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OEC 401 Metro Systems and Engineering 3L:0T:0P 3 credits 

Sl. 

No. 

Category Code Course Title Hours per week Total 

contact 

hours 

Credits 

    L T P   

1 Professional 

Elective 

Courses 

PEC- 

CEEL402 

Elective-III 3 0 0  3 

2 Professional 

Elective 

Courses 

PEC- 

CEEL403 

Elective-IV 3 0 0  3 

3 Professional 

Elective 

Courses 

PEC- 

CEEL403 

Elective-V 3 0 0  3 

4 Open 

Elective 

courses 

OEEL- 

CM404 

Open 

Elective-IV 

(MOOC) 

2 0 0  2 

5 Project PROJ- 

CE402 

Project-2 

(Continued 

from VII 

Semester, 

Project work, 

seminar and 

internship in 

industry or 

at appropriate 

work place) 

0 0 12  6 

 Total credits 17 



 

GENERAL: Overview of Metro Systems; Need for Metros; Routing studies; Basic Planning and Financials 

 
CIVIL ENGINEERING-Overview and construction methods for: Elevated and underground Stations; Viaduct spans and 

bridges; Underground tunnels; Depots; Commercial and Service buildings. Initial Surveys & Investigations; Basics of 

Construction Planning & Management, Construction Quality & Safety Systems. Traffic integration, multimodal transfers 

and pedestrian facilities; Environmental and social safeguards; Track systems-permanent way. Facilities Management 

 
ELECTRONICS   AND    COMMUNICATION    ENGINEERING-    Signaling    systems; 

Automatic fare collection; Operation Control Centre (OCC and BCC); SCADA and other control systems; Platform Screen 

Doors. 

 
MECHANICAL & TV + AC: Rolling stock, vehicle dynamics and structure; Tunnel Ventilation systems; Air conditioning 

for stations and buildings; Fire control systems; Lifts and Escalators 

 
ELECTRICAL: OHE, Traction Power; Substations- TSS and ASS; Power SCADA; Standby and Back-up systems; Green 

buildings, Carbon credits and clear air mechanics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Urban Transportation Planning: Urban morphology - Urbanization and travel demand – Urban activity systems and travel 

patterns – Systems approach – Trip based and Activity based approach - Urban Transportation Planning – Goals, Objectives 

and Constraints - Inventory, Model building, Forecasting and Evaluation - Study area delineation – Zoning - UTP survey; 

Trip generation models – Trip classification - productions and attractions – Trip rate analysis - Multiple regression models - 

Category analysis - Trip distribution models – Growth factor models, Gravity model and Opportunity modes; Modal split 

models – Mode choice behavior – Trip end and trip interchange models - Probabilistic models - Utility functions - Logit 

models - Two stage model. Traffic assignment – Transportation networks – Minimum Path Algorithms - Assignment 

methods – All or Nothing assignment, Capacity restrained assignment and Multi path assignment - Route-choice behavior; 

Land use transportation models – Urban forms and structures - Location models - Accessibility – Land use models - Lowry 

derivative models - Quick response techniques - Non-Transport solutions for transport problems; Preparation of alternative 

plans - Evaluation techniques - Plan implementation - Monitoring - Financing of Project – urban development planning 

policy - Case studies. 

Prerequisite: 

 
Geometric Design of Highways:Introduction: Classification of rural highways and urban roads. Objectives and 

requirements of highway geometric design; Design Controls: Topography, vehicle characteristics and design vehicle, driver 

characteristics, speed, traffic flow and capacity, levels of service, pedestrian and other facilities, environmental factors; 

Design Elements: Sight distances, Horizontal alignment - design considerations, stability at curves, super elevation, 

widening, transition curves; curvature at intersections, vertical alignment - grades, ramps, design of summit and valley 

curves, combination of vertical and horizontal alignment including design of hair pin bends, design of expressways, IRC 

standards and guidelines for design problems; Cross Section Elements: Right of way and width considerations, roadway, 

shoulders, kerbs traffic barriers, medians, frontage roads; Facilities for pedestrians, bicycles, buses and trucks, Pavement 

surface characteristics - types, cross slope, skid resistance, unevenness; Design Considerations: Design considerations for 

rural and urban arterials, freeways, and other rural and urban roads; Design Of Intersections: Characteristics and design 

considerations of at-grade intersections;; Rotary intersections; Grade separations and interchanges -; Design of Parking lots 

Prerequisite: 

 
 

Contracts Management. Contract Management – Introduction, Importance of Contracts, Overview of Contract 

Management, Overview of Activities in Contract Management; Planning and People- Resource Management; Types of 

Contracts, Parties to a Contract; Contract Formation, Formulation of Contract, Contract Start-Up, Managing Relationships; 

Common contract clauses (Notice to proceed, rights and duties of various parties, notices to be given, Contract Duration and 

Price. Performance parameters; Delays, penalties and liquidated damages; Force Majeure, Suspension and Termination. 

Changes & variations, Notices under contracts; Conventional and Alternative Dispute Resolution methods. Various Acts 

governing Contracts; Contract Administration and Payments- Contract Administration, Payments; Contract Management in 

Various Situations- Contract Management in NCB Works, Contract Management in ICB Works Contracts, Contract of 

Supply of Goods- Design, Supply and Installation Contracts, Contract Management in Consultancy,; Managing Risks and 

Change- Managing Risks, Managing Change; Contract Closure and Review- Ending a Contract, Post-Implementation 

Review; Legal Aspects in Contract Management- Contract Management Legal View, Dispute Resolution, Integrity in 

Contract Management; Managing Performance- Introduction, Monitoring and Measurement 

 

 

 

Physico-Chemical Processes for water and wastewater treatment. The Objective of this course is to provide an in depth 

understanding of physical and physico-chemical processes used for water and wastewater treatment systems and to provide 

capability to design such systems. Water purification in natural systems, physical processes, chemical processes and 

biological processes. Primary, secondary and tertiary treatment. Unit operations, unit processes. Aeration and gas transfer. 

Sedimentation, different types of settling, sedimentation tank design. Coagulation and flocculation, coagulation processes, 

stability of colloids, destabilization of colloids, destabilization in water and wastewater treatment, transport of colloidal 

particles, design aspects. Filtration: filtration processes, Hydraulics of flow through porous media, Rate control patterns and 

methods, Filter effluent quality parameters, mathematical model for deep granular filters, slow sand filtration, rapid sand 

filtration, precoat filtration, design aspects. Disinfection: Types of disinfectants, Kinetics of disinfection, chlorination and its 

theory, Design of Chlorinators. Precipitation: Hardness removal, Iron, Mn, and heavy metal removal; Adsorption, adsorption 

equilibria and adsorption isotherm, rates of adsorption, Sorption kinetics in batch reactors, continuous reactors, factors 

affecting adsorption. Ion Exchange-exchange processes, materials and reactions, methods of operation, Application, design 



aspects. Membrane Processes, Reverse osmosis, Ultrafiltration Electrodyalisis 

 

 

River Engineering: Knowledge about river behavior is essential for practicing hydraulic and water resources engineers. 

River Morphology (Bars; Bends and Meanders, Thalweg; Braiding; Bifurcations etc.); Sediment Transport Mechanics (Bed 

forms, Bed Load transport, Transport of suspended sediment, Critical Shear stress, Sediment Transport Equations); 

Aggradation and Degradation; Local Scour at Bridge Piers and other Hydraulic Structures. Measurements in Rivers (Stage 

measurements, Channel geometry, Discharge, Sediment samplers and suspended and bed load measurement), Physical river 

Models (fixed and movable bed models; sectional models, distorted Models), Mathematical models for aggradations, 

degradation and local scour, River Protection and Training Works (Revetments, Dikes, Gabions, Spurs, Bank Protective 

measures and Bed control structures), Design of river training and flood protection structures, Diversion and Cofferdams; 

River regulations systems; Dredging and Disposal, River restoration 

 

Water Resources Field Methods. Scientific principles of measurement technologies and protocols used for water-resources  

measurements  and experimental design of field-scale water-resources and environmental studies. Planning field studies; 

instruments and protocols for surface-water, ground-water, and water-quality sampling; description of data quality. One-

half-day laboratory field trips to streamflow monitoring stations and groundwater monitoring wells nearby. 

Prerequisite: 

 

 

Systems Engineering & Economics: Introduction to the formulation and solution of civil engineering 

problems. Major topics are: engineering economy, mathematical modeling, and optimization. 

Techniques, including classical optimization, linear and nonlinear programming, network theory, critical 

path methods, simulation, decision theory, and dynamic programming are applied to a variety of civil 

engineering problems. Prerequisite: 

 

 
Pavement Materials. Soil - Classification, characteristics, compaction, evaluation of soil strength; 

stabilized pavement materials; Aggregates: requirements, properties and tests on road aggregates for 

flexible and rigid pavements. Bitumen: Origin, preparation, properties and tests, constitution of 

bituminous road binders; requirements; Criterion for selection of different binders.Bituminous Emulsions 

and Cutbacks: Preparation, characteristics, uses and tests,Bituminous Mixes: Mechanical properties: 

Resilient modulus, dynamic modulus and fatigue characteristics of bituminous mixes. bituminous mix 

design methods and specifications.Weathering and Durability of Bituminous Materials and 

Mixes.Performance based Bitumen Specifications; Superpave mix design method: design example 

problems. Cement Concrete for Pavement Construction: Requirements, and design of mix for CC 

pavement, IRC and IS specifications and tests, joint filler and sealer materials. Prerequisite: 

 

Port and Harbour Engineering: Harbour Planning: Types of water transportation, water transportation 

in India, requirements of ports and harbours, classification of harbours, selection of site and planning of 

harbours, location of harbour, traffic estimation, master plan, ship characteristics, harbour design, turning 

basin, harbour entrances, type of docks, its location and number, Site investigations – hydrographic 

survey, topographic survey, soil investigations, current observations, tidal observations; Docks and 

Repair Facilities: Design and construction of breakwaters, berthing structures - jetties, fenders, piers, 

wharves, dolphins, trestle, moles, Harbour docks, use of wet docks, design of wet docks, repair docks, 

lift docks, dry docks, keel and bilge blocking, construction of dry docks, gates for dry docks, pumping 

plant, floating docks, slipways, locks, size of lock, lock gates, types of gates; Navigational Aids: 

Requirements of signals, fixed navigation structures, necessity of navigational aids, light houses, beacon 

lights, floating navigational aids, light ships, buoys, radar; Dredging and Coastal Protection: 

Classification, types of dredgers, choice of dredger, uses of dredged materials, coastal erosion and 

protection, sea wall, revetment, bulkhead, coastal zone and beach profile; Port facilities: Port 

development, port planning, port building 



facilities, transit sheds, warehouses, cargo handling facilities, container handling terminal 

facilities, shipping terminals, inland port facilities. Inland waterways, Inland water 

transportation in India, classification of waterways, economics of inland waterways 

transportation, national waterways. 

Prerequisite: 

 
Construction Cost Analysis. Introduction to the application of scientific principles to costs 

and estimates of costs in construction engineering; concepts and statistical measurements of 

the factors involved in direct costs, general overhead costs, cost markups and profits; and the 

fundamentals of cost recording for construction cost accounts and cost controls. Prerequisit



Biological processes for contaminant removal.Understanding of basics of microbiology, metabolism 

and energetic, bio kinetic parameter, reactors and reactor analyses. Characterization of waste. Aerobic, 

anaerobic and anoxic systems. Suspended and attached growth biological systems. Activated Sludge 

processand process modifications, Process design considerations, Treatment Ponds and aerated Lagoons, 

aerobic pond, facultative pond, anaerobic ponds, polishing ponds, constructed wet lands etc. Attached 

Growth Biological Treatment Systems, Trickling Filters, Rotating Biological Contactors, Activated 

Biofilters, Moving bed biological reactor (MBBR), Sequential Batch reactors (SBR), Membrane 

Biological Reactors (MBR) etc. Anaerobic processes, Process fundamentals, Standard, high rate and 

hybrid reactors, Anaerobic filters, Expanded /fluidized bed reactors, Upflow anaerobic sludge blanket 

reactors, Performance and design aspects, Expanded granular bed reactors, Two stage/phase anaerobic 

reactors. Sludge Digestion, anaerobic digestion, aerobic digestion 

 
Rural water supply and onsite sanitation systems. Attributes of water supply systems, drinking water 

quality. Relationships between diseases and water quality, hygiene and sanitation. Need for water 

treatment. Point of use water treatment systems, filters, bio-sand filters, disinfection systems for rural 

areas, chlorination, Solar disinfection systems, removal of arsenic, fluoride and iron.Onsite sanitation 

systems: Nexus between water quality and sanitation. Importance of hydrogeology on selection of onsite 

sanitation systems, Design of Septic tanks, single pit and double pit toilets. Small bore systems, bio 

digesters, reed beds, constructed wetlands, sludge/septage management systems. 

 

 
Solid and hazardous waste management. Solid Wastes: Origin, Analysis, Composition and 

Characteristics. Integrated Solid Waste Management System: Collection, Storage, Segregation, Reuse 

and Recycling possibilities, Transportation, Treatment / Processing and 

Transformation Techniques, Final Disposal. Management of: Municipal, Biomedical, Nuclear, 

Electronic and Industrial Solid Wastes and the rules and regulations. Introduction to Hazardous wastes, 

Definition of Hazardous waste, The magnitude of the problem; Hazardous waste: Risk assessment, 

Environmental legislation, Characterization and site assessment, Waste minimization and resource 

recovery, Transportation of hazardous waste, Physical, chemical and biological treatment, Ground 

water contamination, Landfill disposal, Current Management Practices, Environmental audit, Pollution 

Prevention, Facility Development and operation, Site Remediation: Quantitative risk assessment, site 

and subsurface characterization, Containment, remedial alternatives.



Railway Engineering. Railway track gauge, alignment of railway lines, engineering surveys and 

construction of new lines, tracks and track stresses; rails, sleepers; ballast; subgrade and formation, rack 

fittings and fastenings, creep of rails, geometric design of track, curves and super-elevation, points and 

crossings, track junctions and simple track layouts; rail joints and welding of rails; track maintenance, 

track drainage; modern methods of track maintenance, rehabilitation and renewal of track; tractive 

resistance and power, railway stations and yards; railway tunneling; signaling and interlocking; 

maintenance of railways and high speed trains. Prerequisite: 

 

 
Hydraulic Modeling: The main objective of this course is to introduce various concepts which will help 

in designing physical hydraulic models. Basics of Hydraulic Modelling (similarity mechanics, model 

laws, distinction between numerical and hydraulic models, classification of hydraulic modelling, 

materials used in the model, scale effect, design, construction, operation and interpretation of the results); 

Role of instrumentation and data processing; Gravity dominated models (modelling of energy dissipaters, 

overflow spillways, siphon spillways, bridge piers, vortex formation, cavitation, flow induced 

vibrations); Gravity friction models: (pumped flow models, ship models, surge tank models); Friction 

dominated models; River models with fixed and mobile bed; Basin and reservoir models; Tidal models 

with fixed and mobile bed; estuarine models; harbor and breakwater models, models of offshore 

structures; Hybrid and Analogue models; Scope and limitations of hydraulic modelling, complementary 

aspects of numerical and hydraulic modelling. 

 
Basics of Computational Hydraulics. Derivation of governing equations for flow and transport in 

surface and sub-surface (saturated and unsaturated flow); Equations for reactive transport; Coupled 

surface and sub-surface flow models; Basics of finite difference, finite element and finite volume methods 

(consistency, stability, convergence, order of accuracy, computational efficiency); application of 

numerical methods for solving flow and transport equations, fully coupled and iteratively coupled models; 

Model simplification, Parameter estimation (Model calibration and validation), Computational Fluid 

Dynamics (CFD) software for three-dimensional turbulent flow modeling, Software for sub-surface flow 

simulation 

 
Construction Engineering Materials. Design, production, application, specification, and quality control 

of construction materials unique to civil engineering. Stones, bricks, mortars, Plain, Reinforced & 

Prestressed Concrete, Construction Chemicals; Structural Steel, High Tensile Steel, Carbon Composites; 

Plastics in Construction; 3D printing; Recycling of Construction & Demolition wastes Prerequisite: 

 
Design of Steel Structures. Properties of materials; loads and stresses, Design of semi-rigid, rigid and 

moment resistant connections; Built-up sections Design of tension members subjected to axial tension 

and bending, splicing of tension member, Design of compression members, Beam-column connections, 

Design of columns and their bases Design of flexural members and Plate girder; loads, specification and 

design Industrial buildings; loads, design of purlins, trusses, bracings; gantry girders; Introduction to 

Plastic analysis; Simple cases of 



beams and frames; All design steps/process to as per the most recent BIS code of practices Prerequisite: 

 
Design of Concrete Structures-I. Study of the strength, behavior, and design of indeterminate reinforced 

concrete structures, Load and stresses, load combinations, Working stress and limit state approach. 

Analysis and design of sections in bending – working stress and limit state method, Rectangular and T-

sections, Beams with reinforcement in compression, One-way slab. Design for shear and bond, 

Mechanism of shear and bond failure, Design of shear using limit state concept, Development length of 

bars; Design of sections in torsion. Design of two-way slabs; Design of flat slab – direct method; Circular 

slab; Slab type staircase, Placement of reinforcement in slabs; Voided slab. Design of compression 

members, Short column, Columns with uni-axial and bi-axial bending; Long columns, use of design 

charts. Design of foundation; Wall footing, Isolated and combined footing for columns. All designs to be 

as per the most recent BIS standards as applicable Prerequisite: 

 
Design of Concrete Structures-II. Design of continuous beams and building frames, Moment 

redistribution, Estimation of wind and seismic loads, Desirable features of earthquake resistant 

construction, Detailing for earthquake resistant construction – ductility 



criteria; Water tank and staging; Introduction, Design criteria, Design of rectangular and 

circular water tank, Design of 

Intze tank, Staging for overhead tank; Introduction to bridge engineering, Investigation for 

bridges, IRC loadings, Design of slab culvert; Design of Masonry walls and columns; 

Prestressed concrete, Introduction, pre-stressing system, losses in pre-stress, Design of simple 

span girders, Design of end block; Design of staircases; Design of cantilever and counterforte 

type retaining wall; All design steps/process to as per the most recent BIS code of practices 

Prerequisite: 

 
Bridge Engineering. General; classification of bridges, site selection, geometric and hydraulic 

design consideration, loading standards for highway and railway bridges, general design 

consideration; optimum spans; Concrete bridges: culverts; Slab, T-beam, box girder bridges, 

balanced cantilever bridge, cable stayed bridge, extrados bridges; arch bridge; Special 

requirements for Prestressed Concrete bridges; Steel bridges: plate girder bridge, truss bridge, 

suspension cable bridge, cable stayed bridge; Substructures: design of piers and abutments, 

pile and well foundations, bearings and expansion joints, special wearing coats; seismic design 

considerations; Aerodynamic stability considerations; special durability measures; provisions 

for inspection and maintenance; Prerequisite: 

 

 
Design of Structural Systems. The whole structural design process including definition of 

functional requirements, selection of structural scheme, formulation of design criteria, 

preliminary and computer- aided proportioning, and analysis of response, cost, and value. 

Prerequisite: 

 

 
Prestressed Concrete. Study of strength, behavior, and design of prestressed reinforced 

concrete members and structures, with primary emphasis on pretensioned, precast 

construction; emphasis on the necessary coordination between design and construction 

techniques in prestressing. 

Prerequisite: 

 



Industrial Structures. Industrial steel building frames: Types of frames, 

bracing, crane girders and columns, workshop sheds, trussed bents, 

Pressed steel tank, circular tank; Transmission and Communication 

towers: Types and configuration, Analysis and design; Chimneys; Loads 

and stresses in chimney shaft, Earthquake and wind effect, Stresses due 

to temperature difference, combined effect of loads and temperature, 

temperature. Design of chimney; Silos and Bunkers; Jassen‘s theory, 

Airy‘s theory, Shallow and deep bins, Rectangular bunkers with slopping 

bottom, Rectangular bunkers with high side walls; Steel stacks; 

introduction, force acting on a steel stack, design consideration, design 

example of stacks; Concrete Shell Structures: Folded plate and cylindrical 

shell structures; Introduction, structural behaviour of long and short 

shells, beam and arch action, analysis and design of cylindrical shell 

structures, Analysis and design of folded plates; Machine foundations; 

introduction, machine vibration, structural design of foundation to rotary 

machines, impact machines, vibration characteristics, design 

consideration of foundation to impact machine, grillage, pile and raft 

foundation. Prerequisite: 

 
Foundation Engineering. Analysis and design of foundations, types of 

foundations, bearing capacity and settlement of foundations; ground 

movements due to construction; analysis and design of excavations, 

retaining walls, cuts & excavations and sheet piles, slopes and 

underground structures. 

Prerequisite: 

Reference books: 

• A. Singh, Modern Geotechnical Engineering, 3rd Ed., CBS 

Publishers, New Delhi, 1999.  B.M. Das, Principles of 

Foundation Engineering, 5th Ed., Thomson Asia, Singapore, 

2003.  N. Som, Theory and Practice of Foundation Design, 

Prentice Hall, New Delhi, 2003. 

After successful completion of this course, the students would: 

• learn about types and purposes of different foundation systems and structures. 

• Have an exposure to the systematic methods for designing foundations. 

• Be able evaluate the feasibility of foundation solutions to different 

types of soil conditions considering the time effect on soil 

behaviour. 

• have necessary theoretical background for design and construction 

of foundation systems. 

 
 

 
Geotechnical Design.Subsurface site evaluation; integrated design of 

retaining walls, foundations, pavements, and materials for airports, 

highways, dams, or other facilities. Prerequisite: 

Reference books: 

• Analysis and Design of Substructures: Limit State Design by Swami Saran 

 



Upon completion of the course, the student would be: 

• Well acquainted with the various investigation specifications as 

per the infrastructure to be build on the proposed site. 

• knowing about the properties of materials required for the 

constructing a desired infrastructure 

• familiar with design concepts of various foundation systems  

familiar with design of transportation facilities 

 
 

 
Structural Geology. Description, classification, and origin of earth 

structures. Ways in which the continental crust can deform; link scales of 

structure from the field, outcrops, hand specimen, thin section by 

integrating analytical techniques with practical examples. Theoretical and 

meso to microscale analysis of structures developed through a linked 

series of lectures and practicals; practical 2D strain analysis; 3D strain 

concepts; incremental strain, kinematics and polyphase deformations; 

fold construction and classes; fault evolution and section balancing; fault 

rock microstructures; fault and fold mechanics, current concepts in plate 

tectonics, cross-section construction techniques, structural interpretation 

of seismic data, structural styles in different tectonic settings (thrust and 

fold belts, rifts, strike and slip, gravity tectonics, inversion), structural 

geology of reservoir units. 

Prerequisite: 

Reference books: 

• Ghosh, S.K., Structural Geology: Fundamentals and Modern 

Developments, Elsevier; First edition 

 

 

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

• Acquire knowledge on the geometry and type of structures present in earth. 

• Understand and describe the features formed in rocks when subjected to stress. 

• Understand the impact of structural geology to active tectonic settings 

• Understand micro and macro scale deformation mechanisms (viz., brittle, 

ductile). 

• Portray 2D and 3D strain analysis for various deformation behaviours. 

• Interpret graphs and models used in structural geology to 

understand and demonstrate poly phase deformations. 

 
Civil Engineering Design-I. Concept of design and its contribution to the 

quality of life; Civil Engineering Design, the role of geomatics, the 

environment, and scientific laws in design; Introduction to the design of 

buildings and Civil Engineering Infrastructure, site appraisal; Risk and 

vulnerability in design; Health and safety in Civil Engineering Design, 

environmental impact assessment; Civil Engineering drawing, CAD 

techniques, introduction to GIS techniques. 

Prerequisite: 



 
Offshore Engineering. Introduction to offshore structures, codes of 

practice, offshore project management, deep water, offshore site 

investigations, geophysical methods; offshore sediment sampling, in-situ 

testing, geological aspects; development of design stratigraphies. 

Prerequisite: 

 
 

 

 

 

 

 

 

 

 

 

 


