics and functional proportions, Principles of architecture Design, Building Bye-Laws, Scale, Forms, Texture, Colour, Balance, Composition of Space, Role of architects and town planners, Architectural Drawing, Different symbols used in building industry, Design of typical buildings such as school, hospital, residencial and commercial complex, etc.

D-13 Introduction to Geoinformatics

Remote Sensing, Geographic Information System (GIS), Photogrammetry, Global Positioning System (GPS)
HDE7 - MATHEMATICS - II
1. MATRICES

Definition, Elements of matrix , Types of matrices ,Algebra of matrices , Properties  of matrix multiplication, Method of finding the product of two matrices, Transpose of matrix , Symmetric and Skew-symmetric matrix , Theorem, Adjoint of a matrix, Inverse of matrix, Theorem , Adjoint of a matrix, Inverse of  matrix, Elementary Transformation of a matrix, Rank of matrix , Solution of simultaneous linear Equation, consistency of equation, characteristics roots or Eigen values, Caley- Hamilton Theorem, Question Bank, Examination papers.

2. FINITE DIFFERENCE & DIFFERENCE EQUATION & NUMERICAL METHODS

Finite Difference: Operators, Difference table, Newton’s formula, Lagrange’s interpolation formula, Difference Equation: Introduction , Solution of a difference equation,  Question Bank: Difference Equation, Numerical methods: Newton Raphson method , Method of false position, Iteration method.

3. DIFFERENTIAL EQUATIONS

Definition, Order and degree of differential equation, Formulation of Differential Equation, Solution of a differential equation, Differential Equation of first order and first degree , variable seperable, Homogeneous Differential  Equations , Equation Reducible to homogeneous form, Linear differential equation,. Equation Reducible to the linear form, Exact differential equation, Equation of first order and higher degree, Complete Solution = C.F. + P.I., Method of finding the complementary function, Rules to find particular integrals. Application of Differential Integrals: Physical applications of linear equations.

4. FUNCTIONS OF COMPLEX VARIABLE

Introduction,  Complex variable, Functions of complex variable, Limit of a complex variable, Continuity, Differentiability,  Analytic function, The necessary condition for f(z) to be analytic, Sufficient condition for f(z) to be analytic, C-R equation in polar form, Harmonic functions, Method to find the conjugate function, Milne Thomson method, Mapping of transformation, Bilinear transformation, Schwarz-Christoffel transformation.

Complex Integration: Cauchy’s integral theorem, Cauchy’s integral formula,  Cauchy’s integral formula for the derivative of an analytic function, Taylor’s theorem, Laurent series, Singularity if a function, Residues, Cauchy’s Residue theorem.
HDE8 – APPLIED PHYSICS
UNIT – I

Interference, Interference of wave , Interference due to thin films of uniform thickness, Interference due to thin films of non-uniform thickness, Newton’s ring, Michelson’s Interferometer, Engineering applications of Interference, Relativity, Relativity of mass: Time dilation, length contraction, mass and energy, Doppler’s effect.

UNIT- II

1. DIFFRACTION

Diffraction of wave, Classes of diffraction, Fraunhoffer diffraction at a single slit, Condition for maxima and minima, Diffraction at a circular operature, Plane diffraction grating, Conditions for Principle maxima and minima , Resolving Power, Ray leigh’s Criterion for resolution of two Point objects, R.P of grating, R.P at Telescope, X-ray diffraction, Law spots, Bragg’s Law, Bragg’s X-ray spectrometer,

2. ULTRASONICS

Ultrasonic waves, Piezo electric effect,Production of U.Waves by P. electric, Magnetostriction effect, Production of U. Waves and its uses, Flow detection.

3. POLARISATION

Polarisation by reflection, Brewster’s law, Double refraction, Positive and negative crystal , Nieol Prism, Law of Malus, Elliptical and Circular Polarisation, Quarter and half wave Plates, Production of Polarised light, analysis of light.

4. NUCLEAR PHYSICS

UNIT - III.

5. WAVE PARTICLE QUALITY

Concept of group velocity, Phase velocity, Wave nature of matter, De- broglie waves, Derivation of De-broglies formula by analogy with radiation. Wave length of matter waves, Electron diffraction, Davisson and Germer’s experiment, Heisenberg uncertainity.

6. WAVE EQUATION

Concept of wave function and probability interpretation, Schrodinger’s time – dependent and time independent  wave equations, Physical significance of wave function, Application of Schrödinger’s time- independent wave equation, Tunneling effect, Tunnel Diode.

UNIT - IV

7. LASER

B.MAGNETISM

UNIT - V

A. SEMICONDUCTOR PHYSICS

B. MODERN PHYSICS

Motion of an electron in electric and magnetic field, Specific charge of an electron, electrostatic and magnetostatic focusing, Electron microscope, Bainbridge mass spectrograph, Positive ray, Scanning electron microscope.
HDE9 - PROGRAMMING AND DATASTRUCTURE

1. INTRODUCTION TO COMPUTERS

Introduction to Computers, its evolutions. First, second, third, fourth, fifth generation of computer. Basics of data, information and data processing.

2. NUMBER SYSTEM

Number System , Representation of information , Positional Number System , Non positional number system, bit ,byte ,radix  , floating point, The Binary Number Base Systems, Binary-Decimal, decimal–binary conversion. Octal, Hexa- Decimal Number system. Simple problems for conversion of Hexadecimal, Octal to other number system etc. Binary Coded Decimal, Extended Binary Coded Decimal Interchange Code ASCII notations –advantages disadvantages.

3. BINARY ARITHMETIC

Binary Addition, Binary Subtraction, Multiplication, Division and their simple examples. Logic gates:  AND, OR, NAND, NOR gates.

4. COMPUTER SOFTWARE

Software System- application Software and their Examples in real life. Operating System and their usage. Multitasking –Multiprogramming- Multiprocessing Operating System. An overview of WWW and its Software. Flow charts and simple problems on flow chart.

5. COMPUTER HARDWARE

Hardware :Basic PC Components, Monitors, Keyboard, Storage devices :Hard Disk ; Storage related  simple problems, CD, Mother-board, Printers its classification etc, OCR, OMR, BAR Code etc.

6. MEMORY HIERARCHIES

Main Memory, Secondary Memory, RAM, ROM,   PROM, EPROM, EEPROM etc.

7. PROCESSING UNIT

CPU ;ALU, Components of CPU ; Register, Accumulator, IR, etc Concepts of vector Processing, Array Processing.

8. ELEMENTS OF PROGRAMMING LANGUAGES FORTRAN & C

Introduction to programming logic , algorithm , simple types of  real integer variables in FORTRAN and C. Mathematical representations of C and FORTRAN functions. Simple programs in C programming language.
HDE10 – BASIC ELECTRONICS
1. ELECTRONIC COMPONENTS

Passive Components : Resistors :- Types, Rating, Colour Code, Tolerance, Fixed Value, Variable (Potentiometer), Thermistor, Negative & Positive temperature Coefficient, Basic Construction of Various types of Resistors. Capacitors: - Types (air, paper, ceramic, mica, electrolyte), Fixed Value & Variable, Rating , Basic Construction. Inductors :- Types, Inductors of high frequency application. Active Components :- Voltage & Current Source; Ideal and Practical Voltage Source & Current Source, equivalent circuit, Conversion of Voltage Source into current source and vice-versa.

2. SEMICONDUCTOR THEORY AND P-N JUNCTION

Insulator, Intrinsic and Extrinsic Semiconductors, Energy bar diagrams, Doping, Conduction in Semiconductors, P-N junction, Forward and Reversed biased p-n junction, V-I characteristics of p-n junction diode.
3. SPECIAL PURPOSE DIODE

Zener diodes, Tunnel diodes, Varactor diodes, Schottky diodes, Light emitting diode (LED’s), Diodes for High Frequency applications.

4. P-N-P AND N-P-N TRANSISTORS

Base, Common Emitter and Common Collector (CB, CE, & CC) Configuration, Biasing of transistors, methods of Transistor Biasing, Base Resistor Method, Biasing with flb resistors, Voltage divider bias method, Transistor action & Characteristics, Comparison of CB,CC & CE configuration, Application of CB, CE, & CC configuration.
5. FIELD EFFECT TRANSISTOR (FET)

Construction, Operation & characteristic of FET, FET as a switch, Typical application of FET, MOSFET-Working Principle of MOSFET.

6. INTEGRATED CIRCUITS (IC’S)

OP-AMP Characteristics, inverting & non-inverting OP-AMP, Differential Op-Amp’s, Common Mode Rejection, application of OP-AMP (Adder, Substractor, Voltage follower, Integrator, Differentiator)
HDE11 – ENGINEERING DRAWING AND GRAPHICS
1. FUNDAMENTALS OF ENGINEERING DRAWING

Introduction, Use of Different Drawing Instruments, Dimensioning, Scales, Geometrical constructions.

2. ENGINEERING CURVES

Introduction, Conic sections, Different methods of constructions of Cycloidal Curves, Cycloid, Epicycloid, Hypocycloid, Involute, Spiral, Helix.

3. ORTHOGRAPHIC PROJECTIONS

Introduction, First Angle Method of Projections, Third angle method of projections.

4. ORHTOGRAPHIC SECTIONAL VIEWS

Introduction, Full Screen, Sectional side view, Horizontal Section, Offset section, Ribs in section, cutting planes/section planes.

5. ISOMETRIC PROJECTIONS

Isometric projection and Isometric Axes, Isometric scale, None – Isometric Lines, Angles, Curves and Circles in Isometric.

6. PROJECTIONS OF STRAIGHT LINES

Introduction, Line parallel to two principle planes and perpendicular to the third , Line parallel to one principle plane and inclined to the other , oblique line, Traces of Lines.

7. PROJECTION OF PLANES

Types of planes, various positions of planes, Traces o f planes, planes parallel to one reference plane, planes perpendicular to one reference plane and inclined to the other oblique planes, projections on Auxiliary planes.

8. PROJECTION OF SOLIDS

Types of Solids, Frustums and truncated solids, Various positions of Solids, Axis of Solid is perpendicular to one reference plane, Axis of the solid is parallel to one reference plane and inclined  to the other, Oblique solid axis inclined to both the H.P and V.P.

9. SECTIONS OF SOLIDS

Introduction , section plane, portion of solid assumed to be removed ,section, section lines, Apparent section, True shape of section, sectional view.

10.  DEVELOPMENT OF SURFACES

Introduction, Application of Development of surfaces in Engineering products, method of Development concepts of points and lines, Development of prisms, Development of cylinder, Development of pyramid, Development of cone.

11. FREE –HAND SKETCHES

Introduction, Terminology used in the screw threads, V or triangular threads,  ISO –metric screw threads, screw fastenings, Hexagonal Nut, Square nut, Flanged nut capnut, Domenut, capstan nut, Ring nut, wing nut, washers, Bolts, Hexagonal Headed bolts, Square headed bolt, cheese or cylindrical headed bolt, cup headed bolt , cheese or cylindrical headed bolt, cup headed or round headed bolt, T-headed bolt, counter sunk headed bolt, Hook bolt, Eye bolt, different types of studs, screws, Locking arrangement for nut , foundation bolts, Rivets and Rivetted Joints.
HD1CE - Environmental and Ecology

Introduction and scope                                                  

Conservation of natural resources i.e. forest resource, water resource, mineral resource, energy resource, land resource etc. Role of individual for resource conservation and sustainable development.    

Ecosystem and its basic concept, Structure and function of an ecosystem, Producers, consumers and decomposers, Energy flow in the ecosystem, Ecological succession, Food chains, food webs and ecological pyramids. Examples of ecosystems.  

Biodiversity and its conservation: Introduction - Definition: genetic, species and ecosystem diversity, National and global scenario.

Environmental Pollution, Definition, Causes, effects and control measures of: Air pollution, Water pollution, Soil pollution, Marine pollution, Noise pollution, Thermal pollution, Nuclear hazards                                       

Sustainable development, Urban problems related to energy, Water conservation, rain water harvesting, watershed management, Environmental ethics: Issues and possible solutions, Climate change, global warming, acid rain, ozone layer depletion, nuclear accidents and holocaust Case studies, Wasteland reclamation, Consumerism and waste products, Environmental Management through Acts                                                                                    

Human Population and the Environment: Environment and human health, Role of Information Technology in Environment and human health, Case studies

Field Work

· Visit to a local area to document environmental assets-river/forest/grassland/hill/mountain

· Visit to a local polluted site- Urban/Rural/Industrial/Agricultural

· Report submission on field visit 
HD2CE - Building Construction & Materials

1.1 Introduction : 

Classification of materials, materials and their performance, economics of the building materials.

1.2 Stones, Bricks and other Building Blocks :

(i) Stones, Requirement of good building stone, characteristics of stones and their testing. Common building stones. Preservation of stones.

(ii) Bricks : Manufacture of clay bricks, and their classification. Properties of clay bricks and their testing. Problems of efflorescence & lime bursting in bricks & tiles.

1.3 Gypsum, Lime and Pozzolne :

(i) Gypsum : Forms of gypsum and gypsum plaster, properties of gypsum plaster, building products of gypsum and their uses.

(ii) Lime : Manufacture of lime, classifications of limes, properties of lime.

(iii) Pozzolona : Natural and Artificial fly ash, Surkhi (burnt clay pozzolona), rice busk and ash pozzolona, properties and specifications for use in construction.

1.4 Organic Building Materials :

(i) Timber : Classification and identification of timber, Fundamental Engineering properties. Defects in timber, Factors affecting strength of timber, seasoning and preservation of timber. Wood based products.

(ii) Asphalt, Bitumen and Tar :

Terminology, specifications and uses, Bituminous materials.

1.5 Polymers, Plastic, Paints and Varnishes :

Chemistry of Plastics manufacturing process, classification, advantages of plastics, Mechanical properties and their use in construction.

Paints varnishes and distempers, Common constituents, types and desirable properties, Cement paints.

1.6 Metals :

Ferrous metals, Desirable characteristics of reinforcing steel. Principles of cold working. Detailed Discussion on reinforcing steel mechanical and physical properties chemical composition. Brief discussion on properties and uses of Aluminum and lead.

1.7 Glass and Insulating Materials :

(i) Glass : Ingredients, properties types and use in construction.

(ii) Insulating Materials : Thermal and sound insulating material desirable properties and type.

4. Building Construction : 
Components of building area considerations, Construction Principle and Methods for layout, Damp proofing ant termite treatment, Vertical circulation means staircases ramp design and construction.
Different types of floors, and flooring materials (Ground floor and upper floors).
Bricks and stone masonary construction. Cavity wall hallow clock and Waffle slab construction. Doors, Windows and Ventilations, Construction details types and relative advantages & disadvantages. Roofs types and treat ents, Lintels and Chhajja Functional efficiency of Buildings.

5.  Building Services Planning :

(a) Natural Ventilation a delighting.

(b) Water Supply and Sanitary fittings (Plumbing)

(c) Electricity.

(d) Heating Ventilation & Air conditioning.

(e) Mechanical Lifts and Escalators.

(f) Fire Fighting.

(g) Acoustics.

6. Building Finishes : 
Plastering different types, pointing, Distempering, Colour washing, Painting etc.
7. Building Maintenance: 
Principles & Methods. List of Drawings to be prepared by students :

(a) Bonds in Masonry.

(b) Planning of a building.

(c) Staircase layout details.

(d) Doors and Windows.

(e) Single Stack and Double Stack Plumbing system.

(f) Reading a full set of drawing.

References

1. S.K. Sharma : A Text Book of Building Construction, S. Chand & Company Ltd.

2. B.C. Funmia : A Text Book of Building Construction, Luxmi Publications, Delhi.

3. O.H. Koenisberger : “Manual of tropical housing and building” Orient Longman Ltd., Madras.

4. S.P. Arora at al., “A Text Book of Building Construction (Planning Techniques and Methods of construction) - Dhanpat Rai & Sons, Delhi.

HD3CE - Strength of Materials 

1. INTRODUCTION                                                                                     

Objective of the Course, Engineering Objects, Loads, Material Characteristics, Assumptions, Type of Problems

2. SIMPLE STRESS & STRAIN                                                                            

Stress, Strain, Hooke’s Law, Elastic Constants, Strain Energy, Statically Indeterminate problems, Thermal Effects, Impact Loading

3. ANALYSIS OF STRESS & STRAIN (Plane Stress and Plane Strain)          

Stress at a Point, Variation of Stress, Stress Transformation (2-D)

Analysis of Strain, Strain-displacement relations, Strain transformation, Strain  

Measurements

Constitutive equations

4. SIMPLE BENDING & SHEAR STRESS                                                        

Introduction, Pure Bending, Normal stresses in beams, Combined Bending and Direct Stress, Composite   Beams, Shear Stress, Shear Centre, Strain energy in bending

5. TORSION                                                                                                             

Introduction, Torsion of Circular Shaft, Power Transmitted by a Shaft, Compound Shaft,Tapered Shaft, Strain Energy in Torsion, Combined Bending and Twisting, Torsion of Thin Walled Tubes, Open and Closed Coiled Springs

6. THIN & THICK CYLINDERS & SPHERES                                                    

Introduction, Thin Walled Shells, Thick Shells, Compound Cylindrical Shell

7. DEFLECTIONS                                                                                                    

Introduction, Equation of Elastic Curve, Methods for Determining Deflections (Double Integration, Macaulay’s Method, Moment-Area Method, Conjugate-beam method, Castigliano’s Theorem)  

8. COLUMNS                                                                                                           

Introduction, Euler’s Theory for Long Columns, Rankine-Gordon Formula,  Empirical Formulae, Eccentrically Loaded Columns

9. THEORIES OF FAILURE                                                                                   

Introduction, Different Theories of Failure

Reference Books:

Mechanics of Materials – Pytel and Kiusalaas 

Mechanics of Materials –Gere and Timosheinko 

Mechanics of Materials – Poppov 

Strength of Materials- Ryder 

Strngth of Materials- Pytel and Singer 

Strength of Materials –Crandal, Dahal and Lardener 

Mechanics of Materials- Riley, Struges and Morris
HD4CE - Quantity Surveying & Estimation
1. INTRODUCTION 

Types of estimates – Units of measurements – Methods of estimates – Advantages

2. ESTIMATE OF BUILDINGS 

Load bearing and framed structures – Calculation of quantities of brick work, RCC, PCC, Plastering, white washing, colour washing and painting / varnishing for shops, rooms, residential building with flat and pitched roof – Various types of arches – Calculation of brick work and RCC works in arches – Estimate of joineries for panelled and glazed doors, windows, ventilators, handrails etc. 

3. ESTIMATE OF OTHER STRUCTURES 

Estimating of septic tank, soak pit – sanitary and water supply installations – water supply pipe line – sewer line – tube well – open well – estimate of bituminous and cement concrete roads – estimate of retaining walls – culverts – estimating of irrigation works – aqueduct, syphon, fall.

4. SPECIFICATION AND TENDERS 

Data – Schedule of rates – Analysis of rates – Specifications – sources – Detailed and general specifications – Tenders – Contracts – Types of contracts – Arbitration and legal requirements. 

5. VALUATION 

Necessity – Basics of value engineering – Capitalised value – Depreciation – Escalation – Value of building – Calculation of Standard rent – Mortage – Lease

6. REPORT PREPARATION 

Principles for report preparation – report on estimate of residential building – Culvert – Roads – Water supply and sanitary installations – Tube wells – Open wells.

TEXT BOOKS

1. Dutta, B.N., “Estimating and Costing in Civil Engineering”, UBS Publishers & Distributors Pvt. Ltd., 2003

2. Kohli, D.D and Kohli, R.C., “A Text Book of Estimating and Costing (Civil)”, S.Chand & Company Ltd., 2004

HD5CE - FLUID MECHANICS

I Introduction :

Fluid and continuum, Physical properties of fluids, Rheology of fluids.

II Kinematics of Fluid flow :

Types of fluid flows: Continuum & free molecular flows. Steady and unsteady, uniform and non-uniform, laminar and turbulent flows, rotational and irrotational flows, compressible and incompressible flows, subsonic, sonic and supersonic flows, sub-critical, critical and supercritical flows, one, two and three dimensional flows, streamlines, continuity equation for 3D and 1D flows, circulation, stream function and velocity potential, source, sink, doublet and half-body.

III Fluid Statics :

Pressure-density-height relationship, manometers, pressure transducers, pressure on plane and curved surfaces, centre of pressure, buoyancy, stability of immersed and floating bodies, fluid masses subjected to linear acceleration and uniform rotation about an axis.

IV Dynamics of Fluid Flow :

Euler’s Equation of motion along a streamline and its integration, Bernoulli’s equation and its applications- Pitot tube, orifice meter, venturi meter and bend meter, Hot-wire anemometer and LDA, notches and weirs, momentum equation and its application to pipe bends.

V Dimensional Analysis and Hydraulic Similitude :

Dimensional analysis, Buckingham’s Pi theorem, important dimensionless numbers and their significance, geometric, kinematics and dynamic similarity, model studies.

VI Laminar and Turbulent Flow :

Equation of motion for laminar flow through pipes, Stokes’ law, transition from laminar to turbulent flow, turbulent flow, types of turbulent flow, isotropic, homogenous turbulence, scale and intensity of turbulence, measurement of turbulence, eddy viscosity, mixing length concept and velocity distribution in turbulent flow over smooth and rough surfaces, resistance to flow, minor losses, pipe in series and parallel, power transmission through a pipe, siphon, water hammer, three reservoir problems and networks.

VII Boundary Layer Analysis :

Boundary layer thickness, boundary layer over a flat plate, laminar boundary layer, application of momentum equation, turbulent boundary layer, laminar sub-layer, separation and its control, Drag and lift, drag on a sphere, a two dimensional cylinder, and an aerofoil, Magnus effect.

References :

Som, S.K. & Biswas G. : Introduction of fluid mechanics & Fluid Machines, TMH, 2000, 2nd edition. 

S.K.Agarwal : Fluid Mechanics & Machinery, TMH 

Garde, R.J., “ Fluid Mechanics through Problems”, New Age International Pvt. Ltd, New Delhi, 2nd Edition. 

Hunter Rouse, “Elementary Mechanics of Fluids”, John Wiley & Sons. Omc. 1946 

I.H.Shames, “Mechanics of Fluids”, McGraw Hill, Int. Student, Education, 1988. 

Fluid Mechanics by Jagdish Lal 

Vijay Gupta and S.K.Gupta, “ Fluid Mechanics and its Applications”, Wiley Eastern Ltd, 1984. 

Modi, P.N., and Seth, S.H., “Hydrualics and Fluid Machines”, Standard Book House, 1989. 

FLUID MECHANICS LAB   

To verify the momentum equation using the experimental set-up on diffusion of submerged air jet. 

To determine the coefficient of discharge of an orifice of a given shape. Also to determine the coefficient of velocity and the coefficient of contraction of the orifice mouth piece. 

To calibrate an orifice meter, venturimeter, and bend meter and study the variation of the co-efficient of discharge with the Reynolds number. 

To study the transition from laminar to turbulent flow and to determine the lower critical Reynolds number. 

To study the velocity distribution in a pipe and also to compute the discharge by integrating the velocity profile. 

To study the variation of friction factor, ‘f’ for turbulent flow in commercial pipes. 

To study the boundary layer velocity profile over a flat plate and to determine the boundary layer thickness.
HD6CE - Structural Analysis - 1
Deflection of beams 

Differential equation of the elastic curve - slope and deflection of beams by method of successive integration - Macaulay’s method - Moment area method - Conjugate beam method

· Deflection due to shear.

Elastic theorems and energy principles 

Strain energy and complementary energy - review of strain energy due to axial load - bending, shear and torsion - principle of superposition - principle of virtual work - Castigliano’s theorem for deflection - theorem of complementary energy - Betti’s theorem - Maxwell’s law of reciprocal deflections - principle of least work - application of method of virtual work (unit load method) and strain energy method for determination of deflections of statically determinate beams - pin-joined trusses and rigid frames - temperature effects.

Fixed and continuous beams 

Statically indeterminate structures - degree of static and kinematic indeterminacies – brief introduction to force and displacement methods - fixed and continuous beams - force method

· analysis by consistent deformation method - application of moment area and conjugate beam methods for fixed beams - theorem of three moments for continuous beams - shear force and bending moment diagrams - deflection and support settlement

Beams curved in plan 

Analysis of cantilever beam curved in plan - analysis of circular beams over simple supports

Theory of columns 

Axial loading of short strut - long columns - Euler’s Formula - Rankine Formula – Secant Formula - eccentric loading - direct and bending stresses – Buckling Load as an eigen value problem.

References

1. Wang C.K., Statically Indeterminate Structures McGraw Hill, 1983, New York.

2. Langhaar H.L. & Boresi A.P, Engineering Mechanics, McGraw Hill, 1959, New York.

3. Wilbur J.B. & Norris C.H., Elementary Structural Analysis, McGraw Hill, 1960, New York.

4. Wang C.K., Intermediate Structural Analysis, McGraw Hill, 1960, New York.

5. Timoshenko S.P. & Young D.H., Theory of Structures, McGraw Hill, 1965, New York.

6. Kinney S., Intermediate Structural Analysis, Oxford & IBH, 1985, New Delhi.

7. Seely F.B and Smith.J.O., Advanced Mechanics of Materials., John Wiley, 1962, New York.

8. Thadani B.N., Modern Methods in Structural Mechanics I, Asia Publishing House, 1964, New Delhi.

9. Reddy C.S., Basic Structural Analysis, Tata McGraw Hill, New Delhi, 1996.
HD7CE - Concrete Technology

2.1 Concrete as a Building Material and its gradients:
(i) Cement : Manufacture of Portland Cement, its composition, Hydration of cement, physical and chemical properties, concept of strength development. Gel. space Ratio, Powers Law. Gel. structure.

(ii) Testing of Cement for general physical and chemical properties as per BIS specifications.

(iii) Different types of cement such as Slab Cement, Portland Pozzolona Cement and high Alumina cement, their characteristics, composition, use and properties.

(iv) Aggregates and Testing of Aggregates:

Classification, source, physical and mechanical properties. Testing of Aggregates for physical and mechanical properties.

2.2 Production of Fresh Concrete :

(i) Proportioning of concrete, operations involved in concrete production, Workability, Factors Affecting workability, Measurement of workability. Problem of Segregation and bleading and Laittance.

(ii) Properties of Hardened Concrete.

Strength and durability, Factors affecting strength and durability of concrete.

2.3 Concrete Mix Design: principle and Methods, Statistical Quality control. Concrete Rheology, Maturity concept.

2.4 Introduction to special concretes :

(a) Admixtures in concrete.

(b) Special concrete as lightweight concrete.

High Density Concrete, Sulpher Impregmented concrete Polymer concrete, Lime concrete constituents and uses.

(c) High strength concrete.

(d) Fibre Reinforced Concrete.

2.5 Material testing and instrumentation :

Conventional vs. Non-Destructive Testing. Methods & Principles of NDT.

References

1. Rai Mohan and Jai Singh M.P. “Advances in Building Materials and Construction-CBRI Roorkee.

2. “Civil Engineering Materials “Technical Teachers” Training Institute Chandigarh, Tata McGraw Hill Publishing Company Ltd., New Delhi.

3. Spence RJS and Cook DJ-’Building Materials in Developing Countries’ John Wiley and Sons.

4. Shetty M.S. “Concrete Technology, Theory and Practices.” S. Chand & Company Ltd., New Delhi.

5. Neville A.M., Properties of Concrete, Pitman Publishing Company.

6. Gambhir M.L. “Concrete Technology” - Tata McGraw Hill Publishing Company Ltd., New Delhi.

7. Gambhir M.L. “Concrete Manual” - Dhanpal Rai & Sons, Delhi.
HD8CE - Surveying

Introduction                                                                                     

Importance of surveying to engineers, plane and geodetic surveying, principles of surveying, classification of surveys

Measurements of Distances, Directions and Angles             

Principles of different methods and their accuracies, measurement by tape, Reference meridians, bearing and azimuths, magnetic declination, compass, Vernier theodolite, temporary adjustments, measurements of horizontal angle, modern trends- EDM, electronic theodolites and Electronic Total Station

Measurement of Elevations and Contouring                            

Methods of determining elevations, Direct levelling- basic terms and definitions, principle, booking and reduction of field notes, curvature and refraction, automatic levels, Contouring- methods and uses

Tacheometry                                                                                     

Definition, Principles of stadia systems, subtense bar and tangential methods

Curve Surveying                                                                            

Elements of simple circular curves, theory and methods of setting out simple circular curves, transition curves- types and their characteristics, ideal transition curve, equations of various transition curves, Introduction to vertical curves

Triangulation and Traversing                                                       

Principles of traversing by compass and theodolite, computations of traverse coordinates, Principles and classification of triangulation systems, strength of figures, satellite stations, intervisibility of stations, triangulation field work

Plane Table Surveys                                                                       

Principles, plane table equipments, methods, resection by three point problem

Theory of Errors and Adjustment Computations                  

Random errors and their characteristics, weighting of observation, propagation of errors and variances, most probable values, principle of least squares, observation conditions, condition equations and normal equations,

SURVEY FIELD WORK

Study of different types of topographical maps and to prepare conventional symbols chart. 

To measure bearings of a closed traverse by prismatic compass and to adjust the traverse by graphical method. 

To find out reduced levels of given points using dumpy level. 

To perform fly levelling with a tilting level. 

To study parts of a vernier theodolite and practice for taking angle measurements. 

To measure vertical angle of given points by vernier theodolite. 

To measure horizontal angle between two objects by repetition method with three repetitions. 

To measure horizontal angle by method of reiteration 

To determine the elevation of chimney top by trigonometrical levelling by taking observations in single vertical plane. 

To set out a simple circular curve by Rankine’s method 

To determine tacheometric constants of a vernier theodolite. 

To study various parts and practice with Wild T-2 micro-optic theodolite and EDM (Distomat DI-1600).
HD9CE - Applied Engineering Geology

1. Minerals : Their physical and detailed study of certain rock forming minerals.

2. Rocks : Their origin, structure, Texture and classification of igneous sedimentary and metamorphic rocks and their suitability as Engg. materials.

3. Stratification, Lamination bedding. Outcrop-its relation to topography, dip and strike of bed, overlap, outlier and inlier.

4. Rock deformation : Folds, Faults, joints unconformity and their classification, causes and relation to engg. Behaviour of rock masses.

5. Earthquake, its causes, classification, seismic zones of India and Geological consideration for construction of building, projects in seismic areas.

6. Landslides, its causes, classification and preventive measures.

7. Underground water, Origin, Aquifer, Aquicludes, Artesian Wells, underground provinces of India and its role as geological hazard.

8. Building Stones Engg. properties of rocks, Alkali aggregate reaction, Grouting, Pozzolonic materials.

9. Geological investigations for site selection of Dams and reservoirs tunnels, bridges and Highways.

10. Principles of Geophysical explorations methods for subsurface structures.

Reference Books

1.   Krynine and Judd : Principal of Engg. Geology and Geotechnics, Mc Graw Hill Book Company Inc. New York.

2.   J.M. Treteth : Geology of Engineers, Princeton, Von. Nostrand.

3.   Prabin Singh : Engg. and General Geology, Katson Publishing House.

4.   Blyth F.G.M. : A Geology for Engineers, Arnold, London.

5.   D.S. Arora : Geology for Engineers, Mohindra Capital Publishers, Chandigarh.

6.   Leggot, R.F. : Geology and Engineering, McGraw Hill, New York.

7.   P.K. Mukerjee : A text Book of Geology, Calcutta Word Publishers.
HD10CE - Construction Planning & Management

1. Elements of Management

Project cycle, Organisation, planning, scheduling monitoring updating and management system in construction.

2. Network Techniques

Bar charts, milestone charts, work break down structure and preparation of networks. Application of network Techniques like PERT, GERT, CPM AON and AOA in construction management. Project monitoring, cost planning, resource allocation through network techniques. Line of balance technique.

3. Engineering Economics

Time value of money, Present economy studies, Equivalence concept, financing of projects, economic comparison present worth method Equivalent annual cost method, discounted cash flow method, analytical criteria for postponing of investment retirement and replacement of asset.

Depreciation and break even cost analysis.

4. Contract Management

Legal aspects of contraction, laws related to contracts, land acquisition, labour safety and welfare. Different types of contracts, their relative advantages and disadvantages. Elements of tender preparation, process of tendering pre-qualification of contracts, Evaluation of tenders, contract negotiation and award of work, monitoring of contract extra items, settlements of disputes, arbitration and commissioning of project.

5. Equipment Management

Productivity, operational cost, owning and hiring cost and the work motion study. Simulation techniques for resource scheduling.

References

1.   “Construction Planning”, Equipment and Methods. : R.L. Peurify. T.M.H., International Book Company.

2.   “PERT & CPM Principles and Applications” L.S. Srinath, E.W.P. Ltd., New Delhi.

3.   “Network Analysis Techniques” S.K. Bhatnagar, Willey Eastern Ltd.
HD11CE - Transportation Engineering

Fields of Transportations Engineering: Role of transportation in society; Modes of transportation. 

Highway Engineering: History of road development; Road types and pattern; Road alignment; Controlling factors and surveys for road alignment. 

Geometric Design: Cross sectional elements, camber, shoulder, Sight distance, Horizontal curves; super elevation, extra widening, transition curves, setback distance, Gradient, Vertical Curves: summit and valley curves. 

Traffic Engineering : Traffic characteristic, Volume studies, Speed study, Traffic flow chanceries, capacity, density, Traffic control devices: Signs, signals, island, intersections: at grade and grade separated intersections, rotary intersection, design of signals at intersections. 

Pavement: Type: Structural and functional failure; design factors; flexible pavement design by CBR Method; design of rigid pavement; Westergarrd theory, load and temperature stresses, critical combination of stresses, joints, IRC method of rigid Pavement design. 

Road construction Methods: WBM, surface dressing, bituminous carpeting, Bituminous Bound Macadam and Asphaltic Concrete, cement concrete roads, MOST specification for these roads. 

Pavement failure, evaluation, and overlay design. 

Reference:

1. Highway Engineering by S.K Khanna and C.E.G. Justo.

2. Transportation Engineering by L.R. Kadiyali

3. Highway Engineering by S.K. Sharma

TRANSPORTATION ENGG. LAB

1. Test on aggregates

(1) Strength Test

(2) Impact Test

(3) Abrasion Test

(4) ShapeTest

2. Tests on Bituminus Materials

(1) Penetration Test

(2) Softening point test

(3) Stripping test

(4) Ductility test

3.      

1. Traffic Volumes Study (Manual as well as mechanical method)

2. Traffic Speed study (Endoscope method) 

Transporation Engineering-II

Railway Engineering : Indian Railways, Rail gauges, Rails, Rail fastenings-Fish plate, Spikes, Chairs, Keys, Bearing plates; Sleepers. Timber, Steel, Cast iron and Concrete sleepers, sleeper density : Ballast-Materials of ballast, Screening of ballast; Plate laying-Tram line method, Telescopic method & American method, Creep of rail, Track geometry, Points and crossings, Signalling and interlocking; Maintenance of track; yards and Stations, Tunnel operations applied to Rly. Engg.

Airport Engineering : Aircraft characteristics affecting airport design, Runway operation, Runway pavement design, Runway lighting and marking heliport, Vehicle take off system, Design of overlays.

Water Transportation : Harbours, Layout Port facilities, Inland waterways, Port geometrics, Inland water operations.

References

1.   A.K. Saxena : A text book on Railway Engg.

2.   Vaswani : Railway Engineering.

3.   S.K. Khanna : Airport Engineering.
HD12CE - Geotechnical Engineering

Introduction

Development of soil mechanics, importance, associated problems and applications, interdisciplinary nature of geotechnical engg.

Origin and Composition of Soil

Soil formation and types, colour, particle shape, mineral composition. Major soil deposits of India, Structure of clay minerals, structure of soils.

Phase Relationship, Index Properties and Test for Classification of Soils

Basic definitions, phase diagrams, useful inter-relationships, density Index, consistency limits of soils, activity, sensitivity, and thixotropy, particle size distribution analysis.

Classification of Soils

Soil classification principles, Field identification of soils, Preliminary descriptive classification of soils, Classification-MIT system, International classification system, Textural classification of fine-grained soils-plasticity chart.

Soil Water

Occurrence of ground water, water table, capilary water, soil structure, pore pressure and effective stress, frost action, permeability and seapage of soils-flow of water through soils. Coefficient of permeability and its determination in lab. and field, quick sand phenomenon, factors affecting permeability, permeability of layered soils, flow nets and its construction, seepage through earthen embankments, piping and protective filters.

Soil Compaction

Theory of compaction, laboratory determination of OMC & MDD by standard and modified proctor test, factors affecting compaction, effect of compaction and properties of soils, field compaction of soils, compaction control in fields.

Consolidation of Soils

Compressibility of soils, difference between compaction and consolidation, initial, preliminary and secondary consolidation, Terzaghi’s theory of one-dimensional consolidation, consolidation test, basic definitions, determination of co-efficient of consolidation, pre-consolidation pressure and its determination, time rate of consolidation, computation of settlement, soil drains.

Shear Strength of Soils

Mechanism of shear resistance, Mohr-columb theory, shear strength of effective stress principle, factors affecting shear strength of soils, different types of test and drainage conditions, various shear tests, pore pressure parameters, shear characteristics of cohesionless and cohessive soils, choice of test condition and shear parameters.

Stability of Slopes

Infinite and finite slopes, factor of safety, type of slope failure, stability of infinite slopes, finite slopesforms of slip surfaces, limit equilibrium method and critical stage instability analysis, effects of tension crack and submergence, C-analysis-method of slices, taylor’s stability no., use of Bishop’s method.

Stress Distribution of Soils

Causes of stress in soil, geostatic stress, Boussinesque’s equation, stress distribution diagrams, vertical stress beneath layered areas, New-mark’s influence chart Westergard’s equation.

Earth Pressure

Types of lateral earth pressure, Rankine’s and Coulomb’s earth pressure, theory and their application for determination of lateral earth pressure under different conditions, Graphical methods of determination of lateral earth pressures.

Ground Improvement Technique

Stabilization of soil, Reinforced earth geotextile, geomembrane.

References

1. Gopal Ranjan and A.S.R. Rao-Basic and Applied Soil Mechanics.

2. R. Whitlone-Basic soil mechanics.

3. D.F. Mc Garthy-Essentials of soil mechanics and foundation.

4. Alam Singh-Modern Geotechnical Engg.

5. C. Venkatramaniah-Geotechnical Engg.

6. K.R. Rao-Soil Mechanics and Foundation Engg.

Geotechnical Engineering Lab 

1. Visual identification and specific gravity

2. Sieve Analysis

3. Hydrometer Analysis

4. Liquid Plastic Limit Test

5. Shrinkage limit Test

6. Proctor Compaction Test

7. Relative Density

8. In site Density-Core Cutter & Sand Repl.

9. Permeability Test: Constant and Variable Head

10. CBR Test

11. Consolidation /Odometer test

12. Direct Shear Test

13. Unconfined Compression Test

14. Demonstration of Triaxial test
HD13CE - Structural Analysis - 2
1. Force method of analysis of indeterminate structures:

Analysis of rigid frames of different geometry by consistent deformation method - settlement effects - analysis of pin-jointed trusses by consistent deformation method - externally and internally redundant trusses - effects of settlement and prestrains.

2. Displacement method of analysis of indeterminate structures

Slope deflection method - analysis of continuous beams - beams with overhang - analysis of rigid frames - frames with sloping legs - gabled frames - frames without sway and with sway - settlement effects - moment distribution method as successive approximation of slope deflection equations - analysis of beams and frames - non-sway and sway analyses - Kani’s method as iterative method of analysis of frames (outline only)

3. Moving Loads & Influence Lines

Introduction to moving loads - concept of influence lines - influence lines for reaction, shear force and bending moment in simply supported beams - influence lines for forces in trusses - analysis for different types of moving loads - single concentrated load - several concentrated loads - uniformly distributed load shorter and longer than the span

4. Cables, suspension bridges & arches

Analysis of forces in cables - suspension bridges with three-hinged and two-hinged stiffening girders - theory of arches - Eddy’s theorem - analysis of three-hinged and two-hinged arches - settlement and temperature effects.

Reference books

1. Wang C.K., Statically Indeterminate Structures, McGraw Hill

2. Wilbur J.B. & Norris C.H., Elementary Structural Analysis, McGraw Hill

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

4. Timoshenko S.P. & Young D.H., Theory of Structures, McGraw Hill

5. Kinney S.J., Indeterminate Structural Analysis, Oxford & IBH

6. Matheson J.A.L., Hyperstatic Structures, John Wiley and Sons

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

8. Negi L.S. & Jangid R.S, Structural Analysis, Tata McGraw Hill

9. Rajasekaran S. & Sankarasubramanian G., Computational Structural Mechanics, PHI
HD14CE - Geoinformatics

Photogrammetry                                                                

Aerial Photographs- Basic terms & Definitions, scales, relief displacements, Flight Planning, Stereoscopy, Characteristics of photographic images, Fundamentals of aerial photo-interpretation

Remote Sensing     Physics of remote sensing, Ideal remote sensing system, Remote sensing satellites and their data products, Sensors and orbital characteristics, Spectral reflectance curves, resolution and multi-concept, FCC

Digital Image Processing                                                 

Satellite Image - Characteristics and formats, Image histogram, Introduction to Image rectification, Image Enhancement, Land use and land cover classification system, Supervised Classification, Applications of remote sensing

Geographic Information System (GIS)              

Basic concepts of geographic data, GIS and its components, Data acquisition, Raster and Vector formats, topology and Data models, Spatial modelling, Data output, GIS Applications

Global Positioning System (GPS)                                  

Introduction, Satellite navigation System, GPS- Space segment, Control segment, User segment, GPS satellite signals, Receivers, Static, Kinematic and Differential GPS

GEOINFORMATICS LAB

1. Demonstration and working on Electronic Total Survey Station (TC-1800)

2. To layout a precise traverse in a given area and to compute the adjusted coordinates of survey stations  

3. To plot the coordinates at a given scale on Plane Table and their field checking.

4. To plot the details of area using radiation and intersection method 

5. To solve three point problem in Plane Tabling and detailed plotting.  

6. Demonstration and working with Pocket/ Mirror stereoscopes, Parallax bar and Aerial photographs

7. Visual Interpretation using IRS false colour composite 

8. Demonstration and practice work with hand held GPS (GS-5).
HD15CE - Computer Aided Design

Elements of Computer Aided Design and its advantages over conventional design. Type of Hardware required for CAD works, Principles of software design, concept of modular programming, debugging and testing, Computer applications in analysis and design of Civil Engineering systems. Use of software packages in the area of Structural, Geotechnical, Environmental, Water Resources and Transportation Engineering fields, Expert system, their development and applications, Introduction to Neural Networks.

References

1.     Computer Aided Design - S. Rajiv, Narosa Publication.

2.     A.I. and Expert System - Robert L. Lerine & Diane E. Drang. McGraw Hill.

3.     "Neural Computing - Waserman, Vonnostrand.
HD16CE - Design & Drawing of RC structures
A. RCC THEORY & DESIGN

1. Introduction: Concept of Reinforced Cement Concrete 

2. Reinforcement Materials: 

2.1 Various types of reinforcing materials

2.2 Suitability of steel as reinforcing material

2.3 Properties of different types of steel (mild steel, medium tensile steel, and deformed bars)

3. Theory of R.C.C. Beams: 

3.1 Assumption in the theory of simple bending for RCC beam

3.2 Flextural strength of a singly reinforced RCC beam Position of the Neutral axis, concept of balanced, under reinforced and over reinforced sections moment of the section

3.3 Shear strength of singly reinforced RCC beam, Assumptions made, permissible shear stresses as per IS code of practice, actual average shear stresses in singly reinforced concrete beam, concept of diagonal stirrups and inclined bars, shear strength of RCC beam section

3.4 Bond in RCC beams:

3.4.1 Concept of bond

3.4.2 Permissible bond stresses for plain and deformed bars as per BIS code of practice, minimum length, standard hook 

4. Singly Reinforced Concrete Beam 

4.1 Loads and loading standards as per IS:875 (Part I-V)

4.2 Design of singly reinforced concrete beam as per BIS-456 code of practice from the given data such as span, load and properties of materials used.

4.3 Design of lintel with and without chajja

4.4 Design of a main/secondary beam for RCC roof and floor

4.5 Design of a cantilever beam/slab

5. Doubly Reinforced Concrete Beams: 

5.1 Doubly reinforced concrete beam and its necessity

5.2 Design of a doubly reinforced concrete beam

6. T-Beams: 

6.1 Structural behaviour of beam and slab floor laid monolithically

6.2 Rules for the design of T-beams

6.3 Economical depth of T-beams

6.4 Design of simply supported T-beams using IS code of practice

7. RCC Slabs: 

7.1 Structural behaviour of slabs under UDL

7.2 Type of Boundary conditions

7.3 Design of one way slab

7.4 Design of two way slab with the help of tables of IS:456

8. RCC Stairs 

8.1 Generator principles for design of RCC stairs

8.2 Design of horizontally spanning stairs

8.3 Design of dog legged RCC stairs

9. Columns and Isolated Footings 

9.1 Concept of long and short columns

9.2 IS specifications for main and lateral reinforcement including spiral reinforcement

9.3 Behaviour of RCC columns under axial load

9.4 Design of Axially loaded short and long columns with different end condition

9.5 Design of isolated footings to determine depth and width of foundation

10. Basic concept of limit state design method and pre-stressed concrete – introduction to pre and post tensioning methods 

B. RCC DRAWING

1. Details of reinforcement in a simply supported RCC beam (singly reinforced and doubly reinforced) with the given design data regarding the size and number of bars, stirrups their size and spacing.

2. Details of reinforcement for a RCC square and circular column with isolated square footing

3. Details of reinforcement for a cantilever beam with given data regarding the size of the beam and the reinforcement

NOTE: Exercises on bar bending schedules for each of the three above items will be prepared

4. Details of reinforcement in plan and section for a simply supported RCC one way slab with intermediate support and two-way slabs from the given data. Bar bending schedule should be prepared

5. Details of reinforcement in a two storeyed RCC internal and corner column. In this, the details of reinforcement at the junction with beams must be shown from the given design data

6. Details of reinforcement of the junction of a secondary beam with the main beam with the given data

RECOMMENDED BOOKS

1. Jai Krishna and Jain, OP; "Plain and Reinforced Concrete", Vol. I, Roorkee, Nem Chand and Bros

2. Handoo, BL; Mahajan, VM and Singla, DR; "Elementary of RCC Design", New Delhi, Satya Prakashan

3. Mallick, SK; and Gupta, AP; "Reinforced Concrete", New Delhi, Oxford and IBH Publishing Co

4. Punmia, BC; "Reinforced Concrete Structure Vol I", Delhi Standard Publishers Distributors

5. Sushil Kumar, "Treasurers of Reinforced Concrete Design", Delhi Standard Publishers Distributors

6. Ramamurtham, S; "Design and Testing of Reinforced Structures", Delhi Dhanpat Rai and Sons

7. Dayaratnam, P; "Design of Reinforced Concrete Structures", New Delhi, Oxford and IBH Publishing Co.

8. Gambhir, M.L., "Reinforced Concrete Design", Macmillan India Limited

9. Structural Analysis and Design, STAAD – PRO; Research Engineers - USA

10. STRUDC – Softtech – Pune

11. Verghese “Reinforced Concrete Design”

12. Ram Chandra “Reinforced Concrete Design”
HD17CE - Regional and Urban Planning

1. Introduction :

Definition. Theories in urban and regional planning. Efficiency measures, Planners skills. Planning processes and continuity of planning process. Visual representation for planning purposes.

2. Regional Planning : 

Integrated Area planning in India. Distribution and sizes of settlements. Factors Affecting regional planning, regional surveys and preparation of regional plans.

3. Urban-Planning : 

Factors affecting urban growth, town plans and local surveys. Planning for utilities, services and civil amenities.

4. Standards and Design : 

Service design and networking, settlement and habitat, Open space land use planning, Integrated rural planning schemes.

5. Development : 

Control and Planning Organisation, Development Control legislation. Master Plans, Growth of urban complexes.

Text Books and References

1.   Urban and Regional Planning in India - by K.V. Sundaram. Vikash Publishing House Pvt. Ltd.

2.   Town and Country Planning by Lewis Kuble.

3.   The Urban Pattern - by A.B. Gallion.
HD18CE - EARTHQUAKE RESISTANCE DESIGN

Wind and Earthquake loading on structure. Structural idealization for dynamic analysis. Free and Forced vibrations of single degree, tow degree and multi-degree-freedom systems, Vibration of continuous Beams.  

Lagrange's equation and its application. Seismic Coefficient method and average Response spectrum techniques in Structural Design.

Design criteria for satisfactory Action of a machine foundation. Determination of Soil spring constants. Degrees of freedom of a block foundation. I.S. ode for design & construction of m/c dns.

References:

1. Introduction to Structural Dynamics - J.M. Biggs

2. Elements of Earthquake Engineering - Jai Krishna an A.R. Chandrasekaran

3. IS: 1983 - 1984 Criterion for Earthquake Resistant Design.

4. Fundamental of Earthquake Engineering -N.M. Neumarks and E. Rosenblueth.

5. Engineering Vibrations - L.S. Jacobsen & R.s. Ayre.

6. Structural Dynamics - Theory & cpomputation - Mario Paz.

7. Dynamics of Structures Theory and Applicaions to Earhquake Engineering - Anil K. Chopra.

8. Structural dynamics - R. Roy Craig Jr.

9. Dynamics of structures - R. W. Clough and JPenjien.
HD19CE - Design and Drawing of Steel Structures 

1. Structural Steel and Sections: 

1.1 Properties of structural steel as per BIS Codes

1.2 Designation of structural steel sections as per BIS handbook and BIS:800

2. Structural Steel and Connections: 

2.1 Riveted connections, types of rivets, permissible stresses in rivets as per BIS:800, types of riveted joints,  specifications as per BIS 800 for riveted joints, design of riveted joints for axially loaded members, testing and inspection of riveted joints as per BIS:800

2.2 Welded connections: Types of welds, permissible stresses in welds, types of welded connections, design of butt and fillet welded connections subjected to axial loads, testing and inspection of welded joints as per BIS:800

3. Tension Members: 

Permissible stresses in tension for steel, design of tension members as per BIS:800 (flats, angles and tee sections only).

4. Compression Members: 

4.1 Concept of buckling of columns, effective length and slenderness ratio, permissible stresses in compression as per IS:800, strength of columns of single and built up sections with the help of table of permissible  compressive stresses.

4.2 IS specifications for design of compression members, design of angle, struts and axially loaded columns (no built up columns); use of tacking rivets 
4.3 Beam and column, frame and seated connections (no design)

5. Beams 

BIS specifications for the design of simply supported steel beams including design of base plate at the ends (laterally restrained beams only), structural behaviour, deflected shapes and function of various elements of a plate girder and

freehand sketching of a plate girder and its elements.

6. Roof Truss 

Form of trusses, pitch of roof truss, spacing of trusses, spacing of purlins, connection between purlin and roof covering, joint details of roof trusses, loading for roof truss, weight of roof truss, wind loads, snow loads, combination of loads, design of various elements of truss

Steel Structures Drawing

1. Preparation of a working drawing (elevation, plan, details of joints as ridge, eaves and other connections) for a riveted steel roof truss resting on a masonry wall with the given span, shape of the truss and the design data regarding the size of the members and the connections. Also calculate the quantity of steel for the

truss. 

2. Steel connections (a,b,c,d) rivetted and (e) welded all unstiffened

- Beam to beam connections (Seated and framed)

- Beam to column (Seated and framed)

- Column base connections (Slab base, grillage base and

gussetted base)

- Details of column splices

- Connections of a steel bracket with flange of a column

3. Detailed drawing showing plan and elevation for a riveted plate girder with the given design data regarding the sizes of its parts, with details at the supports and connections of stiffeners, flange angles and cover plates with the web

RECOMMENDED BOOKS

1. Arya, AS and Ajmani, JL; "Design of Steel Structures", Roorkee, Nem Chand and Bros.

2. Ram Chandra, "Design of Steel Structures", Delhi, Standard Publishers Distributors.

3. Duggal SK, "Design of Steel Structures", Standard Publishers Distributors.

4. Kazimi and. Jindal, “Design of Steel Structures”, Prentice Hall of India, New Delhi

5. LS Negi, ‘Design of Steel Structure”, Tata McGraw Hill, New Delhi
HD19CE - Irrigation Engineering. & Hydraulic Structures

PART - A

UNIT - 1

INTRODUCTION: Definition. Benefits and ill effects of irrigation. Sources of water for irrigation. Systems of irrigation : Surface and ground water, flow irrigation, Lift irrigation, Bhandhara irrigation. Methods of irrigation in India – Potential and development.

UNIT - 2 

IRRIGATION AND WATER REQUIREMENTS OF CROPS: Definition of duty, Delta and Base period, Relationship between Duty, Delta and Base period, Factors affecting duty of water. Crops and crop seasons in India, Crops grown in Karnataka, their seasons, local names. Agro-climatic zones of Karnataka. Irrigation efficiency, Frequency of irrigation.                                                                                                                          

UNIT - 3

CANALS: Definition. Types of canals, Alignment of canals. Design of canals by Kennedy’s and Lacey’s methods.

CANAL WORKS: Canal regulators:  Classification and suitability. Canal drops: Classification. Hydraulic design principles for notch type drop. 

Cross drainage works: Classification. Hydraulic design principles for an aqueduct. 

UNIT - 4 

RESERVOIRS: Definitions. Investigation for reservoir sites. Storage zones. Determination of storage capacity and yield of a reservoir using mass curve.

PART - B

UNIT - 5

DIVERSION WORKS: Definition. Layout. Types of weirs and Barrages. Design of Impermeable floors – Bligh’s and Lane’s theories – Simple design problems. Khosla’s theory – Method of independent variables, Exit gradient (No design problem).

UNIT - 6

GRAVITY DAMS: Definition. Forces acting on a Gravity dam. Modes of failures. Elementary and practical profile. Low and high gravity dams. Simple analysis problems, Principal stresses. Drainage galleries.                                                                                                             

UNIT - 7

EARTHEN DAMS: Introduction. Types of earthen dams. Failure of earthen dams. Preliminary design. Drainage arrangements. Phreatic line. Stability analysis under sudden draw down using Sweedish slip circle method.                                                                                                     

UNIT - 8

SPILLWAYS: Definition. Types of Spillways. Design Principles for an Ogee Spillway. Energy dissipaters: Types and introduction to IS Stilling basins (No design problems).

TEXT BOOKS:

1.Irrigation, Water Resources, and Water Power Engineering- P.N. Modi, - Standard Book House, New Delhil.

2.Text Book of Irrigation Engineering and Hydraulic Structures- R.K. Sharma- Oxford and IBH Publishing Co., New Delhi.

3.Irrigation and Water Power Engineering- B.C. Punmia and Pande Lal, - Laxhmi Publications, New Delhi.  

REFERENCE BOOKS:

1.Irrigation Engineering and Hydraulic Structures- S.K. Garg, - Khanna Publications, New Delhi.

2.Irrigaiotn Theory and Practices- Michael A.M- Vikas Publications, New Delhi. 

3.Irrigation Engineering and Hydraulic Structures- Sahasra Budhe- Dhanpath Rai Publications, New Delhi.
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