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(v) Track must have certain amount of elasticity. i

(vi) Radii and superelevation, provided on curves, should be properly designed.
i) All joints, points and crossings should be Eoom% designed.

Drainage system should be perfect.

It should have adequate provision of easy renewals and repairs. ,

The components of track i.e., rail, fittings, sleepers, ballast must fully satisfy requirement for which
they are provided.

1.3 mmcnm of Railway Track

The gauge of a railway track is the clear distance between the running or gauge faces of the two rails.

zodm. ._.3mmm E ;_am *momm mﬂm H:m szmq *moom oﬂ Sm railsin _:Q a, we :m<w Sqmm Qumw oﬁ gauges’

Broad Gauge :wov - awm mm G ft.6 _ao:mmv

f
Metre Gauge (MG) = 1000 mm (3t. 3.376 inches) - *-

Narrow Gauge AZQ - vmw mm (2 ft.6 inch)610.mm (2 ft.)
A larger gauge 3mm the advantage of greater traffic omvmo_? mnmmo_ and safety.
However, it requires :m:mq gradients and curves.

'NOTE - () 610mmis *oﬂ feeder track gauge.
iy (i) .mBm: _m:@%m of standard gauge Aiww BSV are used i in India ﬂoﬂ _:Q_<_Qcm_ _ua_moa and
~. ~ short ling lengths.

_uoﬁ mmeU_m. Um_:_ Zm:o Rail oo_._ooﬁzo:

Factors responsible for mm_mozo: of gauge:
(i)  Costofconstruction

(iii) Development of under developed area
(v) Speedof vehicle movement-

(i) Volume and nature of traffic
(iv) Physical features of the country

NOTE - () o:_ano:mammoﬁ_o: in India, Broad mmc@m is preferred.

3 mmcom should be uniform 33:@:05 as far as possible’in a 8::5\

(iif)y Because :m:m:_uu_:@ nmwmmzmma and goods from <m:_amm o*.o..._m @m.c@m to anotherisa
cumbersome task.

1.4 Load Transfer on a Railway Track

¢ Allithe components of a P-way are required to :m:&m« the rolling load to the subgrade while maintaining
the proper position.

*  Railacts as girders to transmit wheel load to sleeper.

¢ Sleeperholds the rail in correct alignment and transmit the load to ballast.

* Ballastdistributes load over formation known as subgrade and finally & natural soif on ground.

«
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Narrow Gauge
610 mm, 2 ft.

Narrow Gauge

762 mm, 2. 6 in. -
Narrow
Gauges
Meter Gauge Aiw% mm

1000 mm, 3 ft. 3.375 in.

Standard Gauge
1435 mm, 4 ft. 8.5in.

Broad Gauges
>1435 mm

Broad Gauge
1676 mm, 5ft. 6 in.

Standard Railroad Tie |
2591 mm, 8.5 ft.

Fig. 1.2

1.5 Railway Track Cross-section

The typical cross-section of a railway track have been mjosr in the figure given below:

34m(11)
2.7 m (9)—

17m (5.5)
REAUCY.

12.7 cm (57)

20.3cm (8")
2 I &,
| sem Ture ot )
18 ' ) 2d
(18) i 2d 6.1m(20")
Permanent land

(17.1 + 4 x Embankment depth in meters) \

Temporary land
for narrow pits

“:.o cross-section of a B.G. Track in Embankment (On straight track)




0UIBRA e )

S EEr

oelL Wbens .

Jies uo paoeyd
Ajjenuao pauypm

JIeJ Bpisuj Uo auod
10 J9jBLWRIP JOjBWS

% fiey apisinQ uo auoy
w Jo seypwelp 1ebie .

>~ obuely

195 [93UM
o : speai] [eayp jo Buuo)

‘s|ies yjoq uo ainssaid _mmﬁ_om ptie siajewelp [enba yyum uoiisod [euibuo o} 3oeq
1eal1a1 B[Xe JO JusLaAOU JoyLN oL m«cm%da SIYL "lieJ JBY10 9YFIBA0 S8SBa108p Ji 8jiyM 8seaioul
|lel 8y} JoA0 peal) [9aym JO thEm_v aus: .a_ BUO SPJemo} mm>oE m_xm me. SE 0B [ons] 8y uQ (1)
“ ‘lenbe o1
S|99YM Y10q JO SpEa]} JO mo:m_QE:e_o ncm _mzcmo SufBWIa) |99 BY) v_om: 18| puebrensuo (1)
‘SjeayM
Jo Buluod se umouy si sy h ‘(02w L Sopm 5 mao_w -] 5;3 mceo ) tma wEé 90URIJUNOIIO B}
Buore eoepns Buidojs sy} vcm padojs m_m Sn ey mumE wo: ale mm~>_:m> >m 1eJjo E: jopeanayl ()

LR o ! m_ww._z:o Bbuuoy 1'9°L

v.__uz j0 mc_uzm _u_,.m m_ww..:s jobuuo) 9|

€161y

(qoesg paaIng ug) Bumny :_ BUl| 2[GNOP 40} }II] "D'Y B JO UONIBS-SSOID B
uoneulod
uelp apis

uoysno

\ .ﬁm,__mm._ //_

uresp
Jejem yojed

uiesp Jajem
yie

paunbai jt
abneb yoelg

uopeasjd hwa:w

pannbai y

2.njeAIND 10} mocﬁwm_o abneb soe|g
enxs + buoedg uueg

_ Qt.tww:.‘m:m ABEEB& SUOHNRNG N

[AX13 abexded Apms jeisod

m/ muv.mzo_.umuu_m_ n

RSH3 Iodll

uoysno
- uwm__mm
Sae/y |
weo
V (.£=~01) (.5=p1) (=01
wegl'e wee'y wzye
(1)
(e1qepod) s
s|qenod
anpnis Azml\wmv : " JoejLoo
¥oelp weL’9 Kisuelen

(9283 paaind) aury 9jbuis B 1o} e} '9°g B JO UOIIIS-SS0I3 BY L

uoneuo4 4

uiesp spis

10)01pUl

KR

10301pU
weipesn

asnai Asjjosl /xx\m

\(/H\ Kajjom Joy
qejs ‘0

uelp E@s yaen

Jojeaipur 38

usg

"
abneb syoejg (a9)
uonens|3 1edng;

(ooea3 JyBiens uQ) auy ajgnop 1o Bumns uj ORIl "9'g € JO UOPISS-SSOIO 3y
papnj.

wg'g Yueq
jiodg

wezl :
Bumno jo yydeq + ws'zL

{4ueq piods + Bumno jo yda@ x € + 9'1.2)
puej jusueulad

6107 wms_u& %_:m {eisod

Bupdauibuz A |

RSU3 IO



6 | Civil Engineering

MADE ERSY

s Publications

Postal Study Package FIIE]

1.6.2

=

1.6.3

1.64

1.6.5

(iv) On curved track, outer wheel has to travel greater length than the inner wheel.
Vehicle on a curve has the tendency to move sideways towards the outer rail, so the circumference
of the tread on the outer rail towards inner edge of the wheel becomes gieater than that on the inner
rail. This helps outer rail to cover a greater distance than the inner rail.

(v)  Conicity of wheel = angle between wheel tread and horizontal axis of axle.

Advantages of Coning of Wheel ,

*  lIthelps vehicle to negotiate curves smoothly. '
*  Tokeep the train just in central position in a level track.

*  To provide for possibility of lateral movement of axle with its wheels.

¢ To prevent wheels from slipping to some extent.

¢ ltreduces wear and tear of the wheel flanges.

Disadvantages of Coning of Wheel

¢ The pressure of Sm horizontal component of the *oam_:mmﬁ %m inner edge of the rail has a tendency
to wear the rail quickly. -

¢ The horizontal noavo:ma of the force 8:% to turn ﬁzm rail outwards and hence the gauge is
widened sometimes.

* Ifnobase plates are Eos%a w_omuma c:am« Em outer maow of the rail may @9 damaged.

Canting of Rails

¢ In order to minimize the a_mmaéam@mm due 8 oos_:@ of wheels, omnﬁ.:@ of rails is done which
means that rails are not laid flat but are tilted inwards.

*  This reduces wear on the rail as well as on the tread of the wheel.

*  The slope of the base plate is.1 in 20 which is also the slope of the wheel flange.

e Tilting of rails can be achieved by ,
() Adzing of sleepers
(i) Use of canted base plate

Adzing of Sleepers
*  Agroove (having angle of 1in 20) is being cut on the top of the sleepers. The rail is being seated
into this groove in such a manner that it remains fixed in this location.
¢ This sort of angle making in sleepers so as to seat the rail is known as adzing of sleepers.
1:20 1:20

To vertical To vertical
i

\
i
1
1
|

)

% ‘

=S SSIIRIIIIIT T

Slope 1 ; ”
in 20 a
Oller Raif—— . o | Rl
1 iy No clearance clearance Adzing)
sl TS 1200
. s i SlOBPO gy aic— e
Fig.1.5 ;
Eﬁﬁm mﬂmwm
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e ay track s a combination of rails :zoa on sleepers. and ﬂmma:@ on _um__mm» and mcg«mao ,

: Qm:@m ofa B__<<m< :mnx is Em a_wﬁm:om Umgmm: Em inner faces Q Em two rails.

énsion of broad gauge, Em:m @mc@m and narrow mmc@m are Amﬂm mm, Aooo 33 wmm mm

Am_wo 610 mm) amcmo?me .

610 mmnarrow gauge.is for feeder :mox @mc@m ..., E

e - Standard gauges are 1435 mm length.

e -Coning of wheels is a method of levelling the wheels to avoid Qm_uﬁmo_m:o: to H:m E:mm_w
and rim omCmma U< friction between rims and inner faces of the rail top. -

. Cantingof rails is dong in order to 3_:_3_Nm the a_mm%m:”m@mm due to oo:_:@ ‘of E:mw_m

: :@ of B;m can Um mo:-m<ma by m;:mq maN_:@ o% w_mmUma 9 z._m cmm oﬁ omEoQ cmmm

Q.1 Which of the following factors governthe choice Q.6  The tread of whieels is provided an outward slope
of the gauge? of
(i) volume and nature of traffic (@ 1in 10
(i) speed of train (c) 1in20
(iii) physical features of the country )
The correct answer is
(@) only(i)
(c) both (i) and

() 1in15
d) 1in25

Q.7 Whesls of rolling stock are provided flanges on
{(a) outer side (b) innerside

(b)  both (i) and (ii) (c) ‘both sides (d) neither side

(d) (i), (i) and (iii)

Q.2 For developing thinly populated areas, the correct
choice of gauge is
(@) Broad Gauge
(c) Narrow Gauge

Q.8 Coning of wheels is provided
(@) tocheck lateral movement of wheels
(b) to avoid damage to inner faces of rails
(c) to.avoid discomfort to passengers
(d) All the above

(b) Metre Gauge
(d) any of the above

Q.3 The formation width for a single line metre gauge Q.9

) ’ For providing the required tilt of rails, adzing of
track in embankment as adopted on Indian

wooden sleepers, is done for

Railways is (a) bullheaded rails
(@) 4.27m (b) 4.88m (b) double headed rails
(c) 5.49m (d) 6.10m (c) flat footed rails

Q.4 The side slope of embankments for a railway (d) any type of rails

track is generally taken as Q.10 Check rails are provided on inner side of inner

(@ 1:1 . ) 15:1 rails if sharpness of a B.G. curve, is more than
(c) 2:1 i (d) 1:2 () 3 (b) 5°
Q.5- The formation width for a double line Broad Gauge () & ()

track in cutting (excluding drains) as adopted Q.1
on Indian Railways is

g

The rail section which is not used on Indian Broad
Gauge tracks, is

(@) 6.10m (b) 8.84m (a) 35R
(©) 10.21m (d) 1082m © 45R
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Publications
Advantages of Flat Footed Rails:
(vili) Sufficient fillet radii. e No requirement of chairs or keys (as the foot of the rail is directly spiked to the sleepers)
(ix) Tensile strength of rail piece > 72 kg/m? ¢ This form of rail is stiffer both vertically and laterally then the full headed rail of equal weight.
(x) Rail specimen should satisfy “Falling Weight Test" or “Tup Test". e Lessliable to develop kinks (maintain a more regular top surface than the full headed rails)
- . . . e More cheaper than the B.H. Rails
.2 il ions "
M.N 1 .__".ﬂw mwnxn a_vm ¢ - Distributes the train load over a large number of sleepers (this results in greater track stability)
.1 es of Rail Sections
P . m.: ) . . . Disadvantage of Flat Footed Rails:
o The types of rail section which have been tried so far for constructing railway tracks are as follows: ) . » . |
() Double headed rails (D. H. Rails) e Due to impact of rolling wheel loads, fitting get _oo.wm:ma more frequently.
(i) Bull headed rails (B. H. Rails) NOTE: In India, standard _%@30* rails are12.80 m for B.G. and.11.89 m for meter gauge
Flat footed-rail (F. F. Rails) SR Sl L
(i) Double headed rails (D. H. Rails) 222 Uonm__m of mnw-mam_d Rail Section
®  These rails indicate the early stage of development.. ' , Types of m. n: s in use
¢ Itmainly consists of three parts (a) Upper table Ag Wab on _.oémimc_m . (i) British H#lways (RBS sections-Revised British mﬂm:ama mvmo_zom:o:v
¢ Both :Uuma ﬁmU_mw and lower tables were _Qozn_om_ E i (& 75R (75 Ibsfyd) AUV @Om (90 Ibsfyd)
e When upper table gets worn out, then the rails can cm 5<m:ma m:a reused. (c) 115R(1151bsfyd) - v
*  This type of rail is Emoeom_z out of use. in'Indian mm__sm<m S (i) Indian Railways
(i) Bull headed rails B H. Ralls). : o %o ¥ , o (8) 60kg/m (UIC section-Union Internationale des Cherviins de fer or International Union of Railways)
*  The next evolution was  that of B.H. rails. — suitable for speed upto 160 kmph.
*  ltmainly consits of ﬁ_,zmm parts (a) Imma (b) Web (c) Foot : ’ (b) 52kg/m cmw section-Indian Railway Standard) __ suitable for speed upto 130 kmph.

®  Head has larger size then foot. So %& even aftér wear, it can withstand stresses.
¢  Foot is designed o:_< to furnish :mommwmé m:msmﬁ and stiffness to rails.
e Bull headed rails are especially used for making uo_:ﬂm and crossing.

Types of sections in use in India
(i) Rail section in use on BG

(iii) Flat footed rail (F. F, Rails) ~ : (&) 60kg/m[UIC]. - (b) - 52xg/m [IRS]
*  Theserails are also called Vignole's rails after Sm name of inventor. () 90R (90 Ibfyd ~ 45 kg/m) [RBS] (@) Length-13m
*  ltconsists of three parts (a) Head (b) Web (c) Foot : (ii) Rail section in use on MG
*  Thefootis spread out to form a base (as the name “Flat Footed” suggests) (a) 90R (90 Ib/yd) o) 75R(75lblyd) .
¢ About 90% of therailway tracks in the world are laid with this form of rails. i (c) 60R (60 Ib/yd) (d) “Length-12m {13 min case of 90R rails)
¢ Inindia, flat footed rails are most commonly used. Rail Section in use on NG
Types of Rail Sections (@) 50R (50 Ibfyd) (b) Length-12m
}=— 6.87 cm —>{ NOTE: Rails of larger length are preferred to smaller length of rails as it @_<mm more strength moo:oa< and
[ : lesser number of joints Umﬁs\mnz two rails.
2 § | - Head £
< @ | 5 223 Selection of Rails
' 1 - .
§ £ € K : = . Various considerations in selection of a rail section
wn 1 N
o9 2 m 1.676m gl S (@ Gauge of track
Te T3 i g < (b) Heaviest axlg load
o El R 1§ () Maximum permissible speed
9 m Foot . o Y (d) Type and spacing of sleepers
hd < ; ! o° . (e) Depth of ballast cushion
© }<-6.35 cm | } 13.65 cm y ()  Maximum _093986 wear on top of rails (5% of weight of rails is allowed)
Fig.2.1 e : e = - e e
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234 Prevention of Wear

Following are the ways of preventing wear:

e Better maintenance of track e Reducing number of joints

e Use of heavier and higher UTS rail sections e Use of bearing plates (adzing of sleepers)
e Lubricating gauge face ¢ Using check rails on sharp curves

e Trackrenewal ¢ Interchanging inner and outer rails

¢ Welding or dehogging of battered ends ¢ Maintenance of carrect gauge

2.4 Hogged Rails

(i) Due to battering action of wheels over the end of the rails, the rails get bent down and get deflected
at the ends.

(i)  This hogging at ends is due to loose packing under 5_m joints‘and/or loose fish plate.

" 1]
Remedial Measures:

(i) Hogged ends are cut-off and fresh holes for :xSm fish plates are provided — cropping.
Hogged rails are entirely replaced. !
(i Deflected ends are brought to level by welding

2.5 Buckling of Rails

¢  Itmeans track has gone out of its original alignment. !
e |thappens when expansion of rails due to temperature variations is prevented.

Remedial Measures:
e Ballast, sleeper and rail sections must be checked for design.

*  Providing steel sleeper !
e Provision of expansion gap o
e Not very strong tightening of fish bolts.

2.6 Welding of Rails
The welding of rails is carried out in a depot of the .._n.ww: butt welding” process and at site by the
,..._.:m:.:; Welding” process.

In general, there are four welding method:
(i) Gaspressure welding
(i) Flash butt welding

(i) Electric arc welding (or metal arc welding)
(iv) Thermit welding

2.6.1. -TypesofWelded Track , '
Welded tracks can be classified as m:o; welded,rails, long welded rails and continuous welded rails.
(i) Short Welded Rails (SWR)

e ltisawelded rail that contracts and mxﬁm:a,.m throughout its length; thus producing excessive
thermal stresses.

e Normally 3, 5 or 10 rail lengths are welded together.
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Short welded rails of more than 3 rail lengths produces higher thermal stresses, so these have
been lirnited to 3 rail lengths.
It has a length upto 130 metres.

(i) Long Welded Rail (LWR)

e

°

Switch Expansion Lo_:n\ﬁ

It is a welded rail the central part of which does not undergo any iongitudinal movement due to

temperature changes.

Along welded rail continues to expand atits end for a particutar length till adequate resisting

forces gets developed towards the centre.

A stage is reached when at a particular length of the rail from its ends, the resistance offered
by track structure becomes equal to thermal changes.

Thete is no movement of rail beyond this point.

A _m:@.:)_ greater than 250 m on B.G. and 500 m on M.G. will normally function as LWR.

Wi VX_BCB length of LWR under Indian conditions shall normally be restricted to one block

se

The length at each end of the LWR (or CWR) which is subjected to expansion/contraction on

account of temperature changes is called breathing length.

An expansion joint installed at each end of LWR (or CWR) to permit expansion/contraction of

the adjoining breathing lengths due to temperature changes is called switch expansion joint

(SEJ).

Buffer rails are sometimes provided in place of SEJ at the end of LWR (or CWR).
It has a length upto 10C0 metre.

Continuously Welded Rails (CWR)

Itis a higher category of LWR.

It may be of a length greater than 1000 m.

It continues through station yards inciuding points-and crossings.
It requires heavy maintenance. )

LY
.A\ Non-bearing Length /\
Switch Expansion Joint
Breathing Length —

s e
7 7 \n 7
_All’ Total Length of LWR _
Fig.2.2

Sumimary

(©

Rails are actually the steel girder for the purpose of carrying axle load.

mm__m#:os% & continuous and levelled surface, bears stresses due to forces along various
plane andi due to thermal effects.

Rails are made up of C, Mn, Si, S, P.

High carbon steel is used in case of ordinary steel while medium carbon steel is used for
rails on points and crossing.
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Q.29 Match List-1 with List-1l and select the correct Codes: '
P answer by using codes given below the lists: A B
b List-l @ 4 1
- i A. Corrugated rails b)) 3 1
: B. Burrs (c) 1 2
C. Wearof rails d 3 2
» i D. Flange bitten rails —
List-1l c = c
1. The top surface gets worn out 2. (c) 38.(a) 4.(a) 5.(c)
2. The projection of rail on gauge side 6. (@& 7.(c) 8.(c) 9. (d) 10.(a)
3. The top surface develops alternate ridges 11. (b) 12. (b) 13. (a) 14. (c) 15. (b)
and hollows )
4. Inner side of outer rail on the curve. 16 (@) 7. mcv 18. () 19. (b) 20.(a)
21. (c)1 mm.., (a) 23. (d) 24. (c) 25.(d)
-.26. (c) - 27. (c) 28. (b) 29. (d)
BEE

- www.madeeasypublications.org

MADE ERsY

T O e—

@)
o
S
b
ol
[3]

Sleepers

3.1. Function n__\u_mm_omqm

Main functions of sleepers are as follows:

(i) !tholds the rail to correct gauge and alignment.
iiy It gives firm and even support to the rails.

(iii) - It transfer the load in a uniform way from rails to area of ballast.

(iv) It acts as.an elastic medium between rails and the ballast to absorb the blows and vibrations of
moving load. .

(v) It provides longitudinal and lateral stability to the permanent way.

(i) Ifrail sections are not being supported evenly and firmly, then they wil! sink into the ballast

cushion.
(i) If sleepers are not elastic then the deformation will keep on increasing and finally the track

will become irregular in shape.

Requirements of Sleepers

(i) Initial cost as well as maintenance cost should be 1
(i) It should be of moderate weight.

(i) Fixing and removing fastenings should be easy.
(iv) There should be sufficient bearing area for all the sleepers. So as to resist crushing due to rail seat.

v

mum.

Maintenance should be easy.

(vi) Track circuiting should be possible.

(vii) Anti-theft and m:a_wwvoﬁm@m qualities should be present.

(viii) It should be omumu_m of resisting shocks and vibrations due to heavy loads.

3.3

. § .
Sieeper Density and Spacing of Sleepers

e Sieeper density is the number of sleepers per unit rail length.

"« e ltis specified as N+ xor M+ x

where, Nor Mis length of rails in metres or yards, x is the number varying according to the factors F
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(iv) Longerlife ] . 3.43.1 ClPot Sleepers Gauge
o g
i A<.v Better lateral rigidity «  These consists of two hollow bowls ]
] ?w Free from Qm.om< m:.n attack by vermins . or pots of circular or elliptica! o__c/ Key
) (vii) Not susceptible to fire hazards , shape, placed inverted on the b
(viii) Good scrap value . ballast section. _ S _ ﬁ i

Disadvantages of stee! sleepers: »  Two pots are connected ES the
(i)  Proneto corrosion help of cotter and gib (the

: (i) Develop cracks at rail seat or near lugs projecting arm). @l { ] ﬂ_ B
_ .mm:m_o_momaoi:maoo:jo e Bar

:
¢

Unsuitable for track circuiting ) i ith tof i f 20 !
(iv) Can only be used for type of rails for which it is manufactured , M%%mem_:mmmﬂﬁwmwmw@mus 3_“ C.1. Pot sleeper
(v) Devslop the tendency t 3
p Y to become centre bound (because of siope at both ends) help of a ke Fig.3.1
L 3.4.2.1 Key Type Steel Sleepers F . ‘ e ltcannqtbe used on curves sharper than 4° on BG.
P . : o . i
M In this type of sleepers, lugs or jaws are pressed out of metal ahd keys are used for holding the rails. * Mostoft ngs are hidden and then inspection and maintenance s quite difficult
. These are of two types:- ¢ This has become obsolete how.
() Lugtype (i) Loose jawtype 3.4.3.2 Plate Sleepers :
Lugs are formed by pressing out the metal of the channel section while loose jaw type is an improvement e ltconsists of a plate with dimension of about 88.4 cm x 30.5 cm.
on pressed lug type. , *  Itprovides an effective bearing area of 0.232 sqm.under each rail.

¢ The plate is provided with a projecting rib underneath to have a grip in the ballast.
¢ \Vertical stiffners are provided diagonally on the top of the plate.
e - The plates are connected across the track by means of a tie rod.

3.4.2.2 Clip and Bolt Type Sleepers
¢ Clipsand bolts are used for holding the rails.
¢  Cracks are not n_m<m_ovma in the sleepers as the holes for the bolt are mﬂmz and circular.
. Requires four clips and four bolts for holding each rail. 3.4.3.3 CST9 Sleeper (Central Standard Trial-9)
e ltis a combination of plate, pot and box sleeper.
e CST9stands for central standard 9 slegpers.
This name comes from the different number of test which has been carried out in the laboratories of

343 ClSleepers (Cast Iron Sieepers)
Cl sleepers are either of pot type or plate type

s.a<m2mnmm of Q. sleepar over steel trough sleepers . railways where different type of sections on different types of designs related to cast iron sleeper
(i)  Lesser corrosion has been tried
i) - Lesser liable to t rai : ) ’ . i
. crack af rail seat So, in this section, this is the 9th trial which has been successful.
Easier to manufacture

¢ lIthas atriangular inverted pot on the either side of the rail seat, a plate with the projecting rib and
[ a box on the top of the plate.
*  The pieces are connected across the track by means of arod.

(iv) Higher scrap value
(v) Retain alignment well due to keel at the bottorn

ﬂ_mmn<mammmm of Cl sleepers over steel trough sleepers ¢ . Avrail seat or chair is provided to hold the flat footed or bull headed rail respectively with 1 in
()  Gauge maintenance is difficult (as tie bar gets bent) 20 cant.
(ii) 28& lesser lateral stability . e Salient features of CST 9 sleepers are:
. R .
o ”_\_:mc;mc_m 49. M_ ack circuited lines , : © () Thetie baris fastened to the plate by means of four standard cotters.
iv] ore su ' ' iationi i
mmmwﬁ_ e to breakage Small varigtion in gauges is corrected by means of cotters.
- 4.:2 wa of following types: : (i) - The rail seat has 1in 20 cant and is only 11.4 cm wide.
3 ot sleepers i This narrow bearing tends to reduce the rocking of the m_mwnmq plate under the wave motion of
(i)  Plate sleepers ! . the rail.

AA__.V CST9 maw_uma. . . (iii) A single two way key is provided by keying of the ballast in the two packets.
(iv) Duplex rail free joint sleepers

©
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GoxExij.:

o side downwards.

timber.

najor ﬁoclsumm of m_mmvma m éooam: wam_ castiron oo:o_‘mﬁm m_mouma :
*The'size of m_mmnwa for mm zm zo m«m mﬂm X mm x'13 oa Amo x 20 x j 5 cm,:

.caamaa éooam: m_mmnma wsosa _um laid <<_3 mmuiooa mam :us\mam m:n heart éooa

OOBvom:m sl mvmﬁ _:amx is cmma to ~oox at the m:m:@:_ o:mqmoa:m:om and suitab _QQ.

LA z_:_aca Cs! Qmmo:cmq on Indian mm_,s\mﬁ for :wox m_mmumq oamm_:@ m_mmumﬂ and czaom .
T m_mmum« are ﬂmm Ammm m:a 1455 amcmo?mz

'« CST9 sleepel

a ‘cornbin ion of U_mﬁm nQ arid mox m_mmvma

- - Duplex rail :mm _o_a m_mmnmﬂm are uqosama ::am_. So qm__ B_Rm in tracks laid with Om;‘@

< sleepers.”

L8 Breathing _m.:mﬁ is 3& length oq _.<<m Aoﬂ o<<mv E:_o: is. mcgmoﬂma to mxum:m_o:\no::mo:o: )

‘on account of wmsnmﬁca o:m:@m

1

o msso: mxnm:m_oz joint is installed at each m:a of _.<<m (or O<<mv to permit mx_om:m_o:\
contraction of the ma_o_:.:m _uamﬁ:_:@ length.

o ..wcmmﬂ rails are a set of E_a provided in Emom of mm._ atthe ends of r<<m (or CWR).

> Objective E%,.:%% ;

Q.1 Which of the following types of sleepers is
preferred on joints?
(@) CST-9sleeper
(b) steeltrough sleeper
{c) wooden sleeper
(d) concrete sleeper

Q.2 Sleeper density in India is normally kept as
(@ M+2toM+7

(b) MtoM + 2

() M+5toM+ 10

(d)y M

For a Broad Gauge route with M+7 sleeper
density, number of sleepers perrail length is
(a) 18 (b) 19

(c) 20 (d) 21

Q.4 Standard size of wooden sleeper for Broad Gauge
track is
(@) mwmxmmxéwo:..
(b) 180x20x 11.5 cm
(c) 225x23x 13¢cm
(d) 250x 26 x 12cm

Q.5

Q.6

Q7

Q8

Qe

Composite sleeper index is the index of
(a) hardness and strength

(b) strength and toughness

(c) toughness and wear resistance

(d) wearresistance and hardness

Minimum composite sleeper index prescribed
on Indian Railways for a track sleeper is '

(a) 552 (b) 783

(c) 1352 (d) 1455

At points and crossings, the total number of
sleepers for 1in 12 turnouts in Broad Gauge is
(a) 51 (b) 42
{c) 70 (d) 78

Metal sleepers are superior to wooden sleepers
with respect to

(a) cost (b) lift

(c) trackcircuiting (d) fastening

Consider the following statements about concrete

"sleepers.

(1) they improver the track modulus
(2) they have good moS_u value

e PublicaHONS

(3) they render transportation easy

(4) they maintain the gauge quite satisfactorily
(a) 1and?2arecorrect (b) 2and 3are correct
(c) 3and4are correct (d) 1and4arecorrect

Q.10 For a sleeper density of (n + 5), the number of
sleeper required for constructing a broad gauge
railway track of length 650 mis

(@) 975 (b) 918
(c) 900 (d) 880
Q.11 Bestwood for wooden sleepers is
(a) chir (b) deodar
(c) sal v o (d) teak

Q.12 lfnislength 0
sleepers per rail |
(@) nto(n+2) .
(c) (n+3)to(n+6)

_:?o:mmﬁzm:c:,_umqg«

4: @m:ma_z varies from
(b) (n+2)to(n+4)

(d) (n+4)to(n+5)

Q.13 Minimum packing mum.om provided between two
sleepers, is between
(@) 20to25cm
(c) 30to35cm

(b) 25t030cm
(d) ‘35to40cm

Q.14 The standard dimensions of a wooden sleeper
for a B.G. railway track are
() 274mx25cmx 13¢cm
(b) 1.83mx20cmx 11cm
(c) 1.52mx 15cmx 10cm
(d) 1.75cmx20cm x 12cm

Q.15 The standard dimensions of a wooden sleeper
for M.G. railway track are
(@) 274mx25cmx 13cm
(b) 1.83mx20cmx 11cm
(c) 1.52mx 15¢cmx 10cm
(d) 1.75mx20cm x 12cm

Q.16 1fSand H are strength and hardness index of a
timber at 12% moisture content, the composite
sleeper index, is

Postal m»:a«.vmn_ammm E

Railway Engineering | 27

H + 10S b S + 10H
@ —%5— ® %

20S + H S + 20H
© 0 (d) 0

Q.17 Composite sleeper index determines
(a) number of sleepers per rail length
(b) suitability of wooden sleepers
(c) permissible stresses in steel sleeper
(d) None of these

Q.18 Minimum composite sleeper index for wooden
sleepers used over bridge girders, is
(a) 1455 (b) 1355
(c). 1255 (d) 1155

Q:19 Minimum composite sleeper index for wooden
sleepers used in crossovers, is
(a) 1152 (b) 1252
(c)--1352 (d) 1452

Q.20 For inspection and packing of ballast, each pot
sleeper is provided with
(a) one hole
(c) . three holes

(b) two holes
(d) fourholes

Q.21 By interchanging gibs and cotters of a pot
sleeper, gauge may be slackened by
(a) 1.2mm (b) 2.2mm
(c) 3.2mm (d) 4.2mm
Answers
1. (¢) 2.(a) 3.(c) 4 (a) 5.(a)
6. (b) 7. (c) 8. (b) 9. (d) 10.(c)
11. (d) 12. (c) 13. (c) 14. (a) 15.(b)
16. (b) 17. (b) 18. (@) 19. (c) 20. (b)
21. (c)
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Fig. 4.1 Cross-section of arailway track

i

E ,.Eooam: sleepers are used in track laying with sleepers density as n + 7, the
sleeper spacing is 65 cm and width of sleeper is 25 cm. Calculate minimum depth of ballast required.

Solution:
Dispersion diagram:

Sleeper spacing (S)

o

45° 45°

1
S EEERRPRR

Dy —=

T'Du[v

where,

D, = Depth of ballast
S = Sleeper spacing
W = Width of sleeper
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From figure

S=2D,+W
S-W 85-25

- = >

2

D, = =20 cm

So, minimum depth of ballast ﬁmnc:ma is 20 cm. !

4.4 _Am<<<o_du Related to Ballast
(i) Packing = Itis the compact ballast cushion laid below the sleeper as per gradation.
(i) Boxing — It is relatively loose ballast which is placed on the side of the sleepers to provide lateral
sta c_:.a\ .
) moam:_:@ = : _w the process of renewing the ballast section which has degraded. *
(iv) Ballast g i Loose ballast between the two adjacent sleepers in the track.
4,5 Formation and its Function

Formation is the term used to denote the surface formed at the top of embankment or the bottom of
the cutting for a railway or road line.
Itis also called subgrade.

Width of the formation depends on

(i) The number of gauges to be laid side by side
(i) - Gaugetype
e The Indian standard have made following recommendations for formation width as given in table:
R Dimensions in meters
S.No. Particulars
BG MG NG Slope
1. Embankment:
Width of bank:
(a) Single line 6.10 4.88 3.70 -
(b) Double line 10.67 8.53 7.32 2:1
2. Cutting:
B -Width excluding side drains
(a) Single line ' 549 427 3.35 -
(b) Double line 10.06 7.93 7.01 15:1

Functions of formation are as follows:

(i) Provides a smooth and uniform bed on which railway track can be laid.

(i) Bearsthe joad transmited 1o it from the sleeper through the section of the ballast.
To facilitate drhinage.

To provide stability to the track.

To prevent ballast from puncturing into formation.

(iv)
(v)
The height of the embankment or the depth of cutting depends upon the ground contours and the
gradient adoted.
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Q.15 Foreven distribution of load through ballast, load List-I
dispersal is assumed as A. Ballast cushion
(@) 30°tothe vertical (b) 45°tothe vertical B. Shoulder ballast
. (c) 60°tothevertical (d) None of these C. Crib ballast
Q.16 If sleeper density is M + 7 for 13 m rails, the D. __HHMM_Um__mﬂ on
minimum depth of ballast under wooden sleepers o . .
@5cm x 130m), is 1. Stability against centrifugal forces
- (@ 15cm ’ (b) 20cm 2. Provides resistance to the longitudinal
track movement M
C
(© 25¢m (@ 30em 3. Provides resistance to the lateral .—.—.Nﬁ—Am —nwm.ﬁmq_—ﬁmw
Q.17 The standard width of ballast for B.G. track in movement of the track
Indian Railways, is kept 4. For distribution of curves load on the ;
(@) 3.35m (b) 3.53m formation \ : :
c) 2.30m d) 2.53m Codes: - . m .
© - ,vA. ) ] : A'B Cc D 5.1 Rail to xu_ﬁ astening
Q.18 The standard width of ballast for M.G. trackin @1 2 3 4 Arail joint is the weakest link in the track.
Indian Raitways, is _62,. : . ®2-1 3 4 e Thereis a break in the continuity of the rails in horizontal as well as vertical plane because of the
(&) 3.35m ~(0) 3.53m )4 3 2 1 expansion gap and difference in the rail heads at the joints.
(@) 230m L (@) 250m : (d 3 4 2 1 e Two types of railway joints are normally used on Indian Raiiways.
Q.19 Match List-l (Ballast portion) with List-1l (Furiction) .. L A . () Supported joints S
and select the correct answer by using codes - = 7 e TRISNEIS S (i) Suspended joints
given below the lists: - . 1. (b) 2.(c) 3.(a) 4. (c) s, (@ e In supported joints, the ends of the rails are supported directly on a single sleeper. E.g. Duplex
x 6. (c) v 7. (b) 8.(a) 9. (b) 10.(d) sleeper
1. (e) ‘12 (c) 13. (a) 14. (d) 15.(b) ‘ ¢ Insuspended joints, the ends of the rails are suspended between the two sleepers and the load on
16. AS. 17. (a) 18. (c) 19. (c) the sleepers gets distributed.
) T © Rail to rail fastenings fish plate, bolts and nuts.
{ I1 ) 4 [ ]
. — L ; —
_ AmaE 00 0 0o [0 0 0 © .
N . e N IT
. i 1] { i
_ with single support plate with two separate supporting plates
Fig. 5.1 Supported joint
~ -
I [ J,
' : O O O O
. ‘ ! : 1
/
. / /
[ R —

! -~ Fig.5.2 Suspended joint
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5.23 IndirectLaying and Direct Fixing ' . 5.3
*  Railisindirectly laid on the sleeper with a bearing plate in between. "

! ¢ Only one fastening fixes the bearing plate to the sleepers body and the rail to the bearing plate.
i 5.3.1

T

4

Fig. 5.6 Indirect laying and direct fixing

5.24 IndirectLaying and Indirect Fixing

*  Railis laid on the sleeper with a bearing plate in between.

¢ Bearing plate is fixed to the sleepers with rail screws but the rail is fixed to the bearing plate by
separate fastenings.

*  Fastenings fixing the rail to the bearing plate is tightened in-situ and it can be adjusted, loosened or
taken out without touching fixtures g the bearing plate to sleepers.

53.2

Fig. 5.7 Indirect ldying and indirect fixing

NOTE (i) A bearing plate serves to distribute the load on the rail over a large area of the sleeper
a which limits the stresses in the sleeper.

% (i) A cmm%n plate is essential for soft wood sleepers. .

mADE EASY
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Rail to Wooden Sleeper Fastenings
e Rail to wooden sleeper fastenings. Dog spikes, fang bolts or screw spikes, bearing plates.
¢  Main functions of the spike is to keep the rail in gauge.

Dog Spike, Round Spike or Elastic Spike

e  Spikes are means by which chairs for rails are fixed to the sleepers (all three types).

¢ The holding power of dog spikes is half that of screw spikes.

e Dog spikes are still preferred highly because of their economy, easy fixing and removing and better
gauge maintenarice.

Fig.5.10 Elastic Spike

Fig. 5.8 Dog Spike Fig. 5.9 Round spike

e Dog spikes permits creep to some extent.

e Spikes offers considerable resistance to lateral deflection of the rail but little to longitudina! movement.

e The pull out strength of the spike depends on the elastic grip of the timber around the spike and the
coefficient of friction.

e Round spike is similar to dog spike with only difference that top is being provided with a cap. (an
alternative to bolt)

e  Elastic spikes are used with flat bottomed rail, base plates and wooden sleepers, the elastic spikes
holds the rail down and prevents tripping and also secures base plates to the sleepers. E.g.
Macbeth Spike.

¢ Elastic spikes are sometimes used to overcome the difficulty of creep.

e Adog spike is square in horizontal section and has a pointed penetrating bottom and the top has
two lugs on either side giving the impression of dog’s head.

Screw Spikes
e Screw spikes are available in two types
Plate screw, rdil screw
e Ascrew spikeis mm large metal screw used to fix a tie plate or fasten rails
e |tcan be used in combination with spring washer.

e Screw spikes are best suited for high speed trunk routes (because of screwing nature they have a
tendency to remain in position and they do not move in and out of the hole again and again.)
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The pandrol clips or elastic clip has different numbers. The one for our use in PR401 clips. (Pandrol

It is applied parallel to the rails and is driven and removed with an ordinary hammer.
This clip is fit and forget type.

This can be used at any locations with any type of connectivity.

They use two fixtures = base plates and C.1. inserts.

Base plate is similar to bearing plate.

Clinserts are used to connect these clips to the sleepers at the bottom.

Toe load 710 kg for nominal deflection of 11.4 mm

Point oozﬁﬁ owcmm indentation on rail foot.

Gauge ma_cﬂama is difficult.

vm:Qa_M i.mm: be used with advantage on wooden, steel, concrete and Cl sleepers.

42 | Civil Engineering Postal Study Package FIIE] MADE ymmmm mADE mﬂr.m.h-
. A rol Clips
ey Key 56.1 Pand P
Loose h.ws Loose jaw : 401 clips).
inserted in inserted in !
hole hole °
S.T. Sleeper ¢
B L]
N i
e
®
S.T. sleeper with loose jaws inserted in holes .
Fig.5.14 e
; *®
54.2 Liners . (P .
*  Linertries to fasten or keép the connectivity of rail stéel sleepers in position. : ¢

*  MotaSingh, an employee Q. the Indian Railway on the basis of his experience devised a liner which
came to be known as Mota Singh Liner. }

Panarol rail fastenings assembly for wooden sleepers=> Pandrol rail clips, rubber pads, steel on Cl
base plates.

*  Theyare valued for features like high durability, dimensional stability and ability to withstand different
weather conditions.

5.5 Rail to Cl Sleeper Fastening
Rail to Cl sleeper fastenings = Tie bars or cotters

NOTE: Base plates are fastened to the sleeper by normal means such as dog spikes or screw spikes.

Rail (KS60)

Clip

Insulation N _WM._w.\_y.__u_..Omzo oo _:m:_m.mn.
5.5.1 Cotters {_-Plate Washer ] _umso:_n_mﬂ
* Cotters are used to connect the Cl Enccentric
sleeper plate to the tie bar. . b——nt ! e Rail pad insulation bush
"*  Acotteris a wedge shaped plate with a d a />:%o. bolt
m_o_ in the horizontal and vertical plane. “' J_ _A\ v/mmmm plate
" Cotters are of following types: MI @ /
(i) Central split cotter o section dd Foe pide pee
(i) Side split cotter d Adjusting pad
(i) End split cotter ,.
Fig.5.15 Fig.5.16
5.5.2 TieBars )
e Tie bars consists of flat plates with four holes for the cotters. 5.6.2 [IRN202Clip
¢ Thelength of the tie bar to be used depends on the types of sleepers and the gauge. ¢ Devised by Indian Railways.

©

NOTE: () Cotters and tie bars are only fastenings peculiar 1o C.. sleeper.
(if) Most commonly used cotter is the side split cotters.

5.6 Elastic Fastenings ,. @

Elastic fastenings = Elastic or pandrol clips, IRN 202 o__P rubber pads, HM fastenings, MCl insert,
nylon liner.

Mostly used for two, block RCC sleepers.
Toe load has _umm: increased to 1000 kg from 710 kg for the pandrol
Deflection limit has peen increased to 18.5 mm from 11.5 mm for the pandrol clip.

Removal of rail is easy in this case.
Creep resistance is 50% of the toe load.
Not fit or forget type.

\
/ N
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Points and Crossings

On roads, the facilities of turning of a vehicle from one path to another does not require any special
arrangement while on railways, special arrangements are necessary (the reason being flanged wheels). To facilitate
movement of vehicles from one route to another, points and crossing assemblies are provided (switch)

6.1 Turnout '

another.

.:oo:maaoﬁmum:oﬁ c.o::m Ams\:o:mmv.*oc:mmaE:m.goo:oofm:mm:am Qowmm:@mwm:oé:_:
figure. RS R :
*  Turnoutenables either a branch line or siding to take off from anofher track.
! Throw of Switch Outer Straight Lead Rail
. : Outer Curve Lead Rail

STOCK RAIL

TONGUE RAIL

Facing Direction

—_—

—
LH Switch

\
RH Switch
TOE of
Switch

Heel of Switch

Trailing Direction

TN

T~ Check Rail

/e— Wing Rail

Streicher Bar

Inner Straight Lead Rail

ANGLE OF CROSSING

Inner Curve Lead Rail

F RIGHT HANDED TURNOUT 1*

Fig.6.1
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Aturnout is provided on a railway track to provide facilities for turning of vehicles from one track to -
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6.1.1 Types of Turnout
e  These are defined based on the direction of movement from the main track.
(i) Righthand turnout = Facilities are provided for turning on the right
(i) Lefthand turnout = Facilities are provided for turning on the left
e Turnouts are required for yards, sidings or similar sort of conditions.
e Turnouts are the weakest points on the track due to joints and movable fastenings.
e They retard the movement of the trains.

6.2 Points (or Switch Assembly)

e . Asetof switch consists of four lead rails, the outer two known as stock rails and the inner two as
switch or torigije rails.

e Apair of tongue rails with thin stock rails are commonly known as points.

e In ms\zo:,_. a‘?oxmﬂ end of tapered rail known as heel remains fixed to the main track whereas the
thinner end known as toe remains movable by means of which the flanged wheels are diverted.

e It consists of the following:

(i) . A pair of stock rails
8 They are made of ordinary steel and have the same dimensions as for other rails in the track.

(ii) A pair of tongue rails
*  They are also called point rails or switch rails.
e They are made of high carbon or manganese steel to stand wear.
*  They lie between the stock rails and are tapered to a point
e  Thetapered end is called the toe and the untapered end as the heel.
*  Heelis fixed while the toe can turn with heel on centre

| Wheel Gauge
T
Check Rail Wing Wing
Rail Rail
Running Check Rail - Flange Crossing
Rail = Clearance Thickness -/ Nose
I 1
Track Gauge
Section A-A

Fig.6.2

MRDE ERS Theory with Solved .mﬁaamwa




el el

BuISS0I0 JO A|QUISSSY (1)

Buiss010 jo adeys (0]
- ,.mc_;o__okw& uo paseq paljisse|o 8l sBuIssol)
i sBuisso1) Jo sadAL

el 8U} O wmmmra pabuie|s 8y} ‘BuISSOI0 ayiul e
G ybnoiul skemobuel} oM} SSPINOI] ¢

- 8s0U, 0} Jeolyl, woy deb ayl 1on0 dwin|
“anow Aew ebuel} 3yt Yo

-gBue Ue 18 JJUi0 ;omm $885010 SHOBJ] OM] 218UM 08} Ul O uood aursilt e
sbuissold

£9°614 L

yoyms Butpls J9AQ

__am;e_;w
Buipry 4900

< . 150018 O} 10 100}BUji SOPY JOAO.PUE abpa 3o v/t
0} paueyd si jie1 enbuol m& pue uoNoes |Injayy 'sey el %001S Su} ‘@SB SIY} UL 1youms Buipu 1eAQ (1)
) . L : reJ enpuo}

S1EPOWILIOD0E 0} paue|d St el xuom ay) *.ovaoo,w mcﬁ.:o_c‘s Ul youms Jo 5dA1ou1 St SIUL [YOUMS nosepun (1)
e _, : ”m.mab,mc_\so—wow ay o 8q Aew SouDuMs a1 JO 801 BYL
: SaYDMMS JO 0L

e onBuoy Jo wbus| _m_wku ‘g “50UaBIOND _m.mc =p eiey

(s

6v _ Buriaauibug Aomiivy

6102/ abeyped Apns [eisod ESH3 3

T PG NN
Bao'suonedtgn Aseaopewmmm

L'e9

€9

1’79

m:OMu.mO:n.:a [——

ggul

BSUI IOUW

“ao'suopesijqndAsesspeurnmm:

‘res enbuol 8y} Jo wybus| pue aousbisAIp [98Y JO UOHOUN B S 1 °
ie1 enBUO} PUE [1_J O01S BU} JO S808} Buiuuni syl usamag abuy e
se|Buy youms (11x)
wo 6’8 =HN/OW WO G6 =949
:piepuels uejpuy| 0} BUIpIOD0. YOUMS JOMOIYL e
“INOUIN} 8Y} JOAO UOHOBIID
1 56ned ay] 10 80} U} Yoiym ybnoiul den e
YoUMS 40 MoIyL (1X)

paiinbai sy} Joj yed e epiroid 0} SABMOPIS SBAOUI |f

“aul) 96ned ey wolj Aeme (Buiss0I0 81 JO [98Y BU 1) |iel
Buisn 1o |iel %93y e o pus mzzmm_.\ﬁm_am 10 Buipuaq Aq AemaBuei) auy jo Buuede) enpesbesily e
o - siel4 (x)
‘Ew. &3._ J°€ | Se)Moel DY 10} 80UBIES|D [98Y Ajoeds plepueis ueipuj e
“Youms 8y 1o |98y U} Je Jslie| 8y} O} senoipuadied
painseauw (el %00}S 8U} PUE |IBJ SSYONMS BUL JO S808} Buluuni 8y} uGEMIS] BOUEISIP AUI ST e
: ' aousbianlq |98H 10 aduBIed|] |98H (x1)
) ‘|i2J O8O pue |iel Buiauni 8yl uoemlaq pasn (300[d [93Y 10) %00|q SOUBISIP
ay) jo doj 8y 0} jied Builuni @y} Jo 80euns Buuuns sy} jo doj 8y} Usamieq SOUEISIP [BOBABYL @
‘ e yideq Aemabuel4 (A)
‘.,wumcm:. _ww:\fo abessed o} mocﬁmm.._.o esapiroid yoym
S|res 3080 au} 4o piend sy} pue (el BuILLN BYY JO S808} JueB(pE B} USaMIe] SOUBISIPAYL e
: T aoueies[) Aemebueld (IA)

-uopsod ul sjres om} 8yl SPIoY vcm muco:\s,w aui 6. 2018} Jopun 1edos|s ay} U0 paoeidsty e
“sayoNms ), Jo 80} BUT 1B m.w:mm ay1 01 ApiBi o 8yl pioy O pepmoid sty e
ST ) ale|d Jo jeg ai] 9bnen (1n)
o SEe "SIBq 981U} 10 OM} '9UO JO 1SISU0D few ]}
(swiod BuiBueyo usym deb Jo mocﬁw_b.mEmm ayl zm:Q,E sanowl anfuo} summ 1Byl 0s)
Jeq 1eyolelis e jo suesui Aq 1911860} pajoauLoo a.e sjel enduol syl Eo.o jose01ayl e
SRR : 1eg 1eyoiens (A
|Ies o8y pue jiel Buluuni au}
ueamiaq Aem sBueyy e opiroid 0} SIUYIIYM JO 108[qo 8Y} 400|q SOUBISIP SE BWES SIHO0(] [99H e
“abuey |goym 8y} Joj ded
e Buipirocid snuj ¥00|q [98Y [O B JO sueslt Aq |le>001S 0} POI0SUUO3 St jle1 onBUo; 8YLJ0 [99H =
yooig 189H (A1)

L “apiis 0} 3[qE SI
__m_m:mcoaw&m__csnoé mc_meC_ogmm&coE\s_m;oUmu_.>oa9m_m9$ommﬁ_amc_v_._m.

soeld Buipys (1)
(jre1 8NBUO} BYL JO YIBUS| B} Ui 8SEBIOUI UB UIIM 55B2109p |jiM 8|BUB yoIMS B} ‘@ousbIonp
[9aYy uaAIb & yim asneoad) 1094 Bunuiol 8yl 84 M Jasss) ‘el onBuoy Jo ypbusj syl jebuot e
*|Ie1 %001 S} SPJemO} PBAOW St |18 anbuo} 8y} usym
‘el 0018 8y} uo 1y Jedoid € urelqo o} Se 08 ‘S8pis U Ylog uo paiede] 0S i eI 8NBUOIBYL  ®

SUSHeRoHGY

RSuUE Iggw

Ewmmxumm,%sum\_mum@m

sordutexa panjos wum Asoous [EBY

fupsauibug pa | 8%



et A R i S PSS S R

‘!
]

50 | civil Engineering

Postal Study Package FIIE] MADE mnmm : Eﬂﬂm ERSY

poblications Postal mncm< vmnwmmm 2019 mm;s\&\ m:mSmmzzm _ 51

\ ;omw

63.1.1 Based on Shape of Crossing

There are three types of crossings:

(i)  "V”oracute angle crossings (also termed as a “frog”)
i) Obtuse angle or diamond crossing

Wi

6.3.1.2 BasedonA y of Cr g
(i)  Spring or movable wing crossing

(i) Ramped crossing

(i) Spring or movable wing crossing

crossing
Square crossing ; ' e Thewingrails are provided with springs. —
(i) Acute Angle Crossing (or there is a _uom.mw : ty & moving the
- ¢ - The crossing is obtained when a right hand rail of one track crosses left hand rail of another | wing rails in certain direction) Fig.6.5
track or vice verse. i (i) Ramped crossing
o ltisused in turnouts. , *  Nosuch above arrangement is being provided.
o It consists of: | e - They are provided with ramp for certain movement.
(i) Two rails joined together to form an acute angle. The joint may be formed by a point rail : 6.3.2 Numberand $wm_m of Crossing
and a splice rail or by two point rails. These B__m are made of high carbon or manganese e The :c:f_umﬂ ofa crossing is defined as the ratio of the spread at the _m@ of the crossing to the length
steel.: - - : ' ; ‘ of the cro! W measured from the theoretical nose.
' . (i) A pair Q <<S@ rails bent in the shape 9” obtuse m:o_m One end of each wing rail is e . Vcrossingare Qmm@:mﬁma by either the angle which the gauge faces makes with each other or more
oo::moﬁmn with a lead rail and the othér end is flared to provide facility for the flanges to commonly by their number, represented by symbol N,
enter the’ gap.’ ) :
(iii) A pair of check rails. . Types of turnouts Crossing numbers | Speed (in kmph)
¢ Inthe case of acute angle crossing, the splice rail and point rail-are placed in such a way that . Goods traif turnout 1ingL 16
the angle formed by the two is acute angle. - . 2 :
: . . : Passenger turnouts 1in12 18
OBTUSE CROSSING

Methods to calculate number of crossing

1.-Right angle or Cole's method 2. Center line method | ‘3. 'Isosceles triangle method

Aooﬁ i .._.oowmohmu
N = cota N = 5 5 N = > >

ACUTE CROSSING

TN, o w \ R
. b ﬂ 112 N ﬁ
NG 12
1
|
g+t c 12
fe——— N——} w
' c
Fig.6.4
(i) Obtuse Angle Crossing: The crossing is obtai _a hen left hand rail of " N Example 6.1° >o&mmo<mﬂ occurs between two parallel BG tracks of same crossing number
f : The crossing is obtained when left hand rail of one track crosses right . " v - . -
; . . between centres of
N hand rail of another track at an obtuse angle or vice verse. of 1in 8.5 with straight _:ﬂaqama_mﬁm portion between the reverse curve. Distance

(i) Square Crossing: . tracks is 5 m. Find the overall length of cross-over.
*  Allthe rail sections have been provided at an ,.m:@_o of 90° w.r.t. each other. Solution: .
Let, N = Crossing number
o = Angle of crossing
G = Gauge distance (1.676 m in case of BG)

NS s

- ¢ There is heavy wear on such crossing due to dynamic loads.
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Postal Study Package FIE]

¢ ltconsists of two switches, (each switch having two tongue rails side by side)
Combined heel blocks, two stock rails, three crossings and check rails, four contrary and
six for similar flexure condition. !
¢ When two turnouts from the same tangent point of a straight track are taken out, the
arrangement is known as three throw.
* This type of turnout has many objectionable features and is almost out of use.
* Two pair of tongue rails.
(i) Double Turnout ;
¢ ltisanimprovement over a three throw switch.
¢ Theturnoutis staggered at two different places. .
¢ Inthis case turnout is coming from different places (in the case of three throw switch, we saw
that turnouts were coming from the same location)
¢ ltisused in congested areas with heavy traffic.
¢ Alsoknown as tandem or following point crossing. -
*  Heelsofthe two switches are at a certain distance from each 059
(iv) Crossover
¢ It consists of two nw: of switches, two moca m:Qmm crossing <<_§ reverse curves with or
without straight length in between and four o:mox rail.
e Used generally for the low speed sidings orthe crossing from one direction only.
e Two pairof o:mox rails.

. i

(v) Diamond Crossing . :
¢ ltconsists of two acute angle crossing, two obtuse angle crossings and four check rails.

- . 1
* Indian Standard specifies the flattest diamond as 1in 10 for broad gauge and 1in mm for
other gauges.
¢ Wehave four crossings, so we have wing rails provided at this location.
¢ Atdiamond crossing, the train cannot change its direction. !

¢ The biggest disadvantage with diamond crossing is that straight Q:mo:o:m_ movement is
allowed.

Stock Rails

Fro — Frog
9 Di p
S— Rails

Guard (Check) Rails

Fig.6.10

(vi) Based on Slip ’ ‘
Amv Single Slip

¢ Allows vehicles to turn in only one a:mo:o:

* ltconsists of two acute angle crossings, two obtuse angle crossings, four check rails and
special curved lead rails.

ory with Solved Examples MADE EASY

www.madeeasypublications.or

¢ |t consists of two pair of switches.

¢ A modification of diamond crossing.

* Here, taking a turn is allowed (but not in diamond crossing).

¢ Inthis case of single slip, number of movements have increased.

\/s —\I

Single Slip Switch

Vgt Fig.6.11
(b) Double Slip , ,
* Two pairs of curved lead rails are being U_‘osam.n in this form; so now there is a possibility
of taking @ movement in any of the direction.
e Restriction associated with diamond crossing movement have been completely eliminated
by using a double slip. :
e Four pair of switches.

Double Slip
Fig.6.12

(vii) Scissor Crossover
e Acombination of two crossovers to enable the train to change the track, from either direction
along the main track.
e |t consists of four pair of switches, six acute angle crossing, two diamond crossings, check
rails and straight lengths.
* |tis used where there is space constraints.
e« More eéxpensive in initial cost and maintenance.

‘Roiite A

Roiite B,

‘Route B’

Fig.6.13

{ www.madeeasypublications.org
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Crossings

Left Hand Turnout
Left Hand Crossover

Right Hand Turnout

mg;i@ m:mSmm::m | 59

Now we know that N = cota.

o = cot'(10)=5.71°

AB = BC = CD = DA = 1.676 coseco. = 1.676 x cosec 5.71° = 16.85m
EB=DF=Gcoto= GN=1676x 10=16.76 m

0]
(ii)

(i) BD=

(iv) AC = moo%om

Gsec®=— G -G __1e78m
2 os® ooAm jv
2 2
.G _ 186 _amesm
2" Aw,ju 005
sin r’N\l.

Right Hand Crossover = .~ . : L

Eq vilateral Turnout

Double Crossover

Three-way Turnout

\

—

Fig.6.18 ;

-Example’ 6.3
angle of 1in 10.

Design a diamond crossing between two BG tracks crossing each at an

Solution:
Let, o = Angle of crossing
N = Number of crossing
G=1676m
From the figure, we have } !

N

. F
sinoL = — !

= sina =

Also, AB = BC = CD = DA = Gcoseca. = 1.676 coseca.

MROE ZRSY

> ES&.& is provided ona ﬁm__smv\ track to 90<_am wmo :mm for ES_:@ of <w:_o_oﬁ83 orie

“track o another. :
: _w.eim»m of apair of points Ams\;o:mmv four lead rails, two check rails and a oﬂomm_zm

Tongue rail is connected to the m*oor rail at the heel of the tongue 2_3 the :m_u o* a 3mm_ .
block and ordinary fish plates. :
Tongue rail are supported on sliding plates and each Um: of tongue rails _m oo:_‘_moﬂma
together at the toe with the stretcher bar.

Points or the switches gives the facilities of diverting the vehicles-and crossing uasamw
gaps in the rails to be crossed by flanged wheels.

Tapered end of the tongue rail is called toe while the thicker end is called heel
Switch angle is the anglé between the gauge face of the stock rail and the 8:@% B__
Flangeway clearnace is the distance between the adjoining faces of the E::S@ rail m:o_ ;
the check rail.

Heel divergence is the distance between z.,m adjoining faces of the running qm._ and osmox
rail.
Throw of the switch is the distance through which tongue rail meves laterally mﬁ. the toe of
the switch for movement of trains.

A crossing is designated either by the angle the gauge faces make with-each 059 on
more commonly by crossing number ‘N’:

Methods adopted for measuring the crossing no.'N' are centre line method, right m:@.m
method, Isoceles angle method.

In India, right angle method is used.

According to right angle method, ‘N'is the ooﬁm:@ma of the angle *o::ma by the two mm:om
faces.

On Indian Railways, 1in 8.5 turnouts are normally used for goods trains and 1.in 12 m:a 1
in 16 for passenger trains.

Methods used for designing turnout from a straight track are coles method and IRS method.
A crosg-over is a means of transferring a train from one continuous track to another
continuousitrack which may or may not be parallel to each other.

Double junctions are necessary where a branch takes off a multiple track.

Gauntletted track is a temporary diversion provided on a double line track so that one of
the tracks is shifted and passes through the other. :

MRRE ERSH
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(a) undercutswitch  (b) straight-cut switch
(c) overriding switch  (d) both (a)and (b)

Q.26 In a diamond crossings, number of noses are
(@ 2 (b) 3
() 4 (d) 6

Q.27 On Indian Railways, angle of crossing between
gauge faces of Vee, is generally calculated by
(a) Cole’smethod
(b) Centre line method
(c) Isosceles triangle method
(d) both (a)and (b)

Q.28 For calculating the length of curve lead (C.L.),
the correct formula is
(@ CL.=G.coto/2
(c) C.L.=2GN

(o) CL.= J31G

(d) .None of these

Q.29 To design a crossover between paralle! tracks,
the required components are:
(a) two switch points, two acute angle crossings
and two check rails
two switch points, two acute angle crossings
and four check rails
(c) two switch points, two acute angle crossings
and six check rails
(d) None of these

(b

~

Q.30 A scissors crossover consists of

(a) two pairs of points, four acute angle crossing

and two obtuse angle crossings.
(b) four pairs of points, four acute angle crossing

- and four obtuse angle crossings
(c) four pairs of points, six acute angle crossing

and two obtuse angle crossings.
(d) two pairs of points, six acute angle crossing

and four obtuse angle crossings.

Q.31 In railways a triangle is mainly provided for
(a) diverting trains from the main line to branch
line
(b) crossing over between parallel tracks
(c) changing direction of engines through 180°
(d) shunting wagons in yards.

Q.32 If Dis distance between centres of two parallel
track of gauge G, then, total length of crossover

Postal Study Package FIE]
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=
s

(from the point of commencement to the point
of terminations) with an intermediate straight
portion and N crossing, is given by

(@) DN+ G(N+y1+N?)
(b) DN+ G(2N+1+N?)
(© DN+ G(3N-i+AZ)
(d) DN+ G(4N+1+A2)

Q.33 The distance between the theoretical noses of
crossing along the same rail, in a case of diamond

crossing, is
G ! G
@ —5—, ® 5F
sin—F
2
G i G
© tanF ,.AQV cosF

Q.34 The distance between theoretical nose of
crossing and actual nose of crossing for
practical purposes, is
(@) Nose thickness x tan a
(b) Nose thickness x cot o
(c) Nose thickness x sin o.

(d) Nose thickness x cos o

Q.35 The arrangement of rails which permit trains to
cross another track and also to divert to the
other track, is called
(a) .diamond crossing
(b) diamond crossing with single slip
(c) diamond crossing with double slip
(d) All of the above

Q.36 A scissors cross over consists of one diamond
and
(a) oneturnout
(c) threeturnouts

(b) twoturnout
1(d) four turn outs

Q.37 7o avoid the damage of nose of crossing, the
wing rails are ramped so that nose of crossing
remains at a lower level by

(@ 3mm ,(b) 4mm

(©) 5mm (d) 6mm

Q.38 The checkrails are b_momg opposite the crossing
so that

MADE EASY
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(a) itis symmetrically placed opposite nose of

crossing

lts one-third length is ahead of the nose of

crossing

(c) Its two-third length is ahead of the nose of
crossing

(d) lts three fourth length is ahead of the nose
of crossing

Q.39 If the stock rails are B.H. rails, the type of
switch generally provided is ,
{a) articulated (b) undercut

(c) overriding ' ?& straight cut

Q.40 Match List-| Emﬁvfrwﬁﬁmsa select the correct
answer by using e given below the lists:

List-1

Chairs

Check rails

Guard rails

Bearing plates

List-ll

Used cn inner side of lower rail on sharp

curves -

2. Used for holding double headed and bull

headed rails.

3. Used on long span bridges

4. Used in between sleeper and flat footed rails.

Codes:

—
o
=

oo w>

-

P
&

z
L SRS

P
a O
oo
N
oW - w0
w s N~ DO

4
Match List | (Crossing) with List Il (Turn out)
and select the correct answer by using codes
given below the lists:

List-1

1in6

Q4

Uy

1
1in mm .
1in 12 :
1in 16
List-ll
Station yards and sharp curves
Turnout of main line in station yards
Symmetrical split
High speed turn outs

vo @ >

SN
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Q.42

11
16.
21.
26.
31.
36.

Codes:
A B C D
@1 2 3 -4
by3 4 2 1
3 1 2 4
@1 2 4 3
Match List-l with List-Il and select the correct

answer by using codes given below the lists:

List-

Diamond crossing

Square crossing

Cross over

Double slip diamond

List-il

Two acute-angle, two obtuse angles

crossings, four special curved lead rails, four

pairs of switches and four check rails

2. Two acute angle crossing, two obtuse angle
crossings, two wing rails opposite obtuse
angle crossing and four check rails.

3. Two pairs of tongue rails, two acute angle
crossings, a reverse curve and four check

cow>

—

rails.
4. Four right angle crossings and a square
shaped check rail.
Codes:
A B C D
@1 2 3 4
by2 4 3 1
3 4 2 1
b1 4 3 2
Answers
(a) 2. (c) 3.(a) 4. (c) 5.(c)
(a) 7.{c) 8.(b) 9.(d) 10.(b)

(a) 12. (c) 13. (b) 14. (b) 15.(qd)
(a) 17. () 18. (c) 19. (b) 20. (c)
(d) 22. (d) 23. (a) 24. (a) 25.(c)
(d) 27. (a) 28. (d) 29. (b) 30.(c)
(c) 32. (c) 33. (a) 34. (b) 35.(c)
(d) 37. (a) 38. (c) 39. (d) 40.(c)
(c) 42. {b)
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66 | Civil Engineering

7.3.1.1 Flat Yard
¢ Ground levels are almost the same.
*  Hence, movements are to be carried out by means of locomotive.
* ltis costly but justified at those places where there is

ited space.

73.12 Gravitational Yard
¢ Wagons can be made to move under gravity.
*  Groundis sloping.
*  Movement of wagons is controlled by brakes.
73.1.3 Hump Yard
*  Atype of gravitational yard.
*  Thetrains are pushed upon a hump which is located at the m::m:om to the sidings.
¢  The wagons are then let into the sidings, due to the actibn of gravity down the hump.

“+ (i) - Hump and gravitational yard saves power. !
g (i “For @E<.§=o:£ flow, the ammmazm mm_‘mammaw are 1in 50 in the:in
' :@S ‘tollowed by a grade of 1.in 150 and then by a level stretch.

B mQ pushing the train up the hump, grade of 1 in Awo is usually’ maocwma

e MAIN LINE

Fig.7.2

*  Provided for temporary storage of wagons.
¢ Formediumand large stations separate sidings are
provided for inward m:a outward wa
can be classified as follows: gone. e
(i) Trap Sidings
¢ Goods sidings are isolated from running lines by means of irap sidings.
(i) Shunting Neck : _ ,
. .: these trap siding are of sufficient length, shunting can be performed on them without
interfering with traffic on the running lines.
¢ The siding would then be formed as m:::::@ necks.

. , * The trap siding and shunting necks are always dead end ma_:om with buffer on similar
arrangement at its end.

MADE EASY
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(iii) Catch Siding
¢ Provided in hilly tracks (where gradient near station is so high (i.e., sleep) that there is a

possibility of standing vehicles running down.)
« Should have a very flat or rising gradient.
¢ Sand hump should be provided at the end of the catch siding.

(iv) Private and Assisted Siding
o When siding is laid and maintained at the cost of the awner for whom siding is being laid

then it is known as private siding.
¢ Associated siding is laid and maintained by railway.

732 LocoYard
¢ lLoco <ma are ﬂmnc:ma for servicing locomotives (i.e., cleaning, loading coal,

turning &eﬁi&n.

ng water, oiling,

NOTE: When a railway line and a road cross each other at the same level, it is called a level crossing.

7.4 Equipments
Equipments in station yards is provided for convenience of passengers and goods, for safety of traffic
movements and locomotive. Important equipments in station yard is as follows:
(i) Station Building
e Facilities to be provided depends on the size and importarce of station.
s They consist of
(a) properly located ticket window couriter for different classes.
(b)  arrangement for booking of goods
.(c)  waiting rooms
(d) - eating shops
(e) bathrooms and toilets
(f)  rooms fitted with proper working fa
(g) clockroom

ies for the raiiway staff

(iiy Platforms
e Thelength of a platform depends on the largest train running on the section.
e ForBroad Gauge, about 1000 feet is desirable.
e Minimum length specified for passenger platforms is 600 feet for all gauges.
e  The ends of raised platforms are provided with ramps of 1: 6 slope.
e Permissible width of passenger platform in front of station building for all gauges is 12°-0".
e Platform is provided with a slope of about 1 in 30 across its width and may be paved with

i
moorum, water bound macadam, stone, concrete or bitumen.

Cranes and <<m6:_.:m Machines

e Onlarge station, cranks are used for loading and unloading heavy articles.

s Most common types = mobile cranks mounted on a vehicle .
e They can be used anywhere in the yards or on the line.
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Train Resistance and Power of a Locomotive

8.1 Traction v,

Traction can be defined as the source through which the locomotive drives power.
There are different sources through which a locomotive drives power.

(@) Steam

(b) Dieselfuel

(c) Electrical supply (AC/DC)

,, NOTE: m_mnio traction gives greater tractive effort and very high m.vmmam can be negotiated.

i

Traction depends upon the R__oé_:@ factors:
3 Load carrying capacity (different for passengers, different for goods)
(i) Speed of the movement (how much time a locomotive takes between two points)

(i) Economy (economy obtained during operation and maintenance, economy during procurement of
locomotives) !

(iv) Efficiency of service

. Tractive effort is the effort applied by the locomotive in order to move the train after overcoming the train
resistance.

8.2 Resistance to Traction ,‘

Resistances to traction can be divided into the four categories:
(i)  Resistance due to rolling stock

(i) Resistance due to track profile

(iii) Resistance due to tractive effort

(iv) Resistance due to certain climatic or atmospheric o_o:%_o:

8.2.1

Resistances Due to Rolling Stock (RT,)

Also termed as train resistance
There are three types of train resistances.
S Resistances which are independent of speed.

(i} Resistances which are dependent on speed.
(i)  Atmospheric resistances

MADE EASY
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Railway Engineering _ 71

(i) Resistances which are Independent of Speed SC

(i)

e Cause behind this resistance is friction because of the locomotive parts of the wagons or the

compartment and these frictions are known as journal friction.

e  Journal friction depends on the type of bearing, lubricant used and the temperature of the

atmosphere.

S.No. Type of bearing Friction value

1. Roller bearing 0.5 to 1 kg per tonne

2. Coupled boxes (hard grease) | 1.3 to 1.5 kg per tonne

e  Track resistance due to the wave action of the rails.
o Resistafce due to internal parts i.e., the cylinder and the rim of the driving wheels and similar
typg of copdition.
vl
. mmm_wgﬂ independent of speed (Rt,)
Rt, = 0.0016 w
where, w = weight of train in tonnes

Resistance dependent on its speed (At,)

e  This type of resistance is caused due to track irfegularities, vertical movement of wheels on
rails (improper joints and maintenance), flange action (oscillations, sways etc.)

e Whenthere is movement of the vehicles then these track irregularities causes resistance to the.
movement.

e Vertical movements of wheels is caused due to the track irregularities only.

e As per the coning of the wheels, there is some distance between the flange and the head of
the rail and because of this distance, the flanges have flexibility in moving in the lateral
direction. This is termed as the oscillation or the sway.

o Due to this oscillation or sway, the resistance being offered due to the section is inversely
proportional to the length of the rigid base or it is proportional to the square of the speed ofthe
train.

s lfthe speed of the trainis very high then this type of action may cause derailments or overturning
of the vehicles.

s  Resistance dependenton speed (Rt,)

Rt, = 0.00008 wv

where, wis weight of the train in ton, v is speed of train in kmph.

(i) Atmospheric Resistances

. In this level of wo.m:m@ozwm:o:‘ we assume that wind is not blowing.
*  So,total é%ﬁg of the air will create effect on the sides of wagons or the locomotives or at the
end of the wagonsor the locomotives.
e Atmospheric resistance
Rty = 0.0000006 wv?

where, w = weight of train in tonnes, v = speed of train in kmph
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*  ltcanbe calculated by the following: Maximum axle load in India
Hauling capacity = pwn = S-No. | Type of gauge | Maximum axle load (in tonnes) -
Where, : ’
= coefficient of friction " 8¢ 2856
w = weight on driving axle 2. MG 17.34
n = number of pairs of driving wheels
- 3. NG 13.26
W = total load on driving wheels

8.4 Tractive Effort

¢ ltistaken as equal to or little greater than the hauling capacity.

¢ Computed by equating work done by tractive effort to the total power developed by the locomotive,

*  Forsteam locomotive,
Tractive effort: depends upon: : L
(i) Differencein pressure on two sides of the o<__:nm_, P
(i) Length of stroke E

Area of u_mﬂo: Sv

(iv) Diameter of piston (c)

(v) Diameter of wheel (D)

* If T,isthe mean :mo?m effort then work done by a two eylinder engine

= 2 pA(2L) = npLd? (i)
Work done in one revolution of driving wheel
o = 70T,
Equating (i) and (ii), we get
pdL
L="p5

where, T, = tractive effort

Hence, a small diametar wheel will increase the tractive efforts but reduce’ihe speed of movement.
For diesel locomotive

308 x HP,
v
Where,  HP,=rated horse power of the engine .
v = velocity (in kmph)

Tractive effort =

mxma.u_m 8.1 A train having 20 wagons sm_c:sc 18 tonnes each is to run at a speed of

_
50 kmph. The tractive effort of a 2-8-2 locomotive with 22.5 no::mm load on each driving axle is 15 tonnes. _
The weight of locomotive is 120 tonnes. : M
Rolling resistance of wagons and locomotives are 2.5 kg/tonnes and 3.5 kg/tonne respectively. *
The resistance which depend on the speed is computed as 2.65 tonnes.
Find out the steepest gradient for these conditions. Given, coefficient of ?oeos is 1/6. _

MRDE ERSY
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Solution:
No. of wagons in the train = 20
Wsight of each wagon = 18tonnes
Total weight of wagons = 20 x 18 = 360 tonnes
Weight of locomotive = 120 tonnes
Weight of train = 360 + 120 = 480 tonnes

No. of driving axles in a 2-8-2 locomotive,

Load on mﬁoi& ing axle = 22.5 tonnes
fm:_ﬁm capacity = pnW

" __‘_- Lm Wx»xmm.mu._maszmm : : : ()
Total resistance = Rt, + At, + Aty + wtand : (i)
Rt,:= Rt for locomotive + Rt, for wagons
= 35x120 + 2.5 x 360
= 1320 kg or 1.32 tonnes
Rt, = 2.65tonnes
Rt, = 0.0000006 w?
= 0.0000006 x 480 x 502
= 0.72tonnes
Now, hauling capacity = Total resistance
= 15 = 1.32 + 2.65 + 0.72 + 480 tan@
= 10.31 = 480tand
1 1
= tand = 1656 = Ve

Thus, the steepest gradient will be approximately 1in 47.

Summary s Tractive effort of _oooaoc<m has to be adequate to Overcomé various ﬂmw_wﬁm:omw ommﬂoa -
to the movement of trains and focomotives. 2 :

@ ' Resistanceé to traction can be divided into four categories:
- (). Resistance due to rolling stock

(ii) mmmmwﬁ:.mm n_.co to track profile
Resistance due to tractive effort

(iv) Resistance due to climatic conditions
¢ Hauling capacity of locomotive is an indicative of power available to a locomotive.
» Hauling capacity should be equal to the train resistances.

MRDE ERSH
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* Inthe case of pitching, there is a throw in the forward direction or in the sideward direction.

This sort of throw comes because of the irregularities of the surfaces or may be because of the poor
maintenance of joints.

* Inthe case of rolling, there is movement w.r the x-axis. (i.e., anticlockwise or clockwise direction of
that axis).

where, x axis is actually along the track i.e., longitudinal direction of the track.

Inthe case of trains, actually there is leaning effect towards the left or right side of the direction of
movement. ;

* Inthe case of bouncing, there is a bumping in the vertical direction. So, the passengers feels a jerk
in the upward direction or a sort of deflection in the downward direction.

*  Lateral oscillation occurs if the train hits the one side of the rail. After one side of the rail is hit by the
train, it rebounds back and moves towards the other side. Passenger observes that there is a
relative motion of the compartments sideway w.r.t. the other wagons of the compartments.

*  Whenmetal surface of rail interacts with metal surface Q_ wheels, there are chances that there are
impacts or bouncing effects or pitching effects. (as discussed previously)

If the frequency of the two matches, then a resonance condition is achieved at the bottom of the
track level.

People feels a pinching effect coming from the bottom.

9.1.2 SafeSpeed(V)
¢ Safe speed in the case of straight track is limited by the maximum speed defined for each train.

*  Safe speed means a speed which is safe from the danger of overturning and derailment with a
certain margin of safety.

*  Safe speed in the case of curves depends on certain factors like.
()  gauge of track (i) radius of the curve
(iii) superelevation (iv) transition curve length
(v) resultant of weight and centrifugal force

9.12.1 Formula for Computation of Safe Speed
(i) Martin’s Formula
¢ Depends on radius of curve (in meters) and the speed for transition curves.
*  Speed for transitional curve (BG/MG)
Vs = 4.35JR=67 km/hr
. Vs = 4.4JR =70 km/hr
¢ Speed fortransitioned curve (NG)

: V, = 3.65JR -6 km/hr
Subject to maximum 50 kmph )
®  Speed for non-transitioned curve

"

4 .
Vs = 5 of the above in all cases
subjected to maximum 40 kmph for NG :
®  Forhigh'speed v, = 4.58JR

¢ Indian Railways no longer use above formulas for safe speed on curves.

MAOE ERSY
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(i) Railways Board Formula
e Martin formula is replaced by Railway Board Formula.
s  Thisformula considers the cant actually provided on the track and standard deficiency allowed
in it along with the radius of the circular curve.
¢ Safe permissible speed is calculated by Railway Board Formula.

e  Speed for fully transitioned curve.

I

V= 027JR(C,+Cy) for B.G

Maximum 50 kmph

<
[}

0.347R(C,+ Cy) for M.G.

V= 365/R-6 forN.G.

wh 4,‘._ C, = actual SE or cant
C,4= cant deficiency (allowed on that track)
¢  Cantto be gained over virtual transition, which is 14.6 m on BG, 13.7 m on MG and A_.o.w mon
NG.

8.1.3 Equilibrium Speed
« - ltis defined as the speed at which effect of centrifugal force is exactly counter balanced by Cant

provided.
e  This is the basis of design of the superelevation.

9.1.3.1 Factors Controlling Eauilibrium Speed
Equilibrium speed is decided on the following basis.
(i) - Maximum permissible speed (V)
It is generally decided by the track engineer.
(i) Permanent and Temporary speed restrictions
"Imposed by traffic controller

No. of stoppages .
Done w.r.t. the revenue requirements (done w.r.t the generation of revenue for the railways)

(iv) Gradients
(gradient should be such that there should be no reduction in the speed)

(v) Proportion of slow and fast trains .
(computation of mp_cw_&:ca speed is done on the basis of total no. of trains moving in any of the
speed category)

9.13.2 Calculation of Equilibrium Speed
(i) For V,,>50kmph *
Equilibrium speed (V)

Vv, = WS: or Vg whichever is less.

Theory with Solved Examples |
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9.2.1

9.2.2

9.2.3

9.24

9.3

*  Avertical curve is required to join the two gradients at the points where they meet so as to provide
a smooth movement over those two gradients.

Limitation of Provision of Curve

*  Prevents the use of heavy locomotive

¢ thereisa possibility of derailment or overturning.
®  unequal distribution of load

®  running is not smooth on curvature

*  various fittings are required

305m
I

Degree of Curve A
Angle subtended at the centre of curve Cby a chord of 30.5m or 100 ft. /
length
o 1750 ﬁ 05 oY
77 R " 2nR 360
where, R = radius of circutar Gurve (in metres) :
Ol Ve
Versine of Curve (V) Fig.9.3
i 1g. 2..
From principal of geometry ’
AB.x BC= DBxBE "
. . C C
= Vx(2R-V) ="=x=
A=Y= Zx3 v
. 2 4
= 2RV-\2 = .Ql v
4
c? ., . 2R
= 2RV = T [As V is very small]
2
= V= |O¢‘
8R -
Wwhere, Cis chord in metres, Ris radius in métres. ¢
0 v 2 Fig.9.4
] i = —=
(in metres) R
(i V(ncm)= _N.MON

Setting of Curve in the Field
Method of curve setting in the field are:
()  Tangential offset method

(iii) - Chord deflection method

(i) Long chord offset method
(iv) Theodolite method

Superelevation

* ltisdifference between .3@ height of outer rail and inner rail on a curve.
¢ Alsoknown as cant.

* Inner rail is taken as the reference rail and w.r.t. inner rail, outer rail is raised.
1

v v:_e_mnwzo:u,m_w.xﬂ.

9.3.2

A N S
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Objective of Providing a Superelevation

e  toneutralize the effect of centrifugal force.

¢  achieve equal distribution of wheel loads.

+  toimprove the comfort level of passengers.

¢ toavoid jerk when rolling stock moves from a straight section to a curved section.

Formula for Superelevation
GV?

e= 7R (in mm)

where, G = gauge, V= speed (in m/s), R = radius (in metre), g = acceleration due to gravity (m/s?)
Gis 1750 mm forig ,
Gis 1058 mm-for MG

Nt
9.3.3 Negative Supéfelevation

L wH||. ..... Main line Branch line Main line
/;./ i B

m H 1 2 3 2 )]
— JC T T JT

; R C > (C > < > < )

' ' Branch line

||||| x S T Cross - Section

Fig.9.5

1 is at higher elevation than 3.
2 is at higher elevation than 4

When main line is on a curve and a branch line takes off from a main line with a curve which is in contrary
flexure to the main line, the outer rail of the branch line instead of being raised, has to remain lower than
the inner rail upto a certain distance from take off point.

The amount by which outer rail of branch line is lower than the inner ra

called negative superelevation.

For a broad gauge track in a transition zone in order to allow locomotives

Example 9.1
with a maximum permissible speed of 110 kmph, calculate the following

(ii) Degree of curvature
(iv) Length of transition

(i) Radius of curvature
(iii) Superelevation

Solution: )
As per Martin's formula for a BG track in a transition zone
i
« V= 435JR-67 ()
where, Vis maximum permissible speed in kmph and Ris radius of curvature in metres
Given, V = 110 kmph
Fromeq. (i) 110 = 4.35/R-67

X,
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9.4.1 Types of Transition Curve : 943 Length of Transition Cu
(i) Eulers Spiral S:No. Criterion Desirable value | Minimum value
Itis given by the formula, CV,, CVim
- Nm 1. Rate of change of Cant 125 198
= SR " CoVm CoVm
. . L 2. | Rate of change of Cant deficiency - 198
where, ¢ = angle between straight line track and tangent to the transition curve. ’ 12
© =di i nSiti int. " dient should not | Cant gradient should not be
1 Q.wﬁm.:om of any paint on the transition curve from the takeoff point 3. | Cant gradient Mwoﬁmﬂ M_w mmo .oc no Cant gradient sheuld nat e
R = radius of the curve 1in 720 for MG and NG.
L = overall length to be provided to the transition curve .
* Thisis anideal transition curve but is riot preferred due to mathematical computations. where, C,% i €, are actual Cant and Cant deficiency respectively (in mm)
* Difficultto provide in the feld. L~ is the maximum permissible speed (in kmph)
Cubic Spiral ry g -
] .
T idening of Gauge on Curves
Itis given by the formula _ 9.4.4 Widening . .m
s Reasons for widening-of gauge: .
am y= IN.I : () Centrifugal force (tries to take vehicle in the outward direction)
~ BHL (i)  Rigidity of wheel base (there are end throws or overthrows at the centre or the end of the base)
: 'tie also difficul to set in the field. Relative distance travelled by the wheels (loss of contact between wheel and rail in trailing position)
(i) Bernoulli's Lemniscate ' o )
ius ¢ y i : i idth required on curves is given by the following formula
* Radius decreases as the length increases and this causes radial acceleration to keep on Extrawi q ¢
falling. ; 13(B+1)?
¢ Within 30° deflection angle, this curve performs well. Beyond 30°, uniformity is lost. W= R
(iv) Cubic Parabola where, B = wheel base (6 m for broad gauge and 4.88 m for metre gauge)
*  Boththe curvature and Cant increases at a linear rate. : : L = lap of flange = 0.02J% + D (in metre)
*  Astraightline ramp is used to raise the outer rail while keeping the inner rail at the same level ¢ rail (i )
(level of outer rail is increased at a uniform rate while inner rail is at the same level) h= awnﬁ: of flange Um_né top of rail (in cm
*  Itis mostly used on Indian railways. D= diameter of érmw_ (incm)
¢ ltis given by the formula R = radius of curve {in m)
3 - -
Y= mﬂﬁ NOTE 1. Overthrow is the extra clearance required at the centre of the vehicle, towards the inside of .
. - . . Y the curve '
where,  yis vertical coordinate, x s horizontal coordinate % ) 5 )
Lis length of transition curve, ~ Ris radius of circular curve . Overthrow = £
9.4.2 Shift c | | t of the wheel _ow.mm
L . . . . . - where, = total amount of the whee
B . N .
“ HJG _m the Mﬂﬂcﬂﬂ by s\_s_o: acircular oc,Em is shifted inwards so as to meet a transition curve. . R = radius of the curve
o IS . .
: given by the fomula . 2. Endthrdwis the extra clearance required at the ends where the vehicle projects towards
© : s 12 ' ! outside of the'curve
T 24R _ [2-c?
where, S = shift (in Sm:mv_. L = length of transition curve (in metre) ; End throw = 8R

R = radius (in metre)
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the section shoul

*  Ruling gradient is the design gradient. '

9.53.1 Grade Compensation
*  lIfthereis any curvature along with the gradient then some compensation has to be made in
terms of two types of resistances.
One is resistance offered by the gradient and other is resistance offered by the curvature.
®  BG —0.04% per degree of curve or 70/R
MG - 0.03% per degree of curve or 52.5/R
NG — 0.02% per degree of curve or 35/
2. Pusher Qm&ma
¢ Gradient mﬂmmumq than ruling gradient _.mnc_::@ qum 68336
*  Reduces the length of railway section as well as the overall cost.
3. Momentum o_‘m&ma
*  Gradients are wﬁmm_u.wa the ruling gradient.

Minimum of the two volume,

i
The resistance due to the gradient are overcome by the momentum which is gathered while
having a run in plane or on falling gradient in <m=m<m

onal kinetic energy received during run on a section.
4. Gradients in Station Yards

¥
To prevent standing vehicle from rolli g and moving away from the yard (due to combined
effect of gravity and strong winds)

¢ Desirable maximum value of gradient is 1 in 400.
Recommended minimum gradient from drainage considerations is 1 in 1000.

NOTE: Gradient should be provided in between the maximum value and minimum value,

‘Summary

Jac

Elements S<o_<ma inthe oooBmSo Qmm_oz are:

(0] mnmoa of the train

(ii) _._o:Noam_ curve and the superelevation

Vertical curve'and the gradient

* Average speed depends on the length of the section and no. of aocnm@m«

*  Maximum sanctioned speed is defined by the track engineer who :mm designed that section.

Equilibrium speed i is the speed at which effect of centrifugal force i is mxmo% counterbalanced
by cant provided. .

¢ Maximum cant qm%_o_m:Q permitted for BG, _<_o and NG (762 mm) are 75 mm, 50 mm,
40 mm respectively. i

Thereis Qmﬁ_o_m:ow\ in cant when frain runs mﬁ a speed higher than equilibrium speed.
There is cant excess when train runs at a speed lower than equilibrium speed.

)

mADE ERSY

s PUblications

mazs\@ m:mSmmzzn _ @»

: ‘Dm@_‘mm oﬁ curve’ is ﬂsm m:Qm mcgm:ama .m~ the om::m o* curve U< a o:oa of wo m m _m:@.nr

. : ; mFam noSnm:wm:o: has to be Bmam it qum isany curvature m_o:@ <<_§ the Qma nt.
e Shiftis the mBoc:» U< é:.o: a 9859 curveis m:_:ma in-wards to Emmﬂ w:m:m on o.c2,m
< In‘atransition curve, «ma_:w o:msmmm from _3_:5\ 8 a ::;m <m_cm at a uniform rate.

. ‘,,mc_mam w_o_am_ is:an ideal transition Gurve.
e - Cubic vaUo_m is mostly used on‘indian mm__sm«\m

_Objective Brain Teasers

ki i . . . o
Q.1 InaB.G. S,?m«\_ :.mOx the specified ruling Q.6 The steepest gradient permissible on a mmm
gradient is 1 _?m %.-ﬂ he horizontal curve of 3° curve for Broad Gauge line having ruling gradient

_onagradient of 111250 will have the permissible of 1in 200 is

gradient of (a) 1in250 (b) 1in222
(@) 1in257 @ 1in 357 (c) 1in235 (d)y 1in275
{c) 1in457 (d) 1in512

Q.7 The limiting value of cant deficiency for Metre

Q.2  The grade compensation on'a 4° curve on a Gauge routes is

- Broad Gavuge railway track is (a) 40mm (b) 50 mm
() 0.20% (b) SMO\O (c) 75mm (d) 100mm
(©) 0.12% (d) 0.08%

Q.8 Vertical curves are provided where algebraic
difference between grades is equal to or
(@) lessthan 2 mm/m
(b) more than 2 mm/m
(c) lessthan 4 mm/m
(d) more than 4 mm/m

Q.3 For 8° curve track diverging from a main curve
of 5° in an opposite direction in the layout of a
broad gauge vyard, the cant to be provided for
the branch track for maximum speed of 45 km/h
on the main line and ‘G’ = 1.676 m is (Permitted
cant deficiency for the main line = 7.6 cm)

(a) 0.168cm (b) -0.168cm Q.9 The limiting value of cant excess for Broad
(c) 7.432cm (d) 7.768cm Gauge is
(@ 55mm (b) 65mm

Q.4 The equilibrium superelevation to be provided
on a curve of radius R metres and speed of
vehicle V kmph is given by

(c) 75mm (d) 100mm

Q.10 The Qmm:mw_m rate of change of cant deficiency

2 2 in case of Metre Gauge is

(@ M|Wm () m_lmm (@) 20mm/sec (b) 35mm/sec

(c) 55mm/sec (d) 65mm/sec
GV2 - GV? : .
© 7R @ 7R Q.11 Staggered joints are generally provided
i . (a) oncurves
Q.5 Normally maximum cant permissible in Metre (b) on straight track

Gauge is (c) when two different rail sections are required

(@) 75mm (b) 90 mm 0 be joined

(c) 140mm (d) 165mm

(d) None of the above
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10.3 Classification of Signals ‘ 1 inch wide at the i i 10to 14 inch wide at th
Classification of signals can be done on the following basis: . T Theamisato mm frleng SioTzmenwide stihe mer edge and 1010 T4 nch wide athe
Classification based on operating characteristics:
. ! ¢ Onthis basis, there are audible signals as well as visual signals e On the side facing the drive
: ¢ Incase of audible signals, detonation is used so as to make a big noise ¢ The other side is painted white with a black vertical band.

*  Audible signals are used during low visibility condition (moist and fog) ﬁ e When arm s in horizontal position or shows green light at r

. °  Detonators are fixed to the rails and are placed 400 o 500 m before the signals. e Whenarmis inclined at 45°, it indicates proceed. ;
< : *  Visual signals can further be divided as hand operated signals or the fixed signals. . _ . o ined with a warner signa
*  Fixed signals are most of the time placed at the top of the post. " eombneduing amer sone
¢ Fixed signals may be of movable arm type or colour light type or disc type.

¢ Either one or more number of fixed signals can be placed on the same post.

i

=

outer edge.

is painted red with a white vertical band.

sht, it indicates stop.

¢ Asemaphere signal ai the entry to the staii

e The arm of a warner signal is fish tailed and its white band is in the form of & ¥ in unison with
the outer edge.

e The &mrwmﬂ is painted yellow and exhibits yeliow or amber colour at night instead of red.

=
=
&

Classification based on the functional characteristics:

f LI .r ced on the same post of
*  Onthis basis; Sma are-hand signals and fixed'signalsl s * | . : mmaxﬁwﬁm m,msm_ Amcoﬁ 610 7 fi. below R —Red
®  Hand signals can Um mc.ca_sama into flag, oo_oS light and hand indication. the semaphore signal) - . | 6
®  Operating staffs are provided with two types of flag: Red Flag and Green Flag. e When both the signals are horizontal, they : Ow\ .
* Reddefines the stopping condition; green definés the Starting condition. indicate nméov‘__. This means nheither Green Green
¢ Lightindicators may be red and green or red, yellow and green. - approaching.section.is clear, nor: next - ﬁO *O
*  Yellow defines the caution i.e.; the ‘speeds :mmam to be reduced. - - block section is clear. _ .,
¢ Hand _:Qomﬁ_o:m,m.ﬂ.m used mainly when' shunting oum.,m:o: is being carried out. e When memust is _oémaa and warner L ©
*  Fixed signals can be'classified as (a) stop signals (b) warner signals - - horizontal, they indicate “proceed with Fig.10.3 s\nSmaG naling
e Stop signals defines that train has to be stopped. ) caution”. .t . o :
¢ Warner signal Qm_n_:mm Smﬂ train has to move at a slower m_omma Butthere is no need tc stop at those , This means .mmommm is clear upto the station but ihe next block section is not clear.
locations. o When boththe mm.imb:oa and warner are lowered, they indicate “proceed with confidence”.
®  Bothstop mﬁ:m_ and warner signal has a movable arm _:Q_omﬁ_gm whether movement is allowed on This means the station section and also the next block section is clear.
the track or not.
¢ Both stop signal and warner signal defines the (b) Disc Signals (Shunting Signals)
movement condition based on the colour of the e Used in station yards for shunting operation.
signal. Arm e
° m_woso current is used in case of colour aspect o 3\./ : \ £ ﬂf\ L ) >_.m n.v o as mzca_:@. sonalser
. SV »T miniature semaphore signals.
condition whereas wires and keys are used for the Vf ; i i
movable arm condition. White Spectacle e i@\ oo:m_%m o%. circular Q.mom.
®  Movable arm signals are known as semaphore ; - Balance lever . painte white with & red band
signals. . et m_ozo.;m diagonal. . .
®  Those signals which are provided with colour lights ] * Thedisc om:.d revoive in a vertical
are termed as colour aspect signals. 246" \ plane by pulling ofa lever by hand.

e When the red band is horizontal
or shows red light at night,
indicated “STOP” and when

(a) Semaphore Signals )
® It consists of a movable arm pivoted on

o :Qﬂoﬂ& pin near the top of a post, spectacle Wire from cabin inclined at 45° or show green light
holding two colour glasses, lamp for night . Q \ t night, it indicates “Proceed”
indication, crank rod, cam, lever and counter - B = m— ’ & miomk frindiea o .
weights, signal post, chain and pulley, wire to * The centre of the disc is about

cabin. Fig. 10.2 Semaphoresignal 2 feet above the ground level.
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(¢) Routing signals

* ltis agroup of semaphore signals placed at
facing point of a one or a number of turnouts.

*  Lowering of any one of the signals indicates the
track in which the points are set.

*  Signal for a main track is at a higher level while
signals for other turriouts are at a lower level.

¢ Aplateis attached to it which defines the track
to be taken up or being set for the train.

Fig. 10.8 Routing signal

(d) Shunting signals '
®  Used for shunting operations in station yards.

<..,_\:.m6 mmBquozw m@dm_m are used, in those conditions the shunting signals are provided in
the form o* a o._.ﬂo:_m_‘, disc shape (disc is provided with ared band on white background).
: X . E . i pe .

N i

" Shunting om.m_ﬁmo:,m mﬁm.mnfw.__,w Em slow Operations which take place in station yards:

(iv) Classification based on ‘wnmnmu_...w_.m..wnnm_.wznm“

_u_.mm«maaﬁmma mﬁ.:m_,m cmmmnozwnmo@ mzmﬂmoanmzom mau
(8) Repeater signal : o ‘

(b) Co-acting mm@:,m.,_

(c) Calling on signal

(d) Indicators related to n.omzﬁw. speed, shunt, caution, stop; level crossing, whistle, grade.

(a) Repeater mﬁ:!m

¢ ltis provided when asignal is not visible to the a:<.mﬂ from mnmacmﬁm, distance, due to curvature

or any other reason to the guard of the train at the rear end of the platform.
It repeats the operation of a home signal.

(b) Co-acting signal

*  They are provided when signal is not visible to
overbridge, high structure etc.

M@Bo::._mm this is being provided in such a way that it comes in the line of the sight of the
river or the guard and they are not in a position to see the main signal. So, in that case co-

acting signal is provided and this co-acting si i l
- g signal is placed preferabl
above the main original signal. i v on he same pos

the driver due to some obstruction such as

(c) Calling on signal
¢  Placed on same post below the home signal.

We mean by ca ng on signal that you are allowed or being called to take one track.
It helps during main signal failure train movement.

(d) Indicators ‘

L]

indicators indicates whether the train is SE.:@ main line or a turnout
1 . . . ) )
Works as a precaution against bursting of points or runhings into an oowccaa line.

‘‘‘‘‘ MADE En
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° |tis provided with rotating discs which rotates with the change in setting of points.

e Caution indicator indicates what type of caution order is being given, whether it is a restricted
condition or speed.

e Most of these have to be placed 700 m before the speed limit indicator board and 800 m
before actual point of any permanent way work.

e  Gradeindicators defines the grades is terms of like 1in nvalue it may be upgrade or downgrade.

s End of the grade is indicated by providing a sign with only letter L.

e Weuse arrows for indicating downgrade or upgrads.

e Stopindicator is used for temporary or permanent engineering restrictions which calls for train
to come to a dead stop before proceeding further.

e~ Stop indicator is in the form of rectangular sheet where we have red background with white
_omoxm&g.a on either side along the length.

° mﬁaa_v, d indicators warns the driver of signal ahead. .

¢ Sight board indicators for goods trains are placed 1200 mahead of the signal.
For Ummmmw_@mq train, they m.:m placed 100 metres before the signal.

e Block section limit indicator defines the entry of the train into the station limit after the block
section has completed.

e Block section limit indicator is generally placed at a distance of 180 m from the home signal.

16.4 Interiocking

e - Interlocking is done to prevent the human error when points are set and signals are lowered or
raised by means of levers.

e Anymanipulation in human error can lead to an accident.

e Levers are interconnected or interlocked, such that only one point in a particular route can be
opened at one time and would give signal for the same point.

e Signalling or interlocking can be done either mechanically or electrically.

10.4.1 Fundamentals of Interlocking

¢ - Interlock between a point and its corresponding signal means that a signal cannot be lowered
unless the line for which the signal is lowered is correctly set and locked. As long as the signal
remains lowered, the points cannot be locked or reversed.

» No contradictory signal can be lowered at the same time. This means that admission of trains from
opposite or converging direction to the same line and at the same time cannot take place.

¢ Noloose wagons can enter the line after the points are set and signals lowered.
This means that the points and signals should be so interlocked that when main or loop line routing
signals at either end of yard are lowered, it is impossible to work the trap points.

*  The track for which points are set and signal lowered should be clear of obstruction.

v

10.4.2 Mechanical Devices .ﬂo_‘._sﬁm_._onrmsn

Chief mechanical devices used are:

(). Pointlock

MARS FASH Theory with Solved Examp
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Q5

Q.4 The reception signal is - Q.8
(i) outersignal (i) home signal
starter (iv) advanced starter
The correct answer is
(@ (i)and (i) (b) (i) and (jii)
(c) (i) and (iv) (d) (i)and(iv)
The height of the centre of arm of a semaphore
signal above the ground is Q9
(@ 55m (b) 65m
(¢) 75m (d) 85m

Q.6

Q7

Which one of the following figures represents a

‘Warner signal’ in railways?

(@) mmH_U (o)
© T @ Tj 3

Consider the following statements:
Automatic signalling system ‘résults in

Postal Study Package 12019

.,@ . :vmmv,..m‘:a ‘parallel:to inner side of hoth the

.O; o Which of-the following mechanical devices is

‘back the signal?

Q.110n'B.G. track the distance of outer signal from

MADE Ensy

e

The object of providing a point lock is

(a) toensure that each switch is correctly set

(b) toensure thatthe point may not be Operateq
while the train is no it

(c) to detect any obstruction between ang
tongue rail

(d) none of the above

The treadle bar is provided

(a) in the middle of the track a little in front of
the toes of the tongue rail

(b) near and parallel to inner side of one of the
rails

(c) atright angle to the rail

used to ensure that route cannot be change
while the train is on the point even after putting

(a) detectors
(c) lockbar

(b) pointlock
(d) stretcher bar

station limit is kept

1. m.am»mlmmw . ~(a) 510m (b) 520m
2. higher efficiency N (c) 530m @ 540
3. avoidance of block instruments : : o
4. higher operating cost T Adswers
Of these statements ..(d) 2 (a 3. (c) a4 (@ 5. (c)
(a) 1and2are correct 6. (b) 7.(d). 8.(a g (b) 10
(b) 3and 4 are correct 1 . @
(¢) 1and4are correct 1. @ .
(d) mw:awmaoo:moﬁ
HEEE

Airport

r .
1.1 >=ﬁozz y

e ltisarea ﬁc_m% used for landing and take off of aircraft.

® ltis also provided with facilities like shelter, repair of aircraft and for passengers and cargo.

Classification of Airport
A. According United State Federal Aviation Administration (FAA)

Primary Airport: These have more than 10,000 boardings each years.
Non-Primary Airports: Which handle less than 10,000 passengers each year.
B. According International Civil Aviation Organization (ICAO)
1. Based onrunway length : :
¢ The classification is done using code number 1to 4.
Where code 1 has least basic runway length (< 800 m) and code 4 has longest runway
length (= 1800 m) ‘ .
2. Based on wingspan and outermain gear wheel span
e This classification is done using code ietter Ato E
e Here A has least wing and outer main gear wheel spans while E has highest wing and outer

@

main gear wheel spans.

1.2 Aircraft noq:nawvm:wm

Wing ’
Vertical fin

Propeller

Elevator

~——Trailing edge
Leading edge —/ 9%

Fig. 1.1 Major Components of an Aeroplane
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Weight Components:
* Empty operating weight is a constant weight of aircraft.
*  Zerotuel weight is the sum of empty operating weight and the maximum payload.

*  Maximum take off weight is sum of empty operating weight and flexible combination of payloads
and fuel.

°  Maximum landing weight < Maximum take off weight (because fuel is burned during flight).
*  Maximum ramp weight is slightly higher than the maximum take off weight (because some fuel
is used in taxing etc).

8. Jet Blast: The flexible bituminous pavements are affected by the jet blast, therefore, it is desirable
to provide cement concrete pavement at least at the touch down portion to resist the effect of blast
in comparison to the bituminous pavements.

8. Fuel Spiflage: The flexible bituminous pavements are affected by the fuel spillage and therefore
constant supervision of the area by the airport authorities is essentrial.

10. Noise: The oo:m.Q mmwm.mmsma of noise patterns is m.mmm::.mw to'the optimal layout of the runways.

Summary &

- “'International Civil Aviation Organisation :0>9.. L P :
* - Fuselage is main body part of aircraft including passengers chamber, Pilot's cabin and i °
. ofaircraft. - S : I

* Thewing span decides the width of taxiway, size of hangers and aprons.

Classification of airport is done according-to ﬂm”amﬁm_ Aviation >Q3m:a:mmo:,%>>v m:.a,.. H,

Q.1 Cruishing speed of an aircraft is 650 kmph. If
there is head wind of 50 kmph, than air speed
and ground speed of aircraft respectively.

(@) 700 kmph and 700 kmph o
(b} 650 kmph and 700 kmph
(c) 650 kmph and 650 kmph
‘d} 700 kmph and 650 kmph

(¢) equalto sumof empty operating weight and
maximum pay load
(d) less than empty operating weight

Q.4 Maximum ramp s\mﬁsm of an aircraft is.
(a) equal to maximum take off weight
(b) more than maximum take off weight
e (¢) less than maximum take off weight
Q.2 Which of the following statement(s) is/are correct (d) equal to maximum landing weight
(a) the speed of aircraft relative to the ground,
is called cruising speed
the speed of aircraft relative towind, is called
air speed
(c) when wind is blowing the direction of the
flight, air speed is less than cruising speed '
(d) allabove

Q.5 Maximum landing weight of an aircraft is
(a) equal to maximum take off weight
(b) more than maximum take off weight
(c) less than maximum take off weight
' (d) equalto zero fuel weight

(b

=

Q.6 Statements (1): The actual payload particularly
in passenger aircraft, is normally less than the
me_ac—: structural payload even when the
aircraft is completely fulk.

Q.3 Zerofuel weight of an aircraft is
(a) equalto empty operating weight
(b). equal to maximum Operating weight

T
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Statement (I1): There are limitations in theuse Q.8  Wing loading of m: aircraft is
of space when passengers are carried in an (a) load of the wings .
aircraft. gross total weight of the aircraft
(a) Both I and Il are ture and li is correct (b) load of wings

B 120 v ight of the aircraft

! t Il is not a correct gross total weig

(b) Both ! and Il are true bu . .

explanation of A © wings area
e gross total weight of the m_.ﬁQ%
(@ Visfatse butll s e @ “Yotal available HP of engines

Q.7 Pick up the component not applicable to ‘ " ,
aeroplanes Con T Answers T S
(@ wings 5« (b) engines 1. (d) 2.(d) 8. (c) 4. () 5.(c)
(c) airscrew’ . '"(d) None of these 6. (a 7.(d 8 (@ 9 (©
Qg Thefuselage iNepftibs —
(a) passengers chamber
(b) piiot's cabin
(c) tail of aircraft
(d) All of the above
. i
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Imaginary Surfaces Clear Zone - . ionvi int

. . . tion from obstruction view point.

1. Take-off Climb Surface: It should be established beyond the end of runway or clearway for runway e ltisthe inner most portion of approach zone and 5”3.0& Q;MMU_U%W rence required o reach height

direction intended to be used for the aeroplanes take off. ° The dimention of clear zone depends upon type of runway :

2. Approach Surface: It should be established from smaller end of runway strip for runway direction of 15m. ] ) . - ' isibility conditions.

intended to be used for landing of aeroplanes. . e Insirument runway is runway equipped with device permitting the landing under poor visibility ¢

©

&

It consists of the following:

* Aninner edge of specified length, horizontal and perpendicular to the extended centre line of the
runway; located at a specified distance before the threshold. The elevation of the inner edge
shall be equal to that of the midpoint of the threshold.

* Two sides originating at the ends of the inner edge and diverging uniformly at a specified rate
from the extended centre line of the runway. The surface extends upwards and outwards ata
specified slope which is measured in the vertical plan containing the centre line of runway.

Inner Horizontal Surface (IHS): Itis the surface located in ahorizontal plane above aerodrome and

its surrounding. The shape of IHS need not be circular m_ém<_m. The radius or outer limits of IHS shalj

be measured from airport reference point (ARP).

Conical Surface: It projects upwards and outwards from the periphery of inner horizontal surface

(IHS). o

The limits of the conical surface shall comprise of the following: :

(a) Alower edge coincident with the periphery of the inner horizontal surface (IHS).

(b) An upper edge located at a specified height above inner horizontal surface (IHS). The slope of

the conical surface is measured in a vertical plane perpendicular to the periphery of the inner
horizontal surface.

5. Transitional Surface: It is a complex surface from the edge of the approach surface that slopes

upwards and outwards toithe inner horizontal surface (IHS). It is intended to serve as the controlling
obstacle limitation surface for buildings etc.

The limits of a transitional'surface consist of:

(@) Aloweredge beginning at the intersection of the side of approach surface with the inner horizontal
surface and extending down the side of the approach surface to the inner edge of the approach
surface and from there it extends along the length of the strip parallel to the runway centreline.

(b) Anupper edge located in the plane of the inner horizontal surface. The slope of the transitional
surface is measured in a vertical p'ane at right angles to the centreline of the runway.

6. Outer Horizontal Surface (OHS): tis circular in plane with centre located at ARP (airport reference

point).
¢ The height of OHS is 150 m above the ARP elevation.
¢ Constructions protruding above this surface will not be permitted.

Approach Zone ,

?ms&mn_mmﬁwzommﬁwmwmﬁmx:os\:mw mvuamoswo:m.qmnc:mo_o:m::mqmamoﬁ runway along the
direction of landing and take off. , ,

Over this area, the aircraft can safely loose or gain altitude.
The whole of this area has to be kept free from oaﬁ.ﬁcoao:m by applying zoning laws in this area.
The plan of approach zone is the same as that of the approach surface, The only difference between

two is that approach surface is an imaginary surface and the approach area indicates the actual
ground area.

€01y with Solved Examples

MADE EnSy
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|«————— Approach Area ————»

1
—{60m xc=2m<|v_
_ Tmu_mm_. Zone
v
w, w, L
Instrument runway 300m 525 m 750 m
Non-instrument runway
(a) Large airport 150 m 270 m 600 m
{b) Small airport 75m 135m 300 m

Runway Clear Zone

Turning Zone . . .
= During the take off if the engine fails or pilot select to land in case of an emergency then aircraft will

have to take a turn and come in line with runway before landing. s
s The area of airport other than the approached area, which is used for turning operation is known as

turning zone.

Summary o

Q.1

direction of landing and take-off.

obstruction view point.

Approach zones are wide clearance areas required on both sides of runway along the

Clear zone is the inner most portion of approach zone and most critical portion from

* Areaused for turning operation, other than approach area is known as turning zone.

w Objective Brain Teasers
=)

Asurface longitudinally centered on the extended
runway centre line and extending outwards and
upwards is called

(@) Primary surface

(b) Conical surface >

(c) Horizontal surfage

(d) Approachsurface *.

Which one of the following imaginary surfaces in
airport is circular in plan with centre located at
an elevation of 150 m above the airport reference
point? :

Q3

(a) Conical surface

(b) Transitional surface

(c) Inner horizontal surface
(d) Outer horizontal surface

What do we call the imaginary surface which
extends upwards and outwards from periphery
of inner horizontal surface at airports?

(a) Transitional surface

(b) Approach surface

{c) Trapezoidal surface

(d) Conical surface

‘ SEE.Bmnmm.»m%:cznmn&:m.o_d

- ;moa.,sz,: Solved mxmau_wé
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32,1 Wind Coverage
¢ The nm_d.mammm oftime in ayear during which cross wind component is within the permissi
called wind coverage or usability factor of airport, '

” According 8 FAA, Ezsﬁ\ handling mixed air traffic is planned such that minimum wind coverage is 959
For busy airport, wind Ccoverage may be increased to 98-100%. ”

ble limitjg

3.3  Wind Rose :

¢ The graphical representation of wind datas i.e. direction
- duration and intensity is called wind rose.

The wind data of atleast 5 years and preferably of 10 years
should be considered while designing an airport.

* The wind rose diagram is used for finding orientation.

*  Windrose diagrams can cm,.w_ozma intwo ways as follows;

s

Type-1: Showing direction ...m:m..n_c_‘mzo: of wind:*

*  Theradiallines irici ate the wind direction and each circle -
represents the duration of wind. w

¢ The bestdirection of runway is usually along the direction

of the longest ling onwind rose diagram.

:Note: Calm period:

.. Qmmﬂm@m o“ :.a._m o._clzm s:mos §.samaoammgm_mwmﬁm:m.a kmph.
Type-2: Showing &.....mna.o? n.cl,.mo: and 33:#3. of wind .
® Eachcircle ,ﬂmu_‘mmm&m the wind intensity to scale.

1€ Runway

Transparent
Strip
5 “
Allowable cross wind component
o Fig.3.3

MRDE ENSY
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¢ The value entered in each segment, represents the percentage of time in a year during which the
wind, having a particular intensity, blows from respective direction.

e Summation of all the percentages (shown in segment) is wind coverage value.

¢ The best orientation of runway is along the direction of centre line rotated about centre of wind rose
pivot such that wind coverage is maximum.

3.4 Basic Runway Length (BRL)
It is the length of runway calculated under the following assumed condition:
(i) Airportis at sea level.
(i) Temperature at airport is standard (15°C).
(iiiy Runway is levelled in longitudinal directior i.e., zero effective gradient.
(iv) No (s:&w___u_.o ng on runway.
(v) Aircraft ﬁ_oma_ d at its full loading capacity.
(vi) Thereis :a": blowing enroute to destination.
(vii) Enroute temperature is standard.

Factors influencing basic runway length

(i) Aircraft performance characteristics.

(i) Gross landing and takeoff weight of aircraft.

) Safety requirements

Apart from these; humidity winds, condition of runway surface also influences the runway length.

The basic runway length is determined by three cases:
1. Normal Landing Case: In this case, aircraft should come to stop within 60% of landing distance/
runway length. -
2. Normal Take Off Case: 115% of lift off disance required to reach height of 10.5 m.
3. Engine Failure Case: In this case, basic runway length considers either clearway or stopway or both.
= Stopway is the area beyond the runway, centrally located in alignment with the centerline of
runway.
«  Stopway is used for deceleration of aircraft and bringing it to halt during aborted take-off.
e If the engine has failed at speed less than the designated engine failure speed then aircraft
deaccelerates with use of stopway.
¢ Ifengine fail at speed, higher than designated speed then pilot has to continue to take off, then
turn in turning zone and land again for normal take-off.

Note: The case giving longest runway length is finalling recommended.

3.5 Correction for Elevation, Temperature and Gradient

e The basic runway length (discussed above) is for mean sea level elevation, having standard atmosphere
condlitions. i
¢ Necessary corrections are applied for elevation, temperature and gradient for actual site conditions.

A. Correction for Elevation
¢ Astheelevationincreases, the air density reduces. Thus, lift on the wings of the aircraft reduces
and the aircraft requires greater ground speed. To achieve greater speed, longer runway length
is required.

{_ www.madeeasypublications.org

Theory with m.o?m.n Examples , :




“BrorsuopesgndAsesspeirmmm b

00€ 00l

T Gonenen 2

X
I

2:0€ ="} "Lauiotit &
DokZ =71 1eak 8L} JO LUl SeL0y 8L} o oI

F4:3

uoRo81ICY) ‘gi0je1ay |

“uolEARID W 00€ Jod % 81 'Ovol g Um_ocmEEooQ SE UOIIBASIS 10} LOROBLI0D

:UOI1BAB|T IO} LORO81I0D

7 %90 = D juaIpelb aAiosy3
3 84} 4o} E:@M@ES Ajfep wnwixaw jo ueswi AJYILo

s0wa) Ajrep abeione o ussiu AlUIUOK

wpoL = alisiodie jo uoiers)s
uoolz = 7 uibus) femuins oiseg

uMeunjos
[

%0°0'= Eo_vm& BAOBYT o

5608 = yluow oEmw m£ o} aumesaduis) Ajiep E:Eme Jo ueaw Ajyluoy e
D012 = 1834 8yl jO juow ummuo; m£ 10} aunjeladiuid] Ajrep aBeiaaz jo uesw Ajuoy =
sellew QoL = 8)s Yodie Jo uoyBASl =

saspw 00Lg = Yibus| Aemuni oiseg =

MOJ8Y LA

BIEP 8y} JO} UCREDHIOSAS VY- .* Jod se co.émtoo Em_nm_m pue o<o_ 1ad se sinieledwa) Ucm UOIIRABID

0g91 ~2¢'£80¢

00!

oem.wm.m_ -62 = 1V

0:GLE°€L =092 X G900°0-.5F = .

00€ oor
0Se

W80z =96°0VE + G2 Oyl = UBual Aemuni palosiIon

\E; 1/12 =pbusj m,a_w_:_ 08]081100 ‘U0I}09.1100 wmzm Ajjeuid
w/ollg = mw.mm +2/80g = UiBuo|pajosno] .

weres=e o X m /80T X .ww'M = Em_nso 10} co_ﬁm:oo ()
MO mocmc ‘%G8 nmmoxm 10U U_sof_m LIO}J92.100 BUIQUIDD SILY ' OYD| 0 BulpI000y
%592 = 001X IIEI.I = 9, U} UOO2L0D [BJC]

UCNHOBLI0D BUIGUIOD IG} Y08LD  (

W 96'0VE = 62961 X ——— = ainjessduis) 10} UOiIBLIO
€ mwmm_ oL o)
L 0s5286E =

‘ainjeladwe) uj 9ouaieyd

uoleAald uaalb ay} Jo ainjesedwe) dusydsouwe plepueis (1)
wezop/L = wm‘@m +059L = yibusjAkemuny pe1oaro)

W GZ'96 = —— X 0G9L X —— = UOIBASIS IO} UOI81I0]) ®

tuogynjos

ZLL | " 4noquoy “poq ‘wodiy

SUCLLDIN Y eomrmemzsmnsrmie.

" B1o-suonedlqndAsesapeirmmm i p—— sajdieX3 PRA{SS 1M bawmhg

. y1Bua) Azmuni pelosLIoS Syl SUILLIBIEP UBUL “%Z 0 40 waipeiB aAnoays

UlM pa1oniisuod aq o} st Aemunt 8yl §| "0.08'Z€ {0 simelsdwe) soualajel ey Jj ‘W omw JO ucleAs|
ue sey ays podie 8y "W 0G91 SI SUOHIPUGD DIBPUE]S J8pun Remuni jo yibus g
oote = 2 +2182 =
DeC9EE = o gz~ 2o vy :
5 m ar; + % = anesedws) souaele; uodiy
aerez = () ameiedwer Ayep ab2iere Jo Uesiy
0.09Y7 = (1) aimesedws; ABD WNWIXBU JO UBSI
RIS
v -aimessdwsl
mocmawmu uedie oy aEs uay} ‘D.z1°8z se asnesadwiel Ajiep sBelene Jo LBBW PUB D028 Ty SB

w sineiadwe) Ajiep wnulikew jo uesus seald JB2A 0 YIUOW 188110 UB 10) BigP SUL

p Aemuin Lo sod
2D SAIDDY 2

“yiBus| Aemuni [B10] AQ P
1S9M0| PUE 1S3YBIY USSMIS] UOHIBASIS Ul 9OUSISHID WNWIXEW SE PBLEEP S U
‘JueIpe.B 8AN08)E JO %1 AisAR 10j %02 J0 elel
Aq pasesaIou; 8q PINOYS THE ‘SUCIOS1I00 UOHRAS(S pue aimziodwal 1ole Jeu} SPUSLLLLIodBI Y4
“JusIpIB 10} UOi1031I00 OU SPUBLLILIODAI OV ¢
‘psads
punoif passep uiene ueod I jeyl os paxnnbal s Aemun: jo uibus) 188u0| 1u b 1edeals U e
JusIpBIL) i0) uoioeLed "d

-Bunse) [apoul AG alis sy} J& selpnis oyoeds Aq payoRLd Jauiinj o
PINOUS LONOBLI00 859U} USL “THE JO %SE SPESIXe L0010 SUIGWIOD JI I} SPUSIW0IBI QYL
ainyesedwsa] snjd UOITEAS|T JO} UO(I0BLI0D [B]O} 10} #08UT "D

"00G} SE UdXe} S! [9A] Bas ueauwl e ainjessdwial ousydsowe piepuRls e
'D59°GL—S! 929852 m_m_.,s., opniie sy aAoQe 016z swcdsd Jueipesb aineiedwsl e

1e1ew Jad D,5900° G (-) 81 0.9°'G - S1 ainjelodwal 1oym spnife au) o1 sw)
|oA87 89S UBAIN WO} co;msm_m 18 einjEleduia) ajsudsowne piepuels Joj usipelb aimesadwa) - s

“UONBASIS 1RU}

18 ainjeiedws) a1eydsowe PIePUE]S 8yl SA0QE ainieiadwie] 80UsIa}8I LOGIIE Ul 8Sit Dol 10} % 1
Aq paseaioul JayLIN; 8 PINOYS (UORBAS]S 10§ P810B1I00 USS] 8nBY 12ye) Hg ‘DYoo Bumicosy e
“UONBAS|S U 351 S} SE 108}j8 aues au) Sey ainjeladwis} sdusielel yiodie ul mm_m ®
1eak ay) Jo ;EoE suJes 10} ainfesadwa; Allep WniIxew 10 uzsl Ajylucw =
‘Jeak aU) J0 Yluow 1salioy au} 1o} ainjeleduws) Arep obeioAe JO UBSW AjUIUOW = g.
i ‘aseym
i o] & ot °l = 14V
Buisn pare|nojed st (| HY) QE@@QEQ aoudlejel UodlY e
ainjelodwsa] 10} UOIIOBLCD g

“[BAB| BOS UESLL SU} 9A0qE UOKEARID Ut 8st1 (1 000+) W 00E Jad
Jusoued / J0 91e) 8y} Te pesealoul aq pinoys (T4) yibus| Aemuni 0iseq 8y} 1eu) SPUSWW00aI OOl e

éozméﬂmm A

RSO3 3qUW

E wmmxuma %Em |eysod mc:wwc.mcm HAD _ 18]




118 | Civil Engineering

MRDE ENSY

[

Postal Study vmnrm.mm 12019]

7 100 .
i ion = ——x—~——x2100 = 49
= Correction for elevation 700 <300 % m
Correctedlength, L, = 2100 +49
© L o= 2149m

Correction for Temperature: ;
Standard atmospheric temperature at given elevation,
T, = 15-0.0065 x 100

s

= 14.35°C
; Tm=T, !
Airport reference temperature, To = T+ 3
30-21 o
= ,, A
Rise in &38&86 = Tp-Tg
= 24-1435

= 965°C
As per ICAO, correction for temperature is 1% for every 1°C risein temperature.

i 1 xﬁ Rise in temperature L
Correction = 100 7 1
’ 1
Correction for temperature = % x9.65°C x 2149 = 207.38 m
Corrected length, L, = 2149+207.33
= 2356.38m

Check:

As mmﬂ ICAO, total correction for vm_m<mzoz plus temperature should not exceed 35% of basic runway
length.

Total correction for elevation and temperature = 49 + 207.38 = 256.38 m

256.38
2100

Total correction in percentage = x100=122% <35% Hence OK
Correction for gradient:

FAA recommends that runway length after having been corrected for elevation and temperature should
be further increased at the rate of 20% for every 1% of effective gradient.

i 20
Corrected for gradient = ﬂ%x gxl,
20 :
= ——x0.6%x2356.38=282.77 m
100 .,
= Final runway length = 2356.38 + 282.77 ,

= 2639.15m=~2640m
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-Example £%4 Runway length required for landing at sea level in standard atmospheric condition
is 2200 m. Runway length required for take off at a level site at sea level in standard atmospheric
condition is 2400 m. Aerodrome elevation is 270 m and reference temperature is 25°C. Temperature in
the standard atmosphere for 270 m elevation is 12°C and runway slope is 0.5%. Determine the length
of the runway after applying correction to runway length.

Solution:

Basic runway take-off length, Ly = 2400m

Basic runway landing length, L, = 2200m
Elevation = 270m

. Beference temperature, 7, = 25°C

1 Standard temperature, Ts = 12C

W __‘._ Runway siope, g = 05%

1. Correction to runway take-off length
Correction for elevation: ) S -
Correction for elevation as recommended by ICAQ, is 7% per 300 m elévation

7 _ Elevation
X

100~ - 300

7. 270 ,
= =X %2400 =
100 “30p 2400 =1512m

Corrected length, Ly = 2400+ 151.2=2551.2m

Correction for temperature:
‘Rise in temperature

Correction for elevation = XLy

i

Ta=Ts
= 25-12
= 13°C

As per ICAO, correction for temperature is 1% for every 1°C rise in temperature

1 _ Rise in temperature

i = —x x L
Correction for temperature 00 7 1
. 1 13
Correction for temperature = 10 X T x2551.2=331.656 m
Corrected length (L) = 2551.2 + 331.656
= 2882.856m
Check:
As per ICAQ, total correction for elevation plus temperature should not exceed 35% of basic runway
length. ’

Combined correction for elevation and temperature
! = 151.2+331.656
= 482.856m

482.856

100 = 20.12% < 35%
5400 X < 35% Hence OK

Total correction (in percentage) =

i iSi.im%nv.m%.:gnm:gm.,.oa
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Q.16 Consider the corrections to be applied to the
basic length of the runway
1. Elevation correction
2. Gradient correction
3. . Temperature correction
The correct order of applying these corrections
to obtain runway length is
(@ 1-2-3 (b) 1-3-2
(©) 2-3-1 d 3-1-2

Q.17 For determine the basic runway length, landing
case requires that aircraft should come to a stop
within %P of landing distance. The value of P is
(a) 40% (b) 50%

(c) 60% (d) 70%

Q.18 Inthe monthly mean of average daily temperature
for the hottest month of the year.is 26°C and
monthly mean of maximum daily temperature of
the same month of the year is 47°C then the airport
reference temperature is .

() 33C () 355°C
(c) 40°C (d) 25°C

Q.19 The standard condition assumed for basic
runway length
(a) airport altitude is at sea _m<m~
(b) temperature at airport is standard (15%)
(¢) No wind blowing on runway ,
(d) Allabove

Q.20 As per ICAQ, basic runway length will be
increased a rate of P% per Q meter rise in
elevation. The value of Pand Q are respectively
(a) 7and300 (b) 7and 250
(c) 5and 300 (d) 5and 250

Q.21 For basic runway length correction the
temperature gradient for standard temperature
is
(a) 0.0065°C
(c) 0.0055°C

(b) 0.0060°C
(d) 0.0045°C

Q.22 The length of runway under standard con
is 1700 m. The elevation of airport site is 300 m

gradient of 0.25% then correct runway length is
(@) 2050m (b) 2292m
(c) 2712m (d) 3919m

Q.23 The runway length aiter correcting for elevation
and temperature is 2565 m. If the effective
gradient on runway is 0.6 percent, then the revised
runway length will be
(@) 2873m
(c) 3030m

(©) 2910m
(d) 3130m

Q.24 For a runway at an elevation of 1000 m above
MSL and airport reference temperature of 19°C,
the rise in 63@2&:6 to be taken into moooca

as per ICAC is
(a) 245°C (b) 15°C
{c) 105°C (d) 6C

Q.25 The monthly mean of maximum daily temperature
and monthly mean of average daily temperature
of the hottest month of year are 52°C and 40°C
respectively. Then airport reference temperature is
(a) 44°C (b) 70°C
(c) 38C (d) 56°C

Q.26 Which one of the following statements is correct?
The orientation of preferential runway in an airport
is influenced by
(a) direction of prevailing wind, adequate length,
obstruction free landing and take-off-zones
(b) adequate waiting and service facilities
(c) convenience of terminal and control fa
(d) stable ground and adequate turning space

Q.27 Consider the following aircraft operations

Normal landing

Normal take-off with all engines

Engine failure at take off

Emergency landing with all engines shut

Landing with maximum payload with the help

' of ILS

. Which of the above aircraft operations are taken

into consideration in deciding the basic E:s\m<
" length required for an aircraft?

o wh -

and its reference temperature is 33.05°C. If (@ 1,2and3 (b) 2,3and 4
runway is to be constructed with an effective (c) 3.4and5 (d) Tand5
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Q.28 As the elevation increases, the runway length
has to be changed at what rate?
(a) Decreased @ 5% per 300 mrise in elevaticn
above M.S.L.
Increased @ 7% per 300 mrise in elevation
above M.S.L.
(c) Decreased @ 9% per 300 mrise in elevation
above M.S.L.
Increased @ 15% per 300 mrise in elevation
above M.S.L.

(b

=

(d

=

Q.29 The total correction percentage for elevation and

ﬂmBUmSEﬁ .:ﬁ.ow,oc_mazm the runway length

from basic E:Em< length, should not exceed as

per ICAO ] :
(@ 7 g‘ (b) 14
(c) 2 (d) 35

Q.30 For design of a runway length, match List-|
(Factor) with List-1l (Correction) and select the
correct answer using the ooamm given belowthe
lists:

List-1

Standard basic 6:@5

Elevation

Temperature

Effective gradient

List-1l

7% for every 300 meters

1% for 1°Crise

20% for each 1% gradient

Depends upon aircraft

Ooamw

Cowm>

(@)
(b)
©
(d) _

Q.31 A runway is located at 450 m above the mean
sea level. If the elevation of aeroplane reference
field is 1900 m, whatis the approximate corrected
runway length for elevation?

(a) 1840m (b) 2200m

(d) 2100m

INIESE NN X
—- W W =
SN DO
W= = wg

Q.32 Assertion: (A): Wind Rose Diagrams, showing
wind direction, duration and intensity are an
essential requirement for planning the best
direction of main runway of the airport.
Reason (R): Corrections for elevation,
temperature and gradient have to be applied to
determine the length of the main runway of an air
port, as per ICAO recommendations.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Ais false but R is true

Q.33 The best direction of d runway is along the direction
of )
(a) longest line of wind rose diagram
(b) shortest line on the wind rose diagram
{c) line clear of wind-rose diagram
“(d) None of these

Q.34 The landing and take off the aircraft is made
against the direction of wind. In no case the
centre line of the runway should make an angle
with the wind direction exceeding
(@ 1r (b) 20°
(c) 3 (d) 40°

T,=15-0.0065 x 1200 = 7.2°C

7. (c)
Runway is usually oriented in direction of
prevailing winds. It helps in landing and take off

| -www.madeeasypublications.org
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(v) Transverse Gradient
* ltis provided for quick drainage of surface water
¢ According to ICAO
Maximum transverse gradient for airport,
A, B type — 2%
C,D, Etype — 1.5% .

* However transverse gradient should not be less than 1% but for rigid pavement it may be kept
as low as 0.5%.

(vi) Longitudinal Gradient
* Increase in longitudinal gradient results increase in runway length.

ICAO recommends maximum longitudinal gradient for airports,

A B, Ctype - 1.5%

D, Etype =3.2%

(vii)Rate of Change of effective Longitudinal Gradient !

° Vertical curves should be provided to smocthen the change in gradient.
ICAO Recommends rate of change of longitudinal gradient.
Maximum limit for A and Btype — 0.1% per 30 m length of vertical curves.
Maximum limit C type — 0.2% per 30 m length of vertical curves i
Maximum limit D, Etype — 0.4% per 30 m length of vertical curves.

‘Note: Vertical curves are generally not necessary if the change in slope is not more than 0.4%.

\ 9

(vii) Sight Distance

Generally there is no sight distance restrictions as the
longitudinal gradients for the runway are quite gentle.
If two runway or runway and taxiway intersect each other
then sufficient sight distance is required.
¢ ICAO recommends for no collision.
For A, Btype of airport, any two points 1.5 m and 2.1 m
respectively above surface of runway should be mutually
visible from a distance equal to half of runway length.
¢ ForC, Dand Etype, there should be unobstructed line of
sight from any point 3 m above runway from a distance of
atleast one half the length of runway.

N

Fig. 4.2 ¢ = castor angle

4.2 Castor Angle

.Ommﬁoﬂm:@_mwmﬁzmm:@ﬁmoﬂamncmﬁs\mm:,:m _o:@:caim_mxwmo::mm:oﬁm:mza tangent to the
centre line. ‘
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As per ICAQ, rate of change of effective
longitudinal gradient as per 30 mlength of vertical
curves for Aand Btype of airport is limited to a

Q.1

maximum of
(a) 0.1% (b) 0.2%
(c) 0.3% (d) 0.4%

Q.2 AsperICAO, for C, Dand Etype of airport 3m
high object mgnc_.,u. be visible from
(a) fullrunwaylength (b) half runway length
(c) 1/3 E:fﬁ*-ﬁ% (d) none of above

Q.3 Castor angle is defined as the angle

(a) Formed by the longitudinal axis of the aircraft
and the direction of movement of the nose
gear

(b) Between the direction of wind and the
longitudinal axis of the runway

(c) Between the true velocity of the aircraft and
the crosswind component

(d) Between the horizontal and the fuselage axis

An

1. ()
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. 1 . - G,
* Gate capacity = Weighted service time " Gate capacity = minimum all ™,

For Gate Systern:

G; - no. of gates that can accommodate aircraft of class i
T; = Mean gate occupancy time of aircraft of class i

F; — Fraction of aircraft class i demanding service

5.3.4 Taxiway Capacity

* Taxiway capacity is generally greater than capacities of either the runways or the gates.

Cross runway taxiway capacity depends upon runway operation rate and location of exit taxiway etc.

mxmsm_m 5.1 Um.ES..Em the capacity of 25 gates which mm?m three classes of aircrafts.

Average Occupancy

Aircraft class | Mix percentage time (minutes)

1 20 10
2 20 30
3 60 60

Solution: :
Assume each gate is m<mw_,m,c_m for aircraft: : .
The gate capacity for single gate is

1
Weighted service time

GC =

1.
Ao.mx5+o.mxwo+oAme8

0.0227 aircraft/min/gate
Capacity for all gate C

GC x no. of gate
0.0227 x 25

‘ = 0.568 aircraft/min
= ~ 34 aircraft/hour

* - Runway capacity is capacity of runway to handle landing and take-off operations. Its unit
is operations per hour or operations per year.

Airport capacity during visual flight rules (VFR) conditions is usually more than during
instrumental flight rules (!FR) conditions.

Ld
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Q.1 Assertion (A): The ratio of arriving and departing

aircraft influences the airport capacity.

Reason (R): Landing operation is generally

given priority over the taking off operation.

Select your answer based on the coding system

given below

(a) Both A and m‘ma true and R is correct
explanatjotf & A:

(b) Both Aand Rarg true but Ris not the correct
explanati _Ji_ .

(c) Aistrue butRis false

(d) Ais false but R istrue

Q.2 The capacity of parallel runway pattern depends

upon

(a) weather conditions and navigational aids
available

(b) lateral spacing between two runway and
weather conditions

(c) lateral spacing between two runway and
navigational aids available

(d) lateral spacing between two runways,
weather conditions and. navigational aids
available

1 @ 2.
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S=6+ Wheel tread . in meter
N P
E Ataxiway is to be designed for operating aircraft having following characteristics.
Subsonic, aircraft, Wheel base = 17.80 m, Tread of main loading gear = 6.82, Turning speed =
45 kmph width of taxiway pavement = 22.5 m and Coefficient of friction between tyre and pavement =
0.13. Calculate turning radius.
Solution:
% 452
i i i == 12462
() Turning radius, 1251 125%0.13 62m ,
2
(i) From horonjeff's equation, R= O.Wmm L )
—-S ' sF
Coe 2 R
Here, : ; W=17.80m
) ’ T=225m !
S=6 +|m|mlm. 9.41m
2
- 0.388x17.8?
So, = .=66.81m
o A= O5x225-g47~ %08 .
(iii)  Absolute min turning radius for subsonic aircraft regardless any speed = 120 m
Selecting maximum among three cases above so turning radius = 124.62m~ 125m

6.3 Exit Taxiway [

Taxiway should be located such that landing aircraft leaves the runway as early as possible. Such
taxiway is called exit taxiway.

6.4 Apron

*  Paved area for aircraft parking, loading and unloading of passengers and omamm,

> This areais near to terminal building or hangers.

¢ Size of apron depends upon number of gate positions.

*  Number of gate position itself depends upon the peak hourly aircraft movements and time (Ramp
time) during which each aircraft remains in a gate position.

¢ Ramp time is few minutes for small aircraft and more than hour for big aircraft.

Capacity of runway

60x2
Here, unit of runway capacity is movements per hor.

Number of gate positions = x Average gate occupancy time

Note: Gate Uomao: is an area embarked for loading and parking of each type of aifcraft.

6.4.1 Holding Apron (Run-up and warm-up pads) .
*  Waiting area for aircrafts before take off is called holding apron.
* ltssize depends upon peak hour aircraft movements, aircraft size and manoeuvring characteristics.
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6.4.2 ApronTurnTable .
s |tis'used to expedite the parking of aircraft and save parking space.

6.5 Hanger
e |tis covered area for repair and servicing of the aircrafts.
¢ Number of hangers depends on peak hour volume of aircrafts.

Note: Hanger size anm:% on the size of aircrafts and turning radius.

E An exit taxiway is to be designed for Boeing 707 with turnoff speed of 70 km/hr.

Calculate the turning radius of the exit taxiway using the following data: .
Coefficient of _mﬁm..im_ friction = 0.13, Whee! base = 18.0 m, Tread of main landing gear = 7.2 m,

Width of taxiway = w.w «ﬁ

Solution:
Given Turning speed, V = 70 kmph
Wheel base, W= 18.0m
Tread of main landing gear, T’ = N.N m
Width of taxiway, 7= 22.5m
Coefficient of friction, f = 0.13 .
v 70°
' ) Y Y _30154
() Radius of taxiway, R= 1551 125x013 301.54m
i i 0.388 W?
(i) From Horonjeff's equation, R= ||I|m|
5"

where, S = distance between midway point of main gears and edge of the taxiway pavement.
Assuming Oleo distance = 6 m

) T
Then, S = Oleo distance + 5
72
= S= 6+ M =9.6m
Putting values in Horonjeff's equation, we get
2
A= o%mm%u@ -76.189m
——-9.6
2

(iii) Boeing-707 is sub-sonic aircraft, therefore, minimum radius of taxiway R, = 120m
From above maximum value of Ris 301.54 m. Therefore, radius of taxiway will be 301.54 m.
[ .

Example %Y Determine the radius of a taxiway for a supersonic aircraft to negotiate z..m
curve at a turning speed of 50 kinph. The wheel base is 32 m and the tread of main landing gear is
7.3 m. Width of taxiway is 22.5 m. Assume co-efficient of friction between tyre and pavement surface as

0.18.

{ www.madeeasypublications.org
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Q.1 Assertion (A): The width of taxiway is smaller
than the runway width.
Reason (R): The speed of aircraft on a taxiway
is greater than that on runway.

Q.2 Assertion (A): The paved area adjacent to the
terminal building or the hangers used for loading
and unloading, servicing and parking of aircraft
is called as apron.

Reason (R): The size of the apron depends on
the size and number of gate positions and the
way the gate positionsaré arranged.

Q.3 For supersonic transport minimum turning radius

of taxiway is
(a) 60m (b) 120m’
(c) 180m (d) 240m

Q.4 Which of the following is covered area used for
servicing and repair of aircraft.
(a) Apron (b)" Hanger
(c) Terminal building . (d). Holding apron

Q.5 The size of hangar in an airport is guided by
(a) Speed and direction of wind and visibility
(b) Weight of aircraft and turning needs
() The fueling capacity and storage space
(d) The length, wingspan and height of aircraft

Q.6 Which of the following factors are to be taken

(a) holding apron (b) apron
(c) taxiway (d) hangar
Q.8 Match the following:
List-1 List-Il

A.  Taxiways 1. Large span structures
B. Controltower 2. Visibility all round and
sound proof

C. Hangar 3. Turning radius
D. Apron 4. Waiting capacity for
) L aircraft
Oonmm. e '
A B C D
@ 1 -4 3 2
by 3 2 1 4
© 1 2 3.4
.3 4 1 2. '
Q.9 ‘Minimum turning radius of taxiway for subsonic
aircraftis
(@) 100m (b) 120m
(c) 150m (d) 180m

Q.10 Friction coefficient between type and pavement
of taxiway is assumed as
(a) 0.1 (b) 0.13
“(c) 0.15 (d) 017

Q.11 Which one of the following gives the number of
gate position in an airport?

Capacity of runway

into consideration while designing the taxiway (@ x average gate
system? 2 .
1. Volume of air traffic oceupancy time
2. Runway configuration Capacity of apron )
3. Location of terminal building - ) 60x 2 x._number of aircraft
4. Location of hangers movements
Select the correct answer using the codes given Capacily of taxiway '
below: . , ') 60x2 x average gate
(@) 1,2and3 . (b) 2and3 )
(© tand4 (d) 1,2,3and 4 * ., ocoupancytime
. Capacity of holding apron
Q.7 Where the aircraft is standing (parking), the @) > x average gate
facility for loading and unloading operation in front occupancy a:)..m !
of terminal building is known as

Theory with Soved Examples
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Q.12 Match the following:

List-1

Engine failure case
Location of exit taxiways
Grading of airport area
List-1

Basic runway length
Runway geometric design
Airport drainage

. Runway capacity

Codes:

oow>

R

(@
(o)
(c)

B
4 1
)
1

@ 4

W N WwN >

Postal Study Package PIUE]

Width and length of safety area of airport 6. (d)

Airport, Dock, Harbour ... | 139

4. (b)
9. (b) 10. (b)

© 2. (b)

7.(b) 8.(b)

Control tower is located in airport such that to
control the aircraft movement efficiently.

12. (c
MHOW runways design width and length of safety
area is considered. For determination of basic
runway length (BRL) engine failure case is
considered. Runway capacity is affected by
number, location and design of exit taxiways.
Airport area is graded to enable the quick

drainage of storm water. )
BREE
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Q.1 Assertion (A): Airport capacity during IFR
condition is usually less than that during VFR
condition.

Reason (R): During clear weather condition
(VFR), the aircraft on final approach to runway
can be spaced closer than during poor visibility
conditions.
(a) Both A and R are individually true and R
is the correct explanation of A
(b) Both Aand R are individually true but Ris
not the correct explanation of A
(c) Aistrue butRis false
(d) Ais false but R is true

Q.2 Consider the following four. components in an
instrumental landing system
1. Threshold lights
2. Glide slope antenna
3.'Z markers
4. Localizer antenna
These components are installed in the direction
of landing in the sequence
(@) 4-2-3-1 (b) 1 -3-2
(c) 3-1-2-4 (d) 2-3-4-1

Q.3 A VOR radio transmitter which emits beam in a
vertical plane and gives an indication to the pilot
whether he is to the left or right of the correct
alignment for approach to the runway is known
as

Q.4 Consider the following factors:
1. Air traffic control measures
2. Aircraft traffic composition
3. VFR/IFR operation
4. Runway configuration
Which of these factors affect the omcmo_? of a

runway?
(@ 1,2and3 (b) 2and 3
(c) 1and 4 (d) 1,2,3and4
Q.5 Asper ICAD all marking of the runways are:
(@ yellow (b) white
(c) black (d) red
Q.6 As per ICAO, all marking of taxiway are
(@) yellow (b) white
(c) black (d) red
Q.7 AsperiCAO, runway lighting colour is
(@) yellow (b) white
(c) blue (d) red
Q.8 AsperICAO, taxiway lighting colour is
(a) yellow . (b) white
(c) blue {d) red

Q.9 For night landing, the thresholds are lighted
(a) green (b)" red
(c) white (d) yellos

3 (b)

@ 2 (c)

(@) Outer marker 4.(d) 5.(0)

(b) Localiser antenna 6. (a 7.(6) 8.() 9.(a)

(c) Glide slope antenna

(d) Marker beacon . EBEE
MRADE m,ﬁmm&

v._,ak m Ived mxmr.t_.mu.
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CHAPTER

Heliport

8.1

¢ Heliport m_ﬁma is the designated area provided for take-off and landing of the helicopters.

¢ Advantages of using helicopters: . . ;
Helicopter can lift off or land in a nearly vertical direction. This is referred to vertical take off an
landing (VTOL).

—  During the winter aeroplane flights are risky because of snow fall.

—  These are preferred for distances less than 400 km

- Helicopters have extensive use in military and relief operations.

8.1.1 Planning of Heliports

e Heliports are designated areas for landing and take-off operations. These also Qo<,ﬁm facilities for
shelter, repair and servicing of helicopers also for loading and unloading of cargo, baggage and

passengers. 4
¢ The area from where helicopter takes off and lands is called landing area.

e Remaining area is called terminal area. . o
« . Heliports orientation is made so thai landing and take off operations are done along the wind direction.

Y 120 m 1 ™
30m | )
Landing

SLuil

Taxiway

|
-3
—
', ﬁfleﬁss\m,\

// Typical layout of heliport for large size helicopters
T

Fig.8.1
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Port and Harbour

9.1

9.2

9.3

9.4

94.1

Basic Definitions for a Ship

* Beam: Beam of a vessel means the width of vessel, at ifs widgst point.
¢ Draft: ltisthe depth of the keel of the ships below water level for the particular conditions of loading.

.wm__mmﬂ:mzdm s\mﬁgmaamnﬁocm:mﬂ ooaumnﬁ:m:aoﬁmmriﬁoN:Qmmmm_.aaa& , lowering its
centre of gravity, thus improving the stability of the ship. ,

Port ,

° Aportis alocation on a shore having one or more harbours where ships can dock and transfer
people or cargo to or from lands.

*  ltcan be either natural or artificial,

* ltcanalso be either river port or sea port.

Dredging

* ltisthe operation of removing material from the bed of a sea, river or lake and disposing it into
stream or onto the shore.

* ltis generally done for deepening bed under water, thus incresing the navigal

ty of water ways.

Harbour

¢ Aharbouris a protected water area to provide safe and suitable accommodation for vessels seeking
refuge, supplies, refueling, repairs or transfer of passengers and cargo. In;a harbour there are
elements such as entrance, approach channel, breakwater, wharves, ietties, locks and dry docks.

Harbour Classification
A. On Basis of Genesis
1. Natural Harbour: This type of harbour is protected from
the storms and waves by the natural land contours.
Example: Mumbai
2. Semi Natural Harbour: Harbour protected :o? storms and
waves on one side by natural land contours and other side
by artificial man-made construction '
. mxm:._v_mnSm:wx:mUmSmS

Shore

\
Wind

Fig.9.1 Natural harbour
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3. Avtificial Harbour: Harbour which is protected from storms and waves from both sides by man-
made structures called breakwaters or it may be created by dredging also.

Example: Chennai

Shore
Shore
. ¥ Harborage
Wind 2 area Wind ~~ \uw/,. Harborage area * Break water
Break water ’ = Wind
<+Wind Break water

Fig.9.2 Semi-natural harbour Fig.9.3 Artificial harbour

B.  On the Basis of Usage
1. RefugeHarbour
2. Commercial Harbour
3. WNijiagHaroour
4. Fishery Harbour

C. Onthe Basis of Site Location
1. Canal Harbour
2. Lake harbour
3. River or Estuary Harbour
4. Seaor Ocean Harbour

Site Selection

* The site should have maximum natural protection from wind and waves.

¢ It should have adequate depth for different type of ships.

e Siltation and erosion should not pose a problem.

¢ The subsoil conditions for foundation should be favourable.

e ltis preferably established on trade route.

¢ Availability of Industrial infrastructure, electrical energy and fresh water supply, cheap land,
construction materials and labour are also important factors in site selection.

4.2

4.3 Harbour Layout Elements

1. Harbour Depth

*  Depth of harbour should be sufficient for navigation at low water level when ship is fully loaded.
¢  The maximum harbour depth below lowest low water is given as:
Maximum harbour depth = Loaded draft + 1.2 m (when bottom is soft)
Maximum harbour depth = Loaded draft + 1.8 m (when bottom is rock).
where, loaded draft means submerge depth of ship whenit i fully loaded.
i

2 Harbour Entrance Channel

e

N

¢ Entrance without gates is known as tidal entrance and entrance with gate is known as impounded
entrance.
¢ The entrance to a harbour is more exposed to waves as compared to the harbour itself. Thus, depth
and width required at the entrance are more than those required in the channel.
Theory with Solved mxmu_v_mmﬁ
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9.5 Breakwaters

It is manmade construction to form an artificial barrier for the safety of of artificial harbour. Breakwaters
height is usually kept equal to 1.2 to 1.25 times of the height of the wave expected above the high water level
so that waves do not penetrate inside the wall. ,

9.5.1 Types of Breakwaters

Breakwaters are of three types

1. Vertical mound breakwater (conventional type)

2. Rubble mound breakwater

3. Composite

Rubble Mound Breakwaters (Most Common):

These are constructed with stone rubble. The mount consists of three parts:

1. Thearmour(cover). . ! .

2. Thefirstunderlayer -

. 3. The second underlayer (core) .

The stability of the section depends upon the weight and m:mcm of the armour block, the interlocking

between individual blocks and the slopes at which they are laid.

9.5.2 Forces Acting on a Breakwater

A breakwater has to resist Em forces imposed by waves impinging cuo: it. The forces include the
following: :
1. Hydrostatic uawmca due to the rise in the level of wave on the sea sides of the wall up to the crest

of the wall. : )

2. Hydrostatic pressure due to fall in the level on the seaside of the wall upto the trough of the wall.
Uplift pressure due to difference in level of water on two sides of wall.
4. Complex forces generated due to on-rush and down-rush of waves on a sloping surface.

w

Note: The level of wharf should be above the high water level.

9.6 Soundings . ‘

These are used to measure depth below the water surface. It is required for preparing nautical charts for
navigation, estimating,areas subjected to scouring or silting and to measure the quantities of dredged material
and to secure information needed for the development and improvement of port fa
measurements are taken from a small boat.

9.6.1 Sounding Instruments

Fathometer Amnro.ue:.:__:mv
e |tis an echo-sounding instrument in which ammcs\mﬁmﬁ depth are obtained by determining the time
required for the sound waves to travel from a point near the surface of the water to the bottom and

back to the point. These are usually employed for ocean depth measurement.

Saxtant
o |tis a doubly reflecting navigational instrument which measures the angle between two visible objects.

a.z.oe_es:_u ww.enm.umxm?v_mm : MADE ERSY . Eit.Smm.m.m_m..wwv:vmmmmnmo:m.omn. b
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Station Pointer

* lItisathree arm protractor to fix a point from three or more trigonometric stations using resection.

¢ Ahigh-precision electronic device known as hi-fix has been extensively used by ships and aircraft to
determine their position by receiving radio signals.

Summary: _uSz is the depth of 3@ keel of the msﬁm cm_oé water level *oa the Um:_oc_m_‘ oo:n ns of

) %@ loading.

¢ -Harbours is a protected water area to provide w&m and suitable accommodation for <mmwm_m
for refuge/ supplies, refueling ; fepairs or transfer of passengers and cargos.

. __mﬁmmxs\mﬁmq protects the enclosed area of water from storm waves.

_umaawa are provided on the face of the aoox to mcwo% impact of the m:_vm Thus Eoﬂmo::@

l. s and dock from QmBm@m

r‘cr_dnn..,a Brain Teasers

Q.1 Assertion (A): Depth and width required atthe. = Q.3 The minimum diameter of turning basin, where
entrance to a harbour are more than those required ships turn by going ahead and without tug

in the channel. assistance should be

Reason (R): The entrance to a harbour is usually (@ L (b) 15L

more expesed to waves as compared to the (c) 20L (d) 40L

harbour itself. where L is the length of the largest ship to use
Select your answer based on the coding system the port.

given below:

Q.4 Assertion (A): Breakwaters are common in

natural harbours.

Reason (R): Breakwaters help in controlling

wave action and sand movement into the harbour

area.

(@) Both A and R are true and R is the correct
explanation of A.

(b). Both Aand R are true but R is not the correct
explanation of A.

(c) Ais true but R is false

(d) Ais false but R is true.

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both Aand Rare true but R is not the correct
explanation of A.

(c) Alis true but R is false

(d) A'is false but R is true.

Q.2 The maximum harbour depth below lowest low

water is generally equal to .

(i) loaded draft + 1.2 m when bottom is rock
loaded draft + 1.8 m when bottom is soft
) loaded draft + 1.2 m.when bottom is soft Qs
(iv) loaded draft + 1.8 m when bottom is rock '
Of these statementsf
(a) (i)and (i) are correct .
(b) (i) and (iii) are correct
(c) (ii)and (iv) are correct T
(d) (iii) and {iv) are correct

Echo-sounding machine is used for which of the

following?

1. Locating objects on sea shore

2. Measuring sea-surface levels

3. Determining depth of sea-bed below sea
surface

4. Locating sunken objects below sea surface

\
‘Theory with Solved mxm.s_u_mm
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Tides

The Natural phenomena like tides, winds, waves, currents etc. mme the designing of protection works

such as breakwater, offshore moorings etc. !
1

Note: The mean sea level at Indian no:m and :m&oca has cmm: established based on analysis of tidal sea
level zcoEm:o: over 19 years.

10.1 Tides

e The Natural phenomena of periodic rise and fall in the level of ocean water is called tide.

* Tides are mainly caused by gravitatioal force exerted by the moon and the sun. The influence of
moori is greater than sun. -

o omzmﬂm:x water level rises and falls approximately in a period of 12 hrs and 25 minutes.

Lunar Day
 ltis the time taken by moon (24 hr 50 mins) to make a one full rotation on its axis. It is 50 minutes
longer than solar day (24 hour earth day)
Spring Tides
. ”.gmm are great rise in water levels and great fall in water levels occuring at about new and full moon
imes
Neap Tides R

¢ These are moderate rise and fall in water levels occuring about 7 days roa new and full moons
times.

NOTE * Inayearthere is 12 full moon days and 12 new moon days in a year, so there is total 24
* spring tides prociuced in a year.
% *  Similarly there is 24 neap tides (12 first quarter + 12 third quater of moon) in a year.
¢ Highest of high tide is produced when sun is nearest to earth at about new moon day or full
moon day. : .

Wave

° Wave is generated by transfer of energy mostly from air moving over the water surface.
*  As per Stevenson, , .
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H=034JF where, His height of wave (m) and Fis fetch length (km).
e As per Bertin,
V=156t where, Viswave velocity in m/s
L=15612, where Liswave lengthin meter and tis wave period in seconds.
e As waves are not uniform sc significant wave height (H,) is defined as the average wave height of
1/3' highest wave.
Average height AImév =0.8 Hg
Highest wave height (H,_,) = 1.87 Hg
e When awave strikes a vertical breakwater in deep water. It is reflected back and on meeting another
advancing wave of similar amplitude it merge and rise vertically in a wall of water. This phenomena

is known as Clapotis.
o

b,

Note: Fetchis 5@ distance on é:_o: wind blows over water.
il _
10.2 Shore Protection <<o..w

1. Off shore breakwater: These provide protection to harbour against wave action, effective against
littoral movement and serve as an aid to navigation.

2. Sea-wall, bulkheads and revetments: These are constfucted parallel'to shoreline to demarcate
between land area and water area. The .Uc_x:mm.am. ‘aré meant to prevent sliding of land. Seawalls and
revetments are used to protect the land property against wave action.

3. Groynes: These are structures which are usually buiit perpendicular and little inclined to the shore to
protect beach or to retard erosion of an existing or restored beach by trapping of littoral drift.
Perpendicular gryone projects normal to the river-flow, repelling groyne projects upstream. Attracting
gryone projects downstream into the river from the point of its origin from the bank.

Flow direction

—— Flow direction Flow direction

Repelling groyne Perpendicular groyne Attracting groyne

Fig.10.1

10.3 Littoral Drift
e Wave usually carry the drifting sand in a zigzag manner. This process of movement and deposition
of drifting sand in zigzag manner is known as littoral drift.
i .oml cause severe problems in harbour operations.

@

Depth of water = 5 m
Fetch = 800 km
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. Dock

11.1 Dock C

* Itis an artificial enclosure for the reception of ships.
¢ Dock may be regulated by lock gates or kept open to the tides.
* Docks can be broadly classified as wet docks and dry docks.

Note: The ‘size of a dock depends on the size of the largest ship it has to dock.

11.1.1 WetDocks

¢ Wet docks or Harbour docks are used for berthing of vessels to facilitate loading and unloading of
MMmmm:oma and cargo. The water level inside the wet dock is almost constant. A wet dock consists
1. Dockentrance
2. Anenclosed basin
3. Adock-wall known as quay-wall
4. Facilities for handling and storing of cargo and passengers.

1 :.b Classification of Wet Docks

1. Wet docks.in tidal basin: ese are docks located on the o en sea coast p otected by an out g
.
p C y Yl

Advantages:
* Vessel can come in and berth or leave any time.
¢ Costly arrangement like lock gates for entrance closing are not required.
Disadvantage:
¢ Iftidal range is more, then operations of loading and unloading are seriously effected.
¢ The fluctuating water levels causes rubbing of sides of ships against the berths.

2. Enclosed wet dock: ‘

e In m:o_omwa wet dock, water level remains oo:wmm:..ﬂ by lock gates so that cargo handling and
commercial activities are easy to perform.

® Major disadvantages include that it is costl i i
y and because of lock gates ships will taki i
for entry and exit. ° ? sroetme

y with Solved Examples
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Advantages:

o These helps in effective handling of cargo.

e These prevent the rubbing of the ship sides.
«  Thes are effective when there is increase in draft of the vessel, or where considerable s

takes place.

11.1.3 Operations of Wet-dock Using Locks and Gates

A ship at the berth is expected to remain afloat but sometimes it becomes difficult at low water in a
harbour with big tidal range. Also with big tidal range, there is difficulty in working cargo from the ships. Thus a
steady water level is required. Therefore entrances of docks are provided by gates or caissons, so that entrance
can be closed during periods when the tide falls beiow a particular level.

The figure 733@@5 is a horizontal section of a typical lock. Three pairs of gates are shown in figure.
For the lock operation only two pairs are needed. Butin order to conserve water while handling smaller vessels an

additional 3536&5141 of gates is provided sometimes.
- 12
7

Fig. 11.1 A Typical Lock

Assume that the water level in the sea at a given time is +10 m, and the dock water level is +13 m. 70
take a vessel in the dock from the sea it is then necessary to lift it by 3 m. And, we assume the intermediate pair
of gates to be open, as it will be the case for taking any big vessel.

First the water level in the chambers Aand A’ in figure are brought to level of +10m (to the water level of
the sea outside). The gates B are then opened and the awaiting vessel is taken in the lock chamber. The gates B
are then closed and water level in the chambers Aand A’ is brought upto 10m (to the water level in the dock) by
allowing water from the dock to flow in or by pumping water from the sea. Lastly, the gates Care opened and the
vessel is taken into the dock. If there is any vessel ready to return to sea, the same can be taken in, before the
gates Care closed. The operations for the return passage are exactly the operations described above in the

reverse order.
11.1.4 Shapes of Docks and Basin ;
¢ The shape of the dock should be straight instead of a curve so that ships can conveniently stand

along them.
¢ Therectangulgr, diamond and inclined quay type shapes may be adopted.

11.1.5 Dry Dock (Repair Dock)
s These Docks are meant for repair of vessels. )
e Maintenance at regular periods is very important for ships. Maintaining the internal part of vessel is
easy but maintaining the outer parts which are below water-line is difficult.
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162 | Civil Engineering

(c) floating docks, lift docks, marine railways
(d) wet docks, lift docks, marine railways

Q.7 Inawet dock system
(@ minimum required depth of water for the
vessels in maintained
(b) entrance locks are provided with massive
gates
(c) the locks of dock gate are operated by
means of heavy bascule bridges and
connected machinery
(d) Al of these
Q.8 Adock"

(b) is an artificial basin for vessels where the
variation of water in the shore does not
affect the level of water

(c) is provided with a arrangement to pump
out water when required

(d) Allof these

Q.9 The shape of docks and basins is generally kept
(a) rectangular i
(b) diamond shape quays

(¢) inclined gauys

Qb»ﬁ:mgu

Tunnelling

(d) All of these

v h.,
12.1 _:ﬁon:ﬁwa

e Atunnelis anunderground Umwmnoms\mv\ completely enclosed except for openings for exit, commaonly
ateachend.

e tunnel may be for road traffic, rail traffic, canal, hydroelectric station, sewer stc.

® Itis more efficient than bridges (as during wars it is much difficult to destroy the tunne! compared to
bridge).

Tunnel section for swelling ground

Top Heading

1. Key stone 5. Bench =
2.Arch 6. Bench line or plane 1. Digging section 4. Pressurized area
3. Wall 7. Top hzading 2. Support 5.Flow direction of water
4. Ftoor 8. Inverl 3. Sweliing section
Fig.12.1 Fig.12.2

12.1.1 Why Necessity of Tunneiling Arises?

(@) is a marine structure for breathing of 4 (¢) 2(c) 3.(a) 4 (a m nwv
e for loading loadi ST o H
M:Mmm_w or loading and unloading cargo 6. (@ 7.6 8(d) 9
passengers - w
. ERBE ;
i i
uwmm.m‘mﬁmm .Esiiummomﬂnca_#magm.ca 3 /

¢ Maintenance of cost of tunnel is much less than that of a bridge or a heavy cut.

e The main reason behind provision of a tunnei is to eliminate a circuitous route for reaching the other
side of a hill (the length of railway line will be considerably reduced).

* _inlarge cities, tunnglling would provide the most rapid and unobstructed transportation {leading to
reduction in :wm_o congestion).

e Tunnels provide flat gradient in hiily areas.

¢ Tunnels under river bed is often economical and convenient than a bridge over the river.

zodm Shape of tunnel should be such that __:S@ is able to E;:Am:a the nammc_m exerted c< c_:mcuco:oo_
wall. Polycentric or horse-shoe type sections are used in railways.

EEE.Bmammm%vcc_zmao:m,o_‘m
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et

(ii) Compressed air TBM .
* ltcan have either a full face cutterhead or mx,om<m::@ arms.
¢ Confinement is achieved by pressurizing the air in the cutter chamber.

(i) Slurry shield TBM
¢ lthas afull face cutterhead. ,
* Confinement is achieved by pressurizing boring fluid inside the cutterhead chamber.

(iv) Earth pressure balance machine
¢ It has afull face cutterhead.
¢ Confinement is achieved by pressurizing the excavated material in the cutterhead chamber.

(v) Mix face shield TBM
¢ Ithas full face cutterhead.

¢ Itcanworkin closed and open mode and with <m:o:m confinement techniques.

12.3.2 Cutand Cover Tunnelling Method .
¢ Inthis construction method, whereby the site is fully mxow<m~ma the m:coEB built and covered over,
" uses diaphragm retaining walls within the site area.
+  First we construct diaphragm wall, decking and pin piles at _uoﬁ: left area and right area.
¢ Then, excavation is done within the diaphragm walls, installing struts as work progresses.
* Then, construction of permanent floor slabs and.walls takes place.

¢ Finally, the internal structures are fitted out, back

g is done and the surface structures are reinstated.

12.3.3 Drill and Blast

¢ Before the advent of TBMs, drilling and blasting was the only economical way of excavating long
tunnels through hard rock, where digging was not possible.

Fig. 12.4 How drill and blast is being done?

MADE EASY 0 Copyrght
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Fig. 12.5 Effect of blasting with (a) single hole, (b) double hole

e Adrill hole normal to the quarry face when exploded with a proper charge will break out a crater
whose sides are inclined at 45° as shown in figure.

¢ ltisdesirable to choose a depth such that the complete round of drilling, mucking, clean-up, setting
up drills, firing and clearing smoke will be complete in one shift ovmﬂmzw:u

12.3.4 _Bqummm_a:m.:m_m
. © q:mmm Q/U -m of tunnels are partly or wholly underwater.
of method, there is no problem of congestion of traffic (as they do not block the route for

e In S_m_ﬁ
ships), compared to bridges over riverse or seas.

12.3.5 TunnelJacking
e ltis a process to make tunnels in already existing bodies such as roads and railway area.
¢ Inthis method, specially made pipes are pushed by hydraulic ram in ground.
°  Maximum diameter of tunnel by this method is around 2.4 metre.

12.4 ._.:smm:m:m in Hard Rock

2
YLl

s e o9
4 _ i
" 5 B N N O O O I
....... ~+—Heading “ j ;
..... r
" o | ¢
m — Drill Holes
Ao e
\‘ i ,
Bench 2
{a) In hard rock (b} In soft rock requiring support

Fig. 12.6 Heading and bench method

Drill holes
for widening

®)
Fig. 12.7 (a) Central drift method, (b) Side drift method
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The correct sequence is:
(@ 4 12 3 by 1 2
)4 132 d) 3 4

- W

Q.12 Railway tunnels, are generally
(@) polycentric (b) rectangular
(c) running ground (d) None ofthese

Q.13 In case of drift method of tunnelling, the drift
may be excavated at
(a) thecentre
(c) thetop

(b} the bottom
(d) All of the above

Q.14 The foliowing operations are generally employed
for tunnelling in hard rock.

. Removing ground water,

Loading holes and firing the explosive

Setting up and d

Grouting and lining

Removing muck

Ventilation and removing explosion

.Em correct sequence is:
: @3 26514

RN B A NI

()3 46152
©412236%5
@5 42136

Q.15 Which one of the following methods of tunnelling
does not require the use of time bearing :
(a) Linear plate method
(b) *Shield method
(¢) Compressed air hethod
*{d) Mechanical tunneler i.e. mole method

Q.16 The &__os\i@ operations are required for tunnelling
in rocky terrain:

1. Removing the foul gases

2. Marking the tunnel profile

3. Setting up and drilli

4

5

Checking misfire

. Mucking
The correct sequence is: :
(@) 12345 (b) 23541
(c) 42135 (d) 23145

_wo...n..”.«v.,iﬂ.rwmo._@mm Examples .

Q.17 Pick up the correct statement regarding drilling
a tunnel from the following:
(a) Holes are drilled by pneumatically operated

=

s required for each 4 to 5 m? force

(b)

area
(c) The diameter of the bore hole at the deepest
paint should be 6 mm more than the diameter
ofthe cartridge
All of the above

@

=~

Q.18 Pick up the correct statements from the following

during tunnel exacavation

(a) Oxygen should not be less than 19.5%

(b) _Om_.cbnaaxam should not be more than
0.5%'

(c) Hydrogen sulphide should not be more than
0.001%

(d) All of the above

Q.19 Which one of the following linings is suitable for
shield driven tunnels particularly in the
subagieous regions:
(@) Brick lining
(c) timber fining

(b) stonelining
(d) castiron

ng

Q.20 Concrete lining is provided concurrently with the
driving operation in case of
(a) rockterrain (b) soft rock
(¢) running soil ' (d) None of these

Q.21 For hauling muck from the tunnel, the following
type of muck-car is used.
(a) muck box (b) balle-ship
(c) sidedumpcar . (d) All of these
Answers
1. (b) 2.(c) 3.(d) 4. (d) 5.{a)
6. (c) 7.(c) 8. (c) 9. (d) 10.(b)
1. (c) 12. (a) 13. (d) 14. (b) 15. (b)
16. (a) 17. (d) 18. (d) 19. (d) 20. (a)
21, (d)
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