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Unit I: Highway Engineering (6 hrs) 

Introduction:  

Role of transportation, scope of road transportation, highway development in India, necessity of 

highway planning and development plans e.g. Bombay plan, Lucknow plan.  

Classification of road:  

Classification of roads, road patterns, planning surveys and preparation of master plan based on 

saturation system, determination of road length by 3rd road development plan.  

Traffic engineering:  

Traffic characteristics-road user characteristics, vehicular characteristics (only name and 

significance) Traffic studies –name of various studies and their uses, accident studies-objectives, 

causes of accident, condition and collision diagram, and measures for the reduction in accidents. 

Traffic regulation and control devices-traffic signs, traffic signals (types merits and demerits) road 

markings. Traffic islands, types of road intersections (sketch merits and demerits). Parking 

facilities.  

Unit II  (6 hrs)  

Highway alignment:  

Basic requirements of an ideal alignment and factors controlling it, engineering survey for 

highway location, special requirements for hill roads,  

Geometric design and traffic engineering:  

Design controls and criteria for geometric design, cross sectional elements, sight distance 

requirements, stopping distance, overtaking sight distance, overtaking zones with IRC 

recommendations, attainment of super elevation, radius of curves, methods of introduction of 

extra widening, widening of pavement on horizontal curves, horizontal transition curves- objects, 

necessity, types of transition curves, length and shift of transition curves. Design of vertical 

alignment, gradient and its type, IRC recommendations, grade compensation on horizontal curve, 

vertical curves: - crest and sag curves, types of summit curves, length of summit curve for SSD and 

OSD. Requirements, types of valley curves, length of valley curve for comfort and head light  

sight distance criteria.  

Highway drainage:  

Importance of highway drainage, subsurface and surface drainage systems, scope of arboriculture 

for highway.  

Unit III  (6 hrs)  

Highway materials:  

Importance and properties of sub-grade, pavement component materials. Tests on aggregates. 

Bitumen: Types--cut back, tar, emulsion and tests, modified binders, bitumen mix design by 

Marshall Stability test, viscosity based gradation of bitumen  

Pavement design:  

Objects and requirements, types of pavements structures, functions of pavement components 

factors affecting pavement design, Design of flexible pavement by C.B.R. Method, IRC 37- 

guidelines design of rigid pavements, actors affecting design & analysis of stress- wheel load 

stress & temp. Stress, critical combination of stress, IRC 58- design guidelines, types of joints, 

requirements of joints.  



Construction:  

Construction process of WBM, WMM, GSB (Mix design). Introduction to bituminous works such as 

prime coat, tack coat, seal coat, MPM, AC or BC, BM, DBM and premix carpet.  

Unit IV: Airport Engineering (6 hrs)  

Introduction:  

Advantages and limitations of air transportation. Aeroplane component parts and important 

technical terms.  

Airport planning:  

Aircraft characteristics, which influence judicious and scientific planning of airports, Selection of 

sites, survey and drawings to be prepared for airport planning.  

Airport layout:  

Characteristics of good layout, runway configuration, airport obstruction, location of terminal 

buildings, aprons and hangers. Zoning requirements regarding permissible heights of 

constructions and landing within the airport boundary.  

Runways and taxiways:  

Runway orientation, wind coverage, use of wind rose diagram, basic runway length, corrections 

for elevation, temperature and gradient as per ICAO and FAA recommendation. Airport 

classification by ICAO.  

Unit V: Bridege Engineering  (6 hrs)  

Introduction:  

Classification of bridges, components of bridges, preliminary data to be collected during 

investigation of site for bridges, determination of discharge – empirical formula, direct methods, 

economical span, afflux, HFL, scour depth and clearance, locations of piers and abutments, factors 

influencing the choice of bridge super structure, approach roads.  

Loads on bridges:  

Brief specifications of different loads, forces, stresses coming on bridges, IRC load specification, 

requirements of traffic in the design of highway bridges  

Substructure:  

Abutment, Piers, and wing walls with their types based on requirement and suitability.  

Unit VI  (6 hrs)  

Types of bridges  

Various types of bridges:  

a. Culvert: Definition, waterway of culvert and types.  

b. Temporary bridges: Definition, materials used brief general ideas about timber, floating and 

pantoon bridges.  

c. Movable Bridges: Bascule, cut boat, flying, swing, lift, transporter and transverse bridges, their 

requirement and suitability.  

d. Fixed span bridges:  

Simple, continuous, cantilever, arch, suspension, bowstring girder type and rigid frame and cable 

stayed bridges, materials for super structure.  

Bearing:  

Definition, purpose and importance. Types of bearings with their suitability.  

Erection of bridge super structure and maintenance:  

Introduction to different techniques of erection of bridge super structure and maintenance of 

bridges. 



 

Highway Engineering 

Unit - I  

Chapter 1 : Introduction 1.1 – 1.28 

 1.1 Meaning of Transport 1.1 

  1.1.1 Importance of Transport 1.1 

  1.1.2 Modes of Transport 1.2 

 1.2 History of Highways In The Continent 1.3 

 1.3 The History of Roads In India 1.6 

 1.4 Development of Roads In India During British Period 1.8 

 1.5 Nagpur Plan 1.10 

  1.5.1 Determination of Road Length by Nagpur Plan 1.10 

 1.6 Bombay Plan 1.11 

 1.7 Lucknow Plan 1.13 

 1.8 The Development Of Roads In Independent India 1.16 

 1.9 Developments Of Roads In Five Year Plans 1.17 

  1.9.1 Pre-plan (Period 1943 – 1951) 1.17 

  1.9.2 First Five Year Plan (Period 1951 – 1956) 1.17 

  1.9.3 Second Five Year Plan 1.18 

  1.9.4 Third Five Year Plan (Period 1961 – 1966) 1.18 

  1.9.5 The Fourth Plan (Period 1969 – 1974) 1.19 

  1.9.6 The Fifth Plan (Period 1974 – 1979) 1.19 

  1.9.7 The Sixth Five Year Plan (Period 1980 – 1985) 1.20 

  1.9.8 The Seventh Plan (Period 1985 – 1990) 1.20 

  1.9.9 Eighth Five Year Plan Roads (Period 1990 - 1995) 1.20 

  1.9.10 Ninth Five Year Plan (Period 1995 - 2000) 1.21 

  1.9.11 Five Year Plan (Period 2001 - 05) 1.22 

  1.9.12 Eleventh Five Year Plan (Period 2007 - 2012) 1.23 

 • Questions 1.28 

Chapter 2 : Classification Of Road 2.1-2.24 

 2.1 Methods Of Classification Of Road 2.1 

  2.1.1 Classification Based On The Weather Condition 2.1 

  2.1.2 Classification Based On The Road Pavement 2.1 

  2.1.3 Classification Based On The Pavement Surfacing 2.1 

  2.1.4 Classification Based On The Road Plan 2.2 

  2.1.5 Classification Of Urban Roads (I.R.C. - 1977) 2.3 

 2.2 Road Patterns 2.4 

 2.3 Engineering Surveys 2.6 

  2.3.1 Surveys To Be Conducted 2.6 

 2.4 Reconnaissance Survey 2.6 

  2.4.1 Ground Reconnaissance 2.7 

 2.5 Preliminary Survey 2.8 

 2.6 Determination Of Final Central Line In The Design Office 2.10 

 2.7 Final Location Survey 2.10 



 2.8 Traffic Surveys 2.12 

 2.9 Soil And Material Studies 2.12 

 2.10 Drainage Studies 2.14 

 2.11 Realignment Project 2.14 

 2.12 Preparation And Presentation Of Project Documents 2.15 

 2.13 Drawings 2.16 

 2.14 Check List For The Highway Project Report   2.18 

 2.15 Third Road Development Plan 2.19 

 • Questions 2.24 

Chapter 3 : Traffic Engineering 3.1-3.64 

 3.1 Introduction 3.1 

 3.2 Traffic Characteristics 3.1 

 3.3 Vehicle Characteristics 3.2 

 3.4 Traffic Studies 3.4 

 3.5 Origin And Destination Studies 3.9 

 3.6 Parking Studies 3.15 

 3.7  Highway Lighting 3.18 

 3.8 Traffic Operations 3.21 

 3.9  Signalized Intersection Design 3.25 

 3.10 Pavement Markings 3.28 

 3.11 Traffic Planning 3.29 

 3.12 Geometry Of The Road For Traffic Purposes 3.31 

  3.12.1 Rotary 3.31 

  3.12.2 Mini Round Abouts 3.32 

  3.12.3 Grade Separated Intersections 3.34 

 3.13 Channelisation Of Traffic By Cycle Tracks     3.39 

 3.14 Accident Studies 3.40 

 3.15 Measures For The Reduction In Accident Rates 3.43 

 3.16 Relationship Between Speed, Travel Time, Volume, Density And Capacity 3.46 

 • Questions 3.61 

Unit - II  

Chapter 4 : Highway Alignment 4.1-4.8 

 4.1 Introduction 4.1 

 4.2 Guiding Principles Of Route Selection And Highway Location         4.2 

 4.3 Factors Controlling The Alignment Of Roads 4.4 

 4.4 Special Considerations For Alignment Of Hill Roads 4.6 

 • Questions 4.7 

Chapter 5 : Geometric Design 5.1-5.58 

 5.1 Introduction 5.1 

 5.2 Passenger Car Unit 5.1 

 5.3 Design Vehicle 5.2 

 5.4 Speed  5.3 

 5.5 Gradient 5.5 

 5.6 Cross-Slope Or Camber 5.8 

 5.7 Right Of Way 5.9 



 5.8 Width Of Pavement Or Carriageway 5.11 

 5.9 Traffic Separators And Kerbs 5.11 

 5.10 Road Margins 5.12 

 5.11 Capacity Of The Roads 5.15 

 5.12 Concept Of Capacity Level Of Service And Design Volume        5.17 

 5.13 Overtaking Sight Distance 5.19 

 5.14 Horizontal Alignment 5.24 

 5.15 Transition Curves 5.29 

 5.16 General Principles Of Horizontal Alignment 5.31 

 5.17 Vertical Alignment 5.32 

 • Questions 5.56 

Chapter 6 : Highway Drainage 6.1-6.18 

 6.1 Introduction 6.1 

 6.2 Significance Of Drainage 6.1 

 6.3 Mechanism Of Damage To Highways Due To Faulty Drainage 6.2 

 6.4 Principles Of Good Drainage 6.4 

 6.5 Methods Of Drainage System 6.5 

  6.5.1 Surface Drainage System 6.5 

  6.5.2 Sub-Soil or Sub-Surface Drainage 6.6 

 6.6 Typical Designs Of Side Drains On Hill Roads 6.9 

 6.7 Environment Of Highways And Bypasses 6.10 

  6.7.1 Introduction 6.10 

  6.7.2  Land Scaping and Road Side Arboriculture 6.11 

 6.8  Road Side Arboriculture 6.11 

  6.8.1 The Principles to be Followed in Arboriculture 6.12 

  6.8.2  Bypasses 6.14 

  6.8.3  Service Roads 6.14 

  6.8.4 Removal of Road Side Encroachment & Control of Roadside Developments 6.14 

  6.8.5  Road Traffic Noise 6.15 

  6.8.6  Air Pollution Due to Asphaltic Plant Operation 6.15 

 6.9  Bypasses 6.16 

  6.9.1  Evaluation of Benefits from Bypass 6.17 

 • Questions 6.18 

Unit - III  

Chapter 7 : Highway Materials 7.1-7.58 

 7.1 Classification Of Roads 7.1 

  7.1.1 Desirable Properties  7.2 

  7.1.2 Soil Types  7.2 

  7.1.3 Tests on Soil  7.3 

 7.2 Aggregates 7.7   

  7.2.1 Desirable Properties of Aggregates  7.8 

 7.3 Tests On Aggregates 7.9 

 7.4 Gradation Tests 7.9 

 7.5 Shape Tests 7.10 

 7.6 Elongation Index 7.12 



 7.7 Angularity Number 7.14 

 7.8  Specific Gravity And Water Absorption Test 7.15 

 7.9 Estimation Of Deleterious Materials 7.18 

 7.10 Determination Of Soft Particles 7.20 

 7.11 Aggregate Crushing Value 7.20 

 7.12 Aggregate Abrasion Value 7.22 

 7.13 Method Of Test For Determining Aggregates Impact Value Coarse Aggregates 7.24 

 7.14 Aggregate Polishing Test 7.28 

 7.15 Stripping Test 7.28 

 7.16 Bitumen 7.28 

  7.16.1 Types of Bitumen   7.29 

  7.16.2 Properties of Bitumen 7.31 

 7.17 Tests On Bitumen 7.32 

 7.18 Solubility Test 7.33 

 7.19 Water Content Test 7.34 

 7.20 Specific Gravity 7.34 

 7.21 Flash And Fire Point Test 7.36 

 7.22 Spot Test 7.37 

 7.23 Viscosity Test 7.37 

 7.24 Loss On Heating Test 7.39 

 7.25 Ductility Test 7.40 

 7.26 Penetration Test 7.45 

 7.27 Determination Of Softening Point Of Bitumen 7.46 

 7.28 Bituminous Materials 7.50 

 7.29 Bitumen Mixes 7.50 

 • Questions 7.58 

Chapter 8 : Pavement Design 8.1-8.50 

 8.1 Overview 8.1 

 8.2 Requirements Of A Pavement 8.1 

 8.3 Types Of Pavements 8.1 

  8.3.1 Flexible Pavements  8.2 

  8.3.2 Typical Layers of a Flexible Pavement  8.3 

 8.4 Rigid Pavements  8.4 

  8.4.1 Types of Rigid Pavements  8.5 

  8.4.2 Advantages of Rigid Pavement 8.5 

 8.5 Comparison Of Flexible And Rigid Pavement  8.6 

 8.6 Factor Affecting Pavement Design 8.7 

  8.6.1 Traffic and Loading 8.7 

  8.6.2 Structural Models 8.7 

  8.6.3 Material Characterization 8.8 

  8.6.4 Environmental Factors 8.8 

 8.7 The Concept Of "Equivalent Wheel Load", "Reigidity  Factor,"  Repeition" And "Impact" 8.8 

  8.7.1 Equivalent Wheel Load  8.9 

  8.7.2 Rigidity Factor  8.9 

  8.7.3 Effect of Repetition of Loads  8.10 

 8.8 Methods Of Designing Flexible Pavements 8.12 



  8.8.1 North Dakota Cone Test Method   8.12 

  8.8.2 Methods Based on Plate Bearing Tests  8.14 

  8.8.3 Burmister Analysis for two Layer System  8.14 

  8.8.4 Mcleod Method  8.18 

  8.8.5 Effect of Lateral Confinement  8.20 

  8.8.6 Application of Plate Load Method to Indian Conditions  8.20 

 8.9 C.B.R Method Of Design Of Flexible Pavements 8.20 

 8.10  Properties Of The Base, Sub-Base And Surfacings 8.23 

 8.11 The Importance Of Measurement Of CBR in I.R.C. Method And Selection  

Of Dry Density And  Moisture Content 8.23 

 8.12 Comparison Between C.B.R. And Modified C.B.R. Method 8.24 

 8.13  Modified C.B.R. Method 8.24 

 8.14 IRC Method Of Design Of Flexible Pavements 8.26 

  8.14.1 Overview  8.26 

  8.14.2 Pavement Composition 8.29 

 8.15 Introduction To Rigid Pavements  8.30 

  8.15.1 Action of Rigid and Flexible Pavement  8.30 

  8.15.2 Methods of Pavement Design  8.31 

  8.15.3 Design of Rigid Pavements  as per IRC  8.33 

  8.15.4 Foundation Strength and Surface Characters  8.35 

  8.15.5 The Quality Control  8.36 

  8.15.6 Modulus of Elasticity and Poisson's Ratio  8.37 

  8.15.7 Coefficient of Thermal Expansion  8.37 

 8.16 Design Of Rigid Pavements  8.37 

  8.16.1 Temperature Effects   8.37 

  8.16.2 Traffic Load Effects  8.37 

  8.16.3 The Combined Effect of Temperature and Load  8.38 

  8.16.4 Calculation of  Stresses  8.38 

  8.16.5 Design Procedure for Determination of Rigid Pavement Thickness 8.42 

 8.17 Provision Of Reinforcement  8.43 

  8.17.1 Reinforcement at Transverse Joint  8.43 

  8.17.2 Reinforcement for Longitudinal Joints  8.44 

 8.18  Joints In Cement Concrete Pavements 8.45 

  8.18.1 Details of Joints  8.46 

 • Questions 8.50 

Chapter 9 : Construction 9.1-9.34 

 9.1 Modern Equipment For Road Construction 9.1 

 9.2 Water Bound Macadam Wearing Course 9.2 

  9.2.1 General Guideline and Procedure for Water Bound Macadam 9.4 

 9.3  Wet Mix Macadam  9.6 

  9.3.1 Description 9.6 

  9.3.2 Aggregate 9.6 

  9.3.3 Construction Operation of WMM 9.7 

  9.3.4 Important Considerations in Construction Process  9.10 

  9.3.5 Setting and Drying 9.10 

  9.3.6 Opening to Traffic 9.10 



 9.4  GSB  9.12 

  9.4.1 Granular Sub-Base 9.12 

 9.5 Constructions Of Bituminous Pavements 9.14 

 9.6 Types Of Bituminous Pavements 9.14 

  9.6.1 Surface Treatments 9.16 

  9.6.2 Grouted or Penetration Macadam 9.20 

  9.6.3 Road Mix Surface 9.22 

  9.6.4 High Type Bituminous Pavements 9.22 

 9.7 Cement Concrete Pavements 9.28 

  9.7.1 Preparation of the Subgrader or the Base 9.29  

  9.7.2 Mixing and Transport of Concrete 9.30 

  9.7.3 Fixed-Form Concrete Paving 9.31 

  9.7.4 Slipform Concrete Paving 9.32 

 9.8  Joints  9.33 

  9.8.1 Types of Joints 9.33 

 • Questions 9.34 

Airport Engineering 

Unit - IV  

Chapter 10 : Introduction To Airport Engineering 10.1-10.18 

 10.1 Meaning Of Transport  10.1 

 10.2 Importance Of Transport  10.1 

 10.3 Modes Of Transport  10.2 

 10.4 Air Transportation  10.3 

  10.4.1 Advantages of Air Transport  10.3 

  10.4.2 Disadvantages of Air Transport  10.4 

  10.4.3 Limitations of Air Transport  10.4 

  10.4.4 Different Means Air Transport  10.4 

 10.5 Important Technical Terms 10.5 

 10.6 Airport Component  10.6 

 10.7 Airplane Parts And Function 10.8 

 10.8 Airport Planning 10.9 

  10.8.1 Planning for Airport Development  10.9 

  10.8.2 Economic Impacts and Economic of Airport Development  10.10 

 10.9 Aircraft Characteristics 10.10 

  10.9.1 Impacts of Aircraft Characteristics on Airport Design  10.11 

  10.9.2 Main Aircraft Characteristic  10.11 

 10.10  Airport Planning 10.16 

 10.11  Selection Of Sites For Airport  10.16 

 10.12 Survey For Site Selection  10.16 

 10.13 Drawing To Be Prepared For Airport Planning  10.17 

 • Questions 10.18 

Chapter 11 : Airport Layout 11.1-11.16 

 11.1 Terminal Design And Airport Layout  11.1 

 11.2  Typical Airport Layout  11.2 

 11.3 Airport Obstructions 11.4 



  11.3.1 General 11.4 

  11.3.2 Classification of Obstructions 11.4 

  11.3.3  Definition of Imaginary Surfaces and Areas 11.4  

  11.3.4 Take-Off Climb Area and Surface 11.5 

  11.3.5 Approach Area and Surface 11.6 

  11.3.6 Inner Horizontal Surface 11.7 

  11.3.7 Approach Zone 11.10 

  11.3.8 Turning Zone 11.10 

 11.4 Holding Apron 11.10 

 11.5  Loading Aprons  11.10 

 11.6  Holding Aprons 11.11 

 11.7 Aprons (Known As Parking Lot)  11.12 

 11.8 Airport Grading And Drainage 11.12 

  11.8.1 Airport Grading 11.12 

  11.8.2 Airport Drainage 11.13 

  11.8.3 Surface Drainage 11.13 

 11.9  Rescue And Fire Fighting Services And Equipments  At Aerodrome 11.13 

 11.10 Visual Aids 11.13 

 11.11  Runway Centre Line Marking 11.14 

 11.12  Threshold Marking 11.14 

  11.12.1 Surface Drainage 11.14 

  11.12.2 Taxi-way Marking 11.14 

 • Questions 11.16 

Chapter 12 : Runways And Taxiways 12.1-12.26 

 12.1 Runway Orientation  12.1 

 12.2 Choice Of Maximum Permissible Cross Wind Component And Coverage   12.1 

 12.3 Wind Rose   12.2 

  12.3.1 Type I Wind Rose 12.3 

  12.3.2 Type II Wind Rose 12.3 

 12.4 Selected Basic Length Of Runway   12.4 

 12.5 Actual Length Of Runway  12.5 

 12.6 Runway Geometric Design 12.10 

  12.6.1 Runway Length : Design Objectives 12.14 

  12.6.2  Basic Principle of Runway Design 12.14 

  12.6.3  Runway Length Analysis 12.14 

 12.7 Taxiways   12.15 

  12.7.1 Taxiway Capacity 12.15 

  12.7.2 Design Parameters of Taxiway 12.15 

  12.7.3 Types of Taxiways 12.17 

 12.8 Classification Of Airports   12.20 

  12.8.1 Airport Classification According to sizes of its Components 12.22 

  12.8.2 Classification of Airports According to the Ownership Form 12.24 

 • Questions 12.24 



Bridge Engineering 

Unit - V  

Chapter 13 : Introduction To Bridge Engineering 13.1-13.40  

 13.1 Introduction 13.1 

 13.2 Site Investigation  13.2 

  13.2.1 Field Reconnaissance Survey  13.3 

  13.2.2 Desk Top Study  13.4 

  13.2.3 Sampling and Testing  13.4 

  13.2.4 Laboratory Testing  13.4 

 13.3 Site Selection 13.4 

 13.4 Classification Of Bridges 13.5 

 13.5 Bridge Alignment 13.6 

  13.5.1 Collection of Design Data for a Bridge 13.7 

  13.5.2 Determination of Design Discharge 13.8 

 13.6 Criteria For Fixing Design Discharge 13.10 

 13.7 Determination Of Waterway 13.10 

 13.8 Determination Of Linear Waterway 13.11 

 13.9 Determination Of Afflux 13.12 

 13.10 Determination Of Economic Span 13.14 

 13.11 Scouring 13.16 

 13.12 Determination Of Maximum Scour Depth 13.18 

  13.12.1 Prevention of Scouring 13.18 

 13.13  Types Of Loading For Road Bridges 13.19 

 13.14 Loading For Railway Bridges 13.24 

 13.15  Bridge Loading 13.24 

 13.16 Requirements Of Traffic In The Design Of Highway Bridge 13.30 

 13.17 Substructures 13.31 

  13.17.1 Abutments 13.31 

 13.18  Piers  13.34 

 13.19  Wing Wall 13.38 

 • Questions 13.39 

Unit - VI  

Chapter 14 : Types Of Bridges 14.1-14.38 

 14.1 Introduction Of Culverts  14.1 

 14.2  Classification Of Culverts 14.1 

  14.2.1  Pipe Culvert  14.1 

  14.2.2 Reinforced Concrete Box Culvert  14.1 

  14.2.3  Reinforced Concrete Slab Culvert 14.2 

  14.2.4  Stone Arch Culvert 14.2 

 14.3  Introduction And Types 14.3 

  14.3.1 Classification of Temporary Bridges  14.4 

  14.3.2  Temporary Bridge Superstructures  14.5 

 14.4  Military Bridges 14.5 
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