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Pre Ph,D. Course in Civil Engineering

Schematic and SYllabus

Paper Title: Research Presentation

LTP

003

Research Scholar will have to present a seminar based upon his/her research area Performance of

the scholar and participation in seminar will be taken into consideration'

+

i:-he syllabus of RM should be formulated

lJransoortation and HighwaY

Technology
2. Foundation Design and construction .-
3.Environment Engineering and

Management
4.Pavement DesiSn, Construction and

Maintenance
5.Bridge Engineering

6.Advanced Construction TechnologY

T.Advanced Structural Engineering

S.Hydraulics Engineering
g.Geotechnical Engineering

Discipline

Specific subjects

irom list of sublects from allied fields

1.Town and Country Planning

2.Advanced Geoinformatics
3.Computer Aided Design Methods

4. Civil Engineering applications of

Remote sensing and GIS

Interdisciplinary

XJb-- ry
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Pre Ph.D. Course in Civil Engineerlng

Research Methodology

1. lntroduction Research Methodology: Definition of Research, Need of Research, Concept and steps

of Research Methodology , Uses of Research Methodology, Research Techniques. Reviewing

Literature: Need, Sources-Primary and Secondary, Purposes of Review, Scope of Review, Steps in

cond ucting review.

2. ldentifying and defining research problem: Locating. Analyzing stating and evaluating problem,

Generating different types of hypotheses and evaluating them.

3. Data collection: Static and dynamic characteristics of instruments used in experimental set up,

calibration of various instruments, sampling methods, methods of data collection, Selection of
Appropriate Method for Data Collection, Data collection using a digital computer system, case

studies of data collection

4. Data Analysis: Data processing, data analysis strategies and tools, data analysis with statistical

packages, Basic Concepts concerning testing of hypotheses, procedures of hypothesis testing,

generalization and interpretation Applied statistics: Regression analysis, Parameter estimation,

Multivariate statistics, Principal component analysis Software tools for modeling, Simulation and

a na lysis

5. Research reports and Thesis writing: Introduction: Structure and components of scientific reports,

types of report, developing research proposal. Thesis writing: different steps and software tools in

the design and preparation of thesis, layout, structure and language of typical reports, lllustrations

and tables, bibliography, referencing and footnotes, word processing tools such as Latex oral
presentation: planning, software tools, creating and making effective presentation, use of visual

aids, importance of effective communication.

6. Research ethics, IPR and publishing Ethics: ethical issues. IPR: intellectual property rights and

patent law, techniques of writing a Patent, filing procedure, technology transfer, copy right, royalty,

trade related aspects of intellectual property rights Publishing: design of research paper, citation and

acknowledgement, plagiarism tools, reproducibility and accountability.

Boo ks:

1. C.R. Kothari, "Research Methodology - Methods and Techniques", Wiley Eastern Ltd 2009.

2, B.L. Wadehra, Law relating to patents, trademarks, copyright designs and geographical

ind ications, Universal Law Publishing, 2014.

3. K. N. Krishnaswamy, Appa

Integration of Methods and

Chand & Sons, 2006.
Jf\
hpu>

lyer Sivakumar, M. Mathirajan," Management Research Methodology:

Techniques, Pearson, 2006 4. S.P Gupta,"statistical Methods", Sultan



Pre Ph.D. Course in Civil Engineering

Transportation and Highway Technology

1. HIGHWAY MATER|ALS Soit stabilization types, source, functions' requlrements, properties, tests

and specifications for use in various components of road, Soil compaction for use in fill and subgrade

of roads. soil stabilization - principle, methods and tests, proportioning of materials and mix design'

applicationofRotchfutchmethod.Margina|andwastemateria|sinroadconstruction,properties
and scope in road constructaon. Bituminous Material (properties of the material) and marshall mix

desiSn (both wet and dry), Usage of Geosythentics and Geotextiles in construction of highways'

2. HtGHWAy CoNSTRUCTION AND MATNTENANCE Components of road and pavement structure

functions,requirementsandsequenceofconstructionoperations.P|antsandequipmentfor
production of materials, Road construction equipment, Pre-construction surveys and marking on

ground, Different types of granular base course, Different types of sub-base' Road maintenance

worksandqua|itycontro|testsasperMoRTHspecification.sPEc|ALPRoBLEMS|NRoAD
CONSTRUCT|ONProblemsonconstructiononareaswithmarshyandweaksoils'expanslveclaysand'

water- logged - areas. Design and construction of filter drains and capillary cut-off Vertical sand

drains - application, desiSn and construction method Road construction on desert region and

coastalareas.

3. ROAD SAFETy AND MANAGEMENT Road accidents, causes, scientific investigations and data

collection. Road safety issues and various measures for road safety. Engineering, education and

enforcement measures for improving road safety' Short term and long term measures Traffic

management techniques. Evaluation of the effectiveness and benefits of different traffic

management measures, management and safety practices during road works Economic evaluation

of roads.

4'TRAFF|CSURVEYS&APPL|CAT|oNoFREMoTEsENS|NGANDG|s|NH|GHWAYENGINEERING

Traffic studies- Trip distribution, generation assignment and model split (Statistical analysis) Design

of the traffic signals at urban intersections. Level of service at intersections. Design of parking in

urbanareasandproblemsConcepts,components,workingofGlS,datacapture'dataintegratlon'
datastructures.Coordinatesystemsandmapprojections,RegistrationGlSanalysisandtasks-
Input,manipulation,management,queryandanalysis,visualization,proximityanalysis'overlay
analysis, GIS and Remote sensing data integration. overview of image processing softwares and GIS

softwares,IntroductiontoGPsanditsappIication(inc|udestherecentsoftware,susedinthe
highway engineering)

Books:

1. MoRTH 'specifications for Roads and Bridges Works'- Indian Roads Congress'

2386, lS 72Ot to I27

N$n,
2. lS 73, revised 2006, lS 2720, lS o. ts 8887- 1995, lS 217- 1986.



Y

3. IRC -37, IRC -58, IRC:42-1994 IRC:15-2002, IRC SP :11-1988, , 55-2001,57-2001,5&2001, IRC 19-

L977, 27- 1967, 29-!988, 34-1970, 36- 197O,48-L972,6!-r976, 6t-t976, 68-L976' 8L'r997,82-1982,

84-1983,93-1985, 94- 1986, 95-1987, 98-1997, 105-1988

4. Peurifoy, R.1., and Clifford,Js "Construction Planning Equipment and Method"- Mccraw Hill Book

Co. hc.

5. Freddy L Roberts, Prithvi s Kandhal et al, "Hot Mix Asphalt Materialt mixtut€ design and

'construction"- (2nd Edition), National Asphalt Pavement Association Research ahd Education

Foundation, Maryland, USA

5, Leonards G. A. "Foundation enBineering" - Mccraw Hill Book Company, New York, 1962

Y

o

-fi
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Pre Ph.D. Course in civil Engineering

Advanced Foundation Design and Construction

1. General principles of Foundation Design : Functions of foundations, essential requirements of a

good foundation, types of foundations, principal modes of failure' estimation of

allowable bearing pressures, calculation of ultimate bearing capacity bY theoretical and

empirical methods: Terzaghi's Method, Skempton's analysis for clays' Mayerhof's analysis Bls

Method (|5:6403), Sett|ement of foundations. Factors to be considered foundation design,

numerical problem based in BIS method.

2. Pi|e Foundations : Purpose/uses of pi|e foundations, c|assification of pi|es based on different

criteria, Brief details of timber, concrete, steel piles their advantages and disadvantages '

selection of pile type, pile action, behaviour of pile and pile groups under load' definition of

faiIure|oad.Estimationofcarryingcapacity:sing|edrivenpileincohesion|esssoi|s-methods
based of on sPT and cPT, ultimate load on driven and cast-in-place piles and bored and

cast-in-place piles in cohesionless soils Factors affecting pile capacity - Numerical problems

Ultimatecapacityofsing|epi|edrivenincohesivesoi|s;modificationfordrivenandcast.in-
place piles and bored and cast-in-place piles' Capacity of very long piles - Numerical

problems Carrying capacity of piles on rocks'

3. We|| Foundations: Basic Princip|es, Forces acting on We|| foundations, sinking of We||s, Ti|ts and

Shifts.SoiIStabiIity:Retainingwal|s-|ntroduction,types,Princip|esofdesign,Modesoffai|ure,
drainageofthebackfi||,problemsre|atedtodesignofEravityretainingwa||andstabiIityof
retaining walls.. unbraced excavations, braced excavations. Sheet piles - types anchors and

tie backs. Shoring and Underpinning - necessity and methods

4. lmDrovement of Foundation Soils Purpose : (a) lmprovement of granular soils : term

usedtodescribedegreeofcompactness_re|ativedensity,densityratioand
degree of compaction; Methods - Vibration at ground surface' factors

influencing roller compaction; deep dynamic compaction' vibro-compactlon

impact at

methods

depth. (b) lmprovement of cohesive soils : preloading, or dewaterrng/

of installing sand drains ,drain wicks, electrical and thermal methods'

Grouting : purpose, functions, types of grouts ; soil bentonite - cement mix' cement mix'

emulsions, solutions: grout iniection methods Geo-synthetics : types' functions' manufacturing

of geo-textiles , Classification of geo-textiles. Specific Applications : Bearing

capacity improvement, reinforcement, retaining walls, embankment etc. testing of geo-

svnthetics, usage in India and a case study.

5. soecial Considerations in Foundation Design and Construct'on: Elementary

orinciples of design and construction of foundations subjected to earthquake or

dynamic loads, special

Books:

measures for foundations constructed under water.
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1, Tomlinson MJ, Foundation Design and Construction , ELBs-LonBman, 6e,.

2. Bowles Joseph E, Foundation Analysis and Design, McGraw Hill.

3. Som, NN & Das S.C. , Theory and Practice of Foundation Design, Prentice Hall of lndia, 2003

4. Braja M. Das, Principles of Foundation Engineering, 5e, Thomson, 2007

5. Koerner, Robert M, Construction and Geotechnical Methods in Foundation Entineering ' Mccraw

' Hill,

5. Dinesh Mohan, Pile foundations, Oxford & lBH, 1998

7. Kurian, N.P. Modern Foundations, Tata McGraw Hill, 1982.

8. Fang H.Y. Foundation Engineering Handbook, van Nostrand Reinhold, 23,l99L'

9, Kaniraj ShenbaSa R, Design Aids in soil Mechanics and Foundtion EnSineering, Tata Mccraw Hill,

n



1

Pre Ph.D. Course in Civil Engineering

Environment Engineering and Management

1. Environment & Ecology: Definition and understanding of concepts' ecosystem' energy flow in

ecosystem, water, carbon and nitrogen cycle, community's inter-relationships in an ecosystem'

lmportance of clean environment.

2. Type of Pollutants and Protection of Environment :Water Pollution : sources' causes ano

measurement of water poltutants in surface and ground water, water quality criteria for

various uses of fresh Water, rtver basin studies for surface water po||ution contro|,

biochemical oxygen demand, effect of oxygen demanding wastes on rivers Domestic and

industrial Pollution : Sources, Standards for disposal of waste water and industrial

effluents, basic unit operataons in control of waste water pollution, c'P C B /M'O'E F for

abatement of Industrial Pollution and Pollution control/Treatment methods and technologies'

3. Air Pollution : Definition, principle materials causing pollution, types of air

contaminants, their sources and ill effects on living and nonliving materials,

permissib|e Iimits. air po||ution contro| - basic principIes, naturaI se|f cIeansing, po||ution

control metnods and various engineering devices to control particulate and gaseous

pollutants, controlting air pollution from automobiles' Noise Pollution : Definition'

sources of noise and its units, adverse effects of noise pollution, sound pressure level and

its measurement, octave band and its importance; noise oollution control measures'

Solid Waste Pollution: Sources, effects and treatment of solid wastes'

4. Degradation of Land Resources : 3.1 Deforestation and Wetlands : Forest land'

deforestation and its effects on land use and environmental quality' wetland and their

importance in environment, causes and extent of wasteland, Soll degradation problems'

erosion, salinization, water logging, land use management & planning'

Land Fills: Sitting Criteria, Waste containment Principles,

Design aspects relating to Waste disposal in landfills,

contamination. Case studies

5. Current lssues in Environmental Engineering: Global warming, ozone depletion, acid rain'

oil pollution, radiation hazard and control, role of non- conventional sources of energy in

environment.

6. Environment lmpact Assessment : Definition and its importance for environment

management, constltuents of environment impact assessment , project data for EIA study'

prediction of impacts, EIA methodologies, constraints in implementation of EIA' impact

orediction on water resources projects and other relevant case studies. Environment pollution.

types of Barrier materials, Planning and

control and remediation of sub surface

f\"1.,, 4
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7. Environmental Management System: Main clauses and basic steps for certification. Water
pollution, air pollution and EPA and their salient features.

Books:

1. Peavy,Rowe,,Techobanoglous, Environmental Engg. Tata McGrawHill.

2. Mackenzie L Davis, Environmental Engg. Tata McGrawHill.

3. Baljeet S. Kapoor; Environmental Engg. An overview, Khanna Publishers.

4. Glbert H.Masters, Environmental Engineering and Science, Prentice Hall of India Pvt.Ltd.

5. GN Panday, GC Carney Environmental Engineering,Tata MccrawHill.

6. P.D, Sharma, Ecology and Environment Rastogi Publications.

7. Ray P.A Lcances Environmental lmpact Assessment Hand Book, National Environmental

ProtectionCouncil Manila.

8. P Venugopala Rao ; Text Book of Environmental engineering, PHI

o

n
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pre ph.D. Course in civil Engineerint
Pavement Design, Construction and Maintenance

1. Introduction: Types o

,:1::L"1 :":* " il;',i'"J""lili ;.,i: ilff ff:: T"""l 
j^. 

-":: " 1 
.: m po n e n t s f a *o rs a f fe cti ng

^il*Iilil;r 
carirornia bearing varue ;;,*, r;# :J,i"Ti:rfi'ff;;;,*:**:

2. Design consjderatjons,
method. 

"o* 

-"i"'',.lithods for desiSn of ri8id pa

rhickness design foro,;fT- ""0 ;"; ":;r,;;*tents: westersaard's method, F.A.A.

roncepr, cBR method , ,rii,olfl""t ,'oo t.*"d"n 
In cement concrete oavments'

3 consrruction of Hishw 
[cN svstem 

"t ;t;;",Lr::;ible 
and Risid pavements' EswL

consrruction, construction 
tl::^lt:tt of Hrghway constru

Bituminous pavements, 
pr,ocedure 

"t t;.;;;,";;;:ctton and their selection' materials for

;rj{:r;11":li,,i.,l*il":i#.i.:,"dilTinii:::Tj=i,,i:-:;.:.il;":#*;
(introductiononry) -- --ing' tt''tout o,i'";"t*il'jlll;,,i"rlT['1"iil1'J5Jtr:;:
4. Maintenance of Highwat
frexibre and .,c,0 ,."""rj;; 

Pavement failures, their ca

specrar type, materiars ur"jt^u"""r, 
typu, or 

"n:;*'*t and remedial measures typicai

pavements, cement concreteo 
rot 

^m"intena;*;t ;;;;";" 
maintenance: routine' periodic and

r-rexrbre pavement- theirtypes lo-10- 
t'u'r t"J i"rr;::;';"t 

pavement such as bituminous

ursrnreBration, cracks, spalring 
and,causes, Remer;;;";","-t seal' Patching Defects'/ Failures in

Books: 
, srab Rockins, Jo,",,";;;;;i,T..; 

i:,:i,,,r..:,,#_, 
Derormarion,

1.. Khanna and Justo; Highway Engineering, Nemchand & Bros. Roorkee2. Clarkson H.Oglesby and Gar

; ;::::j:i;;;:";J.ffi:ffi.:;"::;."", 
L.nd.n

'lanning and Design
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Pre Ph.D, Course in Civil Engineering

Eridge Engineering

ITP

400

1. Introduction Definition; componentsofa bridge; classification; importance of bridges,

2. Standard Specifications for Road Bridges: Indian Roads Congress Bridge Code; width of n
carriageway; clearances; loads to be considered; dead load; l.R.C. standard live load; impact

effect; application of live load on decks; wind load; longitudinal forces; centrifugal forces;

horizontal forces due to water current; Buoyancy effect; earth pressure; temperature effects;

seismic force.

3. Reinforced concrete Bridges : General arrangement and suitability : T-beam bridges;

Balanced cantilever bridges ; Continuous girder bridges; Rigid frame bridges; Arch bridges; Steel

bridges (Fa miliarization with MOST specifications and drawings)

4. Sub-Structure : Design of piers and abutments (Masonry & R.C.C).

5. Foundations : Types offoundations; open; Piled and Well foundations; including

construction details. Pile Foundations: Suitable Pile types for bridges, Pile Installation, Carrying

capacity of bored and cast- in-situ pile (No numericals) Well Foundations in Components and

brief description, Well Cap, Stability of a single well

6. Bearings, Joints, and Handrails : Different types of bearings, joints and handrails.

7. Construction and Maintenance of Bridges, Quality Assurance, Construction Method (brief )Steel
bridges, Long span concrete bridge, Traditional method, Incremental Push launching method,

Cantilever method, Maintenance, Maintenance of Bearings, Expansion Joints.

Reference Books:

1. VictorJohnson; Essentia ls of Bridge Engineering, Oxford & IBH Publishing Co, New Delhi.,2007

2. Khadilkar; C.H. , A text book of Bridge Construction, Allied Publisher, New Delhi.

3. Rangwala; Bridge Engg

4. Rowe, R.E., Concrete Bridge Design, John Wiley & Sons, Inc. New York

5. Ralna , v.K. , C oncrete Bridges Practice Book , Tata McGraw Hill , New Delhi

6. Jagadeesh, Jayaram : Design of Bridge Structures , Prentice Hall.

7. Raina, V.K. concrete Bridges Handbook, 

:.r'*,'. 
Publications (P) t,d, *"*K,

N')t/- W
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Pre Ph.D. Course in Civil Engineering

Advanced Construction Technology

l Earthen Dams : Introduction, types,design considerations/aspects to suit avairabre materiars,causes of failures, criteria. for safe design ,section, ;/s drainage system, seepageanarysis' stabirity anarysis, stabirity of d/, ,ropu orrilg ,,".av."epage, stabirity of u/s sropeduring sudden draw down, stability of u/s and a/, ,tp"s during construction, stabitrty offoundation against shear, seepage control measures, design considerations inearthquake regions, design of earthen dam. auality control in construction olembankments - monitoring of post - construction u"rr]u,or, 
"no instrumentation.

2. Special Foundations :

transmission,or"rr, rorno.,,Jnorullurtlo#r;"j"r'lfl,"rt;.,.1j,::.,,:::";_:il::TJ:J:j::j
different soir conditions, foundations in expansive soirs. u"*"t".ing 

"no 
its various,"tnoarl

3. High Rise Construction :

reatures or construction; tar 

".l:Tt 
,::,,ilii:il ":1ff,,::r"lil,T.,l i:,ilTHjj::;ilsrab method; special problems of high rise construction.

4. prefabricatedConstructi

structurar erements; o",,r".li"o,ljJffi;'",":,.:::,,*rJ,,".l,::,,,-l'",,'.i.,i;:, 
;"::l:"1 .:j

ili;::":r,,"il:, i:[ff":;structurar svstems ror buirdinss; sinsre and ,n,in-;,o,.",
presrressrng. 

1d equipments For handlinB and placement. Basic concepts of

5. Advanced Construction Ma
membranes, seo- composite,,[il',""",.":]J"r.i,ji;"y.."lll;*lii:?Til:::: 

:":,r_,::;.r,":;
'eo-textiles ' epoxy resins, polymers, grouts and anchors, speciar frooring materiars,searants andadhesives, protective coatings.

Books:

1) Bharat Singh and Varshney RS, Engineering for Embankment Dams - Oxford and tBH.
1l , 

tn.rr. RK and Sharma TK ; Dam Engineerin, Orroa.nO',U,
3) Rs Varshney, Sc Gupta and RL Gupta. theorylnd o"r6n ot-rrrig.tion structures4) Naiman p Kurian , Modern Foundations _ Introductiori to Adr

:l -":-T: : :1."#::j:1xT ;:: ** *";i#il :: il 
- 
Hi :;#;:: " " H::il, :Jl

6) Bungale S Taranath; Structural Analysis and Design of Tall Brtfings , Tata Mccraw Hill

\ I \\U\N*I*- K
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Pre Ph.D. Course in Civil Engineering

Advanced Structural Engineering

1. Three dimensional elasticity problems, Torsion of open section, Thermal Stresses, Fracture

mechanics. Kirchoff and Mindlin theory of plates, higher order shear deformation theories, classical

theories of skew plates, Shell surfaces, bending theory of shells.

2. Matrix methods of structural analysis and associated computer programme assembly of matrices.

Solution equations. Flow charts. Stiffness and flexibility methods for analysis of beans and frames.

3. Finite Element Method, 2D and 3D applications in plane and three dimensional elasticity

problems. Analysis of plate and shell structures. Applications using proper software.Nonlinear

analysis of structural elements. Material and geometric nonlinearity. Applications for beam, plates

and shells.

4. Multi- variable and Multi-objective optimization. Non linear and non traditional techniques of

optimization. Design for reliability, reliability based optimization.Stability Analysis: Beam column,

buckling of frames. Lateral buckling of beams, torsional buckling, energy criterion and energy based

methods, dynamic stability

Books:

1. Timoshenko and Goodier - Theory of Elasticity, McGraw-Hill Publications

2. S. Crandall, N. Dahl and T. Lardner - Mechanics of Solids, McGraw Hill Publications

3. Anil K Chopra - Dynamics of Structures Theory and Applications to Earthquake Engineering,

Prentice-Hall Publications

4. R.W Clough and J Penzin - Dynamics of Structures, McGraw Hill Publications

5. R.C. Roy - Structural Dynamics an Introduction to Computer Methods, John Wiley & Sons

Publications

6. S. Timoshenko and W. Krieger, Theory of Plates and Shells, Mc Graw Hill.

7. Ansel C. Ugural, stresses in Plates and Shells,

Plates, New Age International Edition.

Hill 8. Chandrashekhara K., Analysis ofMc Graw

sNw



13

Pre Ph.D. Cource In Civil Entineering

Hydraulic Engineering

l Water resources systems anarysis, design and management for water suppry, irrigation, drarnage,hydropower, food contror, droughts.surface ano grouno water hydrorogy, stochastic hydrorogy,

ffi:::.." 
numericat modeting, use of finite ai#"r"r,.., finit" etement and boundary etement

2 lnstrumentation and monitoring of hydraulic systems, computer simulation and optimization of
lJlllliiiiTi;il;JJllH::i#" dvnamics' '**' 

-n"'",'amic' 
watersheo 

'.n.c"'"n,.
3' Ground water systems pranning and management, ground water porution investigation.Hydroinformatict murti criterion decision support system, appricatrons of ANN and GA.

;rlJffil:il::::l;:t';:ff^.'tv dissipatort pressure nuctuations in hvdrauric jump, static and

using softwares. 
Ing basins' Remote sensin8 and Gls applications, oam u.eat anarysis

Books:

1. Principles of water resources planning and management _ Goodman

2. Applied hydrology - Linsley Kolhar and paulhas (McGraw Hill)

3. Computational fluid dynamics _ Anderson

l;:"rfi'#i-"'k 
fundamentals with graphs, atsorithms, apprications - Bose N.K. and Lians

5. Practical handbook of GA applications, Vol | _ L. Chambers (CRC press)
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-Pre Ph,D. Course in Civil Engineering

Geotechnical Engineering

1. Advanced Geotechnical Engineering Stress distribution under earth embankments and evaluation

of settlement profile. Field problems to monitor movement of slopes, foundations, etc. Advanced

Foundation Engineering Foundations in difficult soils: expansive soils, chemically aggressave

environment, soft soils, fill, regions of subsidence.

2. Rock mechanics and Tunelling Deformation characteristics of rocks and its measurement.

Instrumentation, Underground excavation and subsidence. Bearing capacity of homogeneous as

well as discontinuous rocks. Soil Dynamics and Geotechnical Earthquake Engineering Soil behaviour

under dynamic loads. Seismic response, strong ground motion, its parameters and their estimation,

seismic hazard analysis, localsite effects and design ground motion, seismic slope stability

3. Finite Element Methods in Geotechnical Engineering Stress deformation analysis: One-, Two,

Three-dimensiona I formulations; Discretization; Analysis of foundations, dams, underground

structures and earth retaining structures. Ceo environmental EngineerinB

4. Soil Structure Interaction Elastic and plastic analysis of stress distribution on yielding bases.

Analysis of conduits. Interaction analysis of piles and pile groups. Elastic continuum and elastoplastic

analysis of piles, Non-linear load-deflection response. Geotechnics for Infrastructure Exploration

studies for different Infrastructure Projects, Investigation reports, Analysis and required measures

Boo ks:

1. Aki K and Richards P G (2002), Quantitative Seismology, University Science Books

2. Bowles J E (1995), Foundation Analysis and Design, Mccraw Hill.

3. Das B M (1997), Advanced Soil Mechanics, Taylor and Francis.

4. Das B M (1993), Principles of Soil Dynamics, Brooks/Cole

5. Coduto D P (2001), Foundation Design: Principles and Practices, Prentice -Hall

6. Kaniraj S R (1988), Design Aids in Soil Mechanics and Foundation Engineering, Tata McGraw Hill

7. Poulos H G and Davis E H (1980), Pile Foundation Analysis and Design, John wiley and Sons
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Pre Ph.D. Course in Civil Engineering (tnterdisciplinary Course)

Computer Aided Design Methods

' f,T?i:::':T:f*i:1ll scope simpre description orcomputer hardware, - Micro,
Graphic floater, d;[':ffi:::Liii:i:'*' devices-disks' irinter' video terminals'

2' computer craphics: introduction, point plotting techniques, rine drawing disprays, two-threedimensionar transformation, cripping and windowi-ng, ,"rr"n,.,'on geometric modering. Threedimensionar graphics, curves and surfaces, hidden surfa-ce erimination, shading. Graphic Inputdevices' Graphic input technique, input functions. Raster graphic fundamentars, interactive rasrergraphics, raster graphic systems.

3' computer aided linkage displays and synthesis, interactive accereration analysis. Appreciation ofgraphic packages.

4. Basics of Design and Analysis Softwares like STAAD pRO, ETABS, ANSytS, MATLAB.

5. Data base management , stonng and retrleving of data

Books:

r" Principres of interactive computer graphics by Wiriam M. Newman & Robert F.sprour.

2. Programming in Finite Element by Hunton and owan

3. Principles of Computer Aided design by Joe Rooney & philips Steadman

4. Computer Fundamentals_p.K.Sinha, BpB publications

V&

Pre Ph.D. Cou6e in Civil Engineering (tnterdisciplinary Course)
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Civil Engineering applications of Remote sensing and GIS

1. Photogrammetry and Aerial Photogrammetry Photogrammetry- Introduction, basic definitions,

terrestrial photogrammetry, phototheodolite, horizontal and vertical angles from terrestraal

photographs, horizontal position of a point from photographic measurements. Aerial

Photogrammetry- advantages, vertical, tilted and obliquephotogra phs, geometry of vertical

photographs, scale of vertical photographover flat and variable terrain, ground coordinates,

computation of length of aline, overlaps, flightplanning, computation of required number of

photographs for a given area,ground control in photogrammetry, Basic elements inphotographic

interpretation. Introduction to digital photogrammetry.

2. Remote se n sing-lntrod uctio n, ldeal remote sensing system, basic principles ofelectromagnetic

remote sensing, electromagnetic energy, electromagneticspectrum, interaction with earth's

atmosphere, interaction with earth- surface Remote sensing platforms and sensors: Introduction,

platforms- Indian satellite IRS and Land sat specifications, Sensors-active and passive,Mss, AVHRR,

tlSS, TM, PAN, WIFS, microwave sensors, sensorresolutions (spatial, spectral, radiometric and

temporal).

3. G|S-Definition, Components of GlS, Data types, Sources of data, Data Structure , Types of Analysis

and errors, Global positinating system GlS. Applications of Remote sensing: applications in land use

land cover analysis, change detection, water resources, urban planning,Design of construction

structures, and geological a pplications.

4. Environmental Applications of RS and GIS Re-modelling of water Distribution systems using GIS

cround water vulnerability Modelling using Gls Urban Development Planning using Rs and Gls

Environmental Solid Waste and Degradation Assessment using RS and GIS RS and GIS site selection

for Dams, Bridges, Reservoirs.

Books:

1. Mikhail E., J. Bethel, and J.C. McGlone, Introduction to modernphotogrammetry. Wiley,2001.

2. Wolf P.R, and B.A. Dewitt,

McGraw-Hi11,2000.

: withapplications in GlS. 3rd ed,

\"rz

Elements of photogrammetry

(n-Ns
4r
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Pre Ph.D. Course in Civit Engineering (lnterdisciplinary Course)

Town and Country planning

l Historic Deveropment & pranning Theory-origin ,evorution ano contemporary deveropments rnplanning ,Formation of metropolitan areas &impacts of Industrial Revolution, socio_"conomi. g]technologica l,impacts of growth of population; rura lurban mrgration, characteristics of the urbanenvironment: Land uses, physical structure,The interim and comprehensive plans: Structure plan,Master Pran' zonar Deveropment pran - their purpose and contents, surveys, anaryses and designmethods and practices in comprehensive planning, Residential Areas: Neighborhood and sectorPranning, pranning of New Towns in India and abroad. Spatiar & Environmenta I Aspects of prannrng_Environmental degradation and its impact, environmental impact

2. Transportation & Utility Services_Transportation systems; Land use-transportationtnterrelationships; transportation planning process;Traffic management., Recent innovations intechnorogies and its probabre impacts,Transport poricies ano evaruation of transportationproposals,water suppry systems,waste water disposar systems & sorid wastes corection anddisposal, Reuse and recycle Techniques,

3 Planning for urban erectricar distribution system and communication systems, Economic feasibiritytests Planning Administration & Professional Practices-planning regislation ,constitutionar basis andprovisions rerating to rand, Evorution of pranning raws,Land Acquisition Act of India, MRTp Act1966'uDPF' Guidelines (implications of 73rd and 74th amendment of the constitution),EpA,Conservation of natural resor
Archaeorosicar sites and ;ff: :"T;THil:"y':::ffIr::^H:",#;::J' ;:.:Transportation, Landscape, Housing and srum crearance regisratron. ,Rore in interdisciprinary groups
4 Sociar formation & Housing.Housing probrems: urbanization and Industriarization,srums anosquatters settrements - probrems and possib irities, Reside ntia I rayouts, housing densities,neighborhood unit, community facirities, socia I aspects: buirt environment and human behavror,Evaluatron of user's satisfaction,Finance for housing: priority in the nationar prans _ rore of pubric andprivate agencies, rore of cooperatives and various institutions,cost reduction techniques inhousing,Housing norms and stanoards.

Reference Books :

l K S Rangwala and P.s.Rangwala,. "Town planning,,,charotar pubtishing House,l5th Edition,1999.

i il''li'l fil},ft::IJ:;;HH:*".' ""1 'ioui"i'ln' ,onn wirev and s""', 
'"* '.",.r,'igas

I J,ll.fj]::,f',iill]"_,-!,r"-,1*s, cMDA Rures and corporation bye_raws.
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Advanced Geoinformatics

1. M lN E RALOGY:Description and identification of Rock forming minerals and Ores, based onphysical

and special properties PETROLOGY: Rocks as fundamental units and building materials of the earth
crust and theirengineering applications: As building stones, road metals and stones fordecoration,
pavement, cladding, roofing, flooring, concreting and foundationengineering. lgneous rocks: Origin,

classification (chemical and textural), mode of occurrence Sedimentary rocks: Origin, classification,
primary structures Metamorphic rocks: Kinds of metamorphism, and classification.

2. ROCK MECHANICS: Epigene and Hypgene geological agents; rock weathering and its types; Soil

formation, types, erosion and remedial measures Geological action of rivers with different drainage

patterns; Geological action of wind. Stress, strain and deformational effects on different rocks; Out

crop, Dip,strike and escarpment, Clinometer-compass- Joints, faults, folds and unconform ities their
effects on civil engineering structures.

3. Principles of Remote Sensing: Introduction to remote sensing, Remote sensing system,

Electromagnetic spectrum, Black body Atmospheric windows, Spectral characteristics of earth's

surface, Range of sensing system. Platforms, Sensors and Data Products: Ground aircraft, space

aircraft platforms- photographic sensors, scanners, radiometers, Radar and Mission planning. Data

types and format, Scale and Legend Photogrammetry: Photogrammetry basics - applications,

applications of aerial photo interpretation to Water Resource Engineering. Photogrammetry and

Gl5:input of data from photogrammetry for GIS database, photogrammetric applications in GIS

4. Geographic lnformation System: Introduction, history if GlS, comparisons with CAD, Necessity of

GlS, components of GlS, GIS Architecture-data input, data manipulation, data output, Operation-

processes and capabilities, different types of GlS, GIS data-spatial and non spatial, data models with

advantages and disadvantages. Types of Analysis and errors, Global positinating system GlS.

5. Hyper-spectral Remote Sensing: Hyper-spectral lmaginB: Hyper spectral concepts, data collection

systems, calibration techniques, data processing techniques; preprocessing, Ndimensional scatter'

plots, Special angle mapping, Spectral mixture analysis, Spectral Matching, Classification techniques,

airborne and space-borne hyperspectral sensors, applications. High resolution hyper-spectral

satellite systems: Sensors, orbit characteristics, description of satellite systems, data processing

aspects, applications.

BOOKS:

1. Text book of Geology by P.K. Mukerjee, World Press Pvt. Ltd.Kolkatta.
2. StructuralGeology (3rd Ed.)by M. P. Billings, Published by Prentice Hall of India Pvt. Ltd. New Delhi

3. Text of Engineering and General Geology by Parbinsingh,Published by S. K. Kataria and sons, New
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Pre Ph,D. Course In Clvil Engineering

Schematic and Syllabus

Paper Title: Research Presentation

LT P

003

Research Scholar will have to present a seminar based upon his/her research area. Performance of
the scholar and participation in seminar will be taken into consideration.

5r.

no.

Nature of Course Name of course Credits Remarks

1.

Core Research

Methodology

4 The syllabus of RM should be formulated
facultv wise

Discipline

Specific subjects

4 l.Transportation and Highway
Technology
2. Foundation Design and Construction
3.Environment Engineering and
Management
4.Pavement Design, Construction and
Maintenance
5,Bridge Engineering
S.Advanced Construction Technology
T.Advanced Structural Engineering
8.Hydraulics Engineering
9.Geotechnical Engineering

Presentation 5 Discipline specific

Interdisciplinary Elective 4 From list of subjects from allied fields

1.Town and Country Planning
2.Advanced Geoinformatics
3.Computer Aided Design Methods
4. Civil Engineering applications of
Remote sensing and GIS

Total Minimum credits 15
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Pre Ph.D. Course in Civil Engineering

Research Methodology

1.. Introduction Research Methodology: Definition of Research, Need of Research, Concept and steps

of Research Methodology , Uses of Research Methodology, Research Techniques. Reviewrng

Literature: Need, Sources-Primary and Secondary, Purposes of Review, Scope of Review, Steps in

conducting review.

2. ldentifying and defining research problem: Locating. Analyzing stating and evaluating problem,

Generating different types of hypotheses and evaluating them.

3. Data collection: Static and dynamic characteristics of instruments used in experimental set up,

calibration of various instruments, sampling methods, methods of data collection, Selection of
Appropriate Method for Data Collection, Data collection using a digital computer system, case

studies of data collection

4. Data Analysis: Data processing, data analysis strategies and tools, data analysis with statistical
packages, Basic Concepts concerning testing of hypotheses, procedures of hypothesis testing,

generali2ation and interpretation Applied statistics: Regression analysis, Parameter estimation,

Multivariate statistics, Principal component analysis Software tools for modeling, Simulation and

ana lysis

5. Research reports and Thesis writing: Introduction: Structure and components of scientific reports,

types of report, developing research proposal. Thesis writing: different steps and software tools in

the desiBn and preparation of thesis, layout, structure and language of typical reports, lllustrations

and tables, bibliography, referencing and footnotes, word processing tools such as Latex Oral

presentation: planning, software tools, creating and making effective presentation, use of visual

aids, importance of effective communication.

6. Research ethics, IPR and publishing Ethics: ethical issues. IPR: intellectual property rights and

patent law, techniques of writing a Patent, filing procedure, technology transfer, copy right, royalty,

trade related aspects of intellectual property rights Publishing: design of research paper, citation and

acknowledgement, plagiarism tools, reproducibility and accountability.

Boo ks:

1. c.R. Kothari, "Research Methodology - Methods and Techniques", Wiley Eastern Ltd 2009.

2. B.L. Wadehra, Law relating to patents, trademarks, copyright designs and geographical

indications, Universal Law Publishing, 2014.

3. K. N. Krishnaswamy, Appa lyer Sivakumar, M. Mathirajan," Management Research Methodology:

Integration of Methods and Techniques, Pearson, 2006 4. S.P Gupta,"Statistical Methods", Sultan

Chand & Sons, 2006.
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Pre Ph.D, Course in Civil Engineering

,A,'w" .-./ . Foundation Design and Construction

P

0

1. General Principles of Foundation Design : Functions of foundations, essential requirements of a

good foundation, types of foundations, principal modes of failure, estimation of
allowable bearing pressures, calculation of ultimate bearing capacity by theoretical and

empirical methods: Terzaghi's Method, Skempton's analysis for clays, Mayerhof's analysis BIS

Method (ls:6a03), Settlement of foundations. Factors to be considered foundation design,

numerical problem based in Bl5 method.

2. Shallow Fo tial requirements, types and depth of footing like Strip

footing, ting, Strap footing, Raft footing, electrically loaded footings;
design features related to size and depth of footing problem of frost heave,

its causes a of ground water and environmental considerations; Numerical
problems and depth of footings

2, Pile Foundations: Purpose/uses of pile foundations, Classification of piles based on different
criteria, Briefdetails of timber, concrete, steel piles their advantages and disadvantages,
selection of pile type, pile action, behaviour of pile and pile groups under load. definition of
failure load. Estimation of carrying capacity: Single driven pile in cohesion less soils - methods
based of on SPT and CPT, ultimate load on driven and cast-in-place piles and bored and
cast-in-place piles in cohesionless soils. Factors affecting pile capacity.- Numerical problems

Ultimate capacity of single pile driven in cohesive soils; modification for driven and cast-in-
place piles and bored and cast-in-place piles. Capacity of very long piles - Numerical

=,p'"ll,iJir 
-frgfftiltJ"65,il'."61lc.rlrtr' F...-s au{'\ o- '/,'eh&.l.'$''r ' 5iv,-1 'd

4. Soil Stability: Retaining walls - Introduction, types, principles of design, Modes of t.itrru, Tllc'"
drainage of the back fill, problems related to design of gravity retaining wall and stability of o-'tT^^-
retaining walls.. Unbraced excavations, braced excavations. Sheet piles - types anchors and < h i+4\'

tie backs. Shoring and Underpinning - necessity and methods

\y'. l^prou"^ent of Foundation Soils Purpose : (a) lmprovement of granular soils : term
v used to describe degree of compactness - relative density, density ratio and

degree of compaction;

influencing roller
Methods - Vibration at ground surface, factors

compaction; deep dynamic compaction, vibro-compaction
depth. (b) lmprovement of cohesive soils : preloading, or dewatering,

of installing sand drains ,drain wicks, electrical and thermal methods.
Grouting : purpose, functions, types of grouts ; soil bentonite - cement mix, cement mix,
emulsions, solutions: grout injection methods. Geo-synthetics : types, functions, manufacturing
of geo-textiles , Classification of geo-textiles. Specific Applications : Bearing
capacity improvement, reinforcement,

r.mpact at

methods

synthetics, usage in India and a case study.

retaining walls, embankment etc. testing of geo-
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5. Special Considerations in Foundation Design and Construction: Elementary
principles of design and construction of foundations subjected to earthquake or
dynamic loads, special measures for foundations constructed under wat€r.

Books :

1. Tomlinson MJ, Foundation Design and Construction , ELBlLongman, 5e,.

2. Bowles Joseph E, Foundation Analysis and Design, McGraw Hill.

3. Som, NN & Das S.C. , Theory and Practice of Foundation Design, Prentice Hall of India, 2003

4. Braja M. Das, Principles of Foundation Engineering, 5e, Thomson,2007

5. Koerner, Robert M, Construction and Geotechnical Methods in Foundation Engineering, McGraw

Hiil.

6. Dinesh Mohan, Pile foundations, Oxford & lBH, 1998

7. Kurian, N.P. Modern Foundations, Tata McGraw Hill, 1982.

8. Fang H.Y. Foundation Engineering Handbook, Van Nostrand Reinhold, 23, 1991.

9. Kaniraj Shenbaga R, Design Aids in Soil Mechanics and Foundtion Engineerin& Tata Mccraw Hill,

o

f,l

--.'-..
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Pre Ph,D. Course in Civil Engineering

Environment Engineering and Management

1. Environment & Ecology: Definition and understanding of concepts, ecosystem, energy flow in
ecosystem, water, carbon and nitrogen cycle, community's inter-relationships in an ecosystem.

lmoortance of clean environment.

2. Type of Pollutants and Protection of Environment :Water Pollution : Sources, causes and

measurement of water pollutants in surface and ground water, water quality criteria for
various uses of fresh water, river basin studies for surface water pollution control,
biochemical oxygen demand, effect of oxygen demanding wastes on rivers. Domestic and

industrial Pollution : Sources, Standards for disposal of waste water and industrial
effluents, basic unit operations in control of waste water pollution, C. P.C.B./M.O. E.F. for
abatement of Industrial Pollution and Pollution Control/Treatment methods and technologies.

3. Air Pollution : Definition, principle materials causing pollution, types of air
contaminants, their sources and ill effects on living and nonliving materials,
permissible limits. air pollution control - basic principles, natural self cleansing, pollution

control methods and various engineering devices to control particulate and gaseous
pollutants, controlling air pollution from automobiles. NoisePollution : Definition,

/\ sources of noise and its units, adverse effects of noise pollution, sound pressure level and

its measurement, octave band and its importance; noise oollution control measu res.

Solid Waste Pollution: Sources, effects and treatment of solid wastes.

1 Degradation of Land Resources : 3.1 Deforestation and Wetlands : Forest land,
deforestation and its effects on land use and environmental quality, wetland and their
importance in envlronment, causes and extent of wasteland, Soil degradation

problems, erosion, salinization, water logging, land use management & planning. *

$ Current lssues in Environmental Engineering : Global warming, ozone depletion, acid rain,
oil pollution, radiation hazard and control, role of non- conventional sources of energy in

environment.

6 Environment lmpact Assessment: Definition and its importance for environment
management, constituents of environment impact assessment , project data for EIA study,
prediction of impacts, EIA methodologies, constraints in implementation of ElA, impact
prediction on water resources projects and other relevant case studies. Environment oollution.

-4*/-",^^ fllls: sr++t dffio. yya+k e^tla, l,^c,,J /r-'d" tl^,/
b<;- wa+A"b P/",r"_A a/,/ d.t;2, :p nbt_"J^
,oN'Ak ,t^f'w-( 1^ ,{o^^,tr,t1t C-"f"/ ; 1-r*-UJ^ r,[
AJ r.a&^.a c,$A\i^oJi, a^, Ca e s$^rrr.rj
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5' Environmental Management System: Main clauses and basic steps for certificatlon. Water
pollution, air pollution and EpA and their salient features.

Books:

1. Peavy,Rowe,,Techobanoglous, Environmental Engg. Tata McGrawHill.

2. Mackenzie L Davis, Environmental Engg. Tata McGrawHill.

3. Baljeet S. Kapoori Environmental Engg. An overview, Khanna publishers.

4' Glbert H.Masters, Environmental Engineering and science, prentice Hallof India pvt.Ltd.

5. GN Panday, GC Carney Environmental Engineering,Tata McGrawHill.

6. P.D. Sharma, Ecology and Environment Rastogi publications,

7. Ray P.A Lcances Environmental lmpact Assessment Hand Book, National Environmental
Protection Council Manila.

8. P Venugopala Rao ; Text Eook of Environmental engineering, pHl

n
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Pre Ph.D. Course in Civil Engineering

Pavement Design, Construction and Maintenance ",/

l-. Introduction: Types of pavement structure, functions of pavement components. factors affecting
pavement design. Design of Pavements: Methods for design of flexible pavements: CBR, Group
Index Method, California bearing value method , Triaxial test method , Burmister method ,

McLeod's method.

2. Design considerations, methods for design of rigid pavements: Westergaard's method, F.A.A.

method, types of joints and their design in cement concrete pavments.

Thickness, design for Airport pavement ,FAA method for Flexible and Rigid pavements, ESWL

Concept, CBR method ( USACE) , LCN system of pavement design,

3. Construction of Highways: Types of Highway Construction and their selection, materials for
construction, construction procedure of different highways: Gravel roads, WBM, W.M.M.,
Bituminous pavements, cement concrete pavements, Joints in cement concrete pavemenrs,
introduction to various Equipment used for highway construction. Constructional features for pre-

Mix Carpet, Mix Seal Surfacing, 8.M., SDBC. Other higher quality pavement layers - DBM, BC
(introduction only )

4 Maintenance of Highways: Pavement failures, their causes and remedial measures typical
flexible and rigid pavement failures, types of highway maintenance: routine, periodic and
specialtype, materials used for maintenance of different pavement such as bituminous
pavements, cement concrete road, slurry seal, Liquid seal, Fog seal, patching Defects/ Failures in
Flexible Pavement- their types and causes, Remedial Measures Surface defects, cracks, Deformatron,
disintegration, Cracks, Spalling, Slab Rocking, Joint Sealant Failure and Rectification

Books:

1.. Khanna and Justo; Highway Engineering, Nemchand & Bros. Roorkee

2. Clarkson H.Oglesby and Gary Hicks; Highway Engineering. John Wiley & Sons, London,

3. Rao; Airport Engineering, Tata Mccraw Hill publishing Co. New Delhi

4. Khanna and Arora.; Airport planning and Design

5. Wright and Paquette; . Highway Engg ,lohn Wiley and Sons, New york

6. Vaswani, Highway Engg Roorkee publishing House, Roorkee

7. sharma and sharma.; Principles and practices of Highway Engg., Asia publishing House, New
Delhi .
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0re Ph.D. Course in Civil Engineering

Bridge Entineering

LTP

400

1. Introduction Definition; componentsofa bridge; classification; importance of bridges.
2. Standard Specifications for Road Bridges: Indian Roads Congress Bridge Code; width of
carriageway; clearances; loads to be considered; dead load; l.R.C. standard live load; impact
effect; application of live load on decks; wind load; longitudinal forces; centrifugal forces;
horizontal forces due to water current; Buoyancy effect; earth pressure; temperature effects;
seismic force.

3. Reinforced concrete Bridges : General arrangement and suitability : T-beam bridges;
Balanced cantilever bridges ; Continuous girder bridges; Rigid frame bridges; Arch bridges; Steel

bridges (Fa miliarization with MOST specifications and drawings)

4. Sub-Structure : Design of piers and abutments (Masonry & R.C.C).

5. Foundations : Types offoundations; Open; Piled and Well foundations; including

construction details. Pile Foundations: Suitable Pile types for bridges, Pile tnstallation, Carrying

capacity of bored and cast- in-situ pile (No numericals) Well Foundations in Components and

brief description, Well Cap, Stability of a single well

6. Bearings, Joints, and Handrails : Different types of bearings, joints and handrails.

7. Construction and Maintenance of Bridges, Quality Assurance, Construction Method (brief ) Steel

bridges, Long span concrete bridge, Traditional method, Incremental Push launching method, n
Cantilever method, Maintenance, Maintenance of Bearings, Expansion Joints.

Reference Books:

1. Victor Johnson; Essentials of Bridge Engineering, Oxford & IBH Publishing Co, New Delhi.,2007

2. Khadilkar; C.H. , A text book of Bridge Construction, Allied Publisher, New Delhi.

3. Rangwala; Bridge Engg

4. Rowe, R.E., Concrete Bridge Design, John Wiley & Sons, lnc. New York

5. Raina, V.K. , C oncrete Bridges Practice Book , Tata Mccraw Hill , New Delhi

6. Jagadeesh, Jayaram : Design of Bridge Structures , Prentice Hall.

7. Raina, V.K. Concrete Bridges Handbook, Galgotia Publications (P) Ltd, New Delhi
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Pre Ph.D. Cource in Civil Engineering

Hydraulic Engineering

tTP

400

1. water resources systems analysis, design and management for water supply, irrigation, drainage,
hydropower, food control, drou8hts.Surface and ground water hydrology, stochastic hydrology,
physical and numerical modeling, use of finite difference, finite element and bounoarv eremenr
methods.

A 2. Instrumentation and monitoring of hydraulic systems, computer simulation and optimization of
hydrosystems.computational fluid dynamics, coastal hydrodynamics, watershed management,
application of numerical methods.

3' Ground water systems planning and management, ground water pollution investigation.
Hydroinformatics, multi criterion decision support system, applications of ANN and GA,.

4 Hydraulics of spillways and energy dissipators, pressure fluctuations in hydraulic jump, static and
dynamic uplift pressures in stilling basins. Remote sensing and Gls applications, Dam break analvsis
using softwares.

Books:

1. Principles of water resources planning and management _ Goodman

2. Applied hydrology - Linsley Kolhar and paulhas (Mccraw Hill)

3. Computational fluid dynamics - Anderson

4. Neural network fundamentars with graphs, argorithms, apprications - Bose N.K. and Liang p
(McGraw Hill)

5. Practical handbook of GA applications, Vol | _ L. Chambers (CRC press)



29

-Pre Ph.D. Course in Civil Engineering

Geotechnical EngineerinB

tTP

400

1. Advanced Geotechnical Engineering Stress distribution under earth embankments and evaluataon

of settlement profile. Field problems to monitor movement of slopes, foundations, etc. Advanced

Foundation Engineering Foundations in difficult soils: expansive soils, chemically aggressive

environment, soft soils, fill, regions of subsidence.

2. Rock mechanics and Tunelling Deformation characteristics of rocks and its measurement.

Instrumentation, Underground excavation and subsidence. Bearing capacity of homogeneous as

well as discontinuous rocks. Soil Dynamics and Geotechnical Earthquake Engineering Soil behaviour A

under dynamlc loads. seismic response, strong ground motion, its parameters and their estimation,

seismic hazard analysis, local site effects and design ground motion, seismic slope stability

3. Finite Element Methods in Geotechnical Engineering stress deformation analysis: one-, Two,

Three-dimensiona I formulations; Discretization; Analysis of foundations, dams, underground

structures and earth retaining structures. Geo environmental Engineering

4. Landfills, in ash ponds and tailin&lpdndt a/nd in rocks. Detection, control and remediation of

subsurface contamination; Engineeri/g t o{erf"s 
"na 

geotechnical reuse of waste'

5. Soil Structure Interaction Elastic and plastic analysis of stress distribution on yielding bases'

Ana|ysisofconduits'Interactlonana|ysisofpi|esandpi|egroups'E|asticcontinuumande|astop|astic

analysis of piles, Non-linear load-deflection response. Geotechnics for Infrastructure Exploration

studies for different Infrastructure Projects, Investigation reports, Analysis and required measures

Books:

l.AkiKandRichardsPC(2002),QuantitativeSeismology,UniversityScienceBooks

2. Bowles J E (1996), Foundation Analysis and Desi8n, McGraw Hill'

3. Das B M (1997), Advanced Soil Mechanics, Taylor and Francis'

4. Das B M (1993), Principles of Soil Dvnamics, Brooks/Cole

5. Coduto D P (2001), Foundation Design: Principles and Practices' Prentice -Hall

5. Kaniraj S R (1988), Design Aids in Soil Mechanics and Foundation Engineering' Tata McGraw Hill

7. Poulos H G and Davis E H (1930), Pile Foundation Analysis and Design, John wiley and sons
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Civil Engineering applications of Remote sensing and GtS

1. Photogrammetry and Aerial Photogrammetry Photogrammetry- Introduction, basic definitions,
terrestrial photogrammetry, phototheodolite, horizontal and vertical angles from terrestrial
photographs, horizontal position of a point from photographic measurements. Aerial
Photogrammetry- advantages, vertical, tilted and obliquephotographs, geometry of vertrcal
photographs, scale of vertical photographover flat and variable terrain, ground coordinates,
computation of length of aline, overraps, frightpranning, computation of required number of
photographs for a given area,ground control in photogrammetry, Basic elements inphotographic
interpretation. Introduction to digital photogrammetry.

2. Remote sensing-rntroduction, rdeal remote sensing system, basic principles ofelectromagnetrc
remote sensing, electromagnetic enerBy, electromagneticspectrum, interaction with earth,s
atmosphere, interaction with earth- surface Remote sensing platforms and sensors: Introductron,
platforms- Indian satellite rRs and Land sat specifications, sensors-active and passive,Mss, AVHRR,
LISS, TM, PAN, WIFS, microwave sensors, sensorresolutions (spatial, spectral, radiometric and
temporal).

3. Gls-Definition, components of Grs, Data types, sources of data, Data structure , Types of Anarysis
and errors, Global positinating system cls. Applications of Remote sensing: applications in lano use
Iand cover analysis, change detection, water resources, urban pranning,Design of construction
structures, and geological applicatrons.

4. Environmental Applications of RS and GIS Re-modelling of water Distribution systems using Gts
Ground water vulnerability Modelling using Grs Urban Development planning using Rs and Grs
Environmental Solid waste and DeSradation Assessment using Rs and Gts RS and Gts site selection
for Dams, Bridges, Reservoirs.

Books:

1. Mikhail E., l. Bethel, and J.C. McGlone, Introduction to modernphotogrammetry. Wiley,2O01.

2. Wolf P.R, and B.A. Dewitt, Erements of photogrammetry : withapprications in Grs. 3rd ed,
McGraw-Hill, 2000.
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Computer Aided Design Methods

1.. Introduction to cAD and its scope simple description of computer hardware. - Micro, mini etc. '
memorv, processor - Peripheral devices-disks, printer. Video terminals. Graphic floater, graphic

screen digitizer.

2. Computer Graphics: introduction, point plotting techniques, line drawing displays, two-three

dimensional transformation, clipping and windowing, segmentation geometric modeling. Three

dimensional graphics, curves and surfaces, hidden surface elimination, shading. Graphic input

devices. Graphic input technique, input functions. Raster graphic fundamentals, interactive raster

graphics, raster graPhic systems.

3. Computer aided linkage displays and synthesis, interactive acceleration analysis. Appreciation of

graphic packages.

r programme assemoly o

Solution Flow charts. Typical listing as illustrations. Introduction to

interactive for the design detailing of simple structural elements: RCC slab,

ams, coldr
Ba..a ir,:

d footirlRs etc.
e-{\1\ -o./v'.d*9""fl'Y&).7"!"T:4.1c#r":lle .f : . lt ";

'5. D.t" b.te management, storing and retrieving of data ETA8S, A.rSlrs, MA-rcr6'

ffi,r,,
L. Principles of interactive computer graphics by William M' Newman & Robert F Sproul'

2. Programming in Finite Element by Hunton and owan

3. Principles of Computer Aided design by Joe Rooney & Philips Steadman

4. ComDuter Fundamentals-P.K.Sinha, BPB Publications
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Advanced Geoinformatics

1. M INERALOGY:Description and identification of Rock forming minerals and Ores, based onphysical
and special properties PETROLOGY: Rocks as fundamental units and building materials of the earrn
crust and theirengineering applications: As building stones, road metals and stones fordecoralon,
pavement, cladding, roofing, flooring, concreting and foundationengineering. lgneous rocks: origin,
classification (chemical and textural), mode of occurrence Sedimentary rocks: Origin, classificalon,
primary structures Metamorphic rocks: Kinds of metamorphism, and classification.

2. RocK MECHANrcs: Epigene and Hypgene geological agents; rock weathering and its types; soil
formation, types, erosion and remedial measures Geological action of rivers with different drarnage
patterns; Geological action of wind. stress, strain and deformational effects on different rocks; Out
crop, Dip,strike and escarpment, Clinometer-compass- Joints, faults, folds andunconformities their
effects on civil engineering structures.

3. Principles of Remote sensing: Introduction to remote sensing, Remote sensing system,
Electromagnetic spectrum, Black body Atmospheric windows, Spectral characteristics of earth,s
surface, Range of sensing system. platforms, sensors and Data products: Ground aircraft, space
aircraft platforms- photographic sensors, scanners, radiometers, Radar and Mission pranning. Data
types and format, scale and Legend photogrammetry: photogrammetry basics - appricatrons,
applications of aerial photo interpretation to water Resource Engineering. photogrammetry and
G15:input of data from photogrammetry for Grs database, photogrammetric apprications in Grs

4. Geographic Information system: Introduction, history if Gls, comparisons with cAD, Necessity of
Gls, components of Gls, Gls Architecture-data input, data manipulation, data output, operatron-
processes and capabilities, different types of Gls, Gts data-spatial and non spatial, data models with
advantages and disadvantages. Types of Analysis and errors, Global positinating system Grs.

5. Hyper-spectral Remote sensing: Hyper-spectrar tmaging: Hyper spectrar concepts, data colection
systems, calibration techniques, data processing techniques; preprocessing, Ndimensional scarrer-
plots, Special angle mapping, Spectral mixture analysis, Spectral Matching, Classification techniques,
airborne and space-borne hyperspectrar sensors, apprications. High resorution hyper-spectral
satellite systems: sensors, orbit characteristics, description of sate ite systems, data processrns
aspects, applications.

BOOKS:

1. Text book of Geology by p.K. Mukerjee, World press pvt. Ltd.Kotkatta.
2. StructuralGeorogy (3rd Ed.)by M. p. Bi|ings, pubrished by prentice Ha|| of India pvt. Ltd. New Derhi
3 Text of Engineering and General Geology by pa rbinsingh, published by s. K. Kataria and sons, New
Delhi.
4. Rock Mechanics for Engineers by DrB.p.Verma, Khanna publishers, New Delhi
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Town and Country Planning

1. Historic Development & Planning Theory-Origin ,evolution and contemporary developments In

planning.,Formation of metropolitan areas &impacts of Industrial Revolution, socio-economic &

technological,impacts of growth of population; rura lurban miSration, Characteristics of the urban

environment: Land uses, physical structure,The interim and comprehensive plans: Structure Plan,

Master Plan, Zonal Development Plan - their purpose and contents, Surveys, analyses and design

methods and practices in comprehensive planning, Resldential Areas : Neighborhood and Sector

planning, Planning of New Towns in India and abroad. Spatial & Environmental Aspects of PlanninE-

Environmental degradation and its impact, environmental impact

2. Transportation & utility services-Transportation systems; Land use-transportation

interrelationships; transportation planning process;Traffic management, Recent innovations in

technologies and its probable impacts,Tra nsport policies and evaluation of transportation

proposals,Water supply systems,Waste water disposal systems & Solid wastes collection and

d isposa l,Reuse and recycle Techniques,

3. planning for urban electrical distribution system and communication systems, Economic feasibility

tests. planning Administration & Professional Practices-Planning legislation ,Constitutional basis and

provisions relating to land, Evolution of planning laws,Land Acquisition Act of India, MRTP Act

1966,UDPFl Guidelines (implications of 73rd and 74th amendment of the constitution),EPA,

conservation of natural resources, conservation and Management of Ancient Monuments and

Archaeological sites and ruins., Land Development Control,Urban Arts Commission Act'

Transportation, Landscape, Housing and slum clearance leSislation. ,Role in interdisciplinary groups

4. Social formation & Housing.Housing problems: urbanization and lndustrialization,Slums and

squatterssettlements-problemsandpossibilities,Residentiallayouts,housingdensities,
neighborhoodunit,communityfaci|ities,SociaIaspects:bui|tenvironmentandhumanbehavior,
Evaluation of user,s satisfaction,Finance for housing: priority in the national plans - role of public and

privateagencies,roleofcooperativesandVariousinstitution5,costreductiontechniquesin
housing,Housing norms and standards

Reference Books :

1. K.S.Rangwa|a and P.s.Rangwa|a,. ,,Town P|anning,,,charotar Pub|ishing House,]'5th Edition,1999'

2. Michael Hord, R. Remote sensing methods and application, John wiley and sons, New York, 1986

3. National Building Code of India- Part-lll.

4. Municipaland Panchayat bye-laws, CMDA Rules and Corporation bye-laws'

5. KA. Ramegowda, Urban and regional planning, University of Mysor
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Pre Ph.D. Course in Clvil Engineering

Schematic and Syllabus

Paper Title: Research presentation

LTP

003

Research scholar will have to present a seminar based upon his/her research area. performance ofthe scholar and participation in seminar will be taken into consideration.

Methodology

The syllabus of nvr stortU UeEfrrGG
faculty wise

Specific subjects

l.Transportation 
",1d Highw

Technology
2. Foundation Design and Construction

Design, Construction and

5.Bridge Engineering
6.Advanced Construction Technotogy
T.Advanced Structural Engineering
6.Hydraulics Engineerins
9.G eotech n ica I E ngi neer-ing

Dlscipline specific
hterdisciplinary

From tist of sublictii6m-iiiiEdliEi&

1.Town and Country plannins
2.Advanced Geoinformatics
3.Computer Aided Design Methoos4. Civil Engineering applicatlons of
Remote sensing and GISTotal Minimum credG
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Pre Ph,D. Course in Civil Engineering

Research Methodology

1. Introduction Research Methodology: Definition of Research, Need of Research, Concept and steps

of Research Methodology , Uses of Research Methodology, Research Techniques. Reviewing

Literature: Need, Sources-Primary and Secondary, Purposes of Review, Scope of Review, Steps in

cond ucting review.

2. tdentifyinS and defining research problem: Locating. Analyzing stating and evaluating problem,

Generating different types of hypotheses and evaluating them.

3. Data collection: Static and dynamic characteristics of instruments used in experimental set up,

calibration of various instruments, sampling methods, methods of data collection, selection of

Appropriate Method for Data collection, Data collection using a digital computer system, case

studies of data collection

4. Data Analvsis: Data processing, data analysis strategies and tools, data analysis with statistical

packages, Basic Concepts concerning testing of hypotheses, procedures of hypothesis testinS'

generalization and interpretation Applied statistics: ReSression analysis, Parameter estimation,

Multivariate statistics, Principal component analysis software tools for modeling, simulation and

ana Iysis

5. Research reports and Thesis writing: Introduction: structure and components of scientific reports,

types of report, developing research proposal. Thesis writing: different steps and software tools in

the design and preparation of thesis, layout, structure and language of typical reports, lllustrations

andtab|es,bib|iography,referencingandfootnotes,wordprocessingtoo|ssuchasLatexoral
Dresentation: planning, software tools, creating and making effective presentation' use of visual

aids, importance of effective communication.

6. Research ethics, IPR and publishing Ethics: ethical issues. IPR: intellectual property rights and

patent law, techniques of writing a Patent, filing procedure, technology transfer, copy right' royalty'

trade related aspects of intellectual property rights Publishing: design of research paper, citation and

acknowledgement, plagiarism tools, reproducibility and accountability'

Books:

1. C.R. Kothari, "Research Methodology - Methods and Techniques", Wiley Eastern Ltd 2009'

2. B.L. Wadehra, Law relating to patents, trademarks, copyright designs and Seographical

indications, U niversal Law Publishing, 201'4.

3.K.N.Krishnaswamy,AppalyerSivakumar,M'Mathiraian,"ManagementResearchMethodology:
Integration of Methods and Techniques, Pearson, 2006 4. S.P Gupta,"statistical Methods", Sultan

Chand & Sons, 2006.
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Pre Ph.D. Course in Civil Engineering

Transportation and Highway Technology

1. HTGHWAY MATERTALS Soir stabirization types, source, functions, requirements, properties, resrs
and specifications for use in various components of road, soir compaction for use in fi|| and subgrade
of roads soir stabirization - principre, methods and tests, proportioning of materiars and mix design,
application of Rotchfutch method Marginar and waste materiars in road construction, propenres
and scope in road construction. Bituminous Material (properties of the material) and marshall mix
design (both wet and dry), usage of Geosythentics and Geotextires in construction of highways.

2 HTGHWA' coNsrRUCTrON AND MATNTENANCE Components of road and pavement strucrure
functions, requirements and sequence of construction operatrons. prants and equipment for
production of materiars, Road construction equipment, pre-construction surveys and marking on
Sround, Different types of granular base course, Different types of sub-base, Road maintenance
works and quarity contror tests as per MoRTH specification. spEcrAL pRoBLEMS rN ROAD
coNSTRUCTTON Probrems on construction on areas with marshy and weak soirs, expansive crays and,
water- logged - areas' Desi8n and construction of filter drains and capillary cut-off. vertical sand
drains - apprication, design and construction method. Road construction on desert region and
coastal areas.

3 PAVEMENT DESTGN AND MANAGEMENT Factors affecting desrgn and performance of frexibre andrigid pavements - Pavement design factors, loads - axle load dastribution. Factors affecting designand performance of airport pavements. Stresses and Defrection / strain in frexibre pavements:
Application of erastic theory, stresses, defrections / strains in singre, two and three rayer system.
RURAL RoADs Problems associated with planning, design and construction of rural roads low vorumerural roads in India. Principle, scope and construction method of various soil stabilization techniquesin rural roads' Properties. Design, construction, and maintenance aspects, by resorting toappropriate technology.

4' RoAD SAFETY AND MANAGEMENT Road accidents, causes, scientific investigations and datacollection Road safety issues and various measures for road safety. Engineering, education andenforcement measures for improving road safety. short term and rong term measures. Trafficmanagement techniques. Evaruation of the effectiveness and benefits of different trafficmanagement measures, management and safety practices during road works. Economic evaluataonof roads.

5.TRAFFIC SURVEYS & APPLICATION OF REMOTE SENSING AND GI' IN HIGHWAY ENGINEERINGTraffic studies- Trip distribution, generation assignment and moder sprit (statisticar anarysis). Desrgnof the traffic signars at urban intersections. Lever of service at intersections. Design of parking inurban areas and problems Concepts, components, working of GlS, data capture, data integration,data structures' coordinate systems and map proiections, Registration. Gts analysis and tasKs -Input, manipulation, management, query and analysis, visualization, proximity analysis, overlayanalysis, Grs and Remote sensing data integration. overview of rmage processing softwares and Grs
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softwares, Introduction to GPS and its application (includes the recent software's used in the

highway engineering)

Books:

1. MoRTH 'specifications for Roads and Bridges Works'- Indian Roads Congress.

2. fS 73, revised 2006,lS 2720,lS 2386, lS 1201 to 1220, lS 8887- 1995, lS 217- 1985.

3. IRC -37, IRC -58, IRC:42-1994, IRC:15-2002, IRC SP :11-1988, , s5-2001, 57-2001,s8-2001, IRC 19-

Lg77 , 27- 1957, 29-1988, 34-1970, 36- L970,48-L972,67-r976, 63-t976, 68-L976' 8t-L997 '82-L982'
84-1983,93-1985, 94- 1986, 95-1987, 98-1997, 105-1988

4. Peurifoy, R.1., and Clifford,Js "Construction Planning Equipment and Method"- Mccraw Hill Book

Co. lnc.

5. Freddy L Robertt Prithvi s Kandhal et al, "Hot Mix Asphalt Materials, mixture design and

construction"- (2nd Edition), National Asphalt Pavement Association Research and Education

Foundation, Maryland, UsA

5. Leonards G. A. "Foundation engineering" - Mccraw Hill Book Company, New York, 1952

n



Pre Ph.D. Course in Civil Engineering

Foundation Design and Construction

l General Principles of Foundation Design : Functions of foundations, essential requirements of agood foundation, types of foundations, principar modes of fairure, estimation of
allowable bearing pressures, carcuration of urtimate bearing capacity bv theoreticar and
empirical methods: Terzaghi's Method, Skempton's analysis for clays, Mayerhof,s analvsts B15Method (15:6403), Settrement of foundations. Factors to be considered foundation design,
numerical problem based in BIS method.

2 shallow Foundations: Introduction, essentiar requirements, types and depth of footing rike strip
footing, rsorated footing, combined footing, strap footing, Raft footing, erectrica y roaded fooungs;
design features and construction details related to size and depth of footing problem of frost heave.
its causes and prevention, effect of ground water and environmentar considerations; Numerical
problems related to size and depth of footings

3 Pile Foundations: Purpose/uses of pile foundations, Classification of piles based on different
criteria, Brief detairs of timber, concrete, steer pires their advantages and disadvantages,
selection of pile type, pile action, behaviour of pile and prre groups under 1oad. definition offailure load' Estimation of carrying capacity: single driven pile in cohesion less soils - methods
based of on spr and cpr, urtimate road on driven and cast-in-prace pires and bored and
cast-in-prace pires in cohesionress soirs. Factors affecting pire capacity.- Numericar proorems
Ultimate capacity of single pile driven in cohesive soils; modification for driven and cast_in_prace pires and bored and cast-in-prace pires. capacity of very rong pires - Numercalprobtems Carrying capacity of piles on rocks.

4. soil stabirity: Retaining wals - Introduction, types, principres of design, Modes of farrure,drainage of the back fir, probrems rerated to design of gravity retaining wa, and stabirity ofretaining wa's" unbraced excavations, braced excavations. Sheet pires - types anchors andtie backs. Shoring and Underpinning _ necessity and methods

5. lmprovement of Foundation Soils purpose : (a) lmprovement of granular soils : termused to describe degree of compactness _ relative density, density ratio anodegree of compaction; Methods - Vibration at ground surface, factorsinfluencing roller compaction; deep dynamic compaction, vibro-compactionimpact at depth. (b) rmprovement of cohesive soirs : preroading, or dewaterng,methods of instalring sand drains ,drain wicks, erectricar and thermar methoos.Grouting : purpose, functions, types of grouts ; soil bentonite - cement mix, cement mix,emulsions, solutions: grout injection methods. Geo-synthetics: types, functions, manufacturngof geo-textiles , Classification of geo-textiles. specific Applications : Bearingcapacity improvement, reinforcement, retaining walts, embankment etc. testing of geo-synthetics, usage in India and a case studv.
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6. Special Considerations in Foundation Dbsign and Construction: Elementary

principles of design and construction of foundations subjected to earthquake or
dynamic loads, special measures for foundations constructed under water.

Books:

1. Tomlinson MJ, Foundation Design and Construction , ELBS-Longman, 5e,.

2. Bowles Joseph E, Foundation Analysis and Design, McGraw Hill.

3. Som, NN & Das S.C. , Theory and Practice of Foundation Design, Prentice Flall of lndia, 2QO3

4. Bra.ia M. Das, Principles of Foundation Engineering, 6e, Thomson, 2007

5. Koerner, Robert M, Construction and Geotechnical Methods in Foundation EngineerinB , Mccraw

Hiil,

6. Dinesh Mohan, Pile foundations, Oxford & lBH, 1998

7. Kurian, N.P. Modern Foundations, Tata McGraw Hill, 1982.

8. Fang H.Y. Foundation Engineering Handbook, Van Nostrand Reinhold, 23, 1991.

9. Kaniraj shenbaga R, Design Aids in soil Mechanics and Foundtion Engine€ring, Tata McGraw Hill,

n

o
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Pre Ph.D, Course in Civil Engineering

Environment Engineering and Management

l Environment & Ecorogy: Definition and understanding of concepts, ecosystem, energy frow inecosystem' water' carbon and nitrogen cycre, community's inter-rerationships in an ecosystem.lmportance of clean environment.

2 rype of po|utants and protection of Environment :water porution : sources, causes andmeasurement of water potutants in surface and ground warer, water quarity criteraa forvarious uses of fresh water, river basin studies for surface water pollution control,biochemicar oxygen demand, effect of oxygen demanding wastes on rivers. Domestic andindustriar potution : 
'.urces, 

standards for disposar of wasre water and industrialeffluents, basic unit operations in control of waste water pollution, C. p.C.B./M.O. E.F. forabatement of Industriar potution and porution contror/Treatment methods and technorogies.

3. Air pollution: Definition, principle materials ca
contaminants, their sources and il effects on ,,Il?t .rlr"""L"J,,,r,,jJo"tr.."jr,.illpermissible limits. air pollution control _ baslc principles, natural self cleansing, pollutioncontror methods and various engineering devices to contror particurate and gaseouspollutants, controlling air pollution from automobiles. Noise pollution : Definttion,sources ofnoise and its units, adverse effects of noise pollution, sound pressure level anoIts measurement, octave band and its importance; noise pollution control measures.solid waste polution: sources, effects and treatment of sorid wastes.

3 Degradation of Land Resources : 3.1 Deforestation and wetrands : Forest rand,deforestation and its effects on rand use and environmentar quarity, wetrand and theirimportance in environment, causes and extent of wasteland, Soil degradation

probtems, erosion, salinization, water logging, land use management & planning.

4 Current rssues in Environmentar Engineering : Grobar warming, ozone depretion, acid rain,oil pollution, radiation hazard and controt, rote of non_ .;;;:";:;;, ^i." "^:*
envtronment. rure or non_ conventional sources of energy rn

5. Environment lmpact Assessment : Definition and itsmanagement, constituents of ."r'.""1.,.^, 
";- 

^^:l'"^-- l: 
rmportance for environment

prediction or impacts, ,,o -"*il;::,:,"";l:":::, 
assessment , proiect data ror EtA study,

prediction on water resources projects and o*,.. r"r.u.nt."lp]il:l:"lTr""il"",tli,r,lll"



6. Environmental Management System: Main clauses and basic steps for certification. Water

pollution, air pollution and EPA and their salient features.

Books:

1. Peavy,Rowe,,Techobanoglous, Environmental En88. Tata McGrawHill.

2. Mackenzie L Davis, Environmental Engg. Tata McGrawHill.

3. Baljeet S. Kapoor; Environmental Engg. An overview, Khanna Publishers.

4. Glbert H.Masters, Environmental Engineering and science, Prentice Hall of India Pvt.Ltd.

5. GN Panday, GC Carney Environmental Engineering,Tata MccrawHill.

5. P.D. Sharma, Ecology and Environment Rastogi Publications,

7. Rav P.A Lcances Environmental lmpact Assessment Hand Book, National Environmental

ProtectionCouncil Manila.

8. P Venugopala Rao ; Text Book of Environmental engineering, PHI
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Pre Ph.D, Course in Civil Engineering

Pavement Design, Construction and Maintenance

l lntroduction: Types ofpavement structure, functions ofpavement components. factors affectingpavement design' Design of pavements: Methods for design of frexibre pavements: cBR , GroupIndex Method ' carifornia bearing varue method , Triaxiar test method , Burmister method ,McLeod's method.

2 Design considerations, methods for design of rigid pavements: westergaard's method, F.A.A.method, types of joints and their design In cement concrete pavments.Thickness design for Airport pavement ,FAA method for Frexibre and Rigid pavements, EswLConcept, CBR method ( USACE) , LCN system of pavement desrgn,

3 construction of Highways: Types of Highway construction and their serection, materiars forconstruction, construction procedure of different highways: Gravel roads, WBM, W.M.M.,Bituminous pavements, cement concrete pavements, Joints in cement concrete pavements,introduction to various Equipment used for highway construction. constructional features for pre_Mix Carpet, Mix Seal Surfacing, 8.M., SDBC. Other higher quality pavement layers _ DBM, BC(introduction only )

4 Maintenance of Highways: pavement fairures, their causes and remediar measures typicalflexible and riSid pavement failures, types of highway matntenance: routine, periodic andspeciar type' materiars used for maintenance of different pavement such as bitumrnouspavements' cement concrete road, srurry sear, Liquid sear, Fog sear, patching Defects/ Fairures rnFlexiLlle Pavement- their types and causes, Remedial Measures Surface defects, cracks, Deformatron,disintegration, Cracks, Spalling, Slab Rocking, ioint Sealant Failure and Rectification

Eooks:

l Khanna and Justo; Highway Engineering, Nemchand & Bros. Roorkee

2. Clarkson H.Oglesby and Gary Hicks; Highway Engineering. John Wiley & Sons, London,
3 Rao; Airport Engineering, Tata Mccraw Hi|| pubrishing co. New Derhi

4. Khanna and Arora.; Airport planning and Design

5 Wright and paquette; . Highway Engg , John wirey and sons, New york

6. Vaswani, Highway Engg Roorkee publishing House, Roorkee

l",n]nlr." 
and Sharma.; principles and practices of Highway Engg., Asia publishing House, New
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Pre Ph.D. course in Civil Engineering

Bridge Engineering

LTP

400

1. lntroduction Definition; components ofa bridge; classification; importance of bridges

2. Standard Specifications for Road Bridges: Indian Roads Congress Bridge Code; width of

carriageway; clearances; loads to be considered; dead load; l.R.C. standard live load; impact

effect; application of live load on decks; wind load; longitudinal forces; centrifugal forces;

horizontal forces due to water current; Buoyancy effect; earth pressure;temperature effects;

seismic force.

3. Reinforced concrete Bridges : General arrangement and suitability : T-beam bridges;

Balanced cantilever bridges ; continuous girder bridges; Rigid frame bridges; Arch bridges; steel

bridges (Familia rization with MOST specifications and drawings)

4. Sub-structure : Design of piers and abutments (Masonry & R.C.C).

5. Foundations : Types offoundations; open; Piled and well foundations; including

construction details. Pile Foundations: suitable Pile types for bridges, Pile Installation, carrying

capacity of bored and cast- in-situ pile (No numericals) well Foundations in components and

brief description, Well Cap, Stability of a single well

6. Bearings, Jolnts, and Handrails : Different types of bearings, joints and handrails.

7. Construction and Maintenance of Bridges, Quality Assurance, construction Method (brief ) steel

bridges, Long span concrete bridge, Traditional method, Incremental Push launchinS method, n
Cantilever method, Maintenance, Maintenance of Bearings, Expansion Joints'

Reference Books:

1. Victor Johnson; Essentials of Bridge Engineering , oxford & IBH Publishing co, New Delhi.,2007

2. Khadilkar; C.H. , A text book of Bridge Construction, Allied Publisher, New Delhi'

3. Rangwala; Bridge Engg

4. Rowe, R.E., Concrete Bridge Design , John Wiley & Sons, Inc. New York

5. Raina , V.K., C oncrete Bridges Practice Book , Tata McGraw Hill , New Delhi

6. lagadeesh, layaram : Design of Bridge Structures , Prentice Hall'

7. Raina, V.K. Concrete Brid8es Handbook, Gal8otia Publications (P) Ltd, New Delhi
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Pre Ph.D. Course in Civil Engineering

Advanced Construction Technology

1) Bharat singh and Varshney RS, Engineering for Embankment Dams _ Oxford and lBH.
2) Sharma RK and Sharma TK; Dam Engineering _ Oxford and tBH

3) Rs Varshney, SC Gupta and RL Gupta. Theory and Design of trrtgauon Structures
4) Naiman p Kurian , Modern Foundations - Introduction to Advanced TechniquesMcGraw Hill

l Earthen Dams: Introduction, types,design considerations/aspects to suit avairabre materjars,
causes of fairures , criteria for safe design ,section, d/s drainage system, seepageanarysis, stabirity anarysis, stabirity of d/s srope during steady seepage, stabirity of u/s sropedurinS sudden draw down, stabirity of u/s and d/s sropes during construction, stabirty offoundation against shear, seepage control measures, design considerations inearthquake regions, design of earthen dam. euality control in construction ofembankments - monitoring of post - construction behaviour and instrumentaron.2' Speciar Foundations : Foundations for chimney, cooring towers, terecomm unicataon/

'transmission towers, foundations for underground structures, coastal and off shore structures indifferent soir conditions, foundations in expansive soirs. dewatering and its various methods.3 High Rise construction : High rise buirdings; architecturar & structural aspects; specialfeatures of construction; tall chimneys, .o,npon"n,r, design aspects; slip form method , liftsrao method; speciar probrems of high rise construcron.4 Prefabricated construction : Advantages of pre fabricated construction; serection ofstructural elements; design aspects; assembly of precast elements; jointing, modular co-ordination and tolerances; structural systems for buildings; single and multi_ storeybuilding systems; methods and equipments. For handling and placement5. Advanced Construction Materials: Geo-synthetics: Various, types; geo-textiles, geo-grids, geo_membranes, geo- composites functions and general appti.at,ons, advantages , properties of8eo-textiles, epoxy resins, polymers, grouts and anchors, speciar flooring materials,sealants andadhesives, protectivecoatings.

Books:

Tata

5) CBR| Roorkee_Application potential of Geosynthetics in
of workshop January 4-6,1989 Tata McGraw Hill.

Civilngineering, proceedings

6) Bungare s raranath; structurar Anarysis and Design ofTat Buirdings, Tata Mccraw Hirl
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Pre Ph.D. Course in Civil Engineering

Advanced Structural Engineering

1. Three dimensional elasticity problems, Torsion of open section, Thermal Stresses, Fracture

mechanics. Kirchoff and Mindlin theory of plates, higher order shear deformation theories, classical

theories of skew plates, Shell surfaces, bending theory of shells.

2. Mechanics of modern materials, laminated composites, functionally graded materials. Application

to plate and shell structures.structural dynamics, Forced and Damped vibration, modal analysis,

response spectra, seismic design of multistoried buildings, codal provisions.

3. Finite Element Method, 2D and 3D applications in plane and three dimensional elasticity

problems. Analysis of plate and shell structures. Applications using proper software. Nonlinea r

analvsis of structural elements. Material and geometric nonlinearity. Applications for beam, plates

and shells.

4. Multi- variable and Multi-obiective optimization. Non linear and non traditional techniques of

optimization. Design for reliability, reliability based optimization.sta bility Analysis: Beam column,

buckling of frames. Lateral buckling of beams, torsional buckling, energy criterion and energy based

methods, dynamic stability

Books:

1. Timoshenko and Goodier - Theory of Elasticity, McGraw-Hill Publications

2. S. Crandall, N. Dahl and T. Lardner - Mechanics of solids, McGraw Hill Publications

3. Anil K chopra - Dynamics of structures Theory and Applications to Earthquake En8ineering,

Prentice-Hall Publications

4. R.W clough and J Penzin - Dynamics of Structures, McGraw Hill Publications

5. R.C. Roy - Structural Dynamics an Introduction to computer Methods, John wiley & sons

Publications

5. S. Timoshenko and W. Krieger, Theory of Plates and Shells, Mc Graw Hill'

7. Ansel c. ugural, stresses in Plates and shells, Mc Graw Hill 8. chandrashekhara K., Analysis of

Plates, New Age International Edition.



\{

Pre Ph,D. Course in Civil Engineering

Hydraulic Engineering

P

0

1' Water resources systems anarysis, design and management for water suppry, irrigation, drainage,hydropower, food contror, droughts.Surface and ground water hydrorogy, stochastic hydrorogy,physicar and numericar modering, use of finite difference, finite erement and boundary erementmethods.

2 rnstrumentation and monitoring of hydrauric systems, computer simuration and optimization ofhydrosystems.computationar fruid dynamics, coastar hydrooynamics, watershed managemenr,application of numerical methods.

3' Ground water systems pranning and management, ground water potution investigation.Hydroinformatics, multi criterion decision support system, applications of ANN and GA.

4' Hydraurics of spilways and energy dissipatort pressure fructuations in hydrauric jump, static anodynamic uprift pressures in stiting basins. Remote sensing and Grs apprications, Dam break anarysisusing softwares.

Books:

1. Principles of water resources planning and management _ Goooman

2. Applied hydrology - Linsley Kolhar and paulhas (McGraw Hill)

3. Computational fluid dynamics _ Anderson

4. Neural network fundamentals with graphs, algorithms, applications _ Bose N.K. and Liang p(McGraw Hill)

5. Practical handbook of GA applications, Vol | _ L. Chambers (CRC press)
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-Pre Ph.D. Course in Civil Engineering

Geotechnical Engineering

1. Advanced Geotechnical Engineering Stress distribution under earth embankments and evaluation

of settlement profile. Field problems to monitor movement of slopes, foundations, etc Advanced

Foundation Engineering Foundations in difficult soils: expansive soils, chemically aggressave

environment, soft soils, fill, regions of subsidence.

2. Rock mechanics and Tunelling Deformation characteristics of rocks and its measurement.

Instrumentation, Underground excavation and subsidence. Bearing capacity of homogeneous as

well as discontinuous rocks. Soil DVnamics and Geotechnical Earthquake Engineering Soil behaviour

under dynamic loads. Seismic response, strong ground motion, its parameters and their estimation,

seismic hazard analysis, local site effects and design ground motion, seismic slope stability

3. Finite Element Methods in Geotechnical Engineering stress deformation analysis: one-, Two,

Th ree-dimensional formulations; Discretization; Analysis of foundations, dams, underground

structures and earth retaining structures. Geo environmental Engineering

4. Landfills, in ash ponds and tailing ponds, and in rocks. Detection, control and remediation of

subsurface contamination; Engineering properties and geotechnical reuse of waste.

5. Soil Structure lnteraction Elastic and plastic analysis of stress distribution on yielding bases

Analysis of conduits. Interaction analysis of piles and pile groups. Elastic continuum and elastoplastic

analysis of piles, Non-linear load-deflection response. Geotechnics for Infrastructure Exploration

studies for different Infrastructure Projects, Investigation reports, Analysis and required measures

Books:

1. Aki K and Richards P G (2002), Quantitative Seismology, University Science Books

2- Bowles J E (1996), Foundation Analysis and Design, McGraw Hill.

3. Das B M (1997), Advanced Soil Mechanics, Taylor and Francis.

4. Das B M (1993), Principles of Soil Dynamics, Brooks/Cole

5. Coduto D P (2001), Foundation Design: Principles and Practices, Prentice -Hall

6. Kaniraj s R (19s8), DesiSn Aids in soil Mechanics and Foundation Engineering, Tata McGraw Hill

7. poulos H G and Davis E H (1980), Pile Foundation Analysis and Design, John wiley and sons
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Town and Country planning

l Historic Development & pranning Theory-origin ,evorution and contemporary deveropments in
planning,Formation of metropolitan areas &impacts of Industrial Revolution, socio-economic &
technological,impacts of Srowth of population; rura lurban migration, characteristics of the urban
envrronment: Land uses, physical structure,The interim and comprehensive plans: Structure plan,
Master Plan, zonar Deveropment pran - their purpose and contents, surveys, analyses and design
methods and practices in comprehensive pranning, Residentiar Areas : Neighborhood and Sector
Planning, Planning of New Towns in India and abroad. spatiar & Environmentar Aspects of pranning-
Environmental degradation and its impact, environmental impact

2 Transportation & utirity services-Transportation systems; Land use-tra nsporta tio nInterrelationships; transportation pranning process;Traffic management., Recent innovations intechnologies and its probable impacts,Transport poiici", and evaluation of transportation
proposals,water suppry systems,Waste water disposar systems & sorid wastes corection ano
disposa l,Reuse and recycle Techniques,

3 Planning for urban electrical distribution system and communication systems,Economic feasibility
tests Planning Administration & Professional Practices-planning legislation ,constitutional basis andprovisions rerating to rand, Evorution of pranning raws,Land Acquisition Act of rndia, MRTp Act1966,UDPF| Guidelines (implications of 73rd and 74th amendment of the constitution),EpA,
conservation of naturar resources, con'ervation and Management of Ancient Monuments anoArchaeological sites and ruins., Land Deveropment contror,urban Arts commission Act,Transportation, Landscape, Housing and srum crearance regisration.,Rore in interdisciprina ry groups

4 social formation & Housing.Housing problems: urbanization and tndustrialization,slums andsquatters settrements - probrems and possibilit ies, Residentia r rayouts, housing densrtaes,neighborhood unit. community facilities,sociat aspects : built environment and human behavior,Evaluation of user's sat isfactio n, Fina nce for housing: priority in the nationar prans - rore of pubric andprivate agencies, rore of cooperatives and various institutlons,cost reduction techniques inhousing,Housing norms and standards.

Reference Books :

l K S Rangwara and p.s Rangwara,. "Town pranning,,,charotar pubrishing House,l5th Edition,1999.2. Michael Hord, R. Remote sensing methods and application, John Wiley and Sons, New york, 1986.3. National Building Code of India- part_ t.

_4 
Municipal and panchayat bye-laws, CMDA Rules and Corporation bye_laws.

5. KA. Ramegowda, Urban and regional planning, Universitv of Vvsor
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Advanced Geoinformatics

1. M lN E RALOGy:Description and identification of Rock forming minerals and Ores, based onphysical

and special properties PETROLOGY: Rocks as fundamental units and building materials of the earth

crust and theirengineering applications: As building stones, road metals and stones fordecoration,

pavement, cladding, roofing, flooring, concreting and foundationenSineering. lgneous rocks: origin,

classification (chemical and textural), mode of occurrence Sedimentary rocks: Origin, classification,

primary structures Metamorphic rocks: Kinds of metamorphism, and classification.

2. ROCK MECHANICS: Epigene and Hypgene geological agents; rock weathering and its types; soil

formation, tVpes, erosion and remedial measures Geological action of rivers with different drainage

patterns; Geological action of wind. stress, strain and deformational effects on different rocks; out

crop, Dip,strike and escarpment, clinometer-compass- Joints, faults, folds andunconformities their

effects on civil engineering structures.

3. Principles of Remote Sensing: Introduction to remote sensing, Remote sensing system,

Electromagnetic spectrum, Black body Atmospheric windows, Spectral characteristics of earth's

surface, Range of sensing system. Platforms, sensors and Data Products: Ground aircraft, space

aircraft platforms- photographic sensors, scanners, radiometers, Radar and Mission planning. Data

types and format, Scale and Legend Photogrammetry: Photogrammetry basics - applications'

applications of aerial photo interpretation to water Resource Engineering. Photogrammetry and

GIS:input of data from photogrammetry for GIS database, photogrammetric applications in Gls

4. Geographic Information System: Introduction, history if GlS, comparisons with CAD' Necessity of

GlS. comoonents of GlS, GIS Architecture-data input, data manipulation, data output, Operation

processes and capabilities, different types of Gls, Gls data-spatial and non spatial, data models with

advantagesanddisadvanta8es.TypesofAna|ysisanderrors,GIobaIpositinatingsystemG|5.

5. Hyper-spectral Remote Sensing: Hyper-spectral lmaging: Hyper spectral concepts' data collection

systems, calibration techniques, data processing techniques; preprocessing, Ndimensional scatter-

plots, special angle mapping, spectral mixture analysis, spectral Matching, classification techniques,

airborneandspace-bornehyperspectraIsensors,applications.HishresoIutionhyper-spectraI
satellite systems: sensors, orbit characteristics, description of satellite systems, data processing

aspects, applications.

BOOKS:

1. Text book of Geology by P.K. Mukerjee, World Press Pvt Ltd Kolkatta'

2. structuraI Geo|ogy (3rd Ed.)by M. P. Bi||ings, Pub|ished by Prentice Ha|| of India Pvt. Ltd. New De|hi

3.TextofEngineeringandGenera|Geo|ogybyParbinSingh,Pub|ishedbyS.K.Katariaandsons,New
Delhl.
4. Rock Mechanics for Engineers by DrB.P.Verma, Khanna Publishers' New Delhi
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Pre Ph.D, Course in Civil Engineering (lnterdisciplinary Course)

Computer Aid€d Design Methods

1. Introduction to cAD and its scope simple description of computer hardware. - Micro, mini etc. -
memory, processor - Peripheral devices-disks, printer. video terminals. Graphic floater, graphic
screen digitizer.

2. computer Graphics: introduction, point plotting techniques, line drawing displays, two-three
dimensional transformation, clipping and windowing, segmentation geometric modeling. Tnree
dimensional graphics, curves and surfaces, hidden surface elimination, shading. Graphic inpur
devices. Graphic input technique, input functions. Raster graphic fundamentals, interactive raster
graphics, raster graphic systems.

3. Computer aided linkage displays and synthesis, interactive acceleration analysis. Appreciation of
graphic packages.

4. Matrix methods of structural analysis and associated computer programme assembly of matrices.
Solution of equilibrium equations. Flow charts. Typical listing as illustrations. Introduction to
interactive computer programme for the design detailing of simple structural elements: RCC stab.
beams, columns, isolated footings etc. Steel typical members and connections.

5. Data base management , storing and retrieving of data

Books:

L. Principles of interactive computer graphics by wifliam M. Newman & Robert F.sprour.

2. Programming in Finite Element by Hunton and owan

3. Principles of Computer Aided design by Joe Rooney & philips Steadman

4. Computer Fundamentals-p.K.sinha, BpB publications

n
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Pre Ph.D. Course in Civil Engineering (lnterdisciplinary Course)

Civil Engineering applications of Remote sensing and Gl5

1. Photogrammetry and Aerial Photogrammetry Photogrammetry- tntroduction, basic definitions,

terrestrial photogrammetry, phototheodolite, horizontal and vertical angles from terrestrial
photographs, horizontal position of a point from photographic measurements. Aerial

Photogrammetry- advantages, vertical, tilted and obliquephotographs, geometry of vertical
photographs, scale of vertical photographover flat and variable terrain, ground coordinates,

computation of length of aline, overlaps, flightplanning, computation of required number of
photographs for a given area,ground control in photogrammetry, Basic elements inphotographic

interpretation. Introduction to digital photogrammetry.

2. Remote se nsing- Introd uction, ldeal remote sensing system, basic principles ofelectromagnetic

remote sensing, electromagnetic energy, electromagneticspectrum, interaction with earth's
atmosphere, interaction with earth- surface Remote sensing platforms and sensors: Introduction,
platforms- Indian satellite IRS and Land sat specifications, Sensors-active and passive,Mss, AVHRR,

LISS, TM, PAN, WIFS, microwave sensors, sensorresolutions (spatial, spectral, radiometric and

temporal).

3. G|S-Definition, Components of GlS, Data types, Sources of data, Data Structure , Types of Analysis

and errors, Global positinating system GlS. Applications of Remote sensing: applications in land use

land cover analysis, change detection, water resources, urban planning,Design of construction
structures, and geological applications.

4. Environmental Applications of RS and GIS Re-modelling of water Distribution systems using GIS

Ground water Vulnerability Modelling using GtS Urban Development Planning using RS and GtS

Environmental Solid Waste and Degradation Assessment using RS and GIS RS and GIS site selection

for Dams, Bridges, Reservoirs.

Books:

1. Mikhail E., J. Bethel, and J.C. McGlone, Introduction to modernphotogrammetry. Wiley, 2001.

2. Wolf P.R, and B.A. Dewitt, Elements of photogrammetry : witha pplications in GlS. 3rd ed,

McGraw-Hi11,2000.
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Pre Ph.D. Course in Civil Engineering

Transportation and Highway Technology

L. HIGHWAY MATERIALS Soil stabilization types, source, functions, requirements, properties, tests

and specifications for use in various components of road, Soil compaction for use in fill and subgrade

of roads. Soil stabilization - principle, methods and tests, proportioning of materials and mix design,

application of Rotchfutch method. Marginal and waste materials in road construction, propertaes

and scope in road construction. Bituminous Material (properties of the material) and marshall mlx

design (both wet and dry), Usage of Geosythentics and Geotextiles in construction of highways.

2. HIGHWAY CONSTRUCTION AND MAINTENANCE Components of road and pavement structure

functions, requirements and sequence of construction operations. Plants and equipment for

production of materials, Road construction equipment, Pre-construction surveys and marking on

ground, Different types of granular base course, Different types of sub-base, Road maintenance

works and quality control tests as per MORTH specification. SPECIAL PROBLEMS lN ROAD

CONSTRUCTION Problems on construction on areas with marshy and weak soils, expansive clays and'

water- logged - areas. Design and construction of filter drains and capillary cut-off. Vertical sand

drains - applicatlon, design and construction method. Road construction on desert region and

coastal areas.

3. PAVEMENT DESIGN AN MANAGEMENT F ffecting design and performance of flexible and

rigid pavements - design factors, - axle load distribution. Factors affecting design

and Deflection / strain in flexible pavements:

/ strains in single, two and three layer system.

and performance of a pavements.

Application of elastic , stresses,

RURAL ROADS associated with design and construction of rural roads low volume

rural roads in India. nciple, scope and method of various soil stabilization techniques

in rura I roads. P rties. Design, n, and maintenance aspects, by resorting to

a ppropriate tech

4. ROAD SAFETY AND MANAGEMENT Road accidents, causes, scientific investigations and data

collection. Road safety issues and various measures for road safety. Engineering, education and

enforcement measures for improving road safety. Short term and long term measures. Traffic

management techniques. Evaluation of the effectiveness and benefits of different traffic

management measures, management and safety practices during road works. Economic evaluation

of roads.

5 ,TRAFFIC SURVEYS & APPTICATION OF REMOTE SENSING AND GIS IN HIGHWAY ENGINEERING

Traffic studies- Trip distribution, generation assignment and model split (Statistical analysis). Design

of the traffic signals at urban intersections. Level of service at intersections. DesiSn of parking in

urban areas and problems Concepts, components, working of GlS, data capture, data integration,

data structures. Coordinate systems and map projections, Registration. GIS analysis and tasks -
Input, manipulation, management, query and analysis, visualization, proximity analysis, overlay

analysis, G15 and Remote sensing data integration. Overview of image processing softwares and G15



(u),

softwares, Introduction to GPS and its application (includes the recent software's used in the
highway engineering)

1. MoRTH 'Specifications for Roads and Bridges Works'- Indian Roads Congress.

2. fS 73, revised 2ffi6,lS2720,lS 2385, lS L2OLto 1220, tS 8887- 1995, tS 217- 1986.

3. IRC -37, IRC -58, IRC:42-1994, IRC:15-2002, IRC SP :11-1988, , 55-2001, 57-2001,58-2001, tRC 19-

1977, 27- t967 , 29-1988, 34-1970, 36- L970,48-7972,6L-7976, 63-t976, 58-1976, 8t-L997,82-1982,
84-1983,93-1985, 94- 79a6, 95-1987, 98-1997, 105-1988

4. Peurifoy, R.1., and Clifford,Js "Construction Planning Equipment and Method"- McGraw Hill Book

Co. lnc.

5. Freddy L Roberts, Prithvi S Kandhal et al, "Hot Mix Asphalt Materials, mixture design and

construction"- (2nd Edition), National Asphalt Pavement Association Research and Education

Foundation, Maryland, UsA

6. Leonards G. A. "Foundation engineering" - Mccraw Hill Book Company, New York, 1952

t,: :ra,ri -r'-s . - . . --/


