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Sc  Explain the process of
lining of the tunnel in the
given situation
justification.

5d Describe the type of
ventilation provided for
the given type of tunnel.

Se Describe the procedure of

maintenance and repair for
the given type of tunnel.

5.6
5.7
5.8

Drilling equipment-drills and drills carrying equipments, Types of

explosives used in tunnelling.

Tunnel lining -purpose, factors affecting type of lining, and methods
Tunnel ventilation and drainage- Purpose and method.

Tunnel Maintenance - Purpose and measure to be taken for proper

maintenance.
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Basics of Railway Engineering

} 9/ MR E.

« Role of transportation in the development of nation; Modes of transportation system - land way, w waterway, airway.
Merits and demerits of roadway and railway; Classification of Indian Railways, zones of Indian Railway

« Permanent way: ldeal requirement, Components; Rail Gauge, types, factors affecting selection of a gauge.

« Rall material, Rail Joints - requirements, types.

« Creep of rail: causes and prevention ol creep.

« Sleapers - functions and Requi:ement, types - concrete sleepers and their density

« Ballast - function and types, suitability. '

« Rail fixtures and fastenings - fish plate, spikes, bolts, keys, bezring plates, chairs-types of anchors and anii
creepers.

1.1 Definition : Transportation engineering

2> (MSBTE w-m

In short, it is the technology by which 2 pm;;cr communication facility is planned, designed and constructed for easy

transport of human being and goods from one place to another.
W

Syllabus Toplc Role of transportatlon ln tho development of nallon

1.1.1  Role of Transportation in the Development of Natlon

- (MSBTE - W-14, 5-15 S-17, W-17, s-te)

S W‘#i*ﬁ'*
n -s ?’-&. s Y 4 bm:a,:
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Role of transpotation i an essential accessory of development of nation for the follow ing Parposes |
(1) Basy andquick transportation o men, machines, animals, matedals and gooda can be made,
(0 Aveas which wre connected by proper means of transpaoet ean bo doveloped fast,
(HD Remaote areas and wral aveas beconme accessible and communieable If connected by proper means of transport.

(Iv) Duting the days of emergency e g, war, efficient and developed transportation system plays a vital role for quick and

eaxy transpactation of soltiers, food and ammunition,

(V) Transportation throungh airways atso plays an important tole of communleation to the people staying in remote areas and

also helps the people In diftieulties during Noods, B.g. Helicopters can help the people at the time of floods,

The choive of transpartation depend upon the followlng factors ;

e

«The length of haul

*2

« Weight and sire of consignment
X Traffic density

4. Nature of route

M

+ Quality of service

[ v T AR\ R

Syliabus Toplc : Modes of transportation system

1.2 Modes of Transportation System

2> (MSB‘I’E $-17, 5-18)

ﬁ‘\ﬁ:!‘;; s 17‘5';-185

Modes of transportation system are roads, railways, airways and waterways.

Modes of
transportation lyshm

;-o{l Roadways

=p{ 2. Raillways

3. Airways

4, Watorways

Fig. C1.1: Modes of Transportation System

———— -
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! WsTopic:Ldehy,DemedtsolRoadWay =

The roads serve the following purposes :

(® Quick and easy transpontation of men, matenial, food grains, vegetables and other goads from one place to another,
(i) Roads develope the area quickly.

~ (i) Roadways are the only means of transport in isolated locations of couatry where other means of traasport canadt be
used.

(iv) It provides door to door service.
(v) Ttis ideal for non bulk cargo movement.
@ Merits of road ways
(1) Itis economical structure.
(i) Ttis vesry convenient for passenger and small goods transpet.
(i) Destination and starting points are not pecessarily defined.
(iv) Small vehicles can be driven on roads for personalized transport.
o Demerits of road ways 1 ;
0] i‘mﬁw resistance of wheels of vehicles to tbemad:s mm:. hence there is ae.;i:r wear ta the road pavement.
(i) Overall maintenance of road is more.
(iii) There is a spead limit or speed is restricted. R
(iv) Itis suitable for small distance only. ‘

(v) Itis not suitable for bulk carpo movement

e E—
Syttabus Topic : Merits end Demerits of Railway
W— mmm
< (MSBTE-S-17)

TR SRS

- Railways or railway mansport is now a days, the life line of the nation and more essential for mass transportation of mXA

and matenals for long distances.

. : st
- The part on which the railway scally moves coasists of stez] rils, wooden or pre-cast concrele sleepers, ball
(crushed stones and metals) and sub-grade (i.e. compacted soil underneath the ballast).

= Railway is commoaly tenned as permanest way foc transportation means.
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T Mexits of raitways

@ Kk provides economic means of transportation for common people.
(@) Traveling in raibway is safe and comfortable.

(&) Heavy poods and rew materials can be transported for long distance only by railway.
() & gives the maxizwem revesoe 1o the country.

(%) R requires kess power to drive.

(") k gives the exployment to the maximum peoples.

(vi) Tractive resistance of railway is less,

" Demerits of raiiways

@ e cont of constraction is more.

(D krogaires maintenance fregoently.

) Tb:gm\'kh:\tlo!&d:dmun}oacbdazsmﬁonya"donlyandtbcnitistmnspmadbymadtorequin:place hence
s el S NS |

v I'rtadooe delvery is pot possible.

() il muming and b<avy Lifting devices are required.

3} Shp curve and riesp gradients cannot Le provided.

—— S %
Syllabus Toplc : Alrway TR
— e ——— — . e ———
123  Alrways § |
Thxss&ﬂ}nkkcs:m&dmmmmn;odcofjwmxhwnﬁnmmdﬁmwtmydknubmcc&

T Merits of airways

Q) hm}nimksﬁnzmrmhwthcwquhuiduﬁnaﬁmummpamdwmwmodeofmmm

() ngdimnccanbccmuaiwi'.hinbm : |

(m) It plays very important role at the time of war. E )
@) Il;!midtsnméca!anduncrgcncys:n'im“ilhinvaysbmﬁm

) hmmachtothcpbcuuta:c:hamodcofﬂanspmcannotmach.

T Demerits of airways

(1) Itis costly affair transpcas <;~u:m

(u) hmnotbcaﬁordedbyconm;mpk.

(i) It depends ca favourable condition of climate and can not be driven in storms and fogs and heavy rain fall

{1v) Initial investment is more.
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MSETE-Sem 4, Ciwil) 1§
T —
Syllabus Topie : Waterway

ﬁ? Raitway and Bridge En

124 Water Ways
Jdes days and i ey for oiden Juxs

Water transpoctation is the cheapest made of transportation aad it exists from &
and it is suitable for transpoeting heavy matenal.
o Mexits of Waterways
() Waterways it the cheapest mavde of transport.
G0 Ttis suitadle Ror transporting very beavy materials like oil, steel, food graies, tieoder el
(1) Tt can cany very heavy goods over a boag distance.
(iv) Ntis enviroament friendly raode of transport.
o Demexits of Waterways
(1) Tt require more time to reack to the destination because ship moves with slow spead.
(i) Storms and burricanes ia se3 disturd the journey and damage the carg,

(i) Due to this method sometimes oil spills and mariné Life may get tfectad.

125 Comparison Eetween Modes of Transportations

e S A
SRS R I

1. | Door to door delivery is posstie | Door to door delivery s nat | Door to door detivery i nt | Door fo oo dsleary Bt
possdi possible possie,

2. | Suitable for shorter distance Sultable for longer distsncs | Sultabie for longer ditince | Sutabis for longer dtance

3. |Costly as compare towaterways | Costly as compars o Coatly transpociation sysem | Chapest made of
roadways : ranspociation

4. |Fastest mode of transport as Fastest as compars to Fastest mode of banspor. | Sowest made of Fanspont
compare to water ways roadways

5. | Starting and Destination points are | Starting and Destination Starting and destnation Stvting and Qestiradon

not fixed points are fxed polnts are frxed pords we faed
6. |Traffic by bus, scooters, rickshaws, | Traffic by trains only Tialtic by aeroplanes, Trafte by shps
cydles. Helcopters
| 7. | Sutabdo for hty areas Not suitable foc hilly area’s | SuRable foe by are as Nt suiabie ke Ny 3eas.

- e —
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1-6 I

L R

Comparison between Roadways and Ralii}hfyéf RRRrE

1. | Suitable to all types of traffic. Provides doorto | Suitable for only from one station to another station.
door service.
2. | Roadways consist of a suitable pavement with | Railways consist of a pair of steel rails having constant gauge
specified width. throughout the track.
B
3 Load carrying capacity is less than railways. Load ca:rymg capacnty is more than roadways,
4, | Suitable for any distance, Suitable for long distancc.
S. | Suitable for steeper gradients. Limitations on the steeper gradients.
6. Maintenance cost is less. Maintenance cost is more.
7. | Notuming devices or provnslons are Special tummg devices or provisions in the form of points
constructed. and crossings are mace.
a o :y—lrabus Toplc Classification of Indian nailways -
B Wl T SIS
‘;’E ar e 3,
1.4  Classification of Indian Railways '

7 e R
S the sassiicaion o 1 Balvevs o

- Railways are classified according to type of gauge. They arc mainly?

Ay

Classification of Railway -
According to Type of ﬁgyge

[ 0Basgauge

L-QJ (i) Meter gauge

=p{ (ili) Narrow gauge .

s

Fig. C1.2 ; Classification of Railway Acco_rdan’Io Type of Gauge

—  The main difference in these classifications are of gauge width which is'shown as follows :

AN vﬂ.{gg,“iﬁ Vi wge | o SR D «gm;q
.Js:'-"ao-" ‘W r:A” g E’J{.;éu}*!gsm’%cA#.nu s ‘.2
I, | Broad uuge ®8G) | <1676
2. Meter gauge (M.G.) 1.000

3. | Narrow gauge (N.G.) 0.610 or 0.762

Scanned with CamScanner
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((MSBYE-Sem 4, CMI

-
“.‘I Ralway and Bridge En

Syllabus Tople : Zones of Indlan Rallway
:

snciner

1.5  Zones of Indlan Rallway .

- Roelong distance passenger and goods traffic railway is cheapest mode of transport.,

= The railways are classified under following zones

1. | Eastern Railway (ER)

2 South Eastern Railway (SER)

L]

Northern Railway (NR)

4, Narth Eastera Railway (NER)

n
.

Southemn Railway (SR)
¢ Central Railway (CR)
7. | Westem Railway (WR)

8. North East Frontier Railway (NEFR)

9. | South Central Railway (SCR)
ﬂ — = ——

Syllabus Topic : Permanent way
- =S S

1.6 Permanent Way

- The permanent way constitutes the combination of ballast; rails and fixtures. It consisis of a pair of rails fixed to
sleepers which rest on ballast.

- First of all, ballast is laid on formation and then sleepers are placed according to ril positions and alignment required
and then they are packed or fixed with fastening.

- The main purpose of permanent way is 10 provide safe and quick movement between starting and destination station.

- Similar to permanent way, temporary tracks are also [sid for temporary work and they are removed after completion of
work.
be  combrnetion  of rei s and  gleeper resHn]
on  ballalit  amd  sulgrede 5 pmown af
Iy

perment waoy
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181 ComponthartofPetmwemWay

T‘::am;e:m;a-au:e:m_mwn 3
() Ra3s ) ;
() Sexpes g
() Fixtums md frzmming P
% Balias A :
= Fu-aximtxsnbga:’:. i
: Sylabus Topic : ldeaIRequh'emem T
1 6.2 _Ideal Requirement of PW!&V y, fi\, -"“ - N M?: ‘ b
-) néaﬁ-: w;s\) f

,g“i'mkmlorm.-:usmmussm

@ Itsbou:dmi:tla::nl:m‘ T
P

A3) Gradient should be casy and uniform.
—_— - hccasyand

&) The yvauge of rfermanent w2y should be uniform and correct ™ -
&)

On
curved portion of the track, proper elevation should provided between outer rail to inner rail.
A6) Ahgnmcnl should be cormrect.

(7 Joints, crossing should be designed properly.
(8) Track should have electricity.

'
R Y o
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@' Raiwg and Bridge Engg. (MSBTE-Sem 4, Civil) 1-9 Basics of Railway Engineering
=

e —————

Syllabus Topic : Rall Gauge

=

1.7  Rail Gauges

ety -15,S-16,S-17 §
Ny - oA . e LISLE DS S
¥ . ﬁ OF:
eEAT oI
A b

Baflast
(20-25¢m)

£ &03'202;0.0'.0 (A

Fig. 1.7.1: Gauge

= e

Syllabus Topic : Rail Gauge type

1.7.1 Common Gauges used by Indian Railway

The common gauges used by Indian railway are

Types of Rall Gauges

(1) Broad gauge (B.G)

(2) Meter gauge (M.G)

(3) Namow gauge (N.G)

| Fig. C1.3 : Types of Rail Gauge
“* (1) Broad Gauge

= Inbroad gauge, the clear horizontal distance between the inner faces of two parallel rails forming track is 167.6 cm
or(1.676 m)

e

el Yoo pobouan e
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@ Railway and Bridge Eng g. (MSBTE-Sem 4, Civil

_ Haslcsof Hailwn En

In India, normally Broad gauge is preferred. It is most suitable in plaln and dense populated area. It is also adopted
when traffic intensity is more and demand is high.

—— [Itisalso suitable when sufficient funds are available and prospects of revenue are bright.
=* (2) Meter Gauge

. eﬁmh’o’?i worfq M&?ﬁ"&ﬁ ifé"ﬁﬁ;’g lé’ él”' TR
g:‘ % " » ‘ ok ot

- This type of gauge is suitable where the position of revenue generation is medium and the traffic intensity is

moderate but likely to grow in future,  (whon e prospPert L6 vevehnd 5 pot

-+ (3) Narrow Gauge brig it

. = Itis suitable where the wider gauge is restricted due to topography like sharp curve, tunnels and When prospect of

revenue is not so high. The narrow gauge hzaving width 61 cm is also called as feeder gauge or light gauge. It is

generally used for feeding raw material in manufacturing industrizs like sicel p) inis, oil refinerizs etc.

r

o o Syilatus Topic : Factors Affecting Selection of a Gauge .
£ b PN e L
1.7.2_ Factors Affecting Selection of Gauge
v

¢ k. ')(MSBTE s-1s)

There are number of factors affecting the selection of gauge. I”cw of l.hch are mcnﬁdnéd bclow :
(1) Funds avaizsbility
(2) Cost of construction.
(3) Volume of traffic : Heavy or light.
(4) Revenue generation : Whether prospect is more or less.
(i} Intensity of population : Thick or thin population.
(6) Topography of the country.

A7) Prospect of future development.

1.7.3 Break of Gauge

- Ina railway track when upto some distance journcy is by one type of gauge and remaining journey is by other type of
gauge that means when the uniformity of the gauge is not there throughout between the destinations then it is known as

breaking of gauge.

In such cases the gauges are non uniform in nature,

Scanned with CamScanner
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MSRTE-Sem 4, i . l\.«m W™ n.um n) Eiphens,

@ Advantages of non uniform gauges

(1) Acconding 1o topography thiterent ganges are conveniently el
(1) By providing different ganges, exonomy van be achieved in ratlway project,
(1) Rail facilities van be providad to the undeveloped areas.

1.7.4  Ditficulties due to Break of Gauge or Non Unitorm Gauges

The following are the difficulties arises due to beeak gauge :
(1) Timetable for different trains with different gauges It 1ot possible to malntain,

(2) It causes inconvenience to passenger due b changing of traing, The transportation of passengers and goods from ome

track to another involves handship to travel delay in transit and increases the cost,
(3) Another set of station equipment and facilities required at the junction Whene two gauges are newt,
(9) Wagons and locomotive of one gauge can not be sed for another gauge.
(5) Ttis very difficult and uneconomical to convert existing gauge into another gavgpe.
(6) Large sheds are reguired for storage of goods during waiting penods,
(7) Transfer of goods from one track to another causes ditficulties and increases lranswﬂaﬁua Ay,

(8) It creates labour problems.
1.7.5 Necessity of Uniform Gauge

~  The breaking of gauge results in wastage of time and causes delay in movement of people and goods. I l;\\\\l\ﬂ extra

labour for unloading and reloading.

—  The goods due to which goods are like to be damage. It also requires provision of exira and custly transhipment yans
godowns, sheds ete,

- Locomotive of one gauge cannot be used for another gauge and hence to overconie the above aiv Afferties uniform

gauge is necessary.

1.8 Rails

o A o s D oI s o TR A Rl s ok e
Lty

it bebaeted &.- . ) wa\\ v\\., ] EETR A
Sléepers fo form a[ﬂd{ i’imc” 1ca 73&‘&‘}‘%::&“?&3 AT n’-\‘*\%\ RN ’!“*!‘“"L..:.:\E&' i

@ Functions of rails

(1) It transmits the moving loads to sub grade through sleepers.
(2) It provides hard, strong, smooth and continuous level surface for the movement of train.

(3) It serves as lateral guide to the running wheels.

e — s e ——
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1.8.1 Types of Ralls

There are three different sections of rails in use :

} 7 Typoes of Ralls '

(1) Double headed rails (Dumbell ralls) (DH)

7 (2) Bull headed rails (BH)

Q

s (3) Fiat footed rals (FF)

Fig. C1.4 : Types of Rnlls
= (i) Double headed rails (Dumbell rails) '

€5.9

(a) Double headed rail
66.7
~
: ¢
@
o s
: 2
©
&
——— gy 2l
136.5
(c) Flat footed rail

(Dimensions are in mm)

Fig. 1.8.1 : Types of rails
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—  In double hezaded rails both head and foct 22 of s2me dimensions.

- These rails require chairs for bolding them in position.
- These types of rails are pot used pow a days by Indiaa railsays.
- 'nxcyarcdcsigncdbyhkhgkmﬁcwdmﬂ'&:md;orjmhmmaz,iw;‘d be imveried md ronwed Wik fun
portion placing at top.
- Bu ductoimpaaboumn,footporﬁmisalwaxmgzmmttmw_&!m&umwiwofd'fﬂzbﬁsﬂ
rails is shown in Fig. 1.8.1(a).
*» (2) Bull headed rails
B I T

B S, / VW o
%’av— rizion thar that of footarecalled as bull ke

- Thcscrailsﬂwrcquhcdcbaﬁsmboﬂ&cmmposﬁmkmﬂc{m:}wafrzﬂhmyzﬁqm
removed 2nd replaced easily.

mcmcm&smmkmMaﬁmMWdrﬁkmmmdtmmd
constmctionismc.muxbfamdbydr&xﬁkmquhdm:z;mmmmmxmhﬁ_&

For better understanding, the sketch of bell beaded rail is sbown iz Fiz 15 1B,

=} (3) Flut footed rails

In these rail sections, thmfoonsmﬂcdtoﬂanﬂuct)paofmﬂsmamnﬂymedmlndiazs a2 strong
and stiff.

_Tthas got higher lateral and vetical strength.

Thcsctypcsofraxlsdoesnotrequmchamwﬁxthcmmposmon_mzcsu:x;ﬂ.caudm)mﬁtmgbxfor
better results mlbcanngphtampmwdcdmbﬂwmﬂafwcdmikandnoodmsbcpmsmdatav

loads. These rails may sink into slecper.
It distributes load properly over the slecpers and thes increases life of sleepers.

The sketch of flat footed rails is shown in Fz2. 1.8.1(c).

Syllabus Topic : Rail Joints, Rail Material

/82 Rail Jolnts

> l
41*? BT

Z i Somnaction pfa‘;iy fivo
- The railway track is construcied with rails of standard Jength and these rails are joined together by

plates one on either side of a joint.

.

~  Nommally a gap of 6 to 15 mm is kept in between rail ends to allow free expaasion of rails.

- Rail joint forms the weakest part of the track. To give more stability to track, sleepers ar piaced closer at rail joint.
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ﬂ?]. Rallway and Bridge Engg. (MBBTE-Bom 4, Civil) 1-14 — Basics of Mmr‘ Ellm .

8yllabus Toplc : Rall Joints - Requiremants

1.8.3 Roqulrement of Standard Rall JoInt

- WA5)

g) It should be strong, Miﬂ"anld give same strength as that of the mi?,inal’rail section,

(2) Under lateral and ;inrylng load, it should maintain the gauge distance of track,

(3) Itshould be cheap and durable,

(4) Tt should not alloy rail end to be battered in any case.

3} To absorb shocks and vibrations produced due fo movement of train, it should be elastic both laterally and vertically,
(6) Ttshould facilitate E&iy removal ax;‘d‘rcplaccnwnl of rails without disturbing the whole track.

(33 Itshould be capable of maintaining the two rails at the same level.

(8) It should provide free, expansion and contraction due o temperature,

-y TN

Syllabus Topic : Roall JolnuTﬁ-;é; -
W

L e VS S T F R 1 ST ) =P A C . S n

1 }/,4’ Types of Rail Join!

R T A N DT
0 st Tour ypas of o

> (MSBTE - W-14, W-15)

LA 0 2
24

T A

The following are the types of rail joint commonly used by Indian Railway.

)

@ According of 'Iocé'tllcgh‘ pt the sleepers

Types of Rall Joint

=p{ (1) Supported rail joint

= (2) .‘guspended rail joint . -

=p{ (3) Bridge rall joint

(4) Welded rail joint

(5) Square rail joint

(6) Staggered rail joint

(7) Compromise rail joint

=1 (8) Insulated rail joint

Fig. C1.5 : Types of Rail Joint

Scanned with CamScanner
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Basics of Raitway Engineg,

Supported rail joint

In this rail joint, both the ends of adjoining rails rest on single sleeper. The running on these joint is 10ugh as sleepey jg
this rai

subjected to heavy stresses and wears out quickly. This joint is not used now a days.

+Q

Wnt;—\: e AT P,
SR T
4

Teal
R L AR

)
-
&

¥ X
A et

Slecyars
Tig. 1.2.2 : Sunported rail joint
Suspended rail joint
Itis the rail joint in which both the adjoining ends of rails remain projccwd beyond should:r slesper
Shoulder sieepers are those adjacent sleeper placed rear to rail joint on either side. \|
These are normmelly used by Indian ralway,
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@ Railway and Bridge Engg. (MSBTE-Sem 4, Clvil) 1-16 Basics of Railway Engineering

~  The welded joints in rails are treated as an ideal joint because they fulfil nearly all the rcquiremcht of an ideal 5}

perfect rail joint for increasing the length of rails by reducing the number of fish plate joints.

gy L
iy i

RUSASER e dtlf 0 AR
6 2 ; = K \-Wetdlm : ; E

Fig. 1.8.5 : Welded rail joint
= (5 Square rzi joint

When joint in one rail is exactly opposite to joints of ot:er rail, it is called as square rail joint. '
Y opposite to 5q

Fig. 1.8.6 : Square rail joint

=+ (6) stuggered Jolut

Wuen joint of one rail of track is rot durectly opysite to joints of other rail, they are called staggard or broken rail

joirts. These types of jbints are provided cn curved portion.

Joints

by

* 'Fig.1.8.7 : Staggered joint ~
= () Compromise joit i v

A, o e e EEEN
u esrde tis e - et b ey

Itis the joint where two rails of different sé:ctions are rcquucd to be joined together.
F.F.ral ’ ~./‘r'B.H.ﬂ]

I e S Y e b g Rt
i =l
0 =

Sleepars —

Fig. 1.8.8 : Compromise rail joint
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@ Railway and Bridge Enga. (MSBTE-Sem 4, Civil) 1-17 Basics of Rallway Engineerin
< (8) Insulated rail joint
In case of insulated joints, insulated material is insérted to stop flow of electric current. These joints are used in track
circuiting areas. |
_______________————-——'———___—-

. Syllabus Topic : Creep of Rall

19 Creep of Rall

> (MSBTE < W-14, 5-15)

ST g:hw
= m
‘ e - ~

8 S Y2 V'RM

o Effects of creep

(1) Skeper may move out affecting gauge and alignment.
(2) Points and crossing may get distorted.
(3) Ballast may come out frem permanent way.

(4) The surface of track may disturbed which results in uncquomibl_cjoumcy.

Syllabus Topic : Causes of Creep

> (MSBTE w-u 915)

Enlist causes of occurrence of creep of rail. The following zre the causes of creep ©

(1) Warve action or wave theory

Astminispasingmdalhcmlﬁngwheel,tkspmﬁmmdamﬂingwbeeliswmprcsscdanddcprcéscdslightlydwlo
wheel loads.

As wheel moves, this depression 2lso moves and the portion which is under depression previously comes back to its
original position. This produces wave action which causes creep in forward direction.

Fig. 1.9.1 : Wave theory of creep
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1 / Impact on
3 hchg rail
S L =i AL el T
fﬁ’;ﬁ RS Rai
o s JT T v OB )
Jol
Depression due n "—.-SIeepet
to weight

Fig. 1.9.2 : Percussion theory of creep

This type of rail creep occurs mainly due to impact of wheel. In this type, when wheel pass over joint, the trailing rail

depresses down and wheel gives impact to the end of facing rail which results in creep.
3 Accelerating or starting of a train -
At time of acceleration, wheel gives backward thrust which causes creep.

(#) De-accelerating or stoppﬁ:g of train, Jue to applicatior 2% hreaks
* Ii sadden stoppiny takes placs, brcakj.ng effect tends to push the rail forward and thus causes creep in forward direction.
(5) Alignmentéftrack F, R s

Sk & A- & » A " OFE Tl

Creep is more on curved portion than straight portion.
ey % da
3 -ﬁ L]
(6) _Expansion and contraction of rails is happened due to temperature variation. Creep may also cause due to expansion and
_Contraction of rails. B l P ANy |

™M In addit}on to this, creep may also cause due to following reasons
—  Improper consolidation of formation bed of track.
= Insuﬂ'gci’cul pumbc; of ballast is laid.
= Improper packing of ba]la;t;
- Use of improper and faulty sleepers.
-~ Poor drainage work.
= Improper maintenasce of track gauges and joints.

= Creep is more on track having steep gradient.
S

Syllabus Topic : Prevention of Creep

] revention of Creep
The following measures should be adopted if any creep s visible :

Pulling back the rail to original position.
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_ Provision of anchors and anti-Creepers should be dore.
One should increase number of sleepers per rail length.
One should provide sufficient ballast and packing with care.

- For good grip steel sleepers are usad.

Basics of Radway

al

J K
S T L W A W
(c) Ancbar Lho i
Fig. 1.9.3 : Anti<creep devices

193 Measurementof Creep

Creep indicator is used to measure creep. The ;mecssofmca.mmmcmo&‘cmpisasfoﬂows:

Aﬁala)ingmck.tv«'opostofmilsarccmbcddcdonbodlsidcsofua:ksxh

perpendicular to the oentreline of track. The top level of post is kept in ¢ vel with

c

"Qf‘e»r,:

that line joining centre of these post is

wg surfacs of sloepers. Chisel marks a¢

madconthcpostandlhmsumgxssuttchaibcm‘:cnLhcm“hutsmnglmnheslotmﬂmscsofmlmisar..lmm.sk

Gauge TS Swekhed
? = Y v
s "s‘>~>~ = »3_%‘3@‘
: 0S8 2000 8 2c aodis 2%02\%_:‘
[:; Batast! L Seapec J&':
Creep indicxior Cresp indicstor
Elevation *
F TR
n i
'] —
ikl ] * N QQ B | Srerched
ha " {en
5] | np Creep 1y e
™ Hix
e ([ DD Vit
' qu
:l Previously marked g
Wi} fnal posdon Wil
Plan -

Fig. 1.9.4 : Measurement of creep
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_Basics of Railway Englneering

When the creep is to be measured, a string is stretched between the marks made on the post, The distance between

string and marks made on bottom flanges indicate the creep of rails at that plncc;.

Syllabus Toplc : Sleepers

1.10 Sleepers vV’

TR ey
apctrtare orﬁnaz f

Syllabus Toplc : Sleepers - Functions

Weg !

‘f{l fogkﬂupp‘b‘r’tin}fhﬁ

nt i" 5\
{1 ru;ui.s it

1.10.1 Main Functions of Sleepers

1. ’I'hcy_mainmjn alignment of track,
2. They hoid the rails to proper gauge firmly and evenly.
3. They distribute load over large area of ballast,

4. Toabsorb vibre*: a5 e vsed by train, they will act as an elastic medium between rails and ballast.

)

They not only supporturils Lt iL.ey also helps in maintaining proper super elevation on curves,

6. .ney provides everall stubiity to the permanent way. ot

Syllabus Toplc : Slecpers - Requirement *- * -

1.10.2 Reguirement of Good Sleepers

The followmgarc the requizements for a good sleeper ;

1. - They should be durable.

2. They should be able to maintain correct gauge.

3. They should kave moderate weight.

4. They should be able to resist impact and vibrations.

5. They should have less maintenance cost.

6. They should provide good holding capacity on track geometry,
7. They should able to‘pmvidc good track circuiting.

8. They should have such fittings that they can easily be removed, replaced, packcd and lifted when required
9.  They should be such that they will not get damaged easily during packmg opcrauons

10. They should have high scrap value.

11. They should have non absorbent qual}tics.
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lbus opl: SIee - Concrete Sleepers

1.10.3 Types of Sleepers

Types of Sleepers

(1) Wooden sleepers

(2) Metal sleepers '

a. Steel sleepers

b. Cast iron sleepers

et (3) Cotorets soepers

Fig. C1.6: Types of Sleepers
=* (1) Wooden sleepers )

~  These are wooden logs of Sal, Nahar and soft woods such as Chir and Deodar.
These sleepers should be nizde from thoroughly sound ;md wcll‘ scasoned woog.
Timber should be frec from all deferts and it should be sawn parallel on the top and bottora with square ends.

1t order to increase thie life of sleepers, their ends are bound with steel wires with prevents end splitting.

Dog spih_‘ Flat footed rail
Sleeper
_lin2
~_¥____.,—-/—;— s —
=—— =~ —— .
c@ e
2745 mm \ ) o
Fig. 1.10.1 : Wooden sleepers

Advantages of wooden sleepers

1. Sleepers are cheap and easy to manufacture.
Sleepers requires less fastening and are also simple in design.
3. Sleepers are suitable for all types of ballast.

4.  These are best suited for track circuiting. -

The matenial i.e. timber is available in India in large quantity.

Disadvantages of wooden sleepers

There might be chances of decay, wear, cracking, splitting, rail cutting etc.

Maintenance of these sleeper is high.
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3. These slec‘.]:;cr; may attack by;,ants and vermines. . ' -- :

Rimk®" Do A" i o e

4. Connection between wooden sleepers and rails are not $0 strong and hence it is difficult to maintain gauge of track.

o o LR

5. Scrap value of material is very low.
=> (2) Metal sleepers 2

See Fig. 1.10.2.

Gauge
Steel sloapery
Az 3 Bahast
A3
P50 r,,,.(,,,,,(,,‘ﬁ:. e s
* ™ Formaton jovel
2680 mm . Ly gt
... Fig L13.2: Metal sleepers N
& Advantages of metal slecpers [ 3.
|.  These sleepers are durable, ' L ' +
2. The latcra! ancli‘lqngit;s'iina! stat.'ily is more. ' SR ;
3. These slcéper; hava;. grea;e:r sﬁméth. | ‘
4. Gauge length can maintained effectively.
5. Metal sleepers have mo'rc scrap V?:JI_JE: = ~v~ Lo NE——
7 Disadvantages of metal sleef:jér;.% s . ' SE .3
I These sleepers are liable to rust. ~ v e
2. These sleepers requires more fitting. s sl o gy -0
3. Incase of accidents, these slecpers czmscs more damage, Er Bt 1ADGW 10 gnning
4. These slecpers requires more quantity of ballast. ’
¥ Types of metal sleepers y
= (1) Steelslecpers ,
Types of Steel sleepers |
=¥ 1. Key type steel sleepers N feri,
3 2. Cip R R TR TIEwy
3. Bolt type steel sleepers

Fig. C1.7 : Types of Steel sleepers
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- (2) Castiron sleepers Types of Cast ron
sleepers

1. Duplex sleeper
JZP:!“DMW

_,['P:a:esleapa

..5515355139‘

5 CST-9s'eeper

Fig. Cl.S:TypeSdC.istironm

<> (3) Concrete sleepers

- 1
The sleepers made of concrete are known as concrete slegpers. See Fig 1.103.

.1_21-! . ofa_,"/‘k—;dr‘{"}—-

P
L f-J\-—‘(M' *

—-_-‘J e —

; :,‘:‘- ',; 1“* ] g ( 7 _,—__ ) ‘-- ‘-:‘:s_ 2
®-o- 2 = s
ol 3t | ’
S| [,/ cel lRuberpa
} 89 | 538 95‘_1_ 30

k 1011m

o Advantages of concrete sleepers

1. These type of sleepers requires less fitting.

2. These slecpers has got !ong life.

3. Gauge ad_]ustmcm is easy.

These are free from attack by white ants and are pot affected by weather condition.
5. No difficulty in track circuiting.

6. These slecpers are durable.

7. Lateral and longitudinal rigidity of track laid with these slecper is more.

@ Disadvantages of concrete sleepers

1. Initial cost is high.

"~

Heavy equipment is required for handling.

3. These sleepers may break under rough handling.
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Maslos of Hnllvmy lfnglmm:lng

4. During packing the edges may pet damage,

S Scrap value is nil.

Types of Concrote |
sleopers

(A) RCC sloopors

(I) Monoblock sleoper (ene ploco)

(Il) Two block sleapor

=P (B) Prostrossod concroto slooporn

Fig. C1.9 : Types of Concrete sleepers
1.10.4 Differentiation between Wooden and Concreto Sleoper

SR TRy
St msﬁ&fﬁ‘ N

S o,
N . ) 4 Y
C g v R WO - 25 Sy AarpEone e ey el d

b

N ”

9

e These sleepers are less durable, These sleepers are durable.
2, Scrap vi'..1 is more as compare to concrete sleepers, Scrap value is nil.
3. These ¢ ¢ attacked by ants and"\':;,mﬁncs. There are not attacked by ants and vermines,
4, Initinl cost is less. ‘

Initia! cost is high

5. Lateral and 1.mgitudinal rigidiy of track laid with these

Lateral and longitudinal rigidiy of track laid
sleepers is less as compare to concrete sleepers.

with these sleepers is more.

6. Heavy equipments are not needed Heavy equipments are needed fes handliage.

1. Sleepers will not break under rough handling. Sleepers may break under rough handling,

8. Maintenance of these sleepers is high. Maintenance of these sleepers is less.

Syllabus Topic : Density

1.11__ Sleeper Density

":H;vl%w:ﬁvz D e e e T

[.0[;8leeper.used per.ratl length’onia'y
g § "k:‘i "E'?Sfﬁi"_ : L7 et

= Itis usvally specified as (n + x).
Where, n = length of rail in m
X = Number

Generally, sleeper density provided by Indian Railway varies from (n + 3) to (n + 6) for main track.

= The spacing of sleeper is not uniform.
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_Baslcs of Railway Englneerin

The shoulder sleepers are kept close together, Shoulder sleepers means theee or four sleepers on either sides of Joint. To
avoid loosening of ballast, the joint sleepers nre kept closer. Space at joint sleepers Is 3J00-450 mm and that between next

sleepers is 750-900 mm,

1.11.1 Factors Affecting Sleeper Density

The density of slecper mainly depends upon following factors ;
= Axleload which the track is expected to carry,
~ Method of providing rail joint.
.~ Speed of train,
Lateral thrust of train.
Type of sleeper.
Type of ballast,

ey lé gl ST T T S
A .G trac sféepe. F donsity of; ' (!

A"" 457 eu "’ (:’ (R A Y
LI "ﬂeeoﬁmunderone raernath)%bﬂv

Fab F ket |
oo '£§" i ".5”"‘"*.“& "‘]

Given n = lengthofrail=13m
x =5

Number of sleepers required under one rail length.

or sleeper density = n+x
= 1345=18 . Ans,
L ____ ___ __ —— . _

Syllabus Toplc : Ballast

1.12 Ballast

«mm A~ Balast

APCCC
e e ere ONOROCOTUS er-a (20-25em)

EEBBFEE IO

’ Formabon 3

Flg. 1.12.1 : Ballast
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M

_ Syllabus Toplc Ballast function

g7, ¥ "i},%’?_

1. It provides support to sleeper and distribute joad uniformly on ground or subgrade.

2. Ithold sleepers in correct position by preventing movements caused by lateral Joad.
3. Itprovide good drainage for the track.

4. It prevent growth of weeds. /

1.122 Requirement of Good Ballast

1. Itshould be strong and resistant to wear and tear.

2. It should be resistant against weather.

3. It should not-crcatc dus:“lhat meaxs its cruching strength must be more. i g
4. It should not have any bad effect on rails and metal sleepers.

5. It should be cheaply available nearby site.

6. It should have angular and rough surface 5o as to provide stability to the sleepers.

e ———————————— ———— — —
Syllabus Topic : Ballast- Types, Suitability

1.12.3 Types of Ballast

Types of Ballast

The following are the materials which is used as a ballast :

Ry : W L 1. Broken stone wrzer

3.8and

4.Kankar

S. Brick ballast

6. Ashes/cinders

=1 7. Gravel

b1 B. Blast furnances slag

9. Selected earth

Fig. CL10: Types of Ballast

e N T M TN ST AYY T e o e e e
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Raiiway and Didge Engg. (MSBTE-Sem 4, Civi 127 ‘ Basics of Raiway Enginggy
(1) Broken stone

These are obtained from hard stones and it should be strong, hatd, tough, durable, angular and does not flake whe
n

broken and hence Indian Railway adopt it very frequently.
Advantages

These are strong, durable and provides maximum stability to track.
These are mostly used for high speed track in Indla.

These types of ballast are cheaper in long run,

o Disadvantage

The main disadvantage of this type of ballast is that its initial cost is more.
(2) Moorum

It is normally used as an initial ballast in new construction. It is of red or sometimes yellow in colour. Itis snxitg!:!e for
station yards. ' '

Advantages

It is cheaper.

It may serve as soiling where stone ballast is spread afterwards.

Drainage property is good.

@ Disadvantages

It may turns into powder under heavy loads.

It may produces dusty track.

Maintenance of track with this type of ballast laid is difficult.

- (3) Sand

Coarse sand is generally used as ballast and is a moderate material to use as ballast.

Advantages

It is cheap.

It is easily available.

It has good drainage property.

It produces less noisy track.

It will not allow vegetation to grow on track.

It is used for temporary and unimportant track.
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= Used for MLG. 2nd N.G. tracks baviag Ezht trafic.
7 “Disadvantages
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¥ (5) Brick ballast
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@ Advantages
=  Bischezp materizl for vee 2 ballza
—  W'sdrainzge property is good.
- K prevests growth of vegetation.
- Ris casily zvzilble.
7 Disadvantages
= kimzy bave adverse effect o rels znd metal slerpers as @ moy cormupss them
—  Mainteroace of track laid with this muterial 25 bellagt js Efficnde
~ | may prodoce dasty track 25 & torns 5 powder uder beavy load.

= ltisused for temporary 2nd esmpornt track
=» (6) Ashes

These are residoe obtained from coad It is 2lso psed 25 5aflze
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o= Advantages

-

:

It is strong and holds track in correct gauge and alignment.

It is cheap and very economical as it is by - product of every railway.
Available in abundant quantity. |

it has very good drainage property.

Disadvantages

It has got corrosive property and hence affect the rails and metal sleepers.
It may laid track dusty as it gets easily reduced to powder under heavy load.
(™ Gravel

It is one of the best material used as ballast next to broken stone consisting of smooth round shaped material obtained
from riverbed.

e A

It is cheaper than broken stone.
1t’s drainage property is good.
It is useful for main lice.

Disadvantages

Due to rounded shape, it can easily rolls down due to vibrations and results in loosening of sleepers.

Washing is required if gravels are obtained from ;;its.

Screening is required as there is variation in size and quality.

In short, uniform grading of gravel is required.

(8) Blast furnace slag '
A by product obtained from manufacture of iron can also be used as ballast.

Advantages

It is cheap.

It has good drainage property.

Disadvantages

It is not available in large quantity.
(9) Selected earth

These are indurated clay and decomposed rocks. These are used as ballast when tracks to be laid on new formation.

After consolidation, the surface becomes hard thea good type of ballast is laid.
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7 Advantages

It prevents loss of 8ood ballast on new formation,

It may be used on sidligs and tracky.

|
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113 Rail Fixtures and Fastening Sromhy _er

Fixtu.es and fastening ‘ | -
g‘ Definitionof
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b - l?g;’” =) -
e e ETE

me Zrown as. fmum&;?éwff?‘ f»»s:"’ =

e
= =i
=

A g -
s S :ff :é"zg*

HARE % e S
'Tﬂrd 5 ]m@qu"wg . nls-,--f’:: o

i l"“l"

,a'/f 'are’.kﬁ’éwn as fasténir'fg,’r.j e %%ﬂ%a' S

Fixtures —
l . s B ¢
R I 1
Fish plates bearing plates chairs

Fastening- b

Spikes bokts - ks:ys riaioan s 5 L
The various fixtures and fastening of rails are i e o :
1. Fish plates 2. Spikes 0 1t TR = e = S s

3. Bolis 4. Chairs Sl g ihA

5. Blocks 6. Keysand cotters

7. Plates-bearing plates, 8.  Anchors.

—

Syllabus Topic : Fish Plate

%ot s. 2! : 4
—

e ———  — ——

1.13.1 Fish Plates RRSEN LTS
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QL 4OU':'lsh plate R e
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_continuity of rails in.a track are Enoicn as fish plafﬂ- el
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These are 456 mm long and 20 mm thick plates, having 32 mm holes at 114 mm centre to centre.
At every rail joint, two fish plates on either side are provided. They are fixed together with the help of fish bolts whigy
are passing through the web holes.

These web holes are drilled slightly bigger for expansion and contraction of rails.

0.83%cm
Rlil'\ r”m’mw Fh;m
X {
N
Elevation

Fish plate
B @EE Fish bok
4+ - T3]
»
. )
. ' L g R
v i s ST AR

“  Fig. 1.13.1 : Fish plates

[ &3

@ Functions of fish plates’
1. It maintains contihuity of rails in a track.
2. Ith-:ps in maintaining alignment of railway track both vertically and horizotal'y.

3. It will helps in minimizing variations caused by temperature and prevents cxpansion and contractions of rails.

SRS

Syllabus Topic : Bearing Plates

1.13.2 Bearing Plate
<> (MSBTE-S-19)

| R PN g A T e ? 2, 9 PR e r = = - e o 1
AT riny i e S e A TEPAREA SN v R s
(13 30 2 ltopes Bebsoa, o i, a3 beaig palet Dragabole Sl ol bang LIS L WA

e

- These are the plates which are provided in between the flat footed rails and wooden slecpers.

- These are made up of either steel, cast iron etc.
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Fig. 1.13.2 : Bearing plate
Advantages and functions of bearing plates

(1) It protect sleeper from sinking and damage caused by heavy load and thus increases life of skeper,
(2-} Tt properly distribute load over larger area of sleeper. "
(3) Ithelps fastening to remain in position under varying load.
{4) Beunog plates are normally used under at rail Joints, on curves and uedr points
in cas¢ of B. H. =ad D.H. rails since they are fixed in chairs.

and crossing, These plates are not usedl

¥~ Differcnce between Fish plate and bearing plato

1. These plates are used to join one rail with other | These are provided in between the flat fasted rail and
rail. wooden sleepers,

2. Ithelps’in ‘'maintaining alignment of railway | It helps in protecting sleeper from sinking and damage,
track: exar o - .

3. I mlps in minin:izing variation caused by | It hc]pa in faslcnng to remain in po.».nlnn under varying
temperature  and prevent expansion and | load.
contraction of rails.

S

. S Syllabus Toplc : Spikes

1.13.3 Spikes and their Functions

Spikes are used to fix rails, bearing plates or chairs to the wooden sleepers,
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Different types of spike commonly used are ;

-

Types of spikes |

=31 (1) Dog spikes

(2) Screw spikes (Coach Screw)

| (3) Round spikes (Rough Spikes)

= (4) Elastic spikes

Fig. C1.11: Types of spikes

(1) Deog spikes

AN

@

These are cheap, easily fixed and removed from sleepers and hence commonly used by Indian railway to fix rail to
the wooden sleeper. The name is given due to its shape of head.

o i

- :
R
L
16007

~ R

o ;

(]

_é- (Dimensions are In mm)

b=

Fig. 1.13.3 : Dog spikes
They are simple strout nails with square in section and their lower end is blunt.

Generally, two spikes are required on cither end of the rail. They are driven on ¢ither end of the rail in the pre
bored holes of slightly smaller in section than that of the spikes.

The main disadvantage of dog spikes is that these are pulled out due to wave action of rail, under varying loads
which may leads to formation of creep.

Screw spikes (Coach screw)

These are spikes with screw threads. Their head is circular with square projection. For broad gauge track; 165 mm

long screw spikes are used.

They are strong as compared to dog spikes as far as holding power and resistant to lateral thrust is concerned but

they are not suitable as they provide difficulty in the maintenance of gauge.
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Fig. 1134 : Screw spikes
= (3) Round spikes (Rough spikes)

These are either cylindrical or hemispherical. They are 19 mm in diameter with 38 mm diameter head. Their end is
blunt. Its length varies with the gauge of the track.

= These are used for firing chairs of B.H. rails to wooden sleepers,

Fig, 1.13.5 : Round spikes
=» (4) Elastic spikes

Elastic spikes have special head and are provided with a steel spring. As shown in Fig. 1.13.6, these spikes provide

better grip with test of rail and they are not driven out due to wave motion of rail under varying load.
o Requirefnent of good spike i
—  They should be cheap.
~  They should withstand against varying loads and hold rails aud bearing plates and chairs in proper position.
-~ They should be strong enough.
—  They should not driven out under vibrations.

~  They should keep track in proper position.

e ———— A
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178 mm

— -

e

Fig. 1.13.6 : Elastic spikes
R

P— .
sy"-abus Topic : BO===“S ﬁ.—wﬁ

e

1.13.4 Bolts
Bolts are used for connecting fish plates to the rails at rail joint, bearing plates and chairs to wooden sleepers etc. The

VY b

=
different and important types of bolts are described as below :

" Types of bolt . T : ;

(1) Fishbolt . .

(2) Hook bolts (dog bolts) 'f

(3) Fang bott

Fig. C1.12: Types of bolt

=} (1) Fish bolt

X r = 4 Ny . ] 0
bty S [ P 1 ';‘
. | S e gt *aj’

Fish bolt

(Dimensions are in mm)

Fig. 1.13.7 : Fish bolt
;’—._‘_’_—

Scanned with CamScanner



They are usually inserted from outside and bolted on inside of track. They are either
= (2) Hook bolts (dog bolts)

These are generally used to fix wooden sleepers to bridge girders.

The hole is driven to wooden sleeper and it is inserted from bottom and then it is tightened with bolts.
The head of hook bolt grips with the flange of girder. Usually two bolts per sleeper is sufficient for fixing purpose.

Fig. 1.13.8 : Hook bolts
** (3) Fangbolt

These bolts are used for fixing side chairs to slecpers. It is provided with square nut with special projection to grip
sleeper from bottom. They are quite effective but due to their fixing and removal is difficult. The
used.

Yy are not generally

Fig. 1.13.9 : Fang bolts
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Syllabus Tople : Keys

1135 Koys

*>» (MSBTE - 5-15)
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o~ Keysare small tapered pieces of timbers and steel used for fixing rails to sleepers,
\

Types of keys

(1) Wooden keys

(b) Morgan key

Fig. C1.13: Types of keys

< (1) Wooden keys

Waooden key

Outer jaw
of chalr

Round splke

Fig. 1.13.10 : Wooden keys

»

—

- Wooden keys are used for fixing DH/BH rails to chairs. These are straight or tapered picces of timber.
- These are cheap but are likely to attack by inszcts and are not so strong.

- These may get loose under vibration and hence they should be checked frequently, which thus increases
maintenance cost,
= (2) Metal keys

There are made up of steel. These are quite strong and durable as compare to wooden keys and hence maintenance cost
is less. The various types of metal keys used by Indian Railways are described below :
(a) Stuart’s key

It is steel plate bent in the form of 'E' and a steel wedge is inserted at end to keep the key tight against the rail web and

outer jaw of the chair.
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Fig. 1.13.11 : Stuart’s Key

(b) Morgan key

7~ Morgan key is about 180 mm long and is tapered with a slope of 1 in 32 just like steel wedge.
= These are used to connect rails to C. I, chairs, plate sleepers and stee] s

eepers. These keys are light in weight,

Syllabus Topic : Anchors and Anti Creepers
%

1.13.6 Anchors or Anti Creepers | A

—  Anchors or anti ciespers are the devices used for preventing the creep ir a railway track.

They are fixed to the sieepers and foot of rails at some interval. They are available in different shape.

Qaa
Chapter Ends
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Railway Engineering

| § gt

b e

‘éi éié éé ; —

»  Alignment- Factors goveming rall alignment.

*  Track Cross sections ~ standard cross section of single and double line in cutting and embankment. Important |
terms- permanent land, formation width, side drains, ‘

Railway Track Geometrics : Gradient, curves- types and factors affecting, grade compensation, super elevation,

limits of Super elevation on curves, cant deficiency negative cant, grade compensation on curves, Coning of
wheel, titing of rall,

Branctung of Tracks Pointe and crossings- Tum out-left and right hand tumout, components and their functions,

important technical terms, components, types and inspection, track junctions: crossovers, scissor crosz over,
diamond crossing, track triangle.

Station and Yards-Purposa, requirement of railway station, important technical terms, types of railway station,
factors affecting site selection for railway station.

Station yard-Classification-Passenger, goods, locomotive and marshalling yards-function & drawbacks of
marshalling yards.

s  Steps involved in construction of rail track.

Track Maintenance- Necessity, Classification, Tools required for track maintenance with their function,
Organisation of track maintenance, duties of permanent way inspector, gang mate and key man.

Syllabus Topic : Alignment

2.1  Alignment

> (MSBTE- S-16, W-17)

(V@ .‘?f.,’vi thWVT

f mtion of. AI WW

S R T

y sv.‘:"‘e d'shq},!‘$
ne of a proposed frack ina plan. e s St

B il Sy e

It should be properly selected by taking into consideration the cost of construction, maintenance, safety and easy ©
trave] etc.
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2.1.1  Factors Governing Rall Alignment
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(1) The alignment should be short and straight,
(2) The alignment must be safe for traffic operations,

(3) The alignment should be economical,
e

(4) It should take care of obligatory points such as Jocation of fiver crossing,
(3) Tt should be such that raw materials for constructions should easi y available near the site,
(6). Marshy and low lying area should be avoided.

(7) Track should be located such that they should not res

ponsible for delay and congcum of traffic during passing of train,
So it should be advisable o bypass the buxlt up area,

(8) It should facilitate casy slopes and curve if any,

(9) Funds available, P
(10) Length of detail railway track,
(11) Topographical features of the couritry,

(12) It should connect important stations and industrial area,

(13) Traffic density, ,—
(14) Road railway crossing or level ,ch;siné. lv - Vi - ';
(15) Cost of maintenance and construction, » R o
(16) Gauge of track. p -
(17) Position of tunnels in hilly areas, o il Besis o 6 oot s A
—— S e — e = e
Syllabus Toplc : Track Cross sections - standard cross section of single and double [ina = 7 iutting and

embankment

(MSBTE- W-14, W-15 S-16, W-16, $-17, S-18)
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1. To bypass natural / artificial obstruction.
2. To avoid acquisition of costly land.
3. To avoid excess cutting or filling.

To have or provide casy gradieat to form straight routs.
Functions

1. It provide gradual change in direction.

2. It provide gradual change in gradient.

3. Helps in casy turning of train.

Types of curves

The curves are broadly classified into following types :

1. Honzontal curve

2. Venical curve
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1, Horirontal curve
/

Thess 2re the curves provided at turning points by the alignment of track. These are further classified as,
(1) Simplecurve

(@) Compound curve

{t1) Reverse curve

{1v) Denvzion curve

{v) Traasiton cunve

B T T ey S e

2 Vertical curve
4 : =
—  These are provided at change of gradient in alignment of track.
- kbelps in provide gradual change in grade provides adequate visibility and safety of traffic and also comfort tothe
passenger.
— . These arz further classified a5
1. Sommit cooves 2 Valkycurve
E 3
i
Raii tack cruss-sections are shown in the following Figures : t

Bafasttop 3.35m 5-

274m L ?

1676 m Balast should :

Tudedy A ;f

7 Bauncary X - 305 mm 3

i ,\/ s Balestomion o 2 AT28 | rBomow 5

G~ LAl Fomehonor sbyale SEREEEON Scedang p PX | :

SSm I FormaSon widh (6.1 m) 24, 55m ::41

Permanentland 17.1m + 2 (d,+d;)m Temporary 3

fand :

Fig. 2.2.1 : Cross-section of a single broad gauge track in embankment '-:

- :

Formation wicth 10.70m H

- 427m s 3

- £

33m &

 Pallastiop 274m

Cess of ~ B.G 7 3

barast H ] &

Boundary shoulder a 1

rs:w S#epa ., . 7 Turfed 1.8m 3

“ SN == ‘5—,'._ S %

1. 18m - cide Ly W 200to 250 Side Bl

¢rain © P70 <2 T]- - Formationof subgrade < -l - :‘_ drain -]

>t T T NI T O T TS " AN ” P~ x

I | 05m 2 Uaas I 2d 05m

'55m 10.70m+4dm 55m -
Permanentland 21.7m +4dm

Fig. 2.2.2 : Cross-section of a double broad gauge track in embankment
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o ————
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Railway Engineering

305 mm

i Dorow

Skde drain | by Pt L
§.8m

Pomacentend +2(dy ¢ dy)m

ond

Fig. 2.2.7 : Cross-section of a single meter gauge track in embankment
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' Formation width 85 m
o 427Tm
b

Ballast top

v Y

{47 Formation of subgrade &0civ Y T ae drain L“'
- A S o T
. : |2 S%m | ]
55m 4dm 55m
_ Permanentland +4dm
Fig. 2.2.8 : Cruss-section of a double meter gauge track in embankment
o

Syllabus Topic : Railway Track Geometrics - Gradient

2.3 Gradient

‘ ——
:txm
" .
R

> (MSBTE - W-14, S-16, 517, 5-18)

S

A1 5-16,5.17,5.18
S S eyt r———. —

23.1 Types of Gradient

(MSBTE - W-14, S-15, S-16, 5-17)
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@ Raiwaz and Bridge Engg. {(MSBTE-Sem 4, Civil) 27 ] Railway Engineering
Types of Gradient
| (1) Ruling gradient
(2) Momentum gradient

! (3) Station yard gradient

! (4) Pusher gradient

Fig. C2.1: Types of Gradient

= (1) Ruling gradient _
It isthcmaximumgradicntallowedontbcmckovcx“hichauainishmxledbyonc ve. Itis generally 1 in 150
to 1 in 200 for plane and 1in 100t0 1 in 150 for hilly regions.

<» (2) Momentum gradient
«

Sometimes rising gradieat is
acquires momentum and due to which it becomes easy to travel in rising grad

followed by falling gradient. In that case when train travelling due to falling gradient, it
ant. This type of gradient is known as

momentum gradient.
=) (3) Station yard gradient
drainage is known as station yard gradient. It has been recommended for

The gradient provided in station yard for easy
2400 to 1 in 100 for maximum and minimum respectively.

casy drainage of rain water and it is in between 11

= (4) Pusher gradient

s Sl

e S

%csc are helpful in the regions where heavy cutting is to be avoided and to reduce the route length.

A s AT - =
2 g S R e

“?‘:‘i};‘?‘? ~ e N
: S ) & »;:.@‘ 3 35 - CaSlak Ayt - ‘f" }\,-:' %
S N Shals ; Sk e t@,ﬂ.
+ e o ST b § s R
L. /The permissible gradient usually provided in a | The gradient which requires one or more additional
railway track is called as ruling gradient. locomotive for pulling train up the track is called pusher
gradient.
2
2. | Not steeper These are steeper than puling gradient
3. | Not suitable in hilly area’s Suitable on tracks in mountains.
4. | The ruli - o Tndi
¢ ruling of gradients adopted in India are | The pusher gradients upto | in 20 can also be provided.
1:150t0 1in 200
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2.3.2 Necessity of Gradient

Gradient is necessary for the following purposes :

1. Gradient is essential o drain off the rain water very quickly and easily,
2. Gradient provides the economy in the earthwork.
3. Itisuseful to reach to the stations situated at different levels or altitudes.
4,

It provides the uniform rate of rise or fall.

Syllabus Topic : Super Elevation

2 Super Elevation or Canting of Rail

s

> (MSBTE-W-14, S-17)

T B e
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LT ¢ e
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fezrail.is knoon as sie

The term ‘cant’ and ‘banking’ is frequently used in this case. It is denoted by

‘’or S. E.
24.1 Necessity of Super Elevation

(1) It permit running of trains at high speed on curved track without derailment.

(2) It reduces wear and creep of rail on curved path.

(3)- It provides comfortable ride to passengers and safe movement of goods.

Syllabus Topic : Limits of Super Elevation on Curves

==

24.2 Limit of Super Elevation
= The maximum value according to IRB is usually 1/10® of gauge of track. Therefore, the permissible values are :
ForB.G. = % X 1.676 x 100 = 16.76 cm

ForM.G. = 1—16 X1x100=10cm
ForN.G. = Tla x0.762 x 100=7.62 cm

But for high speed i.c. from 160 km/hr. upto 1600 kmvhr; broad gauge value of super elevation may be allowed to 18.5

cm and under crdinary conditions when speed is less than 100 kmvhr, the values of super elevation are 4, cm, 9 cm,
and 6.5 cm, for B.G. M.G. and N.G. respectively.

I —— == e
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Where,

wm < ® B
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o

QR
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o Method of providing super elevation

- It should be provided umfonnly and smoothly using transition curves between slrmght and circular curve of track.

Straight

Fig. 2.4.2 : Method of providing super elevation

- It should be uniformly vary from zero at beginning to full value at junction of transition curve with circular curve and

coustant super elevation to its value should_bc maintained throughout.

PANEY

Syl}abus Topic : Cant Deﬂélency

2.5  Cant Deficiency

2> (Ms'e'rs - §-15, w.1s)

;5,, TSR L R s e @»'r AR
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= %permtssz‘ble speed. 5%.
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augx,ca gegggg %’”’”{’?, aximur)
i cant:leﬁ"%‘ R

nawzx as

— It should be as low as possible, as higher cant deficiency result in extra pressure, more side wear and creep of outer

track and results in discomfort to passenger.

- For different ganges, cant deficiency prescribed by Indian Railway for speed upto 100 knv/hrs is 7.6 cm, 5.1 cm, 3.8 for

B.G. M. G and N. G respectively and for speed more than 100 km/hr, it will be 10 cm for B. G. only.

ey

Syllabus Topic : Negative cant

==

2.5.1 Negative Cant /

4

e . 2> (MSBTE W-14, S-15, W-16, s-w)
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N
Main line Branch kne
By D (At higher level for main ine)
(and at lower level for branch ine)
Fig.25.1: Negative cant

The negative cant helps the locomotivé to change its direction from main line to ‘-branc‘h line irrespective that outer rail
should kept at higher level. ' -

Now from Fig. 2.5.1, it shows the main track and branch track. The points ‘D" is at higher elevation than B as in case of

main track. But for branch track or tumnout track, elevation of B should be higher than ‘D’ and thus super elevation

provided is negative for branch track and this is called negative cant. - s

4——_——_—__—_"__.—————-———‘—'—

Syllabus‘Topic . Grade Compensation on Curves

# e ———————ee
e ———— e —————

2.

6 Grade Compensation on Curves .

7~

On curved poruon if gradlent is more, train reqmre extra powcr due to rcsxstance offemd.

The recommended values are :
For B.G.-0.04%
M. G.-0.03%

N.G.-0.02%

Syllabus Topic : Coning of wheel
;—#

2.7  Coning of Wheels

e

'%«

[}

,,_‘?.
2
A

i

¥}

p3

> (MSBTE - W-14, S-15, s-1s S-17, w-w)

i
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- If the flanges of the wheel are flat then due to shocks there will be movement between wheel and the rails 2nd due to
which, vehicle will not be maintained in central portion and there will be unequal distribution of load.

-  Therefore the flanges are made in the shape of cone with a slope of | in 20. This is termed as coning of wheel.
~  Itwill also helps in decreasing the wear and tear of the flanges and the rail.

To prevent rubbing inside face of rail and flanges, the distance between inside edge of flanges kept less than the gauge
and thus the pressure is always maintained at the inner edge of rail due to coning of wheel.

Fig. 2.,.1: Coning of wheels
@ Behaviour cf coned wheale on curved track
On curve outer wheel have 10 L.avel greater distance than inner wheels dve to centrifugal force the axle moves towards
outer rail and due to coning the diameter of wheels on outer rail increases and decreases on inner rails.

- = This helps to cover greater distance than inner wheels without adverse effect.

Inner wheel

- Fig. 2.7.2 : Behaviour of coning wheel on curved track
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Railwa

f Sleepers
274 Adzingo

- lope of 1 in 20. To give this inwand sope, the ooden sleepers & e
an in

fixed to the slecpers.

the wooden sleeper to provide inward slope of 1in 20 at rail seat is known as adzing of sleeper.
g w en S

This process of cuttin
Syltabus Topic : Tilting of Rail

28 Tilting of Rails

Generally, the rails are provided at

and give the required slope so that the rail ends are properly

Vel i TOONE 4
0] | N
Tilting of rails Slecpers
Fig. 2.8.1 : Tilting of rails
s-.&h AR b LR TR R o -. 5‘5"‘%%5‘{ i*- hx‘
R Sey w»?“@..- .‘5\‘"5’:'.5 wm S e
ey ",‘. ‘r‘ R .,;‘ - _“a
%’3 1. calfedustdt" of railssss TS &szv “*f -gi&.,&

~ If the rails arc placed exactly vertical, the top surface of rail will not come in contact with wheels fully and whole .

pressure is exerted on inner face due to which inner face may wom out quickly.

- S0 10 avoid this and to make full contact of top surface of rail, these are plaoéd at an inward slope of 1 in 20 which is
known as tilting of rail.

@ Advantages of tilting of rails
(1) The wear of rail head is uniform.
(2) The life of rail and sleeper increases.
(3) The gauge can be properly maintained.

%
w
o Syllabus Topic : Branching of Tracks-Points and crossings

2. Points and Crossing
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- If the set of points and crossing facilitates the diversion of a train from main track to words right of main route in the

Tues

facing direction it is known as right hand turn out and if a train from main track is directed to the left of the main route
in the facing direction it is called left hand tum out.

Rovkrwizre?

b4

%

LH, ‘ :
switch - o Distance block 1
% = Trailing -
Facing——» — '
RH Angle of crossing H
switch \\ 1
N\ |
Check Turnout ik

rail &

-Fig. 2.9.1 : A right hand turn out.
Component parts of turn out on : / :

B R T Te e PN

e
@A

J~ stock rail pair : It facilitate smooth working of ;ohguc rail,

/2. A pair of tongue rail : It facilitate the direction of a train in main track to branch track.

AP I

e —

>3, Four lead rails : It leads the track from heel of switches to toe of crossing. %

“4 Avee crossing : It provides gapS between rails to be crossed so that wheel flanges can pass through them \§ :
S.  Two checkrails : It check tendency of wheel to climb over crossing. E ;

«76. Stretcher bar : It connects both tongue rail together, f{:
7. Slide chair : It support tongue rails throughout their length and allows lateral movement for changing pomt / g :
8. A point of heel block : It keep the heel ends of both the tongue rails at fixed distance from stock rzul / “
9. Switch tie plate : It hold the track rigidly to definite gauge. (Q/ O \
10. Rods crunks lever for operating point, R J Lk
/Lockmg box for locking system. 5 \0

s

g A
o

| &“‘7) 2}7@’
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Distance block
Check RH
* il £ switch
'_"ﬁ
Trailing —p +— dfagpg
direction ( rection

LH Switch
Main track

Fig. 2.9.2 : A left hand turn out

The inner rail is tongue rail which is thinner in section at toe. These rails are pivoted zbout point called as wheel, and

they are fixed with stretcher bar. The tongue rail and stock rail are rigidly fixed by means of dis

tance block or heel blocks,
nuts and bolts. :

29.3 Simple Split Switch Turnout

Fig. 2.9.3 : Simple split switch

These types of switches are mostly used by Indian Railways as it provides more lateral rigidity to turnout.
It consist of a pair of tongue rail and stock rails,

—

The Fig. 2.9.3 shows tongue rail PQ and RS moves about point QS, to

fit properly 10 respective stock rail, These tongue rails are tapered at their toes P and R.
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Railway Engineering

_Syllabus Topic : Components and their Function

2.9.4 Components of Switches

Components of Switches

1. A pair of tongue rail

2. A palr of stock rail

3. Stretcher bar

4. Distance block / heel block

5. Toe of switch

6. Check rail .

7. Wing rail

8. Splice rait

9. Point rail

10. Main track

11. Branch track

N T T T T 3T 1T T 1T 1

Fig. C2.2 : Components of Switches
i ')/ 1. Tongue rail

The inner tapered rail which is fixed against respective stock rail is called tongue rail:
=2 Stock rall |

It is the fixed rail in a railway track at which the tongue rail fits,
= 3.
/3 Stretcher bar

It is also called as connecting rod. At these connecting rod, two tongue rails are connected together. It helps tongue rail
to move through same distance while changing points. '

=» 4. Distance block
These are also called as heel blocks. These are the blocks on which tongue rail and lead rails are bolted to respective
stock rail.

=» 5. Toe of switch

The end of tongue rail is tapered and this tapered end is movable is known as toe of swiich,
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= & Chedd il

The rail kength generally is provided on oppusite sides of crossing to cheek tendency of wheel to cligy, oy
croasdng is kaown as cheek rail.
= T Wiagrail

The hent up kength of rail used in front of nose of crossing which helps in channelising train wheels in prope; foue

known a8 wing rail.
« & Sphice rail

Sptice rail is the rail of branch track which meet paint rail at nose of crossing.
= % Pulntrail

The rail of main railway track forming nose of crossing is called a point rail.
= 10 Main track

It is the main track from which a train is to be diverted.
=* 11, Branch track
Itis the track on which train is diverted from 2 main track,
¥ Functions of various components
(1) Stock rails : Stock rails helps in smooth working of tongue rails.
(@) Tongue rails : Tongue rails faciiitate the diversion of train from main track to branch track.

(3) Heel blocks : It keep beel ends of both tongue rails at fixed distance from their respective stock rails.
(4) Check ralls : These rails check the tendency of wheels to climb over crossing.

™

(5) Stretcher bar : It is connected to toes of tongue rails and keep them at a same distance while chaining the points.
(6) The piate 2 It Ild the track rigidly to the definite gauge at the toe of switches.
(7) Rods cranks : It belps in operating points.

(8) Locking box bare : For locking system.

Sylus Toplc Tmck Junctions Crosovcu, Sclssot cross over, Dlamond cmsslng, Tmck lrlangle _
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Line Sketches of Track
Junction Cross-over

=p{ (a) Cross over

b=p1 (b) Scissors cross

=P (C) Diamond crossing

=i (d) Triangle

Fig. C2.3 : Line Sketches of Track Junction Cross-over

- 9/ Cross over

—  See Fig. 2.9.3(a) for better understanding.

— Insuch case, a slightly diverging tracks is provided betwezn two adjacent parallel irack so as to change the track of

train.
= Cross over consists of two pairs of switches, two acute angle crossings and four check rails.

—  When the train approaches from one direction dn]y, then cross over is usefal to transfer the train from one track to
the other track which may be parallel or slightly diverging.

= Line sketches of track junction cross-over are shown in Fig. 2.9.3(2), (b), (c) and (d).

P A

L% -3 f&(,
e Fig. 2.9.3(a) : Layout of crossover

"/i’ + '

(b) Scissors cross

e > (MSBTE- 5-16)
0 D 5 o (T T Ty S ——
20, wan SR s L 'L-Es* X_%!'w’?'ﬁﬁ PR
‘)«m“%"(g!ﬁa ea!. |Iﬂ& SE‘e,., rAdiags «.s-c}%m o _'_ 3 .2" o.:" .‘(:S%\ \
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Sec Fig. 2.9:3(b) for details.

Fig. 293(): Layout of scissors Cross

= llconsistsofﬂ)cfonowingoomoncms: b

1. Four parts of switches- _

2. Fomawtcanglecmssingandadiamondcm&ing.
3. Checkrails.

4. Straight lengths.

B

- thncnoughspmefatwoscymlecmssovcxs isnotaw.ﬂablcandwhcnshunﬁngopaﬂionsmvcxyrmm

SCiSSOrS CrOSS OVETS arc morc advaatageous.
—  Itisexpensive and need maist=nance which should be done carcfully.

= (¢) Diamond crossing

- -
= ”
SR R
—f’iﬁ":.iv'l G s e

¥
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= [Seo Fig. 2.9.3(c) for details.)

= Itis called as diamond crossing due to the shape of its |

crossing as shown in Fig, 2.9.3(c).

ayout, It consists of two acute angle and two obtuse angles

Acuta crossing
’ L N\
\ Wing Check rall
I Obtuse crossing
;
&

Check rail

Fig. 2.9.3(c) : Diamond crossing

- (d) ’h'hngle

: PPN .‘:p;u,‘;h’ Ty Ty
‘ﬁ'x_ “rr." fozm‘ nbin
7 & )

- SecFig, 2.9.3(@!).

&7 NN
— N

,4! 'r' }'A/;M o

-1 -),w ..

Fig. 2.9.)d) : Layout of triangle
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" Inspection of
be rectificd immedialely.

sts of following com

1t consl

|, Three lenpt

2. Three acule angle cross

3, Thiee palt of switches.

pt)nculs :

y of track n the form 0

ings.

The various items 10

points and crossing should be do

be checked during inspections erc 43

( a triangle.

follows :

Inspection of Polints and
Crossing

Fig. C2.4 : Inspection of Points and Crossing

ne aystcmalicnlly and thoroug

\

(1) Tongue rail

(Z)SMMM

(3) Sphice rall

(4) Hosl blocks

(5) Creep

(6) Wear of wing ral

(7) Eleopors

L] (8) Atgnment

! (9) Bolts and fitting

=p{ (10) Ballast and drainage

e (11)mﬂoddnqoormcﬂong

(12) Titting of rad

-y
4] (13) Studs and 1apered washers
o

(14) Gauge
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4, Sixcheck rails etc,
. ‘When cnough arca is available, then triangle I8 used for changing the direction of engines.
| Syllabus Toplc® Inspection of Polnts and Crossing
2.0.6 Inspection of Polnts and Crossing
hly and aftcr inspection the defects shoulc
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The mevwmment of e cul sl e cheded

) Beed blocks
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w allow seczssay ke sovemenn

& Creep

Swock rails should be check foromep
() Weardwngrs

W:dmdm&wmmm&@mdmnﬁf&mimmﬁnnﬁgmk
done.

T reing of siecpers showid be circied.
(5} ASrmenc —

Amm&mmya&a@mmmsm

) Boits 2nd fittins
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(18} Ballast and draizape

Scanned with CamScanner

4



WY Raiway and Brdge Engg. (MSSTESR S, ) - — — —_——

o

2 L TR

: z}d/ Railway Station

Syllabus Topic : Factors Affecting Site Selection For Rallvay Station

2.10.1 Site Selection for Railway Station

The following points should be taken into consideration while selecting site for railway station :

The site should be near to the town.

It should bave proper approach roads connecting nearby town.

From future point of view for expansion and development, sufficient land area should be available near the site.
Sufficient quantity of drinkable water is available nearby site.

Station should fulfill icquirement from all point of view. i.e. civil military requirement.

Land should be fairly level ground.

~

Syllabus Toplic : Requirement of Railway Station

2.10.2 Requirement of a Railway Station

s T A 3 s
L'g‘ 3 '.‘!7*3 R el »‘Ag\‘;\_’_ R i
QW #@é@hf

SRR A e R S TR

> (MSBTE - S-16)

It should satisfy the following requirement :

Requirement of a
Rallway Statlon

=p1 1. Public requirement ]

T

2. Traffic and police requirement

3. Trains requirement

=p1 4. Requirement of locomoative

=1 5. Requirement for development |
of railways

Fig. C2.5 : Requirement of a Railway Station
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(1) Public requivement

H

A boaking office for Issuing tickets and for booking of goods,

= Passenger and goods platfon,

N

Waiting rooms and retiring rooms,

]

Name board of station.

= Awangement for drinking water,

1

WAC and bath room arrangement,

§

Suitable light arrangement,

An enquiry office.

Microphones to announce arrival and departure of train,

. = Others like telephonc, stalls, telegraph office, police help ete.
- /(2) TrafTic and police requirement

- StaTioom
= Retring room and rest houses.

= Residential quarters for railway staff,

=* (3) Trains requirement

The following arrangement should be there for the control of trains movement :
= Amangement for controlling the movement of trains by signal,
= Sufficient number of siding for recelving, sorting, storing and d~spatching tralns,

= Sufficient number of platform for handing passenger and gools,

=+ (4) Requirement of locomotive

The Railway station should provide following facilities for locomotives :
= For changing the direction of englne; a turn table must be there.

= Arrangement for cleaning, examining, Inspecting and malntaining the locomotives sueh as ash pits,

inspection pits,

cic. should be provided,

= Coal lifting cranes, water columny for supply of fuel and water should be provided,

= (5) Requiren.ent for development of rallways

The railway station should provide the following acilities for development of railway ;
= Fasy and comfortable approach roads

= B waiting halls, . S—

B —
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- Gxﬂdcmapofcityscpam::rﬁnlmddqnnmtofuzim.
Sufficient number of cooltes oa station platform.
Syllabus Topic : Important Technical Terms
2.10.3 Important Technical Term

1. Runningline:'l'hcrailmyuxkus:dbyuainforcmuingorlcavingstaﬁonor“MpassinglhIwgbasunm«x
between station is called running line.

2 Bkhﬁm:Tbemﬂwwnykisumdfmnmningnaimthwghsuﬁanamcdminﬁnh

i I..oop[ine:Itisaddiﬁunlnﬂwaymckcanncctedtomainﬁnealbmhofitsmdhpanﬁlfastdmintom'cnakes.}qw

4 Siding:Thcaddiﬁonalmckcouncctcdtomainnackatoncofitsendisalledsiding.

M‘:
S#__—__

Syliabus Topic : Types of Railway Station

 ylabusTopie:TypesoffelwyStaton

2.10.4 Types of Railway Station

2> (MSBTE \

Types of railway
station

1) Way side station

== 2) Junction station

! 3) Terminal station '
=p1 4) Crossing
Fig. C2.6 : Types of railway station

= (1) Way side stations

Way slide stations
—  These type of stations are located oa running lines. They

are having an arangement (o facilitate faster tmin_to

ovcnakc a slowcr train. For this; loop line and siding are
——

provided. =1 (ii) Flag station

P! (i) Halt station

: . ii) Cross station
Way side station are further divided into following types : W

Fig. C2.7 : Way side Station

_/
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k7 Reiiway and Bridge Engg. (MSBTE Sem 4, CMi) ___2.26
Goods shed .
o g

Fig. 2.10.1 : Way side station in single line

<) (i) Halt station

Platform for passengers
ﬁ’___ ’////////// / Main fine
DOWN
Fig. 2.10.2 : Halt station

In this type of way side station, there is platform with name board of the station but don’t

It is just stopping place for entrain and detrain of passenger.

-_—

In some cases, tickets are issued by T. T. and for facility of issuing tickets, a separate comp

—  This type of way station is provided where traffic is less.
= (i) Flag station

In this type of way stations, movement of trains is controlled by flag hence name is given a

In this type of way station, building and staffs are provided. At some stations telegraph facil

At some flag stations, sidirs are provided for detachment of wagon for loading and unload

wr D

Siding - DOWN
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o Crossing type way sl

-

-

de station on single line track

on trains from opposite directions can cross cach other.

In this type of stati
station building, goods platform, goods loop etc.

It consist of onc main line, one loop linc, a passcnger platform,

shed
Goods platorm

Station building

Fig. 2.10.4 : Layout of crossing type wayside station on 8 single line track

@ Crossing type way station on double line track

In this type of station, it permits the train from opposite direction t0 Cross another and also allows fast moving train to
3 vy 4 z X ¢

overtake a slow goods train.

It consist of two main line station building, passenger platform, crossover an over bridge to facilitaic the movement of

passenger, are fugue line for fast moving train to overtake slow moving train.”A goods loop, goods platform and

shunting yard and sand hump.
Goods shed
Goods platform Station bullding
N Dock platform
L) 3 Bﬁmh line Q)
_/ Toop line \_ / / \\‘\\‘b .
= « Main raitway track
N —/- e SeeT / \ - .
\ \

=—=Up /)\_ Loop line \ -/—

Cross over 0, r Sand hump
Passanger platform \ Sliding

() Double line track with a dock platform

Passanger platform
Main railway track

/\ _Down

(b) Double line track with island platform

Fig. 2.10.5 : Layout of a crossing type wayside station on a double track line
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= 2 Junction station

=* (3) Terminal station

[ ko

In this type of Way station, a main line consist of two loop line one on cither side,

It consist of one main line, two Jast line, a station bujj

ding, one platform for passcnger, one crossover fast over bridge,
yard hump etc, .

Station buiiding

Passanger Passanger platform
footover bridge Sub track line or siding
Sand hump
! ‘”l I1'foop line \ .‘_DownJ
= r
/ RN =W send
Main track o / 1100p fine 3
line Sub track line Island platiorm
or siding

Fig.2.106 : Layout of a crossing type wa

yside station on g triple line track

. -

In this type of stations, lines from three or more directions meet. The Junction may have minimum one main line,
oae branch line or two main line; two branch line etc. !
This types of static

-5 are very helpiul from passengs
direction to other,

r and goods poirt of view

Hurpmwdsmd
,:é [lowim ST

to change over from one line of

Fig.2.10.7:] undiion

Forsnmothhafﬁcminimumlhmcplatformswiube

required and it consist of turn table, locomotive shed, goods
shed, retiring room etc. The rail lines may be of diffe

Tent gaiiges or of same gauges.

=,
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@ Crossing type way side station on a triple line track ‘
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Fig. 2.10.8 : Terminal

Syllabus Topic : Station yard

2.11 Station Yards

—  Ttisa place on the track where train stops for clearing passengers and goods traffic and procead oaly a

from station authonties,

fer clearsa

— In this yards, movement of train is controlied by prescribed norms, rukes and regulations and signals Of spec

instruction.

Syllabus Topic : Station yard Classification - Passenger, goods, locomotive and marshalling yards,

function & drawbacks of marshalling yard.

2.11.1 Types of Station Yard

The station yards are classified as under

Types of Station Yard

(1) Passengar bogha yard

(2) Goods yand

(3) Locomotive yard

=p{ (4) Marshalling yard

" Fig. C2.8 : Types of Station Yard

=» (1) Passenger bogie yard

The safe movement of passengens and boggics are the prima object of these yards.

- war
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M

The main objects of these yards are :

= To provide the safe movement of passengers.

-_—

To provide facilities like banking enquiry and waiting place for passengers.

Aubeseymdsextraboggiescanbcaxtachedtoﬂainorddachedfmmﬂainandﬁrirckanmg.whﬁzgndmia;h
done. ‘

It consist of mainly the following facilities : Booking office, signal cabin, clock room. number of platform parkizg
zones, waiting room, telegraph office, telephone booths, elevators; pumber of siding. washing line, shunting bnes aad
battery charging facilities.

=2 Goods yard

- 'Ibeyardwhcmmo:iving, loading;unloadingdclivuyofgoodsisdoneisnlledasgoodsyﬂﬁ;ﬂtypsofsﬂﬁm

except flag and half station are provided with goods yard.

The ideal requirement for goods yard are as follows : Approach way for outer vehicles for loading and mmlcading,
booking office, weigh bridge to weigh Wwagons and carts, weighing machine, cranes fi
number of siding, platforms etc.

=* (3) Locomotive yard

orloasfmgmdmkaﬁrg

~1'[hmc are placed generally on same side of marshalling yard

and at junction station af suitsble interval These yards are

ther circular or rectangular but normally rectangular type is
preferred. If circular type is adoptqd then there must be provision of tun table.

Tumtable |  Fuelpiatiomn |-

used for repairing, cleaning, oiling, servicing etc. They are ei

3 Enfrance
N e "
S i Ashed
M G - O 3 —
Sick sidings :p,“ "f , , ’
Zvexwo 771 D
Shades for angine Overhead tank
Fig.l.ll.l:loco-yard

¥ Requirements of locomotive yard

The following are the requirements of locomotive yard :

[t should be properly arranged so that it should carry maintenance in proper sequence,

[ —
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- ltmustbe loc.azcd near passenger or goods yard.

- For lifting engines; there should be facility of hydraulic jack.

— 1t should be provided with locoshed, water column a;nd fuel platform.
— 1t should have overhead tank for supply of water with various pressure.
— It should have sufficient space for future cxpansion.

- It should be provided with ash pits, inspection pits.

@ Ditference Between Goods Yard and Locomotive Yard

Tt Reos S o
.‘\.\-;«-‘... i oo A
«‘\&“’@y{f A
o W\

T R IR
AR

1. The yard where receiving loading The yard where all facilities for maintenance like cooling, repairing,
unloading delivery of goods is done watering, repairing oiling cleaning etc. are provided for locomotive are
is called as goods yard. called as locomotive yard.

2 No need of water column. It should be provided with water column.

LS

No need for ash pit and inspection | Ash pits and inspection chambers are required.
chamber. ‘

=» (4) Marshalling yard

10 O
v A
3 ,'k_“: SR ..!1\}'?\‘\ -

— Itis like distribution centre for trains. In this yard trains and goods are received, sorted and new trains are sorted and
dispatched.
~ In this yard from different lines; empty wagons are received. These wagons are then separated, sorted for different

destination and dispatched to respective destination. They are arranged in order of station so that they can be detached
smoothly.

@ Functions and drawbacks of Marshalling yard
The main functions of marshalling yard are as follows :

- Sorting of wagons

- Reception of empty or loaded wagon

- Departure of wagons in form of train
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Fig. 2.11.2; Marshalling yard
" Types of Marshalling yard

Following are the different types of manshalling yard :

Types of Marshailing yard

=1 (i) Hump yard

r-t (ii) Gravitational yard

(iii) Flat yard

Fig. C2.9 : Types of Marshalling yard
=* () Hump yard

In this type of yard. Humps are constructed and wagons

“lre released from hump point to roll down the flatter
gradient these are mostly used due to economy and no
power is required to move wagons.

Fig. 2.11.3 : Hump yard

=» (i) Gravitational yard

In this type of yard; wagons are moved into various dead ends sidings with gravity only. For that purpose; tracks are
laid with gradients. The movement is controlled by wagon brakes manually.
~» (iii) Flat yard

Where space is restricted these types of yards are preferred. In this type of marshalling yard, the tracks are laid op
horizontal ground and total surface of yard is almost levelled and entire sorting work and movement of work s carried
out by engines.
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2.41.2 Water Column

Fig. 2.11.4 : Water column

To mest various purposes, station yard is cquxpped with number of equipﬁlcnt Water column is one of them.

These are provided for supply of water to locomotives.

They are provided at the end of platform so that engines can take water while halting on station. Sometimes they ar
installed on ash pits so that engine may remove ash simultaneously.

It consists of vertical pipe and attached with either horizontal or swan neck pipefwith movable adjustment as foo Valt
is provided to regulate flow of water. '

In water column the height of water column is 4.42 m above ground and projection from vertical pipe is 2.25 m. 50¥
to reach water into the tank without splashing, funnel name bag nose spout is provided at the end of swivelling pif-

Syllabus Topic : Track Maintenance __

212 Track Maintenance

P # s
s AR LRI IR et
% Dot 7 e

= Im 1 ] 3 ‘y’d
w_:twc of well designed and well constructed track s there, periodic maintenance is essential 1O sl
coavenience point of view.
—_

-
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2.12.1 Object of Track Maintenance

The main object is to provide safe and convenient movement of passenger.

Syllabus Topic : Track Maintenance Necessity

2.12.2 Necesslty of Track Maintenance :

> (MSBTE-W-16,517,5-18)

£l

3 SN T YA T v S Y Ry ey s i T R e :

(e bt T '?“‘V“"' ! b Thare Y A : ‘; { anc ? ." = ‘ﬂ, % ;‘Jfg ¥t ) R % % ’
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@ The necesslty of track maintenance arises due to the followin§ reason

= Due to weathering effects, the wear and tear of track component is likely to take place.

The new track may disturbed due to heavy axle load, frequency in trains. So it has to be checked frequently and
periodically for its alignment, gauge and surface level of rails.

s Ao

U AEANES g i P e YA g AT AR T D gy e e

At points and crossings on curves there might be chances of deterioration due to high speed and heavy wheel loads.

Due to moving loads there may be loss of ballast, wear and tear of different parts of track.
w

g 1

——

Syllabus Topic : Track Maintenance Classification

e b i et S i, A b

. Maintenance of track is divided into the following categories.
Types of Track
< Maintenance

=1 1. Routine mainternance -

-ﬂ 2. Daily maintenance

5
33
%
b
o
=
3
N
3.
x
X
X
bY
&
&
B
b
~
N
$
§

3. Periodic maintenance

-01 4. Special maintenance

Fig. C2.10 : Types of Track Maintenance
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=) (1) Routine maintenance

It again classified into two (ypes -

- Daily maintenance
- Periodic maintenance
«» (2) Daily maintenance

& '""'i :ﬁou" T’dad“' %
= : ',‘5" :—“'-— v q
':.'—. PES ‘Z l [ L] 1‘ ,ﬁ_‘.w e ,‘"‘,} -?'

IJ‘\‘

It mainly includes the following operations :

- Daily inspection of the track.

—  Track fitting - tightening of loose fish bolt, loosc_keys; cotters etc.

- Picking up slack.

~  Oiling of slide chair at points and crossing.

—  Cleaning of flange way.

All these daily maintenance is done by the ‘gang’. For this purpose; railway track is divided into $
Jeagth generally 5-6 km and each gang is deputed for this section.

It involves following maintenance job :

—  Maintenance of alignment of track.
-~ Maintenance of components of track.
~  Maintenance of rails.

-

—  Maintenance of gauges.
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These types of maintenance arises in case of derailment of accident of train when some components are to be

replaced due to wear and tear.

- ltinchnksmain!y;chlaeemcmofalltypaofdc&cﬁwmummmmiasbcpas,nﬂs,ﬁmueandfzstnﬁng etc.

Syllabus Topic : Organisation of Track Maintenance
M e —

2,124 Organisation for Track Maintenance

In this organisation Chief Engineer is main and under Chief Engineer; there is Deputy Chief Engineer. Under this clief

engineer; there is District s2d or divisional Ergineer.

He is in charge of approximateiy 300 to 650 km length of rilway track and station. The leagth of track under divisiogal
engineer depends upon the intensity of traffic, importance of place and tracks.

Under cach divisional engineer there are number of Resident or Assistant engineer. Under each Assistant or Resident
engineer; there are number of Permanent way inspectors (P.W.I s) and Inspectors of warks (LO.W s).

Pi:xmmentwayiﬂspccmrisimhargcot'SOm lZOhuofnﬂmyumkindmdcrcxhpumamntmgimthu:m
three to four Assistant permanent way inspcdmsandundueachAssismnlpumnmtwnyhmpwu(AP%)thutm

1010 15 gangs.

Each gang consist of § to lOgmgmn(wtm),megangmmdoockcymegmkimb:rgcolom
gang.

The inspector of works (LO.W) looks after maintenance of statioa building and rest houses etc.
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Fig. C2.11 : Track maintenance organisation

Syllabus Topic : Steps involved in construction of r

2.13  Steps involved in Construction of Rail Track

Depending upon traffic, rolling stock, signaling and other facilities to be provide:
railway lines are constructed in three slages.

| Choom ¥ _ovm
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Syllabua Tople : Toola Required for Tyack Maintenance with thelr Function
214 __Tools Required During Track Malntenance "
() Qeeper tougs
() Contboard
(Crwivalong ave by rwv)
() Powrak (W) Beater cwm plkaze {0 Wire mesh
Fig 2141 : Tools for track malntenance
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) Jacks

(7) Rad gauge

(8) Steeper tongs

T T T T

{3) Auger

b

(10) Shovels

(11) Rall tong .k

(12) Ctaw bar

{13) Stedge hammer

(14) Chisal

(15) Beater cum pickaxe

(16) Spanner

+y 3+ 3 3 4 3 3

(17) Scirit level along with straight edge

Fig. C2.12 : Tools Required During Track Maintenance
® (1) Cantboard

It is used to check cant on curve.

2 (2) Wireclaw

It is used to clean the ballast

= (3) Powarah

Itis used to spread ballast,
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=» (4) Hammer

It is used to drive spikes.
*?» (5 Rail bender

I

The main function of rail bender is to bend rail to keep them in desired position,
“* (6) Jacks
The main function of jack is to lift the track.
=* (7) Rail gauge
(
To check the rail gauge width.
=» (8) Sleeper tongs |

It is used to lift the sleepers.
“*» (9) Auger

It 15 vs=d to drill hioles.
=» (16} Shovels
It is used to bondle ballast - -
; - /(ll) Rail tong
It is used to lift rail.
=} (12) Claw bar
It is used to take out spikes from slecper.
=¥ (13) Sledge hammer
It is used to cut rails by chisel.
=¥ (14) Chisel
—
It is used to cut the rails.

=¥ (15) Beater cum pickaxe

It is used to pack ballast under the slecpcrs;
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nd he has to keep all record of programeme 1 rectify deferts ’
J M 0‘ *fﬂt 15 ’,‘I',f‘, l',’

ork, It is his responsibility 10 distsib
eform their dutics conrectly.
(he gavge, woper elevation, Gopfh iy

— e isincharge of his section a

- He has to prepare estimales of the maintenance of w
gang mate and key man and 10 see that whether they pe

14
= He has to inspect his section at least twice In a week and he should chet!

eic.

j i psing I g ool
— 1 he founds any defect he has to make necessary comrections. He has o keep ponts and crossing I g0 .

he has to look after station yards also.
e m———— —
Syllabus Topic : Dutles of Cang |

S S —

2.15.1 Duties of Gang Mate

% pert 74 ey O el
T ' 7% v

T T O
St 6600  fang

N Ao,

- Heis responsible for the maintenance of track.

Itis his duty to arrange for tools and other requirement for his gang.

1

He has 10 allot duties to each of his gang man and to check their work.

He has 1o maintain record of work, reports of key man.

‘ Ilab _ c : Duties of Key

-

Hei i : :
# responsible for keeping all fastenings and rail joint in good condition i c. fish bolt, spikes sleepers, keys ¢
Itis hi p _
p lu.s.d!",y o grease fish plates and fish bolts, If he observes serious defect, he should immediately repos 0¥
authorities in absence of gang mate, '

He has 10 perform his duties,
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CHAPTER

Overview of Bridge Engineering

lie | € o

&ilenus]

« Classlfication of bridges according to span, purpose, material, life, alignment, H.F.L., Loading, level of bridge floor.
+ Site selection and Investigation, Factors affecting selection of site for bridge. Bridge alignment-Factors controlling.
» Important technical terms- waterway, economic span, afflux, scouring, freeboard, cut water, ease water.

. ':Comp'o‘r;(zznt‘ i)afts of bridge: pier, abutment, wing wall, foundation, bearing '

e Piers-function, requirements, types.

o Abutment - finction, types. '
«  Wing walls — functions and types. /WW
i Foundation — function, types of bridge foundations

"« Bearing - functions, types of bearing

L ASEY

3.1 Bridge Engineering

A bridge is an structure which facilitate communication route to cross an obstacle in the form of low ground or a stream

or ariver without closing the way bencath.

Syllabus Topic : Classification of bridges according to span, purpose, material, life, alignment, H.F.L.,
Loading, level of bridge floor

3.1.1  Classification of Bridges /

—_— =

> (MSBTE - W-15, 5-16, W-16, 5-17)

S
i

evel of brdge fioor.

T SR N T M e
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Bridge can be classified into various types, depending upon the following factors

Classification of Bridges

(1) According to function

(2) Acoording to materfal use for construction

e e

(3) According to span length

=p{ (4) According o alignment

=p: (5) According to tha position of HFL

(6) According to the size

(a) Major bridges

(b) Minor bridges

(c) Important bridges

(7) According to loading

=g (B) According to life

! (9) According 1o the level of bridge fioor I

=p! (10) According to the structural form

Fig. C3.1: Classification of Bridges
3 () Accodingiofunction
(a) Agueducts (b)  Viaducts
(c) Grade separations (d) Foot bridge
-/(c‘ﬁig,hway bridges Away bridges
=» (2) According to material use for construction
__{ay"Timber bridges Monry bridges
/Lﬁ) Iron and steel bridges (@) Reinforced cement concrete bridges
_{c)—Prestressed concrete bridge
=» (3) According to span length

(a) Culvens (by—Minor bridges
_{ey"Major bridges (d) Long span bridges

=+ (4) According to alignment

_(a) -Straight bridge ~ (b) Skew bridge
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4/““ Accanding to the ponition of T,

@) Subimecudke hiwdge (M) Nowsudineasihle
= (0 Acconding to the stie

= The classification of hinlge with reference b tha sise han boan ke ERRIY 0 o0 eomitey By e o s (ail
ORI
= Acvonting to the road enginoer, the heidge are classifiod on the hasis of Tineal water way as fallaws
@ Cubvernt upeo 6 m, () Minow haidgs 6wy My
() Major hekdge over 30 iy,
= Acvonhing to the Incian Railways the hridges are classifiscd as follows ;
(@ Major bridges : Total water way more than 18 w o having any span oF ¢lear Water way of 12 i o over
’_(b) Minar bridges 1 Total waterway Yost than 1R m o hay (g ANy Span 0of vlear water way lesa than 13w
‘((c\ Tmportant bridges : Those major hridges Daving total waterway of 1R i and more o moe the 110 m
= (M) According ta loading
(@) Class *AA bitdges M Class *A* hiklges
(¢) Class "B’ hridges
= (%) According ta life

(2) Temporary tridges (M Permanent bridges
= (9 According to the level of bridge fldor

(a) Deck hridge () Semls thivngh hiidge
(©) Through bridge
= (10) According to the structural form
(2) Ream type bridge : Such as R, C, C, tee beam, balance cantilever, steel ginder et

(b)  Arch type bridge : Such as barrel and rib type, filled spanitiv] ete,

(c) Suspension type bridge,

Syllabus Tople : Site Selectlon and Investigation

3.2 Slte Selection and Investigation

e T —

The first step in laying out a bridge is the selection of its site,

In order 1o ensuie safety of the bridge stcture an

L1 achieve economy i iy conaii T a siitahle aiie for )
must be selected,

Whdpe

= The careful investigation at the preliminary stage avolds many eron i a lates Wape

e Yy T —— —
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Following are the

AT

B —

factors to be carefully consi

l"sac:on Affecting Selection

of Site of & Bridge

dered while selecting the ideal site for a proposed bridge,

,Lqrﬁ Width of river —

o

(2) A straicht reach =

(3) Foundations -

s

(4)comecﬁon5wiﬂ1madS

>

(5) Firm embankment

(6) Materials and labour

(7) Right angle crossing

e

,[ (8) Velocity of flow

P g

(9) Scouring and silting

(10) Minimum obstruction to water way

>

(11) Sound, economical and straight approaches

ey

(12) Location of river tributaries

=

(13) Free board

Fig. C3.2: Factors Affecting Selection of Site of a Bridge

-
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< (1) Widthof river

- m‘mdmmmo{m.

- B desiable o have wel defind 10d 2 narow chamnel t bridge site a5 far as possible which will belp i

promidmg least possibie Jeagd of brdpe.

T The smlicr e w3l of river, the chezper will be the bridge in s initial cost as well as maintenance oot 3

< @ Astnaight reach ;
- mmmmwm:hmuamﬂcmﬁmmms&mdmmﬁdcoﬂk

b@&mﬂmﬂ:m’&ydhﬂgmkmﬁm@dfa&&s}@pﬁm

= Oc&:cﬂzhmmcmmdhuhwmzbkzkmmbmdm%mmmm

meimegance of bridge.

= (3) Fouadafions

Sty WA A

By S 8 ) XY ul

Al bridge site, the direction of flow of water should be nearly perpendicular to the centre-line of bridge. Such
Crossing is known as right angle crossing.

This type of site will belp in providing square aligament of bridge which will result in easy and economy in bridge
construction.
‘\‘
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= (8) Velocity of flow

= The velocity of flow at bridge site should be between the range of non - silting and non scouring.

This type of site will result in minimum maintenance cost.

=% (9 Scouring and silting

There should be no scouring and silting at bridge site, which will result in minimum maintenance cost.

=* (10) Minimum obstruction to water way

There should be minimum obstruction to patural water way at the site of bridge.
=3 (11) Sound, economical and straight approaches

The bridge site should provide sound, economical and straight approaches.

In case of curved alignment, the bridge should be on the tangent and not on the curve, since it is difficult to
coastruct and maintain a curved bridge. i y

=» (12) Location of river tributaries

~  The bridge site should be away from the point of influence of large tributaries as far as possible.

s

= Asit will help to protect the bridge from the possible harmful disturbances.
=» (13) Free board

Sufficieat free board should be available for the passage of boats, ships under the bridge superstructure if the river
is used for navigation purpose.

Syllabus Topic : Bridge Alignment : Factr nlng 7

ST

Zalignment and two

S

R O e M o S e P e
AR R ,K

3 \ LT}

—  After the site of bridge is decided, the next step is to set out the centre - line i.e. alignment,

- The following factors should be considered while locating the alignment of a bridge.
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Bridge Alignment

o 1. Bauare slignment (Square bridge)
2, Graw bridgae

= 3. Curved bridga

’

"‘E Effocts of sitling and scouring

i 5. Layout of approaches

Fig. C3.3: Bridge Alignment
- 1 Square slignment (Square bridge)
- Asfinspouiblc.cml:clinco{bridguhouldbcaxrigmanglcwlhcaxizofrivcr.
- T‘biuypcofaliznrthisalwayxprcfmedbecauscitismymconmwandmaimain.

]
Yi(
i ’ﬁﬁﬁ:ﬁ:.’.ﬁ”/
l 7777777777
, i\
Right engle or
square croszing
Fig. 3A4.1 : Square alignment

“» 2. Skew bridge

= Asfar a5 possible, the skew bridges should be zvoided i.c. avoid skew alignment.

Fig. 34.2 : Skew alignment

= Since it is difficult to construct and maintain askew bridge.
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ts of silting the bridge alignment to by
4 4 B - sould e taken along the OricE fng down .,
sary o N
- e (he minimum possible exten :
soouring t0
hes
approac
< S Layout of 2P igument such that it results in an inclined alignment, the ¢y, .
road
R eJuStfmg right angle or $quar® crossing as shown in Fig. 343 A
ad(,pttdto orm
: <
| Curved approach
NPT — AN
L -
77 ,,,/L{/, l\\\tlfffhil
! Right angls or
_.J sGuare Crossing
Road Curved

alignment r R approach

o~

/' Fig. 3.4.3 : Layout of approaches

Syllabus Topic : Important technical terms- waterway, economic span, afflux, scouring, freeds

A 5 Jmportant Technical Terms -

- J -

£ = y 15, S-16, W8 §°
f\__. = (MSBTE-W-1 4 §-15, WL/

S

a"'m‘m ‘°°mp°nem parts Also deﬁne the fouowmg 16""*

() Effective span

- (4) Clear span
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WN_W

Important Technical Terms

.

) 1. Ettective span of bridge

+1-4. Water way

5 At

T————

E,Scour

&

T HFL

8. Free board

Q-Total span

. Curtain walt

-QE. Scour depth

=) 2-tength of a bndge

o 4 13./Deck bridge
7
Fig. C3.4 : Important Technical Term

=» 1. Effective span of bridge

TN 5

P e e P B T
fiiition of Ecomons ie Soan STh

%

Spdn for whichs totdicost of brs

7 & R
CaPLiated i

T X

: .;,f},fﬁ?aj* )
S

S SRR A S L SRy
hessite of > “through which:
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 of super:structures callec

Syllabus Topic : Component Parts of Bridge

3.6 Component Parts of Bridge and their Functions

=> (MSBTE - S-17, S-18)
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The components of a bridge can be split up into threc parts namely.

Components of a bridge

1) Foundation

2) Sub-structures

3) Super-structures

Fig. C3.5 : Components of a bridge

,

e —

Syllabus Topic : Piers , Abutmem Wing wall - Function, Requirements and Types, Cut-water and Ease-

water

3.6.1 Substructures

> (MSBTE s-1s s-17)

x.%w&x&‘.‘,—::;n@iﬁﬂ ' 'M@%"%:
“Sléeéo_ nem_panofsu :
St 5
ticture of pri

NS ,.1:-

44{ b ».
5 TR ;,w.m-_e.—ug:"s‘"«

wui'aﬁon ﬁuﬁ‘sﬁppo*ts i

@ Function of substructure

1. To support superstructure.

(]

through approaches.

- Substructurr. of bridge consists of following components

1. Abutments

To provide access to the traffic to the level of bridge superstructure

=p{ |. Abutments

=1 Il. Piers

Ml Wing walls™.

=3 V. Approaches
Fig. C3.6 : Component of Substructures
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@ Functions

1. Tosupport the superstructure.

2 To transmit the load of superstructure to foundations.

3. To provide final formation level to the bridge superstructure,
@ Types of abutments

Bridge abutments are of following types, according to their layout in plan
% Requirement of good abutment

The requirement of good abutments are :

(1) Itshould be strong enough to take load and transmit it to sub soil.
(2) Itshould be stable against side erosion.
(3) Itshould be easily constructed.
(4) It should be durable,
=+ 1 Abutment Without wing waljs

These abutments are suitable whep, -

(@) Bank of river at bridge site s sufﬁcient]y firm.

) Velocity of flow of fiver water is less,

When the aby i
ments ape Withoyt wing wajs, they may be of following types
Types of Abutment
Without wing wal|

' (a) Straight abutment

Types of Abutment without wing walls

» Fig.Ca g,
(a) Strajgh, butmen 82

in
\uuncnl Wlu bc uSCful fOl’ b 8| = knowu e slmght abutmcnt.

Scanned with CamScanner



Overview of Bridge Engirearing

=» (b) Tee abutment

- 2

The abutment of the “T" shape in plan are known
as Tec abutment.

This type of abutment provides more stability than
straight abutment because of its projected leg.

Hollow or arch abutment

The abutment curved in plan is known as
Hollow or arch abutment. -

This types of abutment are suitable in case of
under bridge or grade scparation.

Abutments with wing 'qalls

These abutments are suitable in when :

(a) Height of approach cmbankment is more.
(b) Velocity of flow of river is high.

(c) There is a danger of side erosion.

T Types

= Centre-ine of bridge

Fig. 3.6.3 : Hollow or arched abutment

When the abutment are with wing walls, they may be of following types

Types Abutments with
wing walls

p{ (a) Abutment with straight wing wall

(b) Abutment with splayed wing wall

(c) Abutment with retum wing wall

Fig. C3.9 :,'_I:yp&s of Abutments with wing walls
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@ Rallway and Bridge Engg. SMSBTE-Sem 4, Civil) 3-14 Overview of Bridge Engineering ' i
= (a) Abutment with straight wing wall

—  When the wing wall is in line with abutment, such
abutment is called abutment with straigh wing
wall.

—  These types of abutment are suitable for under

bridge or grade separation.

Fig. 3.64 : Abutment with straight wing wall

~». (b) Abutment with splayed wing walls

—  The abutment provided with splayed wing walls arc Kknown as abutment with splayed wing walls.

_  Such abutments are common for the bridge with waterway as it permits smooth entry and exit of water under the

bridge.

Fig. 3.65: Abutment with splayed wing wall

=» (c) Abutment with return wing walls

j ing walls.
-  The abutment provided with return wing vwalls are known as abutment with returm Wing
k - Retum
wing wal
e Contro-iine of bridge l o
m"m — = — - 7 & ,';
1 —
Retum” 7
wing wall
Fig.3.6.6: Abutment with return wing wall
—  These abutment are suitable when
(a) The height of the embankment is mMOrc- | ‘

e

|
f

(b) There ;s danger of side erosion. r |
!
i
1
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@Raﬂwa and Bridge

e OVOIViow of Bridge Enginoering

L7770

Sectional plan

i
R
¥
s
&
£

of =
b
=
o

() A solid masonry picr

R.C.C. columng

RC.C.wep
; o
n | S SREREUROUSYY (e

Section at AA"

L R Tl S A

(EE o
“E 5 us
Bed i {5 Level
S RITR/EE 7= 7=77=77=77=77= =/7=77
(b) Dumb-well pier (Solid R.C.C. pler) (c) Cut-water and Ease-water

Fig.3.6.8
= (2) Open pier

= The pier which do not have a solid section throughout their length and allow free passage of water through their

structure arc known as open piers.
= Open piers may be of following types :
(3) Cylindrical pier (b)  Column bents

(c) Pile bents (d)  Trestle piers

t o LT
] —
S
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1) Tomembﬂ;ﬁm&e&ﬁmdm.
) Tﬂm:m:»:mydm'.hhw sie.
A3) To suppoet and peotect embaskmest

 Types
Following are the types of wing wally -

) Peturms wiry) wesdy
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aches with straight abutments

H 5mallthese
hecethe beight ofthe pproach embaskmeat S

abutment and retaining wall
:bCS are suitablc.

< (a) AP

= () Approaches with
Innrbanarcaswherelhclandismymt’?“d

_’ (C) Appmm nlnllillg over M m

ion of the main bridge

Conralspan _ Ap2%

Approach
\‘ - 0 0 L A
/% - v 3 /
1.
é HFL ;
/ //

Fig. 3.6.10 : Approaches in embankment
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Thesa types of appronches are sultable under followlng situntions
(1) When {tis not economleal to cover the total span of the bildge, particulatly in case of an arch or suspension bridge,
() When the brldge Is extended Into the bank for some distance to provide better substructure to the approaches and to
protect them,
The situation where approaches In embankment are required are in case of high level bridges and culverts,

The main function of approaches are to carry, The communication 1oute (o the level of bridge floor therefore when

height of approuch embankment is small approaches with stralght abutments are suitable,

In Uthan area's where land Is costly approaches with abutment and retaining wall are used. When it is not possible or

cconomical to cover total span of bridge. Specinl care should be taken to protect approaches,

o Compnrlson of brldgo npproachos In cuttlng and embankment

A e
w \:p ‘ JC Z‘jﬁ-‘w
L In submersible bridges, cause ways approaches are | In high level bridges and culverts approaches arc
constructed in Cutting constructed in Embankment
2. Borrow pit near is possible Borrow pits near embankment is not possible
3. Top of approaches always get submerged during Top of approaches rarely gets submerged during
floods floods

3.6.2 Superstructures

2> (MSBTE - 5-18)

= ‘*&ﬁﬁ*%&w&?m
e.co

“ Function

(1) It provides carriage way.

(2) Ithelps to serve the intended functions with safety and convenience.

Syllabus Topic : Foundation

3.7  Foundations

> (MSBTE-W-14 w-15 5-17,5-18)

tbﬂdw At TR e < 4"; - vl "':!:" f&' ‘A i
jed for RCC bridge % NIEEL

D I e Sl S s

'i} I s

q ﬁ*naa“ges and explain anyffwo types of loundat;on ‘provid

”\:.u«u o TR A g L e
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- The lowermost part of bridge structure is called foundation.

- mwﬁwmmumw@dummmsfm
- Ammmdhﬁgcmsxhsmmmwzﬂsandeamfm

Syllabus Topic : Foundation — Function

3.7.1 Functions of foundations
(1) To take the load of bridge.
() To distribute the load of abutment, pier etc over a larger area.
(3) To prevent tilting and overturning of the abutments and picrs.
(4) To provide base to the bridge structure.

(5) To provide stability to the bridge on the whole.

Syllabus Topic : Types of Bridge Foundations

3.7.2 Types of foundation

Bridge foundation can be divided into following categories

Types of foundation

=34 |. Land foundation

=d{ 1I. Foundation construcied in soil charged
withwats: or having water at shallow depth

hed{ 11:. Under water foundation

Fig. C3.13 : Types of Foundation
= I Land foundation

1. Foundation which are constructed on dry land are known as land foundations.
2, kiscasytoccnsm:amchtypeoffoundaﬁonaslheymmosdyshzﬂow.
3. Also no need for special provision for their coastruction.
4. These foundations are further classified into following types :

- Spread or open foundation

- Raft foundation

- Grillage foundation
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~  Inverted arch foundation

~  Pile foundations
- IL Foundations constructed in soil charged with water or having water s shallow deyths

If suitable arrangement is made 10 exchude the witer from the foundation site, Then omstnwction (of sk fovadation

sirnilar as land foundation,

- [11. Under water foundations

The bridge foundations constrocted under waler are known as under water foundations,
~  This are considered as deep foundation,

~  Such foundations are difficult Lo construct.

~  Special provision of cofferdams are made to exclude water from the foundation site.

—  Types of underwater foundations :

(a) Well foundations

(t) Caisson foundations
(2) Well fourndations

1. Well foundation is suitable where the soil stratum comprises of sand or stiff clay.

2. It is suitable in under water construction.

Syllabus Topic : Bearing - Functions

3.8 Bridge Bearing
4

-3 (MSBTE - 5-15, 5-17, 5-18)

g Of bridne oeanng3s
Sk I SPIIAT Lo o LT

? E T S s o
T8 Beatinen s Thé dosices sk o ab

L D0 A y
--,'3,};,\? - ,’17;‘»@5’
%

res Explnsio

~t

A TN ey A i g il B g i
iy R T eieos Gy L ALy e

1. Todistribute the load received over large area.

2. Toallow for longitudinal expansion or contraction due to changes in the lemperature.

3. Toallow for angular movement at support due to deflection of girders.

——
LR R TR e
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ol movement due {0 sinking of supports.

4. Toallow for vertic
occurring due {0 appli

cation of brakes to the vehicle etc
To transfer horizontal forees .

6. Tokeepthe compressive Stress within safe limits.

| Bearing

381 Requlrement of Idea

@) It should be easy to install

(3) Itshould be capable to distribute the load uniformly.

(4) It should compensate internal stresses properly.

(5) It should strong enough to transmit horizontal forces occurring due to application of breaks by vehicles.

(6) Ttshould sufficiently capable of allowing angular movement and vertical movement.

(7) Itshould aliow longitvdinal mevement due to variation in temperature.

-_________f—_ﬂ-
) Syllabus Topic Types of Bearing

Types of Bearings

the following two categoris

The various bearings, being used for steel girder bridges are broadly classified into

Types of Bearings

I. Fixed bearing

It. Expansion bearings

Fig. C3.14 : Types of Bearings
39.1 Fixed Bearing

bearings which do not permit any longitudinal movement of the bridge g

= Usuall
y angular movement or deflection of girders are allowed by fixed bez ig//

N
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f e urther classified into the following type .

W”’W Lrypnomnd )

bearings

——
-{ 1. Shallow and fixed piate bearings

——

2. Deep cast base bearings

3.Rocker bearings

J-h 4. Knuckle bearings

Fig. C3.15: Types of Fixed Bearing
al smnoworﬁxed plate bearings

_ Thisis simplesttype of fixed bearings.

. poonsistsof flat M plate attached to the lower flange of the bridge girder

Fig. 3.9.1 : Shallow or fixed plate bearing

Twoanctrxboltsmusodtothcanclwmddownthésteelplamouconcachsidcofﬁxcgixdcronthctopofbn’dgc

picr o abutment as shown in Fig. 39.1.
ot hi*ﬂlibble_upto 12 m span of steel girder bridge.
4 2 base Girder
™ Inthis case deep cast base is attached 1o the underside of the 11 .
beidge girder as shown in Fig. 3.9.2. il
- : Cast T ST
This type of bearings avoids the concentration of reaction at steel base :t?? '?};‘
aner edge of bearing, Bed plate ~ _ frft=———
distributes the load over abutments. Abutment
lli"uilablc f()f span 0. g

{1240 20 m span of steel girders bridge. |
T Fig. 9.2 : Deep cast base bearing
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Fig. 3.93 : Rocker bearing

—  This bearing allows only free anguiar movement of the main girder. :

—  Also, it transmits the pressure centrally to the bed plate.

—  This type of bearing is suitable for long spans (cover 20 m) of girder bridges.

. = 4. Knucklebearings

e

- Inthistypcofbtaﬁngthcmpofbouomshoeandthcbonomoprsbocmgivcnsemi-circularsthcsasshown

in Fig. 3.9.4.
Seat for main girder

Fig. 3.9.4 : Knuckle bearing

—  The knuckle bearing is adopted when it is desired to provide only for angular movement of the girder which is
fixed to the top shoe.

AT YA L A T TR AR T TR R R I TG RTINSO sy e e

R

S

- Wf bearing is suitable for long spans (cover 20 m) of girder bnidges.

b
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& Raitway and Bridge Engg. (MSBTE-Sem 4, Civi) 327 Overview of Bridge Engineering

3.9.2 Expansion Bearings

o Typa of Expansion Bearings

—  Expansion bearings a**- fuither classified into the following types

Types of expansion
bearings

-0‘1.Sﬁ¢wuambemigs 1
-DlZ_Deepmlmmpialebearings |
-0' 3. Rocker bearing with curved base

4. Rocker and rofler bearings
Fig. C3.16 : Types of Expansion Bearings

- /1 Sliding plate bearings
= This is the simplest tmplest (ype of expansion bearing.
= Ileomxstsofsolcplatcwhlchnspmvdedbetwecnmmngudaandbedplm:asshownml-'g 3.95.

Fig. 395 : Sliding bearing

— Thebed plazc is fixed rigidly to abutment by anchcr boits.

- Thcsolcpla!crsattacbcdlothcbedplambybolu thmughtbcslonedholcsoflbcsolcpla!c

=  The sliding bearing allows or.y longitudinal movement of main glrda-

-~ Thxstypcofbunnglsalsosuitablcforspaumomm.
- 2 Deepcastbnecurvedplatebmrings

= Thistype of bearing consists of a sole plate which is fixed to the ugdersige of the main girder.

- Solcplatcrcstsonadccpcascbascwithcuncbcdplalc.

= Curve bed plate is fixed to abutment.

= This type of bearing is useful to allow free angular movement of the main girder.

- This type of bearing is sujtable for span 121020 m.
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Fig. 39.6 : Deep
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Fig. 3.9.8 : Rocker and roller bearing

Steel xouet; rest on bed plate which is attached to top of abutment.
Tis type of bearing allows for free Jongitudinal as well as angular movements of the bridge girder.
S

- Thistype of bearing is suitable for spans more than 20 m.

niale

———"

Chapter Ends...
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"CHAPTER .
‘ Construction and Maintenance

of Bridge

!Qmotﬁ\ S—

X0 a e geRbEn da ke

o Temporary Bridge- Necessity, Causeway-Flush, low level and high level causeway
« Permanent Bridges- Types of RCC Bridges-Slab, Girder, RCC girder

e Pre-stressed bridge-Advantage & dis-advantages

¢ Culvent-Types-Arch, Open or slab, Pipe and box

e Choice of type of bridge, Types of bridge foundations

« Steps involved in bridges construction
¢ Inspection of bridges-General points 10 be observed, Pre and post monsoon inspection

o Maintenance of bridges- types — routine and special Maintenance

et

" gyllabus Topic : Temporary Bridge - Necessity

Temporary Bridges

o h

- Y \_'
: e
LU

&5

o Necessity of temporary bridges
Y. When there is shortage of fund, time
2. Repair of main bridges needs to carry
3.  Lack of skills resources

4. Temporary need of crossing stream or driver
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Construction and Maintenance of
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Syllabus Toplc : Causeway-Flush, low level and high level causeway
— — *"‘N

42  Causeways ~ K‘Q/
7 7

{» % . :-u*‘sg; 3%
e P on oy AR s
Fasader _5‘3?'7 vaonid ol

Csuseway may be provided undes the following conditions :

(1) The scasonal flow is Jess.

@ thnthcdqathofwatcrindxcstxeamkvuylow.
B)_hlﬁllymwhatanumbqofsmllsummsmthcmad.

g} When sufficient funds are pot available,

¥ Typescicous: ways

Cacsewars are classified intg following types :

Types of Cause ways

1. Flush causeways

2. Low level causeways

&rﬁgtl!evelwxsemys

Fig. Ci.l vTypes of Cause ways

Thistypco(canscw:zyszrcumallypmﬁdedinhiﬂmdsforshaﬂowmputnnialsucamwhacmaximumdcpm
of water during floods is less than 1.75 m.

= Where flood water runs oaly for short period (10 to 15 days in a year).

=, Such type of causeway consists of R.C.C. slab provided in the bed for smooth surface.
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- UIs curtain well

(b)Enlan;ed se.ctlon atA-A'
Fig. 4.2.1 : Flush causeway or metal dip

— [ Paving [ Pitching

I 777777777

N

IR V) 777
Sk PR el 7

LCocreha E‘?ﬂ ’

| Fig.4.22: Low level causeway
This type of Causeway is suitable for sp

. - ﬂ‘
Where heavy g allow perennial rivers, where discharge is small for most of he )
VY discharge flows ig rainy season for fey E
23 Highleve Causeways ’

¥ 25 N
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Section on A-A

Fig. 4.2.3 : High level causeway

They are provided with abutment and piers, floors and slabs or arches to form rcqulred number of opening

High level causeway arc suitable on river with small widths and straight reaches when the duration of high flood
does not exceed 3 days in a year and for bus traffic on vaimportant roads.

W
Syllabus Topic : Permanent Bridges

B/ Permanent Bridge

4 st 4 At td o » ‘ s . Fo ot HEBA Y,
s Syllabus Topic : Types of RCC Bridges - RCC girder

31 RCC. Girder Bridge

kL, girder bridge is suitable for span between 1010 20 meters.

abutments and piers

- h -
#9ch types of bridge the flooring is carried by two or more R.C.C. main girders, supported o0
with
RCLC. slab on their wp. Types of R.C.C. Girder

i
YR AR.C.C. Girder bridges e

Mc ‘ irder bridges

' ! i 1. Parapet girder
bridges are classified into following types -rl_ﬁ a

. —0{ 2. T-beam bridges

-—vl 3. Hollow girder bndges

pes of R.C.C. Girder bridges

\ . Fig.C4.2: Ty
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—  Ttisused for roadway bridge with narrow width.

- Ttis generally used for pedestrian traffic.

Parapet wal\.‘:“_.:; i

% Parapet gder

Fig.43.1: Parapet girder type

i ilever etc.
—  The T-beams may be simply supported, COntOUOUS, cantilev
- Tbcyanbcuscd for spans grcatcrfhan45m
Pmpﬂvnl-\ RCC. siab )
=t L
T WW“A | > e .4 ,. =
(b) Tee-beam type
Fig.4.3.2 : T-beam bridge
 ——
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@. Railway and Bridge Engg. (MSBTE-Sem 4, Civil) 4-6 ~Construction and Maintenance of Bridge

= (3) Hollow girder

TR sl S R A T
R,
e,

Parapet wall

P A Floor slab
Y R E TR il
G //=//://://://=//://://=//://://://://://://://:// L

Fig. 433 : Hollow girder

= S —————
Syliabus Topic : Pre-stressed bridge-Advantags & Disadvantaces

sed Girder Bridge

> (MSBTE-

ARl T b A «.‘r‘%@&gﬁ—.’. 4

E‘i‘éﬁéﬁ‘skem% S

ii-situ concrete -\

/7

Casl steel
roller bearing

e Rt e S ST gy vt R u gt et G S
L R G TN e S S T Sy

\R.c.c.b‘éduucx m

Fig. 4.3.4 : Prestressed girder bﬁdge

;Advantages

I They have the fewer expansion joint.

§
/?,/ They are light in construction.
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Maintenance cost s 1esS-

to fatigue due

k for high speed driving.

to elimination of cracking of its members dye 1, the h
: limi cavy h-m-

They provide more smooth dec
8. Their acsthetic appearance is good.
a Disadvantages
, " prestressed concrete members requires high teasile stecl, which is much costlier than ordinary 4 .
n .
2. Skill supervision is required.

More special equipment are used in the construction.

}
~  Suchtypes of bridge are specially suitable as ‘urban highway bridges’.
- These are svitable for long span.
__——m”_——“_‘\_—.\_\
Syllabus Topic : Choice of type of bridge
e ———— — e ———— e SS—————.S, —_—
433 - Choice of Type of Bridges
1. Nawre of river. 2. Riverbed condition.
3. Volume of traffic to be carried. 4. Hydraulic delta at site.
5. Climati iti
¢ condition, 6.  The length of bridge to be constructed.
7. Physical features of s i
of site, 8. Material, labors available at site.
9. Time available,
10.  Funds available,
1. Geological condition of the site
—_— - 12, Length of bridge to be constructed.

e & Syllabus Topjc » C

w
o o ulvert-Types-Arch, Open or slab, Pipe and box
/ uiverts 7 | ,

3
Ww Mg.fau;; [
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Construction and Maintenanca of Bridge

of culv.n'

’ da;siﬁfd
et we Types of culverts

into following type :

Lq 1. Arch culvert

=1 2. Box culvert

3. Slab culvert

L] 4. Pipe culvert

Fig. CA.3 : Types of Culverts

7 The arch culvert is provided with the abutments, wing y?lls and parapet.
2 Parapet \

e
Fig. 44.1: Arch culvert
& mevmofmmmmybcmmmwmgesofzmm6 . )
" Achaulvenare specially suitable where the ;ppmacbw are to be constructed in cuttings-
*f'l Box culvert ’
o Incxseof box culvent rectangular or square boxes are formed of masonrys R.CC. Pl

- <'h abutment and piers.
m’“""‘"h'tirﬂoottmdmps!::bsco,,su-.,.c(mmonoli‘hic““ymlh fi {mtod m.
5 mca rangingfro® = =~ .
Box culver is provided one ot more number of units with individual spans g

i f6m
G oradoublcsp.mo )
Th type of cuts X 9‘x”o”sing],_.,spanof:;morf /d .
ert can be convenieatly u ated over wider foundau

- 'b
L has to be distn
W@y suitable when soil is soft aod the los?
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Parapet '\

Fig. 44.2: An R. C. C. Box culvert

> 3. Slab culvert

= Aslab culvert consists of stoné slabs or R.C.C. slabs supported on masonry wall as shown in Fig. 44.3.

- These culverts are constructed up to the span of 3 m. —_—
—  The construction of slab culvert is relatively very simple.
- This type of culvert can be used for highway, railway and bridges. 5 « @ \ S o
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Fig. 4.4.3 : Slab culvert
- Slab culvert arc suitable where the bed of stream or canal is sufficiently firm.
r%m % v;s*g» TS ~~ R A R

- The diameter of pipe is always more than 300 mm.

- Such type of culvert consists of cast Iron, steel or R.C.C. pipes held in position over concrete base.
~ The exact number of pipes and their diameters will depend on the discharge an height of bank.

- Pipe culverts are suitable where the flow of water in the stream is very less and whea discharge is low say upto

10 m'fsec :
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The component designed to carry the fotal weight of the bridge are known as foundation.

Almost all parts of bridge substructure such as abutments, wing walls and piers rest on foundation,

—  Functions of foundations
(1) Totakethe load of bridge. :
(2) To distribute the Joad of abutment, pier et over a larger arca.

(3) To prevent tilting and overturning of the abutments and piers.

(4) To provide base to the bridge structure, Types of foundation
(5) To provide stability to the bridge on the whole. e
4 = 1. Land foundation :
7 Types of foundation

= |l. Foundation constructed in soil charged B

Bridge foundation can be divided into following categories wnthwator or having water at shallow depth

-01 lli. Under water foundation

Fig. C4.4: Types of Foundation
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tis easy to construct such type of foundation as they arc mostly shallow.

Also no need for special provision for their construction.
3. These foundations are further classified into following types :

- Spread or open foundation
- Raft foundation
—  Grillage foundation
~ Inverted arch foundation
- Pile foundations

=» IL Foundations constructed in soil charged with -water or having water at shallow depths

If svitable arrangement is made to exclude the water from the foundation site. Then construction of such fougyge,
!

similar ss land foundation.

=» IIL Under water foundations

—  This are considered as deep foundation.

- Such foundations are difficult to construct.

Special provision of cofferdams are made to exclude water from the foundation site.

Types of underwater foundations :
(a) Well foundations (b) Caisson foundations

Well foundation is suitable for soil stratum comprises of sand or stiffly.

4.6  Inspection and Maintenance of Bridge /”'/

Syllabus Topic : Maintenance ofM
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 classification of Bridge Maintenance Jobg
s

4

; of bridges can be broadly classified i ;
Types of Maintenance of
Bridges

E Rmmmmmmofbﬁdggimlmmfonowmg@r»agcjobs
L Tocbeckpmpcrﬁmcﬁoning of weep holes. |
2 Tocheckpmpcrﬁmioningofdrainagcdcvicu.
4, Todnckpmpcrﬁmcﬁoningofbmﬁngxandcxpmmimm
4. Tompainhedcfecﬁvepim and abutments.
S Maintenance of water proofing coats.
_ § Maistenance of wearing coat of the bridge floor.

1. Ma;
me‘ce"f kerbs, railings etc.

B Carefyg .
€Xamination of stee] structures for corrosion and developments of cracks.

*
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This type of maintenance is carried out, once in 3 to 5 years, after detailed visual cxamination of all bridges compon<.is
I order to rectify defects of special character,

Tl

Special maintenance of bridges includes the following maintenance jobs :
. Tocheck and rectify the foundation settlement and movements.
To check and repair damaged members,

To repair the cracks in concrete and metal work.

To check the loose connections,

4
. Tocheck the arca of past repairs.
6

To repair the exposed reinforcement.
—— e S S =
e — Syllabus Toplc : Inspection of bridges

4.8 Inspection of Bridge
74

b 4 (utsan—: w-14 W-15, S-16)

It is necessary thatcvcrypanofthcbridgcsmlcumiskcptundcroonstantobsavaﬁon.Forthispnposc,inspccﬁonis
done by well qualified and experienced engineers.

The regular inspection of bridge is of great importance, since the early detection of trouble and prompt attention may
avoid costly repairs.

-  The following points should be kept in view while inspecting a bridge :
1. Behaviour of expansion joints.
Condition of concrete work.

Condition of wearing coat and its thickness.

& 80N

Coadition of reinforcement.

5. Any sign of development of cracks in concrete abutments and picrs.
“ 6. Any-sign of settlement of foundations.

7. Any sign of scour along with maximum depth of scour.

8. Conditions of paints.

9. Condition of parapet walls,

10. Condition of kerbs and railings.
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4.8.1 Classification of Inspection Work

The inspection work can be classified into following two types :

Classification of Inspection
Work

1. Routine Inspection% ﬂ;/_,/"”;

2. Detalled inspection
'

T T T

Fig. C4.36 : Classification of Inspection Work |

.= Itis generally done for short span bridges.

= Usually routine inspection is conducted prior to the monsoons.
= 2 Dctml inspection

~  The detailed inspection includes the visuzl examination of al] the components of bridge.
A check list of items is inspected either visually or with the belp of standard instrument is prepared.
The structural analysis of bridges is done by experienced bridge design engineers.

= Iliscaniedoutonocintwoycars. 4

A Comparison between Temporary Bridges and Permanent Bridges

a <

‘// ;Qr\ X i,

oot s 3

1. |The bridges which can be constructed as well as

' The bridge constructed as well as maintained at high
maintained at low cost and have short span of useful life

cost of have long span of useful life are known as
are known as “temporary bridge”, “permanent bridge™,

2.  |Initial cost is low. Initial cost is high

4.  |Easy in construction Difficult in construction

4.  |Maintenance cost is low Maintenance cost is high

5. |Can take light loads Can take heavy loads,

6. These are constructed from timber, steel wire, etc, These are constructed of Bricks stones, steel, RCC.
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C.C. slab culvert

0 R
The RCC. slab

(i) The high level ¢

[t suitable on fver with small wid

ear of for bus traffic on unimportant roads.

railway bridges and where the bed of stream or canal is suf
su ﬁCicnu
Y firm,

pmvidod for highway
ause way
ths and straight reaches when the duration of high flood does
not exceed
y 3oy,
(iii) Steel suspension bridge

mitableforﬁghtasweu:uhcavytrafﬁcforlm‘gcspanbctwcnmto]zoo
Toeters.

Such type of bridge is
(iv) Prestressed concrete girder bridge

Such type of bridge are specially suitable as “yrban highway bndgcs"' and it suitable for |
Or long span.
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Construction and Maintenance
of tunnels \ { o\

, Tunnel - Classification of tunnels according to purpose, Convoyance, Materlal, Position or alignment, Shape and
sizo of tunnels.

+ Tunnels: Cross sections for highways and 'rallwdys. Tunnel Investigations and surveying, Tunnel Shaft - its pumpose
and construction.

.' Methods of tunnelling in Soft rock-needia beam method, fore-poling mothod. Line plate method, shield method.
+ Methods of tunnelling in Hard rock-Full-face heading method, Heading and bench mctho&. drit method.

+ Driling equipment-drilis and drills carrying equipments, Types of explosives used in tunnelling ,

Tunnel ling -Purpose, factors affecting type of lining, and methods

Tunnel ventilation and drainage - Purpose and methods

Tunnel Maintenance - Purpose and measures to be taken for proper maintenance

51 Tunnel Engineering
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:m “derground Passages which are constructed without disturbing the ground surface arc known as tunnels.
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@ Railwax and Bridge Engg. SMSBTE-Sem 4, CMI! 5-2 Construction and Maintenance of tunnels

1. They are used for transportation of men, material and goods.

2. They arc used for conduction of water to generate power.

3. They are used for carrying oil, sewage, gas ctc.

5.1.3 Necessity of Tunnels W

> (MSBTE - W-14, W-17)

VA A

1. When the two terminal stations, separated by a mountain are to be connected by the shortest route.
2. When depth of open cut for reaching the other side of a hill is more than 20m and it is costlier to construct and maintain
it, than a tunnel.
3. When acquisition of valuable land and property for a railway or road project is to be avoided.
4. When the provision of a bridge for carrying road or railway traffic across the river is more inconvenient and costlier
than a tunnel under the river bed.
=

When the route of a rilway track or road at high altitudes is to be protected from blockage due to snow fall or
landslides.

5.1.4 Advantages and Disadvantages of Tunnels

=>» (MSBTE - W-14, 5-15, W-15, 5-18)
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S-15, W-15
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@ Advantages

Following are the advantages of providing tunnels :
). They connect the two terminal staticns by the shortest route.
(2. They facilitate less route length and thus results in less transportation cost.
3~ They carry railway lines, roads and public utilities like water, oil, gas etc across a stream or mountain.

4 They help in avoiding acquisition of costly valuable land and property for road or railway projects.
5.

—-—

They eliminate excessive cost of maintenance of an open cut subjected to land slide.
6. They provide free movement of traffic throughout the year cven during snowfall and land slide.

Jo They facilitate conduction of water to generate powct.
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Following are the disadvantages of tunnels :

1. /Thcy require special equipment and method for their construction.
2._ They require more time for their construction.
}} Skilled labour and supervision is required in their construction.

4. They may cause suffocation if not properly ventilated.

Syllabus Topic : Classification of Tunnels According to Purpose, conveyance, position or alignment

5.2~ Classification of Tunnels

9 (MSBTE w-14 s-15 W17, s-w)

Tunnel are generally classified on the basis of :

Classification of Tunnels

1. According to purpose

J 2. According to the type of material

P! 3. AcCOiGing to position or alignment

Fig. C5.1 : Classification of Tunnels
-’/ Classification of tunnels according to the purpose

> (MSBTE- w-u)
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I) Traffic tunnel

a) Railway tunnels b)  Highway tunnels
¢) Pedestrian tunnels d)  Navigation tunnels

€) Subway tunnels
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11) Conveyance tunnel

ydro power tunncls by Water supply tunnels
a) Hydropo s |
els d) Tunnels for industrial use.
¢) Sewage tunn

1
o 2. Classification of tunnels according to the type of materia

a) Tunncls in hard rock b) Tunnclsin soft rock

¢) Tunnelsin quick sand d) Tunnels under river bed

< 3. According to the position of alignment
a) Saddle and base tunnels b) Spiral tunnels
¢) Off spur tunnels d) Slope tunnels

)
Syllabus Topic : Shape and Size of Tunnels e

53 Shape and Size of Tunnels

5.3.1 Shapes of Tunnels

The shape of a tunnel is represented by its sectional profile.
= The shape of tunnels depend upon :

(i) The type and nature of ground through which the tunnel is to be driven,
(i) The purpose for which tunne] is to be used.
(iii) The size of opening is required.

Shape of a tunnel should fulfill the following requirements :

(‘) s : 1 -

(i) ‘Walls ang roof
of the tunnel shoulg '
. M . ]
subjected. able to withstand external and internal pressures o which tey ¥

(ii) Shape sejec
ted should be ap) .
able 1o avpid complicated supporting arran gement for walls and roof of the tunnels

R

‘.‘mm“‘*bs-u w—
V0 A T

T
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1. Roctanquiar or box typa shapo o

2. Clrculnr shape ﬁ\j

=M 3. Sogmontal shape

= 4. Horso shoa shape

5. EQg typo shape

6. ENiptical shape

=

1. Poly - centric shape

Fig.C5.2: Shapes of tunnel

4 1 Recangularor box type shape
-

4 Circular shape

| S o

The tunnels of rectangular shapes are small in depth,

These tunnels are suitable for pedestrian tunnels,

These tunnels are rarely used now a days because
teir construction is difficult, The roof of such tunnels
is subjected 10 bending stresses and therefore, steel
grders are provided to form the roof lining,

These tunnels are commonly use for carrying water under pressure,

The tunnels of circylar shape are best for resisting external and

Thes tuanels provides the greatest cross sectional arca for the
s peimnctey,

%ﬂ"'h‘l":mnnclscanbcwily constructed in soft rock.
M“"hshdiﬂicull.

Thee tungely require cost]

y filling to form flat base for providing a
Oty

Fig.53.1: Rectangular shaped tunnel section

Fig. 5.3.2 : Clrcular shaped tunnel sectioa
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= 3y Segmental or D shape

form of the letter ‘D’.

gmental in shape with vertical sides and flat floor in the
Excavation

Such tunnels have roofs s¢.

Fig, 5.3.3 : Segmental shaped tunnel section

Segmental tunnels are suitable as traffic tunnels.

These tunnels are commonly used in subways or as pavigation tunnels.
Pk’ L

The tunnels of this shapes are easy to construct.

Lining thickness is more.

Difficult to construct in soft rock.

Horse - shoe shape

The tunnels of this shape have nearly flat bottom and curved sides and roof. .

These tunnels are suitable in soft rock.

Tunnels of this shapes are commonly used as traffic, tunnels for road and railway routes in all country.

Fig. 534 : Horse-shoe shaped tunnei section
These tunnels resist the external pressure by arch action also at their bottom.
They are difficult to construct.

e—t

They are not suitable as water tunnel.

Egg - type shape
Such type of tunncls have small cross - section at the bottom.
Such tunnels maintain self cleaning velocity for flow of sewage in dry and wet scasons.

Such tunnels resist internal as well as external pressure due to their arch action.

Construction and Maintenance of tunnels

Sen

- - . T i Rt
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Fig. 5.3.5 : Egg-shaped tunnel section
These tunnels are difficult to construct,
They are not suitable as traffic tunnels.
Elliptical shape
The major axis of thesc tunnels is kept vertical as skown in Fig. 5.3.6 for résistance to external pressure.
These tunnels are pmviM in softer materials.
These tunnels do not provid;a wider base hence they are not suitable for transportation of traffic.

These tunnels are suitable for carrying water,
The lining of these tunnels is difficult.

Fig. 5.3.6 : Elliptical shaped tunnel section
Poly - centric shape

The tunnels of this shape are constructed from a number of centres. Such tunnels provide flat base to suit traffic
tunnels for road and railway traffic,

These tunnels can resist external and internal pressure due to their arch action. The lining of these tunnels is
difficult.

Such tunnels are difficult to construct.
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Fig. 5.3.7 : Poly-centric shaped tunnel section

The factors affecting the size of traffic tunncl are :
1. Volume and type of traffic. 2. The size of cléa: opening required.
3. The thickness and allowance of lining. 4. Drainage facilities required.
1. Volume and type of traflic
Total volume and type of traffic including size and speed of vehicles will affect size of tunnel.

2. The size of clear opening required

Depending upon single or double track the size should be selected.
3. Thickness and allowance of lining

As lining thickness varies from material to material it also affect size of tunnel.
4. Drainage facilities

The suitable drainage system also affect size of tunnel.

S

w
yllabus Topic : Tunnels Cross Sections for Highways and Railways =
_~"54 _ Tunnel Cross - Sections for Highway and Railways
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Since the construcy; .
fuction of a tnnel is costly, only minimum dimensions required must be adopted.

The di i
mensions should e convenient for the actual movement

0
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section of a tunncl, showing the dimensions for a two [ane highway (NE) i o:
Biven In Fig 5 4 l
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Thecro”

Fig. 54.1 : Cross-section of tunnel for 2 n=*ional highway

- The cross - scction of a tunnel, showing the dimensions for a single lane. Broad gauge nailway trace is given in
Fig, 542 below :
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58 Tunnel Investigations and Surveying
Byllabus Tople : Tunnel Investigations _

5.6.10 Tunnel Investigations

e 4 (MSBTE s-1a)

= 'The tunnel inveatigation Include the following aspects :

Tunnel nvestigation

1, Geologlcal Invesltigations

| 2 Allgnment of the tunnel and alled
conalderations

Y

0. Galection of shapa and slze of the tunnel

Flg. C5.3 1 Tunnel Investigation
( imhmlul Investigntions
T
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truction and Malntenance of I

Following are the objects of geological investigations :

1) To locate underground presence of water, fault plancs etc, 50 as to overcome problems which are likely to occur during
tunnelling .

2) To know the nature and type of strata through which the tunnel is to be driven 5o as to decide a suitable method of
tunnelling .

=* 2. Tunnel alignment and its allied considerations

The position occupied by the ceatre line of a tunnel in plan is called tunnel alignment.
= While sclecting the alignment of a tunnel, the following points should be considered :

i) Tunnelshouldpassmmughthchardrock,asthcchancesofaccidcnuammwhlessasmmpmedmsoﬁmck.
ii) The alignmeat should be such that the excavation work is minimum.
iii) The alignment should not be zear water channel.
iv) 'I'hc portal of the tunpe! siould be uear the dumping yard so that the muck may be disposzd off in I2sser t.imq d
v) The alignment should be a straight a5 possible. : ‘ "
vi) Minimum possible grade should be provided in monel.

=» 3. Selection of shape and size of the tunnel

After considering the above two points its shape and size may be decided, &mndhg upon the nature of ground and
purpose for which it is to be used.

5.5.2 Tunnel Surveying

~  The survey work of a tunnel involves the following operations :

Tunnel surveying

p=d{ [) Locating centre line of the tunnel on ground

ii) Constructing the shafts over the centre line

iil) Transferring the alignment 1o inside of the tunnel

Fig. C5.4 : Tunnel surveying
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for the tunnel, its centre line (alignment) is accurately set out on the hill OF provad

MSBTE-Som 4, G _
ng centre line of the tunnel on pround
After fixing the route
When the length of runnel is small, the centre line can be located by mweans of theadolite,

the tunnel is long, and to be constructed under high mountaing, the centre line i xot oy bY triag o
oy

When
prefecably with the belp of a micrometer transit theodolite.

In the ground, pegs are driven at regular intervals and centre line is marked.

If it is not possible to drive pegs into the ground, the surface of the rock pointed white and centre line s by
with black paint on it.
The alignment is then finally sct out by permancat monuments of stone ar concrete,

Constructing the shaft over the centre line

After loéting centre line, shafts are constructed at regular interval.
=» i) Transferring the alignment to inside of the tunnel

\ : AR BN 3 i\‘?{#:*\& N i;‘- 2
S SRR
a0k ransferting Gontra line Insidd:1he tunnola s

P

After constructing the shafts, the alignment of the tunnel is to be transferred down the shafts.
For this, two small pillars are constructed on opposite édgcs of the shaft along the centre line of the tunnel.

Ou , . _
the top of these pillass, the points comesponding to the centre line are comectly marked and wire is teo
stretched between them.

N

v

! /-~ Masony pltar
G |
3 (! A r—
Plane wire N | N
) 1 \
Y | 1] R
Shaft 3 ! :
3 I \
3 i \
3, H ‘
Phumb —— [ §
bob 1Y YR
4717 R
fod ln.,1;,,,§ A
(a) Transferri .
Ting the alignment (centre |j el
t Tunt
at the bottom of the shafy re line) (b) Transferring the alignment to inside of the
Fig. 55.1: Method
“ne 0( m ferm A
—— nsferring the alignment to inside of the tunnel /.»
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" nded inside the shaft as shown in above figure L.e. §.5 1(a)

§uS
pabs 47
1‘",@ b - bobs 10 the bottom of the shaft, two points are marke,

U path Y
W agthe PO P

o into the tunnel, as work ad
< 'w'ﬁfuﬁh“ extended into the tunnel, as work advances, by a theodolilte placeq iy the shalts as shown in
o ‘

; 3.55‘“’)

nts the centre line of the tunnel marked on the ground

Syllabus Topilc : Tunnel Shaft

Syllabus Topic : Tunnel Shaft - its purpose '

) RCSRA : = 3 3 . ‘ £ 44 :
okl

%1 Puposes of Shafts

1 T movide ot
Pk opening for removal of muck.
i ) .
- 8eltethe construction work of the tunnel by starting excavation at several points at the same time.

Passageway for pumping out the water from the tunnel.

" Topig :
fatural veatilation during construction of the tunael. —

) Syllabus Toplic : Tunnel Shaft Construction ,
on of Shafts

%
i g

consists of following operations :
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=» i) Drilling and blasting

In drilling of the material, stepped down technique is adopted to allow drilling and mucking operation together as
shown in Fig. 5.6.1.

Jack hammers are generally used to drill hard rock.

Where as simple tool are used to excavate the material in case of soft rock.

SR TR <

\\;‘Qw\% v\:
R AR RE AR

R
o

Mucking can be carried out by manual labour, belt conveyors, mechanical shoves and by mine cars.

—  Mucking is usually done in the following three steps :

Steps ot Mucking

e (a) Loading the muck

= (b) Hauling

(¢) Unloading and dumping

Fig. C5.6 : Steps of Mucking .
= (a) Loadingthe muck

This operation can be done by manual labour, belt conveyor or mechanical shovels depending upon the type of job.

—  For big jobs, loading of muck is usually done by a varicty of muck loader.

o S
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=» (b) Hauling of muck

~  This operation is usually done by mine cars, as shown in Fig. 5.6.2.

- Mine cars are pulled with a locomotive.

Fig. 5.6.2 : Mucker in operation
=¥ (c) Unloading and dumping of muck

—  After above two operations muck is dumped at predetermine site.

The operation of loading and dumping was previously done manually. But nowadays, self trig
used.

Fig. 5.6.3 : Self -tripping mine car unloading the muck
= ii) Timbering SR

~  The art of supporting sides of the shaft to prevent them from sliding down excavation is known 2
—  Timbering varies with the type of ground and depth of shaft.

—  Incase of soft ground, timbering of the shaft becomes necessary immediately after excavation is
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carryiog out the excavation work-

_  Jtalso requires less care in
imberog s provided soon afte excavalion s S
Wmm@wwmm
following operations arc usually carried 00t -
(i) Timbering

- These temporary

—  Fortunnelling in soft rock
(i) Setting upand c'xcavaﬁon
(iii) Mucking (iv) Lining

571 Methods of Tunrelling in Soft Rocks

~  For hmnelling in soft rock, such tennelling mahodsmmcdwhichpmvidasuppaimgmundasmasumﬁi
is started.

- Following methods can be adopted for tunnelling in soft rock

Soft Rocks

Methods of Tunnelling in |

= (i) Needle beam method

() Fore - poling method

=1 (ui) Line plate method

h=p{ (iv) Shield method

Fig. C5.7 : Methods of Tunnelling in Soft Rocks

# () Needle beam method

: '-{;g«’ 3 e e e
et r‘\. T; S e
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} i bout 1 X Im is

,uasmalldnﬁofa prepared on .

mtnf e ﬂrcwmtmgfmcofmnncl
; roof Of this drift is then supported on lagging Provided on

| X den
; uﬁft&sslwmmthcﬁs. Yy A 8 “egments Which are
; e el team is placed horizontally, w
segtioal stout post
: excavation, the lining is provided to the tunne] secss
:a*" - Y  section and mucking js dope,
ki peadle beam me
?”d
‘ g‘ This method is economical.
8 Beick Eining can be easily done by this method.
+ iariages of needle beam method
3 &n&ﬁningbymechmica]mcthodisdifﬁcult.
Q‘ l - f - e .‘- . *
requires larpe number of french jacks and the interfere with the efficient working of the labour gang.
) Puhngofbca.mby band is difficult and cumber some.
I‘M i

i .
h“’ useful for tomnelling in soft ground whose roof soil can stand without support for few minutes.
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lsanancwutnuhodofmnncmng .bmnowhhnhemtvplxcbymwﬁ‘m
Skllle@ labours are required for tunnelling by this method.
Skilled supervision is required.
This methods is used fmtkmmMmofmﬂdmmnmhmf“hmxmmF" e

This method needs large quantity of timber for supporting the ground.
This method is slow and tedious,

Construction steps

1“thismﬂhod.aframcinthcformofldm‘A'ispmpamduﬂplamduwdnfmcofd:cummlco\ﬂ:dﬁtﬁ
suitable planks as show in Fig.5.7.2.

Thewl&sarctbcninsmdalthcmpandconﬁnwdmadcpthuptowhichtbeymbeeasﬂytakmm
These poles are supported by vertical posts.

Now exwvaﬁoncanbcdonclmdqthcfmpolm.
Thcemvaﬁonisalsodonconsidcsandmsuppoﬂedbysuitablcﬁmbaing.
Inmiswaytbefunsecum;‘c;fmenmw;sm, |

We
Botiom level "+ " (b) Forepoliag method

Fig.5.72
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Conntruction and Malntenance of tunnels

In line plate method, timbering is replaced by standand slzed pressed steel plates,

The pressed steel plate is of 40 em wide and 90 cm with all four edges flanged over § ¢m.

" Construction steps

() In this method, first of all 40 cm deep hole is cut,

(®) Roof is trimmed carefully and crown platc is set,

) The excavation is then widen out and the adjacent plates

-
]

Fig.5.73 : Line plate method

set on each side as shown in Fig. 5.7.3.

(d) 1f there is any ground pressure on the plates, the plates are supported with the belp of jack.
@ Advantages

(1) The line plates are light, hence handled easily.

(2) Unskilled labours can also erect the line plates.

(3) They are fire proof, hence they can be used safely. |
= (iv) Shield method

Shicld method of tunnelling has now become more Popular than old methods.

The latest development in tunnelling is the invention of mechanical tunneler called mole.

Mole is a machine which kas number of steel grinding discs on its surface,
These disc rotates at high speed to cut the soft rock or ground.
These machine also moves forward leaving behind full size of the tunnel.

Shield method do not require use of timbering.

\
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1a hard rock rannelhin® is comparatively easy
Ia these case ks Grbering is roquirad. .
s essential in carrying out the EXCAVALION WK,
Great care 18 8 .
tanneding i Ity carried ©
i inhardmckﬁﬂh\ﬁngqmummmb \
. n () Loading holes and firing the explasive,
( ) illing.
Serting up and dail ‘ e
. ncking (@ Removing ground watet, if any
Ventilation and n . ) "
. (D Grouting and lining.
(©) Timbenng

581 Methods of Tunnelling in Hard Rock

.; (MSBTE - W-14, $:15, 5:7)

1\\

mlx \m\

There are various methods of tunnelling in hard rock common methods are given below

Methods of Tunnelling
in Hard Rock

(1) Fult « tace heading
W p—

() Hoading and bench
mathod

(i) Dritt mathod

Fig. C5.8 : Methods of Tunnelling in Hard Rock
Full - face heading method

As in this method whale section of the tnnel is attacked a
heading methods.

In this method, vertical columns are fixed at the face of the tunnel and
proposed tunnel,

The deill holes are charged with explosive and ignited at a time,

The wize of the hole may vary from 10mm to 40 mm.
—— ———

: s airg

TR Qi&%gagﬂ\x m ‘S‘ g’“

L.tu\\l'

X ;S‘, m\w

Ni‘f"\‘ ! \‘«5

Wi j& \«i‘.‘}\&‘
}; R W‘

8 Ve duiA

(] d n‘
the same time, this method is calle

drilling is done on the whole

s 5
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tummel is small (B} Viex tomel s rp
@ W g, 581 - Full face beading method
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-
(1) Heading and bench method

-

In thi g o L et feord
this method, the driving of the tunnel Is done In two portions of ils section. The (R pemtin ia kekrws & peading

and bottom portion is known as bench.

The driving of top portion is done In advance of the bottom portion as shown in Fig. 52.2.

In this method of tunnelling the top portion or heading will be about 13 (o 3.5 ahead of the bossons Pt

shown in Fig. 5.8.2.
The holes are drilled into head and bench.

=~ Then these holes are loaded together with explosive and then blasted.

” 7 /=, ihes,
L Floor of proposed tunnel

(a) Cross section - (b) Longitudinal section
Fig. 5.8.2 : Heading and bench method

—  Firing of bench holes is done just before the heading holes are fired. After this mucking is done manually.
@ Suitability

Thismcthodissuitablcwhcnlargcscctionofthcproposcdmnnclistobcddvedandtbcqual.ityofmck'smtvuy

satisfactory.

bt

o Advantages of heading and bench method
(1)  This method requires less labour than that i full face method.
(2) In this method, quantity of explosive required is less than that for full face heading method.
(3) Inthis method, benching provides a platform for working on heading.
(4) In this method drilling and mucking is done simultancously.

@ Disadvantages of heading and bench method
(1) Progress of work is slow as compared to that of full face heading method.
(2) Uscof machincry‘for mucking becomes difficult.

(3) Removal of muck from the heading is difficult.
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=» (i) Drift method

= Itconsists in driving small size heading. Centrally at top or bottom of the face, which is later enlarged by widening
and benching. The main operations involved in this method are as follows :

(i)  Boring or blasting a top centre beading of drift.
(i) Widening and enlarging.
(iii) Benching in stages.
- Inlhismdhod,adﬁﬁbijmx3m(minimnm)sizcormﬂicicnuoaccommodaxctbcmnmlﬁng machinery,
labour and mucking equipment e!c

- Aﬁumakingthcoentraldriﬂ.holmmdrillcdforwidcningthcfaceofthcproposedmnncl. Ad
= 2 o \

LLL LS -
7’
7’
-
-
9 .
o e e -

@ Dis

- ~
- ~
- ~ )

VDIV
¥

AT WK
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P2 LR XVNN
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(b) Centre drift method

N
N
N
N
N
N
N
4 L N
et dnift SN :
N
N
—
N

Longltudinal section

(c) Benching
1. De
Fig. 583

2. Cn

= These drilled holes are then loaded with suitable explosive and fired step by step as shown in Fig, 583 and
3. In

Fig. 5.8.4 shows types of drift.

4. La
57 Th
6 Ea

" -

e

Scanned with CamScanner



3 !‘h\,&

& A Y
5 % 4 \
& Y = )
] ¥ £ ‘
z s \. | |
5 \ , :
\ - . | :
. ' v :
| N —— 2
' e—————— L- --Sxm"
(@) Ceaersl &R () oo &0
& ‘\
(4?4' \\ ('4 \\
H X : ,
t t
' X
A i
' N X \
X '
- [ —— Lemeemamemaa= 3
() Top dnt Q) Sde dn
Fig. S84 2 Types of el

o Advantages of drift method
1. This method provides goad vestilation dering coastraction of teaned,
2 The quantity of explosive raquirad is redoend.

3. Inthis metbod, nature and type of rock b be cacounteod are knowa i advance of ercavating fiul svtve
4. The side drift provides facility to install timbering 20 provide sipport to the rood

" Disadvantages of drift method

1. Costof drilling and handling muck will be high.

-

2 lnlhisu:ttm.nmhbmrkmimi.

3 [ki\ingofmﬁnumdgeukh)tdmﬁnh:mﬁisﬁn‘um

4. This i Koatey 1
mmmmmimmmmmmﬂhmmk

5.8  Precautions in Construction of Tunnels
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anling of muck should be carried out efficiently,

owding and
(o sehieye economy, the sequence wnd type of lining should be determined in ndvance,

7

g, I oder

oy of multipurposs and uniform type of equipment shonld be made, nceording (o the size and

0 fielectl shape of the tunnel.

patiern of blasting the materinl In different locations should be decided for maintaining speed of driving,

10 and safety,

comparison botween Tunnelling In Hard Rock and Soft Rock

591
L Cost of construction is more, Cost of construction is less,
p— : P Stability during construction is more, Stability during construction is less.
3, Skilled labour and heavy machines required, Not 80 much skill labour and heavy machineries
2 required,
A, Progress of work is slow as compare to tunnelling Progress of work i fast as compare to tunnelling in
L soft rock, hard rock.
5./ | Explosive needed duriz g construction, Explosives are not required during construction.
6. Stability during construction isimom. Stability during construction is less.

Syllabus Toplc : Drilling equipment

510 Drilling Equipments

'f"” myﬁvw’g’,wz;%“gwxw ¥, g

“ ‘4,«:“"

4.;,, >

Yawr (7 7 u-);l. /A'/M!vwli "

) 2 Pq []

'- Ao 13‘- % 3 ¥ 5
,.‘{1}"7‘)[ ?W pa; ‘W

*: E‘tiulpments and machines used In tunnel construction with their use

For making the alignment of tunnels.

x Plumb-bobs with piano wires ‘ For transferring the alignment (center line) of tunnel to
the bottom of shaft.
\
{3\'-/ Spads For making the center ling inside the proposed tunnel.
\
e T T
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Electrical detonators : For firing the holes drilled and loaded with explonives.
5. —{ Drilling equipment’s To drill the holes.
6. | Trenchjacks For centering and formwork of tomncs.
7. | Locomotives | ' For bauling the muck. i.

t

8. Travelling forms For lining !‘
9. | Grouting machines For placing grout to seal-off water cntering the tuozel
10. Loading machines such as shovels, fully revolving For mucking.

shovel, crawler shovel, con-way digger, mine car

loaders etc.

—  The drilling equipments are divided into the following two points : )

P ———

5.10.1 Drills

- Drillsan:madcupofhighcaxbonswcl.

o Types of drills Types of drills -
The following types of drills arc commonly used :
{1) Jack hammer
() Ortecs .

Fig. C5.10 : Types of drills
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- These drills break the rock to small picoes by impact from repeated blow .
= The number of blow per minute are 2000,
@ Types of jack hammer

The jack bammer is of three types :

(1) Light weight jack hammer
(2) Medium weight jack hammer
(3) Heavy weight jack hammer. Compressed

Fig. 5.10.1 : Jack hammer
= Jack hammer requires on an average 2 to 2.3 cum of compressed air per minute at a pressure of 5.5 to 7 kg/em”.
- Alighljackhammcrcandﬁl”to4cmdiamctuholesup(o2mctqsdccp.
= (2) Drifters
- These are heavier than jack hammer. _ - oy -2
~  Their weightis 5010 100 +g )
—  For drilling boles drifters 2re mounted on stands,

=  They can drill holes upto 6 m deep. L

B o _
Syllabus Topic : Drills Carrying Equipments

5.10.2 Drill Carrying Equipments

~  ‘The following equipment is required for carrying the drills :

Drill Carrying Equipments

(a) Support for mounting drills

(b) Drill carriage

(c) Drill jumbo

Fig. C5.11 : Drill Carrying Equipments
¥ (a) Support for mounting drills

= Usually columns are used to support for mounting drills. These columns consists of steel pipe supports, strutted

between roof and floor of the tunnel,
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ing dri ted on its cradle.
i ich i for g drills, moun
Itis-pomblccmxagewhnchnsnsed carryin
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Fig. 5103 : A drill carriage during drill operation
It is provided with a wheeled base.
A strut to hold it in position.
It is used for drilling small and‘mcdium size tunnels.
Drill jumbo '
Itis a movable steel frame type drill carriage.

It is fully equipped fordlillingthcbeading of a
tunnel,

It consists of 2 number of platforms, known ag
dccksmsuppondnﬂsuShOanFig 5.104.

For drilling large size tunnels, dnll jumbo ate
commonly used.

Fig. 5.10.4 : Drill jumbo

— T e
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xploslves Used in Tunnelllng o

arc mamly used for tunnelling :

Types of Explosivu Used in
Tunneliing

] (1) Disnuptive explosive i

L/ (2) Power explosive

e

Fig. C5.12: Typu‘of Explosives Used in Tunnelling

9 (1) Disruptive explosives
-, These are commonly used cxplosii'cs {91;“}1&“28 sy md ;mcm =
'/Th‘!mavailableintbcmarkctintheformofcartridgesofsxze2.5cmt020cmmv :
in keogth. |
= Common type of disruptive explosives used in tunnelling are :
§)  Staight dynamite C® Gelatine dynamite
©) Semi - getatine | Pert™ }l) Ammonia dypamite

©) Blasting gelatine
3 (2)/&’,'" explosives
" These explosiyes are not commonly used in tunnelliog
" Typesof Power explosives used for tunnelling are :
@ Blﬂsting Bt

M N
2 Ninse cxgioiye

K
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2, therefore it is not commonly used in these days.
special primer is required 1o detondic i,

- Blasting powder is slow in burnin

therefore it 15
- Nitrate explosive and nitraman is highly explosive but 2

rarely used in tunnelling .

=* (3) Liquid air explosive
o w/hich 1 ed by ioring 2
- These explosives usually consists of 95% oxygen at temperature of 191°C, which is absorbe dippiog

cartridge of absorbent.

= Such explosives require special skill in their manufacture, transporting and SlONDE.
~  Therefore, not commonly used.
7 R ‘
rpose, Methods, Factors Affecting Lining _

Syllabus Topic : T ning —Pu

5,127 Tunnel Lining

/ o (MSBTE- 517,518)
= 2 ‘.--,'_‘/; = = r ;‘»J— T ;“-:;:;_’/ T : : ;éi’ E a7
T

(V2] Towppmthclmmedrockpicmdmingbhsﬁng.
snnamﬂsuengthofsoﬁplminthcnnmd-

3) To increase the

(€)% Toimproveﬂnappwznocofumncl. :
son of water inside the tunoel.

(D/Tohp\melcwialﬁﬂins.

(8) T0whhstandwﬂprmtwbmdﬁvmin?oﬁmcks.
@ Factors affecting type of lining are

4))] Typca.ndnzmtcoﬁocks.

2) Pu:poscandumdfowhichitisams:maat

3) Funds available.
(%) Aesthetic considcration-
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7 _Types of tunned lining

T Follewing types of lising aee wied

() Timkrz - lising () e - masvnry liang

(iii) Brick lising () T lnisg

(v) Czat sterd Lining (v) Preces pipe lning

(vii) Pressed seed phase. Firing (") Precast bk Bning

(1x) Comerese lining (1} Remsboroed conceie kg
~ 5.12.1 Reinforced Conerae Lining

Soch type of lining @e coranonty vaed now 3 days.
T Method of concrete lining

= Modern equipments and technclogy tave made concrese Fsing o ezvy wd orick yb.

Fiz 5.12.1 : Form carrier fa concreting operation

7 The steps involved In concrets lining are :
(1) Laying the form - work

-~ Thc!cmhwakmymuiﬂdmﬂclumashgkmﬁfmw&hz:fucdhmcmﬁm:mmby

meanis of jack as shown in Fig 5.12.1.

(2) Batching and mixing of concrete

= After laying the form work, the batching and mixing of concrete is done ia the mixing plant

- ﬂzammmzybcmiwlzuhcmporbwmddnﬁontcmimgphmmybckzptinsikthcnm

(3) Placing of concsrete

Atrer hauling of concrete, the concrete is placed in position either by manual Libour or by pumps.
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(4) Compaction of Concrete

T e s [ . . e e e

After placing the concrete in position, it Is compacted by vibrators,
(5) Curing

After 24 hrs of placing and compacting of conctete, it s cured for two weeks,

@ Advantages of plain of reinforced cement concrete fining

-

i) Mair;tcnancc cost is less. i) Water tight.

(iii) 1t can be moulded to any shape. (tv) 1t provides homogenous construction,

(v) Itis not subjected to the attack of insects of fungi.

Syllabus Toplc : Tunnel Ventllation - Purpgzd and Method

B

D (MEBTE = W14, 545, 6.17,5.1)
T Al #3, ”"’-'n e ,“A”: R
¢4 ,#mr"“gr & ”f’,; F%W!f’f b

%‘7 f‘f i
v

7 Object of tunnel ventilation ‘

1.+ To supply fresh air inside the tunncl.
2. ; Toremove poisonous gases, dust smoke ctc.
3,/~ To reduce temperature in tunnel situated at great depth,

" ation wn
4. The traffic moving in a tunnel after its construction, produces smoke, foul gases which may conne suflod

inconvenience to the passengers if the tunnel is not properly ventilated.

5.13.1 Methods of ventllatloh in tunnels

Methods of ventilation In tunnels

1. Natural method

2, Machanical melhod

Fig. C5.13 : Methods of ventilation In tunnels

e s st B A A e
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« of temperature Inside and outside the tunnels, Good

—
Natural ventilation in posaible antomatically due to differen

ventilation iy nit posaible by this methid,

during its constvetion,

# This method ls sultable when t | -
/,a 1‘(’
0] Tunnel is to be takt fn the direction of wind, V R -
®) A drift is driven from portal to portal, .'
(c) Diameter of the tunnel 18 largoe but fta length is small, o
=2 2 Mcclw!lul method ' , | "',"fi" .

Mechanical ventilation is done by blowing fresh air into a tunnel or by exhausting the foul air or dust fronPI the
wnnel by any system listed below

" There are three smnof mechanical ventilation :

System of mechanical ventilation

=p{ (1) Blowing process

| (2) Exhausting process

. (3) Combination of blowing -
ey ) and exhausting

Fig. C5.14 : System of mechanical ventilation
Blowing process

In this method of mechanical ventilation, fresh air is forced by one or two blowers through the ducts, provided in
the tunnel.

By this method, positive supply of fresh air at the working place can be obtained.

But the disadvantagq lies in that the foul air, smoké and dust slowly move out, fogging the atmosphere inside the
tunnel, especially in long tunnels.

This method is also known as propulsion method.

Exhausting process

In this method of mechanical ventilation, air is sucked by one or two exhaust fans installed near the tunnel heading.
This creates vacuum due to which fresh air enters inside the tunnel.

This method has the special advantage of quick removal of dust and smoke from the working face.

This method is also known as vacuum method.

——
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“=* (3) Combination of blowing and exhaunsting process

In this method, blower and exhanst fane are provided for forcing fresh aie in the tunnel and sucking foul aie from
the tunnel.

!

The blower and exhaust fans are inttalled in suitably spaced inlet and outlet thafts ennnected 1o the tunnel

Immediately after the blasting operation, the exhausting tystem it operatad for 15 to 30 minutea, 1 remwwe the
objectionable air.

After which blowing system it operated for forcing fresh air in the tunnel. This methad provides the most effieient
ventilation system of tunnels.

——

Fig. 5.13.1 : Combination of blowing and exhausting process

5.14 Advantages and Disa
~ dvantages of Rectangular and Circular Shaped Tunnel

s .

(2) Mis small in depth.
Disadvantage
(I) &t iuﬁiubl: for only pedestrian.

(2) Mis not use in carrying waler or i,
" Circular shape tunnel

Advantupe

(1) W is best for resisting external and intemal press,
Ssue
(2) Easily tonstructed in soft puck

e e
e e
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P e e

Disndvaninge

(1) Thvese tunols teauben coatly (g to (at hase for providing a coad or tallway,

() Linfog Ix diftieu,

Syllabua Tople t Tunnel Dralnage Purposss and Method

5.5 _Pormanont DralnageSystem

* Tunnel dralnapa
It collection and remaval of water entering the tunnel during and after construction,
" Neceasity of dralnago

It reduces wear and tear of communleation and achleve safety of moving vehlcle,
The diainage system provided after construction of tunnel are called as permanent dralnage rystem. The varfous

metheds of permanent drainage system ure

l- Permanznt Dralnapa Eyslam '

e L R S s e S O o el

—-i‘l (1) By providing contral draln

(2) By providing Iron shod
a'angwith side draing

(3) By providing sldo drain

Fig. C5.15 : Permanent Dralnage System

=» (1) By providing central draln
The central drain is provided iz hetween railway track or road pavement. These are suitable when a huge cLu.mtily of

water does not come through roof and side walls of innnel.

\\4\\\\\\\ AANANANNN 1,

‘ Central drain systam
L]
. Fip. 5.15.1

.
.

o
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= (2) By providing iron shed alongwith side drains :
ded along with side drains. It is suitable where water leakage is meg,

In this method corrugated iron shed is provi

through roof or side walls. This is costly and needs more mgintcnanoc as iron sheds are subjected to coTosion.
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i Side drains

=¥ (3) By provic.ng sidediains -

In this method single side drain 1s provided. These are suitable where there is small quantity of waler ensinng iv iansll

F——————— —————

Syllabus Topic : Tunnel Maintenance
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5.16 Tunnel Maintenance

The following measures should be taken for tux;ncl maintenance. -
1. Portals should be check carefully i.e. crack in masonry, seepage of water, sign of slip etc.
2. The weep holes should be checked thoroughly.
3. The roofs and walls should be check for cracks seepage bulging etc.
4. The lightning arrangement should be checked.
S. The shaft should be check thoroughly any obstruction found sbould be cleared.

& The levels, reference marks should be checked.
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