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SYLLABUS FOR GROUP-5
[Civil Engineering /Mechanical Engineering]

Mathematics- 1
UNIT - I: Trigonometry

Concept of angles, measurement of angles in degrees, grades and radians and their
conversions, T-Ratios of Allied angles (without proof), Sum, difference formulae and their
applications (without proof). Product formulae (Transformation of product to sum, difference
and vice versa). T- Ratios of multiple angles, sub-multiple angles (24, 3A, A/2). Graphs of sin x,
cos X, tan x and e*.

Differential Calculus
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Differentiation by definition ofyx™ sinx cosx,tan x, €* andlogﬁ x. Differentiation of sum,
product and quotient of functions. Differentiation of function of a function. Differentiation of
trigonometric and inverse trigonometric functions, Logarithmic differentiation, Exponential
functions.

UNIT - III: Algebra

Complex Numbers: Definition, real and imaginary parts of a Complex number, polar and
Cartesian, representation of a complex number and its conversion from one form to other,
conjugate of a com- plex number, modulus and amplitude of a complex number Addition,
Subtraction, Multiplication and Division of a complex number. Demovier’s theorem, its
application.

Partial fractions: Definition of polynomial fraction proper & improper fractions and
definition of partial fractions. To resolve proper fraction into partial fraction with denominator
containing non-repeated linear factors, repeated linear factors and irreducible non-repeated
quadratic factors. To resolve improper fraction into partial fraction.

Permutations and Combinations: Value of Py 4,4 1Cr.

Binomial theorem: Binomial theorem (without proof) for positive integral index (expansion
and general form); binomial theorem for any index (expansion without proof) first and second
binomial approximation with applications to engineering problems.

Applied Physics -1

Unit 1: Physical world, Units and Measurements

Physical quantities; fundamental and derived, Units and systems of units (FPS, CGS and SI units),

Dimensions and dimensional formulae of physical quantities, Principle of homogeneity of
dimensions, Dimensional equations and their applications (conversion from one system of units
to other, checking of dimensional equations and derivation of simple equations), Limitations of
dimensional analysis. Measurements: Need, measuring instruments, least count, types of
measurement (direct, indirect), Errors in measurements (systematic and random), absolute
error, relative error, error propagation, error estimation and significant figures.

Unit 2: Force and Motion



Scalar and Vector quantities - examples, representation of vector, types of vectors. Addition and
Subtraction of Vectors, Triangle and Parallelogram law (Statement only), Scalar and Vec- tor
Product, Resolution of a Vector and its application to inclined plane and lawn roller.

Force, Momentum, Statement and derivation of conservation of linear momentum, its
applications such as recoil of gun, rockets, Impulse and its applications.

Circular motion, definition of angular displacement, angular velocity, angular acceleration,
frequency, time period, Relation between linear and angular velocity, linear acceleration and
angular acceleration (related numerical), Centripetal and Centrifugal forces with live examples,
Expression and applications such as banking of roads and bending of cyclist.

Unit 3: Work, Power and Energy

Work: Concept and units, examples of zero work, positive work and negative work

Friction: concept, types, laws of limiting friction, coefficient of friction, reducing friction and its
engineering applications, Work done in moving an object on horizontal and inclined plane for
rough and plane surfaces and related applications.

Energy and its units, kinetic energy, gravitational potential energy with examples and derivations,
mechanical energy, conservation of mechanical energy for freely falling bodies, trans- formation
of energy (examples).

Power and its units, power and work relationship, calculation of power (numerical problems).

Unit4: Rotational Motion

Translational and rotational motions with examples, Definition of torque and angular
momentum and their examples, Conservation of angular momentum (quantitative) and its ap-
plications.

Moment of inertia and its physical significance, radius of gyration for rigid body, Theorems of
parallel and perpendicular axes (statements only), Moment of inertia of rod, disc, ring and sphere
(hollow and solid); (Formulae only).

Unit 5: Properties of Matter
Elasticity: definition of stress and strain, moduli of elasticity, Hooke’s law, significance of
stress-strain curve.

Pressure: definition, units, atmospheric pressure, gauge pressure, absolute pressure, Fortin’s
Barometer and its applications.

Surface tension: concept, units, cohesive and adhesive forces, angle of contact, Ascent Formula
(No derivation), applications of surface tension, effect of temperature and impurity on surface
tension.

Viscosity and coefficient of viscosity: Terminal velocity, Stoke’s law and effect of temperature

on viscosity, application in hydraulic systems.

Hydrodynamics: Fluid motion, stream line and turbulent flow, Reynold’s number Equation of
continuity, Bernoulli’s Theorem (only formula and numericals ) and its applications.

Unit 6: Heat and Thermometry

Concept of heat and temperature, modes of heat transfer (conduction, convection and radiation
with examples), specific heats, scales of temperature and their relationship, Types of
Thermometer (Mercury thermometer, Bimetallic thermometer, Platinum resistance
thermometer, Pyrometer) and their uses.



Expansion of solids, liquids and gases, coefficient of linear, surface and cubical expansions and
relation amongst them, Co-efficient of thermal conductivity, engineering applications.

Applied Chemistry
Unit 1: Atomic Structure, Chemical Bonding and Solutions

Rutherford model of atom, Bohr’s theory (expression of energy and radius to be omitted), and
hydrogen spectrum explanation based on Bohr’s model of atom, Heisenberg uncertainty
principle, Quantum numbers - orbital concept. Shapes of s, p and d orbitals, Pauli’s exclusion
principle, Hund’s rule of maximum multiplicity Aufbau rule, electronic configuration.

Concept of chemical bonding - cause of chemical bonding, types of bonds: ionic bonding (NaCl
example), covalent bond (H,, F,, HF hybridization in Be Cl,, BF,, CH,, NH,, H,0), coordination
bond in NH,*, and

anomalous properties of NH,, H,0 due to hydrogen bonding, and metallic bonding.

Solution - idea of solute, solvent and solution, methods to express the concentration of solution
molarity (M = mole per liter), ppm, mass percentage, volume percentage and mole fraction.

Unit 2: Water

Graphical presentation of water distribution on Earth (pie or bar diagram). Classification of soft
and hard water based on soap test, salts causing water hardness, unit of hardness and simple
numerical on water hardness.

Cause of poor lathering of soap in hard water, problems caused by the use of hard water in boiler
(scale and sludge, foaming and priming, corrosion etc ), and quantitative measurement of water
hardness by ETDA method, total dissolved solids (TDS) alkalinity estimation.

i).  Water softening techniques - soda lime process, zeolite process and ion exchange process.

ii).  Municipal water treatment (in brief only) - sedimentation, coagulation, filtration,
sterilization.

Water for human consumption for drinking and cooking purposes from any water sources and
enlist Indian standard specification of drinking water (collect data and understand standards).

Unit 3: Engineering Materials

Natural occurrence of metals - minerals, ores of iron, aluminium and copper, gangue (matrix),
flux, slag, metallurgy - brief account of general principles of metallurgy.

Extraction of - iron from haematite ore using blast furnace, aluminium from bauxite along with
reactions. Alloys - definition, purposes of alloying, ferrous alloys and non-ferrous with suitable
examples, properties and applications.

General chemical composition, composition based applications (elementary idea only details
omitted):

Portland cement and hardening, Glasses Refractory and Composite materials.

Polymers - monomer, homo and co polymers, degree of polymerization, simple reactions
involved in preparation and their application of thermoplastics and thermosetting plastics
(using PVC, PS, PTFE, nylon - 6, nylon-6,6 and Bakelite), rubber and vulcanization of rubber.

Unit 4: Chemistry of Fuels and Lubricants

Definition of fuel and combustion of fuel, classification of fuels, calorific values (HCV and
LCV), calculation of HCV and LCV using Dulong’s formula.

Proximate analysis of coal solid fuel



petrol and diesel - fuel rating (octane and cetane numbers),

Chemical composition, calorific values and applications of LPG, CNG, water gas, coal gas, producer
gas and biogas.

Lubrication - function and characteristic properties of good lubricant, classification with
examples, lubrication mechanism - hydrodynamic and boundary lubrication, physical
properties (viscosity and viscosity index, oiliness, flash and fire point, could and pour point only)
and chemical properties (coke number, total acid number saponification value) of lubricants.

Unit 5: Electro Chemistry

Electronic concept of oxidation, reduction and redox reactions.
Definition of terms: electrolytes, non-electrolytes with suitable examples, Faradays laws of
electrolysis and simple numerical problems. Industrial Application of Electrolysis -
¢ Electrometallurgy
e Electroplating
e Electrolytic refining.
Application of redox reactions in electrochemical cells -
¢ Primary cells - dry cell,

e Secondary cell - commercially used lead storage battery, fuel and Solar cells.
Introduction to Corrosion of metals -
¢ definition, types of corrosion (chemical and electrochemical), H; liberation and O,
absorption mechanism of electrochemical corrosion, factors affecting rate of
corrosion.
Internal corrosion preventive measures -
e Purification, alloying and heat treatment and
External corrosion preventive measures: a) metal (anodic, cathodic) coatings, b) organic
inhibitors.

Communication SKkills in English

Unit-1 Communication: Theory and Practice
e Basics of communication: Introduction, meaning and definition, process of
communication etc.

° Types of communication: formal and informal, verbal, non-verbal and written Barriers to
effective  communication.

° 7 Cs for effective communication (considerate, concrete, concise, clear, complete,
correct, courteous).

° Art of Effective communication,

Choosing words

Voice

Modulation

Clarity

Time

o Simplification of words

o 0 O O O

e  Technical Communication.

Unit-2 Soft Skills for Professional Excellence
e Introduction: Soft Skills and Hard Skills.
e Importance of soft skills.
e Life skills: Self-awareness and Self-analysis, adaptability, resilience, emotional intelligence



and empathy etc.
e Applying soft skills across cultures.
e (ase Studies.

Unit-3: Reading Comprehension

Comprehension, vocabulary enhancement and grammar exercises based on reading of the
following texts:

Section-1

Malgudi Days: R.K. Narayan

The Room on Roof: Ruskin Bond “The Gift of the Magi” by O. Henry

“Uncle Podger Hangs a Picture” Jerome K. Jerome

Section-2

Night of the Scorpion by Nissim Ezekiel,

Stopping by Woods on a Snowy Evening by Robert Frost, Where the Mind is Without Fear by
Rabindranath Tagore, Ode to Tomatoes by Pablo Neruda,

Unit-4: Professional Writing

The art of précis writing, Letters: business and personnel,

Drafting e-mail, notices, minutes of a meeting etc.

Filling-up different forms such as banks and on-line forms for placement etc.

Unit-5: Vocabulary and Grammar

Vocabulary of commonly used words

Glossary of administrative terms (English and Hindi) One-word substitution, Idioms and phrases
etc.

Parts of speech, active and passive voice, tenses etc., Punctuation

Engineering Graphics
Unit - I Basic elements of Drawing
Drawing Instruments and supporting materials: method to use them with applications.

Convention of lines and their applications.

Representative Fractions - reduced, enlarged and full size scales; Engineering Scales
such as plain and diagonal scale.

Dimensioning techniques as per SP-46:2003 - types and applications of chain, parallel and
coordinate dimensioning.

Geometrical and Tangency constructions. (Redraw the figure)

Unit - II Orthographic projections

Introduction of projections-orthographic, perspective, isometric and oblique: concept and
applications. (No question to be asked in examination).

Introduction to orthographic projection, First angle and Third angle method, their symbols.

Conversion of pictorial view into Orthographic Views - object containing plain surfaces,
slanting surfaces, slots, ribs, cylindrical surfaces. (use First Angle Projection method only)

Unit - III Isometric Projections
Introduction to isometric projections. Isometric scale and Natural scale.

[sometric view and isometric projection.
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[llustrative problems related to objects containing lines, circles and arcs shape only. Conversion
of orthographic views into isometric view/projection.

Unit - IV Free Hand Sketches of engineering elements

Free hand sketches of machine elements: Thread profiles, nuts, bolts, studs, set screws, wash- er,
Locking arrangements. (For branches other than mechanical Engineering, the teacher should
select branch specific elements for free hand sketching)

Free hand sketches of orthographic view (on squared graph paper) and isometric view (on
isometric grid paper)

Unit - V Computer aided drafting interface
Computer Aided Drafting: concept.

Hardware and various CAD software available.
System requirements and Understanding the interface.

Components of AutoCAD software window: Title bar, standard tool bar, menu bar, object
properties tool bar, draw tool bar, modify tool bar, cursor cross hair. Command window, status
bar, drawing area, UCS icon.

File features: New file, Saving the file, Opening an existing drawing file, Creating templates, Quit.

Setting up new drawing: Units, Limits, Grid, Snap. Undoing and redoing action.

Unit - VI Computer aided drafting
Draw basic entities like Line, Circle, Arc, Polygon, Ellipse, Rectangle, Multiline, Poly Line.

Method of Specifying points: Absolute coordinates, Relative Cartesian and Polar coordinates.
Modify and edit commands like trim, extend, delete, copy, offset, array, block, layers.

Dimensioning: Linear, Horizontal Vertical, Aligned, Rotated, Baseline, Continuous, Diameter,
Radius, Angular Dimensions.

Dim scale variable. Editing dimensions.
Text: Single line Text, Multiline text.

Standard sizes of sheet. Selecting Various plotting parameters such as Paper size, paper units,
Drawing orientation, plot scale, plot offset, plot area, print preview.

Engineering Workshop Practice

S.No. | Details Of Practical Content

Carpentry: i) Demonstration of different wood working tools / machines. ii)
Demonstration of different wood working processes, like plaining, marking, chiseling,

I grooving, turning of wood etc. iii) One simple job involving any one joint like mortise
and tenon dovetail, bridle, half lap etc.
Fitting: i) Demonstration of different fitting tools and drilling machines and power
I tools ii) Demonstration of different operations like chipping, filing, drilling, tapping,

sawing, cutting etc. iii) One simple fitting job involving practice of chipping, filing,
drilling, tapping, cutting etc

Welding: i) Demonstration of different welding tools / machines. ii) Demonstration on
111 Arc Welding, Gas Welding, MIG, MAG welding, gas cutting and rebuilding of broken

parts with welding. iii) One simple job involving butt and lap joint
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Sheet Metal Working: i) Demonstration of different sheet metal tools / machines. ii)
Demonstration of different sheet metal operations like sheet cutting, bending, edging,
end curling, lancing, soldering, brazing, and riveting. iii) One simple job involving sheet
metal operations and soldering and riveting.

Electrical House Wiring: Practice on simple lamp circuits (i) one lamp controlled by
one switch by surface conduit wiring, (ii) Lamp circuits- connection of lamp and socket
by separate switches, (iii) Connection of Fluorescent lamp/tube light, (iv) simple lamp
circuits-in- stall bedroom lighting. And (v) Simple lamp circuits- install stair case
wiring.

VI

Demonstration: i) Demonstration of measurement of Current, Voltage, Power and
Energy.

ii) Demonstration of advance power tools, pneumatic tools, electrical wiring tools and
accessories. iii) Tools for Cutting and drilling

7.  Applied Physics-I Labs

1.

To measure length, radius of a given cylinder, a test tube and a beaker using a Vernier
caliper and find volume of each object.

To determine diameter of a wire, a solid ball and thickness of cardboard using a screw
gauge.

To determine radius of curvature of a convex and a concave mirror/surface using a
spherometer.

To verify triangle and parallelogram law of forces.

To find the co-efficient of friction between wood and glass using a horizontal board.
To determine force constant of a spring using Hook’s Law.

To verify law of conservation of mechanical energy (PE to KE).

To find the moment of inertia of a flywheel.

To find the viscosity of a given liquid (Glycerin) by Stoke’s law.

. To find the coefficient of linear expansion of the material of a rod.
. Todetermine atmospheric pressure at a place using Fortin’s barometer.
. To measure room temperature and temperature of a hot bath using mercury thermometer

and convert it into different scales.

Applied Chemistry Lab

Volumetric and Gravimetric analysis:

1
2

Preparation of standard solution of oxalic acid or potassium permanganate.

To determine strength of given sodium hydroxide solution by titrating against standard
oxalic
acid solution using phenolphthalein indicator.

Standardization of KMnO, solution using standard oxalic acid and Determine the
percentage of
iron present in given Hematite ore by KMnO4 solution.

Iodometric estimation of copper in the copper pyrite ore.
Volumetric estimation of total acid number (TAN) of given oil.
Volumetric estimation of
a) Total hardness of given water sample using standard EDTA solution.

b) Alkalinity of given water sample using 0.01M sulphuric acid
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7 Proximate analysis of coal

a) Gravimetric estimation moisture in given coal sample

b) Gravimetric estimation ash in given coal sample

Instrumental analysis

8. Determine the conductivity of given water sample.

9. Determination of the Iron content in given cement sample using colorimeter.

10. Determination of calorific value of solid or liquid fuel using bomb calorimeter.

11. Determination of viscosity of lubricating oil using Redwood viscometer.

12. Determination of flash and fire point of lubricating oil using Able’s flash point apparatus.

13. To verify the first law of electrolysis of copper sulfate using copper electrode.

14. Construction and measurement of emf of elector chemical cell (Daniel cell).

15. To study the effect of dissimilar metal combination.

Sports and Yoga
¢ Introduction to Physical Education

O

O

(@]

Meaning & definition of Physical Education
Aims & Objectives of Physical Education

Changing trends in Physical Education

e Olympic Movement

(@]

O

o

Ancient & Modern Olympics (Summer & Winter)
Olympic Symbols, Ideals, Objectives & Values

Awards and Honours in the field of Sports in India (Dronacharya Award, Arjuna Award,
Dhayanchand Award, Rajiv Gandhi Khel Ratna Award etc.)

e Physical Fitness, Wellness & Lifestyle

O

(@]

(@]

O

Meaning & Importance of Physical Fitness & Wellness
Components of Physical fitness

Components of Health related fitness

Components of wellness

Preventing Health Threats through Lifestyle Change

Concept of Positive Lifestyle

e Fundamentals of Anatomy & Physiology in Physical Education, Sports and Yoga

O

O

Define Anatomy, Physiology & Its Importance

Effect of exercise on the functioning of Various Body Systems. (Circulatory System,
Respiratory System, Neuro-Muscular System etc.)

o Kinesiology, Biomechanics & Sports

o

O

Meaning & Importance of Kinesiology & Biomechanics in Physical Edu. & Sports

Newton's Law of Motion & its application in sports.



o Friction and its effects in Sports.
e Postures
o Meaning and Concept of Postures.
o Causes of Bad Posture.
o Advantages & disadvantages of weight training.
o Concept & advantages of Correct Posture.

o Common Postural Deformities - Knock Knee; Flat Foot; Round Shoulders; Lordosis,
Kyphosis, Bow Legs and Scoliosis.

o Corrective Measures for Postural Deformities
e Yoga
o Meaning & Importance of Yoga
o Elements of Yoga
o Introduction - Asanas, Pranayama, Meditation & Yogic Kriyas

o Yoga for concentration & related Asanas (Sukhasana; Tadasana; Padmasana
& Sha-shankasana)

o Relaxation Techniques for improving concentration - Yognidra
Yoga & Lifestyle
o Asanas as preventive measures.

o Hypertension: Tadasana, Vajrasana, Pavan Muktasana, Ardha Chakrasana,
Bhujangasana, Sharasana.

o Obesity: Procedure, Benefits & contraindications for Vajrasana, Hastasana,
Trikonasana, Ardh Matsyendrasana.

o Back Pain: Tadasana, Ardh Matsyendrasana, Vakrasana, Shalabhasana, Bhujangasana.

o Diabetes: Procedure, Benefits & contraindications for Bhujangasana, Paschimottasana,
Pavan Muktasana, Ardh Matsyendrasana.

o Asthema: Procedure, Benefits & contraindications for Sukhasana, Chakrasana,
Gomukhasana, Parvatasana, Bhujangasana, Paschimottasana, Matsyasana.

e Training and Planning in Sports
o Meaning of Training
o Warming up and limbering down
o Skill, Technique & Style
o Meaning and Objectives of Planning.
o Tournament - Knock-Out, League/Round Robin & Combination.

e Psychology & Sports



o Definition & Importance of Psychology in Physical Edu. & Sports
o Define & Differentiate Between Growth & Development

o Adolescent Problems & Their Management

o Emotion: Concept, Type & Controlling of emotions

o Meaning, Concept & Types of Aggressions in Sports.

o Psychological benefits of exercise.

o Anxiety & Fear and its effects on Sports Performance.

o Motivation, its type & techniques.

o Understanding Stress & Coping Strategies.

e Doping
o Meaning and Concept of Doping
o Prohibited Substances & Methods
o Side Effects of Prohibited Substances
e Sports Medicine
o First Aid - Definition, Aims & Objectives.
o Sports injuries: Classification, Causes & Prevention.
o Management of Injuries: Soft Tissue Injuries and Bone & Joint Injuries
e Sports / Games

Following sub topics related to any one Game/Sport of choice of student out of: Athletics,
Badminton, Basketball, Chess, Cricket, Kabaddi, Lawn Tennis, Swimming, Table Tennis,
Volleyball, Yoga etc.

o History of the Game/Sport.

o Latest General Rules of the Game/Sport.

o Specifications of Play Fields and Related Sports Equipment.
o Important Tournaments and Venues.

o Sports Personalities.

o Proper Sports Gear and its Importance.

Communication Skills in English - Lab

Unit 1 Listening Skills

Listening Process and Practice: Introduction to recorded lectures, poems, interviews and
speeches, listening tests.

Unit II Introduction to Phonetics
Sounds: consonant, vowel, diphthongs, etc. transcription of words (IPA), weak forms, syllable
division, word stress, intonation, voice etc.
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Unit III Speaking Skills
Standard and formal speech: Group discussion, oral presentations, public speaking, business
presentations etc. Conversation practice and role playing, mock interviews etc.

Unit IV Building vocabulary

Etymological study of words and construction of words, phrasal verbs, foreign phrases, idioms
and phrases. Jargon/ Register related to organizational set up, word exercises and word games
to en- hance self-expression and vocabulary of participants.

Mathematics - II

UNIT - I: Determinants and Matrices

Elementary properties of determinants up to 3rd order, consistency of equations, Crammer’s
rule. Algebra of matrices, Inverse of a matrix, matrix inverse method to solve a system of linear
equations in 3 variables.

UNIT - II: Integral Calculus

Integration as inverse operation of differentiation. Simple integration by substitution, by
parts

T T
and by partial fractions (for linear factors only). Use of formulas _IE sin" x dx, _IE cos"x dx

"
= = m n . s .
and _IE sin™ x cos" x dx for solving problems Where m and n are positive integers.

Applications of integration fori. Simple problem on evaluation of area bounded by a curve and
axes.

ii. Calculation of Volume of a solid formed by revolution of an area about axes. (Simple
problems).

UNIT - III: Co-Ordinate Geometry

Equation of straight line in various standard forms (without proof), inter section of two
straight lines, angle between two lines. Parallel and perpendicular lines, perpendicular
distance formula.

General equation of a circle and its characteristics. To find the equation of a circle, given:
i. Centre and radius,

ii. Three points lying on it and

iii. Coordinates of end points of a diameter;

Definition of conics (Parabola, Ellipse, Hyperbola) their standard equations without proof.
Problems
on conics when their foci, directories or vertices are given.

UNIT - IV: Vector Algebra

Definition notation and rectangular resolution of a vector. Addition and subtraction of vectors.
Scalar

and vector products of 2 vectors. Simple problems related to work, moment and angular
velocity.

UNIT-V: Differential Equations
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Solution of first order and first degree differential equation by variable separation method
(simple
problems). MATLAB - Simple Introduction.

Applied Physics -11
UNIT - 1: Wave motion and its applications

Wave motion, transverse and longitudinal waves with examples, definitions of wave velocity,
frequency and wave length and their relationship, Sound and light waves and their properties,
wave equation (y = r sinot) amplitude, phase, phase difference, principle of superposition of
waves and beat formation.

Simple Harmonic Motion (SHM): definition, expression for displacement, velocity,

acceleration, time period, frequency etc. Simple harmonic progressive wave and energy
transfer, study of vibration of cantilever and determination of its time period, Free, forced and
resonant vibrations with examples.

Acoustics of buildings - reverberation, reverberation time, echo, noise, coefficient of
absorption of sound, methods to control reverberation time and their applications, Ultrasonic
waves - Introduction and properties, engineering and medical applications of ultrasonic.

UNIT - 2: Optics

Basic optical laws; reflection and refraction, refractive index, Images and image formation by
mirrors, lens and thin lenses, lens formula, power of lens, magnification and defects. Total
internal reflection, Critical angle and conditions for total internal reflection, applications of
total internal reflection in optical fiber.

Optical Instruments; simple and compound microscope, astronomical telescope in normal
adjustment, magnifying power, resolving power, uses of microscope and telescope, optical
projection systems.

UNIT - 3: Electrostatics

Coulombs law, unit of charge, Electric field, Electric lines of force and their properties, Electric
flux, Electric potential and potential difference, Gauss law: Application of Gauss law to find
electric field intensity of straight charged conductor, plane charged sheet and charged sphere.

Capacitor and its working, Types of capacitors, Capacitance and its units. Capacitance of a
parallel plate capacitor, Series and parallel combination of capacitors (related numerical),
dielectric and its effect on capacitance, dielectric break down.

UNIT - 4: Current Electricity

Electric Current and its units, Direct and alternating current, Resistance and its units, Specific
resistance, Conductance, Specific conductance, Series and parallel combination of resistances.
Factors affecting resistance of a wire, carbon resistances and colour coding.

Ohm'’s law and its verification, Kirchhoff’s laws, Wheatstone bridge and its applications (slide
wire

bridge only), Concept of terminal potential difference and Electro motive force (EMF)

Heating effect of current, Electric power, Electric energy and its units (related numerical
problems), Advantages of Electric Energy over other forms of energy.

UNIT - 5: Electromagnetism
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Types of magnetic materials; dia, para and ferromagnetic with their properties, Magnetic field
and its units, magnetic intensity, magnetic lines of force, magnetic flux and units,
magnetization.

Concept of electromagnetic induction, Faraday’s Laws, Lorentz force (force on moving charge in
magnetic field). Force on current carrying conductor, force on rectangular coil placed in
magnetic field.

Moving coil galvanometer; principle, construction and working, Conversion of a galvanometer
into ammeter and voltmeter.

UNIT - 6: Semiconductor Physics

Energy bands in solids, Types of materials (insulator, semi-conductor, conductor), intrinsic and
extrinsic semiconductors, p-n junction, junction diode and V-1 characteristics, types of junction
diodes. Diode as rectifier - half wave and full wave rectifier (centre taped).

Transistor; description and three terminals, Types- pnp and npn, some electronic applications
(list only).

Photocells, Solar cells; working principle and engineering applications.

UNIT - 7: Modern Physics

Lasers: Energy levels, ionization and excitation potentials; spontaneous and stimulated
emission; population inversion, pumping methods, optical feedback, Types of lasers; Ruby, He-
Ne and semiconductor, laser characteristics, engineering and medical applications of lasers.

Fiber Optics: Introduction to optical fibers, light propagation, acceptance angle and numerical
aperture, fiber types, applications in; telecommunication, medical and sensors.

Nanoscience and Nanotechnology: Introduction, nanoparticles and nanomaterials, properties
at nanoscale, nanotechnology, nanotechnology based devices and applications.

Introduction to IT Systems
UNIT 1:

Basic Internet skills: Understanding browser, efficient use of search engines, awareness about
Digital India portals (state and national portals) and college portals.

General understanding of various computer hardware components - CPU, Memory, Display,
Key- board, Mouse, HDD and other Peripheral Devices.

UNIT 2:

OS Installation (Linux and MS Windows), Unix Shell and Commands, vi editor.

UNIT 3:

HTML4, CSS, making basic personal webpage.

UNIT 4:

Office Tools: OpenOffice Writer, OpenOffice Spreadsheet (Calc), OpenOffice Impress.
UNIT 5: Information security best practices.

Class lectures will only introduce the topic or demonstrate the tool, actual learning will take
place in the Lab by practicing regularly.

Fundamentals of Electrical and Electronics Engineering

UNIT I Overview of Electronic Components & Signals:
Passive Active Components: Resistances, Capacitors, Inductors, Diodes, Transistors, FET, MOS
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and CMOS and their Applications. Signals: DC/AC, voltage/current, periodic/non-periodic
signals, aver- age, rms, peak values, different types of signal waveforms, Ideal/non-ideal
voltage/current sources, independent/dependent voltage current sources.

UNIT II Overview of Analog Circuits:

Operational Amplifiers-Ideal Op-Amp, Practical op amp, Open loop and closed loop
configurations, Application of Op-Amp as amplifier, adder, differentiator and integrator.

UNIT III Overview of Digital Electronics: Introduction to Boolean Algebra, Electronic
Implementation of Boolean Operations, Gates-Functional Block Approach, Storage elements-
Flip Flops-A Functional block approach, Counters: Ripple, Up/down and decade, Introduction
to digital IC Gates (of TTL Type).

Unit IV Electric and Magnetic Circuits:

EMF, Current, Potential Difference, Power and Energy; M.M.F, magnetic force, permeability,
hysteresis loop, reluctance, leakage factor and BH curve; Electromagnetic induction, Faraday’s
laws of electromagnetic induction, Lenz’s law; Dynamically induced emf; Statically induced
emf; Equations of self and mutual inductance; Analogy between electric and magnetic circuits.

Unit V A.C. Circuits:

Cycle, Frequency, Periodic time, Amplitude, Angular velocity, RMS value, Average value, Form
Factor Peak Factor, impedance, phase angle, and power factor; Mathematical and phasor
representation of alternating emf and current; Voltage and Current relationship in Star and
Delta connections; A.C in resistors, inductors and capacitors; A.C in R-L series, R-C series, R-L-
C series and parallel circuits; Power in A. C. Circuits, power triangle.

Unit VI Transformer and Machines: General construction and principle of different type of
trans- formers; Emf equation and transformation ratio of transformers; Auto transformers;
Construction and Working principle of motors; Basic equations and characteristic of motors.

Engineering Mechanics

Unit - I Basics of mechanics and force system

Significance and relevance of Mechanics, Applied mechanics, Statics, Dynamics. Space, time,
mass, particle, flexible body and rigid body.

Scalar and vector quantity, Units of measurement (SI units) - Fundamental units and derived
units.

Force - unit, representation as a vector and by Bow’s notation, characteristics and effects of
a
force, Principle of transmissibility of force, Force system and its classification.

Resolution of a force - Orthogonal components of a force, moment of a force, Varignon’s Theorem.

Composition of forces — Resultant, analytical method for determination of resultant for concur-
rent, non-concurrent and parallel co-planar force systems - Law of triangle, parallelogram and
polygon of forces.

Unit- II Equilibrium
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Equilibrium and Equilibrant, Free body and Free body diagram, Analytical and graphical
methods of analysing equilibrium

Lami’s Theorem - statement and explanation, Application for various engineering problems.

Types of beam, supports (simple, hinged, roller and fixed) and loads acting on beam (vertical
and inclined pointload, uniformly distributed load, couple),

Beam reaction for cantilever, simply supported beam with or without overhang - subjected to
combination of Point load and uniformly distributed load.

Beam reaction graphically for simply supported beam subjected to vertical point loads only.

Unit- III Friction

Friction and its relevance in engineering, types and laws of friction, limiting equilibrium,
limiting friction, co-efficient of friction, angle of friction, angle of repose, relation between co-
efficient of friction and angle of friction.

Equilibrium of bodies on level surface subjected to force parallel and inclined to plane.

Equilibrium of bodies on inclined plane subjected to force parallel to the plane only.
Unit- IV Centroid and centre of gravity

Centroid of geometrical plane figures (square, rectangle, triangle, circle, semi-circle, quarter
circle) Centroid of composite figures composed of not more than three geometrical figures

Centre of Gravity of simple solids (Cube, cuboid, cone, cylinder, sphere, hemisphere) Centre of
Gravity of composite solids composed of not more than two simple solids.

Unit - V Simple lifting machine
Simple lifting machine, load, effort, mechanical advantage, applications and advantages. Velocity
ratio, efficiency of machines, law of machine.

Ideal machine, friction in machine, maximum Mechanical advantage and efficiency, reversible
and non-reversible machines, conditions for reversibility

Velocity ratios of Simple axle and wheel, Differential axle and wheel, Worm and worm wheel,
Single purchase and double purchase crab winch, Simple screw jack, Weston’s differential pulley
block, geared pulley block.

Applied Physics Il Lab
1. To determine and verify the time period of a cantilever.
To determine velocity of ultrasonic in different liquids using ultrasonic interferometer.
To verify laws of reflection from a plane mirror/ interface.
To verify laws of refraction (Snell’s law) using a glass slab.
To determine focal length and magnifying power of a convex lens.
To verify Ohm’s law by plotting graph between current and potential difference.
To verify laws of resistances in series and parallel combination.
To find the frequency of AC main using electrical vibrator.

W N oV A W

To verify Kirchhoff’s law using electric circuits.

[
o

. To study the dependence of capacitance of a parallel plate capacitor on various factors
and determines permittivity of air at a place.

11. To find resistance of a galvanometer by half deflection method.
12. To converta galvanometer into an ammeter.
13. To convert a galvanometer into a voltmeter.



14. To draw V-I characteristics of a semiconductor diode (Ge, Si) and determine its knee
voltage.

15. To verify inverse square law of radiations using a photo-electric cell.
16. To measure wavelength of a He-Ne/diode laser using a diffraction grating.

17. To measure numerical aperture (NA) of an optical fiber.

17. Introduction to IT Systems Lab

S.No.| Topics for Practice

1

Browser features, browsing, using various search engines, writing search queries

2

Visit various e-governance/Digital India portals, understand their features, services of-
fered

Read Wikipedia pages on computer hardware components, look at those components in
lab, identify them, recognise various ports/interfaces and related cables, etc.

Install Linux and Windows operating system on identified lab machines, explore various
options, do it multiple times

Connect various peripherals (printer, scanner, etc.) to computer, explore various features
of peripheral and their device driver software.

Practice HTML commands, try them with various values, make your own Webpage

Explore features of Open Office tools, create documents using these features, do it
multiple times

Explore security features of Operating Systems and Tools, try using them and see what
happens.

18. Fundamentals of Electrical and Electronics Engineering Lab

o. | Practical Outcomes (PrOs)

Determine the permeability of magnetic material by plotting its B-H curve.

Measure voltage, current and power in 1-phase circuit with resistive load.

Measure voltage, current and power in R-L series circuit.

Determine the transformation ratio (K) of 1-phase transformer.

Connect single phase transformer and measure input and output quantities.

D BRI = Z

Make Star and Delta connection in induction motor starters and measure the line and
phase values.

~

Identify various passive electronic components in the given circuit

®©

Connect resistors in series and parallel combination on bread board and measure its
value using digital multimeter.

Connect capacitors in series and parallel combination on bread board and measure its
value using multimeter.

10.

Identify various active electronic components in the given circuit.

11.

Use multimeter to measure the value of given resistor.

12,

Use LCR-Q tester to measure the value of given capacitor and inductor.

13.

Determine the value of given resistor using digital multimeter to confirm
with colour code.

14.

Test the PN-junction diodes using digital multimeter.




15.

Test the performance of PN-junction diode.

16.

Test the performance of Zener diode.

17.

Test the performance of LED.

18.

Identify three terminals of a transistor using digital multimeter.

19.

Test the performance of NPN transistor.

20.

Determine the current gain of CE transistor configuration.

21.

Test the performance of transistor switch circuit.

22.

Test the performance of transistor amplifier circuit.

23.

Test Op-Amp as amplifier and Integrator

19. Engineering Mechanics Lab.

1.

N WD

11.
12.
13.
14.
15.
16.

To study various equipments related to Engineering Mechanics.

To find the M.A., V.R,, Efficiency and law of machine for Differential Axle and Wheel.
To find the M.A., V.R,, Efficiency and law of machine for Simple Screw Jack.

Derive Law of machine using Worm and worm wheel.

Derive Law of machine using Single purchase crab.

Derive Law of machine using double purchase crab.

Derive Law of machine using Weston’s differential or wormed geared pulley block.
Determine resultant of concurrent force system applying Law of Polygon of forces using
force table.

Determine resultant of concurrent force system graphically.

Determine resultant of parallel force system graphically.

Verify Lami’s theorem.

Study forces in various members of Jib crane.

Determine support reactions for simply supported beam.

Obtain support reactions of beam using graphical method.

Determine coefficient of friction for motion on horizontal and inclined plane.
Determine centroid of geometrical plane figures.

20. Environmental Science

Pre requisite: - High School Chemistry

Unit-1 Ecosystem

Structure of ecosystem, Biotic & Abiotic components Food chain and food web

Aquatic (Lentic and Lotic) and terrestrial ecosystem Carbon, Nitrogen, Sulphur, Phosphorus

cycle.

Global warming -Causes, effects, process, Green House Effect, Ozone depletion

Unit- 2 Air and, Noise Pollution

Definition of pollution and pollutant, Natural and manmade sources of air pollution (Refriger-
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ants, I.C., Boiler) Air Pollutants: Types, Particulate Pollutants: Effects and control (Bag filter,
Cyclone separator, Electrostatic Precipitator)

Gaseous Pollution Control: Absorber, Catalytic Converter, Effects of air pollution due to Refrig-
erants, I.C., Boiler

Noise pollution: sources of pollution, measurement of pollution level, Effects of Noise pollu- tion,
Noise pollution (Regulation and Control) Rules, 2000

Unit- 3 Water and Soil Pollution

Sources of water pollution, Types of water pollutants, Characteristics of water pollutants Tur-
bidity, pH, total suspended solids, total solids BOD and COD: Definition, calculation

Waste Water Treatment: Primary methods: sedimentation, froth floatation, Secondary meth-
ods: Activated sludge treatment, Trickling filter, Bioreactor, Tertiary Method: Membrane sepa-
ration technology, RO (reverse osmosis).

Causes, Effects and Preventive measures of Soil Pollution: Causes-Excessive use of Fertilizers,
Pesticides and Insecticides, Irrigation, E-Waste.

Unit- 4 Renewable sources of Energy

Solar Energy: Basics of Solar energy. Flat plate collector (Liquid & Air). Theory of flat plate col-
lector. Importance of coating. Advanced collector. Solar pond. Solar water heater, solar dryer.
Solar stills.

Biomass: Overview of biomass as energy source. Thermal characteristics of biomass as fuel.
Anaerobic digestion. Biogas production mechanism. Utilization and storage of biogas.

Wind energy: Current status and future prospects of wind energy. Wind energy in India.
Environmental benefits and problem of wind energy.

New Energy Sources: Need of new sources. Different types new energy sources. Applications of
(Hydrogen energy, Ocean energy resources, Tidal energy conversion.) Concept, origin and power
plants of geothermal energy

Unit-5 Solid Waste Management, ISO 14000 & Environmental Management 06 hours

Solid waste generation- Sources and characteristics of : Municipal solid waste, E- waste, bio-
medical waste.

Metallic wastes and Non-Metallic wastes (lubricants, plastics, rubber) from industries.

Collection and disposal: MSW (3R, principles, energy recovery, sanitary landfill), Hazardous
waste

Air quality act 2004, air pollution control act 1981 and water pollution and control act1996.
Structure and role of Central and state pollution control board.
Concept of Carbon Credit, Carbon Footprint. Environmental managementin fabrication industry.

[SO014000: Implementation in industries, Benefits.

BASIC MECHANICAL ENGINEERING

UNIT-I: Introduction to Thermodynamics - Role of Thermodynamics in Engineering and
Science, Types of Systems, Thermodynamic Equilibrium, Properties, State, Process and Cycle,
Elementary introduction to Zeroth, First and Second laws of thermodynamics, Heat and Work
Interactions for various non-flow and flow processes; Concept of Heat Engine, Heat Pump &
Refrigerator, Efficiency/ COP; Kelvin-Planck and Clausius Statements, Carnot Cycle, Carnot
Efficiency, T-S and P-V Diagrams, Concept of Entropy (Definition only).
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Unit-II: Heat transfer & Thermal Power Plant: Modes of Heat Transfer; Conduction:
Composite Walls and Cylinders, Combined Conduction and Convection: Overall Heat Transfer
Co-efficient, Sim- ple Numerical Problems: Thermal Power Plant Layout; Rankine Cycle; Fire
Tube and Water Tube boilers, Babcock & Wilcox, Cochran Boilers;

Unit-III: Steam Turbines: Impulse and Reaction Turbines; Condensers: Jet & Surface
Condensers, Cooling Towers; Internal Combustion Engines and Refrigeration: Otto, Diesel
and Dual cycles; P-V and T-S Diagrams; IC Engines: 2 - Stroke and 4 - Stroke I.C. Engines, S.I. and
C.I. Engines.

Unit-IV: Materials and Manufacturing Processes: Engineering Materials, Classification and
their Properties; Metal Casting, Moulding, Patterns, Metal Working: Hot Working and Cold
Working, Metal Forming: Extrusion, Forging, Rolling, Drawing, Gas Welding, Arc Welding,
Soldering, and Brazing.

Unit-V: Machine Tools and Machining Processes: Machine Tools: Lathe Machine and types,
Lathe Operations, Milling Machine and types, Milling Operations, Shaper and Planer Machines:
Differences, Quick-Return Motion Mechanism, Drilling Machine: Operations, Grinding Machine:
Operations

COMPUTER AIDED MACHINE DRAWING PRACTICE

S.No. | Topics for practice

| Introduction to CAD software.

II Drawing aids and editing commands.

11 Basic dimensioning, hatching, blocks and views.
1\ [sometric drawing, printing and plotting

Machine Drawing practice using Auto CAD: Detailed drawings of following machine
parts are to be given to the students to assemble and draw the sectional or plain
elevations, plans and side views with dimensioning and bill of materials using cad
software (12 exrcises).

1) Sleeve & Cotter Joint 2) Spigot & Cotter Joint 3) Knuckle Joint 4) Stuffing Box 5)
Screw

Jack 6) Foot Step Bearing 7) Universal Coupling 8) Plummer Block 9) Simple Eccentrig
10) Machine Vice 11) Connecting Rod 12) Protected Type Flanged Coupling.

MATERIAL SCIENCE & ENGINEERING

UNIT-I: Crystal structures and Bonds: Unit cell and space lattice: Crystal system: The seven
basic crystal systems; Crystal structure for metallic elements: BCC, FCC and HCP; Coordination
number for Simple Cubic, BCC and FCC; Atomic radius: definition, atomic radius for Simple
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Cubic, BCC and FCC; Atomic Packing Factor for Simple Cubic, BCC, FCC and HCP; Simple
problems on finding number of atoms for a unit cell.

Bonds in solids: Classification - primary or chemical bond, secondary or molecular bond;
Types of primary bonds: lonic, Covalent and Metallic Bonds; Types of secondary bonds:
Dispersion bond, Dipole bond and Hydrogen bond.

Unit-1I: Phase diagrams, Ferrous metals and its Alloys: [somorphs, eutectic and eutectoid
sys- tems; Iron-Carbon binary diagram; Iron and Carbon Steels; flow sheet for production of
iron and steel; Iron ores - Pig iron: classification, composition and effects of impurities on iron;
Cast Iron: clas- sification, composition, properties and uses; Wrought Iron: properties,
uses/applications of wrought Iron; comparison of cast iron, wrought iron and mild steel and
high carbon steel; standard com- mercial grades of steel as per BIS and AISI; Alloy Steels -
purpose of alloying; effects of alloying ele- ments - Important alloy steels: Silicon steel, High
Speed Steel (HSS), heat resisting steel, spring steel, Stainless Steel (SS): types of SS, applications
of SS - magnet steel - composition, properties and uses

Unit-III: Non-ferrous metals and its Alloys: Properties and uses of aluminium, copper, tin,
lead, zinc, magnesium and nickel; Copper alloys: Brasses, bronzes - composition, properties
and uses; Aluminium alloys: Duralumin, hindalium, magnelium - composition, properties and
uses; Nickel al- loys: Inconel, monel, nicPerome - composition, properties and uses. Anti-
friction/Bearing alloys: Various types of bearing bronzes - Standard commercial grades as per
BIS/ASME.

Unit-1V: Failure analysis & Testing of Materials: Introduction to failure analysis; Fracture:
ductile fracture, brittle fracture; cleavage; notch sensitivity; fatigue; endurance limit;
characteristics of fa- tigue fracture; variables affecting fatigue life; creep; creep curve; creep
fracture; Destructive testing: Tensile testing; compression testing; Hardness testing: Brinell,
Rockwell; bend test; torsion test; fa- tigue test; creep test. Non-destructive testing: Visual
Inspection; magnetic particle inspection; liquid penetrant test; ultrasonic inspection;
radiography.

Unit-V: Corrosion & Surface Engineering: Nature of corrosion and its causes;
Electrochemical re- actions; Electrolytes; Factors affecting corrosion: Environment, Material
properties and physical con- ditions; Types of corrosion; Corrosion control: Material selection,
environment control and design; Surface engineering processes: Coatings and surface
treatments; Cleaning and mechanical finishing of surfaces; Organic coatings; Electroplating and
Special metallic plating; Electro polishing and pho- to-etching ;- Conversion coatings: Oxide,
phosphate and chromate coatings; Thin film coatings: PVD and CVD; Surface analysis; Hard-
facing, thermal spraying and high-energy processes; Process/mate- rial selection. Pollution
norms for treating effluents as per standards.

FLUID MECHANICS & HYDRAULIC MACHINERY

UNIT-I: Properties of fluid: Density, Specific gravity, Specific Weight, Specific Volume, Dynamic
Vis- cosity, Kinematic Viscosity, Surface tension, Capillarity, Vapour Pressure, Compressibility.

Fluid Pressure & Pressure Measurement: Fluid pressure, Pressure head, Pressure intensity,
Concept of vacuum and gauge pressures, atmospheric pressure, absolute pressure, Simple and
differential manometers, Bourdan pressure gauge, Concept of Total pressure on immersed
bodies, center of pressure, Simple problems on Manometers.

Unit-II: Fluid Flow: Types of fluid flows, Path line and Stream line, Continuity equation,
Bernoulli’s theorem, Principle of operation of Venturimeter, Orifice meter and Pitot tube,
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Derivations for dis- charge, coefficient of discharge and numerical problems.

Flow Through Pipes: Laminar and turbulent flows; Darcy’s equation and Chezy’s equation for
frictional losses, Minor losses in pipes, Hydraulic gradient and total gradient line, Numerical
problems to estimate major and minor losses

Unit-III: Impact of jets: Impact of jet on fixed vertical, moving vertical flat plates, Impact of jet
on curved vanes with special reference to turbines & pumps, Simple Numericals on work done
and efficiency.

Unit-1V: Hydraulic Turbines: Layout of hydroelectric power plant, Features of Hydroelectric
power plant, Classification of hydraulic turbines, Selection of turbine on the basis of head and
discharge available, Construction and working principle of Pelton wheel, Francis and Kaplan
turbines, Draft tubes - types and construction, Concept of cavitation in turbines, Calculation of
Work done, Power, efficiency of turbines, Unit quantities and simple numericals.

Unit-V: Centrifugal Pumps: Principle of working and applications, Types of casings and
impellers, Concept of multistage, Priming and its methods, Cavitation, Manometric head, Work
done, Manomet- ric efficiency, Overall efficiency. Numericals on calculations of overall
efficiency and power required to drive pumps.

Reciprocating Pumps: Construction, working principle and applications of single and double
acting reciprocating pumps, Concept of Slip, Negative slip, Cavitation and separation.

MANUFACTURING ENGINEERING

UNIT-I: Cutting Fluids & Lubricants: Introduction; Types of cutting fluids, Fluids and coolants
re- quired in turning, drilling, shaping, sawing & broaching; Selection of cutting fluids, methods
of appli- cation of cutting fluid; Classification of lubricants (solid, liquid, gaseous), Properties and
applications of lubricants.

Lathe Operations: Types of lathes - light duty, Medium duty and heavy duty geared lathe, CNC
lathe; Specifications; Basic parts and their functions; Operations and tools - Turning, parting
off, Knurling, facing, Boring, drilling, threading, step turning, taper turning.

Unit-II: Broaching Machines: Introduction to broaching; Types of broaching machines -
Horizontal type (Single ram & duplex ram), Vertical type, Pull up, pull down, and push down;
Elements of broach tool; broach teeth details; Nomenclature; Tool materials.

Drilling: Classification; Basic parts and their functions; Radial drilling machine; Types of
operations; Specifications of drilling machine; Types of drills and reamers.

Unit-III: Welding: Classification; Gas welding techniques; Types of welding flames; Arc
Welding - Principle, Equipment, Applications; Shielded metal arc welding; Submerged arc
welding; TIG / MIG welding; Resistance welding - Spot welding, Seam welding, Projection
welding; Welding defects; Brazing and soldering: Types, Principles, Applications.

Milling: Introduction; Types of milling machines: plain, Universal, vertical; constructional
details - specifications; Milling operations: simple, compound and differential indexing; Milling
cutters - types; Nomenclature of teeth; Teeth materials; Tool signature of milling cutter; Tool &
work holding devices.

Unit-IV: Gear Making: Manufacture of gears - by Casting, Moulding, Stamping, Coining
Extruding, Rolling, Machining; Gear generating methods: Gear Shaping with pinion cutter & rack
cutter; Gear hobbing; Description of gear hob; Operation of gear hobbing machine; Gear
finishing processes; Gear materials and specification; Heat treatment processes applied to
gears.

Press working: Types of presses and Specifications, Press working operations - Cutting,
bending, drawing, punching, blanking, notching, lancing; Die set components- punch and die
shoe, guide pin, bolster plate, stripper, stock guide, feed stock, pilot; Punch and die clearances



for blanking and piercing, effect of clearance.

Unit-V: Grinding and finishing processes: Principles of metal removal by Grinding;
Abrasives - Natural & Artificial; Bonds and binding processes: Vitrified, silicate, shellac, rubber,
bakelite; Factors affecting the selection of grind wheels: size and shape of wheel, kind of
abrasive, grain size, grade and strength of bond, structure of grain, spacing, kinds of bind
material; Standard marking systems: Meaning of letters & numbers sequence of marking,
Grades of letters; Grinding machines classification: Cylindrical, Surface, Tool & Cutter grinding
machines; Construction details; Principle of cen- treless grinding; Advantages &

limitations of centre less grinding; Finishing by grinding: Honing, Lapping, Super finishing;
Electroplating: Basic principles, Plating metals, applications; Hot dipping: Galvanizing, Tin
coating, Parkerising, Anodizing; Metal spraying: wire process, powder process and
applications; Organic coatings: Oil base Paint, Lacquer base, Enamels, Bituminous paints,
rubber base coating; Finishing specifications.

26. THERMAL ENGINEERING - 1

UNIT-I: Sources of Energy: Brief description of energy Sources: Classification of energy
sources- Renewable, Non-Renewable; Fossil fuels, including CNG, LPG; Solar Energy: Flat plate
and concentrating collectors & its applications (Solar Water Heater, Photovoltaic Cell, Solar
Distillation); Wind Energy; Tidal Energy; Ocean Thermal Energy; Geothermal Energy; Biogas,
Biomass, Bio-diesel; Hydraulic Energy, Nuclear Energy; Fuel cell.

Unit-II: Internal Combustion Engines: Assumptions made in air standard cycle analysis;
Brief de- scription of Carnot, Otto and Diesel cycles with P-V and T-S diagrams; Internal and
external com- bustion engines; advantages of 1.C. engines over external combustion engines;
classification of I.C. engines; neat sketch of I.C. engine indicating component parts; Function of
each part and materials used for the component parts - Cylinder, crank case, crank pin, crank,
crank shaft, connecting rod, wrist pin, piston, cooling pins cylinder heads, exhaust valve, inlet
valve; Working of four-stroke and two-stroke petrol and diesel engines; Comparison of two
stroke and four stroke engines; Comparison of C.I. and S.I. engines; Valve timing and port
timing diagrams for four stroke and two stroke engines.

Unit-1II: I.C. Engine Systems: Fuel system of Petrol engines; Principle of operation of simple
and Zenith carburettors; Fuel system of Diesel engines; Types of injectors and fuel pumps;
Cooling system air cooling, water cooling system with thermo siphon method of circulation and
water cooling system with radiator and forced circulation (description with line diagram).
Comparison of air cooling and water cooling system; Ignition systems - Battery coil ignition and
magneto ignition (description and working). Comparison of two systems; Types of lubricating
systems used in I.C. engines with line diagram; Types of governing of I.C. engines - hit and miss
method, quantitative method, qualitative method and combination methods of governing; their
applications; Objective of super charging.

Unit-IV: Performance of I.C. Engines: Brake power; Indicated power; Frictional power; Brake
and Indicated mean effective pressures; Brake and Indicated thermal efficiencies; Mechanical
efficiency; Relative efficiency; Performance test; Morse test; Heat balance sheet; Methods of
determination of B,P., I.P. and F.P.; Simple numerical problems on performance of I.C. engines.

Unit-V: Air Compressors: Functions of air compressor; Uses of compressed air; Types of air
com- pressors; Single stage reciprocating air compressor - its construction and working (with
line dia- gram) using P-V diagram; Multi stage compressors - Advantages over single stage
compressors; Ro- tary compressors: Centrifugal compressor, axial flow type compressor and
vane type compressors.



Refrigeration & Air-conditioning: Refrigeration; Refrigerant; COP; Air Refrigeration system:
com- ponents, working & applications; Vapour Compression system: components, working &
applications; Air conditioning; Classification of Air-conditioning systems; Comfort and
Industrial Air-Condition- ing; Window Air-Conditioner; Summer Air-Conditioning system,
Winter Air-Conditioning system, Year-round Air-Conditioning system.

27. MANUFACTURING ENGINEERING LAB-I

S.No.

Topics for practice

I

Moulding & casting of (i) Connecting rod (ii) Solid bearing (iii) V-Pulley/Gear Pulley

II

Arc welding (i) Lap Joint (ii) Butt Joint (iii) T- Joint

I11

Gas welding (i) Lap Joint (ii) Butt Joint

IV

Spot welding (i) Lap Joint

\

Turning Exercise (i) Facing, Step Turning & Chamfering (ii) Step Turning & Taper
Turning

(iii) Step Turning & Groove Cutting (iv) Step Turning & & Knurling (v) Step Turning
& Thread Cutting (vi) Turning and Drilling

VI

Grinding the Lathe Cutting tools to the required angles

VII

Study of Lathe, Drilling machine, shaping machine and slotting machine

VIII

The dismantling some of the components of lathe and then assemble the same

IX

List the faults associated with lathe and its remedies

The routine and preventive maintenance procedure for lathe

28. FLUID MECHANICS & HYDRAULIC MACHINERY LAB

S.No.

Topics for practice

I

Verification of Bernoulli’s theorem.

Il

Determination of Coefficient of Discharge of Venturimeter.

I11

Determination of Coefficient of Discharge, coefficient of contraction and coefficient
of velocity of Orificemeter.

IV

Determination of coefficient of friction of flow through pipes.

\

Determination of force exerted by the jet of water on the given vane.

VI

Determination of minor losses of flow through pipes.

VII

Calibration of pressure gauge using dead weight pressure gauge tester.

VIII

Trial on centrifugal pump to determine overall efficiency.

IX

Trial on reciprocating pump to determine overall efficiency.

X

Trial on Pelton wheel to determine overall efficiency.

XI

Trial on Francis/Kaplan turbine to determine overall efficiency.

29. Thermal Engineering Lab -1

S.No.

Topics for practice

I

Flash & Fire point tests using Able’s/Cleveland /Pensky Martin Apparatus

Il

Viscosity measurement usi/Saybolt viscometer

III

Calorific value tests using Bomb Calorimeter (Solid and Liquid fuels) and Junkers
Gas
Calorimeter (Gaseous fuels)

IV

Carbon residue test using Conradson’s apparatus.




\Y Assembling and disassembling of I.C. Engines

VI Port timing diagram of Petrol engine

VII Port timing diagram of Diesel engine

VIII | Valve timing diagram of Petrol engine

IX Valve timing diagram of Diesel engine

X Study of petrol and diesel engine components and Models

30. MEASUREMENTS & METROLOGY

UNIT-I: Introduction to measurements: Definition of measurement; Significance of
measurement; Methods of measurements: Direct & Indirect; Generalized measuring system;
Standards of mea- surements: Primary & Secondary; Factors influencing selection of
measuring instruments; Terms applicable to measuring instruments: Precision and Accuracy,
Sensitivity and Repeatability, Range, Threshold, Hysteresis, calibration; Errors in
Measurements: Classification of errors, Systematic and Random error.

Measuring instruments: Introduction; Thread measurements: Thread gauge micrometre;
Angle measurements: Bevel protractor, Sine Bar; Gauges: plain plug gauge, ring Gauge, snap
gauge, limit gauge; Comparators: Characteristics of comparators, Types of comparators;
Surface finish: Definition, Terminology of surface finish, Tal surf surface roughness tester; Co-
ordinating measuring machine.

Unit-II: Transducers and Strain gauges: Introduction; Transducers: Characteristics,
classification of transducers, two coil self-inductance transducer, Piezoelectric transducer;
Strain Measurements: Strain gauge, Classification, mounting of strain gauges, Strain gauge
rosettes-two and three elements.

Measurement of force, torque, and pressure: Introduction; Force measurement: Spring
Balance, Proving ring, Load cell; Torque measurement: Prony brake, Eddy current, Hydraulic
dynamometer; Pressure measurement: Mcloed gauge.

Unit-III: Applied mechanical measurements: Speed measurement: Classification of
tachometers, Revolution counters, Eddy current tachometers; Displacement measurement:
Linear variable Differential transformers (LVDT); Flow measurement: Rotometers, Turbine
meter; Temperature measurement: Resistance thermometers, Optical Pyrometer.

Miscellaneous measurements: Humidity measurement: hair hygrometer; Density
measurement: hydrometer; Liquid level measurement: sight glass, Float gauge; Biomedical
measurement: Sphygmo monometer.

Unit-IV: Limits, Fits & Tolerances: Concept of Limits, Fits, and Tolerances; Selective
Assembly; Interchangeability; Hole And Shaft Basis System; Taylor’s Principle; Design of Plug;
Ring Gauges; IS 919-1993 (Limits, Fits & Tolerances, Gauges} IS 3477-1973; concept of multi
gauging and inspection.

Angular Measurement: Concept; Instruments For Angular Measurements; Working and Use
of Uni- versal Bevel Protractor, Sine Bar, Spirit Level; Principle of Working of Clinometers;
Angle Gauges (With Numerical on Setting of Angle Gauges).

Screw thread Measurements: ISO grade and fits of thread; Errors in threads; Pitch errors;
Measurement of different elements such as major diameter, minor diameter, effective
diameter, pitch;

Two wire method; Thread gauge micrometer; Working principle of floating carriage dial
micrometer.

Unit-V: Gear Measurement and Testing: Analytical and functional inspection; Rolling test;
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Measurement of tooth thickness (constant chord method); Gear tooth vernier; Errorsin gears
such as backlash, runout, composite.

Machine tool testing: Parallelism; Straightness; Squareness; Coaxiallity; roundness; run out;
alignment testing of machine tools as per IS standard procedure.

31. STRENGTH OF MATERIALS

UNIT-I: Simple Stresses and Strains: Types of forces; Stress, Strain and their nature;
Mechanical properties of common engineering materials; Significance of various points on
stress - strain dia- gram for M.S. and C.I. specimens; Significance of factor of safety; Relation
between elastic constants; Stress and strain values in bodies of uniform section and of
composite section under the influence of normal forces; Thermal stresses in bodies of uniform
section and composite sections; Related nu- merical problems on the above topics.

Strain Energy: Strain energy or resilience, proof resilience and modulus of resilience;
Derivation of strain energy for the following cases: i) Gradually applied load, ii) Suddenly
applied load, iii) Impact/ shock load; Related numerical problems.

Unit-1I: Shear Force & Bending Moment Diagrams: Types of beams with examples: a)
Cantilever beam, b) Simply supported beam, c) Over hanging beam, d) Continuous beam, e)
Fixed beam; Types of Loads - Point load, UDL and UVL; Definition and explanation of shear
force and bending moment; Calculation of shear force and bending moment and drawing the
S.F and B.M. diagrams by the analyt- ical method only for the following cases: a) Cantilever
with point loads, b) Cantilever with uniformly distributed load, c) Simply supported beam
with pointloads, d) Simply supported beam with UDL, e) Over hanging beam with point loads,
at the centre and at free ends, f) Over hanging beam with UDL throughout, g) Combination of
point and UDL for the above; Related numerical problems.

Unit-III: Theory of Simple Bending and Deflection of Beams: Explanation of terms: Neutral
layer, Neutral Axis, Modulus of Section, Moment of Resistance, Bending stress, Radius of
curvature; As- sumptions in theory of simple bending; Bending Equation M/l =¢/Y = E/R with
derivation; Problems involving calculations of bending stress, modulus of section and
moment of resistance; Calculation of safeloads and safe span and dimensions of cross- section;
Definition and explanation of deflection as applied to beams; Deflection formulae without
proof for cantilever and simply supported beams with point load and UDL only (Standard
cases only); Related numerical problems.

Unit-1V: Torsion in Shafts and Springs: Definition and function of shaft; Calculation of polar
M.L for solid and hollow shafts; Assumptions in simple torsion; Derivation of the equation
T/]=f /R=GB/L; Problems on design of shaft based on strength and rigidity; Numerical
Problems related to com- parison of strength and weight of solid and hollow shafts;
Classification of springs; Nomenclature of closed coil helical spring; Deflection formula for
closed coil helical spring (without derivation); stiffness of spring; Numerical problems on
closed coil helical spring to find safe load, deflection, size of coil and number of coils.

Unit-V: Thin Cylindrical Shells: Explanation of longitudinal and hoop stresses in the light of
cir- cumferential and longitudinal failure of shell; Derivation of expressions for the
longitudinal and hoop stress for seamless and seam shells; Related numerical Problems for
safe thickness and safe working pressure.

THERMAL ENGINEERING - 11
UNIT-I: Gas Turbines: Air-standard Brayton cycle; Description with p-v and T-S diagrams;
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Gas tur- bines Classification: open cycle gas turbines and closed cycle gas turbines; comparison
of gas turbine with reciprocating I.C. engines and steam turbines. Applications and limitations
of gas turbines; Gen- eral lay-out of Open cycle constant pressure gas turbine; P-V and T-S
diagrams and working; General lay-out of Closed cycle gas turbine; P-V and T-S diagrams and
working.

Jet Propulsion: Principle of jet propulsion; Fuels used for jet propulsion; Applications of jet
propul- sion; Working of a turbojet engine; Principle of Ram effect; Working of a Ram jet
engine; Principle of Rocket propulsion; Working principle of a rocket engine; Applications of
rocket propulsion; Comparison of jet and rocket propulsions.

Unit-II: Properties of Steam: Formation of steam under constant pressure; Industrial uses of
steam; Basic definitions: saturated liquid line, saturated vapour line, liquid region, vapour
region, wet region, superheat region, critical point, saturated liquid, saturated vapour,
saturation temperature, sensible heat, latent heat, wet steam, dryness fraction, wetness
fraction, saturated steam, superheated steam, degree of superheat; Determination of enthalpy,
internal energy, internal latent heat, entropy of wet, dry and superheated steam at a given
pressure using steam tables and Mollier chart for the following processes: Isochoric process,
Isobaric process, Hyperbolic process, Isothermal process, Isentropic process, Throttling
process, Polytropic process; Simple direct problems on the above using tables and charts;
Steam calorimeters: Separating, throttling, Combined Separating and throttling calorim- eters
- problems.

Unit-III: Steam Generators: Function and use of steam boilers; Classification of steam
boilers with examples; Brief explanation with line sketches of Cochran, Babcock and Wilcox
Boilers; Compari- son of water tube and fire tube boilers; Description with line sketches and
working of modern high pressure boilers Lamont and Benson boilers; Boiler mountings:
Pressure gauge, water level indi- cator, fusible plug, blow down cock, stop valve, safety valve,
(dead weight type, spring loaded type, high pressure and low water safety alarm); Boiler
accessories: feed pump, economiser, super heater and air pre-heater; Study of steam traps &
separators; Explanation of the terms: Actual evaporation, equivalent evaporation, factor of
evaporation, boiler horse power and boiler efficiency; Formula for the above terms without
proof; Simple direct problems on the above; Draught systems (Natural, forced & induced).

Unit-1V: Steam Nozzles: Flow of steam through nozzle; Velocity of steam at the exit of nozzle
in terms of heat drop using analytical method and Mollier chart; Discharge of steam through
nozzles; Critical pressure ratio; Methods of calculation of cross-sectional areas at throat and
exit for maxi- mum discharge; Effect of friction in nozzles and Super saturated flow in nozzles;
Working steam jet injector; Simple numerical problems.

Unit-V: Steam Turbines: Classification of steam turbines with examples; Difference between
im- pulse & reaction turbines; Principle of working of a simple Delavel turbine with line
diagrams- Velocity diagrams; Expression for work done, axial thrust, tangential thrust, blade
and diagram efficiency, stage efficiency, nozzle efficiency; Methods of reducing rotor speed;
compounding for velocity, for pressure or both pressure and velocity; Working principle with
line diagram of a Parson’s Reaction turbine-velocity diagrams; Simple problems on single
stage impulse turbines (without blade friction) and reaction turbine including data on blade
height. Bleeding, re-heating and re-heating factors (Problems omitted); Governing of steam
turbines: Throttle, By-pass & Nozzle control governing.

MATERIAL TESTING LAB

S.No. | Topics for practice




Prepare a specimen and examine the microstructure of the Ferrous and Non- ferrous

I metals using the Metallurgical Microscope.

I Detect the cracks in the specimen using (i) Visual inspection and ring test (ii) Die
penetration test (iii) Magnetic particle test.

I Determination of Rockwell’s Hardness Number for various materials like mild steel,
high carbon steel, brass, copper and aluminium.

v Finding the resistance of materials to impact loads by Izod test and Charpy test.

Vv Torsion test on mild steel - relation between torque and angle of twist
determination of shear modulus and shear stress.

VI Finding Young’s Modulus of Elasticity, yield points, percentage elongation and
percentage reduction in area, stress strain diagram plotting, tests on mild steel.

VII Determination of modulus of rigidity, strain energy, shear stress and stiffness by
load de-
flection method (Open & Closed coil spring)

VIII | Single or double Shear test on M.S. bar to finding the resistance of material to shear

load.

34. MEASUREMENTS & METROLOGY LAB

35.

S.No. Topics for practice
I Measure the diameter of a wire using micrometre and compare the result with
digital micrometre
II Measure the angle of the machined surface using sine bar with slip gauges.
I Measure the angle of a V-block / Taper Shank of Drill / Dovetail using universal
bevel protractor.
Measure the dimensions of ground MS flat/cylindrical bush using Vernier Caliper
1\ . - . . .
com- pare with Digital/Dial Vernier Caliper.
\' Measure the geometrical dimensions of V-Thread using thread Vernier gauge.
VI Measure the thickness of ground MS plates using slip gauges

THERMAL ENGINEERING LAB-II

S.No. | Topics for practice

I Study of high pressure boiler with model

II Study of boiler mountings and accessories

III Conduct performance test on VCR test rig to determine COP of the refrigerator
1\ Conduct performance test on multi stage reciprocating compressor

\' Conduct Morse test to determine the indicated power of individual cylinders
VI Conduct Performance test on 2-S CI/SI engine.
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VII Conduct Performance test on 4-S CI/SI engine.

VIII Conduct Heat balance test on CI/SI engine..

IX Conduct Economical speed test on 4-S CI/SI engine.

X Thermal conductivity test on 1) Thick slab 2) Composite wall 3) Thick cylinder
XI Leak detection of refrigeration equipment

XII Conduct performance test on A/C test rig to determine COP of the refrigerator

ADVANCED MANUFACTURING PROCESSES

UNIT-I: Jigs & Fixtures: Definition of jig; Types of jigs: Leafjig, Box and Handle jig, Template
jig, Plate jig, Indexing jig, Universal jig, Vice jigs - constructional details of the above jigs;
General consid- eration in the design of drill jigs; Drill bush; Types of fixtures: Vice fixtures,
Milling fixtures, Boring fixtures, Grinding fixtures - constructional details of the above
fixtures; Basic principles of location; Locating methods and devices; Basic principles of the
clamping; Types of clamps: Strap clamps, Cam clamps, Screw clamps, Toggle clamps,
Hydraulic and Pneumatic clamps.

Unit-II: Jig Boring: Introduction; Jig boring on vertical milling machine; Types jig boring
machines: Open front machine, Cross rail type machine - constructional details & their
working; System of location of holes.

Plastic Processing: Processing of plastics; Moulding processes: Injection moulding,
Compression moulding, Transfer moulding; Extruding; Casting; Calendering; Fabrication
methods-Sheet forming, Blow moulding, Laminating plastics (sheets, rods & tubes),
Reinforcing; Applications of Plastics.

Unit-1Il: Modern Machining Processes: Introduction - comparison with traditional
machining; Ul- trasonic Machining: principle, Description of equipment, applications; Electric
Discharge Machining: Principle, Description of equipment, Dielectric fluid, tools (electrodes),
Process parameters, Output characteristics, applications; Wire cut EDM: Principle,
Description of equipment, Controlling param- eters; applications; Abrasive Jet Machining:
principle, description of equipment, application; Laser Beam Machining: principle,
description of equipment, application; Electro Chemical Machining: de- scription of
equipment, application.

Unit-IV: CNC Milling Machines: Vertical and horizontal machining center: Constructional
features, Axis identification, Electronic control system. Automatic tool changer and tool
magazine. CNC pro- gramming: Preparatory functions (G code), miscellaneous functions (M
code), Part programming including subroutines and canned cycles. Principles of computer
aided part programming.

Machine Tool Automation: Introduction and Need; (A) Single spindle automates, transfer
lines.

(B) Elements of control system, Limit switches, Proximity switches, Block diagram for
feedback and
servo control system, Introduction to PLC, Block diagram of PLC.

Unit-V: Special Purpose Machines (SPM): Concept, General elements of SPM, Productivity
im- provement by SPM, Principles of SPM design.

Maintenance of Machine Tools: Types of maintenance, Repair cycle analysis, Repair
complexity, Maintenance manual, Maintenance records, Housekeeping. Introduction to Total




Productive Mainte- nance (TPM).

37. THEORY OF MACHINES & MECHANISMS
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UNIT I: Cams and Followers: Concept; Definition and application of Cams and Followers;
Classi- fication of Cams and Followers; Different follower motions and their displacement
diagrams like uniform velocity, SHM, uniform acceleration and Retardation; Drawing of
profile of radial cam with knife-edge and roller follower with and without offset with
reciprocating motion (graphical method).

UNIT II: Power Transmission: Types of Drives - Belt, Chain, Rope, Gear drives & their
comparison; Belt Drives - flat belt, V- belt & its applications; Material for flat and V-belt; Angle
oflap, Beltlength. Slip and Creep; Determination of Velocity Ratio, Ratio of tight side and slack
side tension; Centrifugal tension and Initial tension; Condition for maximum power
transmission (Simple numericals); Chain Drives - Advantages & Disadvantages; Selection of
Chain & Sprocket wheels; Methods of lubrication; Gear Drives - Spur gear terminology; Types
of gears and gear trains, their selection for different applications; Train value & Velocity ratio
for compound, reverted and simple epicyclic gear train; Methods of lubrication; Law of
gearing; Rope Drives - Types, applications, advantages & limitations of Steel ropes.

UNIT III: Flywheel and Governors: Flywheel - Concept, function and application of flywheel
with the help of turning moment diagram for single cylinder 4-Stroke I.C. Engine (no
Numericals); Co- efficient of fluctuation of energy, Coefficient of fluctuation of speed and its
significance; Governors

- Types and explanation with neat sketches (Centrifugal, Watt and Porter); Concept,
function and

applications & Terminology of Governors; Comparison between Flywheel and Governor.

UNIT IV: Brakes, Dynamometers, Clutches & Bearings: Function of brakes and
dynamometers; Types of brakes and Dynamometers; Comparison between brakes and
dynamometers; Construction and working of i) shoe brake, ii) Band Brake, iii) Internal
expanding shoe brake iv) Disc Brake; Con- cept of Self Locking & Self energizing brakes;
Numerical problems to find braking force and braking torque for shoe & band brakes;
Construction and working of i) Rope Brake Dynamometer, ii) Hydrau- lic Dynamometer, iii)
Eddy current Dynamometers; Clutches- Uniform pressure and Uniform Wear theories;
Function of Clutch and its application; Construction and working of i) Single plate clutch,

ii) Multiplate clutch, iii) Centrifugal Clutch iv) Cone clutch and v) Diaphragm clutch. (Simple
numer- icals on single and Multiplate clutch); Bearings - i) Simple Pivot, ii) Collar Bearing, iii)
Conical pivot. Torque & power lost in friction (no derivation). Simple numericals.

UNIT V: Balancing & Vibrations: Concept of balancing; Balancing of single rotating mass;
Graphical method for balancing of several masses revolving in same plane; Concept and
terminology used in vibrations, Causes of vibrations in machines; their harmful effects and
remedies.

INDUSTRIAL ENGINEERING & MANAGEMENT

UNIT-I: Plant Engineering: Plant; Selection of site of industry; Plant layout; Principles of a
good layout; Types; Process; Product and Fixed position; Techniques to improve Layout;
Principles of Material handling equipment; Plant maintenance; Importance; Break down
maintenance; Preventive maintenance and Scheduled maintenance.



Plant Safety: Importance; Accident: Causes and Cost of an Accident, Accident Proneness,
Prevention of Accidents; Industrial disputes; Settlement of Industrial disputes; Collective
bargaining; Conciliation; Mediation; Arbitration; Indian Factories Act 1948 and its provisions
related to health, welfare and safety.

UNIT-II: Work Study: Productivity; Standard of living; Method of improving Productivity;
Objectives; Importance of good working conditions.

Method Study: Definition; Objectives; Selection of a job for method study; Basic procedure
for con- duct of Method study; Tools used; Operation process chart; Flow process chart; Two
handed process chart; Man Machine chart; String diagram and flow diagram.

Work Measurement: Definition; Basic procedure in making a time study; Employees rating
fac- tor; Application of time allowances: Rest, Personal, Process, Special and Policy
allowances; Calculation of standard time; Numerical Problems; Basic concept of production
study; Techniques of Work Measurement; Ratio delay study; Synthesis from standard data;
Analytical estimating and Pre deter- mined Motion Time System (PMTS).

UNIT-III: Production Planning and Control: Introduction; Major functions of Production
Planning and Control; Pre planning; Methods of forecasting; Routing and Scheduling;
Dispatching and Con- trolling; Concept of Critical Path Method (CPM); Types of Production:
Mass Production, Batch Production and Job Order Production; Characteristics; Economic
Batch Quantity (EBQ); Principles of Product and Process Planning; Make or Buy decision;
Numerical problems.

Quality Control: Definition; Objectives; Types of Inspection: First piece, Floor and
Centralized Inspection; Advantages and Disadvantages; Statistical Quality Control; Types of
Measurements; Method of Variables; Method of Attributes; Uses of X, R, p and c charts;
Operating Characteristics curve (0.C curve); Sampling Inspection; Single and Double
Sampling plan; Concept of ISO 9001:2008 Quality Management System
Registration/Certification procedure; Benefits of ISO to the organization.

UNIT-IV: Principles of Management: Definition of Management; Administration;
Organization; F.W. Taylor’s and Henry Fayol’s Principles of Management; Functions of
Manager; Types of Organization: Line, Staff, Taylor’s Pure functional types; Line and staff and
committee type; Directing; Leadership; Styles of Leadership; Qualities of a good leader;
Motivation; Positive and Negative Motivation; Mod- ern Management Techniques; Just In
Time; Total Quality Management (TQM); Quality circle; Zero defect concept; 5S Concept;
Management Information Systems. Personnel Management: Responsibility of Human
Resource Management; Selection Procedure; Training of Workers; Apprentice Training; On
the Job training and Vestibule School Training; Job Evaluation and Merit Rating; Objectives
and Importance; Wages and Salary Administration; Components of Wages; Wage Fixation;
Type of Wage Payment: Halsey’s 50% Plan, Rowan’s Plan and Emerson’s efficiency plan;
Numerial Problems.

UNIT-V: Financial Management: Fixed and Working Capital; Resources of Capital; Shares
Prefer- ence and Equity Shares; Debentures; Type of debentures; Public Deposits; Factory
Costing: Direct Cost; Indirect Cost; Factory Overhead; Selling Price of a product; Profit;
Numerical Problems; Depre- ciation; Causes; Methods: Straight line, sinking fund and
percentage on Diminishing Value Method; Numerical Problems.

Material Management: Objectives of good stock control system; ABC analysis of Inventory;
Pro- curement and Consumption cycle; Minimum Stock, Lead Time, Reorder Level-Economic
Order Quan- tity problems; Supply Chain.
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CAD/CAM LAB

S.No. | Topics for practice
Introduction: Part modelling; Datum Plane; constraint; sketch; dimensioning; ex-
trude; revolve; sweep; blend; protrusion; extrusion; rib; shell; hole; round;
chamfer; copy; mirror; assembly; align; orient.
PART-A Exercises: 3D Drawings of
1). Geneva Wheel; 2). Bearing Block; 3). Bushed bearing: 4). Gib and Cotter joint;
5). Screw Jack; 6). Connecting Rod:
Note: Print the orthographic view and sectional view from the above assembled
3D
drawing.
CNC Programming and Machining:
Introduction; 1). Study of CNC lathe, milling; 2). Study of international standard
codes: G-Codes and M-Codes; 3). Format - Dimensioning methods;
4). Program writing - Turning simulator - Milling simulator, IS practice -
commands menus; 5). Editing the program in the CNC machines; 6). Execute the
program in the CNC machines;
Exercises:
Note: Print the Program from the Simulation Software and make the Component in
the CNC Machine.
CNC Turning Machine: (Material: Aluminium/Acrylic/Plastic rod)
1. Using Linear and Circular interpolation - Create a part program and produce
PART-B com- ponent in the Machine.

2. Using Stock removal cycle - Create a part program for multiple turning
operations and produce component in the Machine.

3. Using canned cycle - Create a part program for thread cutting, grooving and
pro- duce component in the Machine.

CNC Milling Machine (Material: Aluminium/ Acrylic/ Plastic)
1. Using Linear interpolation and Circular interpolation - Create a part
program for grooving and produce component in the Machine.
2. Using canned cycle - Create a part program for drilling, tapping, counter
sinking and produce component in the Machine.
3. Usingsubprogram - Create a part program for mirroring and produce
component in the Machine.

MANUFACTURING ENGINEERING LAB-II

S.No. Topics for
practice
: Drilling Exercise (Three different sized holes for different materials maintaining
uniform
distance between them)
11 Milling-square-hexagon from round bars with indexing and without indexing
I1 Generation of spur gear teeth on a round bar
I\Y% Simple planning exercise cutting ‘T’ slots (one model)
\Y Shaping a Hexagon on a round bar, key ways, grooves splines
VI Shaping step block cut dovetail to angles 60, 90, 120 degrees
VII Cylindrical grinding of external surface and internal surface using universal

grinding machines
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VIII Grinding Cutting tools to the required angles

IX Grinding of milling cutters etc, on a tool and cutter grinder

X Grinding flat surface on a surface grinder using magnetic chuck and clamping
devices

X1 Dismantling some of the components of drilling machine and service, assemble
the same

XII Dismantling some of the components of shaper head and then assemble the
same

X1l Dismantling some of the components of Milling machines and service, assemble
the same

XV Servicing of universal grinding machine

Design of Machine Elements

UNIT-I: Introduction to Design: Machine Design philosophy and Procedures; General
Consider- ations in Machine Design; Fundamentals: Types of loads, concepts of stress, Strain,
Stress - Strain Diagram for Ductile and Brittle Materials, Types of Stresses; Bearing pressure
Intensity; Crushing; Bending and Torsion; Principal Stresses; Simple Numericals; Creep
strain and Creep Curve; Fatigue; S-N curve; Endurance Limit; Factor of Safety and Factors
governing selection of factor of Safety; Stress Concentration: Causes & Remedies; Converting
actualload or torque into design load or torque using design factors like velocity factor, factor
of safety & service factor; Properties of Engineering materi- als; Designation of materials as
per IS and introduction to International standards & advantages of standardization; Use of
design data book; Use of standards in design and preferred numbers series; Theories of
Elastic Failures; Principal normal stress theory; Maximum shear stress theory & Maxi- mum
distortion energy theory.

UNIT-II: Design of simple machine parts: Cotter Joint; Knuckle Joint; Turnbuckle; Design of
Levers: Hand/Foot Lever & Bell Crank Lever; Design of C-Clamp; Off-set links; Overhang
Crank; Arm of Pul- ley.

Antifriction Bearings: Classification of Bearings; Sliding contact & Rolling contact;
Terminology of Ball bearings: Life Load relationship, Basic static load rating and Basic
dynamic load rating, limiting speed; Selection of ball bearings using manufacturer’s
catalogue.

UNIT-III: Design of Shafts, Keys, Couplings and Spur Gears: Types of Shafts; Shaft
materials; Stan- dard Sizes; Design of Shafts (Hollow and Solid) using strength and rigidity
criteria; ASME code of design for line shafts supported between bearings with one or two
pulleys in between or one over- hung pulley; Design of Sunk Keys; Effect of Keyways on
strength of shaft; Design of Couplings - Muff Coupling, Protected type Flange Coupling, Bush-
pin type flexible coupling; Spur gear design consid- erations; Lewis equation for static beam
strength of spur gear teeth; Power transmission capacity of spur gears in bending.

UNIT-1V: Design of Power Screws: Thread Profiles used for power Screws - Relative merits
and de- merits of each; Torque required to overcome thread friction; Self-locking and
overhauling property;

Efficiency of power screws; Types of stresses induced; Design of Screw Jack; Toggle Jack.

Design of springs: Classification and Applications of Springs; Spring terminology; Materials
and Specifications; Stresses in springs; Wahl’s correction factor; Deflection of springs; Energy
stored in springs; Design of Helical, Tension and Compression springs subjected to uniform
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applied loads like
I.C. engine valves, Weighing balance, Railway buffers and Governor springs; Leaf springs:
Construc- tion and Application.

UNIT-V: Design of Fasteners: Stresses in Screwed fasteners; Bolts of Uniform Strength;
Design of Bolted Joints subjected to eccentric loading; Design of Parallel and Transverse fillet
welds; Axially loaded symmetrical section; Merits and demerits of screwed and welded
joints.

Ergonomics & Aesthetic consideration in design: Ergonomics of Design: Man-Machine
relation- ship; Design of Equipment for control, environment & safety; Aesthetic
considerations regarding shape, size, color & surface finish.

PRODUCTION & OPERATIONS MANAGEMENT

UNIT-I: Process Planning and Process Engineering: Process Planning: Introduction,
Function, Pre-requisites and steps in process planning, Factors affecting process planning,
Make or buy de- cision, plant capacity and machine capacity. Process Engineering:
Preliminary Part Print Analysis: Introduction, Establishing the General Characteristics of
work piece, determining the principal Pro- cess, Functional surfaces of the work piece, Nature
of the work to be Performed, Finishing and identi- fying operations. Dimensional Analysis:
Introduction, types of dimensions, measuring the Geometry of form, Baselines, Direction of
specific dimensions. Tolerance Analysis: Causes of work piece varia- tion, Terms used in work
piece dimensions, Tolerance stacks. Work piece Control: Introduction, Equi- librium Theories,
Concept of location, Geometric Control, Dimensional control, Mechanical control.

UNIT-II: Production Forecasting: Introduction of production forecasting, The strategic role
of fore- casting in supply chain, Time frame, Demand behavior, Forecasting methods-
Qualitative and Quan- titative, Forecast accuracy.

Scheduling:

Introduction, Objectives in scheduling, Loading, Sequencing, Monitoring, Advanced
Planning and Scheduling Systems, Theory of Constraints, Employee scheduling.

UNIT-III: Break-Even Analysis: Introduction, Break-even analysis charts, Breakeven
analysis for process, plant and equipment selection.

Aggregate Operations Planning: Aggregate production planning, Adjusting capacity to
meet the demand, Demand management, Hierarchical and collaborative planning, Aggregate
planning for ser- vices.

UNIT-1V: Assembly Line Balancing: Assembly lines, Assembly line balancing, Splitting tasks,
Flexi- ble and U-shaped line layouts, Mixed model line balancing, Current thoughts on
assembly lines, Com- puterized assembly line balancing.

UNIT-V: Material Management: Introduction, Importance and objectives, Purchasing and
Stores: policies and procedures, Vendor development, selection, analysis and rating.

43. Construction Materials
Unit - I: Overview of Construction Materials

e Scope of construction materials in Building Construction, Transportation Engineering,
Environmental Engineering, Irrigation Engineering (applications only).



e Selection of materials for different civil engineering structures on the basis of strength,
durability, Eco friendly and economy.

e Broad classification of materials -, Natural, Artificial, special, finishing and recycled.

Unit - II: Natural Construction Materials

e Requirements of good building stone; general characteristics of stone; quarrying
anddressing methods and tools for stone.

e  Structure of timber, general properties and uses of good timber, different methods
of seasoning for preservation of timber, defects in timber, use of bamboo in
construction.

e  Asphalt, bitumen and tar used in construction, properties and uses.
e  Properties of lime, its types and uses.

e Types of soil and its suitability in construction.

e Properties of sand and uses

e (lassification of coarse aggregate according to size

Unit- III: Artificial Construction Materials

e Constituents of brick earth, Conventional / Traditional bricks, Modular and Standard
bricks, Special bricks -fly ash bricks, Characteristics of good brick, Field tests on Bricks,
Classification of burnt clay bricks and their suitability, Manufacturing process of burnt
clay brick, fly ash bricks, Aerated concrete blocks.

e Flooring tiles - Types, uses

e  Manufacturing process of Cement - dry and wet (only flow chart), types of cement and
itsuses. field tests on cement.

e  Pre-cast concrete blocks- hollow, solid, pavement blocks, and their uses.

e Plywood, particle board, Veneers, laminated board and their uses.

e  Types of glass: soda lime glass, lead glass and borosilicate glass and their uses.
e Ferrous and non-ferrous metals and their uses.

Unit- IV: Special Construction Materials

e Types of material and suitability in construction works of following materials: Water
proofing, Termite proofing; Thermal and sound insulating materials.

e Fibers - Types -Jute, Glass, Plastic Asbestos Fibers, (only uses).

e  Geopolymer cement: Geo-cement: properties, uses.

Unit- V: Processed Construction Materials
e Constituents and uses of POP (Plaster of Paris), POP finishing boards, sizes and uses.

e Paints- whitewash, cement paint, Distempers, Oil Paints and Varnishes with their uses.
(Situations where used).

e Industrial waste materials- Fly ash, Blast furnace slag, Granite and marble polishing
waste and their uses.

e  Agro waste materials - Rice husk, Bagasse, coir fibres and their uses.

e Special processed construction materials; Geosynthetic, Ferro Crete, Artificial timber,
Ar-tificial sand and their uses.

44. Basic Surveying
Unit - I Overview and Classification of Survey
e Survey- Purpose and Use.

e Types of surveying- Primary and Secondary, Classification: Plane, Geodetic, Cadastral,
Hydro-graphic, Photogrammetry and Aerial.



Principles of Surveying.
Scales: Engineer’s scale, Representative Fraction (RF) and diagonal scale.

Unit- II Chain Surveying

Instruments used in chain survey: Metric Chain, Tapes, Arrow, Ranging rod, Line ranger,
Off-set rod, Open cross staff, Optical square.

Chain survey Station, Base line, Check line, Tie line, Offset, Tie station.
Ranging: Direct and Indirect Ranging.
Methods of Chaining, obstacles in chaining.

Errors in length: Instrumental error, personal error, error due to natural cause, random
error.

Principles of triangulation.
Types of offsets: Perpendicular and Oblique.
Conventional Signs, Recording of measurements in a field book.

Unit- III Compass Traverse Survey

Compass Traversing- open, closed.

Technical Terms: Geographic/ True Magnetic Meridians and Bearings, Whole Circle
Bearing system and Reduced Bearing system and examples on conversion of given
bearing to anotherbearing (from one form to another), Fore Bearing and Back Bearing,
Calculation of internal and external angles from bearings at a station, Dip of Magnetic
needle, Magnetic Declination.

Components of Prismatic Compass and their Functions, Methods of using Prismatic
Com- pass- Temporary adjustments and observing bearings.

Local attraction, Methods of correction of observed bearings - Correction at station and
cor-rection to included angles.

Methods of plotting a traverse and closing error, Graphical adjustment of closing error.

Unit- IV Levelling and Contouring

Basic terminologies: Level surfaces, Horizontal and vertical surfaces, Datum, Bench
Marks- GTS, Permanent, Arbitrary and Temporary, Reduced Level, Rise, Fall, Line of
collimation, Sta-tion, Back sight, Fore sight, Intermediate sight, Change point, Height of
instruments.

Types of levels: Dumpy, Tilting, Auto level, Digital level, Components of Dumpy Level and
its

fundamental axes, Temporary adjustments of Level.

Types of Leveling Staff: Self-reading staff and Target staff.

Reduction of level by Line of collimation and Rise and Fall Method.

Leveling Types: Simple, Differential, Fly, Profile and Reciprocal Leveling.

Contour, contour intervals, horizontal equivalent.

Uses of contour maps, Characteristics of contours, Methods of Contouring: Direct and
indi-rect.

Unit- V Measurement of Area and Volume

Components and use of Digital planimeter.
Measurement of area using digital planimeter.

Measurement of volume of reservoir from contour map.

4.5, Mechanics of Material

Unit - | Moment of Inertia

Moment of inertia (M.1.): Definition, M.I. of plane lamina, Radius of gyration, section mod-



ulus, Parallel and Perpendicular axes theorems (without derivations), M.I. of rectangle,
square, circle, semi-circle, quarter circle and triangle section (without derivations).

M.I. of symmetrical and unsymmetrical I-section, Channel section, T-section, Angle
section, Hollow sections and built up sections about centroidal axes and any other
referenceaxis.

Polar Moment of Inertia of solid circular sections.

Unit- II Simple Stresses and Strains

Definition of rigid, elastic and plastic bodies, deformation of elastic body under various
forces, Definition of stress, strain, elasticity, Hook’s law, Elastic limit, Modulus of
elasticity.

Type of Stresses-Normal, Direct, Bending and Shear and nature of stresses i.e. Tensile and
Compressive stresses.

Standard stress strain curve for tor steel bar under tension, Yield stress, Proof stress, Ul-
timate stress, Strain at various critical points, Percentage elongation and Factor of safety.

Deformation of body due to axial force, forces applied atintermediate sections, Maximum
and minimum stress induced, Composite section under axial loading.

Concept of temperature stresses and strain, Stress and strain developed due to tempera-
ture variation in homogeneous simple bar (no composite section)

Longitudinal and lateral strain, Modulus of Rigidity, Poisson’s ratio, Biaxial and tri-
axial stresses, volumetric strain, change in volume, Bulk modulus (Introduction only).

Relation between modulus of elasticity, modulus of rigidity and bulk modulus (without
derivation).

Unit- III Shear Force and Bending Moment

Types of supports, beams and loads.

Concept and definition of shear force and bending moment, Relation between load,
shear force and bending moment (without derivation).

Shear force and bending moment diagram for cantilever and simply supported beams
subjected to pointloads, uniformly distributed loads and couple (combination of any two
types of loading), point of contra flexure.

Unit- IV Bending and Shear Stresses in beams

Concept and theory of pure bending, assumptions, flexural equation (without deriva-
tion), bending stresses and their nature, bending stress distribution diagram.

Concept of moment of resistance and simple numerical problems using flexural equation.

Shear stress equation (without derivation), relation between maximum and
average shear stress for rectangular and circular section, shear stress distribution
diagram.

Shear stress distribution for square, rectangular, circle, hollow, square, rectangular, cir-
cular, angle sections, channel section, [-section, T section. Simple numerical problems
based on shear equation.

Unit- V Columns

Concept of compression member, short and long column, Effective length, Radius of gy-
ration, Slenderness ratio, Types of end condition for columns, Buckling of axially loaded
columns.

Euler’s theory, assumptions made in Euler’s theory and its limitations, Application of Eu-



ler’s equation to calculate buckling load.
Rankine’ s formula and its application to calculate crippling load.

Concept of working load/safe load, design load and factor of safety.

46. Building Construction

Unit - I: Overview of Building Components

Classification of Buildings as per National Building Code Group A to I, As per Types of
Con-structions- Load Bearing Structure, Framed Structure, Composite Structure.

Building Components - Functions of Building Components, Substructure -
Foundation, Plinth.

Superstructure - Walls, Partition wall, Cavity wall, Sill, Lintel, Doors and Windows, Floor,
Mezzanine floor, Roof, Columns, Beams, Parapet.

Unit - II: Construction of Substructure

Job Layout: Site Clearance, Layout for Load Bearing Structure and Framed Structure by
Cen-ter Line and Face Line Method, Precautions.

Earthwork: Excavation for Foundation, Timbering and Strutting, Earthwork for embank-
ment, Material for plinth Filling, Tools and plants used for earthwork.

Foundation: Functions of foundation, Types of foundation - Shallow Foundation,
Stepped Footing, Wall Footing, Column Footing, Isolated and Combined Column Footing,
Raft Foun- dation, Grillage Foundation. Deep Foundation - Pile Foundation, Well
foundation and Cais-sons, Pumping Methods of Dewatering, Deep wells, Well points,
Cofferdams (Introduction only).

Unit- III: Construction of Superstructure

Stone Masonry: Terms used in stone masonry- facing, backing, hearting, Through stone,
corner stone, cornice. Types of stone masonry: Rubble masonry, Ashlar Masonry and
theirtypes. Joints in stone masonry and their purpose. Selection of Stone Masonry,
Precautions to be taken in Stone Masonry Construction.

Brick masonry: Terms used in brick masonry- header, stretcher, closer, quoins, course,
face, back, hearting, bat bond, joints, lap, frog line, level and plumb. Bonds in brick
mason- ry- header bond, stretcher bond, English bond and Flemish bond. Requirements
of good brick masonry. Junctions in brick masonry and their purpose and procedure.
Precautions tobe observed in Brick Masonry Construction. Comparison between stone
and Brick Mason- ry. Tools and plants required for construction of stone and brick
masonry. Hollow concreteblock masonry and composite masonry.

Scaffolding and Shoring: Purpose, Types of Scaffolding, Process of Erection and
Disman- tling. Purpose and Types of Shoring, Underpinning. Formwork: Definition of
Formwork, Requirements of Formwork, Materials used in Formwork, Types of
Formwork, Removal offormwork.

Unit- IV: Building Communication and Ventilation

Horizontal Communication: Doors -Components of Doors, Full Paneled Doors,
Part-ly Paneled and Glazed Doors, Flush Doors, Collapsible Doors, Rolling Shutters,
Revolving Doors, Glazed Doors. Sizes of Door recommended by BIS.

Windows: Component of windows, Types of Windows - Full Paneled, Partly Paneled and
Glazed, wooden, Steel, Aluminum windows, Sliding Windows, Louvered Window, Bay
win- dow, Corner window, clear-storey window, Gable and Dormer window, Skylight.
Sizes of Windows recommended by BIS. Ventilators.

Fixtures and fastenings for doors and windows- Material used and functions of Window



Sill and Lintels, Shed / Chajja.

e Vertical Communication: Means of Vertical Communication- Stair Case, Ramps, Lift,
Elevators and Escalators. Terms used in staircase-steps, tread, riser, nosing, soffit, waist
slab, baluster, balustrade, scotia, hand rails, newel post, landing, headroom, winder.
Types of stair- case (On the basis of shape): Straight, dog-legged, open well, Spiral,
quarter turn, bifurcated, Three quarter turn and Half turn, (On the basis of Material):
Stone, Brick, R.C.C., wooden and Metal.

Unit- V: Building Finishes

¢ Floors and Roofs: Types of Floor Finishes and its suitability- Kota, Marble, Granite,
Ceramic Tiles, Vitrified, Chequered Tiles, Paver Blocks, Concrete Floors, wooden
Flooring, Skirting and Dado. Process of Laying and Construction, Finishing and Polishing
of Floors, Roofing Ma-terials- RCC, Mangalore Tiles, AC Sheets, G.1. sheets, Corrugated G.1.
Sheets, Plastic and FibreSheets. Types of Roof: Flat roof, Pitched Roof-King Post truss,
Queen Post Truss, terms used in roofs.

e Wall Finishes: Plastering - Necessity of Plastering, Procedure of Plastering, Single Coat
Plas-ter, Double Coat Plaster, Rough finish, Neeru Finishing and Plaster of Paris (POP).
Special Plasters- Stucco plaster, sponge finish, pebble finish. Plaster Board and Wall
Claddings. Pre- cautions to be taken in plastering, defects in plastering. Pointing -
Necessity, Types of point-ing and procedure of Pointing. Painting -Necessity, Surface
Preparation for painting, Methods of Application.

47. Concrete Technology
Unit - I Cement, Aggregates and Water

e Physical properties of OPC and PPC: fineness, standard consistency, setting time,
soundness,
compressive strength. Different grades of OPC and relevant BIS codes

e Testing of cement: Laboratory tests-fineness, standard consistency, setting time,
soundness,
compressive strength. Storage of cement and effect of storage on properties of
cement.

e BIS Specifications and field applications of different types of cements: Rapid
hardening, Lowheat, Portland pozzolana, Sulphate resisting, Blast furnace slag, High
Alumina and White ce-ment.

e Aggregates: Requirements of good aggregate, Classification according to size and
shape.

e Fine aggregates: Properties, size, specific gravity, bulk density, water absorption and
bulking, fineness modulus and grading zone of sand, silt content and their
specification as per IS 383.Concept of crushed Sand.

e Coarse aggregates: Properties, size, shape, surface texture, water absorption,
soundness, specific gravity and bulk density, fineness modulus of coarse aggregate,
grading of coarse aggregates, crushing value, impact value and abrasion value of
coarse aggregates with spec-ifications.

e Water: Quality of water, impurities in mixing water and permissible limits for solids
as per IS: 456.

Unit- II Concrete

e Concrete: Different grades of concrete, provisions of IS 456.

e Duff Abraham water cement (w/c) ratio law, significance of w/c ratio, selection of
w/c ratiofor different grades, maximum w/c ratio for different grades of concrete for
different expo- sure conditions as per IS 456.



e Properties of fresh concrete: Workability: Factors affecting workability of concrete.
Determi-nation of workability of concrete by slump cone, compaction factor, Vee-Bee
Consistometer.Value of workability requirement for different types of concrete works.
Segregation, bleeding and preventive measures.

e Properties of Hardened concrete: Strength, Durability, Impermeability.

Unit- III Concrete Mix Design and Testing of Concrete

e Concrete mix design: Objectives, methods of mix design, study of mix design as per IS
10262
(only procedural steps).

e Testing of concrete, determination of compressive strength of concrete cubes at
different ages, interpretation and co-relation of test results.

e Non- destructive testing of concrete: Rebound hammer test, working principle of
rebound hammer and factor affecting the rebound index, Ultrasonic pulse velocity test
as per IS13311(part 1 and 2), Importance of NDT tests.

Unit- IV Quality Control of Concrete

e Concreting Operations: Batching, Mixing, Transportation, Placing, Compaction,
Curing and
Finishing of concrete.

e Forms for concreting: Different types of form works for beams, slabs, columns,
materials used for form work, requirement of good form work. Stripping time for
removal of form works perlS 456.

e Waterproofing: Importance and need of waterproofing, methods of waterproofing
and mate-rials used for waterproofing.

e Joints in concrete construction: Types of joints, methods for joining old and new
concrete,
materials used for filling joints.

Unit- V Chemical Admixture, Special Concrete and Extreme Weather concreting

e Admixtures in concrete: Purpose, properties and application for different types of
admixturesuch as accelerating admixtures, retarding admixtures, water reducing
admixtures, air en- training admixtures and super plasticizers.

e Special Concrete: Properties, advantages and limitation of following types of Special
con- crete: Ready mix Concrete, Fiber Reinforced Concrete, High performance
Concrete Self-com-pacting concrete and light weight concrete.

e (Cold weather concreting: effect of cold weather on concrete, precautions to be taken
while concreting in cold weather condition.

e Hot weather concreting: effect of hot weather on concrete, precautions to be taken
while concreting in hot weather condition.

48. Geotechnical Engineering
Unit - I Overview of Geology and Geotechnical Engineering

e Introduction of Geology, Branches of Geology, Importance of Geology for civil
engineering structure and composition of earth, Definition of a rock: Classification
based on their genesis(mode of origin), formation. Classification and engineering uses
of igneous, sedimentary andmetamorphic rocks.

e Importance of soil as construction material in Civil engineering structures and as
foundationbed for structures.



e Field application of geotechnical engineering for foundation design, pavement design,
designof earth retaining structures, design of earthen dam.

Unit- Il Physical and Index Properties of Soil

e Soil as a three phase system, water content, determination of water content by oven
drying method as per BIS code, void ratio, porosity and degree of saturation, density
index. Unit weight of soil mass - bulk unit weight, dry unit weight, unit weight of
solids, saturated unit weight, submerged unit weight. Determination of bulk unit
weight and dry unit weight by core cutter and sand replacement method,
Determination of specific gravity by pycnometer.

e Consistency of soil, Atterberg limits of consistency: Liquid limit, plastic limit and
shrinkage limit. Plasticity index.

e Particle size distribution test and plotting of curve, Determination of effective
diameter of soil, well graded and uniformly graded soils, BIS classification of soil.

Unit- III Permeability and Shear Strength of Soil

e Definition of permeability, Darcy’s law of permeability, coefficient of permeability,
factors affecting permeability, determination of coefficient of permeability by constant
head and fall- ing head tests, simple problems to determine coefficient of
permeability. Seepage through earthen structures, seepage velocity, seepage
pressure, phreatic line, flow lines, application of flow net, (No numerical problems).

e Shear failure of soil, concept of shear strength of soil. Components of shearing
resistance of soil - cohesion, internal friction. Mohr-Coulomb failure theory, Strength
envelope, strength equation for purely cohesive and cohesion less soils. Direct shear
and vane shear test -labo-ratory methods.

Unit- IV Bearing Capacity of Soil

e Bearing capacity and theory of earth pressure. Concept of bearing capacity, ultimate
bearingcapacity, safe bearing capacity and allowable bearing pressure. Introduction
to Terzaghi’s analysis and assumptions, effect of water table on bearing capacity.

e Field methods for determination of bearing capacity - Plate load and Standard
Penetration Test. Test procedures as per [S:1888 & 1S:2131.

e Definition of earth pressure, Active and Passive earth pressure for no surcharge
condition, coefficient of earth pressure, Rankine’s theory and assumptions made for
non-cohesive Soils.

Unit- V Compaction and stabilization of soil

e Concept of compaction, Standard and Modified proctor test as per IS code, Plotting of
Compaction curve for determining: Optimum moisture content(OMC), maximum dry
density(MDD), Zero air voids line. Factors affecting compaction, field methods of
compaction - rolling, ram- ming and vibration. Suitability of various compaction
equipments-smooth wheel roller, sheepfoot roller, pneumatic tyred roller, Rammer
and Vibrator, Difference between compaction andconsolidation.

e Concept of soil stabilization, necessity of soil stabilization, different methods of soil

stabiliza- tion. California bearing ratio (CBR) test - Meaning and Utilization in
Pavement Construction

e Necessity of site investigation and soil exploration: Types of exploration, criteria for
decidingthe location and number of test pits and bores. Field identification of soil -
dry strength test, dilatancy test and toughness test.

49, Construction Materials Lab.

e Identify various sizes of available coarse aggregates from sample of 10 kg in
laboratory and prepare report (60,40, 20,10 mm)



Identify the available construction materials in the laboratory on the basis of their
sources.

Identify the grain distribution pattern in given sample of teak wood in the laboratory
and draw the various patterns. (along and perpendicular to the grains)

Prepare the lime putty by mixing lime (1 kg) with water in appropriate proportion
and pre-pare report on slaking of lime.
Identify various layers and types of soil in foundation pit by visiting at least 3

construction sites in different locations of city and prepare report consisting
photographs and samples. Part |

Identify various layers and types of soil in foundation pit by visiting at least 3
construction sites in different locations of city and prepare report consisting
photographs and samples. Part 11

Select first class, second class and third-class bricks from the stake of bricks and
prepare report on the basis of its properties.

Measure dimensions of 10 bricks and find average dimension and weight. Perform
field tests dropping, striking and scratching by nail and correlate the results obtained.

Identify different types of flooring tiles such as vitrified tiles, ceramic tiles, glazed
tiles, mo- saic tiles, anti- skid tiles, chequered tiles, paving blocks and prepare report
about the speci- fications.

Apply the relevant termite chemical on given damaged sample of timber.
Identify the type of glasses from the given samples.

Apply two or more coats of selected paint on the prepared base of a given wall surface
for the area of 1m x 1m using suitable brush/rollers adopting safe practices. Part 1

Apply two or more coats of selected paint on the prepared base of a given wall surface
for the area of 1m x 1m using suitable brush/rollers adopting safe practices. Part 11

Prepare the cement mortar of proportion 1:3 or 1:6 using artificial sand as a special
pro-cessed construction material.

Prepare mortar using cement and Fly ash or Granite/marble polishing waste in the
proportion 1:6 or 1:3.

50. Basic Surveying Lab

Measure distance between two survey stations using chain, tape and ranging rods
when twostations are inter visible.

Undertake reciprocal ranging and measure the distance between two stations.
Determine area of open field using chain and cross staff survey.

Measure Fore Bearing and Back Bearing of survey lines of open traverse using
PrismaticCompass.

Measure Fore Bearing and back bearing of a closed traverse of 5 or 6 sides and
correct thebearings and included angles for the local attraction.

Undertake Survey Project with chain and compass for closed traverse for minimum
5 sidesaround a building.

Plotthe traverse on A1 size imperial drawing sheet for data collected in Survey Project
men-tioned at practical No.6.

Undertake simple leveling using dumpy level/ Auto level and leveling staff.



Undertake differential levelingand determine Reduced Levels by Height of instrument
meth-od and Rise and fall method using dumpy level /Auto Level and leveling staff.

Undertake fly leveling with double check using dumpy level/ Auto level and leveling
staff.

Undertake Survey Project with Leveling instrument for Profile leveling and cross-
sectioning for a road length of 500 m with cross-section at 30 m interval.

Plot the L-section with minimum 3 cross-sections on A1 size imperial sheet for data
collectedin Survey Project mentioned at practical No.11.

Undertake Survey Project for plotting contour map using block contouring method
for a block of 150m x 150m with grid of 10m x 10m.

Plot the contours on Al size imperial drawing sheet for data collected in Survey
Project men-tioned at practical No.13.

Measure area of irregular figure using Digital planimeter.

51. Mechanics of Material Lab.

Study and understand the use and components of Universal Testing Machine (UTM).
Perform Tension test on mild steel as per [S:432(1).

Perform tension test on Tor steel as per 1S:1608, 1S:1139.

Conduct compression test on sample test piece using Compression Testing Machine.

Conduct Izod Impact test on three metals. e.g. mild steel/ brass/aluminum/ copper
/castiron etc as per [S:1598.

Conduct Charpy Impact test on three metals. e.g. mild steel/ brass/aluminum/ copper
/castiron etc as per 1S:1757.

Determine Water Absorption on bricks per [S:3495 (part 1), 1S:1077 or tile IS:1237.
Determine Compressive strength of dry and wet bricks as per 1S:3495(partI),1S:1077.

Conduct Abrasion Test on flooring tiles (any one) e.g. Mosaic tiles, Ceramic Tiles as
per IS:
13630 (part7), Cement Tile as per IS: 1237.

Perform Single Shear and double shear test on any two metals e.g. Mild steel/
brass/alumi-num/copper / castiron etc as per 1S:5242.

Conduct Compression test on timber section along the grain and across the grain
as perlS:2408.

Plot Shear force and Bending Moment diagrams for cantilever, simply supported
beams.

Plot Shear force and Bending Moment diagrams for overhanging beams for different
typesofloads including moment loading.

Conduct Flexural test on timber beam on rectangular section in both orientation
as per
1S:1708, 1S:2408.

Conduct Flexure test on floor tiles 1S:1237,IS:13630 or roofing tiles as per
[S:654,1S:2690.

52. Concrete Technology Lab

Determine fineness of cement by Blaine’s air permeability apparatus Or by sieving,

Determine specific gravity, standard consistency, initial and final setting times of




cement.

Determine compressive strength of cement.

Determine silt content in sand.

Determine bulking of sand.

Determine bulk density of fine and coarse aggregates.

Determine water absorption of fine and coarse aggregates.

Determine Fineness modulus of fine aggregate by sieve analysis.

Determine impact value of aggregate

10 | Determine crushing value of aggregate.

11 | Determine abrasion value of aggregate.

12 | Determine elongation and flakiness index of coarse aggregates

13 | Determine workability of concrete by slump cone test.

14 | Determine workability of concrete by compaction factor test.

15 | To prepare concrete mix of a particular grade and determine compressive strength|

of con-crete for 7 and 28 days.

16 | Demonstration of NDT equipments.

53. Geotechnical Engineering Lab.

1.
2.

10.
11.
12.
13.
14.

15.

Identification of rocks from the given specimen.

Determine water content of given soil sample by oven drying method as per IS: 2720
(Part-1II).

Determine specific gravity of soil by pycnometer method as per IS 2720 (Part- III).

Determine dry unit weight of soil in field by core cutter method as per IS 2720 (Part-
XXIX).

Determine dry unit weight of soil in field by sand replacement method as per IS 2720
(Part-XXVIII).

Determine Plastic and Liquid Limit along with Plasticity Index of given soil sample as
per IS
2720 (Part- V).

Determine Shrinkage limit of given soil sample as per IS 2720 (Part- V).

Determine grain size distribution of given soil sample by mechanical sieve analysis as
per IS2720 (Part- IV).

Use different types of soil to identify and classify soil by conducting field tests-Through
Visual
inspection, Dry strength test, Dilatancy test and Toughness test.

Determine coefficient of permeability by constant head test as per IS 2720 (Part- XVII).
Determine coefficient of permeability by falling head test as per IS 2720 (Part- XVII).
Determine shear strength of soil by direct shear test as per IS 2720 (Part-XIII).
Determine shear strength of soil by vane shear test as per IS 2720 (Part-XXX).

Determine MDD and OMC by standard proctor test of given soil sample as per IS 2720
(Part-VII).

Determination of CBR value on the field as per 1S2720 (Part - XVI).




54. Hydraulics
Unit - I Pressure measurement and Hydrostatic pressure

Technical terms used in Hydraulics -fluid, fluid mechanics, hydraulics, hydrostatics
and hydrodynamics - ideal and real fluid, application of hydraulics.

Physical properties of fluid - density-specific volume, specific gravity, surface
tension, capillarity, viscosity-Newton’s law of viscosity.

Various types of pressure — Atmospheric Pressure, Gauge Pressure, Absolute
Pressure, Vacuum Pressure. Concept of Pressure head and its unit, Pascal’s law of fluid
pressure andits uses.

Measurement of differential Pressure by different methods.

Variation of pressure with depth, Pressure diagram, hydrostatic pressure and center
of pressure on immersed surfaces and on tank walls.

Determination of total pressure and center of pressure on sides and bottom of water
tanks, sides and bottom of tanks containing two liquids, vertical surface in contact
with liquid on either side

Unit- II Fluid Flow Parameters

Types of flow - Gravity and pressure flow, Laminar, Turbulent, Uniform, Non-
uniform,Steady, Unsteady flow. Reynolds number.

Discharge and its unit, continuity equation of flow.
Energy of flowing liquid: potential, kinetic and pressure energy.

Bernoulli’s theorem : statement, assumptions, equation.

Unit- III Flow through pipes

Major head loss in pipe: Frictional loss and its computation by Darcy’s Weisbach
equation,Use of Moody’s Diagram and Nomogrames.

Minor losses in pipe: loss at entrance, exit, sudden contraction, sudden enlargement
andfittings.

Flow through pipes in series, pipes in parallel and Dupuit’s equation for equivalent
pipe.

Hydraulic gradient line and total energy line.

Water hammer in pipes: Causes and Remedial measures.

Discharge measuring device for pipe flow: Venturi meter - construction and working.

Discharge measurement using Orifice, Hydraulic Coefficients of Orifice.

Unit- IV Flow through Open Channel

Geometrical properties of channel section: Wetted area, wetted perimeter, hydraulic
radi-us for rectangular and trapezoidal channel section.

Determination of discharge by Chezy’s equation and Manning’s equation.
Conditions for most economical rectangular and trapezoidal channel section.
Discharge measuring devices: Triangular and rectangular Notches.

Velocity measurement devices: current meter, floats and Pitot’s tube.

Specific energy diagram, Froudes’ Number

Unit- V Hydraulic Pumps

Concept of pump, Types of pump - centrifugal, reciprocating, submersible.



Centrifugal pump: components and working

Reciprocating pump: single acting and double acting, components and working.
Suction head, delivery head, static head, Manometric head

Power of centrifugal pump.

Selection and choice of pump.

55. Advanced Surveying

Unit - [ Plane Table Surveying

Principles of plane table survey.
Accessories of plane table and their use, Telescopic alidade.

Setting of plane table; Orientation of plane table - Back sighting and Magnetic
meridian method, True Meridian Method.

Methods of plane table surveys- Radiation, Intersection and Traversing.

Merits and demerits of plane table survey.

Unit- Il Theodolite Surveying

Types and uses of Theodolite, Components of transit Theodolite and their functions,
Reading the Vernier of transit Theodolite.

Technical terms- Swinging, Transiting, Face left, Face right.
Fundamental axes of transit Theodolite and their relationship
Temporary adjustment of transit Theodolite.

Measurement of horizontal angle- Direct and Repetition method, Errors
eliminated bymethod of repetition.

Measurement of magnetic bearing of a line, Prolonging and ranging a line, deflection
angle.

Measurement of vertical Angle.
Theodolite traversing by Included angle method and Deflection angle method.
Checks for open and closed traverse, Calculations of bearing from angles.

Traverse computation-Latitude, Departure, Consecutive coordinates, Independent
coordinates, balancing the traverse by Bowditch’s rule and Transit rule, Gale’s
Traverse table computation.

Unit- IIl Tacheometric surveying and Curve setting

Principles of Tacheometry, Tacheometer and its component parts, Anallatic lens.

Tacheometric formula for horizontal distance with telescope horizontal and staff
vertical.

Field method for determining constants of tacheometer, Determining horizontal and
vertical distances with tacheometer by fixed hair method and staff held vertical,
Limitations of tacheometry.

Types of curves used in roads and railway alignments. Designation of curves.

Setting simple circular curve by offsets from long chord and Rankine’s method of
deflection angles.

Unit- IV Advanced surveying equipments

Principle of Electronic Distance Meter (EDM), its component parts and their
Functions, useof EDM.



Use of micro optic Theodolite and Electronic Digital Theodolite.
Use of Total Station, Use of function keys.

Measurements of Horizontal angles, vertical angles, distances and coordinates using
Total Station, Traversing, Profile Survey and Contouring with Total Station.

Unit- V Remote sensing, GPS and GIS

Remote Sensing - Overview, Remote sensing system, Applications of remote sensing
in Civilengineering, land use / Land cover, mapping, disaster management.

Use of Global Positioning System (G.P.S.) instruments.

Geographic Information System (GIS): Over view, Components, Applications,
Software forGIS.

Introduction to Drone Surveying.

56. Theory of structures

Unit - I Direct and Bending Stresses in vertical members

Introduction to axial and eccentric loads, eccentricity about one principal axis only,
nature of stresses, Maximum and minimum stresses, resultant stresses and
distribution diagram.

Condition for no tension or zero stress at extreme fiber, Limit of eccentricity, core of
section for rectangular and circular cross sections, Middle third rule.

Chimneys of circular cross section subjected to wind pressure, Maximum and
minimum stresses, resultant stresses and distribution diagram at base.

Analysis of dams subjected to horizontal water pressure, conditions of stability,
Maximum and minimum stresses, resultant stresses and distribution diagram atbase.

Unit - II Slope and Deflection

Concept of slope and deflection, stiffness of beams, Relation among bending moment,
slope,deflection and radius of curvature, (no derivation).

Double integration method to find slope and deflection of cantilever and simply
supported beams subjected to concentrated load and uniformly distributed load on
entire span.

Macaulay’s method for slope and deflection, application to cantilever and simply
supported beam subjected to concentrated and uniformly distributed load on entire
span.

Unit- III Fixed and Continuous Beam

Concept of fixity, effect of fixity, advantages and disadvantages of fixed beam over
simply supported beam.

Principle of superposition, Fixed end moments from first principle for beam
subjected to pointload, UDL over entire span.

Application of standard formulae in finding end moments, end reactions and drawing
S.F.and B.M. diagrams for a fixed beam.

Definition, effect of continuity, nature of moments induced due to continuity, concept
of de- flected shape, practical examples.

Clapeyron’s theorem of three moment (no derivation), Application of Clapeyron’s
theorem maximum up to three spans and two unknown support moment only,
Support at same levelspans having same and uniform moment of inertia subjected to
concentrated loads and uni-formly distributed loads over entire span.

Drawing SF diagrams showing point of contraflexure, shear and BM diagrams
showing net BM and point of contraflexure for continuous beams.



Unit- IV Moment distribution method

Introduction to moment distribution method, sign convention, Carry over factor,
stiffness factor, distribution factor.

Application of moment distribution method to various types of continuous beams
subjected to concentrated loads and uniformly distributed load over entire span
having same or differ-ent moment of inertia, supports at same level, up to three spans
and two unknown support moments only.

Introduction to portal frames - Symmetrical and unsymmetrical portal frames with
the con-cept of Bays and stories.

Unit- V Simple trusses

Types of trusses (Simple, Fink, compound fink, French truss, pratt truss, Howe truss,
North light truss, King post and Queen post truss)

Calculate support reactions for trusses subjected to point loads at joints

Calculate forces in members of truss using Method of joints and Method of sections.

57. Building Planning and Drawing

Unit - I Conventions and Symbols

Conventions as per IS 962, symbols for different materials such as earthwork,
brickwork, stonework, concrete ,woodwork and glass.

Graphical symbols for doors and windows, Abbreviations, symbols for sanitary and
electricalinstallations.

Types of lines-visible lines, centre line, hidden line, section line, dimension line,
extension line, pointers, arrow head or dots. Appropriate size of lettering and
numerals for titles, sub-titles, notes and dimensions.

Types of scale- Monumental, Intimate, criteria for Proper Selection of scale for various
typesof drawing.

Sizes of various standard papers/sheets.

Reading and interpreting readymade Architectural building drawing (To be procured
from Architect, Planning Consultants, Planning Engineer).

Unit- II Planning of Building

Principles of planning for Residential and Public building- Aspect, Prospect,
Orientation, Grouping, Privacy, Elegance, Flexibility, Circulation, Furniture
requirements, Sanitation, Economy.

Space requirement and norms for minimum dimension of different units in the
residential and public buildings as per IS 962.

Rules and bye-laws of sanctioning authorities for construction work.

Plotarea, builtup area, super builtup area, plinth area, carpetarea, floor area and FAR
(Floor Area Ratio).

Line plans for residential building of minimum three rooms including water closet
(WQ), bath and staircase as per principles of planning.

Line plans for public building-school building, primary health centre, restaurant,
bank, post office, hostel, Function Hall and Library.

Unit- III Drawing of Load Bearing Structure

Drawing of Single storey Load Bearing residential building (2 BHK) with staircase.



Data drawing -plan, elevation, section, site plan, schedule of openings, construction
notes with specifications, area statement, Planning and design of staircase- Rise and
Tread for res-idential and public building.

Working drawing - developed plan, elevation, section passing through staircase or
WC and bath.

Foundation plan of Load bearing structure.

Unit- IV Drawing of Framed Structure

Drawing of Two storeyed Framed Structure (G+1), residential building (2 BHK) with
stair-case.

Data drawing - developed plan, elevation, section, site plan, schedule of openings,
construction notes with specifications, area statement. Planning and design of
staircase- Rise and Tread for residential and public building.

Working drawing of Framed Structure - developed plan, elevation, section passing
throughstaircase or WC and bath.

Foundation plan of Framed Structure.
Details of RCC footing, Column, Beam, Chajjas, Lintel, Staircase and slab.
Drawing with CAD- Draw commands, modify commands, layer commands.

Unit- V Perspective Drawing

Definition, Types of perspective, terms used in perspective drawing, principles used
in per- spective drawing

Two Point Perspective of small objects only such as steps, monuments, pedestals.

58. Water Resources Engineering

Unit - [ Introduction to Hydrology

Hydrology: Definition and Hydrological cycle
Rain Gauge: Symons rain gauge, automatic rain gauge,

Methods of calculating average rainfall: Arithmetic mean, Isohyetal, and Theissen
polygonmethod.

Runoff, Factors affecting Run off, Computation of run-off.

Maximum Flood Discharge measurement: Rational and empirical methods, Simple
numer-ical problems.

Yield and Dependable yield of a catchment, determination of dependable yield.

Unit- II Crop water requirement and Reservoir Planning

Irrigation and its classification.

Crop Water requirement: Cropping seasons, Crop period, base period, Duty, Delta,
CCA, GCA, intensity of irrigation, factors affecting duty, Problems on water
requirement and ca- pacity of canal.

Methods of application of irrigation water and its assessment.

Surveys for irrigation project, data collection for irrigation project.

Area capacity curve.

Silting of reservoir, Rate of silting, factors affecting silting and control measures.
Control levels in reservoir, Simple numerical problems on Fixing Control levels.

Unit- III Dams and Spillways

Dams and its classification: Earthen dams and Gravity dams (masonry and concrete).



Earthen Dams - Components with function, typical cross section, seepage through
embank-ment and foundation and its control.

Methods of construction of earthen dam, types of failure of earthen dam and
preventivemeasures.

Gravity Dams - Forces acting on dam, Theoretical and practical profile, typical cross
section, drainage gallery, joints in gravity dam, concept of high dam and low dam.

Spillways-Definition, function, location, types and components, Energy dissipaters.

Unit- IV Minor and Micro Irrigation

Bandhara irrigation: Layout, components, construction and working, solid and open
band-hara.

Percolation Tanks - Need, selection of site.
Liftirrigation Scheme-Components and their functions, Lay out.
Drip and Sprinkler Irrigation- Need, components and Layout.

Well irrigation: types and yield of wells, advantages and disadvantages of well
irrigation.

Unit- V Diversion Head Works & Canals

Weirs - components, parts, types, K.T. weir - components and construction

Diversion head works - Layout, components and their function.
Barrages - components and their functions. Difference between weir and Barrage.

Canals - Classification according to alignment and position in the canal network,
Cross sec- tion of canal in embankment and cutting, partial embankment and cutting,
balancing depth, Design of most economical canal section.

Canal lining - Purpose, material used and its properties, advantages.
Cross Drainage works- Aqueduct, siphon aqueduct, super passage, level crossing.
Canal regulators- Head regulator, Cross regulator, Escape, Falls and Outlets

59. Transportation Engineering

Unit - I Overview of Highway Engineering

Role of transportation in the development of nation, Scope and Importance of roads in
India and its’ Characteristics.

Different modes of transportation - land way, waterway, airway. Merits and
demerits ofroadway and railway;

General classification of roads.

Selection and factors affecting road alignment.

Unit- Il Geometric Design of Highway

Camber: Definition, purpose, types as per IRC - recommendations.
Kerbs: Road margin, road formation, right of way.

Design speed and various factors affecting design speed as per IRC -
recommendations.

Gradient: Definition, types as per IRC - Recommendations.
Sight distance (SSD): Definition, types IRC - recommendations, simple numerical.
Curves: Necessity, types: Horizontal, vertical curves.

Extra widening of roads: numerical examples.



Super elevation: Definition, formula for calculating minimum and maximum Super
elevation and method of providing super-elevation.

Standards cross-sections of national highway in embankment and cutting.

Unit- III Construction of Road Pavements

Types of road materials and their Tests - Test on aggregates-Flakiness and Elongation
In-dex tests, Angularity Number test, test on Bitumen- penetration, Ductility, Flash
and Fire point test and Softening point test.

Pavement - Definition, Types, Structural Components of pavement and their
functions

Construction of WBM road. Merits and demerits of WBM & WMM road.

Construction of Flexible pavement / Bituminous Road, Types of Bitumen and its
proper- ties, Emulsion, Cutback, Tar, Terms used in BR-prime coat, tack coat, seal coat,
Merits andDemerits of BR.

Cement concrete road -methods of construction, Alternate and Continuous Bay
Method, Construction joints, filler and sealers, merits and demerits of concrete roads.
Types of joints.

Unit- IV Basics of Railway Engineering

Classification of Indian Railways, zones of Indian Railways

Permanent way: Ideal requirement, Components; Rail Gauge, types, factors affecting
selec-tion of a gauge.

Rail, Rail Joints - requirements, types.

Creep of rail: causes and prevention.

Sleepers - functions and Requirement, types - concrete sleepers and their density
Ballast - function and types, suitability.

Rail fixtures and fastenings - fish plate, spikes, bolts, keys, bearing plates, chairs-
types of anchors and anti-creepers.

Unit- V Track geometrics, Construction and Maintenance

Alignment- Factors governing rail alignment.

Track Cross sections - standard cross section of single and double line in cutting and
em- bankment. Important terms-permanent land, formation width, side drains,

Railway Track Geometrics: Gradient, curves- types and factors affecting, grade
compensa- tion, super elevation, limits of Super elevation on curves, cant deficiency,
negative cant, con-ing of wheel, tilting of rail.

Branching of Tracks, Points and crossings, Turn out- types, components, functions
and in spection. Track junctions: crossovers, scissor cross over, diamond crossing,
track triangle.

Station -Purpose, requirement of railway station, important technical terms, types of
rail- way station, factors affecting site selection for railway station.

Station yard: Classification- Passenger, goods, locomotive and marshalling yards.
Function & drawbacks of marshalling yards.

Track Maintenance- Necessity, Classification, Tools required for track maintenance
with their functions, Organisation of track maintenance, Duties of permanent way
inspector, gangmate and key man.

60. Hydraulics Lab.



Use piezometer to measure pressure at a given point.

Use Bourdon’s Gauge to measure pressure at a given point.

Use U tube differential manometer to measure pressure difference between two
givenpoints.

Find the resultant pressure and its position for given situation of liquid in a tank.

Use Reynold’s apparatus to determine type of flow.

Use Bernoulli's apparatus to apply Bernoulli’s theorem to get total energy line for a
flowina
closed conduit of varying cross sections.

Use Friction factor Apparatus to determine friction factor for a given pipe.

Determine minor losses in pipe fittings due to sudden contraction and sudden
enlargement.

9

Determine minor losses in pipe fitting due to Bend and Elbow.

10

Calibrate Venturi meter to find out the discharge in a pipe.

11

Calibrate the Orifice to find out the discharge through a tank

12

Use Current meter to measure the velocity of flow of water in open channel.

13

Use Pitot tube to measure the velocity of flow of water in open channel.

14

Use triangular notch to measure the discharge through open channel.

15

Use Rectangular notch to measure the discharge through open channel.

16

Determine the efficiency of centrifugal pump.

61. Advanced Surveying Lab

1

Use plane table survey to prepare plans of a plot of seven sided closed traverse by
RadiationMethod.

Use plane table survey to prepare plans, locate details by Intersection Method.

Use plane table survey to prepare plans, locate details by Traversing Method.

Use plane table survey to carry out Survey Project for closed traverse for minimum
five sides
around a building.

Use transit theodolite to measure Horizontal and Vertical angle by Direct Method.

Plot the traverse on Al size imperial drawing sheet for the collected data from
precedingTheodolite Survey Project.

Use Thedolite as a Tacheometer to compute reduced levels and horizontal
distances.

Set out a circular curve by Rankine’s Method of Deflection Angles.

Use micro optic Theodolite to Measure Horizontal angle by Direct Method.

10

Use EDM to measure horizontal distance.

11

Use Total station instrument to measure horizontal distances.

12

Use Total station instrument to measure vertical angle.

13

Use Total station instrument to carry out Survey Project for closed traverse for
minimum
five sides.

14

Plot the traverse on A1l size imperial drawing sheet for the collected data from
precedingTotal Station Survey Project.

15

Use GPS to locate the coordinates of a station.




62. Building Planning and Drawing Lab

A. Sketch Book

1

Draw various types of lines, graphical symbols for materials, doors and windows,
symbols for sanitary, water supply and electrical installations and write
abbreviations as per IS 962.

Write summary of observations of all technical details from the given drawing
(One/Two BHK)obtained from the professional architect or civil engineer (Group
activity in four students)

a) Measure the units of existing building (Load Bearing / Frame structure).

b) Draw line plan of measured existing building at serial no 3a to the suitable scale.

Draw line plan to suitable scale (Minimum 1BHK, staircase, WC and Bathroom)

a) Residential Bunglows ( Minimum three plans)

b) Apartment ( Minimum two plans)

Draw line plans to suitable scale for any Five Public Buildings from the following
(School Building, Primary Health Centre, Bank, Post Office, Hostel, Restaurant,
Community Hall and Library).

Draw the following plans for a Framed Structure (One/Two BHK) from given line
plan.

a.Developed plan, Elevation

b. Section for above developed plan.

c. Site plan for above drawings including area statement, schedule of opening and
construction notes.

B. Full Imperial Size Sheet (A1)

1

Draw submission drawing to the scale 1:100 of a single storey load bearing
residential build-

ing (2BHK) with flat Roof and staircase showing

a)Developed plan and elevation

b) Section passing through Stair or W.C. and Bath

c) Foundation plan and schedule of openings.

d) Site plan (1:200), area statement, construction notes.

Draw submission drawing, to the scale of 1:100, of (G+1) Framed Structure
Residential Build-ing (2BHK) with Flat Roof and staircase showing:
a) Developed plan .

b) Elevation.

¢) Section passing through Staircase, WC and Bath

d) Site plan (1:200) and area statement

e) Schedule of openings and Construction Notes.

Draw the above mentioned drawing at serial number (B-2) using CAD software and
enclosethe print out.
a) Developed plan

b) Elevation.

c) Section passing through Staircase, W.C. and Bath

d) Foundation plan .

e) Site plan (1:200), area statement, Schedule of openings andconstruction notes.




Draw working drawing for above mentioned drawing at serial number (B-2) showing:
a)Foun-dation plan to the scale 1:50

b) Detailed enlarged section of RCC column and footing with plinth filling.

) Detailed enlarged section of RCC Beam, Lintel and Chajjas.

d) Detailed enlarged section of RCC staircase and slab.

Draw two point perspective drawing of small objects - steps, monuments, pedestals
(any one)scale 1:50

a)Draw plan, elevation, eye level, picture plane and vanishing points

b) Draw perspective view.

63. Water Resources Engineering Lab

Calculate average rainfall for the given area using arithmetic mean method.

Calculate average rainfall for the given area using isohyetal, Theissen polygon method .
Compute the yield of the Catchment area demarcated in Sr.No.2.

Delineation of contributory area for the given outlet from the given topo-sheet.
Estimate crop water requirement for the given data.

Estimate capacity of the canal for the given data.

Calculate reservoir capacity from the given data.

Calculate control levels for the given data for a given reservoir.

Draw a labeled sketch of the given masonry/earthen dam section.Draw the theoretical
and practical profile of the given gravity dam section.

Prepare a presentation on the technical details of any one micro or minor irrigation
scheme.

Prepare a model of any irrigation structure using suitable material.

Prepare a maintenance report for any major/minor irrigation project site in the vicinity
of your area, based on field visit.

Prepare summary of the technical details of any existing water resource project in the
vicin-ity of your area.

Draw a labeled sketch of the given diversion head works and Cross Drainage works.

Design a canal section for the given conditions with estimation of the quantity of
materialrequired for lining.

64. Transportation Engineering Lab

1 Draw the sketches showing standard cross sections of Expressways, Freeways,
NH/SH,
MDR/ODR

Flakiness and Elongation Index of aggregates.

Angularity Number of aggregates.

Aggregate impact test

Los Angeles Abrasion test

Aggregate crushing test

Softening point test of bitumen.

0N |U W

Penetration test of bitumen.




9 Flash and Fire Point test of bitumen.

10 | Ductility test of Bitumen.

11 | Visit the constructed road for visual inspection to identify defects and suggest
remedial measures.

12 | Prepare the photographic report containing details for experiment No. 11.

13 | Visit the hill road constructed site to understand its components.

14 | Prepare the photographic report containing details for experiment No. 13

15 | Visit the road of any one type (flexible or rigid) to know the drainage condition.

16 | Prepare the photographic report suggesting possible repairs and maintenance
for experiment No. 15.

17 | Visitto railway track for visual inspection of fixtures, fasteners and yards.

18 | Prepare the photographic report containing details for experiment No. 17.

65. Precast and Prestressed Concrete
Unit - I Precast concrete Elements

e Advantages and disadvantages of precast concrete members

e Non-structural Precast elements - Paver blocks, Fencing Poles, Transmission Poles,
Man-hole Covers, Hollow and Solid Blocks, kerb stones as per relevant BIS
specifications

e  Structural Precast elements - tunnel linings, Canal lining, Box culvert, bridge panels,
foun- dation, sheet piles

e Testing of Precast components as per BIS standards

Unit- II Prefabricated building

e Precast Structural Building components such as slab panels, beams, columns,
footings,walls, lintels and chajjas, staircase elements,

Prefabricated building using precast load bearing and non load bearing wall panels,
floor systems - Material characteristics, Plans & Standard specifications

e  Modular co-ordination, modular grid, and finishes

Prefab systems and structural schemes and their classification including design
consider-ations

Joints - requirements of structural joints and their design considerations

Manufacturing, storage, curing, transportation and erection of above elements,
equipmentneeded

Unit- III Introduction to Prestressed Concrete

e  Principles of pre-stressed concrete and basic terminology.

e Applications, advantages and disadvantages of prestressed concrete
e  Materials used and their properties, Necessity of high-grade materials

e Types of Pre-stressing steel -Wire, Cable, tendon, Merits-demerits and applications

Unit- IV Methods and systems of prestressing

e Methods of prestressing - Internal and External pre-stressing, Pre and Post tensioning-
ap-plications

e Systems for pre tensioning - process, applications, merits and demerits - Hoyer system



Systems for post-tensioning - process, applications, merits and demerits - Freyssinet
sys- tem, Magnel Blaton system, Gifford Udall system.

Prestressing force in Cable, Loss of prestress during the tensioning process - loss due
to friction, length effect, wobbling effect and curvature effect, (Simple Numerical
problems todetermine loss of pre-stress), Loss of pre-stress at the anchoring stage.

Loss of pre-stress occurring subsequently: losses due to shrinkage of concrete, creep
of concrete, elastic shortening, and creep in steel, (Simple Numerical problems to
determine loss of pre-stress).

BIS recommendations for percentage loss in case of Pre and Post tensioning.

Unit- V Analysis and design of Prestressed rectangular beam section

Basic assumptions in analysis of pre-stressed concrete beams.

Cable Profile in simply supported rectangular beam section - concentric, eccentric
straight and parabolic

Effect of cable profile on maximum stresses at mid span and at support.

Numerical problems on determination of maximum stresses at mid spans with linear
(con-centric and eccentric) cable profiles only.

Simple steps involved in Design of simply supported rectangular beam section (No
numer-ical problems)

66. Construction Management

Unit - I Construction industry and management

Organization-objectives, principles of organization, types of organization:
government/pub- lic and private construction industry, Role of various personnel in
construction organization

Agencies associated with construction work- owner, promoter, builder, designer,
architects.

Role of consultant for various activities: Preparation of Detailed Project Report (DPR),
mon-itoring of progress and quality, settlement of disputes.

Unit - II Site Layout

Principles governing site layout.
Factors affecting site layout.
Preparation of site layout.

Land acquisition procedures and providing compensation.

Unit- III Planning and scheduling

Identifying broad activities in construction work & allotting time to it, Methods of
Schedul-ing, Development of bar charts, Merits & limitations of bar chart.

Elements of Network: Event, activity, dummy activities, Precautions in drawing
Network,Numbering the events.

CPM networks, activity time estimate, Event Times by forward & backward pass
calculation,start and finish time of activity, project duration. Floats: Types of Floats-
Free, independentand total floats, critical activities and critical path,

Purpose of crashing a network, Normal Time and Cost, Crash Time and Cost, Costslope,
Optimization of cost and duration.

Material Management- Ordering cost, inventory carrying cost, Economic Order
Quantity



e  Store management, various records related to store management, inventory control by
ABC technique, Introduction to material procurement through portals (e.g.

WwWw.inampro.nic.in)

UnitIV Construction Contracts and Specifications

e Types of Construction contracts

e  Contract documents, specifications, general special conditions

e Contract Management, procedures involved in arbitration and settlement
(Introductiononly)

Unit- V Safety in Construction

e Safety in Construction Industry—Causes of Accidents, Remedial and Preventive
Measures.

e Labour Laws and Acts pertaining to Civil construction activities (Introduction only)

67. Rural Construction Technology
UnitI - Rural Development and Planning
e Scope; development plans; various approaches to rural development planning.
e  Significance of rural development.
e Rural development programme/projects.
Unit II -Rural Housing
¢ Low cost construction material for housing
e Composite material- ferro-cement & fly ash, autoclaved calcium silicate bricks and
e soil-stabilized un-burnt brick; Plinth protection of mud walls.

e Water-proofand fire-retardant roof treatment for thatch roofs. Pre-cast stone masonry,
rat-trap bond for walls; Panels for roof, ferro-cement flooring/roofing units.

e Biomass - types of fuels such as firewood, agricultural residues, dung cakes.

e Renewable energy and integrated rural energy program - Objectives, Key elements,
Imple-mentation, Financial provisions, sources of renewable energy.

¢  Working of gobar gas and bio gas plants.

Unit III Water Supply and Sanitation for Rural Areas

e Sources of water: BIS & WHO water standards.

¢ Quality, Storage and distribution for rural water supply works.

e Hand pumps-types, installation, operation, and maintenance of hand pumps.

e Conservation of water - rainwater harvesting, drainage in rural areas.

e Construction of low cost latrines: Two pit pour flush water seal, septic tank etc.

¢ Low cost community and individual Garbage disposal systems, Ferro-cement storage
tanks.

UnitIV - Low Cost Rural Roads

e Broad categories of Pavement Layers, types of Granular Sub-Bases and Bases.
e Guidelines for Surfacing of Rural Road as per relevant IRC codes.

e Pradhan Mantri Gram Sadak Yojna (PMGSY)- Highlights of Scheme.



Unit V - Low Cost Irrigation

Design consideration and construction of tube-well, drip & sprinkler irrigation
systems.

Watershed and catchment area development -problems and features of watershed
manage-ment.

Watershed management structures - K. T. weir, Gabian Structure, Cement Plug,
ContourBunding, Farm pond, Bandhara system.

68. Design of Steel and RCC Structures
Unit - I Design of Steel Tension and Compression Members (Limit State Method)

Types of sections used for Tension members.

Strength of tension member by- yielding of section, rupture of net cross-section and
blockshear.

Design of axially loaded single angle and double angle tension members with bolted
and welded connections.

Types of sections used as compression member, Calculation of effective length, Radius
of gyration and slenderness ratio, Permissible values of slenderness ratio as per IS 800,
Designcompressive stress.

Introduction to built up sections, lacing and battening (Meaning and purpose),
Diagrams ofsingle and double lacing and battening system. (No numerical problems).

Design of axially loaded single and double angle struts connected by bolted and
welded connections with gusset plate.

Unit- II Design of Steel beams (Limit State Method)

Standard beam sections, Bending stress calculations.
Design of simple I and channel section.
Check for shear as per IS 800.

Unit- III Design of Reinforced Concrete Beams by Limit State Method

Concept of Limit state, Stress block diagram, Introduction to singly and doubly
reinforced sections, IS 456

Design of singly reinforced beam, concept of under reinforced, over reinforced and
balancedsection, Simple numerical problem on ultimate moment of resistance and
design of beam section

Design of doubly reinforced sections, stress and strain diagrams, depth of neutral axis,
sim-ple numerical problems on ultimate moment of resistance of reinforced beam,
Calculation of A and A_.

Unit- IV Shear, Bond and Development length in Design of RCC member

Nominal shear stress in RCC section, Design shear strength of concrete, Design of shear
re- inforcement, Minimum Shear Reinforcement, Provisions of IS 456, forms of shear
reinforcement

Types of bond, Bond stress, check for bond stress, Determination of Development
length intension and compression members and check as per codal provisions,
Anchorage value of 90° hook, Lapping of bars.

Simple numericals on: Shear reinforcement, Adequacy of section for shear.



Introduction to serviceability limit state check

Unit- V Design of axially loaded RCC Column

Definition and classification of column, Limit state of compression members,
Effective length of column.

Provisions of IS 456 for minimum steel, cover, maximum steel, spacing of ties etc.

Design of axially loaded short column - Square, Rectangular, and Circular only.

69. Estimating and Costing

Unit - I Fundamentals of Estimating and Costing

Estimating and Costing - Meaning, purpose, Administrative approval, Technical
Sanction and Budget provision.

Types of estimates - Approximate and Detailed estimate.

Types and Uses of Estimates: Revised estimate, Supplementary estimate, Repair and
mainte-nance estimate, renovation estimate.

Roles and responsibility of Estimator.
Checklist of items in load bearing and framed structure.

Standard formats of Measurement sheet, Abstract sheet, Face sheet.

Modes of measurement and desired accuracy in measurements for different items of
workas per [S:1200.

Rules for deduction in different category of work as per 1S:1200.

Description / specification of items of building work as per PWD /DSR.

Unit- Il Approximate Estimates

Approximate estimate- Definition, Purpose.

Methods of approximate estimate - Service unit method, Plinth area rate method,
Cubical content method, Typical bay method, Approximate quantity method (with
simple numeri- cals)

Approximate estimate for roads, Railways, bridges/culvert, irrigation projects and
water
supply projects.

Unit- III Detailed Estimate

Detailed Estimate- Definition and Purpose, Data required for detailed estimate - Civil
cost, GST, Contingencies, Supervision charges, Agency charges, Procedure for
preparation of de- tailed estimate- Taking out quantities and Abstracting.

Methods of Detailed Estimate- Unit quantity method and total quantity method (with
simplenumericals)

Long wall and Short wall method, Centre line method.
Bar bending schedule for footing, column, beam, Lintel, chajja and slab elements

Provisions in detailed estimate: contingencies, work charged establishment,
percentage charges, water supply and sanitary Charges and electrification charges etc.

Prime cost, Provisional sum, Provisional quantities, Bill of quantities, Spot items or Site
items.

Unit- IV Estimate for Civil Engineering Works



Earthwork - Quantities for roads, Embankment and canal by - Mid sectional area
method,mean sectional area method, Prismoidal and trapezoidal formula method.

Detailed estimate for septic tank, Community well.

Use of computer /softwares / programmes for detailed estimate Preparation of Civil
Engi-neering Works.

Unit- V Rate Analysis

Rate Analysis: Definition, purpose and importance.

Lead (Standard and Extra), lift, overhead charges, water charges and contractors’
profit,

Procedure for rate analysis.

Task work- Definition, types. Task work of different skilled labour for different items.

Categories of labours, their daily wages, types and number of labours for different
items ofwork.

Transportation charges of materials - Lead and Lift, Hire charges of machineries and
equip-ments.

Preparing rate analysis of different items of work pertaining to buildings and roads.

70. Design of Steel and RCC Structures Lab

71. Estimation and Costing Lab.

1 Draw any five commonly used rolled steel sections and five built up sections.

2 Summarize the provisions of IS 800 required for the design of tension member]
in reportform.

3 Compile relevant clauses from IS 800 required for the design of a compression
memberand submit it in report form.

4 Draw sketches for single & double lacing of given built up columns.

5 Draw sketches for battening of given built up columns.

6 Prepare a report on the IS 800 provisions pertaining to design of lacing &
battening along
with its significance.
Draw cross section, strain diagram & stress diagram for singly reinforced section.
Draw cross section, strain diagram & stress diagram for doubly reinforced section.

9 Design simply supported I section steel beam for udl.

10 Design beams section for shear as per IS 800 provisions.

11 Draw sketches of different types of column footings.

12 Interpret the actual RCC Structural Drawings used on site with reference to
reinforcementdetails of various structural elements.

13 Prepare a checklist for reinforcement provided from actual drawings used on site
for var-ious structural elements.

14 Prepare a detailed report of site visit for reinforcement detailing of structural
elements likebeams, columns, staircase & footing.

15 Prepare a detailed report of site visit for study of rolled steel tension &

compression mem-bers used in various structures.

1

Prepare the list of items to be executed with units for detailed estimate of a given
structure




from the given drawing.

2 Prepare a report on market rates for given material, labour wages, hire charges
of tools & equipments required to construct the given structure as mentioned in
at Serial number 1 above.

3 Study of items with specification given in the DSR ( for any ten item)

Recording in Measurement Book (MB) for any four items

5 Prepare bill of quantities of given item from actual measurements. (any four|
items).

Prepare approximate estimate for the given civil engineering works.

7 Calculate the quantity of items of work from the given set of drawings using
standard mea- surement sheet for load bearing residential structure using
description of item from DSR (1BHK Building with staircase).

8 Prepare detailed estimate from the given set of drawings using “standard
measurement andabstract format” for RCC framed structure using description of
item from DSR along with face sheet and prepare quarry chart, lead statement (
G+1 Building) .

9 Calculate the reinforcement quantities from the given set of drawings for a room
size of 3m

X 4 m with bar bending schedule (footing, column, beam, lintel with chaijja, slab)

10 | Prepare rate analysis for the given five item of works.

11 | Prepare detailed estimate of road of one kilometre length from the given drawing.

12 | Prepare detailed estimate of small Septic tank from the given set of drawings.

13 | Prepare detailed estimate of well from the given set of drawing.

14 | Use the relevant software to prepare detailed estimate of a Road.

15 | Use the relevant software to prepare detailed estimate of a residential building.

72. Traffic Engineering
Unit - I Fundamentals of Traffic Engineering.
e Trafficengineering- Definition, objects, scope
e Relationship between speed, volume and density of traffic
¢ Roaduser’s characteristics-physical, mental, emotional factors.
e  Vehicular characteristics-width, length, height, weight, speed, efficiency of breaks.

e Road characteristics - gradient, curve of aroad, design speed, friction between road and
tyresurface.

¢ Reaction time - factors affecting reaction time. PIEV Theory.

Unit- II Traffic Studies

e Traffic volume count data- representation and analysis of data.
e Necessity of Origin and Destination study and its methods.

e Speed studies - Spot speed studies, and its presentation.

¢ Need and method of parking study.

Unit- III Road Signs and Traffic Markings

e  Traffic control devices -definition, necessity, types.



Road signs - definition, objects of road signs.

Classification as per IRC: 67-Mandatory or Regulatory, Cautionary or warning,
informatorysigns, Location of cautionary or warning sign in urban and non-urban
areas, Points to be considered while designing and erecting road signs.

Traffic markings- definition, classification, carriage way, kerb, object marking and
reflector markers.

Unit- IV Traffic Signals and Traffic Islands

Traffic signals- Definition, Types, Traffic control signals, pedestrian signals.

Types of traffic control signals - Fixed time, manually operated, traffic actuated signals
and location of signals.

Compute signal time by fix time cycle, Webster’s and IRC method and sketch timing
diagram for each phase.

Traffic islands -Definition, advantages and disadvantages of providing islands.
Types of traffic islands - rotary or central, channelizing or Refuge Island.

Road intersections or junctions - Definition, Types of road intersection.
Intersection at grade- Types, basic requirements of good intersection at grade.

Grade separated intersection- advantages and disadvantages, types - flyovers-partial
and full Cloverleaf pattern, Diamond intersection, Trumpet type, underpass.

Unit- V Road Accident Studies and Arboriculture

Road Accidents-Definition, types and causes for collision and non-collision accidents.
Measures to prevent road accidents.
Collision and condition diagram.

Street lighting -definition, necessity, types-luminaire, foot candle, lumen, factors
affecting their utilization and maintenance.

Arboriculture- definition, objectives, factors affecting selection of type of trees.
Maintenance of trees-protection and care of road side trees.

73. Solid Waste Management

Unit - I Introduction

Definition of solid waste, different solid waste - domestic Waste, commercial waste,
indus- trial waste, market waste, agricultural waste, biomedical waste, E-waste,
hazardous waste,institutional waste, etc.

Sources of solid waste, Classification of solid waste - hazardous and non- hazardous
waste.

Physical and chemical characteristics of municipal solid waste.

Unit- Il Storage, Collection and Transportation of Municipal Solid Waste

Collection, segregation, storage and transportation of solid waste.

Tools and Equipment-Litter Bin, Broom, Shovels, Handcarts, Mechanical road
sweepers, Community bin - like movable and stationary bin.

Transportation vehicles with their working capacity -Animal carts, Auto vehicles,
Tractors or Trailers, Trucks, Dumpers, Compactor vehicles. Transfer station- meaning,
necessity, lo-cation.

Role of rag pickers and their utility for society.



Unit- IIIl Composting of Solid Waste

Concept of composting of waste, Principles of composting process. Factors affecting
thecomposting process.

Methods of composting - Manual Composting - Bangalore method, Indore Method,
Mechan- ical Composting - Dano Process, Vermi composting.

Unit IV Techniques for Disposal of Solid Waste

Solid waste management techniques - solid waste management hierarchy, waste
prevention and waste reduction techniques

Land filling technique, Factors to be considered for site selection, Land filling methods-
Areamethod, Trench method and Ramp method, Leachate and its control, Biogas from
landfill, Advantages and disadvantages of landfill method, Recycling of municipal solid
waste

Incineration of waste: Introduction of incineration process, Types of incinerators -
Flash, Multiple chamber Incinerators, Products of incineration process with their use,
Pyrolysis ofwaste - Definition, MethodsUnit- V Biomedical and E-waste management

Definition of Bio medical Waste.
Sources and generation of Biomedical Waste and its classification
Bio medical waste Management technologies.

Definition, varieties and ill effects of E- waste,
Recycling and disposal of E- waste.

74. Advanced Construction Technology
Unit - I Advanced Construction Materials

Fibres: Use and properties of steel, polypropylene, carbon and glass fibres.
Plastics: Use and properties of PVC, RPVC, HDPE, FRP, GRP.

Miscellaneous Materials: Properties and uses of acoustics materials, wall claddings,
plaster boards, micro-silica, waterproofing materials, adhesives.

Use of waste products and industrial by products in bricks, blocks, concrete and mortar.

Unit- Il Advanced Concreting Methods and Equipments

Ready Mix Concrete: Necessity and use of ready mix concrete. Products and equipments
forready mix concrete plant. Conveying of ready mix concrete, transit mixers.

Vibrators for concrete consolidation: Internal, needle, surface, platform and form
vibrators.

Underwater Concreting: Procedure and equipments required for Tremie method,
Dropbucket method. Properties, workability and water cement ratio of the concrete.

Special concrete: procedure and uses of special concretes: Roller compacted
concrete, Self-compacting concrete (SCC), Steel fibre reinforced concrete, Foam
concrete, shotcreting.

Unit- Il Advanced Technology in Constructions

Construction of bridges and flyovers: Equipments and machineries required for
foundation and super structure.

Construction of multi-storeyed Building: Equipments and machinery required for
construc-tion of multi-storeyed building such as use of lifts, belt conveyers, pumping of
concrete.

Prefabricated construction: Methods of prefabrication, Plant fabrication and site



fabrica- tion, All prefabricated building elements such as wall panels, slab panels,
beams, columns, door and window frames etc. Equipments and machineries used for
placing and Jointing ofprefabricated elements.

Strengthening of embankments by soil reinforcing techniques using geo-synthetics

Unit- IV Hoisting and Conveying Equipments

Hoisting Equipments: Principles and working of Derrick-Pole, Gin Pole, Crane, Power
drivenscotch derrick crane, Hand operated crane, Locomotive crane, Tower crane,
Lattice Girder, Winches, Elevators, ladders. Crawler cranes, Truck mounted cranes,
Gantry cranes, Mast cranes.

Conveying Equipments: Working of belt conveyers, types of belts and conveying
mechanism.Capacity and use of dumpers, tractors and trucks.

Unit- V Miscellaneous Machineries and Equipments

Excavation Equipments: Use, working and output of following machinery - bull dozers,
scrapers, graders, Clam Shell, trenching equipment, Tunnel boring machine, Wheel
mount-ed belt loaders, power shovels, JCB, and drag lines.

Compacting Equipments: Output of different types of rollers such as plain rollers, ship
foot-ed rollers, vibratory, pneumatic rollers rammers.

Miscellaneous Equipments: Working and selection of equipments: Pile driving
equipments,Pile hammers, Hot mix bitumen plant, bitumen paver, grouting equipment,
guniting equip-ments, floor polishing and cutting machine selection of drilling pattern
for blasting, Ben- tonite/mud slurry in drilling, Explosives for blasting, Dynamite,
process of using explosives.

75. Pavement Design and Maintenance

Unit - I Basics of pavement Design

Types of pavement - Flexible, Rigid and Semi Rigid

Comparison of Rigid and flexible pavement according to Design precision, life
maintenance, initial cost, stages of construction, availability of materials, surface
characteristic, penetra- tion of water in the pavement, utility location, glare and night
visibility.

Functions and characteristics of pavement.

Factors affecting selection of type of pavement.

Unit- Il Fundamentals of pavement design

Factors affecting pavement design-design wheel load ,Traffic factors, Environmental
fac- tors, Road geometry and material, Characteristics of soil and Drainage situation.

Unit- III Design overview of Flexible and Concrete pavement

Methods of flexible pavement design-Theoretical method, Empirical method with and
with-out soil strength test.

IRC37 guidelines for design of flexible pavement (overview only)
Factors affecting design of concrete pavement.
IRC58 guidelines for design of concrete pavement (overview only)

Joints-Need, Types, requirements, spacing of joints



Unit- IV Pavement evaluation

Definition and purpose of pavement evaluation

Methods of Pavement evaluation -Visual rating, Pavement serviceability index,
Roughnessmeasurements, Benkelman Beam deflection method

UnitV - Pavement Maintenance

Types of pavement maintenance - routine, periodic, and special. Need for inspection
and maintenance schedule. Causes of pavement failure and remedial measures. Typical
flexibleand rigid pavement failures

Types and causes of damages in flexible pavement, surface defects, cracks.
Deformations - Rutting, fatigue, settlement and upheaval. Disintegration- loss of
aggregate, stripping, pot-hole. Remedial measures - slurry seal, liquid seal, fog seal,
patching, ready mix patch.

Types of damages to rigid pavement - cracking, spalling, slab rocking, settlement, joint
seal-ant failure. Methods of repair - repair of spalled joints, full depth reconstruction,
replace- ment of dowel bars.

76. Green Building and Energy Conservation

UnitI: Introduction to Green Building and Design Features

Definition of Green Building, Benefits of Green building, Components/features of Green
Building, Site selection, Energy Efficiency, Water efficiency, Material Efficiency, Indoor
Air Quality.

Site selection strategies, Landscaping, building form, orientation, building envelope and
fen- estration, material and construction techniques, roofs, walls, fenestration and
shaded finish-es, advanced passive heating and cooling techniques, waste reduction
during construction

Unit-Il Energy Audit and Environmental Impact Assessment (EIA)

Energy AudiT: Meaning, Necessity, Procedures, Types, Energy Management Programs

Environmental Impact Assessment(EIA): Introduction, EIA regulations, Steps in
environ- mental impact assessment process, Benefits of EIA, Limitations of EIA,
Environmental clear-ance for the civil engineering projects.

Unit- III Energy and Energy conservation

Renewable Energy Resources: Solar Energy, Wind Energy, Ocean Energy, Hydro Energy,
Bio-mass Energy

Non-renewable Energy Resources: Coal, Petroleum, Natural Gas, Nuclear Energy,
ChemicalSources of Energy, Fuel Cells, Hydrogen, Biofuels.

Energy conservation: Introduction, Specific objectives, present scenario, Need of
energyconservation, LEED India Rating System and Energy Efficiency.

Unit- IV Green Building

Introduction: Definition of Green building, Benefits of Green building,
Principles: Principles and planning of Green building

Features: Salient features of Green Building, Environmental design (ED) strategies for
build-ing construction.

Process: Improvement in environmental quality in civil structure



e  Materials: Green building materials and products- Bamboo, Rice husk ash concrete,
plastic bricks, Bagasse particle board, Insulated concrete forms. reuse of waste
material-Plastic, rubber, Newspaper wood, Nontoxic paint, Green roofing

Unit V Rating System

e Introduction to (LEED) criteria,

e Indian Green Building council (IGBC) Green rating,

e  Green Rating for Integrated Habitat Assessment. (GRIHA) criteria

e  Heating Ventilation Air Conditioning (HVAC) unit in green Building

¢ Functions of Government organization working for Energy conservation and
Audit(ECA)-

e National Productivity council(NPC)
e Ministry of New and Renewable Energy (MNRE)
e Bureau of Energy efficiency (BEE)

77.Building Services and Maintenance
Unit - I Overview of Building Services

e Introduction to building services, Classification of buildings as per National Building
code, Necessity of building services, Functional requirements of building, Different
types of build- ing services i.e. HVAC (Heat, Ventilation and Air Conditioning),
Escalators and lifts, fire safety,protection and control, plumbing services, rain water
harvesting, solar water heating system, lighting, acoustics, sound insulation and
electric installation etc.

e Role and responsibility of Building Service Engineer, Introduction to BMS (Building
Manage-ment Services), Role of BMS, concept of smart building.

Unit- I Modes of vertical communication
e Objectives and modes of vertical communication in building.

e  Lifts: Different types of lifts and its uses, Component parts of Lift- Lift Well, Travel,
Pit, HoistWay, Machine, Buffer, Door Locks, Suspended Rope, Lift Car, Landing Door,
Call Indicators, Call Push etc., Design provisions for basic size calculation of space
enclosure to accommo- date lift services, Safety measures.

e Escalators: Different Types of Escalators and its Uses, Components of escalators,
Design provisions for basic size calculation of space enclosure to accommodate
escalator services,Safety measures.

e Ramp: Necessity, design consideration, gradient calculation, layout and Special
features re-quired for physically handicapped and elderly.

Unit- III Fire Safety

e Fire protection requirements for multi-storeyed building, causes of fire in building,
Fire detecting and various extinguishing systems, Working principles of various fire
protection systems.

e Safety against fire in residential and public buildings (multi-storeyed building),
National Building Code provision for fire safety, Fire resisting materials and their
properties, Fire resistant construction, procedures for carrying out fire safety
inspections of existing build-ings, Provisions for evacuation.

Unit- IV Plumbing Services

e Importance of plumbing, AH] (Authority Having Jurisdiction) approval, Plumbing
Terminol-ogy and fixtures: Terms used in plumbing, Different types of plumbing



fixtures, shapes/ sizes, capacities, situation and usage, Traps, Interceptors.
System of plumbing for building water supply: storage of water, hot and cold water
supply system.

System of plumbing for building drainage: Types of drainage system such as two
pipe sys- tem, one pipe system, types of Vents and purpose of venting, Concept of
grey water and reclaimed water.

Different pipe materials, and jointing methods, fittings, hanger, supports and valves
used in plumbing and their suitability.

Unit- V Lighting, Ventilation and Acoustics

Concept of SWH (Solar water heating), component parts of SWH, various system of
SWH (heat transfer, propulsion, passive direct system, active direct system, Do-it-
yourself), in- stallation and maintenance.

Concept of lighting, types of lighting (natural and artificial), factors influencing the
bright- ness of room, factors affecting selection of artificial lighting, installation of
light (direct, half-direct, indirect, half-indirect and direct-indirect), types of light
control (manual switch,remote switch, timer switch and photo-electric cell switch),
types of

lamps (incandescent, tungsten halogen and electric discharge), Lamp selection as
per roomsizes.

Concept of ventilation, necessity and Types of ventilation.

Building Acoustic, Objectives, acoustic Control in a building, acoustic material
(porous ab- sorber and cavity resonator)

78. Public Health Engineering

Unit - I Sources, Demand and Quality of water

Water supply schemes - Objectives, components,

Sources of water: Surface and Subsurface sources of water, Intake Structures, Definition
and types, Factors governing the location of an intake structure, Types of intakes.

Demand of water: Factors affecting rate of demand, Variations of water demands,
Forecast-ing of population, Methods of forecasting of population, (Simple problems on
forecasting of population), Design period, Estimating of quantity of water supply
required for city or town.

Quality of water: Need for analysis of water, Characteristics of water- Physical, Chemical
andBiological, Testing of water for Total solids, hardness, chlorides, dissolved Oxygen,
pH, Flu-oride, Nitrogen and its compounds, Bacteriological tests, E coli, B coli index,
MPN, Samplingof water, Water quality standards as per IS 10500.

UNIT II Purification of water

Purification of Water: Objectives of water treatment, Aeration- objects and methods of
aer- ation, Plain sedimentation, Sedimentation with coagulation, principles of
coagulation, typesof coagulants, Jar Test, process of coagulation, types of sedimentation
tanks, Clariflocculator.

Filtration - mechanisation of filtration, classification of filters: slow sand filter, rapid
sand filter, pressure filter. Construction and working of slow sand filter and rapid sand
filter, op-erational problems in filtration. Disinfection: Objects, methods of disinfection,
Chlorination- Application of chlorine, forms of chlorination, types of chlorination
practices, residual chlo-rine and its importance, Flow diagram of water treatment
plants.



Miscellaneous water Treatments: Introduction to water softening, Defluoridation tech-
niques.

UNIT III Conveyance and Distribution of water

Conveyance: Types of Pipes used for conveyance of water, choice of pipe material,
Types ofjoints & Types of valves- their use, location and function on a pipeline.

Distribution of water: Methods of distribution of water- Gravity, pumping, and
combined system, Service reservoirs - functions and types, Layouts of distribution of
Water-Dead end system, grid iron system, circular system, radial system; their
suitability, advantages and disadvantages.

UNIT IV Domestic sewage and System of Sewerages

Building Sanitation: Necessity of sanitation, Necessity to treat domestic sewage,
Definitions - Sewage, sullage, types of sewage. Definition of the terms related to
Building Sanitation-Water pipe, Rain water pipe, Soil pipe, Sullage pipe, Vent pipe.
Building Sanitary fittings-Wa- ter closet - Indian and European type, flushing cistern,
wash basin, sinks, Urinals. Traps- types, qualities of good trap. Systems of plumbing -
one pipe, two pipe, single stack, choice ofsystem. Principles regarding design of building
drainage, inspection and junction chambers,their necessity, location, size and shape.

Systems of Sewerage and Sewer Appurtenances: Types of Sewers, Systems of
sewerage, self-cleansing velocity and non-scouring velocity, Laying, Testing and
maintenance of sew- ers, Manholes and Drop Manhole-component parts, location,
spacing, construction details, Sewer Inlets, Street Inlets.

UNIT V Characteristics and treatment of Sewage

Analysis of sewage: Characteristics of sewage, B.0.D., C.0.D. and its significance., Central
Pol-lution Control Board Norms for discharge of treated sewage, Objects of sewage
treatment and flow diagram of conventional sewage treatment plant.

Treatment of Sewage: Screening, Types of screens, Grit removal, Skimming, Sedimenta-
tion of sewage, Aerobic and anaerobic process, Sludge digestion, trickling filters,
Activated sludge process, Disposal of sewage, Oxidation pond, Oxidation ditch. Septic
tank, Recycling and Reuse of domestic waste.

79. Public Health Engineering Lab

1 | Determine pH value of given sample of water.

2 | Determine the turbidity of the given sample of water.

3 | Determine residual chlorine in a given sample of water.

4 | Determine suspended, dissolved solids and total solids of given sample of water.
5 | Determine the dissolved oxygen in a sample of water.

6 | Undertake a field visit to water treatment plant and prepare a report.

7 | Determine the optimum dose of coagulant in a given raw water sample by jar test.
8 | Draw sketches of various valves used in water supply pipe line

9 | Draw a sketch of one pipe and two pipe system of plumbing

10 | Determine B.O.D. of given sample of sewage.

11 | Determine pH value of given sample of sewage.

12 | Determine suspended solids dissolved and total solids for sample of sewage.

13 | Determine the dissolved oxygen in the given sample of sewage.

14 | Determine C.0.D. of given sample of sewage.

15 | Prepare a report of a field visit to sewage treatment plant




80. Repairs and Maintenance of Structures
Unit - I Basics of maintenance

Types of Maintenances - repair, retrofitting, re-strengthening, rehabilitation and
restoration.

Necessity, objectives and importance of maintenance.
Approach of effective management for maintenance.

Periodical maintenance: check list, maintenance manual containing building plan,
reinforce- ment details, material sources, maintenance frequency, corrective
maintenance proceduresand sources. Pre- and post- monsoon maintenance.

Unit- II Causes and detection of damages

Causes of damages due to distress, earthquake, wind, flood, dampness, corrosion, fire,
dete-rioration, termites, pollution and foundation settlement.

Various aspects of visual observations for detection of damages.

Load test and non-destructive tests (brief description). NDT tests on damaged
structure such as rebound hammer, ultrasonic pulse velocity, rebar locator, crack
detection micro- scope, digital crack measuring gauge.

Chemical test - Chloride test, sulphate attack, carbonation test, pH measurement,
resistivitymethod, Half-cell potential meter (Introduction and demonstration only).

Unit- III Materials for maintenance and repairs

Types of repair material, material selection.

Essential parameters for maintenance and repair materials such - bond with
substrate, du-rability.

Waterproofing materials based on polymer modified cement slurry, UV resistant
acrylic polymer, ferro-cement.

Repairing materials for masonry: plastic/aluminum nipples, non-shrink cement,
polyester putty or 1:3 cement sand mortar, galvanized steel wire fabrics and clamping
rods, wire nails,ferro-cement plates.

Repairing materials for RCC: epoxy resins, epoxy mortar, cement mortar
impregnated with polypropylene, silicon, polymer concrete composites, sealants,
fiber reinforcement con- crete, emulsions and paints.

Unit- IV Maintenance and repair methods for masonry Construction

Causes of cracks in walls - bulging of wall, shrinkage, bonding, shear, tensile,
vegetation.

Probable crack location: junction of main and cross wall, junction of slab and wall,
cracks inmasonry joints.

Repair methods based on crack type - For minor & medium cracks (width 0.5 mm to
5mm): grouting and for major cracks (width more than 5mm): fixing mesh across
cracks, RCC band,installing ferro-cement plates at corners, dowel bars, propping of
load bearing.

Remedial measures for dampness & efflorescence in wall.

Unit- V Maintenance and repair methods for RCC Construction

Repair stages such as concrete removal and surface preparation, fixing suitable
formwork, bonding/passive coat and repair application, various methods of surface
preparation. Repair options such as grouting, patch repairs, carbonated concrete,
cleaning the corrodedsteel, concrete overlays, latex concrete, epoxy bonded mortar
and concrete, polymer con- crete, corrosion protection such as jacketing.



Building cracks and its prevention, common methods for dormant crack repairs such
as Epoxy injection, grooving and sealing, stitching, grouting and guniting/
shotcreting.

Strengthening methods for live cracks such as addition of reinforcements, Jacketing,

brack-ets, collars, supplementary members i.e. shoring, underpinning and propping
of framed structure.

81. Advanced Design of Structures
Unit - I Design of connections in steel structures

Types of rivets, Riveted connections, Strength of riveted joints, Design of riveted
joints for axially loaded members.

Types of weld, welded connections, Permissible stresses in weld, Strength of weld.
Advantages and disadvantages of weld, Design of fillet weld and butt weld for axial
load.

Design of column bases for axially loaded columns only.

Unit- II Steel Beams

Different steel sections, Simple and built up sections, Permissible bending stresses,

Design of built up sections (symmetrical I section with cover plates only), check for
shear and deflection

Introduction to plate girder: Components and functions (no numericals)

Unit- III Design of RC flanged beam

General features of T and L beams, Advantages, Effective width as per BIS 456

Design of singly reinforcement T beam, Stress and Strain diagram, Depth of neutral
axis, Mo-ment of resistance, T and L beams with neutral axis in flange only.

Simple numericals on location of neutral axis, Effective width of flange.

Unit- IV Design of slab

Design of simply supported one-way slab for flexure, shear and deflection and checks,
as per

the provisions of BIS 456

Design of one-way cantilever slab, Chajjas, Flexure including checks for Development
length

and Shear stress.

Design of two-way simply supported slab,

Introduction to design of dog-legged staircases.

Unit- V Design of RCC Column and Footing design: Uni-axial bending

IS 456 provisions, Column with uni-axial moment, Effective length calculations,
Minimum
eccentricity

Design of footing for axially loaded column only.

82. Tendering and Accounts



Unit - I Procedure to execute the work
Administrative approval, Technical sanction, budget provision, expenditure sanction.

Methods for carrying out works- contract method, departmental method -rate list
method,piece work method, day’s work method, employing labours on daily wages basis.

Unit- II Contracts

e Definition of contract, objects of contract, requirements of contract, overview of
Indian Con-tract Act.

¢ Types of engineering contract with advantages, disadvantages and their suitability -
Lump sum contract, item rate contract, percentage rate contract, cost plus
percentage, cost plus fixed fee, cost plus variable percentage and cost plus variable
fee contract, labour contract, demolition contract, target contract, negotiated
contract, Engineering Procurement Con- struction Contract (EPC), Annuity Contract.

¢ Introduction of FIDIC Conditions of contract.

e Classification of contractor on basis of financial limits, Requirement of documents for
regis-tration of contractor.

e Build Operate Transfer (BOT) Project, BOT Toll contract, BOT (Annuity) contract,
Design, Build, Finance, Operate and Transfer (DBFOT) contract, Hybrid Annuity
contract, Operate Maintain and Transfer (OMT) contract, Operation & Maintenance
contract (Introduction only).

Unit- Il Tender and Tender Documents
¢ Definition of tender, necessity of tender, types of tender- Local, Global, Limited.

e E -Tendering System - Online procedure of submission and opening of bids
(Technical andFinancial).

¢ Notice to invite tender (NIT)- Points to be included while drafting tender notice,
Drafting oftender notice.

¢  Procedure of submitting filled tender Documents (Two envelope system), procedure
of opening tender, comparative statement, scrutiny of tenders, award of contract,
letter of award.

¢ Meaning of terms - Earnest Money Deposit (EMD), Performance Security Deposit,
Validity period, corrigendum to tender notice and its necessity, Unbalanced bid.

¢ Tender documents - Index, tender notice, general instructions, special instructions,
Sched-ule A, Schedule B, Schedule C etc.

e Terms related to tender documents - contract conditions- time limit, time extension,
pen- alty, defective material and workmanship, termination of contract, suspension
of work, subletting of contract, extra items, price variation clause(escalation), defect
liability Period,liquidated Damages.

e Arbitration- Meaning, Qualification of an arbitrator, Appointment, Dispute and
Settlement of disputes, Arbitration and Conciliation Act, Arbitration award.

Unit- IV Accounts

e  Various account forms and their uses - Measurement Books, E- Measurement book
(E-MB), Nominal Muster Roll(NMR), Imprest Cash, Indent, Invoice, Bill, Vouchers,
Hand receipt CashBook, Temporary Advance. Heads of Accounts.

¢ Mode of Payment to the contractor and its necessity -Interim Payment, Advance
Payment Secured Advance, Petty advance, Mobilization advance, Running account
bill, Final bill, Re-tention money, E- payment.

Unit- V Introduction to Valuation

e Definition and purpose of Valuation, role of valuer. Definition - Cost, Price and Value,
Char-acteristics of Value, Factors Affecting Value.



Types of Value - Book Value, Scrap Value, Salvage Value, Speculative Value, Distress
Value,Market Value, monopoly Value, Sentimental Value. Factors affecting value.
Depreciation, Obsolescence, Sinking Fund, Methods of Calculation of Depreciation -
Straight Line Method, Sinking Fund Method, Constant Percentage Method.

Fixation of rent, Lease - types of lease, lease hold property and free hold property.
Mortgage- Mortgage deed, precautions to be taken while making mortgage.



