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1. Introduction to Management & Construction Management 

Management is the process of planning, organizing, staffing, directing and controlling resources (men, 

materials, machines, money, methods) to achieve a defined objective efficiently. Construction 

Management (CM) applies these principles specifically to construction projects — planning, 

coordinating and controlling a project from inception to completion, aiming to meet the client's 

requirements of quality, time and cost. 

Functions / Elements of Management 

• Planning — deciding in advance what to do, how, and when to do it. 

• Organizing — arranging resources and establishing relationships/authority. 

• Staffing — recruiting and placing the right personnel. 

• Directing — guiding and supervising the workforce. 

• Coordinating — harmonizing activities of different departments/agencies. 

• Controlling — monitoring progress and taking corrective action against deviations. 

Objectives of Construction Management 

• Complete the project within the stipulated time. 

• Complete within the estimated budget/cost. 

• Achieve the specified quality and safety standards. 

• Optimum utilization of resources (men, machines, materials, money). 

• Minimize wastage and avoid disputes. 

 

2. Organization Structures in Construction 

An organization is the framework of authority-responsibility relationships that helps a group of people 

work towards a common goal. Common types used in construction firms: 

 

Typical site hierarchy: Project Manager  Site Engineer/Site Supervisor  Foreman/Mistri  Skilled & 

Unskilled Labour. 
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3. Project Planning & Scheduling 

Planning determines the sequence of construction operations, while scheduling fixes the time frame 

(start/finish dates) for each activity. Together they form the backbone of project control. 

(a) Bar Chart (Gantt Chart) 

A Gantt/Bar chart represents each activity as a horizontal bar whose length is proportional to its 

duration, plotted against a time scale. 

Advantages: simple, easy to prepare and understand, good for small projects. 

Disadvantages: does not show interdependency between activities; difficult to update for 

large/complex projects. 

(b) Critical Path Method (CPM) 

CPM is a network-based, deterministic technique used where activity durations are known fairly 

accurately (used widely in construction/repetitive work). Activities are shown as arrows/nodes 

connected in a logical sequence. 

Key terms: 

• Event — a point in time marking start/end of activities (represented by a node/circle). 

• Activity — a task that consumes time and resources (represented by an arrow). 

• EST (Earliest Start Time), EFT (Earliest Finish Time) 

• LST (Latest Start Time), LFT (Latest Finish Time) 

• Total Float = LST  EST (or LFT  EFT) — the slack time available for an activity without delaying the 

project. 

• Critical Path — the longest path through the network; activities on it have zero float and any delay in 

them delays the whole project. 

(c) Programme Evaluation and Review Technique (PERT) 

PERT is a probabilistic technique used where activity durations are uncertain (research/new type of 

projects). Three time estimates are used for each activity: 
 

Symbol Meaning 

to (Optimistic time) Minimum possible time if everything goes well 

tm (Most likely time) Normal time under usual conditions 

tp (Pessimistic time) Maximum time if unusual problems occur 

Expected time, te = (to + 4·tm + tp) / 6 

Standard deviation,  = (tp  to) / 6 and Variance = ² 

CPM vs PERT 
 
 

 
jects 

Basis CPM PERT 

Nature Deterministic (single time estimate) Probabilistic (three time estimates) 

Used for Repetitive projects (buildings, roads) Research &amp; non-repetitive/new pro 

Orientation Cost-oriented Time/event-oriented 

Focus Activity oriented Event oriented 

 



Steps in Network Analysis 

• List all activities and their logical sequence/dependency. 

• Draw the network diagram (activity-on-arrow or activity-on-node). 

• Estimate durations for each activity. 

• Calculate EST, EFT, LST, LFT for every activity/event. 

• Identify total float for each activity. 

• Identify the critical path (activities with zero float). 



4. Construction Materials & Equipment Management 

Materials Management 

Materials management ensures the right material, in the right quantity, at the right place and time, at the 

lowest possible cost. It typically involves: 

• Identification of material requirement from drawings/BOQ. 

• Procurement — purchasing/ordering from approved vendors. 

• Storage — proper stacking, protection from weather/theft/damage. 

• Inventory control — avoiding overstocking (blocks capital) or understocking (delays work); concepts 

like Economic Order Quantity (EOQ), ABC analysis, and minimum/maximum/re-order stock levels 

are used. 

• Issue and accounting — recording consumption against work done. 

Construction Equipment Management 

Selection of equipment depends on the type of work, quantity, site conditions, and economics of owning 

vs. hiring. Common construction equipment includes earth-moving equipment (dozers, excavators, 

loaders), concreting equipment (mixers, batching plants, vibrators), and hoisting equipment (cranes, 

hoists). 

• Owning is economical when utilization is high and the equipment is needed long-term. 

• Hiring is economical for short-duration or occasional requirement, avoiding maintenance/idle-time 

cost. 

• Equipment cost is generally analyzed under owning cost (depreciation, interest, insurance, taxes) 

and operating cost (fuel, repairs, operator wages). 

 

5. Site Organization, Safety & Quality Control 

Site Organization 

Refers to proper layout of the construction site — location of site office, stores, labour huts, access 

roads, material stacking yards — to ensure smooth material movement and minimum handling cost. 

Safety Management 

• Use of Personal Protective Equipment (PPE) — helmets, safety shoes, gloves, harnesses. 

• Barricading of excavations, proper scaffolding, and signage for hazard zones. 

• Regular safety training/toolbox talks and accident reporting/investigation. 

• Compliance with statutory safety codes/regulations applicable to the site. 

Quality Control 

• Checking materials against specifications (cement, steel, aggregates) before use. 

• Testing of concrete (slump test, cube compressive strength test) at regular intervals. 

• Maintaining quality checklists and inspection at each stage of construction. 

• Non-conforming work to be identified and rectified before proceeding further. 

 

6. Labour Management & Productivity 

Labour is classified as skilled (masons, carpenters, bar-benders), semi-skilled, and unskilled 

(helpers). Effective labour management involves proper recruitment, deployment, supervision, incentive 

schemes and welfare measures. 



Labour productivity = Output produced ÷ Labour-hours (or man-days) input. It is affected by factors 

such as skill level, working conditions, supervision, weather, and availability of materials/tools at the 

right time. 



7. Contracts, Tendering & Specifications 

A contract is a legally binding agreement between the owner and the contractor defining the scope, 

cost, time and conditions of work. 

Types of Contracts 

 
 
 
 
 
 
 
 
 

 

most common in I 
 
 

 
ofit. 
 
 

 
s. 

 
Tendering Process 

Tendering is the process of inviting, receiving and evaluating offers (bids) for carrying out the work, and 

awarding the contract to the most suitable bidder. 

• Open Tender — advertised publicly; anyone meeting eligibility can bid; ensures competition & 

transparency. 

• Limited/Closed Tender — invited only from a select list of pre-qualified/approved contractors. 

• Single Tender — invited from only one party, used in emergencies or specialized/proprietary work. 

• e-Tendering — online submission and processing of tenders through a portal. 

Tender documents generally include: notice inviting tender (NIT), drawings, specifications, bill of 

quantities (BOQ), conditions of contract, and the earnest money deposit (EMD)/security deposit 

requirements. 

Specifications 

Specifications describe the nature, quality, grade and proportion of materials, and the method of 

workmanship required for an item of work. They may be general specifications (brief description of 

materials/workmanship) or detailed specifications (item-wise, exact requirements for estimating and 

execution). 

Type Description 

Item Rate / Unit Price Contract Payment made per unit quantity of each item of work at agreed rates; 

Lump Sum Contract A fixed total price for the entire work, regardless of actual quantities. 

Cost Plus Percentage Contract Contractor is paid actual cost of work plus an agreed percentage as pr 

Cost Plus Fixed Fee Contract Actual cost is reimbursed plus a fixed (not percentage) fee. 

Percentage Rate Contract Contractor quotes a percentage above/below the estimated cost of item 

 



 

8. Fundamentals of Accounting 

Accounting is the process of recording, classifying, summarizing and interpreting financial transactions 

of a business in terms of money, so as to ascertain profit/loss and financial position.  

Basic Terms 
 

Term Meaning 

Asset Anything of value owned by the business (land, building, machinery, cash, etc.) 

Liability Amount owed by the business to outsiders (loans, creditors). 

Capital Owner's investment in the business. 

Revenue/Income Amount earned by sale of goods/services. 

Expense Cost incurred to earn revenue. 

Debtor Person who owes money to the business. 

Creditor Person to whom the business owes money. 

Drawings Cash/goods withdrawn by owner for personal use. 

Types of Accounts & Golden Rules 
 
 
 
 

 
p; gains 

 

9. Journal, Ledger, Trial Balance & Final Accounts 

Journal 

The journal is the book of original/prime entry where transactions are first recorded, in chronological 

order, in the form of a debit and a credit entry (double entry system) along with a narration. 

Ledger 

The ledger is the book of final entry — a set of accounts to which journal entries are posted, so that 

the net effect of all transactions on each account can be seen (its balance).  

Trial Balance 

A trial balance is a statement listing the debit and credit balances of all ledger accounts on a particular 

date. If total debits = total credits, it indicates arithmetical accuracy of the books (though it does not 

guarantee absence of all errors). 

Final Accounts 

• Trading Account — to find Gross Profit/Loss (Sales  Cost of Goods Sold). 

• Profit & Loss Account — to find Net Profit/Loss (Gross Profit  Indirect Expenses + Indirect 

Incomes). 
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Type of Account Golden Rule 

Personal Account (persons, firms, companies) Debit the receiver, Credit the giver 

Real Account (assets/properties) Debit what comes in, Credit what goes out 

Nominal Account (expenses, losses, incomes, gai nDs)ebi t  all expenses &amp; losses, Credit all incomes &am 

 



• Balance Sheet — a statement of assets and liabilities on a given date, showing the financial position 

of the business. 

 

10. Depreciation 

Depreciation is the gradual, permanent decrease in the value of a fixed asset due to wear and tear, 

effluxion of time, or obsolescence. It is charged to the Profit & Loss Account as an expense. 

Methods of Depreciation 
 

 
ount every year) 

each year 

it accumulates to 

Method Formula / Basis 

Straight Line Method (SLM) Depreciation per year = (Cost  Scrap Value) / Useful Life (constant am 

Written Down Value / Diminishing Ba lDanecpereMc iea t ihoond= fixed % applied on the book value (reducing balance) 

Sinking Fund Method A fixed annual amount is set aside and invested so that, with interest, 

 



11. Costing & Estimating in Construction 

Estimating is the process of calculating the probable cost of a construction project before it is 

executed, based on drawings and specifications. Costing deals with ascertaining the actual cost 

incurred and analyzing it. 

Types of Estimates 

• Preliminary/Approximate Estimate — rough cost based on plinth area, cubic content, or unit rate, 

used for initial administrative approval. 

• Detailed Estimate — item-wise quantities (from measurements) multiplied by their rates, prepared 

from BOQ and detailed drawings; most accurate. 

• Revised Estimate — prepared when the original sanctioned estimate exceeds by a certain 

percentage (commonly 5% or as per rules) due to changes in design/rates. 

• Supplementary Estimate — prepared for additional work not included in the original estimate. 

Elements of Cost 
 
 

 
n overheads 

 

 
Rate Analysis is the process of determining the rate per unit of a particular item of work by considering 

the cost of materials, labour, equipment, overheads and contractor's profit (usually taken as 10–15%). 

 

12. Budgeting & Cash Flow in Construction Projects 

A budget is a financial plan for a defined period, estimating expected income and expenditure. In 

construction, budgeting helps plan the funds required at various stages of the project.  

• Cash flow forecasting tracks the timing of cash inflows (client payments/running bills) and outflows 

(material purchase, wages, equipment hire) so that funds are available when needed. 

• A typical construction project cash-flow curve is S-shaped — slow expenditure at the start 

(mobilization), rapid expenditure during the main construction phase, and tapering off towards 

completion. 

• Variance analysis compares budgeted cost/time against actual cost/time to identify deviations and 

take corrective action. 

Cost Element Includes 

Prime Cost / Direct Cost Direct material + Direct labour + Direct expenses 

Overheads / Indirect Cost Factory/site overheads, administrative overheads, selling &amp; distributio 

Total Cost Prime Cost + Overheads 

 



13. Important Formulas & Quick Revision Table 
 

Topic Formula 

PERT Expected Time te = (to + 4tm + tp) / 6 

PERT Standard Deviation  = (tp  to) / 6 

Total Float Total Float = LST  EST (= LFT  EFT) 

Straight Line Depreciation Dep./year = (Cost  Scrap Value) / Useful Life 

WDV Depreciation Dep. = Book Value × Rate % 

Gross Profit Sales  Cost of Goods Sold 

Net Profit Gross Profit + Indirect Income  Indirect Expenses 

Total Cost Prime Cost + Overheads 

Labour Productivity Output / Labour-hours (or man-days) 

 











































































































































































































































































































































































































































































































































































































































RAILWAY ,BRIDGES AND TUNNELS 
 

1. CHAPTER-1 

RAILWAYS 

INTRODUCTION 

Railways have been an important part of our transport infrastructure since   the   19th century,   and their 

development has enabled the use of trains as an effective and efficient means of travel. 

 

The emergence of railways from around the 1820’s marked the beginning of the end for canals, as trains 

could carry more goods, more people and travelled much faster. The first steam locomotive to carry 

passengers began operation in 1825, designed by engineer George Stephenson, on a line between Stockton 

and Darlington. 

 

Stephenson also developed the Liverpool and Manchester Railway (L&MR), a significant improvement on 

the first steam locomotive. 'The rocket’, was much more efficient, producing more steam and with horizontal 

pistons directly driving the wheels. The L&MR opened in 1830. 

 

Railways spread rapidly throughout the UK with the increased demand for coal and steel, and for distribution 

of things such as newspapers and post. The railways were built by ‘navvies’ who would dig foundations, lay 

stones and fix the track. Most of the work was done by hand, using a pick axe. 

 

 

SYSTEMS OF RAILWAYS 
 

1. Surface Railways 

2. Elevated Railways 

3. Under Ground railways 

4- Tube Railways 

Surface Railways 

 

Surface railways are the cheapest and most extensively used form of railway service in the world. In such 

a system, the track is laid on a ground that has a suitable embankment or cutting, depending upon the 

topography of the area. Metropolitan railways use electric traction because of the following advantages. 

 

(a) Electric traction does not pollute the environment. 

 

(b) The acceleration and deceleration of trains is faster. 

 

(c) Electric traction ensures the availability of power for improved and modern signalling. 

 

(d) An electric locomotive can haul a train with the same efficiency in both the directions and there is 

no need for reversing the direction of the locomotive. 

 

(e) This system uses special type of coaches called electric multiple units (EMUs), which can carry 
more traffic than conventional coaches. 

 

Elevated Railways 
 

An elevated railway (also known as an El rail, El train or simply an El for short, and, in Europe, as an 

overhead railway) is a rapid transit railway with the tracks above street level on a viaduct or other elevated 

structure (usually constructed of steel, concrete, or brick). The railway may be broad gauge, standard gauge, 

narrow gauge, light rail, monorail, or a suspension railway. Elevated railways are usually used in urban areas 

where there would otherwise be a large number of level crossings. Most of the time, the tracks of elevated 



railways that run on steel viaducts can be seen from street level. 

Under Ground Railways 
 

An underground system is defined as an electric railway public transport network (a metro or subway 

system) that runs both above and underground. 

Tube Railways 

The term tube railway may refer to: 

● an atmospheric railway, a railway that uses differential air pressure to provide power for propulsion 

of a vehicle. 

● an underground railway constructed in a circular tunnel by the use of a tunnelling shield. 

● by extension of the previous definition, the London Underground, most (but not all) of whose lines 

are so constructed. 

 
The advantages & disadvantages of railway transport. 

Railway transport occupies a significant role in the transport system of a country because the development 

of trade, industry and commerce of a country largely depends on the development of railways. 

 
Advantages: 

i. It facilitate long distance travel and transport of bulky goods which are not easily transported 

through motor vehicles. 

ii. It is a quick and more regular form of transport because it helps in the transportation of goods with speed 

and certainty. 

 
iii. It helps in the industrialization process of a country by easy transportation of coal and raw-materials at a 
cheaper rate. 

 
iv. It helps in the quick movement of goods from one place to another at the time of emergencies like 

famines and scarcity. 

 
v. It encourages mobility of labour and thereby provides a great scope for employment. 

 

vi. Railway is the safest form of transport. The chances of accidents and breakdown of railways are 

minimum as compared to other modes of transport. Moreover, the traffic can be protected from the 

exposure to sun, rain snow etc. 

 
vii. The carrying capacity of the railways is extremely large. Moreover, its capacity is elastic which 
can easily be increased by adding more wagons. 

 
viii. It is the largest public undertaking in the country. Railways perform many public utility services. 

Their charges are based on charge what the traffic can bear principles which helps the poor. In fact, it is a 

national necessity. 

 
Disadvantages: 

i. The railway requires a large investment of capital. The cost of construction, maintenance and 

overhead expenses are very high as compared to other modes of transport. Moreover, the investments 

are specific and immobile. In case the traffic is not sufficient, the investments may mean wastage of 

huge resources. 

 

ii. Another disadvantages of railway transport is its inflexibility. It routes and timings cannot be adjusted 

to individual requirements. 

 

iii. Rail transport cannot provide door to door service as it is tied to a particular track. Intermediate loading 

or unloading involves greater cost, more wear and tear and wastage of time. The time cost of terminal 



operations are a great disadvantage of rail transport. 

 
iv. As railways require huge capital outlay, they may give rise to monopolies and work against public 

interest at large. Even if controlled and managed by the government, lack of competition may breed 

in inefficiency and high costs. 

 

v. Railway transport is unsuitable and uneconomical for short distances and small traffic of goods. 

 
vi. It involves much time and labour in booking and taking delivery of goods through railways ascompared 
to motor transport. 

 
vii. Because of huge capital requirements and traffic, railways cannot be operated economically in rural 

areas. Thus, large rural areas have no railway even today. This causes much inconvenience to the 

people living in rural areas. 

 
CHAPTER-2 RAILWAY SURVEY 

 

Infuencing The Railways Route 

 

Our industry is experiencing widespread change, driven by wide-ranging and varied influences. 

 

With these changes come both opportunities and challenges, and SmartRail World has set out to identify 

some of these key trends to help you better shape your strategic, long-term planning.We asked experts, 

canvassed opinion on social media and discussed the area at the SmartRail global event series and have 

identified nine key trends. Some you will be familiar with, some less so. 

 

1. Climate Change. 

 

Rail networks have been designed and built using historical records of climate and weather events. Now 

with the ‘Inconvenient truth’ of climate change, these projections are no longer a reliable predictor. Even 

what sound like modest changes in the average temperature can translate to large and potentially dangerous 

shifts in climate and weather. 

 

Flooding on the tracks north of MNRs Garrison Station, New YorkHigh temperatures can cause rail tracks 

to expand and buckle, and may lead to more regular repairs, speed restrictions, delays and disruption. 

Storms can damage or deposit debris on lines and at stations and floods or high-tides can submerge them as 

well. This is particularly true in underground tunnels as seen in New York after Hurricane Sandy. 
 

The rail industry now has to plan for a different weather future, and build accordingly with a 'predict and 

prevent' ethos looking forward rather than back. Our networks, standards and systems now have to be built 

for the world of the 2050s and beyond, a world which could be very different. 

 

2. Urban growth. 

 

Today, 54 per cent of the world’s population lives in urban areas, a proportion that is expected, according 

to United Nations figures to increase to 66 per cent by 2050. Projections show that urbanization combined 

with the overall growth of the world’s population could add another 2.5 billion people to urban 

populations by 2050, with close to 90 percent of the increase concentrated in Asia and Africa. 

 

The rapid pace of urbanisation puts added pressure on already strained infrastructure – anyone who travels 

at peak-time in a major city will attest to this. As a result infrastructure needs to be designed to be able to 

be able to absorb such growth, and be as efficient and rapid is possible. Along with the pressures, though 

come opportunities – the increased size of cities widens their power and tax base and enables a greater 

investment in public transport, an example being the Crossrail project currently underway in London 

(pictured above). 
 

Hand in hand with the rising populations is the growth of megacities (those with over 10 million people) 

predominantly in Asia. As of 2015, there are 35 megacities in existence, in 1950 there was just one (New 



York). The sheer size and complexity of these multiplying megacities gives rise to enormous challenges. 
 

Meeting the challenges and opportunities of urban growth is one of the key themes of Smart Metro 

(incoporating the 9th Annual CBTC World Congress, which returns to Paris on 29th - 31st October 2018. 

 

3. Rise of the start-ups 

 

At the recent SmartRail Europe Congress in Amsterdam, the pace of change was a regular point of 

discussion across all the streams. Same as always right? Well it’s always a key point in any project, but 

what is shifting the parameters of the discussion is the entry of small, lean start-ups into the industry. 

Without the baggage and legacy of larger traditional firms, they don’t play the conventional rules of the 

business. Digital rather than physical solutions can be rolled out in days or weeks, not months or years. 

And the perennial issues of ticketing, overcrowding and train organisation are some of the issues in the 

sights of start-ups aided by a recent blooming in hackathons and a first rail accelerator opening in London. 
 

In the rebuilding of New Orleans after Hurricane Katrina Lt. General Russel Honore famously told a 

subordinate who he viewed was moving too slowly, "You're looking at your calendar and I'm looking at 

my watch." 

4. Digitisation takes over. 

 

Closely connected to the development of the start-up community within rail is a widening digitalisation of 

the processes behind many of the key systems behind rail operations. The digital revolution arrived in rail 

later than in other industries, but is quickly becoming the establishment. Any commercially focussed 

railway is now able to utilise a host of digital initiatives. Amongst many areas is the Internet of Things 

(IoT) enabling on-board sensors to deliver real time analysis and monitoring, identify problems before they 

cause delays, facilitate automated and preventive maintenance and ensure dispatchers have an entirely 

accurate view of the train’s location. 

 

Digitisation is often made possible by the presence and use of Big Data, and to pick just one example, the 

commuter train network in Stockholm, Sweden is using a predictive model, called ‘the commuter 

prognosis’ that uses Big Data to visualize the entire commuter train up to two hours into the future. This 

enable a forecast of disruptions in the service, with the traffic control centre able to prevent the ripple 

effects that cause most delays. In the future the algorithm will be potentially adaptable for more types of 

public transportations and cities. 
 

These issues will be discussed at our SmartTransit Congress which takes place in Philadelphia on October 

23-25, 2018 

 

5. New players offering integrated travel solutions. 

 

Uber and rail - a growing relationship.A recent study prepared for the American Public Transportation 

Association (APTA) through the Transit Cooperative Research Program has revealed that the people using 

services like Uber and Lyft are actually more and not less likely to travel on public transport. The survey 

taken by 4,500 people in seven different US cities showed that 50% of people travelled by train and 45% 

used buses frequently. The study can be viewed as insight into the impact of ride-sourcing on public 

transport. 

 

There are some who view the likes of Uber and Lyft as the solution to the first-mile / last-mile challenge 

and to help overcome the concern that potential riders avoid public transport because of difficulties getting 

to or from the train or metro. And instead they end up driving. Ride-sourcers can help solve this by offering 

the optimal combination of walking, transit and their own transport. 
 

There’s huge potential for rail and metro to partner with companies Lyft or Uber, but caution must also be 

maintained that they don’t become more attractive than public transport. And the performance of rail and 

metro, particularly in payments and booking must be improved to head off any future threat. 

 

6. Powered by different energy sources. 

 



Environmental concerns (see also Climate Change), fears over energy security and the lowering costs of 

implementation mean that rail is looking at new ways of powering itself. 
 

On the train itself, options for possible replacements for diesel include hydrogen and perhaps the most 

appealing, LNG, already being tested by some railways and offering a competitive price, and lower carbon 

emissions plus an established regulatory structure when compared to its fossil and renewable fuel rivals. 

Whilst Alstom is currently developing entirely new types of fuel cell trains which aim to be 

completely emission-free. 

 

Stations themselves are also looking to be powered differently. In the USA, the renovated Yawkey Station 

near Fenway Park in Boston will become a “zero net energy” commuter rail station when construction is 

finished in 2017. Solar panels and a shared-use garage on which a solar photovoltaic power plant will be 

installed is designed to provide all the energy required to power the station. 

 

7. The station becoming a destination. 

St Pancras International, in LondonRail stations are changing. For a long time they appeared to be an after- 

thought for many train operators, designed simply to get as many passengers in and out as quickly and 

safely as possible, But no more. Stations are evolving and offering more to its passengers, making them a 

place to stay in and enjoy, an amenity all to itself, rather than a building to quickly head away from or 

arrive with little time to spare before catching a train. The central position of stations, also puts them at the 

heart of urban regeneration schemes and a crucial link between commercial, leisure and residential spaces. 

 

Many stations at aiming to take advantage of the huge footfall they experience (and help pay for their 

investments) by developing a dazzling area of retail and catering outlets to serve every taste (and pocket). 
 

Whilst ergonomic design is becoming an increasing factor in the planning of stations ensuring that large 

numbers of travellers can move freely and efficiently to, through and from a station is an essential to 

maintaining the operational effectiveness of the transport system as a whole. Station developments now 

consider ergonomic and human factors, in particular looking in a scientific way at people and their needs, 

and then providing analytical evidence based on psychological, behavioural and physical factors to 

improve experiences. 

 

8. Long distance travel makes a return. 

 

Air travel hasn’t been kind to long-distance rail, with many classic lines now redundant or operating on a 

limited, nostalgia focussed basis. However, a number of factors are pushing its growth and are likely to 

over future years. Improvements to booking and ticketing allied with high-speed trains (see below) and on- 

board service are also widening the uptake of trains to travel across continents. 

 

As one example cross-Channel high-speed train operator Eurostar will be running a service between 

London and Amsterdam in late 2017. And whilst the United States lags behind in these stakes, Amtrak 

and new entrants have ambitious plans. China and Japan, which have focused on building high-speed 

networks that can compete and beat air travel. 

 

Another trend helping support long distance rail travel, is the growth of codesharing, long found in the 

aviation industry where a marketing arrangement is created with an airline placing its designator code on a 

flight operated by another airline and selling tickets for that flight in order to strengthen or expand their 

market presence and competitive ability. This is now being seen in an intermodal form in partnerships with 

the rail industry. This kind of link-up between airlines and rail lines, known formally as air-rail alliance or 

informally ‘Rail & Fly’ are increasingly popular. 

 

9. High-Speed and Hyper-Speed Rail 

 

For anyone reading this in the United Kingdom or California they will be well versed in arguments about 

the development of high-speed rail but we could soon be entering the world of hyper-speed rail travel. 

High-speed rail has already revolutionized national and international transportation in many parts of the 

world, in particular in Japan, China and continental Europe. And now plans are being developed to go even 

faster. 



 

Few will have escaped the media coverage of Elon Musk’s ‘Hyperloop’, a innovative new form of 

transportation, consisting of an elevated, reduced-pressure tube that contains pressurized capsules driven 

within the tube by a number of electric motors, Musk claimed it would “never crash, be immune to 

weather, go twice as fast as an airplane, four times as fast as a bullet train, and – to top it off – run 

completely on solar power.” Whilst the Hyperloop may currently lack the financial or political will to make 

it a reality there’s no doubt that super high-speed rail is a reality. 
 

In China, the Shanghai Maglev Train has been in operation since 2003 and has been recorded at a top speed 

of 311 mph, Japan’s famed bullet train, the Shinkansen runs on a high-speed network of over 1400 miles 

hitting speeds of up to 275mph and in Europe, France’s TGV Réseau which generally runs at 199mph has 

been serving passengers since 1992. The slow but continued growth of High-Speed rail not only opens up a 

host of further technical developments but offers a strong countermeasure to other forms of transport. 

 

Track Alignment 

 

Track geometry is three-dimensional geometry of track layouts and associated measurements used in design, 

construction and maintenance of railroad tracks. The subject is used in the context of standards, speed limits 

and other regulations in the areas of track gauge, alignment, elevation, curvature and track surface. Although, 

the geometry of the tracks is three-dimensional by nature, the standards are usually expressed in two separate 

layouts for horizontal and vertical. 

 

Layout  
Horizontal layout 

 

Horizontal layout is the track layout on the horizontal plane. This can be thought of as the plan view which 

is a view of a 3-dimensional track from the position above the track. In track geometry, the horizontal 

layout involves the layout of three main track types: tangent track (straight line), curved track, and track 

transition curve (also called transition spiral or spiral) which connects between a tangent and a curved 

track. 

In Australia, there is a special definition for a bend (or a horizontal bend) which is a connection between 

two tangent tracks at almost 180 degrees (with deviation not more than 1 degree 50 minutes) without an 

intermediate curve. There is a set of speed limits for the bends separately from normal tangent track. 

Vertical layout 

Vertical layout is the track layout on the vertical plane. This can be thought of as the elevation view which 

is the side view of the track to show track elevation. In track geometry, the vertical layout involves 

concepts such as cross level, cant and gradient. 

Reference rail 

The reference rail is the base rail that is used as a reference point for the measurement. It can vary in 

different countries. Most countries use one of the rails as the reference rail. For example, the United States 

uses the reference rail as the line rail which is the east rail of tangent track running north and south, the 

north rail of tangent track running east and west, the outer rail (the rail that is further away from the center) 

on curves, or the outside rails in multiple track territory. For Swiss railroad, the reference rail for tangent 

track is the center line between two rails, but it is the outside rail for curved track. 

Track Gauge 

Track gauge or rail gauge (also known as track gage in the United States[5]) is the distance between the inner 

sides (gauge sides) of the heads of the two load bearing rails that make up a single railway line. Each country 

uses different gauges for different types of trains. However, the 1,435 mm (4 ft 8 1⁄2 in) gauge is the basis of 

60% of the world's railways. 

Transverse Elevation 

Crosslevel (or 'cross level') is the measurement of the difference in elevation (height) between the top surface 

of the two rails at any point of railroad track. The two points (each at the head of each rail) are measured at 

by the right angles to the reference rail. Since the rail can slightly move up and down, the measurement 

should be done under load. 



It is said to be zero crosslevel when there is no difference in elevation of both rails. It is said to be reverse 

crosslevel when the outside rail of curved track has lower elevation than the inside rail. Otherwise, the 

crosslevel is expressed in the unit of height. 

The speed limits are governed by the crosslevel of the track. In tangent track, it is desired to have zero 

crosslevel. However, the deviation from zero can take place. Many regulations have specification related to 

speed limits of certain segment of the track based on the crosslevel. 

For curved track, most countries use the term cant or superelevation to express the difference in elevation 

and related regulations. 

Warp 

Warp is the difference in crosslevel of any two points within the specific distance along the track. The warp 

parameter in the track geometry is used to specify the maximum in the crosslevel difference of the track in 

any segment (tangents, curves and spirals). 

 

Without the maximum warp parameter, the regulation on crosslevel alone may not be sufficient. Consider 

rails with a positive crosslevel followed by a negative crosslevel followed by a sequence of alternating 

positive and negative crosslevels. Although, all of those crosslevels are in permissible parameter, when 

operating a train along such track, the motion will be rocking left and right. Therefore, the maximum warp 

parameter is used to prevent the critical harmonic rock-off condition that may result in the trains rocking 

back and forth and derailing following wheel climb. 
 

In the United States, the specific distance used for measurement to ensure that the difference in crosslevel of 

the track is within the permissible warp parameter is 62 feet. The design warp is zero for both tangent and 

curved track. That means, ideally, the crosslevel should not change between any two points within 62 feet. 

There are some deviations to allow crosslevels along the track to change (such as change for superelevation 

in curves). Different levels of those deviations from the zero warp specify the speed limits. 

 

The specification that focuses on the rate of change in crosslevels of curved track is contained within the 

area related to cant gradient. 

 

Longitudinal 

elevation Track 

gradient 

The term track gradient is relative elevation of the two rails along the track. This can be expressed in the 

distance traveled horizontally for a rise of one unit, or in terms of an angle of inclination or a percentage 
difference in elevation for a given distance of the track. 

The allowable gradients may be based on the ruling gradient which is the maximum gradient over which a 

tonnage train can be hauled with one locomotive. In some countries, momentum gradient which is a 

steeper but shorter gradient may be allowed. This is usually when there is a track gradient is connected to a 

leveled tangent track that is long enough with no signal between them so that train can build momentum to 

push through steeper grade than it can be without momentum. 

In curved track (with or without cant), there will be curve resistance to push the trains through the curve. 

The allowable gradients may be reduced on curves to compensate for the extra curve resistance. The 

gradient should be uniform along the track. 

Vertical curve 

Vertical curve is the curve in vertical layout to connect two track gradients together whether it is for 

changing from an upgrade to a downgrade (summit), changing from a downgrade to an upgrade (sag or 

valley), changing in two levels of upgrades or changing in two levels of downgrades. 

Some countries do not have specification on the exact geometry of vertical curves beyond general 

specification on vertical alignment. Australia has specification that the shape of vertical curves should be 

based on quadratic parabola but the length of a given vertical curve is calculated based on circular curve. 



Curvature 

 

In most countries, the measurement of curvature of curved track is expressed in radius. The shorter the 

radius, the sharper the curve is. For sharper curves, the speed limits are lower to prevent an outward 

horizontal centrifugal force to overturn the trains by directing its weight toward the outside rail. Cant may 

be used to allow higher speeds over the same curve. 

In the United States, the measurement of curvature is expressed in degree of curvature. This is done by 

having a chord of 100 feet (30.48 m) connecting to two points on an arc of the reference rail, then drawing 

radii from the center to each of the chord end points. The angle between the radii lines is the degree of 

curvature.[7] The degree of curvature is inverse of radius. The larger the degree of curvature, the sharper 

the curve is. Expressing the curve in this way allows surveyors to use estimation and simpler tools in 

curve measurement. This can be done by using a 62-foot (18.90 m) string line to be a chord to connect the 

arc at the gauge side of the reference rail. Then at the midpoint of the string line (at the 31st foot), a 

measurement is taken from the string line to the gauge of the reference rail. The number of inches in that 

measurement is approximated to be the number of degrees of curvature. 

 

Due to the limitation of how specific train equipment can make a turn at maximum speeds, there is a 

limitation of minimum curve radius to control the sharpness of all curves along a given route. Although 

most countries use radius for measurement of curvature, the term maximum degree of curvature is still 

used outside of the United States such as in India, but with the radius as the unit. 
 

 

CANT 

 

In curved track, it is usually designed to raise the outer rail, providing a banked turn, thus allowing trains to 

maneuver through the curve at higher speeds that would otherwise be not possible if the surface was flat or 

level. It also helps a train steer around a curve, keeping the wheel flanges from pressing the rails, minimizing 

friction and wear. The measurement of the difference in elevation between the outer rail and the inner rail is 

called cant in most countries. Sometime the cant is measured in term of angle instead of height difference.[9] 

In the United States, it is measured in height difference and called crosslevel, even for the curved track. 

 

When the outside rail is at higher elevation than the inside rail, it is called positive cant. This is normally the 

desired layout for curved track. Most counties achieve the desired level of positive cant by raising the outside 

rail to that level which is called superelevation. For Swiss railroads, the cant is done by rotating at the track 

axis (center of the two rails) to have outside rail super elevated (raised) at the half rate of the desired cant and 

the inside rail under elevated (lowered) at the same half rate of the desired cant. 

 

When the outside rail is at lower elevation than the inside rail, it is called negative cant (or reverse crosslevel 

in the United States). This is not usually a desired layout but it may be unavoidable in some situations such 

as curves involving turnouts. 

There are regulations which limit the maximum cant. This is to control the unloading of the wheels on the 

outside rail (high rail), especially at low speeds.



 
 

 

 

CHAPTER-3 RAIL GAUGE 

 

Introduction 

 

Rail gauge is the distance from the inside of one rail on a railroad track to the inside of the other. Most tracks 

use a standard gauge of 1,435 mm (4 ft, 8 1/2 in). Wider gauges are called broad gauge, smaller gauges are 

called narrow gauge. Broad gauge may be used where the track needs to have big things moving on it. Narrow 

gauge, such as metre gauge, is used to build railroads for less money, because the smaller track costs less. 

Places where different gauges meet are called break of gauge. 
 

 

 

 
Types of  Rail Gauges 

 

The different gauges can broadly be divided into the following four categories: 

1. Broad Gauge: width 1676 mm to 1524 mm or 5’6” to 5’0” 

2. Standard Gauge: width 1435 mm and 1451 mm or 4’-8⅟2” 

3. Metre Gauge: width 1067 mm, 1000 mm and 915 mm or 3’-6”, 3’-33/8” and 3’-0” 

4. Narrow Gauge: width 762 mm and 610 mm or 2’-6” and 2’-0”.



 
 
 
 

Following are the factors affecting the choice of a gauge: 

1. Traffic Condition: If the intensity of traffic on the track is likely to be more, a gauge wider than 

the standard gauge is suitable. 

2. Development of Poor Areas: The narrow gauges are laid in certain parts of the world to develop a poor area 
and thus link the poor area with the outside developed world. 

3. Cost of Track: 

a. The cost of railway track is directly proportional to the width of its gauge. 

b. If the fund available is not sufficient to construct a standard gauge, a metre gauge or a narrow gauge is 

preferred rather than to have no railways at all. 

4. Speed of Movement: 

a. The speed of a train is a function of the diameter of wheel which in turn is limited by the gauge. 

b. The wheel diameter is usually about 0.75 times the gauge width and thus, the speed of a train is almost 

proportional to the gauge. 

c. If higher speeds are to be attained, the broad gauge track is preferred to the metre gauge or narrow gauge 
track. 

5. Nature of Country: 

a. In mountainous country, it is advisable to have a narrow gauge of the track since it is more flexible and can 

be laid to a smaller radius on the curves. 

b. This is the main reason why some important railways, covering thousands of kilometers, are laid with 

a gauge as narrow as 610 mm. 

 
 

Advantages and disadvantages of different track gauges 

Narrow gauge railways usually cost less to build because they are usually lighter in construction, using 

smaller cars and locomotives (smaller loading gauge), as well as smaller bridges, smaller tunnels (smaller 

structure gauge) and tighter curves. Narrow gauge is thus often used in mountainous terrain, where the 

savings in civil engineering work can be substantial. It is also used in sparsely populated areas, with low 

potential demand, and for temporary railways that will be removed after short-term use, such as for 

construction, the logging industry, the mining industry, or large-scale construction projects, especially in 

confined spaces. 

Broader gauge railways are generally more expensive to build, but are able to handle heavier and faster 

traffic. 



 

750 mm narrow gauge railway in Waldenburg, Switzerland. 

 
 

Meter gauge tracks, Istanbul nostalgic tramways, Turkey. 



 

In approximately 55% of the world’s railways are used standard gauge (1435 mm). 

 
 

Inclined lift with a gauge of 8.2 metres in Lärchwand Schrägaufzug. 

 

CHAPTER- 4 RAILS 
 

Definition of Rails 

 

A rail is a steel bar extending horizontally between supports which is used as a track for rail road, cars or 

other vehicles. 

 

Types of Rails 

 

Rails can be divided in three types 

 

1. Double Headed Rails 

2. Bull Headed Rails 

3. Flat Footed Rails 

 

1. Double Headed Rails 

 

These rails indicate the early stage of development. It essentially consists of three parts,



● Upper Table 

● Web 

● Lower Table 

 

Both the upper and lower tables were identical and they were introduced with the hope of double doubling 

the life of rails. When the upper table is worn out then the rails can be placed upside down reversed on the 

chair and so the lower table can be brought into use. But this idea soon turned out to b wrong because due 

to continuous contract of lower table with the chair made the surface of lower table rough and hence the 

smooth running of the train was impossible. Therefore, this type of rail is practically out of use. 

Nowadays, these rails vary in lengths from 20 – 24. A 100 lb double headed rail is shown in the figure. 

 

 

 

 
2. Bull Headed Rails 

This type of rail also consists of three parts, 

 

● The Head 

● The Web 

● The Foot 

 

These rails were made of steel. The head is of larger size than foot and the foot is designed only to hold up 

properly the wooden keys with which rails are secured. Thus, the foot is designed only to furnish necessary 

strength and stiffness to rails. Two cast iron chairs are required per each sleeper when these rails are 

adopted. Their weight ranges from 85lb to 95lb and their length is up to 60 ft. 



3. Flat Footed Rails 

These rails were first of all invented by Charles Vignoles in 1836 and hence these rails are also called 

vignols rails. It consist of three parts 

 

● The Head 

● The Web 

● The Foot 

 

The foot is spread out to form a base. This form of rail has become so much popular that about 90% of 

railway tracks in the world are laid with this form of rails. 
 

 

Flat footed rails has the following advantages 

 

1. They do not need any chair and can be directly spiked or keyed to the sleepers. Thus they 
are economical. 

2. They are much stiffer both vertically and laterally. The lateral stiffness is important for curves. 

3. They are less liable to develop kinks and maintain a more regular top surface than bull headed rails. 

4. They are cheaper than bull headed rails. 

5. The loads from wheels of trains are distributed over large number of sleepers and hence larger area 

which results in greater track stability, longer life of rails and sleepers, reduced maintenance, costs, 

less rail failure and few interruptions to traffic. 

 

Wear of Rails 

 

The separation or cutting of rail due to friction and abnormal heavy load is called wear. There are three 

types of wears of rail. 

 

1. Wear of Rails on top OR Head of Rail 

2. Wear at the End of Rails 

3. Wear at the side of head of Rails 

 

Methods for Reducing Wear of Rails 

The following methods are adopted for reducing wear of rails. 

 

1. Use of Special Alloy Steel 

2. Good Maintenance of Track 

3. Reduction of Expansion Gap 

4. Exchange of Inner and Outer Rails on Curves 

5. Use of Lubricating Oil



Coning of Wheel 

The rim or flanges of the wheels are never made flat but they are in the shape of a cone with a slope of about 1 to 20. This 
is known as coning of wheels. The coning of wheels is manly done to maintain the vehicle in the central position with 
respect to the track. When the vehicle is moving on leveled track then the flanges of wheels have equal circumference. 

But when the vehicle is moving along a curved path then in this case the outer wheel has to cover a greater distance then 
that of inner wheel. Also as the vehicle has a tendency to move sideways towards the outer rail, the circumferences of the 
flanges of the inner wheel and this will help the outer wheel to cover a longer distance than the inner wheel. In this ways 
smooth riding is produced by means of coning of wheels. 

 

Coning Wheels Disadvantages 

Coning wheels has the following disadvantages: 

 
1. In order to minimize the above below disadvantages the tilting of rails is done. i.e. the rails are not 

laid flat but tilted inwards by using inclined base plates sloped at 1 in 20 which is also the slope of 
coned surface of wheels. 

2. The pressure of the horizontal component near the inner edge of the rail has a tendency to wear the rail 
quickly. 

3. The horizontal components tend to turn the rail outwardly and hence the gauge is widened sometimes. 

4. If no base plates are provided, sleepers under the outer edge of the rails are damaged. 

5. In order to minimize the above mentioned disadvantages the tilting of rails is done. i.e. the rails are 

not laid flat but tilted inwards by using inclined base plates sloped at 1 in 20 which is also the slope of 

coned surface of wheels. 

 

Advantages of Tilting of Rails 

 

1. It maintains the gauge properly. 

2. The wear at the head of rail is uniform. 

3. It increases the life of sleepers and the rails. 

 

RAIL CORRUGATION 

 
Rail corrugation is a phenomenon of great diversity but appears now to be substantially understood. This 

review proposes some differences in classification of the phenomenon to take account of work undertaken 

since a widely cited review was published by Grassie and Kalousek in 1993, it attempts to fill holes in an 

overall understanding of the problem, and answers questions that remained open in 1993 and several that 

have arisen since. All types of corrugation that have been documented to date are essentially constant- 

frequency phenomena. By treating the vehicle—track system in its entirety, treatments are proposed that 

impinge upon track and vehicle design as well as upon the wheel—rail interface where corrugation 

appears. There is no neat solution to rail corrugation, but it can be treated comprehensively and in many 

cases also prevented by using products that are already commercially available. Since the frequency of 

common wavelength-fixing mechanisms varies roughly in the range 50—1200 Hz, trains travelling at 

different speeds can produce corrugation of substantially similar wavelength by different mechanisms in 

different locations. Although historical data can no longer be checked, this is the most likely explanation of 

the belief that rail corrugation was a substantially constant-wavelength phenomenon. 

 

Rail Creep 

 

Creep in rail is defined as the longitudinal movement of the rails in the track in the direction of motion of 

locomotives. Creep is common to all railways and its value varies from almost nothing to about 6 inches or 

16cm. 

 

Causes of Creep



The causes of rail creep can be broadly classified into two categories 

Major Causes o Creep 

Minor Causes of Creep 

 

Major Causes of Creep 

 

Major causes of creep also known as principal causes of creep. Follows are the major causes of creep in rail 

 

1. Creep may be developed due to forces that come into operation when the train is starting or stopping by 

application of brakes. Increase of starting the wheels pushes the rail backward and hence the direction of 

creep is in backward direction. 
 
 

 
When brakes are applied then the wheels of the vehicles push the rails in forward direction and hence the 

creep is in forward direction. 
 

2. Creep is also developed due to wave motions. When the wheels of the vehicles strikes the crests, 

creep is developed. 

 

 
3. Another reason creep develops because of unequal expansion and contraction owing to change 

in temperature. 

 
Minor Causes Creep 

Some of the minor causes of creep in rail are below: 

 

1. Rails not properly fixed to sleepers 

2. Bad drainage of ballast 

3. Bad quality of sleepers used 

4. Improper consolidation of formation bed 

5. Gauge fixed too tight or too slack 

6. Rails fixed too tight to carry the traffic 

7. Incorrect adjustment of super elevation on outer rails at curves



8. Incorrect allowance for rails expansion 

9. Rail joints maintained in bad condition 

 

Magnitude and Direction of Creep 

Creep is not constant over a given period, it is not continue in one direction or at uniform rate. Both the 

rails of the track may creep in same direction, perhaps both the rails reverse the direction of creep or one 

rail creep in opposite direction to that of other 

 

 
 

CHAPTER-5 RAIL FASTENINGS 
 

Rail Fastenings 

Any device used to secure running rails into chairs or baseplates or directly to sleepers, bearers or other rail 

supports. Rail fastenings keeps rails fastened to sleepers (transfer of forces), provides a proper slope of rail 

foot (1:20, 1:40) in the transverse plane, prevents the rail from longitudinal movement, damps noise and 

vibration coming from rails. 

General Requirements for Rail Fastenings 

Rail fastenings shall: 

1. hold rails securely in the rail seat. 

2. limit the rotation of the rail about the outer edges of the rail foot. 

3. minimise longitudinal movement of rails through creep and thermal forces. 

4. assist in retention of track gauge. 

5. not cause damage to the rail. 

Where practicable, rail fastenings shall either be self-tensioning or permit tightening of the fastening to a 

predetermined load. 

Where existing rail fastenings are not effective in minimising longitudinal movement of rails, it is 

permissible to fit rail anchors as a method of meeting this requirement. 

Rail Fastenings Components 
 

 

 



Clips 

Clips are used to fasten the rails to the underlying baseplate. 

Spike 

Rail screw is a large (~6 in or 152 mm length, slightly under 1 in or 25 mm) metal screw used to fix a tie 

plate or fasten rail. 

Tie Plate 

A tie plate is also called a baseplate or sole plate. Rail tie plate is used in rail construction to support the rails. 

Tie plates are generally used to take the load of rail and distribute the load to the sleepers offering proven 

economies. 

Insulator 

Rail insulator is used to adjust rail gauge and insulate the rail from ties and clips. 

Pad 

The rail pad, originally called sole plate, is used when rail is attached to concrete, rather than timber, ties or 

sleepers. Rail pads function to reduce fatigue cracking of the concrete ties, believed to be driven by impact 

and vibration from the passing train. 

The raid pad prevents rail-sleeper abrasion and the crushing of the sleeper under the rail foot. Rubber rail 

pads are normally designed to a specified load-deflection characteristic. The initial stiffness of the rail pad is 

designed to be low so that that their deformations under the springs toe loads is quite substantial. This ensures 

that the rail pad remains in intimate contact with the rail despite any vertical movements of the latter. When 

the wheel is over the pad, the latter’s stiffness must be high to prevent large movements which can result in 

the metal spring becoming loose. Such a load-deflection characteristic can be obtained by introducing 

grooves in the rubber rail pads. Rubber pad or grooved rubber rail pad are made up of rubber or plastic to 

dampen the shocks of vibrations of a passing train. 

Compatibility of Components 

Components that are to be used together (including rail supports, rail fastenings, pads and rail foot insulators) 

shall be compatible. 

Selection of Components 

The selection of components shall take into account the following factors: 

1. track geometry 

2. permissible and enhanced permissible speeds 

3. track category 

4. loads arising from braking and acceleration of trains 

5. vehicle axle loads 

6. electrical insulation requirements 

7. underlying formation and structures supporting the track 

8. the form of track construction. 

 
Fixtures And Fastenings: 

 

Fixtures and fastenings are fitting to require for joining of rails end to end and also for fixing the rails to 

sleepers on a track. 

FUNCTIONS OF FIXTURES AND FASTENINGS: 

 
● To join the rails end to end to form full length of track 

● To fix the rails to sleepers.



● To maintain the correct alignment of the track. 

● To provide proper expansion gap between rails. 

● To maintain the required tilt of rails. 

● To set the points and crossings in the proper position. 

 

All those fittings which are required for connecting the rails end to end and for fixing the rails to the 

sleepers in a track are known as fixtures and fastenings. 

 
They include - 

1) Fish plates 

2) Spikes 

3) Bolts 

4) Chairs 

5) Keys 

6) Blocks 

7) Bearing plates 

The different functions of these fitting are : 

1) To keep the rails in the proper positions. 

2) Connection of rail to rail. 

3) To set points and crossings properly 

4) To allow for expansion and contraction of rails. 

The various types of fixtures and fastenings listed above are briefly described below : 

FISH PLATES : These plates are used to maintain proper alignment of the rail line. They maintain the 

continuity of the rails and also allow expansion or contraction of rails caused due to temperature variations. 

Generally these plates are made of mild steel and 20 mm in thickness. 

They are 45.6 cm long and provided with 4 no. of 32 mm diameter holes at 11.4 center to center. 

Indian railways generally adopt following two types of fish plates :- 

1) Bone shaped fish plate 

2) Increased depth fish plate 

Bone shaped fish plate is used for connecting flat footed rails. The increased depth fish plate is generally 

used for connecting Bull-headed rails. 

SPIKES : They are used to hold the rails to the wooden sleeper. A good spike should have following 

qualities : 

1) It should have sufficient strength to hold the rail in position. 

2) It should help in maintaining proper gauge. 

3) It should be easy to fix and replace from the 

sleepers. Indian Railways use following types of 

spikes :- 

1. Dog spikes 

2. Screw spikes 

3. Round spikes 

4. Standard spikes 

5. Elastic spikes 

BOLTS : They are used for connecting : 

1) Fish plates to the rails at each rail joint. 

2) Chairs or bearing plates to timber sleepers.



3) Sleepers to bridge girders,etc 

The different types of bolts used in Indian Railways are : 

1. Hook bolts 

2. Fish bolts 

3. Fang bolts 

4. Rag bolts 

Hook bolts are used for fixing timber sleepers to bridge girders. They are popularly known as dog bolts. 

Fish bolts are used to connect fish plates to the rails at rail joints. 

Fang bolts are used for fixing side chairs to the sleepers. 

Rag bolts are generally used to connect longitudinal timber sleeper or concrete sleepers to the walls of ash 

pits. 

CHAIRS : They are used to hold the double headed and bull headed rails in required position. They are 

made of cast iron having two jaws and a rail seat. In order to fix the double headed or bull headed rail to a 

chair, the rail is placed between the two jaws of the chair. 

KEYS : They are small tapered pieces of timber or steel to connect rails to chairs on metal sleepers. 

Types of keys generally used are : 

1) timber keys 

2) metal keys 

3) Stuart's keys 

4) Morgan keys 

BLOCKS : They are inserted in between the two rails running close to each other and bolted to maintain 

the required distance They may touch either the webs or the finishing faces or both. 

BEARING PLATES : They are the plates placed in between the flat footed rails and timber sleepers on a 

track. They serve as chairs for flat footed rails. They are made of cast iron, wrought iron or steel. 

Generally, they are of following types : 

1) Flat bearing plates 

2) canted bearing plates 

Flat bearing plates are used at locations where rails are laid flat. Also they are used in turn out tracks under 

points and crossings. 

Canted Bearing plates are used on soft timber sleepers beneath outside rail on curves, on sleepers placed on 

either side of rail joints, bridges etc. where rails are laid at an inward tilt of 1 in 20. 

 

Ballast 

Railway Ballast is the foundation of railway track and provide just below the sleepers. The loads from the 

wheels of trains ultimately come on the ballast through rails and sleepers. 

 
Functions of Ballast 

Some of the important functions of railway ballast are: 

 

1. To provide firm and level bed for the sleepers to rest on 

2. To allow for maintaining correct track level without disturbing the rail road bed 

3. To drain off the water quickly and to keep the sleepers in dry conditions 

4. To discourage the growth of vegetation 

5. To protect the surface of formation and to form an elastic bed 

6. To hold the sleepers in position during the passage of trains 

7. To transmit and distribute the loads from the sleepers to the formation



8. To provide lateral stability to the track as a whole 

 

Requirements for Ideal Ballast 

The ideal material for ballast should fulfill the following requirements 

 

1. It should be possible to maintain the required depth of the material in order to distribute the load of 

passing train on the formation ground 

2. The material to be used for ballast should not be too rigid but it should be elastic in nature 

3. The material for ballast should be of such nature that it grips the sleepers in position and prevent 

their horizontal movement during passage of train 

4. It should not allow the rain water to accumulate but should be able to drain off the water 

immediately without percolating 

5. It should be strong enough a resistance to abrasion 

 

Materials for Ballast 

The following materials are used for ballast on the railway track. 

 

1. Broken Stone 

2. Gravel 

3. Cinders / Ashes 

4. Sand 

5. Kankar 

6. Moorum 

7. Brick Ballast 

8. Selected Earth 

 

CHAPTER-6 SLEEPERS 
 

INTRODUCTION 

 

Railway sleepers, also called railroad ties, railway ties or crossties, are an important railway component. 

Generally, the rail sleeper is always laying between two rail tracks to keep the correct space of gauge. 

 
Having been developed for more than one hundred years, the railway ties need to meet the different 

requirements of the various railway tracks. In the past time, railroad ties were usually made of wood and 

had continued for about 50 years. 

 
Then with the development of steel tracks, steel sleepers appeared. And later, the first concrete sleeper 

experiment was made in Germany in 1906 between the line Nuremberg and Bamberg. 

 

In the recent time, concrete sleepers are widely used, especially in Europe and Asia. And in UK, steel ties 

are common. Besides, plastic composite ties are also employed in the rail track transportation. 
 

Historically, wooden ties were made of a variety of softwood and some popular hardwoods such as oak, 

jarrah, and karri. They are only suitable for low-speed lines with a speed limit of 160 km/h. As to 

acceptable species of wood for sleepers, the types are European oak, beech, pine etc. But nowadays, 

wooden sleepers are mostly replaced by concrete sleepers in some countries. 

 

Wooden sleeper advantages: 

 

● Easy to manufacture and handle 

● Electrically insulated 

● Easily adapted to non-standard situations



Disadvantages: 

 

● Non reusable 

● Expensive of the limit wood resource 

 

In recent times, steel sleepers mostly handle heavy loads and can be designed to suit different rail track 

specifications. Weighing the same as timber, steel sleeper can replace wood sleepers and be used on a 

ballasted bridge, providing a more durable and stronger solution without increasing bridge load. 

 

Steel sleeper advantages: 

 

● Easy to install and manufacture 

● Handle more weight 

Disadvantages: 

● Sensitive to the chemical attacks 

● Hard to maintain 

● Low transverse resistance 

 

Compared with wooden sleepers, which are increasingly difficult and expensive to source in sufficient 

quantities and quality, concrete ties are cheaper and easier to obtain. 

 

In general, it can also be divided into pre-stressed mono block concrete sleepers and reinforced twin block 

concrete sleepers. Due to the greater weight, which helps sleepers remain in the correct position longer, 

concrete ties require less maintenance than timber and have a longer service life. 

 

In some countries, concrete sleepers occupy an important position. For example, on the highest line 

categories in the UK, pre-stressed concrete ties are the only ones permitted by Network Rail standards. 

 

Concrete sleeper advantages: 

 

● Cheaper 

● Easier to obtain 

● Less maintenance required 

● Longer service life 

Disadvantages: 

● Hard to handle due to large weight 

● Difficult to maintain longitudinal level due to higher inertia moment and lower elasticity 

 
1. Wooden Sleepers 

 

These are commonly 254mm wide by 127mm thick in cross section by 2600 mm long. The sleepers are first 

seasoned (drying for up to 12 months so that to remove the juice/sap) and treated with preservative. Creosote 

is an oil generally used/ sprayed on the surface. They are either hard wood or soft wood type. 

 

Wooden sleepers are the ideal type of sleeper. Hence they are universally used. The utility of timber sleepers 

has not diminished due to the passage of time. 

 

Switch Ties: The primary use for switch ties is to transfer load (as from the name) and are made of hard 

wood. This type is preferably used in bridge approaches, heavily traveled, railway crossovers and as 

transition ties.



Softwood Ties: softwood timber is more rot (decay) resistant than hardwood, but does not offered resistance 

to spike hole enlargement, gauge spreading, also are not as effective in transmitting the load to the ballast 

section as the hardwood tie. Softwood ties and hardwood ties should not be mixed on the main track. 

Softwood ties are typically used in open deck bridges. 

 

Concrete Ties: Concrete ties are rapidly gaining acceptance for heavy haul mainline use as well as for 

curvature greater than 2 degree. They are made of RCC or pre-stressed concrete containing reinforcing steel 

wires. 

 

An insulator plate is placed between rail and tie to isolate the tie electrically. 

 

Advantages of Wooden Sleepers 

 

1. They are cheap and easy to manufacture 

2. They are easy to handle without damage 

3. They are more suitable for all types of ballast 

4. They absorb shocks and vibrations better than other types of sleepers. 

5. Ideal for track circuited sections 

6. Fittings are few and simple in design 

7. Good resilience 

8. Ease of handling 

9. Adaptability to non standard situation 

10. Electrical insulation 

 

Disadvantages of Wooden Sleepers 

 

1. They are easily liable to attack by vermin and weather 

2. They are susceptible to fire 

3. It is difficult to maintain gauge in case of wooden sleepers 

4. Scrap value is negligible 

5. Their useful life is short about 12 to 15 years. 

 

2. Steel Sleepers 

 

● Steel ties are used where wood or concrete is not favorable, for example in tunnels with limited 

headway clearance 

● They are also used in heavy curvature prone to gage widening. 

● This type of steel ties can cause problem to signals control system 

● Some problem of fatigue cracking have also experienced. 

● Due to the increasing shortage of timber in the country and other economic factors have led to the 

use of steel and concrete sleepers on railways. 

 

In the design of Steel sleeper, the following are considered: 

 

● It should maintain perfect gauge 

● Can fix the rail and there should be no movement longitudinally 

● Should have sufficient effective area to transfer load from rail to ballast. 

● The metal of sleepers should be strong enough to resist bending 

● The design life should be 35 years 

 

Advantages of Steel Sleepers 

 

1. It is more durable. Its life is about 35 years 

2. Lesser damage during handling and transport 
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3. It is not susceptible to vermin attack 

4. It is not susceptible to fire 

5. Its scrap value is very good



Disadvantages of Steel Sleepers 

 

1. It is liable to corrosion. 

2. Not suitable for track circuiting 

3. It can be used only for rails for which it is manufactured 

4. Cracks at rail seats develop during the service. 

5. Fittings required are greater in number 

 

3. Cast Iron Railway Sleepers 

 

They are further divided into two categories: 

 

1. Cast iron pot type sleepers 

2. Cast iron plate type sleepers 

 

Advantages of Cast Iron Sleepers 

 

1. Service life is very long 

2. Less liable to corrosion 

3. Form good track for light traffic up to 110 kmph as they form rigid track subjected to vibrations 

under moving loads without any damping 

4. Scrap value is high 

 
Disadvantages of Cast Iron Sleepers 

 

1. Gauge maintenance is difficult as tie bars get bent up 

2. Not suitable for circuited track 

3. Need large number of fittings 

4. Suitable only for stone ballast 

5. Heavy traffic and high speeds (>110kmph) will cause loosening of keys and development of high 
creep 

 
4. Concrete Railway Sleepers 

 

They have design life of up to 40 years. They can easily be moulded into the required/design shape to 

withstand stresses induced by fast and heavy traffic. 

 

The added weight helps the rail to resist the forces produced due to thermal expansion and which can buckle 

the track. The weight of concrete sleepers is about 2.5 to 3 time the wooden sleepers. Pre-tensioned concrete 

sleepers are usually preferred now days 

 

Reinforced Concrete and prestressed concrete sleepers are now replacing other types of sleepers except in 

some special circumstances like bridges etc. where wooden sleepers are used. Concrete sleepers may be of 

two types: 

 

1. Mono Block Concrete Sleepers 

2. TWIN BLOCK Concrete sleepers 

 
Advantages of Concrete Sleepers 

 

1. It is more durable having greater life (up to 50years) 

2. It is economical as compare to wood and steel. 

3. Easy to manufacture. 

4. It is not susceptible to vermin attack 

5. It is not susceptible to fire 
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6. Good for track circuited areas



Disadvantages of Concrete Sleepers 

 

1. It is brittle and cracks without warning. 

2. It cannot be repaired, and required replacement. 

3. Fittings required are greater in number. 

4. No scrap value 

 
 

Bridges 
 
Classification of Bridges 

1.Classification of Bridges (According to form (or) type of superstructures) 
•Slab bridge 
•Beam bridge 
•Truss bridge 
•Arch bridge 
•Cable stayed (or )suspended bridge 
2.Classification of bridges (According to material of construction of superstructure) 
•Timber bridge 
•Concrete bridge 
•Stone bridge 
•R.C.C bridge 
•Steel bridge 
•P.C.C bridge 
•Composite bridge 
•Aluminum bridge 
3. Classification of bridges (According to inter-span relationship) 
•Simply supported bridge 
•Cantilever bridge 
•Continuous bridge 
4. Classification of bridges (According to the position of the bridge floor relative to superstructures) 
•Deck through bridge 
•Half through or suspension bridge 
5. Classification of bridges (According to method of connection of different part of superstructures) 
•Pinned connection bridge 
•Riveted connection bridge 
•Welded connection bridge 
6.Classification of bridges (According to length of bridge) 
•Culvert bridge(less than 6 m) 
•Minor bridge(less than 6 m-60m) 
•Major bridge(more than 60 m) 
•Long span bridge(more than 120 m) 
 
9.Classification of bridges (According to function) 
•Aqueduct bridge(canal over a river) 
•Viaduct(road or railway over a valley or river) 
•Pedestrian bridge 
•Highway bridge 
•Railway bridge 
•Road-cum-rail or pipe line bridge 
 
Bridge scour 
It is the removal of sediment such as sand and rocks from around bridge abutments or piers. 



Scour, caused by swiftly moving water, can scoop out scour holes, compromising the integrity of a 
structure. 

 
Tunnels 

 
A tunnel is an essentially horizontal, artificial underground opening, with a generally regular cross-section 

and a length that greatly exceeds its other dimensions. Tunnels are used for a wide variety of purposes. 

They provide essential links in many highways, railroads, and urban rapid transit systems. 

 

Uses of Tunnels 

Tunnels have many uses: for mining ores, for transportation—including road vehicles, trains, 

subways, and canals—and for conducting water and sewage. 

 



Reinforced Cement Concrete 
Design 

 
UNIT-1 (INTRODUCTION) 
Topic 1.1. Concept of PCC & RCC with their unit weight? 

Ans. PCC-: Plain Cement concrete, it is the mixture of cement, sand, aggregate with 

suitable per portions of water & its unit weight is-24KN/M3 or 24000N/M3 

RCC-: Reinforced cement concrete, it is the mixture of cement, sand, aggregate & 

Steel Bars with suitable per portions of water & its unit weight is-25KN/M3 or 25000N/M3 

Que1. Differentiate Between RCC & PCC? 

Ans. 
RCC PCC 

1. Reinforced cement concrete. 

2. Material= Cement+ Sand+ Aggregate+ 

Steel + Suitable per portions of water 

3. Ratio Used = CEMENT: SAND: AGGREGATE 

1 : 1 : 2 

1 :  1.5 : 3 

1 : 2 : 4 

4. Unit Weight= 25KN/M3 

5. Uses- Column, Beam, Slab, Stairs etc. 

1. Plain cement concrete. 

2. Material= Cement+ Sand+ Aggregate 

with suitable per portions of water 

3. Ratio= CEMENT: SAND: AGGREGATE 

1 : 4 : 8 

1 : 5 : 10 

4. Unit weight= 24KN/M3 

5. Uses- foundations and floors of buildings. 

They provide Plain surface over 

foundation etc. 

 

 
Topic 1.2. Define reinforcing material? 

Ans. The material which develops a good bond with concrete to increase its tensile 

strength called R/F material. 

Reinforcing material can be mild steel bars, Tor steel bars, etc. 

 
Topic 1.2.1. Suitability of steel as a reinforcing material. 

OR 

Why steel is considered as a best reinforcing material in concrete? 

Ans. Steel is used as a most common reinforcing material because of the following 

reason:- 

1. Steel develops a very good bond with concrete. 

2. Steel is very strong in tension, compression, shear and tension. 

3. The steel bars can be cut, bent, welded easily. 

4. Steel has longer life and it is easily available throughout India. 

5. Co-efficient of linear expansion of steel is nearly same as concrete. 

Steel-11.7x10-6/0C 

Concrete-9.9x10-6/0C 



Topic 1.2.2 Explain properties of Mild Steel and HYSD. 
 

PROPERTIES OF MILD STEEL PROPERTIES OF HYSD 

1. The mild steel bars are plane round and hot 

rolled bar. 

1. HYSD means High Yield Strength 

Deformed Bars. It is also known as TOR 

steel. 

2. These bars are more ductile as compare 

with HYSD. (due to less % age of carbon) 

2. These bars are less ductile as compare 

with mild steel. (due to high % age of 

carbon) 

3. To develop sufficient bond with concrete. 3. HYSD provide good bond with concrete due 

to ribs. (Projections are provided on the 

surface of bars as a rib) 

4. They required hooks & bends at their ends 

for proper anchorage. 

4. They do not require hooks or bends at ends 

hence these bars are economical. 

5. Mild steel bars are also known as Fe-250 

because of its yield strength is 250 N/mm2. 

5. HYSD bars may be hot rolled high yield 

strength bars or cold worked high strength 

deformed bars. 

6. It is available in market in Fe-250 grade. 6. It is available in market in following grades. 

Fe-415, Fe-500, Fe-550, Fe-600 

7. A mild steel bar gives sufficient warning 

before failure. 

7. Tensile strength of HYSD is very high. 

 
NOTE:-Nowadays TMT and CRS are available in the market. 

✓ TMT (Thermo Mechanically Treated) Bars:- 

TMT steel is new generation high strength steel having superior properties as compared 

to common HYSD bars. 

In India, SAIL (Steel Authority of India Limited ) is producing TMT steel. 

The TMT bars have following advantages: 

1. High yield strength 

2. Better weld ability 

3. Excellent ductility 

4. Better corrosion resistance 
 

 
✓ CRS (Corrosion Resistant Steel) Bars:- 

The latest development in steel bars is the production of CRS bars. 

The carbon content in the bars is 0.18% as compared to 0.2% of HYSD bars. 

In India, SAIL and TISCO (Tata Iron and Steel Company) are Producing CRS bars. 



Topic 1.2.3 -: State loading on structure as per IS-875. 

Ans. The various types of loads act on a structure as per IS-875 are:- 

1. Dead load 

2. Live load (Superimposed Load) 

3. Wind load 

4. Snow load 

5. Seismic load (Earthquake Load) 

 
1. Dead load- The dead loads are due to self weight of the structure. These are 

permanent loads of finishing and filling material etc depends upon the unit weight of 

material. Example- floor, beams, column etc. 

 
2. Live load- loads which are varying in magnitude and position are called live loads. It is 

called superimposed loads. Example- loads of people, furniture and movable 

equipments etc. 

 
3. Wind load- The force exerted by horizontal component of wind is to be considered in 

the design of building. It depends upon the velocity of wind, shape and size of building. 

It should be considered as the design of multi-story building, towers, and poles. (Upto 

height 30m wind pressure is considered to act uniformly). (Above 30m height, the wind 

pressure is increases). 

 
4. Snow loads- Building which are located in the regions where snow fall is very common 

are to be designed for snow load. 

 
5. Seismic load- Seismic loads are caused by the shocks due to earthquakes which are 

calculated as per IS-1893-2000. 

Now it is mandatory to follow the recommendations regarding seismic loads in the 

design of structures, if the structure is situated in the seismic areas. 

 
Que: - Define Characteristics Compressive strength of concrete. 
Ans: - It is that strength below which not more than 5 percent of the test results are 
expected to fall 

 
Que: - Explain M 25. 
Ans: - “M” refers to the mix and 25 represents that the characteristics compressive 

strength of 150 mm size concrete cube at 28 days, expressed in N/mm2 
 

Que: - What is Yield strength of Fe-250? 
Ans: - Yield strength of Fe 250 steel is 250 N/mm2 



UNIT-2 

(INTRODUCTION TO METHODS OF RCC DESIGN) 

 
Topic 2.1: - Define Working Stress Method 
Ans: - This method is based on the linear elastic theory and assumes that both steel and 

concrete are elastic and obeys Hooks Law. Therefore, this method is also known as 

“Elastic Method of design” or “Modular ratio Method” 

 
➢ Basic assumptions of Working Stress Method? 

1. At any cross-section, Plain Section before bending remain plain after bending. 

2. The concrete is assumed to be homogeneous. 

3. Tensile strength of concrete is ignored. 

4. There is a Perfect bond between steel and concrete. 

5. There is no initial stress in concrete and steel. 

6. The modular ratio(m)=280/3 σcbc 

7. All tensile stress taken up by steel none by concrete. 

 
Topic 2.2: - Define Limit state Method 
Ans: - This is the most rational method which is based on safety at ultimate loads and 

serviceability at working load. The acceptable limit of safety and serviceability 

requirements before failure of a structure takes place is known as a limit state. 

The important limit states which are to be considered in design are:- 

(1) Limit State of Collapse 

(2) Limit state of Serviceability 

 
(1) Limit State of collapse: - limit state of collapse is also known as ultimate limit state as 

it corresponding to the maximum load carrying capacity. 

Limit state of collapse occur when the structure as a whole or part of the structure 

collapses under following condition:- 

I. Limit state of collapse in flexure (Bending). 

II. Limit state of collapse in compression. 

III. Limit state of collapse in shear. 

IV. Limit state of collapse in Torsion. 

V. Limit state of collapse in Bond. 

 
(2) Limit State of Serviceability: - This limit state is introduced to prevent excessive 

deflection and cracking. 

Limit state of serviceability based on the structure under working loads (Service load) 



➢ Basic assumptions of Limit State Method? 

1. Plain sections normal to the axis remain plain after bending. 

2. The Maximum strain in concrete at the outermost compression fibre is taken as 

0.0035 in bending. 

3. Design compressive strength in concrete=0.67fck/1.5 = 0.45fck 

4. The tensile strength of concrete is ignored. 

5. For design purpose, the partial safety factor for material 

(Ym)=1.5 for concrete & (Ym)=1.15 for Steel is considered. 
6. The Relationship between stress-strain distribution in concrete is assumed to be 

parabolic as shown in fig. 2.1 

 

 

 
✓ Difference between WSM and LSM. 

Working stress Method Limit state method 

1. It is based on the behaviour of 
structure under working load. 

2. Factor of safety is considered for 
concrete FOS=1.75 for steel 
FOS=3 for concrete 

3. It is known as deterministic method. 

 
4. Stress distribution is assumed to be 

linear. 

5. In working stress method required 
higher quantity of steel reinforcement. 

 
 
6. Safety against ultimate load is not known 
 

 

7. This method is also known as 
“Elastic Method of design” or “Modular 

ratio Method” 

1. The structure is designed on the basis 
of critical limit. 

2. Partial safety factor is considered 
For Concrete=1.5 
For Steel=1.15 

3. It is known as in deterministic method. 

 
4. Stress distribution is non-linear. 

 
5. Required less quantity of steel 

reinforcement. 

 
6. It satisfies all the limit state of collapse 

and serviceability 



UNIT-3 

(Shear and Development Length) 

 
➢ Define nominal shear stress:- shear force per unit cross-sectional area of a beam at 

any section is known as nominal shear stress. 

It is denoted by (τv). 

τv =V/bd N/mm2 V=WL/2 τv= Nominal shear stress 

L= clear span V= Shear force in beam b= width of beam d= depth of beam 

 
➢ Define diagonal tension:- the tension which is caused in the tensile zone of the beam, 

due to shear at or near the supports are called as diagonal tension. Due to this cracks 

at 450 occur in beams. 

 
➢ Shear strength of concrete without shear reinforcement:- 

(As per IS 456-2000 clause number B-5.2) 

The design of shear strength tc depends basically on the grade of concrete (fck) 
and the percentage of tensile steel (Pt). 

τc= permissible shear stress in concrete N/mm2 

➢ Define maximum shear stress and shear reinforcement:- Maximum shear stress 

(τc max) the value of τc max is limited to the value in IS 456-2000. 

Clause No: 5.2.3 Pg 73/table 20 

➢ Conditions for shear reinforcement- 

1. If τv< τc no shear R/F provided. (Provided only nominal shear R/F). 

2. If τv> τc then reinforcement provided. 

Check: τv & τc is not more than τc max 

➢ Why shear reinforcement is provided: - Shear reinforcement is provided in beam to 
avoid cracks due to shear. 

 
➢ Why minimum shear R/F (nominal shear R/F) is provided: - If τv< τc no shear R/F 

provided. But as per IS 456-2000, even in such cases minimum shear R/F (nominal 

shear R/F) in the form of vertical stirrups shall be provided due to the following 

reasons:- 

1. It confines the concrete and hence increases its strength. 

2. It holds the reinforcement in place while pouring concrete. 

3. It act as effective tie for the compression steel 

 
➢ What are the functions of the vertical stirrups:- 

1. They hold the reinforcement both compression and tension. 
2. They keep the bars in place while placing concrete. 
3. They prevent brittle shear failure. 
4. If the bond between steel and concrete is lost, even then shear reinforcement can 

sudden failure. 
5. It helps in reducing the cracks due to tension. 



➢ What are different forms of provided shear reinforcement-: Shear R/F Provided in 

the beam in any of the following forms 

1. In the form of vertical bars is known as stirrups. 
2. In the form of bent-up bars. 
3. In the form of combination of stirrups and inclined bars. 

 
➢ Define development length:- The minimum length of bar which must be embedded in 

concrete beyond any section to develop its full strength. It is denoted by Ld. 

Ld= ϕσst/4τbd does not exceed M1/V+L0 

M1= moment of resistance of section 

V= shear force at section due to design load 

Φ= diameter of bar 

L0 = sum of anchorage 
 
 
 

 
➢ Define bond and bond stress: - Bond refers to adhesion between concrete and steel 

which resists the slipping of steel bar from the concrete. On other hand the shear 

stresses developed along the contact surface between steel bar and the surrounding 

concrete which prevents the steel bars from slipping out of concrete is known as bond 

stress. It is denoted by τbd. 



UNIT-4 

(Concept of Limit State Method) 
 

 
➢ What is partial factor of safety for material (ϒm):- In which partial safety factors for 

material divide by characteristics strength of material to get design value. 

It is denoted by (ϒm) 

Values of partial safety factor (ϒm) for strength of material 
 

 
Material 

 
limit state of collapse 

Limit state of serviceability 

Deflection Cracking 

Concrete 1.5 1.0 1.3 

Steel 1.15 1.0 1.0 

 

➢ What is partial factor of safety for load. 

It is denoted by (ϒf). (SEE CODE) Page No. 68. TABLE 18 

 

 

➢ Write design value for material and load? 

Design values: - are obtained when partial safety factor are applied to characteristic 

strength of material and characteristic load. 

These are obtained as below:- 

 
a) Design value for material:- it is denoted by (fd) is given by fd= f/ϒm 

Where fd= design strength of material 

f = characteristic strength of material 

ϒm= partial safety factor for material (1.5 for concrete and 1.15 for 

steel) 
 

 
Note:- For Concrete=0.67fck/1.5 (0.45fck) 

For Steel= fy/1.15 (0.87fy) 

 
 

 
b) Design value for load:- it is denoted by (Fd) is given by Fd =F x ϒf 

Where Fd = design load or factor load 

f = characteristic load 

ϒf = partial safety factor for load (SEE CODE) Page No. 68. TABLE 18 



➢ Which is the limit states considered in design:- 

The most important limit states which are considered in design are:- 

A). limit state of collapse-it is also known as ultimate limit state as its correspondence 

to maximum load carrying capacity. It includes 

1. Limit state of collapse in flexure 

2. Limit state of collapse in compression 

3. Limit state of collapse in shear 

4. Limit state of collapse in torsion 

5. Limit state of collapse in bond 

 
B). limit state of serviceability- it is introduced ton prevent excessive deflection and 

cracking. The two important limit state of serviceability are 

1. Limit state of deflection 

2. Limit state of cracking 

 
➢ Define characteristics strength of material: - Characteristics strength means that 

value of strength of material below which not more than 5% of test result are accepted 

to fall. 

Characteristics strength of material is designated by (f) as per IS: 456-2000 Clause 

36.1 

A). Characteristics strength of concrete (fck)-: See IS: 456-2000 Clause 6.1.1 

B). Characteristics strength of steel (fy) 

➢ Characteristics strength of steel:- It is denoted by ( fy ) N/mm2 and defined as that 

value of yield stress in case of mild steel or 0.2 to proof stress in case of HYSD bars 

which not more than 5% of the test specimen are expected to fall. 

 

 
➢ State stress block parameter:- for the stress-strain curve, the design stress block 

parameters are as follows: 
 

Where area of stress block= 0.36fck.xu 

fck= characteristic compressive strength of concrete 

xu = depth of neutral axis 



UNIT-5 
(Singly Reinforced Beam) 

 
➢ Define singly reinforcement beam:- Singly reinforcement beam in which the main 

reinforcement is provided in tension zone and other bars in compression zone. 

➢ Define neutral axis:-The axis at which the stresses are zero in the section and it 

divides the cross section into a tension and compression zone. 

➢ Depth of Neutral Axis (Xu) 

Total tension (T) =Total Compression (C) 
0.87 fy Ast = 0.36 fck.b.xu 

Xu=0.87 fy Ast / 0.36 fck.b 

 
➢ Maximum depth of Neutral Axis (Xu, max) 

 

Grade of Steel fy (N/mm2) Xu, max. 

Fe 250 250 0.53d 

Fe 415 415 0.48d 

Fe 500 500 0.46d 

 
➢ Limiting (Maximum) Percentage of steel (Pt,lim):-

(Pt,lim) % = 0.36fck.xumax X 100 

0.87fy. d 

➢ Limiting Moment of Resistance(Mu(lim)):-

(Mu(lim)) = 0.36fck.b.xu(max) (d-0.42.xumax) 

 
Value of Limiting Moment of Resistance (Mu(lim)) 

 

Grade of Steel Value of (Mu(lim)) 

Fe=250 (fy=250 N/mm2) 0.148 fck.b.d2 

Fe=415 (fy=415 N/mm2) 0.138 fck.b.d2 

Fe=500 (fy=500 N/mm2) 0.133 fck.b.d2 



➢ Explain types of beams:-Types of beam sections depending upon the tensile steel. 
Hence, they can be classified into three categories:- 

 
A. Balance section 

B. Under R/F section 

C. Over R/F section 

 
A. BALANCE SECTION:- 

1. It may be defined as a section in which the maximum stress in concrete and tensile 
stress in steel reach their permissible value simultaneously. 
2. Xu = Xumax 

3. pt=pt(limiting max.) 

4. Mu(limi)=0.3fck.b.Xumax(d-0.42Xumax) 
 

 
B. UNDER R/F SECTION 

1. In which the percentage or area of steel is provided less than required for a balance 
section. 
2. In this section steel is fully stressed and concrete is under stressed. 

3. Xu < Xumax 

4. pt<pt (limi) 

5. Mu = 0.87fyAst. (d-0.42Xu) 
 

 
C. OVER R/F SECTION 

1. In which the % age or area of steel provided is more than that required for balance 

section. 

2. In this section concrete is fully stressed and steel is under stressed. 

3. xu>xu(max) 

4. pt> pt(limi) 

5. Mu=Mu(limi) , 0.36fck.b.xu(max)X(d-0.42xumax) 
 
 
➢ Reinforcement in beams:- 

i) Maximum reinforcement:- maximum tensile reinforcement shall not exceed 0.04 bD, 

Where b= width of beam 

D= overall depth 

ii) Minimum reinforcement:- 

Ast= 0.85bd/fy 

fy = characteristics strength of reinforcement (N/mm2) 

➢ Side face reinforcement:- when depth of the beam exceeds 750mm, then it is necessary 

to provide shear force reinforcement @ 0.1% of web area. 



UNIT-6 

(Doubly Reinforced Beam) 

➢ Doubly reinforced beam: - A beam reinforced with steel both in tension and 

compression zone are called doubly reinforced beam. 

➢ Under what circumstances doubly R/F beam are provided:- 

A doubly reinforced beam section is generally provided under following circumstances:- 

1. When the depth of beam is restricted due to any obstruction. 

2. When Mu > Mu (lim.) then doubly R/F beam are provided. 

3. When stiffness of beam is required to increase then doubly R/F beam is provided. 

4. When the member is subjected to shocks or impact forces. 

5. When the member is subjected to eccentric load. 

6. In seismic area D.R.B. are designed. 

➢ Depth of Neutral Axis (Xu) 

Xu=0.87 fy Ast –fsc Asc/ 0.36 fck.b 
 

 
➢ Area of tensile steel (Ast):- Ast= Ast1+ Ast2 

Ast1= Mu lim/ 0.87fy.(d-0.42xumax) (where Mu lim=Mu1) 

Ast2= Mu2/ 0.87fy.(d-d’) (where Mu2 =Mu- Mu1) 

 
➢ Area of tensile steel (Asc):- 

Asc= Mu2/ fsc.(d-d’) 
 
 
➢ Ultimate moment of resistance(Mu):- 

Mu= 0.36 fck.b xu.(d-0.42xu)+ fsc Asc (d-d’) 
 

 
Maximum Design stress fsc (N/mm2) in compression 

 

Grade of 

Steel 

d’/d 

0.050 0.075 0.100 0.125 0.150 0.175 0.200 

Fe-415 355 354 353 347.5 342 335.5 329 

Fe-500 424 418 412 403.5 395 382.5 370 



UNIT-7 

(Behaviour of T-beam) 

➢ Define flanged beam: - When the slab and beam are cast monolithically (a portion of 

slab cast with the beams in the forms of T and L beams to increase the stiffness of the 

slab. 

 

 
➢ Define T and L beam:- When the slab and beam are cast monolithically then the 

intermediate beam are T-beam. ( in T-beam having slab extending on both sides of it.) 

When the slab and beam are beam cast monolithically then the end beam are called 

L-beam. 
 

 

 

 
➢ Why a T-beam is considered better as compared to a rectangular beam: - 

In a rectangular RCC beam, concrete below the N.A does not resist any bending 

moment But simply holds the tensile R/F. Also, some portion of the concrete just above 

the N.A carries only very little compressive stress. Because the intensity of compressive 

stress there is very small magnitude. 

These suggest that the section of beam should be such that it has greater width at the 

top in comparison to the width below the N.A. 

In this way concept of a flanged beam evolved which has larger width at the top in 

comparison to width at the bottom. 



➢ Define inverted T- beam. Why sometime the inverted T-beam is provided:- 

When the beam is provided above the slab it is called inverted T-beam. 

 
In some cases, the portion of beam below the slab may be undesirable from 

architectural and other point of view, or want of clear space between floor and ceiling . 

In that case beam is provided above the slab .Hence, inverted T-beam are provided. 

 

 

 

 



UNIT- 8 & 9 

(One Way & Two Way Slab) 
 

 
➢ Define one way slab: - The ratio of larger span to shorter span is equal to 2 are called 

one way slab. These slabs are also known as edge supported slab. 

 

 
➢ Define two way slab: - The ratio of longer span to shorter span less than 2 are called 

two way slabs. Two way slab are supported on the four edges. 

 

 
➢ Differentiate between one way slab and two way slab 

 

 
Sr. No 

 
ONE WAY SLAB 

 
TWO WAY SLAB 

1 Longer span/Shorter Span Ly/Lx > 2 Longer span/Shorter Span Ly/Lx < 2 

2 Bending take place along shorter span 

only 

Bending takes place along both 

spans. 

3 Main bars are provided along 

Shorter span. 

Main bars are provided in both the 

Spans 

4 Distribution steel is provided along 

longer spans. 

No distribution R/F provided 

5 Thickness of slab is more as compared 

to two way slabs. 

Thickness of slab is less. 

6 Steel required is more. Steel required is less. 

7 Less economical. More economical. 

 
➢ Define Restrained and Unrestrained slab:- 

➢ Restrained slab:-When the two way slabs is loaded the corners gets lifted up. These 

corners can be prevented from lifting by provided fixity at the supports by beams or wall. 

Such type of slab in which corners are prevented from lifting are called as restrained slab. 

➢ Unrestrained slab:-The two way slab in which corners are not prevented from lifting are 

called unrestrained slab. It is also known as slabs with corners not held down. 

When simply supported slabs are subjected to external loads they have the tendency to 

lift at corners due to Torsional moment in the slab. When there is no adequate provision 

to resist torsion at corners, slabs are called simply supported beam. 



➢ Which types of reinforcement is provided in one way slab:- There are two types of 

reinforcement provided in one way slab: 

1. Main reinforcement 

2. Distribution reinforcement 

3.  

➢ Write the R/F detail in slab as per IS 456-2000:- As per IS: 456-2000 the area of 

reinforcement in either direction in slabs should not be less than: 

1. For HYSD bars- 0.12bD/100 

2. For Fe 250 steel- 0.15bD/100 

 
➢ Why two way slab is more economical as one way slab:-In two way slab, total load is 

divided along the spans as compared with one way slab. Thus, the maximum bending 

moment, shear force and deflection for such a slab is much smaller than that of a one 

way slab. Therefore, smaller thickness of slab with lesser quantity of steel is required in 

two way slab. Hence, two way slab are more economical than one way slab. 

➢ Why distribution R/F is provided in one way slab: - The steel which distributes the 

load and stress coming over it. It is known as distribution steel. It is provided 

perpendicular to main steel. 

The main function of steel is:- 

(a) To the concentrated load on slab. 

(b) To resist shrinkage & temperature stressed. 

(c) To keep the main R/F in position. 

 
➢ Write the design steps of One Way Slab:-

Step 1. Assume 1m width of slab.(i.e b=1m) 

Step 2. Assume effective depth of slab(d)= span/25 to span/30. 

Step 3. Find the effective span(l) of the slab. 

Step 4. Calculate factored design load (wu) on the slab.(wu) (factored load per unit 
length) 

(wu)=1.5XW (W=D.L,L.L,F.L) 

Step 5. Find the factored maximum bending moment (Mu) 

Mu= wul2/8 

Step 6. Design the slab as a balanced section: 

For a balanced section Mu= Mu lim 

Step 7. Calculate the area of main steel (Ast) from the equation: 

Mu= 0.87 fy Ast(d- fy Ast/fckb) 

Step-8. Calculate the area of distribution reinforcement: 

Area of distribution steel: 0.12bD/100 (for HYSD steel) 

0.15bD/100 (for Fe 250 steel) 

Step 9. Check for shear 

Step 10. Check for development length at supports. 



UNIT- 10 

(Axially loaded Column) 
 
 
➢ What is a column: - A column is defined as a vertical compression member whose 

effective length exceeds three times the least lateral dimension (b). 

➢ What is a pedestal: - A vertical compression member whose effective length is less 

than 3 times the least lateral dimension is called pedestal. It may be cast with plane 

cement concrete. 

➢ Define slenderness ratio:-The ratio of effective length of column to its least lateral 

dimension (b). 

➢ NOTE- When the slenderness ratio increase the strength of column decrease. 
 
 

 
➢ Define effective length of column: - It is defined as that length of column which takes 

part in buckling under the action of loads. It is denoted by Leff. 

➢ Consider effective lengths of column as per IS 456-2000 (Annexure-E Page no;-92) 
 
 

 
➢ Explain the classification of column:- Column are classified on the four types:- 

 
1. On the basis of material of construction 

(a) Timber column 

(b) Masonry column 

(c) Steel column 

(d) R.C.C column 

2. On the basis of shape of column 

(a) Square column 

(b) Rectangular column 

(c) Circular column 

(d) Hexagonal column 



3. On the basis of line of action of load 

(a) Axially loaded column 

(b) Eccentrically loaded column 

 
a.) Axially Loaded Column- The column in which the line of action of loads is along the 

longitudinal axis or centroid of column. 

✓ NOTE- In axially loaded column are loaded to direct compressive stress only. 

No bending stress develops in the column section. 

b.) Eccentrically loaded column- The columns in which the line of action of loads is 

away from the longitudinal axis of the column. It is denoted by eccentricity (e). These 

columns subjected to bending stress, developed due to eccentricity. 

4. On the basis of length of column 

(a) Short column 

(b) Long column 

 
a) Short column- A column is considered as short column when its slenderness ratio 

(the ratio of effective length to its least lateral dimension) is less than or equal to 12. 

Short Column= leff./b < 12 

b) Long column- A column is considered as short column when its slenderness ratio 

(the ratio of effective length to its least lateral dimension) is greater than 12. 

Long Column= leff./b > 12 
 

 
➢ Which type of steel R/F provided in column:- There are two types of steel R/F used 

in a column:- 

1. Longitudinal R/F 

2. Transverse R/F 

Longitudinal R/F: - The steel bars provided longitudinally in a column are known as 

longitudinal R/F. It is also known as main steel. 

Note:- Limit of Longitudinal R/F in column shall be 0.8% to 6% of gross sectional area of 

column 

Transverse R/F: - The reinforcement provided along the lateral dimension of the 

column in the form of ties or spirals enclosing the main steel. The transverse R/F does 

not contribute strength to the column. The main function of transverse R/F is to avoid 

buckling of longitudinal R/F. 



➢ Write the functions of longitudinal reinforcement:- 

1.) To share the vertical compressive load along the concrete. 

2.) To resist any tensile stresses develop in the column due to bending, eccentric load 
etc. 

3.) To prevent sudden brittle failure of column. 

4.) To reduce the effect of creep and column. 

5.) To increase the ductility of column and prevent sudden failure. 

 
➢ Write the function of transverse reinforcement (lateral ties):- 

1.) To hold the longitudinal R/F in position at the time of pouring. 

2.) To prevent longitudinal buckling of main steel. 

3.) To prevent longitudinal splitting of concrete. 

4.) To resist diagonal tension caused due to transverse shear develop. 
 

 
➢ Write IS 456-2000 specification regarding longitudinal reinforcement:- 

1. Percentage of longitudinal steel varies between 0.8 to 6% of gross sectional area. 

2. Minimum diameter of bar to be used 12 mm. 

3. Longitudinal reinforcement help in taking compression association with concrete. 

4. Minimum numbers of bars required for square or rectangular column is 4 no’s. 

5. For circular column minimum no’s of bars is 6. 

6. Spacing of corner bars shall not exceed 300 mm 
 

 
➢ Write IS 456-2000 specification regarding of transverse reinforcement (lateral 

ties):- 

Lateral ties either in the form of link or spirals 

A. For diameter of lateral ties:- diameter of lateral ties bar shall be grater of the 

following:- 

I. ¼ x the diameter of grater longitudinal bar. 

II. 6 mm. 
 

 
B. Pitch or Spacing of lateral ties:- spacing of lateral ties or pitch shall be least of the 

following:- 

I. 300 mm 

II. Least lateral dimension (b). 

III. 16 x diameter of main bar. 



➢ Minimum eccentricity:- it is denoted by emin 

emin should be less than 0.05 D 

Where D= dimension of column under consideration 
 
 
 

 
➢ Load carrying capacity of axially loaded short column:- it is denoted by Pu and it 

can be calculated by following formula. 

Pu= 0.4 fck.Ac + 0.67ff. Asc 
 
 

 
➢ Design steps of short axially loaded column:- it includes following steps. 

1. To determine the shape and size of column. 

 
2. To determine the area of compression steel required. 

 
2.1 To choose the diameter of main bar. 

 
2.2 To find the no of bars. 

 
2.3 To check the percentage of main steel. 

 
3. To design the lateral ties. 

 
3.1 to choose the diameter of lateral ties. 

 
3.2 To find the pitch of lateral ties. 

 
4. Summarize and draw the cross-sectional details showing all the above found 

parameters. 



UNIT-11 
PRESTRESSED CONCRETE 

 
➢ What is Prestressed Concrete? 

It is a method of applying pre-compression to control the stresses resulting due to external 
loads below the neutral axis of the beam. 

Pre-compression resulting either no tension or compression. 

 

➢ Pre stressed concrete: - is the one in which internal stresses are induced in a planned manner, 

so that the stresses resulting from external loads are counteracted to a desired level. 

 
➢ Pre stressed concrete is better as compared to RCC because of two major causes: 

i) Minute cracks observed in RCC can be eliminated. 

ii) High tensile steel can be used economically. 

 

➢ Reinforced concrete:- 

1. Concrete is strong in compression weak in tension. 

2. Steel in strong in tension 

3. Reinforced concrete uses concrete to resist compression and to hold bars in position and 

uses steel to resist tension. 

4. Tensile strength of concrete is neglected (i.e. zero ) 

5. R.C beams allows crack under service load. 
 
 

 

 

 



➢ Basic Concept of pre-stressing:- 

✓  Prestressed concrete is basically concrete in which internal stresses of a suitable 

magnitude and distribution are introduced so that the stresses resulting from the external loads 

are counteracted to a desired degree. 

✓ Pre-stress is introduced by stretching steel wire and anchoring them against concrete. 

✓  The concept of pre stressing was invented years ago when metal brands were wound 

around wooden pieces to form barrels. 

✓  The metal brands were tightening under tensile stress which creates compression 

between the staves allowing them to resist internal liquid pressure. 
 
 

 

 
 

 
➢ Principle of pre-stressing:- 

 
1. Pre-stressing is a method in which compression force is applied to the reinforced concrete 

section. 

2. The effect of pre stressing is to reduce the tensile stress in the section to the point till the 

tensile stress is below the cracking stress. Thus the concrete does not crack. 

3. It is then possible to treat concrete as a elastic material. 

4. The concrete can be visualized to have two compressive force:- 

a. Internal pre-stressing force. 

b. External forces (Dead Load, Live Lode etc ) 

5. These two forces must counteract each other. 



➢ Advantages of prestressed concrete in comparison with RCC:- 

1. It needs about 1/3rd the quantity of steel and 1/4th the quantity of concrete as compared to 

RCC. 

2. Lighter and slender members can be used. 

3. Factory made members are possible in pre tensioning. 

4. Members like railway sleepers, electric poles, boundary pillars, gantary girders can be made. 

5. Pre-stressed member are tested before use. 

6. Dead loads are get counter balanced by eccentric pre-stressing 

7. Cracks can be eliminated in tension zone. 

8. It has high fatigue resistance. 

9. It has high ability to resist the impact. 

10. It has high live load carrying capacity. 

11. Use the entire section to resist the load 

12. Take full advantages of high strength concrete and high strength steel 

13. Need less materials 

14. Better corrosion resistance 

15. Good for water tanks and nuclear plant 
 
 

➢ Disadvantages of pre stressed concrete are:- 

1. Initial cost of equipment is very high. 

2. Very long slender members are difficult to transport. 

3. Requires high tensile steel which is 2.5 to 3.5 times costlier than mild steel. 

4. Pre-stressed concrete is less fiber resistant 

5. Required skilled builders & experienced engineers. 

6. It requires high strength concrete & steel. 

7. More complex technically 

8. More expensive 

9. Harder to re-cycle 

10. Required complicated formwork. 



Prestressing Materials 

 
➢ IS Specifications for materials used in pre-stressed concrete:- As per Indian standard 

code of practice for pre-stressed concrete (IS: 1343) following specifications for materials must 

be kept in mind: 

The two main materials in pre-stressed concrete are: 
A) Concrete B) Steel 

 

➢ Concrete: -The concrete to be used in pre-stressed concrete member should be strong 

enough so that full strength can be utilized. 

1. As per IS: 456-2000, a minimum grade of M40 for pre-tensioned system and M30 for post-
tensioned system should be used. High strength concretes are preferred for pre-stressing 
works because: 

2. Water cement ratio should be about 0.45 i.e. 10 bags of cement per m3 of concrete is 

required. 

 

➢ Pre-stressing steel: - Steel to be used for pre stressing must have high tensile strength, good 

surface condition and good bonding with concrete. 

The steel used for pre-stressing available in three forms:- 

i) Single wires (also called as tendons) 
ii) Group of wires (also termed as strands or cables) 
iii) Alloy steel round bars 

1. Single wires (tendons):- Hard drawn high tensile steel wire of diameter ranging from 

1.5mm to 8mm and having tensile steel and other properties as specified in following clauses 

may be used 

 

2. Wire strands (cables):- Hard drawn steel wires may be used in the form of cables known 

as wire strands. The diameter of strand cable varies from 7mm to 17mm. 

 

3. Round bars: - High tensile alloy steel bars are used in pre-stressing systems. It is available 

in 10mm to 32mm diameter. 



Prestressing Methods 

➢ Pre-stressed Concrete Methods: - There are two basic methods of applying pre-stress to a 

concrete member. 

1. Pre tensioning – steel is tensioned before the casting of concrete. 

2. Post tensioning – steel is tensioned after the casting of concrete. 

 
1. Pre-tensioning:- In Pre-tension, the tendons are tensioned against some abutments before 

the concrete is place. After the concrete hardened, the tension force is released. The tendon 

tries to shrink back to the initial length but the concrete resists it through the bond between 

them, thus, compression force is induced in concrete. Pretension is usually done with precast 

members. 
 

➢ Suitability/ Advantages of Pre tensioning method-: 

1. This Method is best suitable for factory production. 

2. This method is very simple. 

3. Many members can be casted at one time on same casting bed. 

4. This method is economical. 

➢ Disadvantages of pre-tensioning method:- 

1. Size of member is restricted because long slender members are more difficult to 

transport. 

2. Loss of pre-stress is more. (18-20%) 

 

➢ Procedure followed for the process of pre-tensioning : 

1) Anchoring the tendons against the end abutments. 

2) Placing of jacks. 

3) Applying tension to the tendons. 

4) Casting of concrete. 

5) Cutting of the tendons. 



2. Post tensioning:- 

In Post tension, the tendons are tensioned after the concrete has hardened. Commonly, metal 

or plastic ducts are placed inside the concrete before casting. After the concrete hardened and 

had enough strength, the tendon was placed inside the duct, stressed, and anchored against 

concrete. Grout may be injected into the duct later. This can be done either as precast or cast-

in-place. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



➢ Suitability/Advantages of Post tensioning method:- 

1. This is suitable for both cast in situ and pre cast members. 

2. Loss of pre-stress is less.(15-18%) 

3. There is no limit of casting as the method can be appllied at site also. 

➢ Disadvantages of Post tensioning method:- 

1. This method is costly because of sheathing and grouting. 

 

➢ Methods of post-tensioning: 

1) Casting of concrete. 

2) Placement of tendons. 

3) Placement of the anchorage block and jack. 

4) Applying tension to the tendons. 

5) Seating of the wedges. 

6) Cutting the tendons. 
 

 

 
 
 

 



 

 

 
 
 
 

 

 

 



➢ Differentiate between pre-tensionng and post-tensioning methods: 
 

S.NO: Pre-tensioning method Post-tensioning method 

1. Method is best suitable for factory 
production under controlled 
conditions. 

This method is suitable for both cast-in-situ 
and pre-cast members. 

2. Loss of pre-stress is more. (18-20%) Loss of pre-stress is less.(15-18%) 

3. Size of member is restricted because 
large members are more difficult to 
transfer. 

Size of member is unrestricted therefore 
any size of member can be casted. 

4. This method is economical. This method is costly because of use of 
sheathing and grouting. 

5. Minimum grade of concrete to be 
used is M40. 

Minimum grade of concrete to be used is 
M30. 

 
➢ Loss in Pre-stress:- The pre-stressed force applied to the member does not remain constant 

but decrease with passage of time due to various losses. 

➢ Causes for loss of pre-stress:- 
1. Loss of pre stress due to friction:-This type of loss occurs (during the tensioning process) only 

in the post tensioned members. The major losses due to friction occur between the tendons 
and its surrounding material (i.e. duct or spacer)These losses are due to length and curvature 
effect.To reduce the loss due to friction cables can be lubricated, metal tubes may be 
provided at ends and stress may be applied from both ends. 

 

2. Loss due to creep of concrete:-Creep is a time dependent deformation which takes place due 
to continued compression of concrete. 
Pre tensioned member experiences more loss of pre stress due to creep of concrete then post 
tensioned members and amounts to 5%-10%. 

 

3. Loss due to shrinkage of concrete:-Shrinkage in concrete is its contraction due to drying and 
chemical changes.Loss of pre stress due to shrinkage of concrete may range from 4% to 6% for 
post tensioned members and 3% to 4% for pre tensioned members. 

4. Loss due to elastic shortening (deformation) of concrete: When pre stress is transferred to 
concrete, elastic stress and strains are induced in it. Due to this concrete members get 
shortened along with shortening of steel.The loss due to elastic shortening of concrete may 
range from 3% to 6% in pre tensioned members and 4% in post tensioned members. 
. 

5. Loss due to Stress relaxation in prestress steel: Under a constant strain, there is a loss of stress 
in steel which is called relaxation. 
Loss of pre stress due to relaxation of steel amounts to 2% to 8% of the initial stress. 

 

6. Loss due to slippage of tendons and anchorage system:-When the jacks are released a slight 
loss of pre stress occurs due to slippage of tendon and end anchorage system. Longer the 
length of tendon lesser will be the percentage loss. But in shorter tendons length this value may 
be greater importance. This slippage generally varies from 2-5mm. 

NOTE: - Loss of pre stress is 18 – 20% in post tensioning and 15 – 18% in pre tensioning system. 



Some Very short Questions of 

(Reinforced Cement Concrete Design) 

 
FILL IN THE BLANKS 

1. Plain cement concrete is   

2. LSM stands for  

3. Diagonal cracks are also known as   

4. Over reinforced sections fails in 
 

5. Steel columns are generally termed as 
 

6. Beam is satisfactory when breadth is  of depth. 

7. In WSM factor of safety for steel is   

8. OPC is available in  grades. 

9. Bent up bars are provided at an angle of  

10. Minimum grade of concrete used in RCC work is . 

11. All columns shall be designed for a minimum eccentricity of  

12. In two way slabs bending takes place in  directions. 

13. Two way slabs are provided if long span/short span ratio is   

14. Continuous edges of two way slabs resist  and permit . 

15. The minimum area of reinforcement in a slab is  of cross-sectional area of mild 

steel. 

16. By using deformed bars  can be improved. 

17. LSM is based on safety at  

18. HYSD bars are also known as  steel. 

19. Partial factor of safety for concrete and steel are  and  respectively for limit 

state collapse. 

20. TMT bars have excellent  

21. Limit state of serviceability are and . 

22. Limiting value of moment of resistance of Fe 415 steel is  . 

23. Over reinforced sections is  in limit state method of design. 

24. The major loss of prestress is caused due to  of concrete. 

25. Minimum grade of concrete to be used for RCC works as per IS: 456-2000 is  

26. Grades higher than  should be used for Pre-tensioning in pre-stressed concrete. 

27. Grade of steel is  proportional to shear strength. 

28. Characteristic strength of steel reinforcement used for making stirrups should not exceed 

 . 

29. In under reinforced sections  is fully stressed. 

30. In case of cantilever beams the tension portion lies  the neutral axis. 

31. Design loads are termed as   



32. The axis where stresses are zero in a beam section is called as  

33. The tension reinforcement in a beam is also known as   

34. The portion of beam consisting of slab is called as  

35. Distribution of shear intensity over a rectangular section of a beam follows  

36. The minimum area of reinforcement in a slab is  of cross-sectional area of 

Fe415 steel. 

37. The span to depth ratios of simply supported slabs should not exceed  

38. When corners of two way slab are not held down it is known as   

39. In designs of columns the   strength of concrete is ignored. 

40. The maximum area of longitudinal steel in an RCC column is   

41. Steel is efficiently used in  section. 

42. The lateral deflection of beam shall not exceed  of the span. 

43. A RCC slab should not ordinarily be thinner than  

44. The radius of a bar bends to form a hook should not be less than  the diameter. 

45. For pre-stressed concrete beam the line along which the tendon is placed is called  

46. Area of compression reinforcement in beam shall not exceed  of bD. 

47.  bars do not show a definite yield point. 

48. For Fe 415 grade of steel, the value of fy=  

49. The ratio of width to overall depth of a beam is generally equal to  . 

50. If X4>Df, then neutral axis lies in  of a T-beam. 

51. In one way slab the main steel is provided parallel to  span. 

52. When length of slab is  than twice its width it is known as two way slab. 

53. Load carrying capacity of columns, reinforced with helical reinforcement is  than that 

of column provided with lateral ties. 

54. Single wires used as steel reinforcement in pre-stressing are known as . 
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