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Introduction:

The course work for the doctoral research has been made mandatory by

the UGC. Kadi Sarva Vishwavidyalaya has decided to  implement this

aspect on the immediate basis for the benefit of the students pursuing

Ph.D. The course work is designed in such a way as to support, motivate

and encourage quality research. By  undergoing this course work, the

student will get equipped  with fundamentals of research methodology,

scientific communication and  also recent developments in the field of

specialization. The course work has to be completed by the student in a

satisfactory way before submission of his/her dissertation thesis.

Course Structure:

Paper Title University Examination Total Marks

Section-A Section-B

Paper-1 Research

Methodology
60 40 100

Paper-2 Scientific

Communication
60 40 100

Paper-3 Specialization paper

(Recent trends in

Electrical Engg.

/Mechanical

Engg./Instrumentation

Control/Civil Engg.)

100 100

• Duration of examination for all three papers: 3 Hours

• Schedule of examinations may be every six months. Student

should complete course work in a year (Two chances)
• Specialization paper does not have separate sections



Paper-I: Research Methodology

Section-A (Common to all faculties)

1) Introduction to Research Methodology: Meaning of Research,

Objectives of Research,Motivations in Research, Types of

Research, ResearchApproaches, Significance of Research,

Research Methods v/s Methodology, Research and Scientific

Methods, Research Process, Criteria of Good Research – 3

2) Defining the Research Problem: What is Research Problem?,

Selecting the Problem, Necessity of and Techniques in defining the

problem – 6

3) Research Design: Meaning, Need, Features of Good Design,

Concepts, Types. Basic Principles of Experimental Design,

Developing a Research Plan – 6

4) Sample Design: Implication, Steps. Criteria for selecting a sample

procedure, Characteristics  of Good sampling Procedure, Types of

Sample Design, Selecting Random Samples, Complex random

sampling Design – 7

5) Measurement and Scaling Techniques: Measurement in Research,

Measurement Scales, Sources of Errors in measurement, Tests of

Second measurement, Technique of developing Measurement

Tools, Meaning of Scaling, Scale Classification Bases, Important

Scaling Techniques, Scale Construction Techniques – 10

6) Methods of Data Collection: Collection of Primary Data,

Observation Method, Interview method, Collection of Data through

questionnaire and Schedules, Other methods.Collection of

Secondary Data, Selection of appropriate method for data

collection, Case Study Method, Guidelines for developing

questionnaire, successful interviewing. Survey v/s experiment –

10

7) Processing and analysis of Data: Processing Operations (Meaning,

Problems), DataAnalysis (Elements), Statistics in Research,

Measures of Central Tendency, Dispersion, Asymmetry,

Relationship. Regression Analysis, Multiple correlation and

Regression, Partial Correlation, Association in case of Attributes –

10

8) Sampling Fundamentals: Definition, Need, Important sampling

Distribution, Central limit theorem Sampling Theory, Sandler’s A-

test, Concept of Standard Error, Estimation, Estimating population



mean, proportion. Sample size and its determination,

Determination of sample size Based on i) Precision Rate and

Confidence level ii) Bayesian Statistics – 12

9) Testing of Hypothesis: Meaning, Basic concepts, Flow diagram,

Power of a hypothesis test, Important parametric tests, Hypothesis

Testing of Means, Differences between Means, Comparing Two

related samples, Testing of Proportion, Differencebetween

proportions, Comparing variance to hypothesized population

variance, Equality of variances of two normal populations,

hypothesis testing of Correlation coefficients, Limitations of Tests

of hypothesis – 12

10) Chi- square test: Applications, Steps, characteristics, limitations –

3

11) Analysis of Variance and Covariance: Basic Principles, techniques,

applications, Assumptions, limitations – 7

12) Analysis of Non-parametric  or distribution-free Tests: Sign Test,

Fisher-Irwin Test, McNemer Test, Wilcoxon Matched pair Test

(Signed Rank Test), Rank - 7

13) Sum Tests: a) Wilcoxon-Mann-Whitney Test b)Kruskal-Wallis Test,

One sample Runs Test, Spearman’s Rank Correlation, Kendall’s

Coefficient of Concordance, Multivariate Analysis Techniques:

Characteristics, Application, Classification, Variables, Techniques,

Factor Analysis (Methods, Rotation), Path Analysis - 7

Reference Books: Latest Editions of following Books

1) Kothari, C.R., Research Methodology (Methods and Techniques),

New Age Publisher

2) Fundamentals of modern statistical methods By Rand R. Wilcox

3) Power Analysis for Experimental Research A Practical Guide for the

Biological, Medical and Social Sciences by R. Barker Bausell, Yu-

Fang Li Cambridge University Press

4) Design of Experiments: Statistical Principles of Research Design and

Analysis, by Robert O. Kuehl Brooks/Cole



Section-B

Research Areas:

Related to respective area.

Exercise:

• Select the area of research.

• Define a problem.

• Outline the Title

• Survey of Literature and its documentation

• Formulation of Research hypothesis with expected outcomes

• Research Plan

• Requirements Engineering

• Research Design: Model, Architecture, Prototyping

• Implementation of Prototype and data collection

• Data Analysis: Use of Software Tools like MATLAB, SPSS, etc.

• Testing

• Evaluation

• Future scope of research

Evaluation:

[Based on university examination, 100 marks paper of 3hrs]

Section A will be having a weightage of 60 marks. Questions will be of

objective types.

Section-B marks will be having a weightage of 40 marks.



Paper-II: Scientific Communication

Section-A (Common for all faculties)

1. Basics of Communication skill.

2. English Grammar

a) Word Choice, Sentence Structure, paragraph structure

3. Types of Scientific Communication.

4. Importance of publishing research paper

5. Publishing paper

a) Preliminaries, Format, Choosing Journal

b) Title, Running Title

c) Authors: Single and Multi authorship

d) Writing Abstract

e) Selecting Keywords

f) Introduction section

g) Materials and Methods Section

h) Result Section

i) Figures : Design Principles, Legends, Table components, Graphs:

Types, Style, Tables v/s Graph

j) Discussion Section: Format, Grammar Style, Content.

k) Acknowledgements

l) References : Different Styles

m)Communication with the Editor, Handling Referees’ Comments,

Galey Proofs

6. Writing Review Articles

7. Preparing Posters for Scientific Presentation

8. Preparing and Delivering of Oral Presentation

9. Writing Practical Reports.

10. Avoiding Plagiarism

11. Research Grant funding Agencies, Preparing for application to grant

providing Agencies.

12. Patent drafting and submission

13. IUPAC symbols and Terminology for physicochemical quantities and

Units, SI prefixes, Fundamental Constants, Standard Abbreviations and

Symbols

14. Preparing documents for Technology Transfers, MoUs, Confidentiality

Agreements

Reference Books:

1) Study and Communication Skills for the Biosciences by Stuart

Johnson and Jon Scott, Oxford University Press

2) Write and Publish a Scientific Paper by Robert A. Day Oryx Press

3) Scientific Easy when you know how by Jennifer Peat BMJ Books



4) Research Projects and Research Proposals A Guide for Scientists

Seeking Funding by Paul G. Chapin Cambridge University Press

Section – B

Exposure on

• Study of general guidelines for authors in journals

• Study of research papers in the area of interest

• Analysis of studied research papers

• Planning for research paper

• Components of the planned research paper

• Critical parameters of each component

• Compilation of manuscript

• Preparation of Hardcopy and Softcopy version of manuscript

• Selection of Journal

• Submission of manuscript

• Final Submission of paper after review comments

• Select an area from emerging technologies

• Plan for an innovative project

• Plan for project proposal

• Compilation of proposal with data

• Selection of funding agency (UGC, AICTE, GUJCOST, DST, IT Ministry,

CSIR, etc.

• Submission proposal to the agency.

• Use of MATLAB for scientific visualization of data.

Evaluation:

[Based on university examination, 100 marks paper of 3hrs]

Section A will be having a weightage of 60 marks. Questions will be of

objective types.

Section-B marks will be having a weightage of 40 marks.



PAPER III: (Electrical Engineering)

ENGINEERING MATHEMATICS

Linear Algebra: Matrix Algebra, Systems of linear equations, Eigen values and

eigen vectors.

Calculus: Mean value theorems, Theorems of integral calculus, Evaluation of

definite and improper integrals, Partial Derivatives, Maxima and minima,

Multiple integrals, Fourier series. Vector identities, Directional derivatives,

Line, Surface and Volume integrals, Stokes, Gauss and Green’s theorems.

Differential equations: First order equation (linear and nonlinear), Higher order

linear differential equations with constant coefficients, Method of variation of

parameters, Cauchy’s and Euler’s equations, Initial and boundary value

problems, Partial Differential Equations and variable separable method.

Complex variables: Analytic functions, Cauchy’s integral theorem and integral

formula, Taylor’s and Laurent’ series, Residue theorem, solution integrals.

Probability and Statistics: Sampling theorems, Conditional probability, Mean,

median, mode and standard deviation, Random variables, Discrete and

continuous distributions, Poisson, Normal and Binomial distribution, Correlation

and regression analysis.

Numerical Methods: Solutions of non-linear algebraic equations, single and

multi-step methods for differential equations.

Transform Theory: Fourier transform, Laplace transform, Z-transform.

ELECTRICAL ENGINEERING

Electric Circuits and Fields: Network graph, KCL, KVL, node and mesh analysis,

transient response of dc and ac networks; sinusoidal steady-state analysis,

resonance, basic filter concepts; ideal current and voltage sources, Thevenin’s,

Norton’s and Superposition and Maximum Power Transfer theorems, two-port

networks, three phase circuits; Gauss Theorem, electric field and potential due

to point, line, plane and spherical charge distributions; Ampere’s and Biot-

Savart’s laws; inductance; dielectrics; capacitance.

Signals and Systems: Representation of continuous and discrete-time signals;

shifting and scaling operations; linear, time-invariant and causal systems;

Fourier series representation of continuous periodic signals; sampling

theorem; Fourier, Laplace and Z transforms.

Electrical Machines: Single phase transformer - equivalent circuit, phasor

diagram, tests, regulation and efficiency; three phase transformers -



connections, parallel operation; autotransformer; energy conversion principles;

DC machines - types, windings, generator characteristics, armature reaction

and commutation, starting and speed control of motors; three phase induction

motors - principles, types, performance characteristics, starting and speed

control; single phase induction motors; synchronous machines - performance,

regulation and parallel operation of generators, motor starting, characteristics

and applications; servo and stepper motors.

Power Systems: Basic power generation concepts; transmission line models

and performance; cable performance, insulation; corona and radio

interference; distribution systems; per-unit quantities; bus impedance and

admittance matrices; load flow; voltage control; power factor correction;

economic operation; symmetrical components; fault analysis; principles of

overcurrent, differential and distance protection; solid state relays and digital

protection; circuit breakers; system stability concepts, swing curves and equal

area criterion; HVDC transmission and FACTS concepts.

Control Systems: Principles of feedback; transfer function; block diagrams;

steady-state errors; Routh and Niquist techniques; Bode plots; root loci; lag,

lead and lead-lag compensation; state space model; state transition matrix,

controllability and observability.

Electrical and Electronic Measurements: Bridges and potentiometers; PMMC,

moving iron, dynamometer and induction type instruments; measurement of

voltage, current, power, energy and power factor; instrument transformers;

digital voltmeters and multimeters; phase, time and frequency measurement;

Q-meters; oscilloscopes; potentiometric recorders; error analysis.

Analog and Digital Electronics: Characteristics of diodes, BJT, FET; amplifiers -

biasing, equivalent circuit and frequency response; oscillators and feedback

amplifiers; operational amplifiers - characteristics and applications; simple

active filters; VCOs and timers; combinational and sequential logic circuits;

multiplexer; Schmitt trigger; multi-vibrators; sample and hold circuits; A/D

and D/A converters; 8-bit microprocessor basics, architecture, programming

and interfacing.

Power Electronics and Drives: Semiconductor power diodes, transistors,

thyristors, triacs, GTOs, MOSFETs and IGBTs - static characteristics and

principles of operation; triggering circuits; phase control rectifiers; bridge

converters - fully controlled and half controlled; principles of choppers and

inverters; basis concepts of adjustable speed dc and ac drives.



PAPER III: (Mechanical Engineering)

ENGINEERING MATHEMATICS

Linear Algebra: Matrix algebra, Systems of linear equations, Eigen values and

eigen vectors.

Calculus: Functions of single variable, Limit, continuity and differentiability,

Mean value theorems, Evaluation of definite and improper integrals, Partial

derivatives, Total derivative, Maxima and minima, Gradient, Divergence and

Curl, Vector identities, Directional derivatives, Line, Surface and Volume

integrals, Stokes, Gauss and Green’s theorems.

Differential equations: First order equations (linear and nonlinear), Higher

order linear differential equations with constant coefficients, Cauchy’s and

Euler’s equations, Initial and boundary value problems, Laplace transforms,

Solutions of one dimensional heat and wave equations and Laplace equation.

Complex variables: Analytic functions, Cauchy’s integral theorem, Taylor and

Laurent series. Probability and Statistics: Definitions of probability and

sampling theorems, Conditional probability, Mean, median, mode and standard

deviation, Random variables, Poisson, Normal and Binomial distributions.

Numerical Methods: Numerical solutions of linear and non-linear algebraic

equations Integration by trapezoidal and Simpson’s rule, single and multi-step

methods for differential equations.

APPLIED MECHANICS AND DESIGN

Engineering Mechanics: Free body diagrams and equilibrium; trusses and

frames; virtual work; kinematics and dynamics of particles and of rigid bodies

in plane motion, including impulse and momentum (linear and angular) and

energy formulations; impact.

Strength of Materials: Stress and strain, stress-strain relationship and elastic

constants, Mohr’s circle for plane stress and plane strain, thin cylinders; shear

force and bending moment diagrams; bending and shear stresses; deflection

of beams; torsion of circular shafts; Euler’s theory of columns; strain energy

methods; thermal stresses.

Theory of Machines: Displacement, velocity and acceleration analysis of plane

mechanisms; dynamic analysis of slider-crank mechanism; gear trains;

flywheels.

Vibrations: Free and forced vibration of single degree of freedom systems;

effect of damping; vibration isolation; resonance, critical speeds of shafts.



Design: Design for static and dynamic loading; failure theories; fatigue

strength and the S-N diagram; principles of the design of machine elements

such as bolted, riveted and welded joints, shafts, spur gears, rolling and

sliding contact bearings, brakes and clutches.

FLUID MECHANICS AND THERMAL SCIENCES

Fluid Mechanics: Fluid properties; fluid statics, manometry, buoyancy; control-

volume analysis of mass, momentum and energy; fluid acceleration;

differential equations of continuity and momentum; Bernoulli’s equation;

viscous flow of incompressible fluids; boundary layer; elementary turbulent

flow; flow through pipes, head losses in pipes, bends etc.

Heat-Transfer: Modes of heat transfer; one dimensional heat conduction,

resistance concept, electrical analogy, unsteady heat conduction, fins;

dimensionless parameters in free and forced convective heat transfer, various

correlations for heat transfer in flow over flat plates and through pipes;

thermal boundary layer; effect of turbulence; radiative heat transfer, black and

grey surfaces, shape factors, network analysis; heat exchanger performance,

LMTD and NTU methods.

Thermodynamics: Zeroth, First and Second laws of thermodynamics;

thermodynamic system and processes; Carnot cycle. irreversibility and

availability; behaviour of ideal and real gases, properties of pure substances,

calculation of work and heat in ideal processes; analysis of thermodynamic

cycles related to energy conversion.

Applications: Power Engineering: Steam Tables, Rankine, Brayton cycles with

regeneration and reheat. I.C. Engines: air-standard Otto, Diesel cycles.

Refrigeration and air-conditioning: Vapour refrigeration cycle, heat pumps, gas

refrigeration, Reverse Brayton cycle; moist air: psychrometric chart, basic

psychrometric processes. Turbomachinery: Pelton-wheel, Francis and Kaplan

turbines — impulse and reaction principles, velocity diagrams.

MANUFACTURING AND INDUSTRIAL ENGINEERING

Engineering Materials: Structure and properties of engineering materials, heat

treatment, stressstrain diagrams for engineering materials.

Metal Casting: Design of patterns, moulds and cores; solidification and cooling;

riser and gating design, design considerations.



Forming: Plastic deformation and yield criteria; fundamentals of hot and cold

working processes; load estimation for bulk (forging, rolling, extrusion,

drawing) and sheet (shearing, deep drawing, bending) metal forming

processes; principles of powder metallurgy.

Joining: Physics of welding, brazing and soldering; adhesive bonding; design

considerations in welding.

Machining and Machine Tool Operations: Mechanics of machining, single and

multi-point cutting tools, tool geometry and materials, tool life and wear;

economics of machining; principles of non-traditional machining processes;

principles of work holding, principles of design of jigs and fixtures

Metrology and Inspection: Limits, fits and tolerances; linear and angular

measurements; comparators; gauge design; interferometry; form and finish

measurement; alignment and testing methods; tolerance analysis in

manufacturing and assembly.

Computer Integrated Manufacturing: Basic concepts of CAD/CAM and their

integration tools.

Production Planning and Control: Forecasting models, aggregate production

planning, scheduling, materials requirement planning.

Inventory Control: Deterministic and probabilistic models; safety stock

inventory control systems.

Operations Research: Linear programming, simplex and duplex method,

transportation, assignment, network flow models, simple queuing models,

PERT and CPM.



PAPER III: (Instrumentation & Control)

ENGINEERING MATHEMATICS

Linear Algebra: Matrix Algebra, Systems of linear equations, Eigen values and

eigen vectors.

Calculus: Mean value theorems, Theorems of integral calculus, Evaluation of

definite and improper integrals, Partial Derivatives, Maxima and minima,

Multiple integrals, Fourier series. Vector identities, Directional derivatives,

Line, Surface and Volume integrals, Stokes, Gauss and Green’s theorems.

Differential equations: First order equation (linear and nonlinear), Higher order

linear differential equations with constant coefficients, Method of variation of

parameters, Cauchy’s and Euler’s equations, Initial and boundary value

problems, Partial Differential Equations and variable separable method.

Complex variables: Analytic functions, Cauchy’s integral theorem and integral

formula, Taylor’s and Laurent’ series, Residue theorem, solution integrals.

Probability and Statistics: Sampling theorems, Conditional probability, Mean,

median, mode and standard deviation, Random variables, Discrete and

continuous distributions, Poisson, Normal and Binomial distribution, Correlation

and regression analysis.

Numerical Methods: Solutions of non-linear algebraic equations, single and

multi-step methods for differential equations.

Transform Theory: Fourier transform, Laplace transform, Z-transform.

INSTRUMENTATION ENGINEERING

Basics of Circuits and Measurement Systems: Kirchoff’s laws, mesh and nodal

Analysis. Circuit theorems. One-port and two-port Network Functions. Static

and dynamic characteristics of Measurement Systems. Error and uncertainty

analysis. Statistical analysis of data and curve fitting.

Transducers, Mechanical Measurement and Industrial Instrumentation:

Resistive, Capacitive, Inductive and piezoelectric transducers and their signal

conditioning. Measurement of displacement, velocity and acceleration

(translational and rotational), force, torque, vibration and shock. Measurement

of pressure, flow, temperature and liquid level. Measurement of pH,

conductivity, viscosity and humidity.

Analog Electronics: Characteristics of diode, BJT, JFET and MOSFET. Diode

circuits. Transistors at low and high frequencies, Amplifiers, single and multi-



stage. Feedback amplifiers. Operational amplifiers, characteristics and circuit

configurations. Instrumentation amplifier. Precision rectifier. V-to-I and I-to-V

converter. Op-Amp based active filters. Oscillators and signal generators.

Digital Electronics: Combinational logic circuits, minimization of Boolean

functions. IC families, TTL, MOS and CMOS. Arithmetic circuits. Comparators,

Schmitt trigger, timers and mono-stable multi-vibrator. Sequential circuits,

flip-flops, counters, shift registers. Multiplexer, S/H circuit. Analog-to-Digital

and Digital-to-Analog converters. Basics of number system. Microprocessor

applications, memory and input-output interfacing. Microcontrollers.

Signals, Systems and Communications: Periodic and aperiodic signals. Impulse

response, transfer function and frequency response of first- and second order

systems. Convolution, correlation and characteristics of linear time invariant

systems. Discrete time system, impulse and frequency response. Pulse

transfer function. IIR and FIR filters. Amplitude and frequency modulation and

demodulation. Sampling theorem, pulse code modulation. Frequency and time

division multiplexing. Amplitude shift keying, frequency shift keying and pulse

shift keying for digital modulation.

Electrical and Electronic Measurements: Bridges and potentiometers,

measurement of R,L and C. Measurements of voltage, current, power, power

factor and energy. A.C & D.C current probes. Extension of instrument ranges.

Q-meter and waveform analyzer. Digital voltmeter and multi-meter. Time,

phase and frequency measurements. Cathode ray oscilloscope. Serial and

parallel communication. Shielding and grounding.

Control Systems and Process Control: Feedback principles. Signal flow graphs.

Transient Response, steady-state-errors. Routh and Nyquist criteria. Bode plot,

root loci. Time delay systems. Phase and gain margin. State space

representation of systems. Mechanical, hydraulic and pneumatic system

components. Synchro pair, servo and step motors. On-off, cascade, P, PI, P-I-

D, feed forward and derivative controller, Fuzzy controllers.

Analytical, Optical and Biomedical Instrumentation: Mass spectrometry. UV,

visible and IR spectrometry. X-ray and nuclear radiation measurements.

Optical sources and detectors, LED, laser, Photo-diode, photo-resistor and

their characteristics. Interferometers, applications in metrology. Basics of fiber

optics. Biomedical instruments, EEG, ECG and EMG. Clinical measurements.

Ultrasonic transducers and Ultrasonography. Principles of Computer Assisted

Tomography.



PAPER III: (Civil Engineering)

ENGINEERING MATHEMATICS

Linear Algebra: Matrix algebra, Systems of linear equations, Eigen values and

eigenvectors.

Calculus: Functions of single variable, Limit, continuity and differentiability,

Mean value theorems, Evaluation of definite and improper integrals, Partial

derivatives, Total derivative, Maxima and minima, Gradient, Divergence and

Curl, Vector identities, Directional derivatives, Line, Surface and Volume

integrals, Stokes, Gauss and Green’s theorems.

Differential equations: First order equations (linear and nonlinear), Higher

order linear differential equations with constant coefficients, Cauchy’s and

Euler’s equations, Initial and boundary value problems, Laplace transforms,

Solutions of one dimensional heat and wave equations and Laplace equation.

Complex variables: Analytic functions, Cauchy’s integral theorem, Taylor and

Laurent series. Probability and Statistics: Definitions of probability and

sampling theorems, Conditional probability, Mean, median, mode and standard

deviation, Random variables, Poisson, Normal and Binomial distributions.

Numerical Methods: Numerical solutions of linear and non-linear algebraic

equations Integration by trapezoidal and Simpson’s rule, single and multi-step

methods for differential equations.

STRUCTURAL ENGINEERING

Mechanics: Bending moment and shear force in statically determinate beams.

Simple stress and strain relationship: Stress and strain in two dimensions,

principal stresses, stress transformation, Mohr’s circle. Simple bending theory,

flexural and shear stresses, unsymmetrical bending, shear centre. Thin walled

pressure vessels, uniform torsion, buckling of column, combined and direct

bending stresses.

Structural Analysis: Analysis of statically determinate trusses, arches, beams,

cables and frames, displacements in statically determinate structures and

analysis of statically indeterminate structures by force/ energy methods,

analysis by displacement methods (slope deflection and moment distribution

methods), influence lines for determinate and indeterminate structures. Basic

concepts of matrix methods of structural analysis.

Concrete Structures: Concrete Technology- properties of concrete, basics of

mix design. Concrete design- basic working stress and limit state design

concepts, analysis of ultimate load capacity and design of members subjected



to flexure, shear, compression and torsion by limit state methods. Basic

elements of prestressed concrete, analysis of beam sections at transfer and

service loads.

Steel Structures: Analysis and design of tension and compression members,

beams and beam columns, column bases. Connections- simple and eccentric,

beam–column connections, plate girders and trusses. Plastic analysis of beams

and frames.

GEOTECHNICAL ENGINEERING

Soil Mechanics: Origin of soils, soil classification, three - phase system,

fundamental definitions, relationship and interrelationships, permeability and

seepage, effective stress principle, consolidation, compaction, shear strength.

Foundation Engineering: Sub-surface investigations- scope, drilling bore holes,

sampling, penetration tests, plate load test. Earth pressure theories, effect of

water table, layered soils. Stability of slopes- infinite slopes, finite slopes.

Foundation types- foundation design requirements. Shallow foundations-

bearing capacity, effect of shape, water table and other factors, stress

distribution, settlement analysis in sands and clays. Deep foundations – pile

types, dynamic and static formulae, load capacity of piles in sands and clays,

negative skin friction.


