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SECTION A

RAILWAY ENGINEERING
INTODUCTION

Indian Railways is an Indian state-owned enterprisened and operated by the Government of

India through the Ministry of Railways. It is onEthe world's largest railway networks.

Railways were first introduced to India in the y&863 from Bombay to Thane , nationalized as one
unit, the Indian Railways, becoming one of the datghetworks in the world. IR operates both lorgjatice
and suburban rail systems on a multi-gauge netwbrkroad, metre and narrow gauges. It also owns
locomotive and coach production facilities at sal/ptaces in India and are assigned codes idemgfhieir

gauge, kind of power and type of operation.

On 23 April 2014, Indian Railways introduced a nelaipp system to track train schedules.

Rolling stock used on railways in the earliest dayslved from carriages and wagons which ran on
highways to carry both people and bulk materials.

As railway experience was gained, the design diingplstock also evolved. Springing, body
structure, wheels and axles all are subject toingripads and stresses, when comparing slower spaed
rough roads to much faster speeds on railways, avitbmparatively smoother ride.

Railway rolling stock generally runs on hard wheels hard rails. The wheels are not only
supported by the rails but are guided by them. diilg exception to this is for a small number of rast
where rubber tyres have been introduced. In thég ¢the supporting function of the rail may be safear
from the guiding function.

In all cases railway rolling stock will transmitrieal, horizontal and longitudinal forces to thadak
and its supports. Most railways have adopted tails and flanged wheels. Forces are transmitt¢ldetoall
structure either by direct bearing on the rail fopn the wheel tyre, or by bearing laterally thrbuidpe
flange, or by longitudinal friction. Potential ‘otarning’ forces, caused by centrifugal force onves,
coupled with wind forces on exposed locations asested by vertical dead weight and super-elevation

‘cant’ on curves.

Advantages of Railways

The railways offers various advantages and foiptirpose of convenience, they can be described in
following three categories.

1. Economic Advantages

i) Employment to people in the form of staff requifedsmooth working of railways.
i) Encouragement to commercial farming.
iii) Increase in cost of land thereby increase of natiaealth.

iv) Industrial development and growth because of mglofi labour and raw materials.
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V) Stabilization of prices due to easy, speedy & #udffit mobility of products & natural
resources.
Vi) Increase in mobility of people and thereby religviome extent the congestion of big cities.

vii) Transporting food and clothes in times of emergentike floods and famines etc.
2. Political Advantages

i) Easy control of the central administration.

i) Development of a national mentality in the mindpebple.

iii) Migrating population on a mass scale.

iv) Mobilizing troops and war equipments in times of wad emergencies.
V) Unity of people of different castes, customs artigjians.

3. Social Advantages

i) Broadening the social outlook of masses as peapievisit all the parts of country and be

proud of this great country.

i) Easy access to religious places of importance.
iii) Providing convenient and safe mode of transport.
iv) Removal of feeling of isolation as the railway Ipasved to be the most safe, economic and

comfortable mode of conveyance.

Classification of Indian Railways

Indian railway systems according to three classes:-

Class I- Railways with gross annual earningswafr Rs 50 lakhs (Rs 50,00,060).
Class Il - Railways with gross annual earningbetfveen Rs 10 and 50 lakhs.

Class Ill - Railways with gross annual earningsioder Rs 10 lakhs.



CHAPTER-2

Permanent way

Typical Section of an embankment.

Cross section of a permanent way:

Nol to scale! BG in cutting. §.25m single, 11.55m double
MG on bank: 5.85m single. §.81m doutie
MG in cuting: 5 25m single. 9 21m double

Basic functions of various components of a railway track:

1«— Centre of track

Rail screw : i
Bearing plate % Gatjge i Steeper

R RN P R Tl |

» Bal??asl <
|

Formation

Natural ground
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The finished or completed track of a railway lis&ommonly known as Permanent Way. It essentially

consists of following three parts.

1.
2.
3.

Rails
Sleepers

Ballast

The rails are fixed with each other by means ofousr rail fastenings and they rest on sleepers

which are laid at right angles to them. The slegpeturn rest on ballast which is spread overftinemation

ground prepared for the railway track.

Reqguirements of an ideal permanent way

1.
2.
3.

10.
11.
12.
13.

The gauge of track should be uniform and there Ishmot be varying gauges.

There should be minimum friction between the wheél®lling stock and the rails.

Facilities should be provided at various pointsglthe permanent way to repair, replace or renew
the damaged portion of the track.

The design of the permanent way should be suchthiealbad of the train is uniformly distributed
over it.

The components of the permanent way should beleoted as to produce a permanent way with a
certain degree of elasticity to prevent the shaklesto impact.

The gradient provided on the permanent way shoeleMen and uniform.

The special attention should be given on the desigrermanent way on curves.

The overall construction of the permanent way sthobe such that it requires minimum
maintenance.

The permanent way should possess high resistamzerage at the time of derailment.

The drainage facility should be perfect.

The rail joints should be properly designed andntadémed.

The precautions should be taken to avoid the oenoe of creep.

Various components of the permanent way shouldgsgsanti-sabotage and anti-theft qualities.

Rail Gauges

In India, the gauge of a railway track is defined as the clear minimum perpendicular distance

between the inner faces of the two rails.

|<— Gauge

Rail Rail

G o VALY,

Gauge




The different gauges used in India can be broddlgsified as following four types.

Broad Gauge : Width 1676 mm to 1524 mm.

Standard Gauge : Width 1435 mm and 1451 mm.

Meter Gauge : Width 1067 mm, 1000 mm and 915 mm.
Narrow Gauge : Width 762 mm and 610 mm.

AP w DN PRE

Suitability of these gauges under different conditins

1. Traffic condition—> If the intensity of traffic on the track is likelp be more, a gauge wider than
the standard gauge is suitable.

2. Development of poor area® The narrow gauges are laid in certain parts ofntbdd to develop a
poor area and thus link the poor area with theideitdeveloped world.

3. Cost of track=> The cost of railway track is directly proportiortal the width of gauge. Hence, if
the funds available is not sufficient to constracttandard gauge, a meter gauge or a narrow gauge
is preferred rather than to have no railways at all

4. Speed of movemen® The speed of a train is a function of the diametexheels which in turn is
limited by the gauge. The wheel diameter is usuatigut 0.75 times the gauge width and thus, the
speed of a trainis almost proportional to the gaifgagher speeds are to be attained, the B.@ktra
is preferred to the M.G. or N.G. track.

5. Nature of Country> In mountainous country, it is advisable to haveaerow gauge of track since
it is more flexible and can be laid to a smallatina on the curves. This is the reason why some

important railways, covering thousands of kilomstare laid with a gauge as narrow as 610 mm.

— Horizontal post

] Steep arc
- =<

Fig. 2.2 Loading gauge



CHAPTER-3

TRACK MATERIALS

Typical Track Structure
Ballasted Track

RAILS
. Head ___,
Running Surface ! Wit i

"""""" Fillet

60% 1o 1558 > Fishing

Function of Rails

@ To transmit the moving loads to the sleepers

@ To provide strong, hard and smooth surface fotrtiia journey.

@ To bear the stresses developed in the track diggriperature changes and loading patterns.
9 To serve as lateral guide to the running wheels.

@ To resist breaking forces caused due to stoppageins.



Requirements of an Ideal Rail

1. The rail section consists of three components: hesb and foot. It should be designed for
optimum nominal weight to provide for the most @ffnt distribution of metal in its various
components.

2. The bottom of head and top of the foot should bemgisuch shapes that fish-plates can easily be
fitted.

3. The C.G. of the rail section should be located veear to the centre of height of rail so that
maximum tensile and compressive stresses are mégsothe same.

The depth of head of rail should be sufficientltova for adequate margin of vertical wear.

The rail should possess adequate lateral and akestiff nesses.

There should be balanced distribution of metahihhead,web and foot of rail so that each of them
is able to fulfill its assigned function.

7. The surface of rail table and gauge face of radusth be hard and should be capable of resisting
weatr.

8. The thickness of web of rail should be sufficiemtake safely the load coming on the rail.

TYPES OF RAIL SECTIONS

Double headed rails:

These were the rails which were used in ggirtning, which were double headed and consistirzg 0
dumb-bell section. The idea behind using thess vedls that when the head was worn out in courtienef
the rail can be inverted and reused. But as tissghindentations were formed in the lower tabketdu

which smooth running over the surface at the top mwegpossible.

Bull headed rails:

In this type of rail the head was made &litticker and stronger than the lower part by aganore
metal to it, so that it can withstand the stresses.

Flat footed rails:

These rails are also called as vignole's.rhiitially the flat footed rails were fixed todlsleepers
directly and no chairs and keys were required.L@tedue to heavy train loads problems arose wieiati
to steel bearing plates between the sleeper amdithat rail joints and other important placesdé are the
rails which are most commonly used in India.



Double headed rail Bull headed rail

Head
Fishing angle
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| Web .

Foot / \

Flat-footed rail
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Standard flat-footed rail section

Length of the Rails
From the consideration of strength of the track imaxn possible length is advisable as it will
reduce the number of the joints, less number thdi$ and fixtures and economical maintenance.iBut

practice the following factors are considered toidke the length of rails.
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i) Ease of transportation

i) Reasonable cost of manufacture

iii) Ease in loading into the available wagons
iv) Development of temperature stresses

Indian Railways have adopted the following lengdtinadgls in practice.
i) For BG tracks = 13 m (42")
i) For MG & NG tracks = 12 m (39)

Rail Joints

Rail joints are necessary to hold the adjoiningsewicthe rails in the correct position, both in tiwizontal

and vertical planes.

Types of Rail joints=> Thefollowing are the type of rail joints

Supported rall joints:

When the rail ends rest on a single sleeper é@rimé¢d as supported joint. The duplex joint sle&gtr other

sleepers is an example of the supported joint.

Suspended rail joint:

When rail ends are projected beyond sleepergédrised as suspended joint. This type of joint isegally

used with timber and steel through sleepers.

Bridge joints:

When the rail ends are projected beyond sleepearsthe case of suspended joint and they are costéy

a flator corrugated plate called as bridge plai® t¢érmed as a bridge joint.

Insulated joint:

When an insulating medium is inserted in a raihjait stop the flow of current beyond the traclkcgited

part then that type of joint is called an insulgtadt.

Compromise joint:

Where two different rail sections are required égjdined together it is done by means of fish platéich

fit both rails and this joint is termed as comprsenjoint.



Joint

Sleeper Sleeper

Supported rail joint

Suspended joint

Joint

% Rail

| ==
Sleeper

Bridge of metal

Bridge joint with metal flat

Joint

Slesper Bridge plate Sleeper

Bridge joint with bridge plate

Joint
T 1T ] 1T IT
> Rails
IT T 1| T IT
Joint

Square joint

11



Joints

\ Joints

Staggered joint

Requirements of an Ideal Rail Joint

i) Ends to remain true

ii) Should be strong and stiff

iii) Provision for expansion

iv) Perfectly elastic

V) Ends should not get battered

Vi) Provision for easy removal and replacement

vii) Economical in cost

Purpose of Welding of Rails

Welded rail joint
Purpose of welding:
« Toincrease the length of the rails
« To repair the worn out or damaged rails
« To build up worn out points and rails on the sharpves

Advantages of welding rails:

« Reduces the creep and friction due to increasenigth of rail.
- Expansion effect due to reduction in temperature.

12
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» Increase the life of the rails due to decreasedarw

« It facilitates track circuiting on electrified trex

» The cost decrease because as the length incraasessically the number of joints decreases.

« High frequency vibrations due to heavy moving loadsdecreased due to the heaviness of the rails.
CREEP

b
Creep in rails denotes longitudinal movement dérnai the track.

Direction of movement

Rail table
Lift

|

Unloaded position of rail

Wave motion theory for development of creep

Direction of movement

Wheel

| |
OO0 OO
T

| |

Trailing rail Rail joint Landing rail

Percussion theory for development of creep

The following figure shows a type of Fair V-anchdrich is used in the track to prevent creep ofrail

Fair V anchor
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e Direction of fiation
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It is defined as the longitudinal movement of railth respect to sleepers in a track.

Causes of creep:

1. Closing of successive expansion spaces at railsjomthe direction of creep and opening out of
joints at the point from where the creep starts.
2. Marks on flanges and webs of rails made by spilkel&dy scraping or scratching as the rails slide.

Effects of Creep:

Sleepers move out of position which leads to trenge in gauge and alignment of the track.
2. Rail joints are opened out of their limit in someese and stresses are set up in fish plates and bols
which leads to the breakage of the bolts.
Pints and crossings get disturbed.
Maintenace and replacement of tracks becomes uliffic
Smashing of fish plates and bolts, bending of danks at joints are other effects of creep.

Sleepers &Ballast

Definition:
Sleepers (known in the US as railroad ties)used as a base for laying railway tracks. Sksepere
traditionally made from wood but are now usuallyd®adrom concrete.Ties are laid on top of sand,&rav

heavy crushed stone - called ballast.

Functions of sleepers

The functions of sleepers are as follows
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1. To hold the rails in correct gauge i.e exact ganghe case of straight and flat curves, loose gaug
in the case of sharp curves and tight gauge icdbe of diamond crossings.

2. To act as an elastic medium between the ballastraihdo absorb the blows and vibrations of

moving loads.

They also add to the longitudinal and lateral $itgtf the permanent track on the whole.

They also provide means to rectify track geometmyray service life.

To support the rails at proper level in straightks and at proper super elevation on curves.

o 0 A~ W

To distribute the load from the rails to the indera of ballast underlaying it or to the girdershe
case of bridges.

7. To hold the rails in proper level.

Requirements of Good Sleepers

It should be economical

It should be minimum possible initial and mainteracosts.
The fittings should be such that they can be easijysted.
Weight should not be too heavy or too light.

It should not be easily damaged by anti Nationals.

They should be capable of resisting shocks andtidors.

The insulation of rails should be possible for kracuiting, if required through sleepers.

© N o g s~ w PP

It should be designed that it could not be distdbem its position easily by the passage of trains

Classification of Sleepers

Sleepers can be classified into the following typesording to the material of construction.

1. Wooden sleepers

2. Metal sleepers

« Castiron sleepers

-

Zn

130.17

L 1 Tie bar
l 508 |

Cl! pot sleeper (dimensions in mm)
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3. Steel sleepers

4. Concrete sleepers

« Reinforce concrete sleep

» Prestressedoncrete sleepe

Timber or Wooden Sleepers

wooden sleepers are regarded as the best as tiwfy amost all the requirements of a good sleejpee

life of timber sleepers depend upon their abilitydsis

« Wear and tear
+ Decay
« Attack by white ants

e Quality of the timber use

Advantages:

@t is easily available in all parts of in

@Fittings are few and simple in des

@They are easy to lay, relay, pack, lift and man

@They are suitable for all types of bal

@They are able to resist the shc and vibrations of the heavy moving loads
@They are economical

Disadvantages:

@They are subjected to decay, attack by white avasping, cracking and end splitti
@1t is difficult ot maintain the gauge in the casemwoden sleepel

@1t is difficult to maintain the alignment in the case of wooden slex

@They have got minimum service life(12 to 15 yrspampared to other types of slee
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Concrete Sleepers

Concrete sleepers are made of a strong horeogsmmaterial, impervious to effects of moisturd an
unaffected by the chemical attacks. It is mouldasilg to size and shape required and it is an idedeérial

to with stand stresses introduced by fast and heaffic.

Advantages

1. The concrete sleepers are quite heavy and thusderéengitudinal, lateral and vertical stability.
Because of their weight, these sleepers are masbkuto LWR tracks.
The concrete sleepers result in reduced rail bgrstiresses.
The concrete sleepers reduce the wear of rolliockst
The concrete sleepers produce less vertical matnehthus provide a comfortable journey due to
less noise.

5. The concrete sleepers have flat bottoms. That's mvegn modern method of track maintenance i.e.
MSP and machine maintenance can be suitably enghloye
The concrete sleepers are neither in flammablewuigected to damage by corrosion or termite.
These sleepers have a long useful life of 50 ydarmeans rail and sleeper renewals can be
matched.

8. The concrete sleepers with their fastening systeaimntain gauge, cross levels, twist, alignment,
longitudinal level and unevenness of the track.

9. The concrete sleepers are suitable for track ¢ingui

10. The concrete sleepers can be manufactured frorhresaurces.

Disadvantages

They are not economical because of high cost oftcaction.
In case of derailments, heavy damage is caused.

High standard of maintenance of track is required.

The design and construction are both complicated.

They are more rigid.

o g s w b pE

They do not have any scrap value.

Steel sleepers

ST sleeper —I

ST sleeper with pressed-up lugs
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Key

Loose jaw
inserted

Loose jaw into holes
inserted

into holes ST sleeper

<\l
o P 7

P 7T

Sleeper with loose jaws inserted into holes

Steel sleepers are lightweight, dimensionally maceurate than wooden or concrete and regarded as an

effective technical solution for modern rail netk&r

Advantages of steel Sleepers

They are manufactured by a simple operation.

n

They can be easily handled as theses are lighteightvas compared to other types of sleepers.
Hence, damages during handling and transportintpase

Less number of fastenings are required and thatitople in nature.

The maintenance and adjustment of gauge are ezsyrgmared to the other of sleepers.

These sleepers are rolled sections in one piece.

Their life is longer than that of other types afegbers.

They provide better lateral rigidity to the track.

They are not attacked by vermins.

© ©® N o g~ ®w

They are not susceptible to fire hazards.

10. Their scrap value is good.

Disadvantages of Steel of Sleepers

The steel sleepers possess the following disadgasita

They get easily rusted and corroded.

They develop cracks at rail seats or near lugs.

Their lugs get broken easily.

The steel sleepers do not provide effective tracuting.

The steel sleepers can only be for the type of fail which theses are manufactured.

These develop the tendency to become center baecalibe of slope at both ends.

© N o g s~ w Db

The overall cost of steel sleepers is more thandhdmber sleepers.
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Ballast

Definition:
It is a layer of broken stones, gravel or any otharh gritty material laid and packed below anduad

sleepers.

Functions of ballast:

« To distribute the loads uniformly over the subgrade

« To provide good drainage for the track structure.

« To provide elasticity and resilience to track fettang proper riding comfort.
e To held the track structure to line and grade.

e Toreduce dust.

« To prevent growth of brush and weeds.

Requirements of Good Ballast

It should be tough and should not crumble undevihzads.

It should not make the track dusty or muddy.

It should offer resistance to abrasion and weatheri

It should not produce any chemical reaction wiilsrand sleepers.

The materials should be easily workable.

L T A

It should retain its position and should not beriiated.

Materials used as Ballast

1. Broken Stone> Broken stone is one of the best materials foreyl ballast to be used on the railway
tracks. Almost all the important railway tracks gm@vided with broken stone. The stone to be used a
railway ballast should be hard, tough nonporous eiralild not decompose when exposed to air and light
Igneous rocks like quartzite and granite formsdkeellent ballast materials. When these are natadbla
then lime stone and sand stone can also be ugggbddallast material.

Advantages of Broken Stone

1. It holds the track in position

2. It is good for heavy traffic

3. It can serve high speeds equally well.

Disadvantages of Broken Stone

1. The main disadvantage is that it is expensivtsimitial cost.
2. Gravel> Gravel ranks next in its suitability for use astenils for ballast and is used in many countries
of the world in very large quantities. Gravel catsiof worn fragments of rocks occurring in natural

deposits. Gravel or shingle may be obtained fra@rrbed or it may be dug out from gravel pits.
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Advantages of Gravel
1. It is cheaper in its cost as it has not to lwkdéin as like stone ballast
2. It has got excellent drainage properties, iperty cleaned
Disadvantages of Gravel
1. It easily rolls down under the vibrations andkpag under the sleepers get tense
2. The variation in size is considerable and heaqaires screening before use
3. Grovel as obtained from gravel pits, is fulleafrth and hence requires proper cleaning if proper
drainage of the track is to be done.
3. Cinders Or Ashe® The residue from the coal in locomotives or offaenaces is called cinder or ashes.
It is one of the universal forms of ballast asiaibyproduct of all the railway which uses coah disel.
Advantages of Cinders or Ashes
1. Handling of the material is not cumbersome mhéterial can be handle easily
2. Cost is very low and hence can also be usesidorgs
3. It has got fairly good drainage properties
4. Large quantities of this material can be madslabie at short notice.
5. In case of emergence such as caused by theictestrof portion of railway track during floods.
This material proves to be very useful and is usdtie formation repairing as well as for packing
of track.
Disadvantages of Cinders or Ashes
1. It is highly corrosive and cannot be used wisteel sleepers are fixed
2. The foot of the rails get affected due to usthisf type of material as ballast
3. It is very soft and can easily be reduced togemwunder vibrations and hence the track becomes
very dusty. This is objectionable particularly ity dveather.
4. Sand-> Sand is another good materials for railway ballasiarser sand is to be preferred to finer sand
and the best sand is that which contains a quanitfipe gravel varying in size from 1/8 upwards.
Advantages of Sand
1. If the sand is free from earth and vegetati@nth has good excellent properties to drain off
water immediately
2. It is cheaper if available in nearby locality
3. It produces very silent track and hence areBlatfor packing cast iron pot sleepers.
Disadvantages of Sand
1. It gets easily disturbed under vibrations anackdts maintenance is very difficult
2. The sand can be easily washed off or blown amalyhence requires frequent renewal.
3. The sand particles may get into the moving pafrte vehicles and produces friction. This leads
to heavy wear of vehicles.
5. Kankar-> Kankar a lime agglomerate is found in many placdbe form of nodules of varying sizes.
Advantages of Kankar
1. Kankar is suitable Materials for ballast whehestgood material for ballast is not availablefor i

available



21

uneconomically.
2. Kankar is good for light traffic on metre andnoav gauges
Disadvantages of Kankar
1. It is very soft and can be reduced to powdanfeasily, hence, making the track dusty.
2. The maintenance of track is very difficult
6. Moorum-> The decomposition of laterite results into thexfation of moorum. It has red and sometimes
yellow color. The best moorum is that which congdarge quantities of small laterite stones.
Advantages of Moorum
1. Moorum is good materials for ballast when otieterial for ballast is not available.
2. Moorum can be safely used on newly laid traak acis as a soling when broken stones are laid
afterwards.
3. Moorum has got good drainage properties
Disadvantages of Moorum
1. Moorum is very soft and reduces to powder ameté¢o dust form in short time.
2. Maintenance of tracks laid with this materiatli§icult
7. Brick Ballast Or Brick Bats>»Sometimes the broken pieces of over burnt brickea brickbats, are
used as materials for ballast.
Advantages of Brick Ballast
1. It has got excellent drainage properties
2. They can be used as good ballast material whetable material for ballast is either unavailable
or uneconomical
Disadvantages of Brick Ballast
1. Brickbats turn down into powder form easily drahce the track becomes dusty
2. Maintenance of the track laid with this matedalballast is very difficult.
3. Rails are often corrugated on the tracks laiti Wiis material as ballast
8. Selected Eart®> Selected earth may be used as material for raibadlgst for sidings and also for newly

laid tracks.

Track fixtures for BG

Rail joints — Fish plates — Fish bolts- Fang bol®ok bolts — Rail chairs and keys — Bearing [gate
Blocks — Spikes-Elastic fastenings- Anchors & Asreepers

Fastening

A rail fastening system is a means of fixiadsrto railroad ties. The terms rail anchors pleges, chairs
and track fasteners are used to refer to parth of a rail fastening system. Various types oftéaéng have

been used over the years.
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Fish Plates

In rail terminology, a fishplate, splice bar orrjbbar isa metal bar that is bolted to the ends of two |
to join them together in a track. The name is aatifrom fish, a wooden bar with a curved profilediso
strengthen a ship's masthe top and bottom edges are tapered inwards sidetliee wedgesself between
the top and bottom of the rail when it is boltetbiplace. In rail transport modelling, a fishpléeoften &
small copper or nickel silver plate that slips obtth rails to provide the functions of maintainadggynment

and electrical continuity.

Fish as specilbed,

The first railway fishplate

s expansion space | 3 running surface
fishplate balt+
T EACOTTies)

e Lo plate
, dating nall

RAIL-TO-RAIL Fastenings




Fish plate

Fish plate for 90 R rails

Combination Fish Plates
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Fang Bolts
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Fittings of Steel Trough Sleepers

Spring steel loose jaw

Rubber Coated & Epoxy-coated Fish Plates

2

\— 485\; T
i

!
ro
]

i e

(a) Section XX (b) Elevation (c) End elevation

Two-way keys (dimemions in mm)

14

s
)]
o B
™

)
)
5_,|

_\ ‘:"g
i

|—127—]

Section A-B

I 32
A=

Mota Singh liner (all dimensions are in mm)



| 127 max. i 127 max.
I 112 min. ' 112 min.
42 \ion SI ‘\?0 P -_\ -[23
152 ! 152

Centre split cotter T-401
Split
%

Side split cotter T-432

5 (

42

152
Solid end split cotter T-423

}3 42

152 '
Bent plate cotter T-424

MS cotters (all dimensions are in mm)

Pandrol clip or elastic rail clip

Cotter

Tie bar

1676 mm |

/o " Centre of sleeper

~
3
8

41 mm 357 mm

Pandrol Prd01 clip
RDS0/7-384

398 mm

\Y 388 mm

u 1

Isometric view of Pandrol clip

28



Pandrol clip fixed to the rail seat

Pandrol clip
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CHAPTER-4

Geometric for Broad gauge
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Typical Section of an embankment.

Centre of

Alignment
i
1
1
i
i
Fence i

Catenary ! Catenary
Ditch mast i mast

i
i~ '
i

Batter

slope Cable trough

Topsoil

Embankment

Sleepers
S Cess Ballast g\
A |

Topsaoil

Fence

Cable trough Sand layer or . - 4m (131 - Drain Foundation
i geotech mat 1
rain

Diagram showing cross section of double track railway
alignment including an overhead power supply system

Classification of Railway Land. With a view to determine what the disposition af thnd will probably be
on the completion of the work for which it had besmuired, the classification given in paragrap8 8tc.
should be adopted.

On railways, land is divided into two classes, viz.

« (i) permanent land width
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« (i) temporary land width

Permanent land width is land which will be required permanently afifee railway is open for traffic and
the work of construction is complete. Under thisadhevill be included all land to be occupied by the
formation of the permanent line of railway with siglopes of banks and cuttings, and the berms ctathe
therewith; catchwater drains and borrow pits othsparts of them as it is necessary to retain; thieeces

to tunnels and shafts belonging to them; the sitdgidges, and protection or training works; statyards;
landing places for railway ferries; ground to bewgied by works belonging to the railway such as ga
works, arrangements for water supply, septic taotlecting pits, filter beds and pumping instatias, &

c., ground for the storage manufacture or acqaisitf materials; land for sanitary zones, cemederie
churches, plantations; gardens, and recreationngsusites for stations, offices, workshops; dwglli
houses and other buildings required for the purpo$ehe railway, or the accommodation of the staifth
the grounds, yards, roads, & c., appertaining tbeténder this head will also be included land mlgghe
permanent railway boundary, which will be requifed the permanent diversion of roads or riversfaor
other works incidental to the construction of thdway, which are made for public purposes and moll on

completion of the works be maintained by the raylaathorities.

Temporary land width is land which is acquired for temporary purposely,oand which is disposed of

after the work of construction is completed.

Gradients for drainage

&
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Rising and falling gradient

Drainage is defined as interception, collection digposal of water away from track. Drainage is
the most important factor in track maintenance fandtability of banks/cuttings. When water seeyse the
formation, it weakens the bonds between the sotighes, softens the soil and results in creatibbaillast
pockets. On one hand, ingress of water into battiiguadds to weight of soil mass trying to slitteereby
increasing propensity for slope-slide, on the otieend, it reduces shear strength of soil, theredayehising
factor of safety for stability of slope. Thereforpjick disposal of water from formation top/slopewvery
essential. Drainage system should be effectiveemgmting the stagnation of water and allow quisipdsal

of water. At present, drainage is not being giwsrdue importance in field. Provisions relatingdtainage
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have been detailed in various guidelines issuedDgO from time to time, however, the present Gingsl

highlight the salient features of drainage arrang@mm embankment as well as cuttings.

CONVENTIONAL DRAINAGE SYSTEMS

»  SURFACE DRAINAGE

* SIDE DRAINS

» CATCH WATER DRAINS
* SUB SURFACE DRAINS

SUPER ELEVATION

Q) Cant or super elevationis the amount by which one rail is raised aboeedther rail. It is positive
when the outer rail on a curved track is raisedrabioner rail and is negative when the inner raibo
curved track is raised above the outer rail.

2) Equilibrium speed is the speed at which the centrifugal force dgvetbduring the movement of
the vehicle on a curved track is exactly balangethb cant provided.

3) Cant deficiency Cant deficiency occurs when a train travels adoaircurve at a speed higher than
the equilibrium speed. It is the difference betwdentheoretical cant required for such higher dzewl
actual cant provided.

(4) Cant excess Cant excess occurs when a train travels arouwnoha at a speed lower than the
equilibrium speed. It is the difference betweenabtial cant and the theoretical cant requiredgtich a
lower speed.

(5) Maximum permissible speed of the curve-lhis highest speed which may be permitted on a curve
taking into consideration the radius of the curvatactual cant, cant deficiency, cant excess lamdtength
of transition. When the maximum permissible speed gurve is less than the maximum sectional speed
the section of a line, permanent speed restrittemomes necessary.

(6) Cant gradient and cant deficiency gradient indicate the amoynwhich cant or deficiency of cant
is increased or reduced in a given length of ttemrse.g., 1 in 1000 means that cant or deficiesfoyant of

1 mm. is gained or lost in every 1000mm. of traositength.

@) Rate of change of canobr rate of change of cant deficiency is the ratgtdch cant or cant
deficiency is increased or reduced per secontigatiaximum permissible speed of the vehicle passieg
the transition curve, e.g., 35 mm. per second mesisa vehicle when traveling at a maximum speed
permitted will experience a change in cant or dieficy of cant of 35mm. in each second of travel dlve
transition.

(8) Transition curve is an easement curve, in ki@ change of radius is progressive througheut it
length and is usually provided in a shape of acphrabola at each end of the circular curve firdé a
gradual increase of curvature from zero at thegangoint to the specified radius of circular and g@ermits
a gradual increase of super elevation, so thduthsuperelevation is attained simultaneously wtité

curvature of the circular arc.
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Superelevation, Cant deficiency and Cant excess
(1)Superelevation/cant
(a) The equilibrium superelevation/cant necessamnafy speed is calculated from the formula

% GV
= =197R
Where C is cant/superelevation in mm. G is the ganfdrack + width of rail head in mm. R is theicedof

the curve in metres.
Necessity of SuperElevation

In order to counteract the effect of centrifugalc®the outside rail of the curve may be elevated
above the inside rail effectively moving the cerdferavity of the rolling stock laterally towarte inside

rail. This procedure is generally referred to gsesielevation.

If the combination of lateral displacement of tlemice of gravity provided by the super elevation,
velocity of the rolling stock and radius of cungesuch that resulting force becomes centered bataed
perpendicular to a line across the running raiésabwnward pressure on the outside and inside ahilse

curve will be the same.

The super elevation that produces this conditierafgiven velocity and radius of curve is known as
the balanced or equilibrium elevation.

Equilibrium superelevation

‘L._,/"ij/‘: e //
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Negative superelevation
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Leaning due
to curve

|
! I Vehicle position on
{ | superelevated track

|
i ;
| L Vehicle position on
/ | i level track
i

Effect of lean due to superelevation

Limitation of Super elevation

For Mixed Passenger & Freight Routes

Typical early railway operation resulted in rollistpck being operated at less than equilibriumaigtdall
wheels equally sharing the rolling stock weighbl),coming to a complete stop on curves. Under such
circumstances excess super elevation may leaddtavaward force sufficient to damage the inside oéil
the curve, or cause derailment of rolling stockaothe centre of the curve when draft force idiegpo a
train. Routine operation of loaded freight traih$osv velocity on a curve super elevated to pewpitration

of higher velocity passenger trains will resultercess wear of the inside rail of the curve byfteeght
trains.

Thus on these types of routes, super elevation isrerally limited to not more than 6 inches.

For High Speed Passenger Routes

Modern high speed passenger routes, do not caeslspeed trains, nor expect trains to stop ovesyiso
it is possible to operate these routes with higrek super elevation values. Curves on these typesute

are also designed to be relatively gentle radind,aae typically in excess of 2000m (2km) or 700Q@km)

depending on the speed limit of the route.
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CHAPTER -5.0

POINTS AND CROSSING

Necessity:-

I.  Points and crossing are provided to help transiéray vehicle from one track to another.

II.  The track may be parallel to diverging from or cerging with each other point and
crossing are necessary because the wheels of yailelsicles are provided with inside
flange and therefore they require this in speaigrggement in order to navigate their way
on the rail.

lll.  The points or switches aid in diverting the velscdad the crossing provide gaps in the rails
so as to help the flanged wheels to roll over them.

IV. A complete set of points and crossings, along leidldl rails, is called arnout.

Points or Switches

A pair of tongue rail and stock rail with necessampnection and fitting forms a switch

Crossing: - it is a device introduced at the jiorxctwhere two rails cross each other to permitviheel

flanges of a railway vehicle to pass from one tracknother

Switches

>
>

A pair of stock rail, AB and CD made of medium-mangse steel.

A pair of tongue rails, PCS and RS also known aiscbhwails made withstand wear. The tongue
rails are machined to very thin section to obtaisnag fit with the stock rail is called ‘toe’ and
thicker end is called the ‘heel’

A no. of slide chairs to support the tongue rad anable from stock rail.

Two or more stretcher bars connecting both the uengils close to the toe for the purpose of
holding them at a fixed distance from each other.

A gauge ties plate to fix gauges and ensure cogaagge at the points.
5 s
A A EE AR E

Slide chair

Toe of

FIGURE: DETAILS OF SWITCH
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Types of Switches
Switches are of two types, namely ‘stud switches! &plit switch’.

In ‘stud switch’ no separate tongue rail is proddad some portion of the track is moved from one

side to the other side.

In ‘split switch’ a pair of stock rail and pair tdngue rails are present, split switches are tyegy

1) Loose Heel type:-
» In this type of split switch, the switch or tongal finishes at the heel of the switch to enable
movement of the free end of the tongue rail.
» The fish plates holding the tongue rail may beightaor hightly bent.
The tongue rail is fastened to the stock rail whih help of a fishing fit block and four bolts.

» All the fish bolts in the lead rail are tightenedile those in the tongue rail are kept loose or

A\

snug to allow free movement of the tongue.
» As the discontinuity of the track at the heel isveakness in the structure, the use of these
switches is structures, the use of these switchestipreferred.
(2) Fixed Heel Type:-

In this type of split switch the tongue rail doex Bnd at the heel of the switch, but extends
further and is rigidly connected. The movementhat toe of the switch is made possible on account of
flexibility of tongue rail.

Crossing:-
A crossing or Frog is a device introduced at thmtjanction where two gauge faces / rails cross

each other to permit the wheel flanges of a railw@yicle to pass from one track to each other.

Overall length

1 |
| ; |
| O O Splice |
Left-hand Fl
" ) = ‘7 are
o| wing rail < 12
K7 @
5 S
o (&)
- e~ ks
Facing 8 % Trailing
direction 2 £ direction

Right-hand Flare x Point
wing rail

Figure :- Details of Crossing
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A crossing consists of the following components.

(1) Two rails, point rails and splice rails which are machined to form a nose. The point rail
ends at the nose whereas the splice rail joinititeibehind the nose.
Theoretically, the point rail should end in a pa@nd be made as thin as possible, but a knife
edge of point rail would break off under the moveinef traffic. The point rail therefore,
has its fine end slightly cut off to form a blurdse, with a thickness of 6mm. The toe of the
blunt nose is called thectual nose of crossing (ANCand the theoretical point where the
gauge faces form both sides intersect is calledhberetical nose of crossing (TNQ)he
‘V’ rail is planed to a depth of 6mm (1/4") at tm®se and runs out in 89mm to stop a wheel

running in the facing direction from hitting theseo

ctual nose of crossing

‘| Theoretical nose of crossing

1 Elbow of wing throat

Figure: - Point Rail and Splice Rail

(i) Two wing rails consisting of a right hand and a lend wing rail that converge to from a
throat and diverge again on either side of the n@éimag rails are flared at the ends to

facilitate the entry and exit of the flanged whieethe gap.

(iii) A pair o f check rails to guide the wheel flangesventing them from moving sideways
which would otherwise may result in the wheel higtthe nose of the crossing as it moves
in the facing direction.

TYPES OF CROSSING:

A crossing may be of the following types:-
(a) An acute angle crossing or V' crossingn which the intersection of two gauge faces fooms

acute angle, For example when a right rail crossést rail, it makes an acute crossing. So

unlike rail crossing from an acute crossing.
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(b) An obtuse or diamond crossingn which the two gauge faces meet at an obtuske aghen a

right on left rail crosses a similar rail, it malas obtuse crossing.

(c) A square crossingn which two tracks crossing at right angles, saassings are rarely used in

actual practice. For manufacturing purposes, angssiof following types.

According to manufacture, the crossing may be clagged as mentioned under:-

(a) Built up crossing:-

In a built-up crossing two wing rails and a V-sentconsisting of splice and point rails
are assembled together by means of bolts and destalacks to form a crossing.
Advantages:-
(a) Initial cost is low.
(b) Repair can be carried out by welding.

(b) Cast steel crossing:-

This is one piece crossing with no bolts and tleeefrequiring very little maintenance.
Comparatively
Advantages:-
(a) Longer life.
Disadvantages:-
(a) Initial cost is high.
(b) Repair and maintenance causes a no of problem.

(c)Combined rail and cast crossing:-.

is a combination of a built-up and cast steel sirgs and consists of a cast steel nose
finished to ordinary rail faces to form the twodegf the crossing.
Through it allows the welding of worn-out wing Igaithe nose is still liable to fracture
suddenly.
CMS Crossing- Due to increase in traffic and the use of heaside loads, the ordinary built-up
crossing manufacturer from medium —manganese saitjected to vary heavy wear and tear,
especially in fast lines and suburban sections elgltric traction. Past experience has shown that
life of such crossings varies six months to tworgeaepending on their location and service
conditions. CMS crossings possese higher strenffiér, more resistance to wear and consequently
have a longer life.
Advantages
» Less wear and tear.
» Longer life.
» Free from bolts as wheel as other components thahally to get loose as a result of
movement of traffic.
Spring or Movable Crossing:-
In a spring crossing, one wing rail is movable aettl against the V of the crossing with a strong

helical spring while the other wing rail is keptdd. When a vehicle passes on the main track, the
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movable wing rail is snug with crossing and theielehdoes not need to negotiate any gap at the
crossing. In case the vehicle has to pass ovemnautitrack, the movable wing is forced out by the

wheel flanges and the vehicle has to negotiatgpaagan normal turnout

This type of crossing is useful when there is hégked traffic on the main track and slow-speed

traffic on the turnout track
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CHAPTER 6
METHODS OF LYING & MAINTENANCE OF TRACK:-

Essential of Track Maintenance:-
1. The gauge should be correct or within the specifrads.
2. There should be no difference in cross levels exgpgurves, where cross levels vary in
order to provide superelevation.
Longitudinal levels should be uniform.
The alignment should be straight and kink-free.

The ballast should be adequate and sleepers sbeuwiell packed.

o gk~ w

The tack drainage should be good and formationldhzeiwell trained.

Railway track can be maintaingtlex conventionally by manually labour or by thgpkcation
of modern methods of track maintenance, such ahanéal tamping or measured shovel packing. The
major maintenance operations performed in a cateypear (12-months) are as follows for achieving the
above mentioned standards:-

1) Through Packing-:
2) Systematic Overhauling
3) Picking up slacks

1) Through Packing

Through Packing is carried out irsystematic and sequential manner as described as
follows:-
» Opening of road:-

The ballast is dug out on either side of the radtsor a depth of 50mm (2”) below the
bottom of the sleeper with the help of a shovehwvetwire claw .On the outside, the width of the
opening should extend up to the end of the sleeper.

On the inside it should extend frdm rail seat to a distance of 450mm (18") in cafse
BG, 350mm (14”) in case of MG, and 250mm (10”) @ase of NG.
» Examination of rails, sleepers and fastening:-
The rails, sleepers and fastening to be usedham®ughly examined. Defective sleepers are
removed and loose fastening are tightened. Anyskinkails are removed.
» Squaring of sleepers:-
(a) To do this one of the rails is taken as the sightiil and the correct sleeper spacing is
marked on it.
(b) The position of the sleeper is checked with refeeio the second rail with the help of a T-
square.
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(c) The sleeper attended to after this defects hava bstblished, which may include their

being out of square or at incorrect spacing.

» Aligning the track:-
(a) The alignment of the track is normally checked a&lgy where in the rail is visually
assessed form a distance of about four rail lenptise.
(b) Small errors in the alignment are corrected by glgwhe track after loosening the cores at
the ends and drawing out sufficient ballast atethés of the sleeper.
(c) Slewing is carried out by planting crowbar deep ithte ballast at an angle not more than 30
form the vertical.
Advantages of Track Maintenance:-
If the track is suitably maintained, the life oktlrack as well as that of the rolling stock insesa
since there is lesser wear and tear of their coepisn
Regular track maintenance helps in reducing opegaosts and fuel consumption.
Small maintenance jobs done at the appropriate, timeh as tightening a bolt or key, hammering
the dog spike, etc., help in avoiding loss of coned fitting and thus saving on the associated
expenditure.
. When track maintenance is neglected for along timmay render the track beyond repair, calling
for heavy track renewals that entail huge expenses
Gauging:-
The gauge should be checked and an attempt sheufdable to provide a uniform gauge
within permissible tolerance limits.

2. Systematic overhauling:-

The systematic overhauling of the track shouldnadly commence after the completion of
one cycle of through packing. It involves the fallog operations in sequence:-
(a) Shallow screening and making up of ballast section.
(b) Replacing damaged or brother fittings.
(c) Including all items in through packing.
(d) Making up the cess.
3. Picking up stacks:-

Stacks are those points in the track where thaimgnof trains is faculty. Slacks generally

occur in the following cases:-
(a) Stretches of yielding formation.
(b) Improperly aligned curves.
(c) Portions of track with poor drainage.
(d) Approaches to level crossing, girder bridges etc.
(e) Section with an inadequate or unclean ballast onshi

No through packing is done during the raining seastw slacks are only picked up in order to

keep the track safe and in good running condition.
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Duties of a permanent way Inspector (PWI)
The PWI is generally responsible for the following:

(a) Maintenance and inspection of the track to ensatisfactory and safe performance.

(b) Efficient execution of all works incidental to tkamaintenance, including track relaying work.

(c) Accounts and periodical verification of the stoaesl tools in his or her charge.

(d) Maintenance of land boundaries between stationsaamuiportant stations as may be specified by

the administration.
The PWI also carries out inspection of the follogvfacts of a track.

(a) Testing the track.

(b) Inspection of track and gauge.

(c) Level crossing inspection.

(d) Point and crossing inspection.

(e) Curve inspection.

(f) Safety of track.
In addition to the inspections, a PWI also caraesfollowing duties:-

(a) Check the proximity of trees that are likely to @aye the track and get them removed.

(b) Check night patrolling at last once a month bynties well as by trolley.

(c) Takes the necessary safety measures wile exequaingenance work that affects the safety of the
track.

(d) Periodically inspects and respective LWR tacksisuee their safety.

(e) Ensures the cleanliness of station yards.

() Keeps proper records of the training out of ballast

(g) Looks after all establishment work, including thelfare of the staff working under his charge and
maintenance their service records.

(h) Ensures the safety of the track during the execudfavork that affects the track.
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SECTION-B

CHAPTER-7
BRIDGE ENGINERRING

DEFINATION

The following definitions of certain important tesmsed in Bridge Engineering are given below:

1.

10.

11.

12.

Bridge: - A structure is facilitating a communication rofiée carrying road traffic or other moving
loads over a depression or obstruction such ag,rsteeam, channel, road or railway. The
communication route may be a railway track, a trayna roadway, footpath, a cycle track or a
combination of them.

High Level Bridge or Non-submersible Bridge:- The Bridge which does not allow the high flood
waters to pass over them. All the flood water ieveéd to pass through its vents. In other words it
carries the roadway above the highest flood let/ghe@channel.

Submersible Bridge: - A submersible bridge is a structure which allowkl fwater to pass over
bridge submerging the communication route. Its firan level should be so fixed as not to cause
interruption to traffic during floods for more th#free days at a time nor for more than six times i
ayear.

Causeway: -It is a pucca submersible bridge which allows ded®o pass over it. It is provided on
less important routes in order to reduce the coostm cost of cross drainage structures. It may
have vents for low water flow.

Foot Bridge: - The foot bridge is a bridge exclusively used farrging pedestrians. Cycles and
animals.

Culvert: - When a small stream crosses a road with lineagnwaty less than about 6 meters. The
cross drainage structure so provided is calledectilv

Desk Bridge: - These are the bridge whose floorings are suppat top of the superstructures.
Through Bridge. These are the bridges whose flgsrare supported or suspended at the bottom of
the superstructures.

Semi-Through Bridges: -These are the bridges whose floorings are supgbatteome intermediate
level of the superstructure.

Simple Bridges: - They include all beam, girder or truss bridges sehflooring is supported at
some intermediate level of superstructure.

Cantilever Bridges: - Bridges which are more or less fixed at one amdl faee at other. It can be
used for spans varying from 8 meters to 20 meters.

Continues Bridges: - Bridges which continue over two or more spans.yTaee used for large

spans and where unyielding foundations are availabl
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14.

15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.
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Arch Bridge: - These are the bridges which [produce inclinedgues on supports under vertical
loads. These bridges can be economically used gpans about 20 meters. The arches may be in
the barrel from or in the form of ribs.

Rigid Frame Bridges: - In these bridges the horizontal deck slab is nmadeolithic with the
vertical abutments walls. These bridges can be updd span about 20 meters. Generally this type
of bridge is not found economical for spans less thO meters.

Square Bridge: - These are the bridges at right angles to axibefiter.

Square Bridge: - These are the bridges not at right angles toafxise river.

Suspension Bridges: These are the bridges which are suspended on caidbsred at ends.
Under-Bridges: - It is a bridge constructed to enable a road tos pasder another work or
obstruction.

Over-Bridges: - it is a bridge constructed to enable one fromanfllcommunication over the other.
Class AA Bridges: -These are bridges designed for I.R.C. class AAitmpand checked for class
A loading. Hey are provided within certain munidigianits, in certain existing or contemplated
industrial area, in other specified areas, andgtmntain specified highways.

Class A Bridges: -These are permanent bridges designed for |.RaSs @ loading.

Class B Bridges: -These are permanent bridges designed for |.RaGs @ loading.

Viaduct: - It is a long continues structure which carrieoadror railways like Bridge over a dry
valley composed of series of span over trestlesiiestead of solid piers.

Apron: - It is a layer of concrete, masonry stone etc.qadike flooring at the entrance or out of a
culvert to prevent scour.

Piers: - They are the intermediate supports of a bridgestiucture and may be solid of open type.
Abutments: - They are the end supports of the superstructure.

Curtain Wall: - It is a thin wall used as a protection againstugog action a stream.

Effective Span: -The centre to centre distance between any twaeaisgsupports is called as the
effective span of a bridge.

Clear Span: -The clear distance between any two adjacent stgppba bridge is called clear Span.
Economic Span: -the span, for which the total cost of bridge stite is minimum is known as
economic span.

Afflux: - due to construction of the Bridge there is a @mtton in waterway. This results in rise of
water level above its normal level while passindeanthe Bridge. This rise is known as afflux.

Free Board: - Free Board at any point is the difference betwten highest flood level after
allowing for afflux, if any, and the informationvel of road embankment on the approaches or top
level of guide bunds at the points.

Headroom: - Headroom is the vertical distance between thedsigpoints of a vehicle or vessel and
the lowest points of any points of any protrudingmiber of a Bridge.

Length of the Bridge: - The length of a Bridge structure will be takertlas overall length measure

along the centre line of the Bridge from the endnd of the Bridge deck.
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35. Liner Waterway: - The liner waterway of a Bridge shall be the lengthailable in the bridge
between extreme edges of water surface at the stigloed level, measures at right angles to the
abutment faces.

36. Low Water Level (L.W.L.): - The low water level is the of water surface olgdigenerally in the
dry season.

37. Ordinary Flood Level (O.F.L.):- It is average level of a high flood which is exipecto occur
normally every year.

38. Highest Flood Level (H.F.L.):-It is the level of highest flood every recordedtw calculated level
for the highest possible flood.

39. Effective Liner Waterway: - Effective linear waterway is the total width of t@ewvay of a bridge
minus the effective width of obstruction. For cdéting the effective linear waterways, the width of
mean obstruction due to each pier shall be takemean submerged width of the pier at its
foundation up to maximum scour level. The obstorctt ends due to abutments or pitched slopes

should be ignored.

COMPONENTS OF A BRIDGE

The bridge structure is divided mainly into two conponents:

1) Substructure
» The function of substructure is similar to thafaindations, columns and walls etc. of a building.
Thus the substructure supports the superstructuteliatributes the load into the soil below through
foundation.
» The substructure consists of foundation piers dndnaent piers, foundation for the piers,
abutments, wing walls, and approaches.

» The above all supports the superstructure of tigéer

2) Superstructure
» The superstructure of a bridge is analogues togiesstory building roof and substructure
to that of walls, columns and foundations suppgriin
» Superstructure consists of structural members ic&y& communication route
» It consists of handrails, parapets, roadways, ggtdegches, wall trusses over which the road
iS support.

» ltis that part of the bridge over which the traffioves safely
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Figure 1 Components of a Typical Bridge.

Classification of a Bridge: -

The bridges may be classified depending upon thenfimg factors-

(a) Their functions or purpose as railway, highwapt Bridge, aqueduct €

(b) Their material of construction used as timbasaonry, R.C.C. Steel, prestressencrete etc.

(c) Nature or life span such as temporary permaloigage etc

(d) Their relative position of floor such as deeijalge, through bridges e

(e) Type of supestructure such as arched girder, truss, suspebsitge etc

(f) Loadings: - Rod Bridges and culverts have been classified byCl.ito class AA, Class A, Class
bridges according to the loadings they are desigmedrry.

(g9) Span Length:nder this category the bridges can be classif
* Culverts (Span Less th&m) i.e. BOX Type, Hume Pipe Ty
* Minor Bridge ( Span length = 8 to 30m) i.e. BOX ay|&irder Typ
* Major Bridge (Span Length =above than 30m)
(h) Degree of RedundancytUnder this the bridges can be classified as indetexte bridge
(i) Types of Connection:Under this category the steel bridges can be fledsas pinned connectec

riveted or welded bridges.
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Classification of Bridges
|
1
[ ;
Permanent Bridges Temporar)|r Bridges
B(Q Truss Flying Bridges Bridges on Bridges Raft Pontoon Lift
on Piles Trestle on Cribs
l_ | I Cul | P trl d
1 Iron and Steel ulverts restresse
Ston]e)]haf{:sgnéy and R.C.C. Bridges i
Cgcway Submersible  Arch  Slab Slab and Arch Portal Cantilever | Brick, stone, R.C.C
Beam Frame I
I T 1 1 1
'7 [ 1 'I 1 Box Type Pipe Arch Slab
Fixed Barrel Open Spandrel 2-Hinged 3-Hinged Bo“( String
Type Ribbed Arch Arch Arch Girder
Girder Suspension Movable Cantilever Composite Arch
Type
llel FI Parabolic Straight line Vertical Stiffened i I . I i
PﬂmG?rdc;m . Girder T%fpc Suspension type Type Swing Bascule Refractile Lift Ferry
[ | ,
Truss Plate Truss Plate 2-Hinged 3-Hinged Bow String
Type Type Type Type Combination Girder

Classification of Bridge

REQUIRMENTS OF AN IDEAL BRIDGE:-
An ideal bridge meets the following requirementduiil the three criteria of efficiency, effectiness
and equity
» It serves the intended function with utmost sa#etgl convenience
» Itis aesthetically sound
» It si economical
The site characteristic of an Ideal Bridge has libecussed below:
The stream at the bridge side should be well ddfared as narrow as possible.
There should be a straight reach of stream at &ritg

The site should have firm, permanent, straighttagd banks.

E A

Te flow of water in the stream at the bridge shieudd be in steady regime condition. It should be
free from whirls and cross-current

There should be no confluence of large tributarigie vicinity of bridge site

It should be reliable to have straight approachisand square alignment, i.e. right-angled crossing

There should be minimum obstruction of a naturakwaay so as to have minimum afflux

© N o u

In order to achieve economy there should be easpadnlity of labour, construction material and

transport facility in the vicinity of bridge site.

9. In order to have minimum foundation cost, the beidge should be such that no excessive work is
to be carried inside the water

10. At bridge site it should be possible to providewse@and economical approaches.
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11. In case of curved alignment the bridge should reobb the curve, but preferably on the tangent
since otherwise there is a greater like hood ofdact as well as an added centrifugal force which
increases the load effect on the structure andredllire modification of design.

12. There should be no adverse environmental input

13. The bridge site should be such that adequate akh@&ght and waterway is available

14. Underneath the bridge for navigational use.

In actual practice the determination of best pdssiite for any proposed bridge is truly an ecormomi

problem. The various factors which should be cédlsekxamined before setting finally upon the layout
of a bridge as follows:
i Grade on alignment,
ii.  Geographical Conditions,
iii. Government requirements,
iv. Commercial influences ,
v.  Adjacent property consideration,
Vi. General features of the bridge structure,
Vii. Future trends for enlargement,
viii.  Time Consideration,
ix.  Foundation Considerations,
X.  Construction facilities available,
xi.  Erection Consideration,
xii.  Aesthetics,
Xiii. Maintenance and repairs,

Xiv.  Environment Impact
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CHAPTER-8
Bridge Alignment:-
Depending upon the angle which the bridge makes te# axis of the river, the aliment an me of tymes:

a) Square Alignments: - In this the bridge is ghtiangle to the axis of the river.
b) Skew Alignments: - In this the bridge is at scangle to the axis of the river which is not a tigh
angle.

Note: - As far as possible, it is always desirdblprovide the square alignment. the skew alignmeuffers

from the following disadvantages:-

() A great skill is required for the constructiai skew Bridges. Maintenance of such type of

Bridges is also difficult.

(i) The water-pressure on piers in case of skegnaient is also excessive because of non-uniform

flow of water underneath the bridge superstructure.
(iif) The foundation of skew bridge is more susdaptto scour action.
Flood Discharge: -

One of the essential data for the bridge desigiaiisassessment of the maximum flow which could be
expected to occur at the bridges site during theigdeperiod of the bridge. The conventional praciic

India for determination of flood discharge is t@ asfew convenient formulae or past records.
Note: - This faulty determination of flood dischanghich led to failure of many hydraulic structures

As per I.LR.C. recommendation the maximum dischawyech a bridge on a natural stream should be

designed to pass determined by the following meghod

(a) From the rainfall and other characteristicghefcatchment.
(i) By use of an empirical formula applied to thegiion, or
(ii) By a rational method, provided it is possildeevaluate for the region concerned the various
factors employed in the method.

(b) From the hydraulic characteristics of the stresuch as cross-sectional area, and slope of teanst

allowing for velocity of flow.

(c) From the records available, if any, of discle@rgbserved on the stream at the site of the hratge any

other site vicinity.
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Empirical Methods for Estimation of Flood Discharge-

In these methods are of basin or catchment is deresdl mainly. All other factors which influence

peak flow are merged in a constant.

A general equation may be followed in the form:-

Q=C.M"

Here, Q= Peak Flow or rate of maximum discharge
C= a constant for the catchment
M= area of catchment, and' ‘is an index

The constant for catchment is arrived at, afteintakhe following factors into account:

(A) Basin Characteristics
a) Area
b) Shape
c) Slope

(B) Strom Characteristics
a) Intensity
b) Duration

c) Distribution

Limitations
These methods do not take frequency of flood inttsileration.
These methods cannot be applied universally

Fixing of constant is very difficult and exact tlhg@annot be put forth for its selection.

1) Dicken’s Formula

Q:C M3/4

Here, Q= Discharge in cum/sec
C= a constant

M= area of catchment in sq .km.
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2) Tyve's formula

Q=C.M*

Here, Q= Discharge in cum/sec
C= 6.74 for area within 24 km from coast or,
C= 8.45 for areas within 24-161 km from coast or,
C=10.1 for limited hilly areas
In worst case C goes up to 40.5
M= area of catchment in sq .km.

3) Inglis Formula

This formula used only Mahastra state and herettiféerent cases are taken into consideration.

(a) For small areas only (It is also applicableféor-shaped catchment)

Q=123.2\M

(b) For areas between 160 to 1000 square km.
Q = 123.2M — 2.62( M — 259)
(¢) For all type of catchment

Q=123.2M /(M + 10.36)

In all equations, M= area of catchment in sq .km.

4) Nawab Jang Bahadur's Formula :-

Q=C(M/259)(a-b.logA)

Here, a, b, and C are constant.
a=0.993and b=1/14
C =59.5 for North India or,
= 48.1 for South India

5) Creager's Formula :-

g=C.Mn

Here, g=the peak flow per sqg. km of a basin

M= area of catchment in sg. km. amd is some index

By multiplying both sides of the above equation@réhe basin M, we get

Q=C.M*"

Where Q is peak value
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Equation given by Creager , Justin and Hinds is

Q=46. CM (0-849M-0.048)

6) Khosla’'s Formula :-
It is a rational formula, It si based on the ecqpratiP=R + L
Or R=P-L
Here, R is round off, P is rainfall and L is losses
L=4.82 Tm, where L is in mm and Tm is in centigradgn C.G.S. System}
R=P-4.82Tm
7) Besson’s Formula :-

This formula is very rational and can be used w case:

Qm=(PnXQ))/(P)

Here, @, = Peak flow expected
Q = Some observed peak flow
P, = Observed rainfall
Pn= expected rainfall

Rational Methods for Estimation of Flood Discharge:

This method is applicable for determination of flodischarge for small culverts only. In order to
arrive at a rational approach, a relationship heenlkestablished between rainfall and runoff un@eious

circumstances. The size of flood depends upondif@afing factors.
(i) Climate or Rainfall Factors. This includes
(a) Intensity (b) Distribution and (c) DuratiohRainfall
(i) Catchment Area Factors. This includes:
(a) Catchment Area (b) its slope (c) its shape@idpsity of soil

(e) Vegetable cover (f) initial state of wetness
WATERWAY

The area through which the water flows under ddarisuperstructure is known as the waterway of
the bridge. The linear measurement of this areagaioe bridge is known as the linear waterway. Tihesar

waterway is equal to the sum of all the clear spas may be called as artificial linear waterway.
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Due to the construction of a bridge the naturalewaay gets contracted thereby increasing the
velocity of flow under a bridge. This increasedogily results into heading up of water on the gzt of

the river or stream, known as Afflux.

Economic Span - the economic span of a bridge is the one whéduces the overall cost of a bridge to be

minimum. The overall cost of a bridge depends uperfollowing factors

Cost of material and its nature.
Availability of skilled labour
Span Length.

Nature of stream to be bridged.

® 2 0 T 9

Climatic and other conditions.
Notes:-

It is not in the hand of engineers to bring dowa thst of living index or price of the materialeeli
cement, steel, timber, etc. but they can help ingimg down the cost of bridges by evolving ecorzahi
designs.

Considering only variable items, the cost of supecsure increases and that of sub-structure
decreases with an increase in the span length. Mgt economic span length is that which stultiftes
following :-

i.e. The cost of Super Structure= The cost of thie-Structure
AFFLUX

When a bridge is constructed, the structure suchbasments and piers cause the reduction of
natural waterway area. The contraction of streadegrable because it leads to tangible savingencbst
specially for alluvial stream whose natural surfagdth is too large than required for stability.eFafore, to
carry the maximum flood discharge, the velocity ema bridge increases. This increased velocitysgiige
to sudden heading up of water on the upstreamddittee stream. The phenomenon o0f heading up afrwat
on the upstream side of the stream is knownA&g-LUX"

Greater the afflux greater will be the velocity enthe downstream side of the bridge and

greater will be the depth of scour and consequemtgter will be depth of foundations required.

Afflux is calculated by one of the following formubk

(A) Marriman’s Formula

ha= (V*/ 2g) {(A/Ca)” - (A/AL)}

Here, h,= Afflux in meters
V= Velocity of approach in meters per second
A= Natural Waterway area at the site
a=Contracted area in square meters

A= The enlarged area upstream of the bridge squeters
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C= Coefficient of Discharge = 0.75+0.35 (a/A)- @/K)? approximately

(A) Molesworth’s Formula

?v
+0.015 {(AfL}

>
&
1

17.9

Here, V, A and a have the same meaning as in thidriven’s Formula
CLEARANCE

To avoid any possibility of traffic striking anyrattural part clearance diagram are specified. The
horizontal clearance should be the clear width ertical clearance of the clear height, availalolethe

passage of vehicular traffic as shown in the cleagaliagram in the figure below.

Horizontal Clearance —
. Horizontal Clearance

-] 825 }-1 J—-—b;oa o
|
% 3 I g r" 225 I
””’;’2;”’/ E T /NozLess Than 6800 for two
\5~4 S :E s {4 7rafific Lanes for each
Y o B3~ = Additional Traffic Lane Increase
3500 /, 5 § 8 S Road width by 3000 {
j{aximum Moving ; § 5 S § o
We?szons of 5 = B = Level of cr' Wim
e LLLLZL L L Z - ‘ E ‘ OfRDﬂ'd
3300 x 4500 l \ /’ =
i ffa{fSection Showing Main i
Single Lane Fixed Structure in the .
Bridge Intermediate Portions of Multiple Lane

a Bridge Bridge

Clearance Diagram for Road Bridges

Note : - For a bridge constructed on a horizontal curve with superelevated road surfaces, the horizontal
clearance should be increased on the side of inner kerb by an amount equal to 5m multiplied by the
superelevation. The minimum vertical clearance should be measured from the super elevated level of

roadway.
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FREE BOARD

Free board is the vertical distance between thiged high flood level, allowing for the afflux, if

any, and level of the crown of the bridge at itgdst point.
It is essential to provide the free board in ghlety of bridges for the following reasons:-

» Free Board is required to allow floating debridlefa tree trunks and approaches waves top
pass under the bridge.

» Free board is also required to allow for the afftluxing the maximum flood discharge due
to contraction of waterway.

» Free board is required to allow the vessels tosctis bridges in case of navigable rivers.

The value of free-broad depends upon the typdseobtidge.

Collection of Bridge Design Data: -

For a complete and proper appreciation of the kriggoject the engineer in charge of the
investigation should carry out studies regardisdfiitancial, economic, social and physical feaihillThe
detailed information to be collected may cover lngdto be used for design based on the present and
anticipated future traffic, hydraulic data based stream characteristics, geological data, subsatia,d
climatic data, alternative sites, aesthetics, etist
The following drawings containing information aslicated should be prepared

1. INDEX MAP
CONTURE SURVEY PLAN
SITE PLAN
CROSS-SECTION
LONGITUDINAL SECTION
CATCHEMENT AREA MAP
SOIL PROFILE

N o g bk~ Db

Design data for major bridge:-
A- General data:-
(i) Name of the road and its classification.
(i) Name of the stream.
(i) Location of nearest G.T.S. bench mark and its redilevel.
(iv) Chainage at centre line of the stream.
(v) Existing arrangement for crossing the stream.
a) During Monsoon b) During dry season

(vi) Liability of the site to earthquake disturbance
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B- Catchment Area and Run Off Data:-
(i) Catchment Area
(a) Hilly Area b) In plains
(i) Maximum recorded intensity and frequemdyainfall in catchment.
(i) Rainfall in cementer per year in a reason
(iv) Length of catchment in kilometres.
(v) Width of catchment in kilometres.
(vi) Longitudinal slope of catchment.
(vii) Cross slope of catchment.
(viii) The nature of catchment and its shape.
C- Data Regarding Nature of Stream

Sub-Surface Investigation:-

Sub-Surface investigation is essential for to kilogproperties of the bridge site soil. The fiehdi a

laboratory investigations required to obtain theessary soil data for the design are called spilozation.
The principal requirements of a complete invesiigacan be summarized as follows:-

Nature of the soil deposits up to sufficient depth.
Depth, thickness and composition of each soil wtnat
The location of ground water.

Depth to rock and compaosition of rock.

a > wnh e

The engineering properties of soil and rock stifad affect the design of the structure.

In exploration programme the extent of distributadrdifferent soils both in the horizontal and

vertical directions can be determined by the follmpmethods:

By use of open pits.
By making bore holes and taking out samples.

By Soundings.

A w N PRE

By use of geophysical methods.
Equipments for laboratory Work:-

The disturbed soil sample as taken from bed levstour level at every one meter interval or at

depths wherever strata changes ate tested to die¢etime following properties:-

Liguid Limit, Plastic ,Limit and Plasticity Index
Organic Content

Harmful Salts

Sieve Analysis

Silt Factor

a > wnoE
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The undisturbed soil samples as taken below ther$ewel to a level where the pressure is about

5% of the pressure at the base are tested to determ

Particle size analysis.
Values of cohesion and angle of internal frictignshear test.

Compression index and pre-consolidation pressuihgolidation test.

AP w DN PF

Density specific gravity and moisture content.
Advantage of Sub-Surface Investigation:-

There are manifold advantages of carefully plarinedstigation programme. These can be summarized as

below:-

A suitable and economical solution can be worked ou
The construction schedule can be properly planned.
The extent and nature of difficulties likely to imet with can be determined.

The rate and amount of settlements can be detedmine

a > wnh e

The variation in the water —table, of the presesfcartesian pressures can be found out.
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CHAPTER 9
9.1 Depth of Scour:-

DEPTH OF SCOUR (D) is the depth of the eroded Hethe river, measured from the water level
for the discharge considered. Well-laid foundatimostly provided in road and railway bridges rlia
over large and medium-sized rivers. The age-olceialmglis method issued for estimation of the desig
scour depth around bridge elements such as pietmabt, guide bank, spur and groyene. Codal pravssi
are seen to produce too large a scour depth aroudde elements resulting in bridge sub-structunes
lead to increased construction costs. Limitatidras exist in the codes of practice are illustratetthis paper
using examples. The methods recently developeddiimation of the scour are described. New raileay
road bridges are required to be built in large nersbn the near future across several rivers engthen
such infrastructure in the country. It is strongdjt that provisions in the existing codes of piaetfor
determination of design scour depth require imntediaview. The present paper provides a criticé om
the practices followed in India for estimating thesign scour depth.

Indian practices on estimation of design scourldept

1. Lacey-Inglis method

2. Comments on Lacey’s method

* The probable maximum depth of scour for designoaohfiations and training and protection works
shall be estimated considering local conditions.

* Wherever possible and especially for flashy rivarel those with beds of gravel or boulders,
sounding for purpose of determining the depth auscshall be taken in the vicinity of the site
proposed for the bridge. Such soundings are bkshtduring or immediately after a flood before
the scour holes have had time to silt up appregiablcalculating design depth of scour, allowance
shall be made in the observed depth for increaseuat sesulting from:

() The design discharge being greater than tredfllischarge observed.
(ii) The increase in velocity due to the constdntof waterway caused by construction of the bridge
(iii) The increase in scour in the proximity of meand abutments.

* 4.6.3 In the case of natural channels flowing lowél beds where the width of waterway provided
is not less than Lacey’s regime width, the normegttd or Scour (D) below the foundation design
discharge (Qf) level may be estimated from Lacéy'mula as indicated below

D=0.473 (Q/f)*?

Where D is depth in metres Qf is in cumecs ands‘LLacey’s silt factor for representative
sample of bed material obtained from scour zone.
* Where due to constriction of waterway, the widtless than Lacey’s regime width for Qf or where
it is narrow and deep as in the case of incisegrsiand has sandy bed, the normal depth of scour
may be estimated by the following formula:
D =1.338 (Q%/f)*
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Where ‘Q ' is the discharge intensity in cubic metre pseand per metre width and f is silt factor
The silt factor ‘f’ shall be determined for repretative samples of bed material collected from samne
using the formula : f = 1.76m where m is weighted mean diameter of the bed nadtpairticles in mm.

Values of ‘f' for different types of bed materiarmmonly met with are given below :

Type of bed Material Weighted mearvalue of ‘f’
dia of particle(mm)
()Coarse silt 0.04 0.35
(if) Fine sand 0.08 0.50
0.15 0.68
(i) Medium sand| 0.3 0.96
0.5 1.24
(iv) Coarse sand | 0.7 1.47
1.0 1.76
2.0 2.49

The depth calculated (vide clause 4.6.3 and 4.Bo¥e shall be increased as indicated below, taiobt

maximum depth of scour for design of foundatiomstgxtion works and training works:-

Nature of the river Depth of scour
In a straight reach 1.25D

At the moderate bend conditions e.g. along aprayuafe bund 1.5D

At a severe bend 1.75D

At a right angle bend or at nose of piers 2.0D

In severe swirls e.g. against mole head of a goiohel. 2.51t0 2.75D

In case of clayey beds, wherever possible, maxinuepth of scour shall be assessed from actual
observations.
9.2 Types of Bridge

beam bridge

overfass contmuclsus beam pa;apet

arch bridge | i I ﬂ

trussed arch upper portal ; —
chord frame

L] 1]
deck |' underpass  pier
L]

suspension bridge

anchorage _suspension suspender  approach
abutment column Plock i 5

Types of Bridge



Arch bridge

Arch bridge (concrete)

Through arch bridge

Beam bridge

Log bridge (beam bridge

Cavity wall Viaduct

Bowstring arch

Box girder bridge
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Cable-stayed bridge

Cantilever bridge

Cantilever spar cable-

stayed bridge

Clapper bridge

Covered bridge

Girder bridge

Continuous span girder

bridge

Moon bridge

Movable bridge
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Pigtail bridge

Plate girder bridge

Pontoon bridge

Roving bridge

Segmental bridge

Self-anchored suspensio

bridge

Side-spar cable-stayed
bridge

Simple suspension

bridge (Inca rope bridgp

Step-stone bridge

Stressed ribbon bridge

Suspension bridge

64
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Transporter bridc

Trestle

Truss arch bridc

Truss bridg

Vierendeel bridg

Brown trus

Covered bridg

Lattice truss bridc

(Town lattice trus

Tubular bridg

Bridge Foundation:-

Definition:- A foundation is the part of the strure which is in direct contact with the groundtréinsfers
the load of the structure to the soil below. Befdeeiding upon its size, we must ensure

0] The bearing pressure at the base does not exceetidtvable soil pressu

(i) The settlement of fandation is within reasonable lirr

(iii) Differential settlement is to limited as not to sawany damage to the struct
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Broadly, foundation may be classified under twagaties i.e.

1. Shallow foundation

2. Deep Foundation
Shallow Foundation:-According to Trezaghi, a fouimais said to be shallow if its depth is equalless
than its width.
Deep Foundation:- According to Trezaghi, a fouratais said to be deep , the depth is greater teamidth
and it cannot be prepared by open excavation.

Types of Bridge Foundation:-

The selection of foundation type suitable for dipalar site depends on the following consideration
1) Nature of Subsoil
2) Nature and extent of difficulties, e.g. preseatboulder, buried tree trunks, etc. Likely torhet with, and
3) Availability of expertise and equipment.
Depending upon their nature and depth, bridge fatiod can be categories as follows:
i Open Foundation,

ii. Raft Foundation,

ii. Pile Foundation,

iv.  Well foundation,

()Open Foundation in Bridges:-

1. An open foundation or spread foundation is a typdoondation and can be laid using open
excavation by allowing natural slopes on all sides.

2. This type of foundation is practicable for a deptlabout 5m and is normally convenient above the
water table.

The base of the pier or abutment is enlarged @ashbto provide individual support.
Since spread foundations are constructed in opeavakion, therefore, they are termed as open
foundation.

5. This type of foundation is provided for bridgesmbderate height built on sufficiently form day
ground.

6. The piers in such cases are usually made withtdtigtier and provided with footings widened at
bottom. Where the ground is not stiff the bearingfece is further extended by a wide layer of
concreter at bottom (see the figure).

(i) Raft Foundation:-

1. A raft foundation or mat is a combined footing tltalvers the entire area beneath a bridge and
supports all the piers and abutments.

2. When the allowable soil pressure is low, or brittgggls are heavy, the use of spread footing would
cover more one-half of the area, and it may progeeneconomical to use raft foundation

3. They are also used where the soil mass containpressible lenses so that the differential
settlement would be difficult to control.

4. The raft tends to bridge over the erratic dep@sits eliminates the differential settlement.
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Raft foundation is also used to reduce the setti¢meove highly compressible soils by making the
weight of bridge and raft may undergo large settlemwithout causing harmful differential
settlement. For this reason, almost double settiemiethat permitted for footings is acceptable for
rafts.

Usually when hard soil is not available within 1052.5 m a raft foundation is adopted.

The raft is composed of reinforced concrete beamatively thin slab underneath, figure

(ii)Pile foundation in Bridges:

1.

The pile foundation is constructions for the founmta of abridge pier or abutment supported on
piers.

A pile is an element of construction composedmbgr, concrete or steel or combination of them.
Pile foundation may be defined as a column supgype of foundation which may be cast-in-situ or
precast.

The piles may be place separately or they may &eeglin form of a cluster throughout the length of
the pier or abutment.

This type of construction is adopted when the Iaaskextends to great depth.

The load of the bridge is transmitted by the pitebard stratum below or it is resisted by thetiit
developed on the sides of piles.

Classification of piles:-

Piles are broadly classified into two categories:-.
i- Classification based on the function

ii- Classification based on the materials and compositi

Classification based on the function

» Bearing Pile.
Friction Pile.
Screw Pile.
Compaction Pile.
Uplift Pile.

Batter Pile.

» Sheet Pile.

V V V V V

Classification based on the function

» Cement concrete piles.
Timber Piles.

Steel Piles.

Sand Piles.

Composite Piles.

YV V V V
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(iv)Well Foundation in bridges
a) Well foundations are commonly used for trangigrheavy loads to deep strata in river or sea bed

for bridges, transmission towers and harbour atrast The situation where well foundations are
resorted are as below as) Wherever considerati@acafr or bearing capacity require foundation to
be taken to depth of more than 5 M below grounell®pen foundation becomes uneconomical.
Heavy excavation and dewatering problem coupleti wifort involve in retaining the soil makes
the open foundation costlier in comparison to othipe of foundation.

b) Soil becomes loose due to excavation aroundoffen foundation and hence susceptible to
scouring. This is avoided in well foundation whistsunk by dredging inside of the well.

c) From bearing pressure considerations, a welhdation can always be left hollow thereby
considerably reducing bearing pressure transmittéde foundation material. This is very important
in soils of poor bearing capacity, particularlydlayey soils. In other type of foundation, the soll
displaced is occupied by solid masonry/concreteclware heavier than the soil displaced and hence
this does not give any relief in respect of adpgtbearing capacity. However in case of well
foundation this is easily achieved because of lzlkpace left inside the well

Caisson:-

1. Cutting Edge
2. Curb

3. Steining
4. Bottom Plug Ropithe
3. Filling

6. Top Plug

7. Vert. Reinforcement

8.. Horizontal Reinforcement
9. Vert. Section.

10. Horizontal Section

11. Well Cap

12. Sub-structure (10)

13. Superstructure

Figure :- DETAILS OF WEELL FOUNDATION
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Caisson: - The caisson is a structure used foptingose of placing as foundation in correct positio

under water. The term caisson is derived from tren€h word ‘caisse’ meaning a box. It is a

member with hollow portion, which after installiiigpalace by any means is filled with concrete or

other material. Caissons are prepared in sandg #uoél caissons can be divided in the following

three groups

a. Box Caissons
b. Open Caissons or Wells

c. Pneumatic Caissons

Well components and their functions:

>

>

>

Here,

Cutting edge:- It provides a comparatively sharp edge to catdbil below during sinking
operation. It is usually consists of a mild steggha angle of side 150mm.

Curb: - It has a two-fold purpose. During sinking it actsam extension of cutting edge and
also provided support to the well steining anddatplug while after sinking it transfers the
load to the soil below. It is made up of reinforammhcrete using controlled concrete of
grade M200.

Steining:- It is the main body of the well. It is serves dparpose. It acts as a cofferdam
during sinking and structural member to transferltad to the soil below afterwards. The
steining may consist of brick masonry or reinforaahcrete. The thickness of steining

should not be less than 4.5 cm not less than thanh dpy equation.

t= K {(H/100) + (D/10)}
t= minimum concrete steining thickness.
H= well depth below bed
D= External diameter of Well

K= a constant which is 1.0 for sandy strata.

» Bottom Plug: - Its main function is to transferadofrom the steining to the soil
below.

» Sand Plug: - Its utility is doubtful. It is suppos® afford some relief to the steining
by transforming directly a portion of load from Wwehp to bottom plug.

» Top Plug: - The opinion is divided about the tdpgp It, at least, serves as a
shuttering for laying well cap.

» Reinforcement: — It provides requisite strengththe structure during sinking and

service.
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» Well Cap: - It is needed to transfer the loads mnotnents from the pier to the well
or wells below. The shape of well cap is similar ttmat of the well with a
cantilevering of about 15cm. Whenever 2 or 3 wellsmall diameter are needed to
support the sub-structure , the well cap desigrsed alab resting over the well or
wells with partial fixity at the edges of the wells

» Depth of Well Foundation:- As per I.R.C. Bridge @odPart-lll), the depth of well
foundation is to be decided on the following copsidion

1. The minimum depth of foundation below the H.F.Logld be 1.33D,
Where D is the anticipated max. Depth of scourwetbF.L. Depth should
provided proper grip according to some rationatigla.

2. The max bearing pressure on the subsoil under dhadation resulting
form any combination of the loads and forces exceinid and seismic
forces should not exceed the safe bearing capatithe subsoil, after
taking into account the effect of scour.

With wind and seismic forces in addition, the mBgaring pressure
should not exceed the safe bearing capacity ofstiEsoil by more than
25%.

3. While calculating max. Baring pressure on the fatiwh bearing layer
resulting from the worst combination of direct fescand overturning
moments, the effect of a passive resistance oke#rth on sides of the
foundation structure may be taken into accountvbdlte max, depth of
the scour only.

4. The effect of skin friction may be allowed on tharons below the max,
depth of scour. Accordingly for deciding the depftwell foundation, we
require correct estimation of the following.

1. Max. Sour depth.

2. Safe bearing capacity.

3. Skin friction.

4. Lateral earth support below max. Scour level.
It is always desirable to fix the level of a wetluhdation on a sandy strata with adequate
bearing capacity. Whenever a thin stratum of cleguaing between two layers of sand is
met with, in that case well must be pierced throtighclayey strata. If at all foundation has
to be laid on clayey layer it should be ensuretltteclay is stiff.

Design loads and Forces. The forces acting o mdgé structure, to be considered

fo the design of a well foundation, are as follows:
Vertical
0] Dead load,
(i) Live load,

(iii) Buoyancy.



71

Horizontal
@ Wind force.
(i) Force due to water currents.

(iii) Longitudinal forces caused by the tractive effdrivehicle or by braking effect of
vehicles.

(iv) Longitudinal force on account of resistance of lbearing against movement due to
variations of temperature.

(V) Seismic force.

(vi) Earth pressure.

(vii)  Centrifugal force.
The I.LR.C. Bridge code Il stipulates the magnitoefi@bove loads and forces. The

magnitude, direction and point of application dfthé above forces can be resolved into two

horizontal forces, P and Q and a single verticacdoW under the worst possible

combinations.
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Chapter 10
10.1 Piers-

Piers provide vertical supports for spans at inegtiste points and perform two main functions:
transferring superstructure vertical loads to thenflations and resisting horizontal forces actingtiee
bridge. Although piers are traditionally designedresist vertical loads, it is becoming more andeno
common to design piers to resist high lateral loe@issed by seismic events. Even in some low seismic
areas, designers are paying more attention to ticélity aspect of the design. Piers are predontigan

constructed using reinforced concrete. Steel,lesser degree, is also used for piers. Steel tiilbezs with

FIGURE: 1 : Typical cross-section shapes of pier®f overcrossings or viaducts on land.

concrete (composite) columns have gained moretetterecently.

Pier is usually used as a general term for any ofmubstructure located between horizontal spans
and foundations. However, from time to time, italso used particularly for a solid wall in order to
distinguish it from columns or bents. From a stuat point of view, a column is a member that rssike
lateral force mainly by flexure action whereas a fgea member that resists the lateral force mdiylya

shear mechanism. A pier that consists of multiplerons is often called a bent.

I
I
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FIGURE:-2 Typical cross-section shapes of pier®f river and waterway crossings.

There are several ways of defining pier types. Oneby its structural connectivity to the
superstructure: monolithic or cantilevered. Anotl®rby its sectional shape: solid or hollow; round,
octagonal, hexagonal, or rectangular. It can absalistinguished by its framing configuration: singie
multiple columns bent; hammerhead or pier walle8#bn of the type of piers for a bridge shouldblased
on functional, structural, and geometric requiretseAesthetics is also a very important factorejéstion
since modern highway bridges are part of a citgisdscape. Figure-1 shows a collection of typicabsr
section shapes for overcrossings and viaductsrahdad Figure-2 shows some typical cross sectiapesh
for piers of river and waterway crossings. Oftarr pypes are mandated by government agencies Ioersw

Many state departments of transportation in thdddinstates have their own standard column shapes.
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Broadly piers are classified under following twdeggories:-
. Solid Piers.
II.  Open Piers.

Solid wall piers as shown in Figures 3-a and 4, are often usedir crossings since they can be
constructed to proportions that are both slender sireamlined. These features lend themselves farell
providing minimal resistance to flood flows.

Hammerhead piersas shown in Figure 3-b, are often found in uraeras where space limitation

is a concern. They are used to support steel godprecast prestressed concrete superstructuney. dre
aesthetically appealing. They generally occupy lgsasce, thereby providing more room for the traffic
underneath. Standards for the use of hammerheasl gie often maintained by individual transportatio
departments. A column bent pier consists of a egoband supporting columns forming a frame.

Column bent piersas shown in Figure 3-c and Figure 27.5, can eitleeused to support a steel

girder superstructure or be used as an integralviere the cast-in-place construction techniquesed.
The columns can be either circular or rectangulaross section. They are by far the most popolang of
piers in the modern highway system.

A pile extension pierconsists of a drilled shaft as the foundation #nadcircular column extended

from the shaft to form the substructure. An obviadsantage of this type of pier is that it occupiésimal
amount of space. Widening an existing bridge inesémstances may require pile extensions becausedim

space precludes the use of other types of foundatio

TTTTT

| T
YT ] | !)

I R Nt o
1 1

r ] ol
S S - B [

(a) Solid wall pier (b) Hammerhead pier (c) Rigid frame pier

FIGURE-4
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(a) Bent for precast girders (b) Bent for cast-in-place girders

10.2 Abutments:-
They are the end supports of the superstructutanieg earth on their back. They are built either

with masonry, stone or brick work or ordinary masscrete or reinforced concrete. The top surfacthef
abutment is made flat when the superstructure iFusfses or girders or semi-circular arch. In cale
segmental or elliptical arch type of superstructtinie abutment top is made skew. Weep holes aredae
at different levels through the body of the abuttierdrain of the retained earth.

The salient features of bridge abutments are lisedolw.

(a) Height. The height of the abutments is kept equ#hat of the piers.

(b) Abutment batter. The water face of the abutmensiglly kept vertical or could be given a batter of
1lin 12 to 1 in 24 as of piers. The face retairéagth is given a batter of 1 in 6 or may be stepped
down.

(c) Abutment Width. The top width of the abutment slloptovide enough space for the bridge seat
and for the construction of a dwarf wall to retaarth up to the approach level.

(d) Length of Abutment. The length of abutment is kadeast equal to the width of the bridge.

(e) Abutment cap. The design is similar to that of iap.

Abutments can be spill-through or closed. The gpilbugh abutment generally has a substantial
berm to help restrain embankment settlement adppeoach of the structure.

Approach embankment settlement can also be accdatenh by approach slabs to eliminate bumps
at the bridge ends, closed abutments partiallyoanpdetely retain the approach embankments frontirsgpil
under the span, and Bridges of several spans eegupansion at the abutments. Therefore they are no
usually required to resist the longitudinal fortiest develop.

Broadly, abutments are classified under the ¥alhg categories.
1. Abutments with wing walls
2. Abutments without wing walls

Abutments with wing walls

(a) Straight Wing walls
(b) Splayed Wing walls
(c) Return Wing Walls
Abutments without wing walls

(a) Buried Abutments

(b) Box Abutments

(c) Tee Abutments

(d) Arch Abutments
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ABUTMENT

fm.w JLMW

WMW ﬂ

“TEE ABUTMENT

FIGURES: - ABUTMENTS
Buried Abutments: -This type of abutments is generally built priotiie placing of the fill. Since it is filled

on both sides the earth pressure is low. Supetstaierection can be begin before placement of fill

Box Abutments: -This employs a short span of bridge built integv@th columns to act as a frame and

resist earth pressure of the approaches. It is witest used overpass work where the short spanbeay
employed for pedestrian passage (see figure).

Tee Abutments: This type looks like T in plan and has now becainsolute (see figure)

Arch Abutments: -This type of abutment is used where arches aremmgplbecause of their economy in

certain conditions. The high inclined skewback stsuare difficult to handle unless the abutment loan
seated in rock. Therefore, they are often usedgan over gorges. (see figure)
10.3 WING WALLS:

In a bridge, the wing walls are adjacent to themeats and act as retainingalls. They are
generally constructed of the same material as thbsbutments. The wing walls can either be attddbe
the abutment or be independent of it. Wing walks provided at both ends of the abutments to reten
earth filling of the approaches. Their design pgdepends upon the nature of the embankment arsdmbbe
depend upon the type or parts of the bridige.

The soil and fill supporting the roadway and apphoambankment are retained by the wing walls, which
can be at a right angle to the abutment or splatedifferent angles. The wing walls are generally
constructed at the same time and of the same mistas the abutments.

Classification of wing walls

Wing walls can be classified according to theiripas in plan with respect to banks and abutmehts
classification is as follows:

1. Straight Wing walls: They are used for small bridges, on drains with banks and for railway bridges
in cities (weep holes are provided).

2. Splayed Wing walls:These are used for bridges across rivers. Theyigg@emooth entry and exit to the
water. The splay is usually 45°. Their top width0i§ m, facdatterl in 12 and back batter 1 in 6, weep
holes are provided.

3. Return Wing walls: They are used where banks are high and hardror Tiheir top width is 1.5 m and
face is vertical and back battered 1 inStourcan be a problem for wing walls and abutments ,kedhthe
water in the stream erodes the supporting!soil.
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CHAPTER-11

PERMANENT BRIDGES

Masonry Bridges:-

Bridge unit thepandre which supports the bridge roadwalhe spandrel is made from
gravel or crushed stone backihgld in by lateral (side) walls made of concnet@sonr or stonework or in
the form of an open main lodmkaring structures are made of natural stdmégk, or concrete blocks. Such a
bridge is always arched, withassivi supports. The main load-bearing elemeina masonry bridge is the
arch, over which is structure efall arches resting on crosswalk. Tduyvantage of a masonry bridge are
its architectural attractiveneasc its durability. Masonry bridges are knowhat hav: been in use for more
than 1,000 years. The bashort coming that limit the use of masontyidge: are their complexity and
labor intensiveness of construction.. Their simfylicconomy and ease with which pleasing appearaac
be obtained make them suitable for this pury
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Classification of steel bridges

Steel bridges are classified accordini
the typeof traffic carried
the type of main structural syste
the position of the carriage way relative to themsdructural syster
These are briefly discussed in this sect

Classification based on type of traffic carr

Bridges are classified as

Highway or road bridge
Railway or rail bridge:
Road -cum- rail bridges
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Classification based on the main structural system

Many different types of structural systems are ugdaridges depending upon the span, carriagewayhwi

and types of traffic. Classification, accordingrakeup of main load carrying system, is as follows:

(i) Girder bridges - Flexure or bending between vertical supports ésrtfain structural action in this type.
Girder bridges may be either solid web girdersrasg girders or box girders. Plate girder bridges a
adopted for simply supported spans less than 5@drbax girders for continuous spans up to 250 ms€r
sections of a typical plate girder and box girdeddes are shown in Fig.7.2 (a) and Fig. 7.2(bpeetvely.
Truss bridges [See Fig.7. 2(c)] are suitable fer ¢pan range of 30 m to 375 m. Cantilever bridge® h
been built with success with main spans of 300 5@ m. . They may be further, sub-divided intofgan
spans, continuous spans and suspended-and-cargdesans, as illustrated in Fig.7. 3.

N

Fig.7.2 (a) Plate girder bridge section
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Fig.7.2 (b) Box girder bridge section

+ Howe truss T Pratt truss
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Fig.7.2 (c) Some of the trusses used in steel bsidg
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N (@) Discontinuous span
Supports girder bridge

(5} Confirous speor girder

bridge

) Sipandedt e cortilever

span ginder bridge

Fig.7.3 Typical girder bridges

(i) Rigid frame bridges - In this type, the longitudinal girders are madeictrally continuous with the
vertical or inclined supporting member by meansnoiment carrying joints [Fig.7.4]. Flexure with some
axial force is the main forces in the members is type. Rigid frame bridges are suitable in thanspange

of 25 m to 200 m.

~ Fig.7.4 Typical rigid frame bridge

(i) Arch bridges
The loads are transferred to the foundations byemcacting as the main structural element. Axial
compression in arch rib is the main force, combingth some bending. Arch bridges are competitive in

span range of 200 m to 500 m.

"

..

(iv) Cable stayed bridges -Cables in the vertical or near vertical planespsupthe main longitudinal
girders. These cables are hung from one or mor¢otaérs, and are usually anchored at the bottotheo
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girders. Cable stayed bridges are economical wiespan is about 150 m to 700 m. Layout of calalgest

bridges are shown in Fig. 7.6.

e

Fig.7.6 Layout of cable stayed bridges

(v) Suspension bridges The bridge deck is suspended from cables stretotedthe gap to be bridged,
anchored to the ground at two ends and passingtal@owers erected at or near the two edgesefgtp.
Currently, the suspension bridge is best solutmmldng span bridges. Fig. shows a typical suspans
bridge. Fig. 7.8 shows normal span range of diffebeidge types.

A T R

Fig.7.7 Suspension bridge

Classification based on the position of carriageway
The bridges may be of the "deck type", "throughetypr "semi-through type". These are describedvibelo

with respect to truss bridges:

(i) Deck type bridge The carriageway rests on the top of the main l@adying members. In the deck
type plate girder bridge, the roadway or railwayliaced on the top flanges. In the deck type tgiber

bridge, the roadway or railway is placed at thedprd level as shown in Fig. 7.9(a).
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Fig.7.8 Normal span ranges of bridge system
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o) Deck type russ bridge
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TYPES OF CONCRETE BRIDGES

Arch Bridges
Arch bridges derive their strengttoin the fact that vertical loads on the arch gereratnpressive forces in the ¢

ring, which is constructed of materials well aldewithstand these forces. The compressive forceéldrarch rin
result in inclined thrusts at the abutments, and dssential that arch abutments are well foundedutrdssed i
resist the vertical and horizontal components @sé¢hthrusts. If the supports spread apart the fattsh down
Traditionally, arch bridges were constructed ohstdorick or mass concretince these materials are very stror
compression and the arch could be configured doteinaile stresses did not develop. Modern con@etie bridge

utilize prestressing or reinforcing to resist thpdile stresses which can develop in slender argh.r

Reinforced Slab Bridges
For short spans, a solid reinforced concrete glaberally cast in-situ rather than precast, issthwlest design. It is

also cost-effective, since the flat, level soffieams that false work and formwork are also simRkEnforcement,
too, is uncomplicated. With larger spans, the weitdd slab has to be thicker to carry the extesstas under load.
This extra weight of the slab itself then becomgsablem, which can be solved in one of two wayse Tirst is to
use prestressing techniques and the second isdtweethe deadweight of the slab by including 'Vpid&en
expanded polystyrene cylinders. Up to about 25m,spach voided slabs are more economical thanrpsesed

slabs.
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Beam and Slab Bridge
Beam and slab bridges are probably the most confaranof concrete bridge in the UK today, thankshe
success of standard precast prestressed conceetss loleveloped originally by the Prestressed Comcret
Development Group (Cement & Concrete Associatioppmented later by alternative designs by others,
culminating in the Y-beam introduced by the Pressieel Concrete Association in the late 1980s.

They have the virtue of siitify, economy, wide availability of the standasdctions, and speed
of erection.The precast beams are placed on theosiqg piers or abutments, usually on rubber Ingariwhich

are maintenance free. An in-situ reinforced comcodgck slab is then cast on permanent shutteringhvapans

between the beams.
The precast beams can be joined together at th@dspo form continuous beams which are strudyurabre
efficient. However, this is not normally done besauhe costs involved are not justified by the eased

efficiency.

Simply supported concrete beams and slab bridgesaw giving way to integral bridges which offee thdvantages

of less cost and lower maintenance due to the méitiin of expansion joints and bearings.

Techniques of construction vary according to theadaesign and situation of the bridge, there dpéiimee main
types:

1. Incrementally launched
2. Span-by-span
3. Balanced cantilever

Incrementally launched

As the name suggests, the incrementally launchuduhitgue creates the bridge section by section,ipgshe
structure outwards from the abutment towards tke pihe practical limit on span for the technigsi@iound 75m.

Span-by-span
The span-by-span method is used for multi-spanuaisd where the individual span can be up to 60m.

These bridges are usually constructed in-situ thighfalse work moved forward span by span, butbeabuilt of
precast sections, put together as single spandrapged into place, span by span.
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Balanced cantilever

In the early 1950's, the German engineer Ulrichsteinvalder developed a way of erecting prestressadrete
cantilevers segment by segment with each additiandl being prestressed to those already in pasifidis

avoids the need for false work and the system inas veen developed.

Whether created in-situ or using precast segmémtshalanced cantilever is one of the most dranvadiys of
building a bridge. Work starts with the construetaf the abutments and piers. Then, from each tierbridge is
constructed in both directions simultaneously. His tway, each pier remains stable - hence 'balanceudtil
finally the individual structural elements meet aisdconnected together. In every case, the segnaets

progressively tied back to the piers by means e$tpessing tendons or bars threaded through edch un

Integral Bridges

One of the difficulties in designing any structisaleciding where to put the joints. These are seay to allow
movement as the structure expands under the hegaedummer sun and contracts during the cold otewi
Expansion joints in bridges are notoriously proméetikage. Water laden with road salts can thechrése tops
of the piers and the abutments, and this can rescttrrosion of all reinforcement. The expansiffeas of rust
can split concrete apart. In addition, expansiomgoand bearings are an additional cost so madterare bridges
are being built without either. Such structured|eda‘integral bridges’, can be constructed withtgbes of
concrete deck. They are constructed with their sledkinected directly to the supporting piers andrabnts and
with no provision in the form of bearings or expansjoints for thermal movement. Thermal movemeinthe

deck is accommodated by flexure of the supportiegspand horizontal movements of the abutments) aldstic

compression of the surrounding soil.
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Already used for lengths up to 60m, the integratldge is becoming increasingly popular as enginess
designers find other ways of dealing with thermalvament.
Cable-Stayed Bridges

For really large spans, one solution is the catalgesl bridge. These types of bridges first develojpewest
Germany. They consists of cables provided abovelddok and are connected to the towers. The deekhsr
supported by a number cables meeting in a buntteabwer or by joining at different levels on tlosver. The
multiple cables would facilitate smaller distanadvieen points of supports for the deck girderssTasults in
reduction of structure depth. The cables can agangne plane or two planes. The two plane sys&uires
additional widths to accommodate the towers and @achorages. Singly plane system requires ledhvaf
deck. Where all elements are concrete, the desigeists of supporting towers carrying cables wisiapport
the bridge from both sides of the tower. Most caltégyed bridges are built using a form of cantites@nstruction

which can be either in-situ or precast.

Tbable stayed bridges are similar to suspensiorgésiagxcept that there are no
suspenders in the cable stayed bridges and thescabé directly stretched from the towers to conméth
decking. No special anchorage is required for tifles as incase of suspension bridges becausadherage at
one end is done in the girder and at the otheropnaf tower. The cable-stayed bridges have beendfou
economical for up to span 300m. However due toileser effect their deflection is rather high anehbe they
are not preferred for very long span in railways.

Suspension Bridges

Concrete plays an important part in the constractiba suspension bridge suspension bridgs aré sdation
for bridging gaps in hilly areas because of th@nstruction technology and capacity of spanningdagaps.
There will be massive foundations, usually embedddbe ground, that support the weight and cabtharages
.The cable takes shape of catenary between twdspofnsuspension. The flooring of bridge suppotigdhe
cable by virtue of tension developed in its crosstisn. The vertical members are knownsaspendersare

provided to transfer load from bridge floor to seispion cable. There will also be the abutmentanggabably
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in mass concrete, providing the vital strength abidity to resist the enormous forces, and in adujtthe slender
superstructures carrying the upper ends of theatipg cables are also generally made from reimfdrconcrete.

Typical deck, through and semi-through type trusdges

(i) Through Type Bridge - The carriageway reatsthe bottom level of the main load carrying
members. In the through type plate girder bridpe, toadway or railway is placed at the level of
bottom flanges. In the through type truss girdédd®, the roadway or railway is placed at the botto
chord level. The bracing of the top flange or latetupport of the top chord under compressionss al

required.

(iif) Semi through Type Bridge - The deck lies iatlween the top and the bottom of the main load
carrying members. The bracing of the top flang®prchord under compression is not done and part of
the load carrying system project above the flooell€The lateral restraint in the system is obtained
usually by the U-frame action of the verticals anoks beam acting together.

Concrete bridges

They can be divided into the following main classes
(1)Unstiffened suspension Bridges.
(2)Stiffened suspension Bridges.

Un-stiffened suspension Bridgesthcase of Un-stiffened suspension Bridges the nwpload is

transferred direct to the cables by each suspemtiese are used for light construction such as foot
bridges forest train structures, etc where the ngpload is negligible and deflection requirememés a
not controlling. Also the places where span is teng and the ratio dead to moving load intengitga

great to render stiffening unnecessary.

Stiffened suspension Bridgestn stiffened type suspension Bridges moving loa@steansformed to
the cables through medium of trusses casl&tening girders .The stiffening girder assists the cable to
become more rigid and prevent change in shape eadiegt of roadway platform. It is therefore
adopted for heavy traffic .
IRC Bridge loading:-

The public roads in India amanaged and controlled by the Government and hence

bridges to be constructed for roads to be desigisepger standards set up by standard authorities. Fo
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highway bridges standard specifications are coathin the Indian Road Congress (I.R.C) Bridge code.
In India, highway bridges are designed in accordamith IRC bridge code. IRC: 6 - 1966 — Section Il

gives the specifications for the various loads sindsses to be considered in bridge design. There a

three types of standard loadings for which theda®dare designed namely,

(a) IRC class AA loading,
(b) IRC class A loading
(c) IRC class B loading.

IRC class AA loading:-
IRC class AA loading consists of either ackexd vehicle of 70 tonnes or a wheeled vehicle(of 4

tonnes with dimensions as shown in Fig. The unithe figure are mm for length and tonnes for load.
Normally, bridges on national highways and staghWways are designed for these loadings. Bridges
designed for class AA should be checked for IRG<IA loading also, since under certain conditions,
larger stresses may be obtained under class Angadiometimes class 70 R loading given in the
Appendix - | of IRC: 6 - 1966 - Section Il can bged for IRC class AA loading. Class 70 Rloading is

not discussed further here.
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IRC class A loading:-Class A loading is based on heaviest type commevelaicle consists of a
wheel load train composed of a driving vehicle amd trailers of specified axle spacings. This loadi

is normally adopted on all roads on which permabeidiges are constructed.
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. IRC class B loading-Class B loading is adopted for temporary striegwand for bridges in specified

areas. For class A and class B loadings, reader is
referred to IRC: 6 - 1966 — Section II.
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CHAPTER-12
CULVERTS AND CAUSE WAYS

Culvert- A culvert is defined as a small bridge constructedr a stream which remains dry most |

of the year. It is across drainage work havingltetagth not exceeding 6m between faces of abut

Types of Culverts;-
The following are six different type culve
1.Arch culver
2.Box culver
3.Pipe Culvel
4.Slab Culve
Arch culvert:-
An arch culvert consists of abutnts wing walls, arch, parapets and the foundatidre onstructiol
materials commonly used are brick work or concr&leor and curtain wall may or may not
provided depending upon the nature of foundatiohasa velocity of flow. A typical arch culvt is

shown in figure.

Box culvert:-
In case of box culvert the rectangular boxes arméd of masonry, R.C.C or steel. The R.C.C
culverts are very common and they consist of tHeviing two componer
(DThe barrel or box section of sufficient gth to accommodate the roadway and the K
(ilThe wing walls splayed at 45 for retaining tbebankment and also guiding the flow of water

and out of the barrel.

An R.C.C. box culvert
Fic. 6-2
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Fig. 62 shows an R.C.C box culvert with two openingsldvahg points should bnoted.

(hFoundation: The box culverts prove to be salfiere good foundations are easily avail
(ilHeight: The clear vent height i.e. the vertichdtance between top and bottom of the culvegly:
exceeds 3 meters.
(iif) Sap: The box culvertare provided singly or in multiple units with indiwal span exceed abou
m or so, it requires thick section which will make construction uneconomic
(iv)Top: Depending upon the site conditions, the level of box may be at the road level ccan even
be at a depth below road level with filling of sugte materia
Pipe Culvert:
They are provided when discharge of stream is spralvhen sufficient headway is not availat
Usually one or more pipes of diameter not less tzom are placedde by side. Their exact numt
and diameter depend upon the discharge and heiidietn. For easy approach of water splayed
wing walls are provided in fig. 6.3 shows a Humeesi culvert of single pipe. The pipes can be lofi
masonry. Stone wareement concrete, cast iron or steel. Concrete hgdshould also be given belc
the pipes and earth cushion of sufficient thickn@sshe top to protect the pipes and their joifts:
Economic reason road culverts should have-pressure heavy duty pp of type ISI class NF
conforming to 1S:458:961. As far possible the gradient of the pipe khaot be less than 10(

G I
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Pipe culvert
Fic. 6-3

Slab Culvert:

A slab culvert consists of stone slabs or R.C.®,sdaitably support on masonry walls on either <
As shown in fig 64. The slab culverts of simply type are suitabldap maximum span of 2.50 m
so. However the R.C.C culverts of deck slab typea@onomically be adopted up to spans of abc
m. However, the thickness of slab and dead weight sometimes pve to be the limiting factors f

deciding the economical span of this type of cus
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e Parapet =

Siab culvert
Fic. 6-4

The construction of slab culverts is relatively gienas the frame work can easily be arran
reinforcement can be suitably placed and concretarg be done edy. This type of culvert can k
used for highway as well as Railway Bridge. Depergdipon the sp: of culvert and site conditionhe
abutment and wing walls of suitable dimensions meyprovided. The parapet or hand rail of at |
750 mm height shoulde provided on the slab to define the width of eut\
CAUSEWAYS :
A road causeway is a pucca dip which allows flomdgass over it. It may or may not have openin
vents for low water to flow. If it has vents fomlovater to flow then it is knon as high level causeway
or submersible bridge ; otherwise a low level caase
TYPES OF CAUSEWAY:
A) Low level causeway

It is also known as Irish Bridge. The beds of smiakrs or streams, which remain dry
most part of the yea@lre generally passable without a bridge. This we®lheavy earth works
cutting for bridge approaches .Banks of such typlestreams are cut down at an easy slope.
streams of rivers in plains having sandy bedss ibften sufficient to lay bunes of grass over and
across the sandy track. The bundles may be of Zbém in diameter whose ends are secure

longitudinal fascines pegged down by stz

SECTION XY
ig. 531, Low Lovels Causeway.

/, HAND RAIL "\‘

i

Fig. §¥2 Paved Low Level Canseway.

For crossings important from traffic point of vidtvis essential to lay imetal or pucca
paving of stone or brick set in lime mortar on Astantial bed of concrete. To prevent against pli
scour and undermining a cut off or dwarf wall ugu&®0cm deep on the upstream side and 1z

150cm on downstream side is provideig. 5.3.1 below shows the details of a typicasHrbridge
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The low level causeway could be provided with opggiformed by concrete Hume pipes if there

continuous flow stream during the monsoon per

B) High level Causeway

Ahigh level causeway is submersible road bridgegesi to be overtopped in floods.
formation level is fixed in such a way as not tog&interruption to traffic during floods for mdiean
three days at a time not for more than six timesyear. Asufficient numbers of openings are provit
to allow the normal flood discharge to pass throdighm with the required clearance. They
provided with abutments and piers, floors and staberches to form the required number of openi
The slope ofthe approaches is kept as 1 in 20.When the velaxitygh and stream bed is soft
aprons could be of concrete or harder masonry aptertain distance. Similarly, the road can
formed of a cement concrete slabstone blocks set in cement mortartypical type of high leve
causeway is shown in Fig.5.3.3.If railing are pdad in the bridge, they should be of collaps
type.Temporary causeways used for an emergencyaryiloperations are formed either by us
timber stringers and planking er cribs used as piers or by constructing a culvsrtg pipe:

wWITH : _0"5%’;9;‘% ;‘ i
oRee%lan

.
LONIGITUDINALSECTER
Fig. 5'3'3. High Level Causeway.
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SECTION: C: DOCKS & HARBOURS

CHAPTER-13
13.0 INTRODUCTION
13.1  Definition of Harbours:

Harbour can be defined as a protected area of dheirs which vessels/ships could be
launched, built or taken for repairs; or could takkige in time of storm; or provide facilities for
loading of cargo and passengers.

13.2  Necessity of Harbours:

Followings are the necessity of harbours.

) To provide shelter to the ships during theirise.

(ii) To launch a ship.

(iii) To facilitate the loading and unloading @rgo as well as passangers from the ship.

(iv) To provide shelter to the ships during storm.

(v) To provide space for repair of ships.

13.3  Types of Harbour:

Harbours could be classified aatural or functional. Thenatural classification can be as
below:

(1) Natural harbour is protected from storms and waves by the natiaiadl contours, rocky
outcrops, or islands. The entrance to such a haibao formed that it permits navigation but,
ensures calmness in the harbour. Examples of mdtaraours are Kandla, Mumbai, New York,
San Francisco, London, and Rio de Janeiro.

(2) Semi- natural harbour is protected on sides by headlands angiresgman-made protection
only to the entrance. Vishakhapatnam is exampseofi-natural harbours.

(3) Artificial harbour or man-made harbour , is protected from storms and waves by constractio
of breakwaters, or is created by dredging. HambuggHavre and Madras are some of the
examples. Similarly, lagoon harbours of Paradip dvidngalore, created by protective
breakwaters at the entrance are other examples.

Thefunctional classificationis as given below.

(1) Commercial harbour is in which facilities are provided for loadingchunloading of cargo. Docks
and berths are provided for the purpose of handiengo. Either as a part of the bigger harbour
complex, or independently as a unit, single commyadgarbour or terminal is provided, such as oil
terminal, coal port, ore port, and so on. A fishbarbour is also provided for fishing crafts and
trawlers. These are all specialised unit-purpopedyf commercial harbours. Madras, Kandla, and
Okha are examples of commercial harbours.

(2) Military harbour , or naval base, is one which is meant for the gagpof accommodating naval
crafts and serving as a supply depot. Hampton Raad<Pearl Harbour are the examples. Mumbai
harbour is essentially a commercial complex wittoéerminal and general cargo berths, but it has

a naval base also; so is the case with Cochin.
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(3) Harbour of refuge is that which is use as a haven for ships in arstor it may be a part of a

13.4

commercial harbour. The requirements of such aduarbre a good anchorage and an easy and safe
access from the sea. Sand bay on the east codsB & is a well known harbour of refuge. Dover

in England and outer harbours of Madras and Vishpiitnam are examples of combined harbours
of refuge and commercial harbours.

Components of a Harbour:

Main function of a harbour is to provide safe amitable accommodation for vessels seeking

refuge, supplies, refuelling, repairs or the transff cargo and passengers. In a harbour ther@ aagety of

elements such as entrance, approach channel, lawakwharves jetties, locks and dry docks, dependi

on the necessity of these. Such elements can different types.

(1) Harbour Entrances: The entrance to a harbour is usually more exptisegves as compared to the

harbour itself. Due to this, depth and width regdiat the entrance are more than those required in
the channel. The width of entrance depends upodehsity of the traffic and number of entrances,
besides the navigational requirements and the degferotection the channel has and what is
desired within the harbour. The entrance shouldide enough for navigation requirements and so
as to avoid dangerous tidal currents. It should however, be too wide to increase wave height

within harbour.

(2) Approach channel: Ideally, the depth of water naturally availabletle entire harbour area should

be sufficient for navigation of design vessel dtthé times. When such ideal condition do not

prevail, a channel within sufficient depth and wiabhust be dredged too provide for a passage of
ships between the harbour entrance and the doblksalignment and the dimensions of channel are
determined after considering factors involved iartel design. The terminology approach channel
is used for the dredged fairway through which shpimseed from the open sea to the harbour basin.
The portion of channel which lies beyond the harbentrance in the open sea is called an outer
channel. The portion lying between the harbourae and harbour basin is called an inner
channel. The inner channel is protected from stoamd waves by natural configurations or by

breakwaters.

(3) Turning Basin: It is the area required for manoeuvring the shiyen it goes to or leaves the berth,

so that a ship can leave head-on. The size ofuimengy basin primarily depends on the design
vessel. It should preferably be designed to haswei@aturn under continuous headway without help

of tug. This means that the turning basin shoulthlige enough to permit a free turning.

(4) Sheltered Basin: It is the area protected by shore and breakwalkerthis basin are located other

elements of harbour including area for anchorageessels.

(5) Breakwaters: The main function of a breakwater, or a systembiakwaters, is to protect the

enclosed area of water from storm waves. Thuseakiwater helps in achieving calmness in the
harbour and thereby contributes to the safety ef whssel within and its easy working. The

monolithic structure usually provided at the tiptloé breakwater is called the pier-head



93

(6) Wharves and Quays. These are usually constructed parallel to shordreakwater within the
harbour and are meant to permit berthing of vealsgigside for cargo working. They have backfill
of earth or other material and have wide platfotrop.

(7) Jetties and Piers: These are solid or open type of structures withidewlatform on top to permit
cargo working of vessels berthed alongside. Theybailt out from the shore to reduce silting and
dredging, permitting free flow of tidal currents.

(8) Lock and Locked Basin: Locked basin is an enclosed basin wherein a numbeessels can be
berthed and has an entrance which is controllelbdly gate(s). The water within locked basin can
be independent of outside water level changes.

(9) Dry Docks and Sipways: These are essentially provided for maintenarggairs and construction
of ships. A dock for the construction of shipsasmned as a building dock. They can be kept dry for
easy working. Dry dock has a gate in the entrarfuelwis closed after taking the vessel in and the
water is pumped out to render it dry.

(20) Ancillaries: These include moorings, anchors, buoys, lightsisttasheds and warehouses,
fire protection towers, and other service unitgexpiired at different locations in the harbour and

port complex.

13.5 Layout of harbour

There are no specified rules governing the layduta charbour. Varied layouts have worked
successfully to the credit of their designers. @mtion, creativity, and experience are very imptria the
laying out of a harbour. Seaham harbour on theyr@sijposed north-east coast of U.K., lying in the ¢
steep cliffs without any relief; Vishakhapatnambwaur, on the east coast of India, with an ingen&ysiem
to protect the navigation channel from fouling layg littoral drift; Madras with its strong breakeet as a
protection against stormy seas, although havingguhshrough vicissitudes, are a few examples af bol
conception and ingenuity in design.

There are two main considerations, in the harbayout; of littoral drift and protection from the
storm waves. The third point is the size and shdfire harbour, and the layout of wharves andggttand
spending beaches, so as to reduce the effect ahaube waves and eliminate ranging in the harlasuiar
as possible.

Where breakwaters are laid out to protect harbams,of the two measures is, sometimes, possible
against littoral drift. In one case, particulartyr Shallow draught harbours, openings are kept fnear the
shore in the breakwater to permit comparative dasy of littoral drift across to the other side.i$hmeans
that the main breakwater is connected to the dypeesort of bridge. The other measure is to peedand
trap, in the lee of the breakwater, as in the a#s¥ishakhapatnam. Here, between the shore and the
breakwater, an opening was left for the littoralds#o flow in the trap provided in the shelteredaabefore
the navigation channel. sometimes, no specific dyme handle littoral drift is adopted and the miate
being accumulated is simply mechanically removedinacase of Madras .There are, on the other hand,
ports of Veraval, porbandar and Okha, on the weast of India, where the problem of littoralfdis of

minor significance.
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It must be realised that, littoral drift or othesej in any harbour where there is shipping, there i
bound to be siltation. There is no escape frormisome situations or in some deep water harbderslit
effect of siltation may not be felt immediately.

A moderate current in the approach channet&rable. Considerable material is carried in susipa by
tidal rivers or streams. The river Hoogly, at timet of flood, is stated to carry sediment by in thgo of 1
to 575. Practically the same will be the case sihgi spring tide at Bhavnagar. If, therefore, thisrebb
current, the maintenance dredging of the fairwal/lw reduced.

Harbours which are inland, such as Calcutta, KandlBhavnagar, are safe from the sea waves. There a
some others, such as Okha and Mumbai, which aoedaffl protection naturally by the existence, oksoc
or islands on their weather side. Otherwise, aréfiprotection, in the form of breakwaters, is essary to
be constructed, to provide a sheltered water drealequate size for vessels to work. It is besrtve at
the breakwater alignment by model tests.

Very careful consideration is needed for selectimg harbour approach and its width. It is advisdble
protect the entrance by a longer breakwater orwdegher side. The width of the entrance may ndebsg
than the length of the biggest vessel using thbdwar If there are likely to be waves of high ampule at
the harbour entrance, the possibility of the entewessel touching the bottom must be consideted. |
known that the surface of the trough of a wavebizua one-third the wave height below the still-waésel.
If, therefore, there is a 6 m wave, it would lowiee depth some 2 m in the trough. It follows thakasel

drawing 9 m runs the risk of striking the bottonsidepth of water of 11 m.

Fig. 13.1 Layout of Madras Harbour with outer Dock

Fig. 13-1 is of madras harbour with outer dotkis is an example of how adverse nature has been
sought to be tackled, and what experience teachestrospect. It shows the original entrance fromdast
had to be closed and a new entrance from the nwitih,sheltering arm, had to be provided. It albovgs

the advance of the shore line to the south of #rbdur.
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Fig. 13.2 Layout of Paradip Harbour

Fig. 13-2 is of Paradip harbour. This is also iman-made harbour. It is a lagoon type harbouhat
carved out from an inhospitable shore and two slemgiths of breakwaters are provided to shelter the
approach from the sea. Technically, a lagoon-tygrdur is easier to create; breakwaters are lightexys
can be constructed in dry, and lagoon can excavatddy before opening it up to the sea. But ituiegs
land area and its growth potential is somewhatiotsd.
13.6  Criteria for selection of site for a good harbur

In selection of a site for harbour, apart from eegring considerations, commercial, defence and
strategic aspects should also be examined. Iniadddue consideration of Coastal Regulation Z@@iRZ)
as notified by the government of India under theiEmment Protection Act (EPA) 1986 should be given
The guiding criteria in the selection of a site goiod harbour are:

(1) Sea approach and marine conditions

(2) Sea-bed, sub-soil and foundation conditions

(3) Transport and communication links

(4) Seaborne traffic potential

(5) Industrial infrastructure and industrial developtenpotential in the hinterland

(6) Agricultural base of the hinterland and also itsimgy resources

(7) Electrical energy and fresh water supplies

(8) Availability of cheap land and proximity of consttional materials

The site should have maximum natural protectiomfrwinds and waves. Sufficiently large pool of

water, with adequate depth, should be availablctmmmodate the expected shipping needs as wall as
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permit future expansions. The marine conditionsukhbe favourable for structures as well as naidgat
This would require low tidal range and small tidaftrents, not too severe wind and waves, lessditutrift
and no fog nuisance. The sea-bed should be sutlit thdl hold ship anchors and that which wouldtno
involve excessive capital and maintenance dredgisg. Siltation should not be excessive nor scosem
problem.

Other conditions of sub-soil for foundatiamrposes should be favourable. The site to be selesttould
preferably be on established trade route. TheWiitk other parts of the country through rail, road,and
telephone should be relatively easy. The hintertmalld be productive enough to support the tratkan,
the sea-traffic in the region should be showinghsigf possible development. Availability of induetr
infrastructure, electrical energy and fresh watgypiies, cheap land, materials of construction lahdur
are also significant factors.

These are all desirable features, but noessrily indispensable. As the world commerce aadet
have expanded, more favourable harbour sites heee htilised and less advantageous ones are being
developed. The modern engineering technology esdblevercome what formerly were considered to be
formidable barriers: artificial protection (breadier) could be afforded to hitherto unsafe plasa®n
rocky sea-bed could be deepened; overland trangportcommunication in inaccessible places could be

provided; difficult foundation condition could beastered; and so on.
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CHAPTER - 14

14.0 Breakwaters

14.1  Definition: A breakwater is, a structure meant to reflect and dissipate the force of wind-generated

waves and thereby to prevent their incidence on a water area it isintended to protect.

14.2 Functions of Breakwaters: There are sites on the coast, or inland placeschwaire naturally
protected from the fury of the sea. But, if a harbis to be built on an open coast, as at Madraseads to
be protected artificially by breakwaters. The maimction of breakwater is to break the momenturwafer
by means of wave breakers. Sometimes the innerdfide breakwater is constructed as quay for cargo

handling and is known as a mole.

14.3 Types of breakwaters: Breakwaters are two types: (i) vertical wall ty@¢ rubble mound type.
Where the depth of water is very great, or the ihgacapacity of the sea bed needs to be improved, a
composite type with a vertical wall on a rubble mddase is used. There are many examples of cor@posi
types and the considerations will predominate deipgnupon whether the rubble mound or the vertill

part dominates.

@ Vertical Wall Breakwaters:
It was stated, in the XVIlith International Navigat congress held at Lisbon in July 1953 that
vertical wall breakwaters should be constructedenvh
a. The vertical wall breakwater should not be congedidn a depth of water less than twice
the greatest storm wave as may approach the dite giroposed structure.
b. Sea bed is resistant to erosion.

c. Foundations are not subject to uneven settlement.

Even if the sea bed is not resistant to erosion¢raie block apron for protection can be provided.
Also, load bearing characteristics of sea bed cbeldmproved in various ways. If the top stratataon
material like silt, soft clay, or fine sand, ithest to remove this strata, by trenching with aldee. If the
sea bed has inadequate bearing capacity, it coaldniproved by preparing a rubble base so as to
distribute the load on a wider base. In moderafghde a double row of sheet piles could be driven,

confine the solil, to improve its bearing capacity.
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Fig.14.1 Vertical Breakwater wall at Madras
(i) Rubble Mound Breakwater:
A rubble mound breakwater is comparatively safee Tdoseness of the elements permits them to
settle without damage and the broad base helpstmbating the load on a wider area and thus rewuc
unit load on the base. But, also quite some tirsaally two years, must be allowed to pass, aftgntp

the rubble mound, before a concrete cap is cast.
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Fig. 14.2. A Rubble mound breakwater
Fig. 14. 2 is a typical rubble mound breakwatercase of a rubble mound breakwater, the waves
expend their energy on the structure. The distgrinifluence of waves is most keenly felt betweeghhi
water and low water levels. It is in this regioattthe structure is most severely tested.

A rubble mound breakwater consists of a centratigrar called the core, and protective layers,
called the armour. The core can consist of smaltgs of stones and quarry run. But the armour lisyer
very important. In between the core and the arnfeyer, graded stones should be provided, bothhier t
better dissipation of energy and also to proteeffitter core material from being sucked out onrétarn

wave.
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(iii) Floating Breakwater:
Floating breakwater, which are a type of floatingusture and differ essentially, in this respect,
from gravity breakwaters which are permanentlydixe sea bottom, should be in more use. A schematic

diagram, indicating the basic idea, is given aBiin 14.3.

Fig. 14.3. Schematic diagram of floating breakwater
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CHAPTER-15
15.0 Docks
15.1  Definition:
Docks are enclosed areas for berthing ships, tp keem afloat at a uniform level, to facilitate
loading and unloading cargo. These docks are aiswik as wet ducks.
15.2 Functions of Docks
A. Wet docks
0] Docks are necessary because discharging otdhgo of ships requires a number of days
during which period, if the ship is subjected tot@l movement by the tide, great
inconvenience will be caused and special arrangeveill have to be made for the lifting
of the cargo. Thus, the uniform level of water asntained in the docks by providing locks
and gates is very convenient for handling the cargo
(i) Harbours are prone to be affected by tidesiclv may cause changes in water level. If at
low tides, the level of water is insufficient toogind the ships, in such cases ships could be
berthed in ducks.
(iii) Ducks prevent rubbing of the ships’ sides iagaquay walls.
(iv) Effect of storms in the outer sea and harbour d@hstruct the dock enclosure.
(V) Fig. 15.1(a) and (b) show the location of dock$wdtck, gates, breakwaters etc. on  river

and sea side’s respectively.

Fig. 15.1(a) Wet dock location on river side Fig. 15.1(b) Wet dock location and basin fation
B. Repair Docks
(i) Repair docks are necessary for the executiorepdirs, cleaning and painting of ships’
bottoms.
(i)Hence, these docks and docking arrangementsaldHme such as to expose the ship’s
exterior fully and keep it out of water during {higress of repairs or renovation.
(i These docks are important in case of major peets. The bottoms of ships require
scraping and cleaning at intervals so that he stapanaintain the speed.
There are generally four classes of such glodk.:
o Graving or dry dock
0 Floating dock
o Marine railway
o Lift docks.
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Dry Dock:
As the name suggests, the arrangement in a dryiddokake in a ship, close the gate, and pumpheut

water. Sometimes, it is possible to take advantddilal variation so as to reduce the need of gamp

We shall consider these cases.

=tin®

SEERLT rim

Fig. 15.3. Porbandar Dry Dock

Fig.15.2 shows pictorial view of the dry dock afrAtlo Da Silva. Fig. 15.3 shows the plan and
section of the Porbandar dry dock (1961). Bothhim plan and section, a number of blocks -named keel
blocks and bilge blocks - will be seen. These aeamhfor the vessel to sit on, and their top tiratsre

generally adapted to the shape of the vessel.
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The sequence of operation of the dry dock felmwns:

® At low tide, after the “blocks” are arranged teceive the vessel, water from sea side is
allowed to flood the dock. This is done by permijtthe entry of water from outside through the
sluice valves.

(i) The gate is then opened and the water levitldrdock will rise with the rise in tide. It willeb
seen that, with proper sluices, the dock could Hseen flooded just before the high water also.
When the water level has raised enough so as 4o ttie ship, with adequate margin over the cill
that is over the gate bottom, the ship to be digkdd is manoeuvred in.

(iii) The ship is then properly aligned so that witk thithdrawal of water either with the
receding tides, or by pumping, the ship exactly eit the pre-arranged blocks. Then, the gate is

closed and water is pumped out.
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CHAPTER 16
INTRODUCTION TO AIRPORT ENGINEERING

INTRODUCTION

Airport engineering deals with the civil enginegriaspects of air transportation that covers plagpiayout
and design of airport facilities. These include toeways and taxiways, terminal buildings and other
ancillaries. It is comparatively a new subject. &ansportation is an important and in fact fastestle of
modern day transportation system. In addition i®, ir transportation has another desirable featgood
record of safety. This sector has witnessed afgigni growth in the second half of the twentiegmiury.

TYPES OF AIRPORT

Airport is a facility, consisting of civil works,ualding, installations and equipment, intended ¢oused for
the arrival, departure and movement of aircraft.

Airports are of two types, viz.,

1. Civil airports, serving the scheduled airlines afigphases of general aviation
2. Military airports, serving defence needs

The Civilian Airports are of three types, viz.,

1. Air carrier airports, which serve scheduled airieas. Example: Palam Airport, Delhi

2. General aviation airport, which cater to businesd executive flying, air taxi operations, Flying
clubs, aerial showing, medical services, fire fight forest patrol etc. Example Safdar jung Airport
Delhi.

3. A mixture of the above two, catering to both schedwair carriers and general aviation. Example:
Ludhiana Airport, which allows landing Vayudoot aaicthe same time allows use by a flying club.

Airports can be classified as under according ¢atype of air travel catered to:

1. International Airport: An international airport @e which is designed as port of entry or departure
for international flight and which has facilitiesrfinspection by customs and immigration.
2. National or Domestic Airport: An airport caterinrgdomestic services is known as national airport.

Further, depending on the type of landing and tik&igport can be divided into four types. They are

1. STOL: Short Take-Off and Landing, having runways$esk than 600 m in length and catering to the
special aircraft which requires only short takeanftl landing runway length.

2. VTOL: Vertical Take-Off and Landing Airport, desigd for lift-off and landing vertically. A

Heliport is a VTOL facility.

CTOL: Conventional Take-Off and Landing Airport.

4. RTOL: Reduced Take-OFF and Landing Airport, catgria aircraft accommodating up to 150
passengers which can take off and land in runw&y- 1200 m long.

w
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LOCATION OF AN AIRPORT

The location of an airport or selection of site &or airport is governed by many factors. The factam be
put under three important headings listed below:

1.

Economic factors

a)

b)

The proposed airport must be able to generate @ratttathe estimated passenger and cargo traffic.
Therefore, the population of the area is an immortéetermining factor for the location of the
airport. The pattern and growth of the cities untler service of the proposed airport and the
location of the industrial centres also governlteation of the airport.

The existence airports in the proximity and theesmted function the proposed airport play an
important role in the selection of location of gigport.

Meteorological factors

a)

b)

c)

d)

e)

The orientation of the runway is decided on thesbatwind velocity, frequency, turbulence, and
gust as these are these parameters have signifidlugnce on the airport operations and safety.
Crosswinds are crucial factor as they may prevafd gsage of runway. Runway orientation is so
selected as to minimise the effect of crosswindpaments.

The altitude above the mean sea level influencaway length. Other parameters remaining the
same, higher altitude requires longer runway lengfiproximately, for every 300 m altitude, 7%
increase in runway length is required.

Average temperature of the hottest month also emites the runway length. The higher is the
temperature, the longer is the runway.

Visibility condition arising out of fogs, mist, mai smoke, low clouds, dust storms etc., has a
considerable effect on the aircraft landing ancetaif. Sites unfavourable in this regard must be
eliminated.

Icing records

Physical and Engineering Factors

a)

b)

d)

Fairly Level Ground: The selected location showdgéna fairly level area with gentle contours. This

will minimise the cost of earthwork for levellingné keep the runway length to a minimum. Every

1% increase in the average longitudinal slope efdbuntry causes 10% increase in the runway
length.

Easy Acquisition of Land: The acquisition of lanekeded for the runway, apron and terminal should
be easy and convenient. For a small airport, 2Dtbectares of land may adequate. However, large
airports require as much as 6,000 to 15,000 hexctdrand.

Scope for Future Expansion: There should be angpid for future expansion if need be. The
presence of built up area such as industrial astabénts, hills, rivers, harbours, etc., act as an
obstruction to future expansion.

Elevated Site : An elevated site is ideal from mawysiderations as it is usually free from
obstructions in the approach zone. It is easy #indroften less prone to fog and adverse wind
conditions.



e)

f)

9)

h)

)
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Favourable Soil Condition: Available subgrade swith higher supporting strength considerably
reduces the airfield pavement thickness. Drainagenpial of soil improves the performance of
pavements. The soil should not be susceptibleoki fiction.

Proper Drainage condition: An ideal location is thee having natural drainage whereas a high
water table significantly reduces the bearing gjtieiof the site.

Free from Obstruction: As far as possible the apgnes of the proposed location of the airport
must be free from all obstructions like hills, tailildings, towers, chimneys, and transmissiorsline

Accessibility: The proposed airport should be e@asitcessible from the nearby residential,
industrial and commercial areas, else the verym@tdge of airport is lost.

Availability of Construction Material: Constructianaterials, stone aggregates in particular should
be available at economic leads.

Deterrence to Birds: The vicinity of the proposedation of the airport should be from features
such as slaughter houses and refuse dumps. Tleesergs attract birds, which cause bird hits.
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CHAPTER-17
AIRPORT LAYOUT COMPONENTS
The main components of an airport layout are:

1. Airfield consisting of the following:
a. Landing strip, consisting of a runway, shoulderd stop-ways
b. Taxiways
c. Apron
2. Terminal area, consisting of the following:
a. Gates
b. Terminal building
c. Aircraft service facilities

3. Flight support area, consisting of structures awilifies for air traffic control, navigational &d
fuelling the aircrafts etc.

Runway:

Runway is a strip provided specifically for landiagd takeoff. It is generally paved. Shoulderspaozided

on either side of a runway to serve as safety atroeild an aircraft go off the runway sideways dyrin
landing or take-off.. They are generally unpavadpSvays are provided at the ends of a runway,nafgsai
safety, to accommodate an aircraft that overshootandershoots a runway during landing and has an
aborted take-off.

Taxiway:
Taxiway is a strip connecting runway with one aeotiind with the aircraft-parking apron.
Apron:

Apron is the hard-standing area adjacent to terdnbodding where aircrafts are parked. It is meéort
enplane or deplane of passengers. Cargo is aldedaar unloaded here. Fuelling and other serviisraiso
carried out here. The number of spaces proposedeimplanes depend upon the time of occupancy of an
aircraft as well as the number of aircraft expedttedse the apron at one time.

The time of occupancy is more at terminal airptren foren route stops. The time required for loading and
unloading varies from 20 to 45 minutes, dependipgnuthe aircraft size and handling equipments. The
gradient of apron should be adequate to drainufface run-off but not in excess of 1.0 per cent.

Holding apron:

At busy airports, aircrafts have to line up fordalf. Holding apron (also called run up areahiat tportion
provided near the ends of a runway for engine nurand for hitching (hold-up) and unhitching vehscle
towing the aircraft. They also serve an area fagraft waiting for take-off. Holding-aprons are @lsalled
run-up pads or holding bays.

Gate:

Gate is the opening in the terminal building thdowghich passengers enter or leave the terminatiibgilon
arrival or departure from an aircraft parked in #pron. The transfer of passengers from the gatbeto
aircraft is accomplished by various systems.
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Terminal building:
Terminal building is designed for handling of pasgars, cargo and airman from ground to air.
Hangars:

Hangers are buildings where servicing and repamifiafts are carried out. The size of hangaredép
upon the dimensions of the aircraft they serve.

Flight support area:

Flight support area consists of a numbers of strastand facilities of air traffic control, navigatal aids
and fuelling the aircraft.

RUNWAY

Runway is a strip provided specifically for landiagd takeoff. It is generally paved. Shoulderspaoided

on either side of a runway to serve as safety stoeild an aircraft go off the runway sideways dyrin
landing or take-off.. They are generally unpavadpSvays are provided at the ends of a runway,naigai
safety, to accommodate an aircraft that overshootandershoots a runway during landing and has an
aborted take-off.

Configurations of Runways
Various configurations of runway commonly in use as follows.
a) Single runway
b) Parallel runways, which add to the capacity of lsmgnways

c) Intersecting runways: Two runways intersecting eattiter at some convenient angle forms this
runway. These runways are used where strong wiloesibh more than one directions.

d) Open -V runways: Two runways aligned in differdivections form a Open -V runway. Each run is
used when under favourable wind condition.

The configurations of the above runways are shawhe Figure 17.1
|:| Single Runway

I Parallel Rumay

Intersecting Runway

Open-V Runway

Figure 17.1 Runway Configuration
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Runway Orientation/Orientation of Airport

The orientation of runway is decided after carefindlysis, direction and duration over the pasts/etine
crosswind component may prevent the safe usagewfveay. The alignment should be so selected Hwat t
crosswind components are minimised. It should mied that the aircraft may land at least 95%moéti
with crosswind components not exceeding 25 kiloeseper hours which is considered to be safe liamit f
light and medium weight aircraft. However, this ilins not relevant for modern heavy jets which mya
case can land with wind speed higher than thiss Tdduirement can be met by deciding the oriematio
the basis of past data on the occurrence of wifidamous velocities and direction. Orientationrahway
should be parallel to the city boarder so thathtigdo not occur over the populated areas causigg n
nuisance.

Runway Dimensions
The runway length is influenced by the followingtiars.
a) Type of aircraft, its take-off and landing charaistics
b) Elevation of the airport
c) Gradient of runways
d) Pavement conditions
e) Temperature of the area
Based on the aircraft characteristics, usuallygturéical conditions are examined:

1. The runway length should be sufficient for the i@ifcto accelerate to the point of take-off anchthe
in case of failure of critical engines, the airtiaé braked and brought to stop within the limits o
the runway.

2. In case of failure of critical engine occurs atoinp of take-off, the aircraft should be capable of
take-offs on the operating engine (engines). Theait powered by reciprocating engines must be
able to clear the runway by 15 m and those poweyddrbine engines at an elevation of 11 m.

3. Inlanding, the aircraft should clear the end @& thnway by 15 m and be landed and brought to halt
within 60% of the available runway length. The fatendition guarantees that even if the aircraft
lands at a speed exceeding the design value,rill{ais taken care of by the length so provided.

With the criteria as above, and knowledge of talfexod landing characteristics, it is theoreticaityssible
to calculate the runway length. Another approaciydver is to use experimental data on aircraft
performance during landing and take-off as estabtisy flight tests.
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Figure 17.2 Runway and Taxiway Exit Details

A dimensional sketch of a representative runwayahg typical features is given in Figure. Also shoin
the Figure 17.2 is the interconnectivity betweemway and taxiway.

550-800 m \Runwa‘,-'
5

rjnall Propeller Thresold
Aircraft

|

R

800 -1200 m Twin Engine

Propeller Ajrcraft

1400 - 1700 m
Light Turbojet Narrow Body

- 2000- 2200 m Heavy Widebodied Jets -

Figure 17.3 Taxiway Exit Details for Various TypafsAircraft
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TAXIWAYS

Taxiway is a strip of pavement connecting runwathwine another and with the aircraft-parking apiidre
dimensional requirements of taxiways are lower tthe for the runways as the aircrafts travel atuch-
reduced speed than they don on runways.

The exit taxiway from a runway can be either righgled or at some other angle convenient for
manoeuvring of aircraft. An angle of abouf @rmits aircraft to clear the runway quickly of theder of

100 km per hour. These exit taxiways can be syjtidated at about 800 m, 1200 m, 1800 m, and 200 m
from the runway threshold such that a variety ofraft can be served. Taxiway exit details are leixddl in
Figure 17.2 and 17.3.

APRON

Apron is the hard-standing area adjacent to terdnboéding where aircrafts are parked. It is meéont
enplane or deplane of passengers. Cargo is aldedaar unloaded here. Fuelling and other serviisraiso
carried out here. The number of spaces proposedeimplanes depend upon the time of occupancy of an
aircraft as well as the number of aircraft expettedse the apron at one time.

The time of occupancy is more at terminal airptren foren route stops. The time required for loading and
unloading varies from 20 to 45 minutes, dependipgnuthe aircraft size and handling equipments. The
gradient of apron should be adequate to drainuHace run-off but not in excess of 1.0 per cent.

AIRPORT LAYOUT

A typical Airport Layout with all the representagivetails discussed in the previous paragraphsoisrsin
the Figure 17.4.

Runway
Shoulder -
il g 2 | = i
PP == _/.14_- ﬂﬂi R::\_,. :qc;&[ng P
> " | Apron Taxiway 4— ruel Farm =

| Terminal Building Gate Lt :
I._.—.—.ﬁ- r—u.. ..'__-_.-il
—

Hangers and

inal i cili
Terminal Parking Maintenance Facility

Figure 17.4 Typical Layout of Airport
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CHAPTER 18
TUNNELING

DEFINITION

Tunnel is an underground engineering structure tmetlansportation of traffic, water, oil and miaés etc.
A tunnel may be constructed beneath the grounceruhé bed of the water bodies such as river camoar
through the hills or mountains.

It is believed that the history of tunnel constroictstretches back to very early age of humanization.
The first tunnel is said to have been built by Bams about 4000 years ago. The said tunnel coeddwain
buildings in Babylonia. The first under-water tuhm&as constructed in Egypt under the Eupharates riv
connecting the Royal Palace to Temple of Love.

Figure 18.1 Longitudinal section of tunnel

CLASSIFICATION OF TUNNELS
Tunnels are classified on the basis of the follgixgonsiderations.

I.  The purpose of construction of tunnels
II.  The type of soil material through which the tunrgdss
lll.  The position or alignment of the tunnels

I.  Classification based on the purpose of construction

The two broad purposes of tunnel are the transpamtaf traffic and conveyance of utilities. Onglbasis
the tunnels are classified as (i) Traffic tunnetsl i) Conveyance tunnels. The two types of tusrae
further classified as follows.

i. Traffic tunnels

Based on the type of traffic, traffic tunnels aré@did into the following categories.
a. Pedestrian tunnel
b. Road or Highway tunnel



c. Railway tunnel
d. Navigation tunnel
e. Subway tunnel

ii. Conveyance tunnel
Based on the utilities of conveyance, conveyanoeeis are divided into the following categories.
a. Water supply tunnel
b. Sewer tunnel
c. Transporting tunnels in industries
d. Hydro-electric power tunnel

Classification based on the type of soil materiahtough which the tunnels pass

Based on the quality of soil material through which tunnels pass, they are classified as follows.

a. Tunnels in hard rock

b. Tunnels in soft rock

c. Tunnels underneath water bodies or Underwater tenne
d. Open-cut tunnels

Classification based on the position or alignmentfahe tunnel

Based on the position or the alignment of the tisyrikey are classified as
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a. Slope tunnel: Slope tunnels are constructed inpskelés and mountains to ensure safe and economic

operation of railway and highway routes throughrhe

b. Spiral tunnels: To avoid steep slopes in narroweyal tunnels with spiral shape are provided which

require a series of loops in the interior of moumta

c. Off-spur tunnels: These are the tunnels construttieshort-cut the local minor obstructions. Theg ar

very short in length.

d. Saddle or Base tunnels: To minimize the lengttheftunnel, it is taken through the valley as lasghe
natural slope of the valley does not exceed thaguyradient of the route. Such tunnels are cefladdle

or Base tunnels.

SHAPE AND SIZE OF THE TUNNELS

Size and shape are the two important geometriediifes of a tunnel. They decide the sectional lerafi
the tunnel. Shape of the tunnel is guided by tlessure exerted by the unsupported wall and thutypleeof
soil. Size of the tunnel depends on its functiomalpose such as for carrying water, sewage, railaray

highway. Single-way or two-way highway or railwdgainfluences the size of the tunnel.
Shape of tunnels
The commonly adopted shapes or sections of thestsiiane

Circular section
Segmental section
Horse-shoe section
Rectangular section
Egg-shaped section
Elliptical section

-0 oo0OTw

The advantages and disadvantages of all the atleatierss are discussed alongside the specific (fsesch

of these.
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Circular Section

These sections are commonly used for tube-railwiaigway tunnels, sewer and hydro-electric tunnels.
Figure 18.2 shows a typical circular cross seabiba tunnel.

Advantages of circular section:

i.  Circular section is theoretically the best onerésisting internal as well as external pressure.
ii. It provides greatest cross-sectional area for@hstlperimeter and hence it is economical.
iii. It is best suited for non-cohesive soil and fomiels driven by shield method
iv.  This section is best suitable for sewers and wagying purposes

Disadvantages of circular section:

i.  Circular section is unsuitable for railways andhwigys as greater quantity of filling is required in
order to have a flat base.
ii.  The construction of circular section is difficutiein other sections
iii. Placement of concrete lining is difficult.

Figure 18.2 Circular Section
Segmental-roof Section

Segmental-roof section also known as D-section igsopular tunnel section. This section consists of
segmental roof supported over vertical side wdlle segmental roof takes the external load andfiees
the same to the vertical side walls. This sect®aduitable for hard rocks. In case of soft solig, tertical
side walls need to be constructed in R.C.C. Thisi@e is suitable for sub-ways or navigation tusnél
typical segmental cross section is shown in Figi#8

LB Al e B w W w
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Figure 18.3 Segmental Section

Horse-Shoe Section

Horse-shoe section is a popular tunnel sectioha#t a semi-circular roof along with arched sided an
curved invert. It offers a good resistance to exkiground pressure. This imbibes advantages df bot
circular section as well as the segmental sectiohodfsets the limitations of the two. A charadgd horse-

shoe section is shown in Figure 18.4.

Advantages:

i.  The floor of the tunnel is flat enough to providerking space to the workers for storing materials
during construction
ii.  The external pressure is resisted by the curvezssidd arch action.

ii.  The section is most suitable for soft rocks
iv.  This section is best suited for road and railwayfit and is very commonly used for railway and

highway tunnels in all countries.
v.  This section is also suitable for carrying watersewage as the wetted perimeter in this section is

also not much greater than that of a circular eacti
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Figure 18.4 Horse-Shoe Section
Rectangular Section

Rectangular section is suitable in case of harkiscaConstruction of this section is not only difficbut also
the cost of construction is comparatively high. §&eections are smaller in depth and are normdtptad
for pedestrian traffics. However, rectangular sewiare almost not in use these days. A representat
rectangular section of tunnel is shown in Figuré18




115

Figure 18.5 Rectangular Section

Egg-shaped Section

Egg-shaped section is commonly used for sewersubectd gives self-cleansing velocity even in Dry
Weather Flow (D.F.W). Like circular section this atso good in resisting external as well as interna
pressure. Figure 18.6 shows a representative egpupdtsection.
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Figure 18.6 Egg-shaped Section

Elliptical Section

Elliptical section with its major axis vertical isuitable in soft soil. However these sections ave n
commonly in use these days. Figure 18.6 showsiedtyglliptical tunnel section.

Figure 18.7 Elliptical Section

Size of tunnels

Size of tunnels depends mainly on the functionappse for which it is used, such as for carryinggk-
way or two-way highway or railway, for carrying sege water or for hydro-electric purposes.

Following aspects are mainly considered in deteingithe size of the tunnel.

a. Volume of traffic to be handled



116

Total Volume of the traffic to be handled will gowethe size of the tunnel. Size and magnitude,
speed and tonnage of traffic also influence the sfzhe tunnel.

b. Type of traffic
The type of traffic for which tunnels are to be stacted such as pedestrian, road, railway, eg. ha
significant influence on the size of the tunnel.

c. Size of the clear opening required
In tunnels for single railway track, a clear spgcbetween the tunnel wall and the side of largest
locomotive should be at least 75 cm. And a cleacisyyg between the roof of the tunnel and the roof
of the locomotive should be at least 100 cm. Ireaafsa double track tunnel, the clearance between
two tracks should be at least 60 cm.

d. Thickness of tunnel lining
The thickness of lining varies the material perietaAn allowance for movement of side walls
towards each other may amount to 5 to 7.5 cm shoailallowed without else their stability may be
put to danger.

e. Drainage facilities required
The drainage condition and type of drainage systeopted will also influence the size of the
tunnel.

f. Ventilation method to be adopted

TUNNEL CROSS SECTIONS FOR RAILWAYS AND HIGHWAYS

The Indian Railway has entered the high speed légeping this in view a proposal of high egpe
railway line between Mumbai and Poona has beepgped. In this proposal the maximum speed of the
train has been assumed as 250 Km/hr and the thkea feom Mumbai to Poona will be 45 minutes only.

In the proposal 1.84 km long tunnel from Victoriarinus up to Appalo Bunder will have two railway
tracks. The cross-sect ion of the proposed turtmal be as shown in Figure. In the proposal theetisga
tunnel of 9.84 km from Apallo Bunder shall be multirpose tunnel, carrying two railway tracks, twod
road traffic, space for carrying water pipe lingsywer and communication cables, and an inspectdiary.
The cross-section of the proposed multi-purposedlshall be as shown kigure

The vertical and lateral pressure acting on theelmainly depends on the quality and inherenngtie of
the rock. In case of greater magnitude of latémaldt, circular sectional tunnels shall be moreneadcal. If
the rocks are solid, arched roof section can bd us#out any lining. To reduce the tensile stressethe
crown, elliptical section with 1.6 times its widthould be provided instead of circular sectiongpghof the
tunnel should be properly selected and designed.
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SHAFTS

Shafts are vertical wells or communication passage along the line of a tunnel at one or morensoi
between the starting and terminating points of pheposed tunnel. When the length of the tunnel is
comparatively small, the starting and terminatinings of the proposed tunnel or underground passage
be easily located. However, in case of long andesgme tunnels or underground passage, it becusrgs
difficult to mark the starting, intermediate andntéating points. In such cases the points on tbergd can
be transferred to the underground location by medrshafts excavated from the surface right upht t
corresponding position inside the tunnel. In calsenealler tunnels, the starting and ending poits be
readily located and the excavation work can baeldrom one end on the basis of the proposedrakg.
On the other hand, in case of comparatively latgenels having complicated features, the excavatiork
is carried out in different divisions by sinkingheamber of shafts, at suitable places, from theaserfEach
additional shaft provides two additional workingcda as shown in thEigure 1.This division of work
provides a number of working faces and thus thgness of work is expedited.

Advantages / Purpose of shafts:
The advantages of shafts are enumerated as follows.

Shafts facilitate correct alignment and help togfar the centre line into the tunnel.

Shafts provide additional working faces to carry excavation work.

In the case of long tunnels, they are used fopthipose of ventilation.

They can be used as pumping shafts in case thbeaiy influx of water in the tunnel.

They serve as outlets for excavated materials aodde access into the tunnel for the building
materials.

aprwNRE

Size and location of shafts:

The size of the shaft depends upon the purpodeegiroposed shaft
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CONSTRUCTION OF SHAFTS

The method to be adopted for the construction efshaft mainly depends on the nature of the grolmd.
common practice the shafts are usually sunk doam the top toward the tunnel. In special cases ghew
the shafts can be constructed from the tunnel wawmg direction. The construction of the shaft ie th
upward direction is cheaper as the muck is dropgioggn and can be directly trapped into the muck
carrying cars.

CONSTRUCTION OF SHAFT IN ROCK

Following are the main operations for the constamcof the shafts in the rocks.
1. Drilling and blasting
2. Mucking
3. Timbering
4. Pumping
Drilling and Blasting

Holes are drilled in the rocks by various drillimgachines and equipments, such as jackhammers and
pneumatic compressed air operated equipments. diige lsize shafts are excavated by 'stepped down'
technique to permit mucking and drilling operatgwes together.

Mucking

The process of removal of excavated material amopihg of the same outside at suitable place is knasv
mucking. The mucking operation can be carried atee manually or mechanically by cranes. Mucking
operation by crane is shown in thggure In crane operated mucking operation, when oné&éditis loaded,
the other is hoisted to the surface.
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Timbering

The process of providing temporary supports tocthtesoil sides against falling till lining is dooe finally
filled up after the completion of the workigure 4, 5show two different methods of timbering in small
shaft and deep shaft respectively. In self-suppgrground excavation work up to 20 m can be carmigd
without timbering. In non-self-supporting groundnkiering may be necessary immediately after the
excavation.
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Figure 18.10 Timbering for Deep Shafts in Soft Soil

Pumping

Water present in the shaft due to the seepage grnoderd or water used due during construction ojmerat
need to be removed. The bucket used for removiagrtuck can be used for removal of water. However,
pump sets are generally used to remove the watsar tihe shaft. In very deep shafts pumping is castly

so grouting is done in seams to seal off the flbwater to some extent. Water is collected in tn@s near
the wet seam and is pumped out to the surface.

CONSTRUCTION OF SHAFT IN SOFT SOIL

Sinking of shaft in soft soil is simpler and candaeried out in several ways. Mining or excavaii®ualone
by simple tools and mucking is done by hoistingketis. Method of shaft sinking depends on the natfire
ground, depth of shaft, and the equipment availdliieee commonly used methods are explained below.
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1. The method of timbering for small shafts in sofbwnd is shown irFigurexxx24 A hole about 15 cm
deep is dug. In this hole, two sets of timber asseabled, plumbed and braced with diagonals.
Excavation is then started under the bottom ofdiieeting, and sheeting is driven down keeping the
sides vertical. Another set of sheeting is stawétin the timbers of first set as shown in fhgurexxx
A slight margin is given to the second sheetingalhis closed by nailing short boards. This systém o
shafts has been successfully used for depth up/tsm1Pneumatic hammer may be used for driving the
sheeting.

For deep shafts, fore poles of 1.5 to 1.7 m lorguesed to support the ground as showRidure yyy25

In firm soils like clay, excavation may be doneaiftmetres and more. Planks of wood are set against
the trimmed walls and are held until other timbanes placed. Shafts may then deepen in stages ofi 1.5
or so and walls suitably lagged and wedged so a&nhsare tightness of every plank against the wall.
Pressed steel liner plates are often used forgitha shafts.

2. In this method of shaft sinking, a pit is excavased a number of rings of segmental cast iron] stee
reinforced concrete lining are built into the fditepending upon the stability of the ground, theipit
taken to a depth of two to three rings of the [inor more. Shaft sinking is continued by excavathmey
centre of the hole, under-cutting the line alreathcted and erecting further segments of the ljrtimgs
building up additional rings. the space behindlithieg is grouted.

3. In this method of shaft sinking, a ring of steekshpiling is driven through the first 7 m or sotbé
ground. The excavated materials are removed fra@idénthe pit. The first section of the shaft isnthe
built inside this.

CONSTRUCTION OF SHAFT BY CAISSON

In soft water bearing stratum, caissons are use@donomical construction of shafts. Compressedsair
used for exclusion of water from the pit. The ocamsg generally commences from the ground. The firs
ring has a V-shaped bottom forming a cutting edde weight of the caisson is generally very smafl a
hence it is ballasted for sinking. On the top & finst caisson, normal rings without any cuttirdge are
erected till the required depth of the shaft ischeal. The rings are normally built up from cashimar
reinforced concrete segments. Caissons are ofyipast

A. Drop caissons

Drop caissons are used in water bearing sand aelgsiratum. Drop caissons are heavily reinforced.
Dredging is commenced within the well and as thveeloedge is undercut, the caisson will sink duésto
own weight. To increase the weight, it may be ne@gssometimes to put additional weights on the top
Pushing of caisson is accomplished by undercutimgedge of the caisson more than the other. \)&iter
may be used for loosening the ground if necességyre zzzshows a typical R.C.C caisson.
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Figure 18.11 Typical RCC Caisson
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B. Pneumatic caissons

In difficult ground with high water bearing stratuoompressed air is used for safe excavation.dh sases
the shaft lining must be stronger. Air locks oftical type are located above the expected watexl lawd
are connected to working chambers. Muck is raigesniall air hoists or pumped through a blow piplee T
sinking operation is controlled through the workiclgamber. A typical pneumatic caisson is shown in
Figure hhh
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Figure 18.12 Typical Pneumatic Caisson



