ing
CE 4105

C
O
D
O
z
<

=
O
)
n
o
T
O
O
L
S
O
L
>~
O

Transportation
Engineer




MD FARHAD HOSSAIN

CE’15 1500045

Never give up hope of Allah’s Mercy (Quran: 12:87)

Special THANKS to-
My friend

CE'15 1500119



INDEX

CLICK ON THE TOPIC TO GO TO THAT PAGE

bdus obhan

Infroduction

Railway Track

Rail Gauge
Types of Bituminous Courses Rails
Joints in Cement Concrete Pavement Sleepers
Joint Filler and Sealer Ballast
Construction of Cement Concrete Pavement Track Fittings Fastenings
Pavement Evaluation Track Alignment and Surveying

Highway Failure and Their Maintenance Geometric Design of Railway Track

Failure in Flexible Pavement Traction and Tractive Resistance
Failure in Rigid Pavement Creep of Rail
CBR Test Rolling Stock of Rail
Bituminous Mix Design Stations and Yards

Station Equipments

Points Crossings and Simple Layout

Signalling and Interlocking

Waterway Engineering Maintenance and Accidents

Problems (Sobhan Sir) | Problems (Akhter Sir)




Read Canchruchon

Follow Abdus Sobhan Sir's  Sheet
F Define the follourng Termss
I Road 2 Sdreet 3- Boulevard 4- Bypas Road

3 Define Highaay '*ﬁﬂam needs of High vay elassification .

# Discuss  different Fpes of r'oacl- based construchion materisls .

X018

" # sz‘fnﬂ S'Oil g‘fabfh’zaﬁ‘m . | |
| binallon and mampula-hon

Soil  stabrhizahon may be defined as the com

) 0 . i 124 MB;( %31- 1‘9
of sotls with or without gdmixtures 1o produce. 3 firr

capable of so{ppor-h'ng traffic (n all seather condfion.
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ROAD CONSTRUCTION 12009 ¢

/ﬁoud: is a structural track constructed 1o facilitate the movement of persons and goods from one place to
another by any sorts of vehicle,
/Sl.rccl: is a road within the town, which has defined by buildings constructed alung one or both of it sides.
/Ellgll\V:\)': is a roadway of standard width, meant for all sorts of vehicles and include all public roads & strecls
vBypass road: is anarrangement for diverting a traflic [low (o avoid congested arcas ol towns or cities.
/Boulevard (Avenue): is a very wide road in a city with trees on cither side and used as processional roads.
ceds of highway classification: (i) For a designer, it cnables him to relate the geometric and structural
dcsxgn. standards. (i) For a planncr, this provides a basis for long-term planning. (iii) Also il serves various
aﬁnnmstrativc needs. Two broad categories of road are: (i) Urban — falling within the municipalitics and
(iixNon-urban (Rural) = located in arcas other than urban.
ased on constructjon materials, different types of road are discussed belows:
) Earth Road: Top soil (with 15%, clay) af the conbankment is compacted adequately with proper camber.
- JZ) Gravel Road: Well graded crushed stones or gravels are compacted with proper camber for carriageway.
Brick Road: Bricks are laid cither Mat in aune layer or in two layers or on edpe ona prepared sab prade or
sub-base with sand cushion. Patterns of' arrangement of bricks arc Header & stretcher or Herring bone bond.
Stabilized Road: Strength ol poor sails is improved by soil stahilization techniques o support wheel loads,

o \/I;Erposc of soil stabilization: (a) to improve the strength (b) to control dust (c) to usc of local soil for cconomy.
2887

pes of stabilization technique are discussed below:
(D) Mechanical stabilization: Stability
or aggregate to obtain a desired
Mechanical strength of the m

of the soil is increased by blending the available soil with imported soil
particle-size distribution and by compacting the mixture to a desired density.
1anic ass is due to the internal friction by coarser particles and the cohesion by clay.
Applications: Seil-aggregate mixtures, Sand-clay mixtures, Sand-gravel mixtures, Soil-soft aggregate mixtures.

(IN Stabilization by additives: Stability of the soil is increased by additives — lime, cement, bitumen, resins ctc.
The strength of the mass is due (o the binding and cohesion propertics of additives.

Applications: (a) Soil-Lime stabilization, (b) Soil-Cement stabilization and (¢) Soil-Bitumen stabilization.

(D Chemical stabilization: Stability ol the soil is increased by the use ol chemicals — Cacl, , Nacl, , molasses. =P

PAK]

The strength of the mass is due to the moisture content in the soil provided by chemicals from atmosphere.
JE
~/: ) Water Bound Macadam (WBM) Road: In 1858, Mc Adam was a Scottish engineer who introduced the
idea of constructing roads “composed of small size stones held together by means of binding materials™. This
type road is then named Macadam Road. It is low cost road. The term macadam was qualificd by
(i) “Water-bound™ macadam if the stone materials arc held together by the addition of walter and liller.
(i) “Dry-bound” macadam if the stone materials arc held together by mechanical interlock.
(iii) “Wet-mix" macadam il graded stones are mixed with water and compacled.
(iv) “Penctration™ macadam if a hituminous material is sprayed over the stones and allowed 1o pencetration
(v) “Premix” macadam il the bituminous material is mixed with the aggregates prior (o laying,

WBM road is a dense and compuct course of u road pavement in whiclt course aggregates are kept bounded
by the action of rolling and voids are filled with screening and binding materials with the help of water.
The strength of a WBM course is thus primarily due to (i) the mechanical interlock in the aggregate particles
apd (ii) the cohesion between the aggregale particles (stone chips or brick chips) due to soil-moisture binder.
Mod of Rolling; (i) Started from the edges and slowly procceded towards the centre. (i) Move slowly,
because jerk develops corrugation (iii) Forward to backward chiaping are not at the sinne place (v) Low spots
filled with additional materials (v) Subscequent pass overlap at least 1/3 of width (vi) Roller always kept damp.
onstruction Steps ‘
(1) Preparation of foundation: l'oundation layer (sub-grade) is prepared with proper camber and the loose
malerials arc cleancd. For carrcet alipmuoent & Literad confinement bricke an edpe aee Lo along e ool il
(2) Spreading of coarse aggregaie: /\Ilcr'hprumling ul‘w:u’.\c aggrepgates, propet u.ump‘minn S dm.\c by roller,
(3) Application of screenings: Dry s.crcc.nmu‘; nr.c :l|?|)|IC(|-(l\'}:I‘ the unlup;ldlul sirfnee & rolled o l[\l the \'(lilll‘\.
(4) Application of binding materials: /\“L‘I'.il|1|1|lL‘ﬂlIUl\ ol soil, \\'ul::r is sprinkled oy c.‘l"& rolled to il the voids.
() Finishing of the surface: Road burfnc.c is ullm\"c\l “.) dry over night and next day., hnml‘\‘\r c.|~|ll\ layer(6 num)
is spread on the surface and rolled afler lightly sprinkling water. Road may be open to traffic after a day or two

\,Qd{ ituminous Road: in which the surface ol low cost roads are treated with some bituminous materials,
\(ﬂ)écmcnt Concrete Road: in which cement is used as a binding materials,

(1
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Qeneral Propey»-h‘eg of Road Pavement Design

¥ Define Road PQVﬁmmf.&*‘j(lha'l- are the desjrable characereches oF Road
Pavemend.

£ CIBSSN'ZA the road pavement baged om structural per formance,.

9\014,9\909 ‘

# Write doun Hhe Jiffermm between R,(’?{J ?avemeni' and {\ew'lale

pavement .

40%‘/&0’0
# Praw a net skefeh of Flexrble pavement cross-section and ¢ how

s It fferwen i (empenenfs,

2

30\0 o
Q.0 0
O tie O —> Base courie
(&) © -

/{/{0/& Y LAy — surface course

components of Flexide Pavement

F;g :

RO(F
H Wrife the name of maferials that used 11 di'fferent course oy

Flex)'ble pavemend .

Materrals uged-1n Qu\oaradu Native Sotl

4 Sub-bage pourses Granular sofl, stabilized soil , Broxen stones

BroKen bricks ete.
| hed
crushed stone, crushed aravel , crus

ByicKeetc:
g feminous mMIX , AS

—I'n Bage course .

3]"!’ W"l'xe‘gv
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# Briefly diseuss fRe funchong of pavement  Courses 'n_ flexi'tle

pavement,

-‘20!8 201§, 2013
wfa doun the functions of subgrade ceurse’ and sur face course

of 3 flexible pavement.
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General Principles of Road Pavement Design

. _ £ s heavy whee! loads
\/(U?ld Pavement is a stable layer constructed over the natural soil to support & distribute the heavy oads,

Desirable Characteristics of Road Pavement:
(1) Should be strong to withstand the stresses (2) Sufficient thick (3) Hard surface (4) Dust 1‘31"00?(5‘) ?OOd
riding quality (6) Adcequale roughness (7) Impervious surface (8) Long life (9) Minimum maintenance cosl.

\/t(scd on structur

(1) Flexible Py

al performance, road pavements can be classilicd as: ' g
vement: is one which has low flexural strength. The pavement deflects if the subgrade deflects.
(2) Rigid Pavement: is one which withstand loads from the flexural or beam strength over irrcgulifr subgrade.
() Semi-rigid Pavement: is intermediate state between (1) & (2). Lower flexural strength but del‘l\’.B'S support.
(4) Composite Pavement: is onc which comprises structurally significant layer of diffcrent composition.

V5 ] .
W)mp:msun ol Rigid and Flexible Pavements

Faclors Rigid Pavement I'lexible Pavement
Design precision | More precisc duc to flexural strength | Less precise because design is e C'“_PHE"‘_I._._,
Lifc of pavement Long life about 40 years Life varics [rom10 to 20 ycars with repair

Maintenance
Initial cost
Stage construction

__| Needs actually very little maintenance Neceds great inputs in maintcnance

More costly than a flexible pavement | Cost is lower than a rigid pavement
Do not fit for stage construction Fit into a scheme of stage construction
Surface character | Smooth and frec from rutting, potholes | Rough and with rutting, waves, potholes

Water penctration | Practically impervious, cxcept at joints | Not impervious due to cracks and porcs
Temp. variation Induce heavy stresses Not produce stresses

T

avement Courses: A pavement consists of one or more layers. The simplest classification is given below:
(1) Indian Practice: From botlom (i) Sub-grade (ii) Sub-basc course (iii) Base course (iv) Surfacing,
(2) American Practice: (i) Sub-grade (ii) Sub-base course (iii) Base course (iv) Binder course (v) Surface course.
(3) British Practice: (i) Sub-grade (ii) Sub-basc (iii) Road base (iv) Surlacing (Base course -+ Wearing course),
In rigid pavement, concrete slab (surface course) direetly placed on the sub-grade ar on suh-base for weak soil.

Mnclion of Sub-grade: (i) Receive the other layers (ii) Support the loads and dispersed to earth mass below.
Sub-grade soil posses the propertics: Strength, drainage, case ol compaction, permancncy ol compaction cle,
Strength of the sub-grade is a basic factor in determining the thickness of pavement and is cvaluated by means
of CBR tests. Thickness of improved sub-grade = 300 mm for CBR < 2% and that 0l 200 mm for CBR =3 & 4%.

he use of geo-textiles is popular because: (i) it scparates the granular laycr from sub-grade & thereby prevent
intrusion of the soil into the stone matrix (ii) it reinforced the granular layer and help in reducing its thickness.

\/l@:lion of Sub-base: (i) Provides additional help to the basc and surfacing in distributing the loads
(ii) Prevent intrusion of fine-grained road-bed soils into base courses (iii) Minimize the damaging effects of
frost action (iv) Facilitate drainage of free water that might get accumulated below the pavement.

Materials arc granular soil, stabilized soil, broken stoncs & broken bricks. T.ocal materials used for cconony.,
The ratio of khoa, sand and soil is I:1:1. For very low tralficked rural roads, minimuin soaked CBR is 20 %.
Brick aggregates shall be madc of picket brick. The LAA valuc < S0 %, AIV< 40 % & watcr absarption <18 %,

\/@liun of Base courses (i) Actas the main Joad spreading layer (i) 1
constructed dircctly over the sub-grade (iii) The life of the pavenient is
Basc course should have sufficient (i) thickness (i) structural stabilit
Function of base course ungder rigid pavements are; (i)
check volume changes (iv) to increase structural stability

revent intrusion of sub-prade soil when
dependent on the strength of this layer.
y (iii) density (ivy resistance o weathering,
1o prevent pumping (ii) 1o proteet [rost action (iii) to
(v) to form a working surface on silts and clays.

\/mclion of Surface course: (i) Perform as a structural portion of the pavement (ii) Resist the abrasive forees
of traffic {iii) Offers resistance to the infiltration of water (iv) Provide a uniform and skid-resistance surface.
In casc of bituminous concrelc, the performance of Sylhet stones will be better than Pakur stone but a slightly
higher bitumen will be necessary. LAA value < 40%, AlV< 30%, soundness < 18 % & water absorption < 1.2%.

(2)
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Factors o be corgidered in Degign of 3 Pavement-

201¢, .-loléf <0)2 ,20)2_ ' ; bl
#H Discuss the traffic Facdors that affect the stability of 3 {»lm .

pavement ,

2014 » 2009
I D"ff"fﬂ'H’a’r{ Bofuween Pontach pregsure and 'Q;Ira pressure

Contact Pressure Tyre pressure

1. Stre¢cc on contaect area of W heef 1- Avre Przsfuw; Inside  the

and road surface 15 known ag (entad| pneumah’c Tyre ls known 35 Tqre

PYescure | prescure .
2+ 1t s cencidered  civeular 1y shape | 2. I+ 1$ considered elliphical in
3 Hgh tontact pregsure requives 3. méh "flstion pressure requi res

Tuek pavement thickness . high qualify Suf’fau'na materia{
4. toptact pregqure = Wheel load 5 Tygre presure = o g:9x heef Load

- Contact area centactarea J

261712015, R01Y,
H wrife short note on? ESWL

" YRS
- wytte  shory néte O“Z*ENI_F

‘ﬂ:"?‘gi‘;wss the. marsture fackrs and soil factors considered for Fhe

ACS\lﬁn °’C f[d%\‘blﬂ Pavemenj(.

2015, 201y ,2013, 2012 &O“,.w[o,.}ooa
te short note oN: Froct+ Achon

He elimate factirs considered for de s1gn of Flexiide

A0
H Wl

H Drswss

Fav( m,cr)f;
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actor i 1
§ to be considered ip Design of Pavement
Thé various lactors o |
Traffic (Mesign W)

€ considered [or the de
ther desipp luclors are

. sign of pavement thickness arc:
l:::l:u]:ﬂ\;\l;lil)iIf:-‘cm,l-‘s: !lil'.|ICI' ‘Ehgul loads obviously need thicker |).’IVUI.I1L;III., l)ll.lVlflul
. . considering the desipn wheel load, the following terms arc included:
Maximum whee . : .
wheel load = \()\g‘(;:gllijo?;ldétorth"a'h\\’ﬂys the maximum legal axle load = 18000 Ib with a i11nx.-x5L]1|i\'aIC|1L smg‘,lc
respectively, B 5 kg), 10000 Ib, 11000 1b and 12000 Ib specificd by IRC, AASIITO.UK und USA
o Y- Based on the Boussinesq’s theory: Vertical str lepth z, 8z =p[! - {z' *+ (@® +27)"*)] where,
P = surface PIESSUTE & 2 = radive q,a ry: erll'ca stress al.(r.!Jll z,0Z p_ ' ) oai ok I
shown in Fig2. Th a4 =radius ol'loll(!cd arca. Vertical stress distribution according to the above equalio
i, w;ﬂi A ¢ magnitude of vertical stress at any depth of pavement mass dcpen.ds upon lhe' surfacc_
of s on the total load. At constant tyre pressure, totat load influcnces the thickness requirements

a : . : p .
fhmr:i vc”ll-cms' \_[eftlcal stress influences the quality of surface coursc. Higher Lyre pressurcs require high
ty of surfacing material in upper layers of the pavement, without affecting the total depth of the pavement.

a
W) OGAL STRLSS "';“,’mu
(2 _4 6 G907

TA:NEDEM ‘A%‘LE = A (eurve)=i8 L 7 kglem®
‘ ;]
| i D (curvc)-l'S t, 14 lkglem
= £
i 3 B (curve)=36 47 kgfcm®
SINGLE ! -
AXLE, o 75 D' (curve)=36t 14 kgrem
]
- [a]
— . = =
-
YRAC TOR—sh—————TRAILER — s

Fig.l- Wheel Configuration of tractor Trailer Unit Fig.2 Vertical Stress Distribution

\Md Contact_Pressurc: Stress on confact (imprint) area is known as contact pressine, Lxperimentally
established that contact pressuie is more than the tyre (inflation) pressure when the tyre pressure is less than

2 ., . . - .
7 kg/em?® and it is, otherwisc if tyre pressure is morc than 7 kp/em’.

Rigidiyy Factor = (Contact pressurc = Tyre pressure) is >1 for pavement desian.

%) Dual or Multiplec wheel loads and Equivalent Sinale Wheel Load (ESWL): In order o carry greater loads
and at the same time to maintain the maximum wheel load within the legal prescribed limit, it is cssential Lo
provide dual wheel assembly to the rear axles. In doing so it is necessary to find out the effect of dual
assembly on the pavement. From the Fig.3 it is clear that cffect of dual wheel assembly is not twice the effect
of one wheel but less than this. The effcct is in between the single load and two times the load carried by the
wheel. Up to depth d/2, both the wheel loads arc dispersed independently but below this point they start
overlapping. Total stresses, at any depth, greater than 28 may be considered to be cquivalent to a single wheel
load carrying 2P load. An ESIVI. is defined as the load on a single tyre that will canse an equal magnitude of a
pre selected parameter (deflection, siress, strain. disiress) at a_given location within a specific pavemeit
Ts__;_Ts{em 10 that resulting from a multiple-wheel load al_the same location within the paveniend structure.

For assumed design thickness of pavement, value of ESWL is read from graph (Fig. 4) and this ESWL is used
for design computations. If computed thickness is equal to the assumed thichness then the ESWL calculations
are considered correct. [f not, rcpeated trials are made by assuming diffcrent thickness of the pavement every
time. In case of trailers and heavy trucks, the load on each wheel can be reduced adopting tandem axles.

e 35 014) P .
Y !
-,f'j Py :
A U1 ] P] SN
ACPRQYINATT et O T T T R e
n:m.r? mt_!‘\ 1.:,‘", ."‘]D t
GUCUL £ D o~ 1
-‘wa P| ¢ G "--'-n—d"r ! !
=S ..«“’/‘ 1 ‘
%) il G Pl .,.q,f" & i 1
i ] al & ' '
Sl N, S sa
N RN A 50 ! . | '
) i HETT \ Q- L. ! “ | \
bt SURFPEIE L in S L W

nae, € \
‘ l’)ﬁp‘ru 3 |(,LO(". scf'u.a:-'j
Fig.3 Dual wheel distribution of stress Fig.4 ESWI. by graphical methad

(3)
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26l

)V/Rc ctition of Loads: Single application of wheel load may cause very little deformation but (e repe

application of same wheel load cause appreciable pcrnmncn} (Icf(n.‘lfmlmn EI’llfl l“:")’ U}_‘t‘:ﬁ:&g’;:i'lr‘“'lhl-ru_q\m
mix traffic conditions, it is important to convert the effect of repetition of cach bFi‘)cto (EWLF) =108 of the
cffect of a standard single wheel Toad which is known as EqUiVﬂlC““‘ Wheel Load Linly 17 ,)5' -
MecLeod assumed that the design thickness will support 10° repetitions of the design I‘O-le f‘.‘_'-‘ _yef“-sld'r‘d i(("’

one repetition of the design load will require only 25 % thickness of designed ””“f'.““f’l'“"(_‘,"L”rf‘(,] (l)r )
repetitions. One fourtl; of design thickness were plotled for various whcc! loads on vc:lu."a | dAlIS. :_1;_,:1‘n jrolxc.

X load application and total thickness (100 %) were plotted on vertical axis (Imwn. at 10 lL:[)LIIII(-Hl-.'. ! I'm‘
Wheel load of 2268 kg (5000 Ib) and the failure number of repetitions for 25 em ll.nck pavement are taken as
standard, the number of [ailurc repetitions for higher wheel loads may be obtained from Fig.5.

Aleg

Table: EWLF for various wheel load repetitions

40
Wheel | Repetition to Equivalent EWLI?‘ :
| load, kg | failure, No. 10 2268 kg - 30f

2268 105000 1.0 | &
2722 50000 | 21 2 S 0
3175 24500 43 4 g

_3629_|__13000 8.2 8 2
4085 6500 16.3 o S

| 4536 3300 32.0 32 L
4990 1700 62.0 64 0' 0 1°10° 16" 1 16 18 10
5443 1000 105.0 128 REPETITIONS |0 scale.

' Fig.5 Relation between Repetitions and EWLF
%/Ioisture Factors: The reduction in moisturc content ma

y cause shrinkage and increase in moisture will
in moisture will cause change in strength of the
Generally all soils decrease (heir strength with the increase in
On the other hand decrcase in moisture conlent, increase the
arc likely to cause considerable damage 1o the pavements.

cause swell in the soil of the subgrade. Both these changes
subgrade and deterioration of the road surface,
moisture content, more specially clayey soils.
strength of subgrade soils. These effects

Causes of increase of moisture in'soil:

(i) Percolation of surface waler through cracks in road surluce (i) Entry of water through cdges of the rouad
(ii1) Scepage of water in hilly arcas.(iv) Capillary rise from high water table or duc to rise of table in rainy
scason (v) Transfer of walcr vapour through soil due to difference in VAPOUT pressure.

J4® . Climatic Factors: The performance of a pavement is adverscly affeeted by the climatic conditions (frost
action) of a place. Frost action affccts the pavements in two ways. (i) Frost heave and (i1) Frost melting.
Zele

b Erost heave refers to rising up of the pavement portion. When the temper
3 temperature, the frec water in the larger pores of the soil freezes and forms jce crystals. The process of
| : increasing icc crystals continues till the capillary go o supplying, waler and (he soil
ultimately heave up. If the risc the supporting power of subgrade is alfected adversely. 1 the rise is
nonuniform, the supporting power of subgrade is affected adversely.

ature falls slowly below freezing,

above (hese crystals

Frost melting refcrs to melt of ice crystals duc to risc of lemperature. lec melting, water

voids of soil below the pavement, which decreases (he load carrying capacity ol the pavement. Thus the
freezing and thawing or melting ice crystals which occur alternately due to variation in the weather cause
much damage to the pavement. The over all effect due 1o frost heave, frost melting and alternate freczing &
thawing cycle is called Frost Action. The frost action is influcnced by the following faclors:

(a) Frost susceptible soil  (b) Soil grain size (c) Low temperature below freczing point  (d) Supply of water.

accumulated in the

2'5"g\/46)il Factors: Large variations may occur in (he propertics of soil under the pavement {oundation.

The soil strength varics with Lype of soil, bulk densily, moisture content, permeability, internal
structure of the soil. As the clastic propertics of soil are very low, the supporting power of subgrade
is very important factor in the design ol fexible puvements, Following propertics of soil are
determined for supporting power of subgrade (i) Shear strength ( ii)-Bearing power (c) CBR value.

(4)

Scanned by CamScanner




class Jest . . , ;
£ Write the name of mefhods fop design of flexible pavement

“prachiced by di'fferent organ)'zahong.

H wWeite the name o)C methods  for dLs)'gn of: rr‘afd raf\/U)'lef'
prach'ced ézf yﬁwen.}— oragm'%aﬁ'on.

4 Write shoyt mofe on:

,2010 ,R00%
* Pyi'me (oat 20lg,201F,20L5 2014 2013, 2012, 2011 » 20107
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avement Design Mc it S
1n Road Congrcs‘? (III\{/l(;)ulll(:ng ?]O many methods practiced by different organizations arc 4s [ollows:
(4) Asphalt Institute method (5) AASE (2) California Bearing Ratio (CBR) method (3) Road Note 3! me i
\Xiggid Pavement Design Methods: TO design method (6) Group Index method (7) Wyoming method.
(1) Westorgaad’s oo e ((J) fs So many methods practiced by different organizations arc as follows:
(@ Indian s o C ac ormula (2) Portland Cement Association (PCA) method (3) Road Note 3
gress (IRC) method (5) Transport & Road Rescarch Laboratory (TRRI.) prathe:

y[)CS OrB. i C
l Ilu“ll“ rses: H H . H cd as <
ous ourses: BI[UITIII]()US I]]{llcrlills (hill”ncn, l()?ld Lar, cul I)a'l('.l‘; ar (.,'lnlll';l()“) Are us d as a

bi i ; N

1 I(::-.l:]: zi?::?; (::;ZPESSI??U?]S- The SPCFiﬁ_Cali(?l]s can be classiﬁcd as follows— o gore ey

hitaminous sty cou Im& c c_oat of liquid bituminous malerial to an 'absorbcnl sur ﬁu',u b.(' orc lp acing

logse aggregate in the be §e. t (1) promotes b.ond bcl\'vcen the basc _and wearing course (u)‘ bll](!b logcl‘ 1cr_ a.ny
\L . sc (i) plugs the capillary voids (iv) consolidate the hase [or integrily with w. course.

- l:,mk coal IS application of a bituminous binder on surfaces previously treated before giving a new

bituminous wearing course. It ensures a bond between the new construction & old surface, otherwise peel o.f'l'.

2) Sc_fﬂ coat is a very thin surface treatment or a single coat of surface dressing over certain pervious
vlyumllwus pavements. It (i) develop the skid resistance (i) make water proof (iii) increase thie life of surface.

L!) Surface dressing or Surface painting or Surface treatment is a process whereby a thin film of

bituminous binder is sprayed on the road surface, covercd with a coal of mincral aggregates and well rolled.

Functions are (i) to dust proof a WBM layer (ii) to water proof a WBM layer (iii) to rcnew the worn oul

surfaces (iv) to increase skid resistance of smooth surfaces (v) to improve the light reflection characleristics.

Surface dressing on new WBM roads is done in two coats. The first coat (heavier) is treated as part of the base
and the sccond coat (lighter) is the wearing course. A light surface dressing coat is provided as a seal coal.

) Built-up-spray Grout is a method of road construction in which single size stones are laid in layers of
thickness cqual Lo the stone size, and a very small quantity ol binder is grouted that imparts adhesion amongst
the aggregates. The built-up-spray grout specification is inferior in strength and costly than WBM specification.

Penectration Macadam is a compacted layer of coarse aggregates into which has been introduced a binder

which is allowed to penetrate into the layer and bind the course aggregates. A layer of key aggregates is spread

on tht constructed surface and rolled. A scal coat is provided to make the surface impervious to waler.
) Coated Macadam is a form of premixed work where aggregates and hinder are mixed prior to placcment.
The stability of the mix is mainly duc to the interlock between the aggregate particles and the frictional resis-

} lt;n{ce developed at the contact points. The mix is an open-graded type, with voids contenl as high as 20 - 25%.
\ Bituminous Carpet is premix preparcd from 10 to 12 mm size chippings with sand and bitumen.

Compacted thickness is 20 mm and serve as a surlace course. 1t covered by a suitable scal coat belore opening.
Bituminous Concrete is a pavement specification composed of a thoroughly controlled hot-mixed material

l(l;\;irng as ingredicnts (i) densc graded aggregates (i) filler and (iii) bitumen. It is a superior lype ol pavenment.

g1 Rollcd Asphalt consists ol a mortar of fine aggregate and penctration grade bitumen to which is added a
quantity of coarse aggregate. The mix with 30 % coarse aggregates is uscd as a wearing course and mix with
G0 is suitable for basc course. Rolled asphalt exhibits considerable strength and stability and has long life.

1) Sheet Asphalt consists of well-graded sand and a suitable penetration gradc bitumen to form a dense and
impervious layer. It is superior type of surface, generally for heavily trafficked city streets but rclatively costly.

) Mastic Asphalt is a mixturc of bitumen, finc aggregates and [iller in suitable proportions which yiclds a
The final product is very hard, stable & durable and suitable for heavy traffic.

;?drless and impermeable mass.
3) Recycling of Bituminous Layers: Bituminous laycrs losc their volatiles in coursc of time and the binder

gets oxidised. Thus the binding property of the material is lost, making it brittle. 1f additional binder is
introduced into the old coated material, itis possible to achicve the same propertics as a new malterial, Also has
other advantage such as (i) reduction in the excess height of the pavement & (ii) reduction in pollution hazards.
WS in Swampy and Water-Logged Area: Swamps are locations where there is o perpetual stagnation ol
water and the soil is saturated. If possible, swamps should be bypassed. If unavoidable, the road must cross
where its width is narrow and depth is shallow. Mcthods of road construction through swamps arc (1) Bog
blasting and (2) Vertical sand drain. Water-logged arcas (like land of irrigation) arc those where the level of
the sub-soil watcr table is very high, thus, favouring capillary risc ol water into the sub-prade. Injurious salts
(NaSC, and MgSQ,) in courses are mixed with raised water and volume ol salt is increases when they
crystallisc undcr suitable hygroscopic and temperature conditions, The repeated volume changes of salts duge o
alternate hydration and dehydration lIeads (o breaking of the pavement, One of the most effective measures to
depress (he waler table is a sysicm ol sub-surface drains leading to suitable natural drainage channels. Black
colton soils arc expansive clays. The road surface in such soils has a tendency to become wavy. Stone sink into
the weak soil. Sand or local soil stabilised with lime (10 em) can provided between the soil and the stone laycr.

(3)
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2018,2017,2012,2012, 2010 ' w ,
H Briefly ditecucs the vavidus Joints provided fn vigid pavement
J i .

Joirte tn Cement Concvete Pavement ' ﬂ
|
|

&OID/ 200?/ Qoa?-
4t Write a short note on? Dowe| Rar (Shu’{ ~ Trangver <€ 2xpansion 3“*'\7'9 :

200y o '
# Dilcuss the obyect of the followihg types of Joint wi'H neaf ‘
ol i

SWetedes s , ‘

L
C])*Expanswn Joint . &0l _

Ort)' tontrachen o0t
C1y) Longt'fudinal Joint.

2011, 2005 ‘ ‘ | ,
H E"'PIQl"f’l “(aoiﬂ‘l’ s m)ﬂn'rg but 1+ I 43;18)/)&1 erack.
) —

o - 4 . . : ; ot |
donts s ﬂdihl'-na but It 15 dcf,\gmé evack: done are installed 1n concrére ‘
|

|

from Yhe combined effects of
pifferent tgpes of

pavemente o control the siresses’ Pesu\’rmg
temperajure and  moigture changes 3nd oheel leadings.

vonts  ar rovided such ag;

"&0[ are p i | - ‘t . e J
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1» 10 n 7 é

confraction geints are used « 1

warpp’nj stresses  Trangverse
of the

R+ To P‘"O\/fdﬁ space 'n Hwe Ccmcrra'h allow 'for the QxPanslor\

) v ! A-
Slab , Trangver se prafnﬂon gom+s are UK

To develop proper bond bejween he new and  o|d ton crete ,
25

1 Tranverce Construction jJoints are provi

4. To prevent movemeant of one slab VITh respect o the, other

\ongfwelfha{ Joints ave ‘,fo\nlgcl.

ineluded dwe o warp)'ng ’ wa»rp,'n7 Jornts are

S o relieve Sh"e;;g
PTOV"JI.J-‘ :

[ Al l [} : r‘ , ' :
Henec, we an $34 Hhat, Joints 3re manr\? but Aespﬁn,ed ePacks - |

~a0I$, 2019, 2011 . N
4 What are the requivements of a good qont.

sl __J
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\%ETS IN CEMENT CONCRETE PAVEMENT

in concrete pavements to control the stresses induced by _volumc Chﬂ”B‘_’-‘? '_” the CO“_Crc\.C.
be produced in a concrete slab becausc of (1) its contraction due Lo a uniform temperatyre
N moisture, (2) its expansion due to a uniform temperature inprcase, and (3) the cffects of
avements duce Lo a vertical temperature or moisture differcntial in the slab.

Joints are installed
These slresscs may
drop or 4 decrease j
the “warping” ofp

-?Olnt 1S nothing but it js designed crack. To control (he stresses resulting from the combined clfects of temp-
crature and mojstyre changes and wheel loadings, four types of joints are provided for concrete pavement:

Transverse Contracti

A on Joints: are used for
() to control crac

king of the slab resulting from contraction

c Seal "
and '(n) to relicve temperature warping stresses. | T ’—\W
csign of most widely used contraction joint i d 1
called weakcncd-p[anejoint is shown in Fig.1. ‘ F T i
" As contraction Occurs, the lower portion of the LL j_ 472
slab cracl'i? at the weakened planc and the e e I s
Structural Integrity of the joint is maintained by Lig.1 Weakened plane or dummy contraction Joint.
the dowel bar

s and aggregate interlock. This type of joii
groove in the top the slab js later fi
bar is bonded to the concrete and ot]

width of tlic

1tis also called a “dummy” contraclion Joint. The 4”
side of dowel

lled with poured rubber or rabber-asphalt compounds. One
1er side is painted or lubricated for freedom to movement.

) Transverse Expansion Joints: are usually
designed to provide space in the concrete to
allow for the expansion of the slabs

u icreby 1AL Witk SPCiinD i ;‘:Il:l;'l’:'ln?; lt;f::.'sl:;o'lc:l
preventing the high compressive stresses. These RATERIAL =h J PROVIDE SLIPPAGE IN SLAG |
Joints also scrve as contraction joints, warping b "“;/ 7 -
Joints and construction joints. The load transference Ejin &0 ' A
across the transverse joint is carricd out throughout e e 'Tﬁ___r_
a system of reinforcement provided at suitable interval ) £ pow:t san ? ,uﬂ‘m?sl
projecting in the concrete in longitudinal direction. ( % atn spacy —— |
Such a device is named as dowel bar shown in F ig.2. . / et =]
Joint is 29 to 25 mm wide and extend the full depth :;l:wmwm_c/ ZAN— - F
of the slab. The joint space is filled with filler materials.

Iig.2 Typical doweled expansion joint

\/@ﬁongitudinal Contraction and Construction Joints
Longitudinal joint is a joint running continuously the length

: ! )
of the pavement. It divides a two-lane road into two sections | o .
and ticd together by means of stecl tic bars to prevent ]
movement of one slab with respect to the other. T- — ‘\| .

Warping joints (hinged joints) arc provided (o rf:licvc .
stresses included due to warping. Longitudinal joints with
tic bars fall in this class of joint as shown in Fij.3,

Fig.3 Typical Iungiurdiuc.rl(hingcd) Joint-

cquircments of good joints: Following requirements must be fulfilled by good joints.

(1) Joints must be frce to move (2) Joints must be water tight (3) Joints should be at the same level of the slab.

(6)
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gets sprliing ouf of goints,

. Define Pavement Evaluaton -
o Wyi'te down the purposes /obge

gt wri'te the mame of methods Por

Joint Filley and Sealer

201812016 124y, 201 2012, 2011 ;2D , 200F
Write down the . properties of ‘doint fi'ller and sealer

201€, 2016, 214

H Wripe doun the funchong of goint filler and sealer with

neat sketches,

gealt?

(1) Flg.(a) shows the noy mal Posf-]-l'oﬂ Of «— Piller

F'ller and sealep at- mormal 44mpar-a+ur<1' '
F1g,(2) Dum‘ng Congiruchion

W Fig.(w) shows that pavement &xpands

sealer . 4

' , [
due 1’0 rise mn 'fefmperafure and OPU)ﬁ&F ‘/ °F ki
|
geﬁ reduced: in such condifon , tha f,‘f/@r ?4—!—7'//"’
: Z

ge“!z COMPYFIféJ, and e fZle" e@mpouncl ; :
Fn(zj'_tb) During Sumpmer

“cealer
¥ RyoKen |

(119 fré'.(t) Shows, c{urmﬁ winter e Ldﬁes )

of paverhzn‘f' move bacKK fo contrachion

Cand the open 3;;1) 15 tereaseds The sealer

maferiaf will flow @nd pre a4 pound the goint.  Fi3(©) le'”@ winter

canctruchon of cement concrete paverment .

' eynent.
20(61201F | e construction steps of cement cncref® PRI

4 Write

e

Pavement Evaluation

) -
chves oF Pavemen‘f‘ Eva\uaﬁmg_';”

pavzmm-f Evaluation.

2017, 2006 , 20|57 2914, R00€

" A Wate 2 short Note ons  pgq
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OMUT FILLER AND SEALER

lane in th : )
e wafe;‘,oncrcle Pavement and can allow infiltration of rain water and ingress of
¢ width of the joj may damage the sub-grade and

oo f A the ingress of stonc grit reduces the
1t causing faults like spoiling of the joint.

P

stone grits. The infiltratj
clfecti

. lling the joints is k as filler. Joint filler should possess the
operties: or B the joints is known as filler. Joint filler should poss

properties (.1) Comprc¢851b|l|ly (2) Elasticity (3) Durability. Material most commonly uscd as Nillers
k-rubber compounds, Soft wood, Impregnated fiber board.

The material whicl is us :d for scali ioints i i

the following propertics: (1) ised lor sealing the joints is known as sealer. Joint sealer should possess
A d Adhesion (2) E a1 e islanee NpTes "ot
Material most commonly used as Sca‘er( ) Extensibility (3) Durability (4) Resistance o ingress of grit

_ / s are: (a) Bitumen either alone or with mincral filler (b) Rubber-
bitumen compound () Air-blown bitumen -

Joint Scaler:

%STRUCTION OF CEMENT CONCRETE PAVEMANT

L. M“‘_ design: The mix design requires that the following factors be known:

(l) Mlm_mum cgmpressive strength/flexural strength of the concrete in the ficld at 28 days.

(l_l) Maximum size of the aggrepale to be used and its gradation. (iii) Degree of workability needed.
(iv) Degree of quality control that will be exercised and the tolerance level that will be permitted.

2. Preparation of Base: Base should be checked for line, grade, irregularities and cross-section.
3. Form Work: Final levels and evenness of the pavement depend upon the forms. Steel forms are preferred.
4. Placing of Reinforeement: In very poor sub-grade and hecavy traffic conditions, slab may be reinforced.

3. Mixing and Laying of Concrete: The aggregates and cement are first introduced into the concrete mixer
and water is added within 15 minutes of dry mixing. About onc and half minutes arc needed for a satisfactory
mixing. After placing and spreading the concrcte in place, concerete is radded with suitable tools.

6. Compacting: Compacting should be done preferably by vibratary screed, The temper is drawn ahead with

a sawing motion in combination with a series ol lifts and drops alternating with lateral shifts. Compaction and
tamping is carried on till the mortar in the mix just works upto the surface. Excess waler in mix should avoid.

7. Finishing: The finishing work consist of a number of operation such as:

(i) Floating: consists of smoothening and compacting manually by a longitudinal wooden float It is operated
along road and parallel to carriageway in a sawing motion, passing from one side of the pavement to the other.

(i) Straight-edging: Any depressions found are immediately made good with freshly mixed concrete, struck,
compacted and refinished. Finally, the irrcgularitics should not be more than 3.

(iii) Belting: is carricd out with a two-ply canvas helt of 200mm wide and longer than slab width. Belts are
operated with short strokes transverse Lo the carriageway and with a rapid advance paraltel to the centre line.

(iv) Brooming: Brooms of stcel or fiber is pulled gently over the surface of the pavement from edge to edge.

(v) Edging: Aftcr belting and brooming, but before the concrete has taken its initial set, the edges of the slab
are carefully finished with an cdging tool having a radius of 6mm.

8. Curing: Curing is nccessary o prevent evaporation of water which is needed for chemical reaction and o
minimize shrinkage.

9. Opening to Traffic: Traffic is allowed after 28 days where Ordinary Portland Cement is used. This period
can be curtailed to 7 days when rapid hardening cement is used.

M

— U
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- Pavement Evaluation

i i i i of asscssing the
Pavement evaluation (pavement condition survey and rating of pavement) is a technique of &

- - 1 : 5 istics. It’s purposcs:
condition of a pavement, both structurally and from the point of view of surface characteristics. Il's purposcs:

(1) To research on the performance of pavements of different specifications over a period of time.
(2) To assess maintenance needs such as patch repairs, renewals and resealing.
(3) To assess the need for structural overlays on distressed pavements. N s
\/&Ehods of pavement evaluation: (i) Visual Rating Method (i) Pavement Scrviceability Index (PS1) Concept
(i) Roughness Measurements Method (iv) Benkelman Beam Defection Method. (Rel 1R Kadiyali p - 625)
1“%’ e . -affic and the
avement Scrviceability Index (PST) represents the momentary ability of pavement Lo serve ll‘l_ﬂ'].t, and the
performance of the pavement. The PSl is bascd upon the concept of corrclating uscr opinions with

measurements of road roughness, cracking, patching and rutting. The pancl numbers drive over sclected
pavements and rate the pavements on the scale shown below:

ST For flexible pavement, PSI =5.03 — 1.9] log (1+SV) - 1.38 (RD) = 0.01y/C+P
Very good
41 For rigid pavement, PSI = 5.41 — 1.80 log (1+SV) — 0.091/C+P
Good
3= . Where, PSI=Pavement Serviceability Index
Fair SV = Slope variance giving an index of the longitudinal profile
2= RD = Rut depth in inches (both wheel tracks) under a 4 ft. straight edge
Poor C =in inches distress in terms of lincal feet of cracks/1000 sq.[t arca
1 ——

P = Bituminous patched area in ft* per 1000 sq.ft area
Very poor
0L

Rating Scale

p—Initial construction  {Maintenance or
5‘1 rehabilitation event

Normally used range (minimum PSI)
Design period —“f'{

Time (ycar) ——=>

pPSI —>

-

Concept of pavement performance using 1Sl

The Benkelman Beam & Lacroix Deflectograph measures the deflections (Rebound deflection i.e recoverable
and Residual deflection i,e non-recoverable) of a flexible pavement under standard wheel load conditions.

0
Giﬁée\
Pﬂo

BEayq© \ ]

\ -'__\.u——_
¢ - =)
Con
Pomr?cr
2.LLm “r\
v\ e
~
Benlkelman Beam
' (8)
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Highway Failure and Thelr mainfenanes

# What do you mean bj Far'lure of Wpavemewff

H Write down the Cauges OF the f34')ur( of ‘HMLPQ\/QM(Y)'f',
wor’KS

'ﬁf sz‘ff)z H‘!ﬁhwag YY)M'Y)'f?ngn(_g , Uh?'f' 0}’2"3{7'0”7‘//; are 1;11/0,1/(,({
with  thehighway mai'ntenance .

H Write the sconomit benefi'ts of 3 well planned malntenan ee .

Edh‘cza”‘**

Fallure 1m  Flexi'ble favement

| *
#Lﬂ\a-f- we ﬁ\Q (aules OF -fa”ure 01C subj\c]y—adz’%.

'E*
' base (oUrgg
<+ what are fhe cauges of fg,[ur& (,,C sy b-basl and s =

2007 s 3013, R0/0,20]) . ‘ _ . Surse
4 What are the  causes of fat|ure of &Ifuminows wezwmj ¢

=y Bw'eHj dsewsc e cawses and remediaf meagures of,ﬁ fouc»un'r'\?
surface defects)

@ @leecu'ﬂ? 20}§

*® Shovn’hg,a% .

%) Ruthhg 2015

C’@ Cracldfn? 20|18

Q‘j-uaves and corwugs*hbm 2015, 201y

@ Pot Hole 201,201, 2013, 3012, 2011, 3010

4 Write down the di'fferent +ypes of man fenace opzrahtan;*

s Wrife short nmete on: MM
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y.
261 :
yon ' . Highway Faj NI,
i : ghway Failure and their Maintenance
he failure of the pav ;
o hamper the rapid, sal[)e and c:)llivlg ('Jcrl,nCd as the localized depression and heaving up in its vicinity, which
A nient movement of traffic. Failures occur duc 1o (1) defects in the quality of

M7 ‘. 10 lS llSLd (2 d i I > L 3 i ‘l"
M ) ) i S In Ln”.\l “LUO“ llll.lll()(l lel(l qlhl!l y C()““UI ( ) I ! I ! ul ‘ : : ! :

\/ﬁ hway mainten:
posgs;;:;:yi“ml'll‘g:cgm?;,})dil?:ﬁl,]cﬂ as- Dr.CSc:rving and-lfccnina cach component of the highway as ’r'?r as
‘moving safely. The maintena h and pm}udu such additional work which 15 nccessary lo keep the trallic
7nd adopling the most ¢ _"Cf_f'OPeratl_OnS involve the assgssmcnt of road condition, dlagnOSIS.Ofihc.proh cm
: appropriate maintenance slep. Maintenance of highway compriscs ol the following
mﬂmtcnance.works: (1) pavement surface (2) shoulders (3) roadway drainage (4) bridges and (5) road sides.
EC- cconomic benefits of a well-planned maintenance policy are: (1) Reduction in road uscr costs, such as
vehicle operating costs, travel time savings and accident costs. (_2T-Rcduclion in the level of future maintenance
and rchabilitation costs (remember: a stiteh in time saves nine) (3) Reduction or prevention of the economic
loss due to road closures. From the above, it is clear that a good policy of maintenance should be aims of REID.

\'/IQ\ILURES IN FLEXIBLE PAVEMENT

The localized settlement of any onc component layer of thc flexible pavement structurc could he cnough o
cause pavement failurc. Ultimately there is surface deformation when failure takes place either in sub-grade or
sub-base or base or surface. o
failure of sub-grade: One of the prime causes of flexible pavement failure is eNCeSSIVE deformation in sub-
grade soil. Excessive unevenness of pavement surface is considered as pavement failure. Sub-grade fails duc to
(1) Inadequate stability: weakness of soil itself, excessive moisture in soil and inadequate compaction & thick
(2) Excessive stress application: application of morc load than designed and increasc of load repetitions.
_?Stabilily may be defincd as the resistance to deformation under applied loads.

failure of sub-basc and basc course: Failure of these course takes place duc to the following reasons-

(1) Inadequate strength: improper mix proportion, inadequale thickness, sofl agpregeate, poor quality control.

(2) Loss of binding action: repeated application ol load or stress, poor load distribution property of the laycr.

(3) Loss of matcrial: suction of pncumatic tyres of first moving vehicle causes removal of binding material.

(4) Inadequatc thickness of wearing course: ill effect due to rains, frost action and traffic action.

(5) Usc of inferior material: many structural failures arc observed due to continuous cycles off weather changes.
20,1

?ailure of bituminous wearing coursc: Failurc of wearing course may be attributed duc to following factors-

(1) Improper mix design (2) Inadequate binder (3) Low quality of binder (4) Poor quality control (5) Oxidation.

Some of the typical failure of flexible pavements:

Bleeding of an asphalt mixture occurs when the asphalt flows to the top ol the mix surface under the action
of traflic loading duc to (i) wo much binder (i) unsuitable binder. Developent, il neglected (a) the road
surface become slippery when wet (b) separation and break-away of surlace layer under the action of traffic.
Remedies: (1) Sanding (coarsc sand is scatlc.rcd by 511oycl over the affceted surfaces and then spread out with a
broom for evenly covered) (2) Surface dressing (carpeting, sheet asphalt, mastic asphalt).

Shoving: is displacement of the asphalt mixture that take place euring the compaction or later under (raffie
(Lacation; usunlly on cither sido ol the wheel tracks) due to (i) ingress of water reduce bearing capacity (i)
poor quality materials (ii1) insufficicnt compaction (iv) passing of heavy vehicle. Development iFncglcclcd (a)
forcing up of weak materials as deformation occurs (b) progressive disintegration of the P:\vem’cnt
Remedies: Filling in of irregularitics, step-1 sweep (he area for clean & dry, step-2 mark oul ll'w arca o be
repaircd and remove any high spots with a pick axe, step-3 application of tack coat, step-4 Nill the dcp‘rcss'inn
with cold bituminous mix, step-5 compaction, step-6 resealing Lo prevent penctiation ol waler B

{3) Rutting: is displaccment of the mixture in both vertical and transverse directions under traflic loads (rut is
in tl:lc whecl lracks_n.nd (Icprcsm.on is in the local arca) due to (i) insulTicient foundation or pavement strength
(ii) inadequate stability of the bituminous surfacing materials. Development, il negleeted (a) rapid increase of

; ) ‘
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. ics: slight rutting = [illing
FUtting due to water leading to cracking and breakup of the pavement. Remedics: (1) for shig

i vement structure,
and depressions and (2) for deep rutting — local rcstorahon? olelll-i"ianm ol IR
. ruts and depressions: step-1 sweep the arca for Cl(:‘aﬂ & dry,. step | thedereane
repaired and remoye any high spots with a pick axe, step-3 application of tack cqat, st p' .
With cold bituminous mix, step-S compaction, step-6 rescaling to prevent penctration of watcr.
251¢

Craclky:
pPoor workm
or local deg|
Technique

. : ality matcrials (i1)
(1) Longitudinal (2) Transverse (3) Mesh (Alligator) cracking due Lo (1) po‘(}r "_”“;2303 (a) peneral
anship (iii) shrinkage (iv) insufficient pavement thickness. Dcvc;lopment, 1 ‘HCIZR T
ruction of the pavement. Remedics: (1) Local sealing (2) Filling i of the crachs (3) a‘to b scalcd, .
ol local sealing — step-1: sweep the area for clean and dry, step-2: mark out the arc L to ”S-
step-3: distribution of binder over the surlace, step-4: distribution of aggregale (coarse sand or chippings).

281C, LM

3) Waves and Corrugations:
inadequate surface course (iv)p
Remedial measures: Corrugati
incqualitics and waviness ma
tack coat over the cleaned sur

283,12 |0,

(6) Pot 15,;10.\-.- are isolated depressions (o
materials (ii) lack of bindin
traffic (v) local sub-grade failure or defects in consohdation (vi) lake of proper maintenance of the surface.
Development, if neglected (a) progressive enlargement of the hole and (b) formation of additional_ potholcs.
Rentedy: Pot holes may be reetificd by premix patching. Patching consists of the following opcrations:
Remedy y .
Step-1. Marking out the area to be repaired and trimming the sides vertically up to the defective depth in
rectangular or square shape around the defects. Step-2.Remove the loose materials up 1o firm depth and then
trim the bottom of the hole. Step-3.Painting the sides & bottom of the hole with 2 tack coat. Step-4 Backlilling
the pot holc or the parch repair work with well graded premixed material. Step-5 Rolling or hand tamping and
checking the profile with straight edge. Level kept lem above the surface for furthcr compaction under traffic.

Wi <

i

. i P - sub-gre iii
is the undulated surface duc to (i) defective rolling (ii) poor 3‘}13 !:.]r'"'dc q( )
oor mix (v) compaction temperature (vi) weak or m?stabb U31(ICI-'|YII1{%(]’|}?CF’i‘hc
ons may be rectificd up to design sections by cutling of the high ridges.

y be removed by filling the depressions with premixed malerial after applying
face.

adepth of 50 o 75 mm in a road surface due (o (i) poar quul_ily ul.
g properties (iii) infiltration of water (iv) brake away of material under the action ol

b
b

) i
Iz AN FVAGH,

BT KT AT 48

T, » T Y
“....:'...' ii"‘" i Al : M

portion between the edge of pavement and the edge of embankment
formation, act as a (i) latcral support (ii) space for parking, overtaking, pedestrians, cyclists and bullock carts,

Rain cuts should be made o remove accumulated water in o ditch at the junction of the pavement and shoulder

Aaintcnancc of Slopes of Embankments: Rain cuts erode the e
and damage the pavement ultimalely. Turling is onc of the casiest
The slopes of embankments subjected (o inundation and Mooding

mbankment slopes up to the pavement edges
& most elfective ways of maintaining slops.
are protecled often with houlder pitching,

rainage Maintenance: The quick and efficient removal of water prevents slips and landslides and ro
deterioration. Drainage arrangement such as catch watcr drains, cross-drain
burried drains should be inspected before the monsoons

acl
age structures, side drains and
and cleared of all obstructions.

Types of maintenance operations

(1) Routine repairs, including patching, carthwork, shoulder, drainage, road furniture, road signs, arboriculture.
(2) Periodical repairs, including renewal of surface at specified intervals,

(3) Special repairs, such as flood damage restoration, major painting ol steel girders, elc.

Maintenance Management System (MMS) also known as P
computer package which facilitates maintenance planning:
clements arc (i) a basic road dala bank (ii)
and (iv) listing out priorities for mainten

avement Management System (PMS), is a
and - optimal allocation of resonrees, s main
a pavement performance model (iii) selection of intervention levels
ance (renewal and overlay) for a given budgel,

(10)
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Fallure i Rigid fovement

# What- aye cawgey mf- 'fafl"““ 07C ﬂl'j,‘c[ Fayérwenf—,

g What sre mfypr'ca! farlure of rigid Pauzmer)f"? DIs @uss br'ff’fly.

05 2014 , 2013, 20612, 2011,20/0
# Write short mofe on*+ Mud Pumpmg
018, 016
st rw—”‘{e down e calses of mu d pum pmﬁ and descr)be f'ﬁ

mantfenance oPerahom wi'th  net ckete bheg
2018 ) RVJF-
# Explain  the ferm ' Stri'pping’
-
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¥ds of Overluys: When the extent of deterioration is beyond the simple mamtenance (patching and pur'Od.lﬁ
fencwals) solutions, the pavement needs un additional overlay. Strengthening With such an overlay Wi
overcome the structural inadequacy caused by traffic that has u‘s‘cd e pavement SO far and will enable the
strengthened pavement to withstand the expected traffic in the design period.

/lml’f“'tﬂ“cc of Skid-Resistauce of Surface: One of the common causes of road accidents is skidding of fast-

moving vehicles. [Fa vehicle skids, the driver loses control of the vehicle and the resulting accident 1s normally
of a scrious nature, With the driver towards better roads and speedier vehicles, skidding has to be reckoned as
a major factor in the design of road surface, and particularly so, in areas of high rainfall and snow.

\/ﬁAILURES IN RIGID (CEMENT CONCRETE ) PAVEMENT

The failures are mainly due to two factors.

(1) Deficiency of pavement maderials: due o (1) Solt aggregates (2) Poor joint construction (3) Poor joint

filler and sealcr material (4) Poor surface finish (5) limproper and insufficient curing,

(II) Structural inadequacy of the pavemcnt system: due to (1) Tnadequate pavement thickness (2)
[nadcquatc sub-grade support and poor sub-grade soil (3) Incorrect spacing of joints.

\/(vnicnl failure of rigid pavements:

\/S{Illing of cement councrete: duc to the deficiency in the mix or presence of some chemical impurities.

‘/:Sﬁ'inkagc cracks: in longitudinal as well as in transverse direction duc to shrinkage of concrete afler curing.

Varping cracks: due to improper joints, warping of slab developed excessive stress causes cracks.

‘/qm;fiqllﬁ'lLI”rlD
[

« pumping: water may percolate into the soil sub-gradc through defective joints & cracks and may sol'l.cn

it Duc to repeated load of traffic, soft soil scltled and small initial spaces are developed under the slab. With
further percolation of water, the softened sub-grade soil forms soil slurry, which starts cjccting oul through
joints. The process ol ¢jecting out or forcing out the soil slurry, results in hollowing ol underneath space and
loss in sub-grade support. A stage is rcached when slab gets cracked. The process of ¢jecting out the soil slurry
through joints and cracks, under the action of wheel loads is known as mud pumping.
Once pavement starts pumping, the remedy for correcting it lies in providing the effective drainage, Mud
jacking process consists of drilling number of holes 4 cm to 5 cm diameter 1.5 m to 3 m apart in the cement
concrete slab. Grouting (1: 3.5) in such slabs is done under pressure through these holes using the compressor.
The slabs arc thus raiscd from below by the pressure grout, up o the desired level. -

Structural weakness: cracks generally develop near edges & corners due to heaver wheel load than designed.
 Slipperiness of surface: due to dropping of soil or greasc or when it is thinly covered with moistencd dust.

aintenance of Joints: Finc cracks arc not harmful it wide eracks allow surface water (o infiltrate in side,
then they should be attended immediately to avoid further damage to the pavement. Cracks should be cleaned
of all dirt, sand or any other loosc particles by sharp tool and air blowing by air blower. Filler & sealer should
be intact ' T o

IN-GRESS OF WATER THROUGH JOINTS & CRACKS
o~

N

LI WATER TABLE Y,

PSS -'-..'.® . PR ' n o

. s [
A VR £ hiah e AL
\ RS VAL EREEEUR WA M
SO RSP N
T T
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CBR Test
kole, |7, 2016, R0)1S, 206y

] c,lgl'{o,“)‘l Q\OI l 7 9\,0’ o +
H_Pefine CBR/@MP‘L no‘)Lej Tt wmeans  Call forn Geam'ng Ratio-

The CBR I 38 wmeqsure of: yec¢(stance of a wmaferiad to

penetration of standard PTMnﬁer under cwntrolled 5‘1—”’”'7(% and
mofSture  eondifions . The cap value. (s ¢deulated from the
follmw;'n(fy formulae

CZR =

uni't load carried by shandard crushed shnes 2t
g = buve penefrah'on leve|

2018 , 2017 X
H Wri'te down the applitation of cag value-

I+ It 05 used th the decifn of  floxible pavement,

20 0% uced for clagg;'fg;'nﬁ and evafualh'ng the Sof'l Jub(ofrade

a,nci bage courgy mafcm'a}!.
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oY ‘ ' .
¥ fﬁ!;’ iaam BR. 15 cons)dered f‘or road des;uggl?-

In the rzn'md season) , mMost of the hme  the sorl (7@7& coaKed -

Ac aresuld- | the o)l may expand ov cwelling ean oceUr; wWhieh
bgrade

s the weakest condition  of sofl 1o prepare @ S4&gr for the,

Pavemenﬁ
That's whxal the soaked B8R Yest s Per’ﬁ;rméd to Unow the load
carrg;'ng C;ch;'{-? of co)] af soajed condsHon «

RO
- How S0aked CgR x defermined Jn the ’:l]aora'i‘m’\;’i?

0 > g fine (7”'.”3‘1 sof]  wag xed  wWith waler upto oML o
wag wmpac’recl l”j adaph'ng heay compaction .

Q'I'l). The 5ol ewmpacted 1n  five equal lager< wiHA 5% b!o.wg o7f the ,
19 kg vammer for each layer o obtaln 3 speedmen of 2R3ty

W The wmoft— sof| sample

‘) The mould wi'Fh CUmPaefed sof| w3y [nverted and P}éud i po;r'ﬁ'on
(v

over base plate:
W) 5Urehar ge. wwghh of S 143, were Flacec{ over the. F“ﬁ’fc‘d'ed.
plate and then mould  wag placed fn a water fankK for  s0afing.

the top eofgfa, of the woul.

(V'.) The. dfal gawge was F{acecl an
vecorded and fhe fes

(Vi) The ’m'H'ad dfaf g auge. readig was o
fpt undictur bed,  1h the water fank. o allow SOQKms,

wag |
96 hrs.

of- the  soil sfeu'men for |
Cvim) The final daf gavge reading  wu noted 7’3 ’
or s welltng of fhe sofl Specimen dug 7o s0aKing . Tha 22t pans)on
rafe 15 cafculated from fhe J‘ﬂ/’owl"\g formula

Expansion rah'o(%) = —i{]if;x 100

measUre eXpans|or)
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Br.'fum,'nwm Mr'y 1},5,'9,,]

4 write should nete on s Bifumimoue w/'y

-_—

Briumimous mi'x 15 3 Type of mix- n whch the aggregafes
are bounded 'fvg,eﬁn.er- 05 bituminots maferiafe 14 cong)sts of
The ﬁ’//awfﬂ(y mater tals®

1+ Coarse aggregaft
g+ Frne lggrezaf&
9. Mineral E)ller
4, Binder

: :FF,‘LJI‘;Q-{ are The Y'equy’r‘ernenf-; of 4 gocd bituvn)nous miX
A good bituminows mix should exhibrt -

1- Sfab;’“'f—y,,
2. Durabflf'fy'
1, Wor Kab}'lﬁ‘g,.

4, Skd resstancé.
g Ecmomz{-
dotin TRt CEWQCWU'}?‘CS Of B/ feminous mf;(‘.

F;rﬁ tle, ‘?“10?0‘}9["?

# write

0) Su)cf:"cl"én-f Riturmen (ontént += coat aygregg»fe,
for proper bond -
@ sufhiglent S‘Iabl'/ﬁy/ 0 5”"57"3 fra

disdortion 3nd a/»)'splac{mw'f.
P'r-ow'cfl space fv\n ex pansjon

ffi'e T’ﬂqua'remwf with out

oF b;“)LMmfﬂk.
@ Suffr'vent volds ‘Z’O

. ' d 1'n pavement with
@ Cwffri'cent uorKabth so that may be pla p

2ase and eﬁﬂ/'c/'mﬂ‘j -
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2018 120|720/ 5,201 i )
# What 15 the role of  BiFfumen — th B'fuminous M)'x.

Q‘) 1+ ke(?: o lubyicate all the aggmg'a‘fi' Pa’rh‘d”'
r”[) the requl‘r’ti‘

C"b Tk facilitates the compacfion of the mi'x ture *

densr’fy )

(l”) M imparts cohesion Fo the miXTure

(;\’) I+ ncreases fhe Sfabl'h'-bg of the MIX

V) 1+ ack 3 binder and Keeps fhe aﬂg/regafe Pgm&
He postone,

201812017, 2015/ 2014
# What 8 the role v7ﬁ "oavse Agqreqafe’ ' Bifuminous Mix.
go—%¢

les I'n

W 1t mparts ctability fo the mix by TH tndernaf frictidn
with in the partcley,

C;D 1+ imparfs styd  regy'stance -

g . B s
(;v'lj The  codrs( a(ﬂawugafe. res)st fhe abra¢rve action o{‘ traff e

and wiTh Stand  wear:

7 what Is the role Q)L fingx agareqafes Un Bifupunous miX,
JJ (%4

(;) 77’25 3/50 gdc{ ‘f—o 'f‘f\i S'fabf'{f'f\j ‘f'O ﬁ\-ﬂ mf)(-
(1;) 77‘-29' ﬁ’/{ the vojds (n the mafr)'x of fhe Oarse aﬂﬁrejafc

and help To felure dense araefaﬁbn-

[JD Tlmeﬁ Faaltabe grveater [ead franger from one Ygregate to
the ofher.
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# what & the vole of wuneral filller (0 Briuminous My,
) The Ai'ller Tend fo  stiffen the asphalh'e  cament by gethng
Hrmly, dt's per sed i
(ib The f'lley he Jps o

the binder |
(@ ft ack 3 @ final vold- {—,‘Hm?

lower tha femperature susuFﬁ'bp/l'fy of

medium and Comple fe ke

' 'ble,

procesc of Maﬁr'r}j He mixfure a¢ denge pOFS/

920'3:’/ 200, A0S, 2013, 01, 201] » 009

4 brife_shord nefe oms OBC
It means  Optimum g/ fumen Content - »
: bffumen content af LwhIch,

o+ s defined 3 The na axy mun] e and -

mgX,‘mum m?’f'ghiﬂ” 5+3/b|“ (/

maxlmum Wt weght
'y volds s obfained.
o= cafceulated 3470

rge fay‘ mMax. U\'ﬂl} w(’lg[’lf' "f‘gC. for’ max. 51L2 bf’ll‘f‘j + B¢ ﬁ)p 4"/, aq‘r VDIJ{
2

ogl =
20(€, 0|5 R0(3, 20|, %1 ,200)
+ Write short note 0N VMA

T+ means void¢ th mineral agjgmaare_.
I 5 defined 3y the Percwﬂﬂ& of void 0 fhe Pa\/emw}- plus
occupr'ecf J;H He bifumen: :

Pﬂf’tenfage 07C volume

‘ ov. .
Foy wel] grade& aﬂﬂragafg, VMA Showld be e¢s than RO 7.

o I+ can be calculafed a5,
F Gimp X Fs
: o, VMA = 106 — ’————JGI”,
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0[6 DI
# Write short nof'e on ¢+ Marchall stab) //f;f

I+ )5 defihed 3¢ the maxjmum load carvied by
specimen af—a ctandard test demperafure of £0° s
2009
ot wri'fe short note on: Flow
Flow 1% the deformation of  the
hat- under goes dum‘n(j, the leading , up fo the
'n 0:28 mm uny'fe

ﬂ&zljl\fe §h0r+ nl)'ff on = M’&MIAM Uum S?Q(f'jcl'b ra w,{—y L&mw\)f ,
r\ av
+he H\u)reﬁraf (mzwmum) 9FQC’HC rg,\/,{’ljx of p hﬁ/

2 (ompa cted

marchall fest §F€¢/'VV'@’!

max|mum  |odd ;

I+ 5 Glm '
d & -
o fure (N0 aly vords) o I Is @KPress p
m ! ]
I+ (an & caltulafed 'ﬁJ//ch,'ng,
— Pram
Gmm = 7 ”
0L s, TM,

. %FDISUU; The ’Rceggayg steps  for By fumnous msx  degign -
qravity of matenals.,

U) Selection Of' materia/ and Je'fre:vmmaﬁorw OF Puff:ﬂ
(i) selechon of aggregate graling (The Asphalt Fnstriute , 1979)

Cl') Pre paration @)C ;Peqmen.
) Determination of bulk specific gravity .

Q’) Make Sh b!"l'*"y 'h?/!f' 5£DY’ 'H'\LCPQLIW\ZH .

dWFE-
6/) Determination Ujf % Va TLVMA AN

C‘”p Se]e(‘hon 07&08(. -Fr-onm $he obhwnee! Ja’fa' I %

6”.';) Check. Marshall Désl‘ﬁp evlteria.

R 1
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. The Asphait Instiute engineers developed a structural thickness amm.ﬂm:
S methad suitable ior a variety of asphaltic pavements. The method is based

.

547

oo

on two assumed stress-strain conditions @

“p,

1. The whee! toad, W, is transtaitted Lo e pavement sutthee through the tive
al a uniform vertical pressure P, The stresses ate ihen spread threugh e
pavement struciere o predace a teduced maximan vertical svess P, oatthe
subgrade surface (Fig. 1).

e et

pwitlovd erack

2. The wi--2l load W causcs the pavement stracture to deflect. ercating botli
COMpressite and tensile stresses in lhe pavement stiucture cﬂm. 2). In
devclopinz the Jesign procedure, AL engineers calculated induced
horizonia tensile strains €, at the bottom-of ke asplialt layer and vertical
comipiesse strains € at the top of the subgrade (Fig. .

Interna! i=:lion = Frictional resistance + interlocking

=]

Fig. 19.17. Matrix of aggregates in asphaltic concretz.

3. The coarse aggregates resist the abrasive action of traffic and
withstand wear.

ﬂ he find mmmmnmm.nmb_ which are En.vman_om passing through LS. Sieve

2.36 mm and retained on 75 micron H.w.ﬁmmni/mn?n the following functions :

by

Fig 4 - ‘rame-work of rmunded aggregaie ravieles has considerably less

stabiiity o

=

cbolss the lays £ bend

Py S 2 a miix of crushed, vraded . : i o . .
.‘ _..w:a A < i gyt kel : .w 1. They also add to the stability of the mix by increasing the interlock.
apgroiati as consider ¢ vdue g e WI The frictional resistance is also wznqmw.mna cnnnmcmm of the larger
; .
o . d number of contact points. 3 2d-eale et
Fiwh - sroperly desizned bitumuous mx . he frame work af stoncs is RN A=A P Ob A - N ”\.(_rur .
u 3 g : . ; A 2. They fill the voids in the matrix of the coarse Mmmqnmmﬁnm and hel F
Irehd i silines By hinding action of the Liturmsn. Vouds left in Fig 3 I,M to secure dense mn—mmo_._l ﬂwﬂa P
belwesn sane carticles filled with bitumen lez-1ng 3-37h air voids in Fig.6, X - &r e
z J,_J m 3. They facilitate greater load transfer from one aggregate to the other
Fie 7 - Siurmnous mix having larger zmo: =t of bitumen than required. R In. View of the Sn_wouu.wn_ number of contact points. i
v = ; 5 " (5l i 1 1 5
‘I'he mie- -ckirz cffeci of the stone particlzs 1 Jestinyed and individuai < 4/% .;mq.s_:on; Fillex;»lchs e RAlEG AL PN g Gt gh T8 Hfeve
: : 2.5 e . nilFiic: 1656 Q_ ¥ No. 600 micron, performs the following role :
- stone pa- zles. will just be floating. [his great’y reduccs the traffic loa ; 1. The filler tend iffen th halti '
5 { . ] ' . o . : i , The filler tends to stiffen the asphaltic cement by getting finel
B ad. This condition results in bleeding, shoving or M ; e y getung linely
: carrying apacity of the ro : dispersed in it. w3 ¥
H rutting. i

2. The filler helps to lower the temperature susceptibiity mm the binder -
and thus helps it 1o retain its hardness at higher temperatures. :
3. Itacts as a final void-filling medium and completes the process of

- -

i content may &2velop brittle pavement which

On the or-zr hand, iow | i

Scanned by CamScanner

nder the acion 2f traffic. N
cavell g e Tr ) under the actiorn 2
ve - L \Wr . v\\ ﬂ). g b )
19.13.4. Role of aggregates, filler and binder
ﬁu.M_Jo coarse aggregate m.mnmo:uiEn_. is the material retained of LS.

making the mixture as dense as possible. )
The m.mnern cement (binder) has the following functions :
i 1. It helps to lubricate all the aggregate particles and thus facilitates

Lty of the Loyt

' C{ 1[' /J-U?/VZ/_) '»Zti e

_, Sieve 2.36 :.Eﬂo&.o::m 'the followin ,?_.nao:m : the compaction of the mixture to the required density.

g i n\} 1. It imparts stability to the mix, by ..:n mechanical E.o_._onw.co.ina: ./D 2. It imparts cohesion to the mixture and thus increases its stability.
m.w. : n [ —— the particles and the frictional resistance mo<m_omoa at m—_n _Ennﬁ»no X Cokietionis the shewring resistamzanEihemisusmmdiswa imp.
N B between the particles (Fig. 19.1 .c\..?wnoaguwcom_ of intzrlocking ﬁ o i N e o igpt i
W " and frictional resistance is termed as internal friction. r— :

2. The rough texture of the protruding um&n_n.m imparts skid resis-

Fe——

Ganee. PR T P VY

- 3. Itacts as abinder and keeps the aggregate particles in the positions
they occupied during the compaction.

_4
8

_— e L o
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voLuMe
foULK B0))

VOLUME

T
ASFHALT RINOCH

Subgrade

|FIGURE i 5 vaLun e
i 1 Spread of wheel load v L0 watza
t Pavement structure. (Courtesy The Reshals s uah

YOLUNE
(are, 34,)

i."v///////
el
o N AR
Asphalt Institute) oo

Load, W

L2

o Figure & Ulustrating VMA, air voids and effective asphalt content
H in compacted asphal. puving mixture

1Pavement

AGGREOCATC

I
terrecTive l.l.l’ .
AGORETATE )

'

isl.ruc\um AIR . Va -4
ez PO I ELEENTIR A Yma 1
Subgrage i .
| i ASPHALT {, ¥ Vb .
; =0 == Compression ~~—0—— Tenslon | *
1
'FIGURE 2, Pavement deflection results in tensile and ccmpressive l Yba A
stresses in pavement structure, (Courtesy The Asphalt Institute.) ! . a
- . " ! Ymb
Ymm
MINERAL ' v
AGGRECATE _ﬁ sb Vie
L N

Volume of voids in mineral aggregate

Bulk volume of compacted mix

Veidless volumo of paving mix

Volume of air voids

\(olume of asphalt

Volume of absorbed asphalt

Volume of mineral aggregate (by bulk spacific gravity)
Volume of mineral aggregale

(by effeclive specific gravity)
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Wa“fev’ wiﬁ Eﬂg ﬁ‘)(er fng,
\Y N

2012
# Pefine Wafer L3 'ﬁ'wspor fa‘h'on.
2018:20]5,20]2_

K0/7_

H Write down the advan fages oF and cL«saJvaﬂ'h;gcr of we/rerwgq
[4

o an cporfafion .
R0|€, 0)F

# Explarn the  impor tance. of nland tuater 'fr‘anrporf'a'f'ron "

Baﬂi/adu
t P fine the followrng terme:
d

¥ Ocean

¥ Sea
¥ 6025_’__42#’!’

¥ Beach
¥ Wind
¥ Storm

* ey clonk

*, H-LL(‘ r’l‘Cane—

) # WYI'?LF Swr}— ﬂO‘i’E On..

x lWave 2016

% Littora{ Prift
201%,R01

Q0[g , 2016 ,3014 , 2013, 2011

. [Har bor,

- Powf—
M coad 134 S‘h‘lk(_—{-‘ur(g , ,;(OI_L
20)&, 201, 2014 ; 201

% Breag waldrs
20]), 20|}

% Jethes 2008 , 20101 3
x GroD 2018
w DockS cLIkY,
g Dry decks 207
% Wet docks R0(7

20/, 015,203 %0117 2017
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/ng‘ﬂl- Waterway Engineering .
ater Transportation: Traffic ( ansported or carried by means of water s river or ocean etc.

Water transportation is most suitable for carriage of bulky und heavy commoditles.(gOOd” -
long distances and for which time of transportation is not a critical factor. Two categories of water
transportation are — 2 !

A Inland water transportation: It is possible either in the form of river transportation or canal
transportation. There are certain restrictions and special guidance is necessary. .

(i) Ocean water transportation: About 75% of international trade is cariied out by this way IG by
shipping. Occan water transportation has no limiatlons and it possesses high flexibility,
Transportation by this system Is possible belween ports on the sea routcs.

%\%rﬂaé’e's l—-’ﬁ) The cheapest (2) Possesses high load carrying capacity (3) Cheap driving power
for working and needs minimum energy to haul a unit load through unit distance (4) Leads to
overall de\felopment of commerce, industry & international trade (5) Assists and provides a power
full means of defense of national security,. — BL G uPta.

C(Dlisadvantages — (1) The speed is very low (2) Along particular routes only where water is avaulaple
(3) Accidents occur due to ocean storms causing great loss of cargo (4) Loading and unloading
operations are affected due to more tide range. (5) Waterfalls, mountainous rivers cause
hindrance in water transportation. '

¥

OCEAN is big water mass and SEA is comparatively smaller water mass SHORE is line by the land
skirting the sea. COAST is sea shore. BEACH is the sea shore with easy slope. The environment of
the coast is harsh and corrosive. Water transportation facilities must be lesigned to withstand the
various destructive biological, physico-chemical and mechanical action that are inherent to the
coastal environment. The behavior ol winds, waves m.z the design of dock, port

and harbour structures Lo a great extent. T o Q_A—
WIND - is air in motion and specified by direction & speed. (1kont =1.852 km/hs. =INM/hr.)

STORM- is atmospheric disturbance characterized by high wind velocity .bout 110 km/hr.
—

CYCLONE- when wind rotates round a center of minimum barometric pressure.

a—

HURRICANE- is a tropical cyclone with wind spiraling inward and sustained surface wind velocities
of 120 kmph or more.

WAVE - is uneven surface of water. The sea wave is the most power full force acting on harbor
and barriers. It has a tremendous damaging power. R
The impact of the waves on the sea shore structures creates the following eflects:

(1) Direct horizontal force causing compression.

(2) Deflected upward vertical force tending shear.

(3) Deflected downward vertical force destructs the foundation.

(4) Suction due to return water after striking, disturbs the mounds of foundation.

IIDES — The periodic rise and fall of the sea water level is known as the phenomenon of tides.

1241 e '
Zﬂq(/%‘rORAL DRIFT- When the direction of the prevailing wind is not at right angles to the shore, the

tangential component of the wind produces a current and waves parallel to the shore that strike
the shore. These waves tend to stir up and move the lighter particles of sand in suspension. The
process of movement and deposition of sand near the fore shore is known as littoral drift.

(1)

=t e ————
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26(31 12
arbor is a sheltered area (partially enclosed area) of the sea where facilities for loading and

unload . :
\SiiEel lrzjg of .cargo and passengers are provided. In harbor vessels are also built, repaired and
nched. In time of stoims vessels may also take refuge in harbor.

Harbors can be classified in three categories as follows:
1. Natural harbors (P-5,3) 2, Sami natural harbors (P-5.24) and 3. Artificial harbors (P-5.24)

equirements of a good harbor 2675 1 2112

1. The ship channels should have sufficient depth for the draft of the visiting vessels.

2. The bottom of the harbor should provide secured anchorage to hold the ships.

3. To protect destructive wave action, the land masses or break water must be provided.

4. Entrance should be wide enough for shipping & narrow enough to restrict the wave energy.

Features of a harbor

1.Entrance channel 2. Approach channel 3. Berthing basin 4. Break water 5. Jetties 6. Docks 7.
Slipways 8. Go downs 9. Sheds 10. Fire protection towers.

Following factors play a great role in the selection of site for harbor. 1. Availabitity of cheap land
. and construction materials. 2. Natural protection form waves and winds. 3. Transport and

communication facilities 4. Sufficient depth of water 5. Secure anchorage area 6. Availability of

fresh water and electric.l energy 7. Defence and strategic aspects 8. Favorable marine condition.

\A)rt is a portion of a h rbor having terminal facilitics such a« stores, landing of passengers and
cargo etc.

vl’(cqﬁremcnts of apood port 2615

1. It should be located centrally for the hinter land 2. It should get good tonnage 3. It should
command extensive and valuable trade 4. It should afford to all ships in all season of the year 5. It
should have good communication with rest of the country through rail and highway 6. The

* . passage to open sea must have sufficient depth and width 7. The coast line land should be hard so
that frequent repairs are not required.

261)

\/ " Harbor Port

1. Harbor is a partially enclosed area of water | 1. Port refers to a portion to a harbor that

that serves as a place of refqge for ships. serves as a base for commercial activitles.
2. It protects the waves & winds and control | 2. It provides facilities for ships to obtain fuel,
the erosion of beaches & coast lines. to repair and to transfer passengers and cargo.
| 3. Every portisaharbor. 3. Every harboris nota port.
\/ﬁ coastal structures | 2~ 1(«(’,&’*‘3)"

1. Offshore structures (Break waters): constructed tgrl.&_gen the wave height and velocity.

2. Structures at angle to shore (Jetties & G'r’%ms): constructed to control the littoral drift.

3. Structures near shore line (Seawr,Hs, Bulkheads & Revetments): constructed to protect the
shore from the erosive forces of waves.

(2)
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Z01S , 12 ilLf tect them from the
\/6_’ eakwaters are the structures constructed to enclose the harbors to protec he main
effect of wind generated waves by reflecting and dissipating their force or energy- The
r' function of a breakwatcr is to breaks the mornentum of watel by means of wave breakers.
Sometimes the innor side of break water is constructed as a quay for cargo handling. Break waters
with different methods of protection are shown in Figure. 5.8 to 5.10. .
rom the shore

ted by littoral

r)/g\‘»\ ‘Qz 2 etties are structures in the form of piled protections or open type. They are built f
to the deep water. In the sea, jetties are provided at places where entrance is affec

i drift or the sea is shallow for a long distance. The jetties extended from the shore to the deep sea

l to receive the ship. In case of rivers, the jetties works like groins. They deflect the water current
away from the river bank and prevent the scouring action near the bank. A typical RCC cylinder

, pier jetty is shown in Fipure 6.3 (vazirani-196).

v \/t{oln is a structure thal is constructed approximately perpendicular to the shore in order to
retard erosion of an existing beach or to build up the beach by trapping littoral drift.

=>261S, 12114 42

_Docks are the enclised areas required for berthing (space for loading and unloading) the ships to
keep them afloat at a uhiform level during tides to facilitate loading, unloading & repairs. Docks
. required for berthing o! ships or vessels to facilitate the loading and unloading of passengers and
cargoes are cailed wet docks and those used for repairs of ships are known as dry docks.

I /ﬁpway technique is used for repairs as well as for building of vessels. It consists of a inclined path
of stone laid on a firm ground. On this inclined path a series of rails are fixed. The rails run up from

[ a sufficient depth of water to the required height above the high water level.

o Seawﬂs are t%e structures constructed parallel to the shore line to develop a demarcating line or

dividing line between land area. The aim of construction of these structures is to stop further
erosion of the land ward line. Fig. 14.2

A6])
2 ulkheads are constructed along the shore line to prevent encroachment of the sea by direct
’ wave action, They prevent sliding of land and also provide protection from waves, Purpose is the
same as that of sea wall but are adopted where wave action is less severe. Figure 14.3

from wave erosion. It may be constructed of stone or bituminous or cement concrete. Figure 14.4

i evetments are protective cover or pavement supported by an earth bank. It protects the land
, shows a concrete block revetment, Generally stone revetment is preferred.

) Distingulsh between a breakwater and a Jett

! Breakwaters are massive structures built generally parallelyto the shore line to protect a shore line
to protect a shore arca or to gleve1op an artificial harbor. A jetty is a structure built roughly
, perpendicular to the shore extending some distance seaward for the purpose of maintaining an
‘ entrance channel and protecting it from waves and undesirable currents. Structurally,
breakwaters and jettics are similar; however, the design standards for jetties may be slightly
lower than are those for breakwaters. This rasults from the fact that Jutties are not subject to

direct wave attack to as great an extend as are breakwaters )
[} 2
}—7]( /I\ 4\ M 1/43: LlrlQ
PG 2To 1#
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{
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ESWL & EWLF

= Determine the value of Eswl for @ dual wheel 25omble e arrying
R000 Ky for each uhee|, for pavement  thickness of- 2,18 and

Rg em - /e s tanee Letween gfylﬂﬂ; s . 2y (m and elear 445 fanee
betwien 7L%jres 15 10 em

So|ution:

_— H(Vﬁ, P_-: 2000 Kg/
4 = 25 (™
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poitht A = Cd/l’ P) = (5’, 9\000>
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A
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15743
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1390-4500
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1 1500

=

I:Xili‘idil‘:s

——G

-

e A v m—wr e cae LI s s cwes ¢ A e =

1

alifornia bearing ratio ( CBR ) - Percent

C

1

o= S PO TR —— -

: |

-

CBR ._Cur\re

| - i ,Iﬁlul
| { H _ ! .
P I I N LS e e &
b | L — f H _
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_ HRERERE o
= ._ n u_.,_ ! _ [os i
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(W2.) ueionysuod 1o Wdag

for FFlexible Pavernent D:assign ,as cdopted by IRC.

Scanned by CamScanner
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Flexible favement Design

20\F , 2013, 20|
$# calelate the fotal thicknes of flexi'ble pavement Ly IRC Standard

Axles method and IRC  CBR wethod u;q'né} the data:

) Subgrade (BR=37. an ¢V/Day = 300 (voth direchon) i Annual 3rawﬂ\
rate =75 ) Design life = 1o gears (mcludf'na' construechon period ) and
&) Terrain % plain 5 Pavement 15 Hhitk bifum rnous purfacl'f\g'

Soluthon: @3 JRC $tandard Axles Me H«ocJ)

Progected T;aj,fy'c. at the end of M Juygln ll'fc, o f the pavement,

Ny = 265ra L]
e

Tevramn — Plarn b Vogy =309

TW'eK

10
_ 3eovx 300}([(!—}0.07 -1
- ) Jx 275 Zg

: AcMey —
6’07 surd d

(Chlaf}-)
= 4160977,9 Nes.

1110 dayd Axles,
n_/q.p\x]o" Nog, = 42 M/ llions $fandar X

Dufﬂy. Clhard, we obtan,

(/51“!!3
re  wtad thickneys o f pﬂvemer)f'; 40 mMm

For cummulahve sltandavd axle, é- — 540 mv'!/)‘on) ;

S?Wfacl'nd , X = 70 mm > Tablz
wm MM z
Bauk , Y = 250

- 34yo™mm
(240~ 9’0’-?97’)_

Lt Sub-YasL, z=2

; en - 8goMm
L. 1 surfacing (x)
Qfoizyggjg gjc’@ };UOQ ﬁbo Base ()= 250 mm
640 06; o L o2 O < 221 240 mm™
L& A Sub -Bask ()=
( CED v

Ny & .Su!;arak,' . "'41

Fr?; PTbT)ochcl— pewemﬂn‘i f’l.ulc}ﬁms:.
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G‘Lf JRC €BR method )

Prejected +"'9H-1‘c af the eond O‘f 40_5!('77'1 Ife ,

A= pL+r)™

l
. 3oox(l+o.a;)0

— 5905 Nog
eh'recﬁ'on)
~ 59| eV (woth
7oay

Congl’&fr;'nﬁ donble [ane yead ,

- (us fhﬁ Tabe)

The frafpre elassifrcabon =

!m'rxg ¢BR valuz ,
D!LPH‘ above suloﬂraéa (CBR:Z‘/’.) -~ L E em

Surfacing
Base

Subbase

Sub-Grads_

Fr(’T. Propos ed Pavewemt thrtlness,

201t

4 Degign a flexitle  pavement for s:'nﬂk. lane fwo way from e
zfollowmg data:

(() prbjanf ADT = 300 C"/pa7 (bof“’\ ciH‘rzchon)

(%) Annual growth -mate ot traffic = Fh

(19) Construchon perjod = 3 years.

) Thic ke of Bllumen surfiace course= 4 (m

QO CBR value for SubgraiL g |mProveJ Subﬁra&:5u553f€ and baige course
are 3% ,107.,207 and IS 7. Y'espetﬁvf’j

"'Qvl)_ pngar) P.ev;oﬂl—_: o years.,
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3 Solu-h?m;_ pvo-l'u'fecl f‘ra)%i af The end 0/3 The JAS’I?’? l'fe ,

4= pCir)th

- 722,?5' NO{-

o 729 c\//'ha (!90

For shgle [ane vord, 4= (RxF1%)

+1@
= 200% ( [+ 0'07)9

Hh Lu\ac.h“on/

= 14ys &7y

VSM,@ Fable , “the tro ff—)'( e/fuﬂ"][ﬂ‘v&h'o’f) = B

VS!'Y\g TR wrve ,  the 1(0”01»1»\&

Lepths ave pbtuned ,

Above subgva&& = 56 (m

Above IMFT*OVQJ gu loa'rﬂ

L)

Above sub-base =338 S

) = cm
hbove, DBask = 7

thu, the others P?gw have fo ke

d = F

Buf, we have & Fvovl‘c(e, the. fu’ff—a,cL. fhackness oF 4 em .

ad 7 s +ed 3 ][° ltows s,

1 4em Laiven)
Yy

56 (M

surfacein
vy il
RHCm Rase
-t
s 1S~ (m cp
¢
AL
$q

Fiyg. Proposd total thicKness of paverment layer,

= )
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Av|S
H peign 2 flexible pwement from the 'fdfloc-ff}‘a? data:

) present APT = 500 <V/ 05y Cboph divectim) i) r = 6 7.
(14) Dz/ugn life = Jo gears cng 21+ m)'no wy mnfgukg L G m

(W subgrede @h= 25, (V) Sub-bue cgR =207, (Vi) Bue CBR=IST.
(Vi) Conete e tjon peviod = & years,

Solutron- '
Projected frafht ot the emd of the design Iife,
fA=pCar)

2+ 1o
= 00X (}-—f— U'OC_)

= foob| Nes.
wjoo? W/ vary Cooth dyirechon)

h
COns['c{zrvh(? He double -181e voaid, (UH; Tatte) ,

The fraffi'c clags )’ friation = E

Vju,g ¢gr vaiue ,
PLPH\ CELAAS

subﬂ y &&C’C‘B‘K = 37’-) = $6dim

above fub base CCBR::Qo%) = )¢ cm

above bage (C&K:yr?J = 7 cﬁa
e gs lass than G €M

Buf we have 1o prov)de He pavements |
They, othegps [3yers have fobe 2d T fed 35 Foltows 4 ’

39 em B e . ﬁf)
: g6 em
RZ6m . Sub Base_
s
5ubﬂra&
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" 58 R0y , 20/ 2
< F Pufén He Hexlble pavesment- components Ly JRC  CBR_ e thod

for 19 gears  from ﬁl{ew/’nﬁ dafa:
@ 5"””3 rade. CER =37, c'f)i Sub-baue (BR = 207. (’.',’)r Pase courst, & BRISV.
d‘i) Minrmum fhicknes of fha by'fuminous 5U7’fau'ng = 5em M N=3rs
. () Annuaf grovith vafe =77, i) Present— AT = 400 -
Slution -
Progected traffyle at the end of the Ju/ér; [1'fe,
A= PCr) ™

= 4oox (|4 6’0'7‘)

7410

— 96]:?? Neog,
= 9¢Y CV/Jgg/. (Loth direchon)
war‘iwmg He douvbw [ane T0ad,
Using fabte He traffc clagniftation = £
Ujl’fk2 R value,
M/’H‘ abuve 5ub3mi¢, s e) = ge ¢
gpove. (ubbase (cgR=207) = 1€
apove 388 (CBR=9SK) = 7™
but- we have +o prov:’d,<, the pave went Hhitknege of 5 M.
thws , ofher (ayuj have fobe ad7wted as followss

swr}'aqhg/ L 5em T
A Base 56 Cm
il G|lLwm
26wm S - b38R
S'wbgru,k —
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Design of Rigid Pavement

@] Wes-{npﬂ'ar&'s For mula

Rig 1d | Wil b L
pavement \LH i T%
\Vl}/ \ vtmw\-f—‘
o | lesa'ble P2
@bw!p&""ﬁ Rlé\'a Pavement L
P
B L
zA%Z m+e»r|‘or
1oading lo'adu\a %J
-l el
ndevior whee| s7ress
AN 4 ) 0623
)= 01314:5{—; [“f '03",( b) ]
EJ(je whee! stress,
A r3\§93:l
£ )+ 0
I, = 0»9‘?[8%’7;— | 4 "’3.0( b)
Corner wheel stress, ( Weakest Conda'hon)
oL
2P _ a2 J
Se = = [ ()
El3
Where , (e MHere, ﬂ\:‘( 2 KT
p= wheel |oad (¥§) radius of velshve stiffnes
h = Slab fhickness (em) B

o of wheel  (tm) -;N.__,%_

2 = Radfuy of 373 o f conta
‘,"' 14‘5“"7'\"0\&'}‘]‘01'\ csf‘ FYfSSL(rg__

T

‘ af—‘?;wm
b = padiwg of @qu[va\en

, the botfom of the ¢labe (CM)
¥* When 3>},.'7Z_24h ,'ﬂ‘\ln A b
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<0[0 ,
- ealeulate the thickness of cement conerefe pavement USM?

wuhpgwi 's l(ormmz lbad  firmula  from thae foﬂow;'ng data:

= Equlvaizm“ whee| 103d.

0 = G P Ar (gen @, Hax
() Whee la"{’{) 1100 % S . = {08 5k4T@ z«)

(1) R”“‘(f f’f(onfu:}‘ area, 3= [0 ¢m (*AY(WS:I) onaa‘(rr Formula @7 (47

74 2@)
) Mo dulus of puplure of conarete,Mz50ky /em™ . acx/_;;’;—g‘ |
(V) Faetfor o gq,fei—? =2 T;,:e pressure

() & =271x1065 ﬁ'df/ [cm—

wa 6'1S 44¢
V'q ; ' conevedfe M T 0715 ("‘ Apeszl AT )
("D Porsson’s vate  for ’

(\/ﬁ Moduluy of subgm& reachion , ¥ = 4{}53/(”‘

oLt Mr_ B2 oag kgl
_g_____ Ao w3 ble f[,@(u”';)f{ stress , §¢ = . . J ,
1 ’ = BP
Now , From Gold- BecK's form%‘l:l/ 0 T v
o Age
, o
e 2%4100
7 WE oy
= 2R1E M
Henee, (a4 5"@)

Acsume . Hhycknaegg of ngzmmf’, h=0 "

Now , 5
- A/__€n g [ RuwieSx et
A= "\/ = ,\/\ — P35S M
| [21<C{—/°I”) 2% 94 X (|- 015%) = Fis

/

s o oxAI—L
ol SQZ%["(%CJ gzzif [ (;?Em'j

e Se o |2,-€¢ K?/C'm < CS =25 rg/cw,vi)
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But For zcanom,‘(a/ stqu\/_ ( Se d]d‘&]'l

¢conomca| des 13)’))

Fesume  thiekngs , b= 18 (m

J < MQ'?XIJXTSg — Zrye ™
2x4 (1- 0157

2X4100 16 N2 ~° j _ 2.6 ¥Glem™T {5 Ky fer
Sc':——rq/ X[_— }I‘(S‘) (”9

Again , asgumt, Hhickneys, = 1715

g4 _20x105X> (399 o 1
12%4% (-0 !5") |

jod i 0] S [cm <757‘j/¢_m
[1F '7%);1 2781 » 1

’ — : (Mv
Mene , Adopt 5 Shab of dhrckness = 17 3 ‘

@)

A=

BX"HDO

S = 1?5
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2014 ;
H ealculate The Hhi'cknecs of ﬂ!'gl'i Pave ment v

““351{'3V5MJ’S eige loa d JCOTMUL"Q‘ f”omﬂw ﬁ(!owzhﬁ data: ’_

[

W Nke,g{ [rad = MMary F¢ WL

[{')' Tyre pressure =F Kg (e

em -
('w')' D”e'”\jh 7C[4XU"3( streds of concvete 218 Kﬁ/

—

Qb poissen’s ratio =
) B = 2 s X107 Pg/CWV

(\/9 K oS /1‘} [
M: Given Dzsfjn ﬂmun{ stress of conevefe, So :J\X’F;/q,‘;,q,_

Frovn  Gold ~beck

02> 2L
o 2XYa8s”
gs e
2 202 _Z_XL ? h= e

L"\- y
he 2oty e (femt n ZIRC)

No v , W -,\/’xw"x R — F008] Cm
l2k(1-4™) l2 B :

X 5‘x(1~04r

Now?,

2 A :3?93;‘
SQ = 0'5_7‘[95'-)(-1:,;_ [4'0810( ‘o) + 0

)4!21\6, ( /093—— — ]9069 ¢ AN
“ N 1) yle X F

3
Clpayx 19) =7 300307 7

1 F2Y h =
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[tenee
b = Q'G 9“’—“&) —_0/CFSh .

o /\/CT'CX !;.l‘}q’.f_ ]S’qj) -— 0'6?’(7( {Q

2 207F om
& ! y
s se = orsarsy S0 )rff"/of,a ( /zrhz)"'“ 2 Zﬁj

= 9 Kyfer' L 25 E7 fem T
(ok)

Roaw, Adop 4 23 Slab  thickneds of 19 ™M
)

.2013 ) 20[2 (a 3r'ven)
:#— Calculate The  h) Pregs OF Cement- concrede Pazvzwwn’)f' vsings

wesfgzwaf wrner lead formula Usng fﬂlawﬁg,c’a/f‘?

(D Lhee| load = Maximum ESwl

(M) Tyre pressvre = ?}fz;/[m e -

lL) fmplﬁf' [62d =6 7. cf bdl«_w, load (ﬂ\' o mmﬁm(o
0\9 5'87'(81"3 Fac-b'r‘ =2

. 07L Ru?{um UF’ (onNcye fe = (0 Kﬂ /CM()/

(\9 MoJAﬁ,MQ’
o) B = X107 By (O
| (vbﬂ oty nd E7 ¥ (emT
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Soluhion; Alowable flexuraf tress S, = ;4: = SQ_’D 923’)7/@{‘:
Frorvt Grold  Peck 741“""*“(3’/
O,E > Zﬁﬁ Yley¢,
h wp = 4085+ e % 35 ;ou
L o ,}_er;ﬁi = 49105 Ko

plfl'\:—— :2\'3’2’2— CM

Asswmye ,  Thickmers

k = i ers

,‘, X = i\/~* Eh} _ ZX(DS_X”—_-'__‘ — 73190 S
e M AT e

‘\Jou’/

e (0 (2]

J! W = 14,29 ¢
9. 1Yl6X 7

!‘427\11 J
Mf_[r 535 )

| &

“eeomnome  degrgm

Sooune thicgness h= e

[

- L L5 Jﬁ? /cmw {o;:)

9 ImoS X2 = 7087 T
A = ans(1- 01(5™) <2r Ea/cn™

o 1429
?o 1€0

- AJOP?L a ¢

_3x4998:S 1)
g %

gL kg (7
)j 24

of [T

5
fab fthicknt (MJ
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0(¢
" H Caleuiafe the radi'ss 0fF re 9f11f¢ thickness of a Ylgll pavement-

from the ﬁ/[&wﬂ% dafa!
() pave ment Hut preye = 3 nch (E ‘Moalu fus of Sub(e/ rado. reachisn

= § By/emd () Modulus of elathirty = 2 SX107 Ky [em™
" Sslwhbn

Radivs of relative Thickness,

/t::f\’/__ag'—‘—k 14ere, h= 7 inch
/'ZK (;,_/(/1)

E= R¢cxlo5 Vj/"“‘q'

3
54 =4[ 25x10°% 7 K= 5Kg/"
12X 5 x (1-0.15™) gt (Lef)

SR = 69414 ¢m

At
2ol ()
- Caleulae P stress  due fo nderior lead on ried pawement—
%!7 Wufergmrcf’s formula from Fhe ﬁ‘llow"f\g dafy;
() kel load = May. N ,0) Ee —~2.5°X10° }éy/cm"*,dﬁ),qao'lf _
O\b = F)‘g/cmz, @ 222 tm (V.') he 1gem™ - Allow (07 Hr HvaauL
load
So)uon

we Know,

for inferiovr (9 ding ,
4
$i'= Or3lé6Ly —— [4 310 )'H.O 7/_7
NOW/

1729 b =() 72 9x 1g)= 31003T y 3127
Heeg | |, = ,\/@'ca”»rh”) - 0675 h

m- 0615 %19

, - ? ' &CM
m”‘/ P:@"g;—'f“ foe5 % l°°) I ¢

L4

V)
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Yy = 0030625 x - 475 R, Lff leg . (—i% + 1 0492/7
Heve, ’\/T 2
(2 ECl-p \/ Sl g = 7¢€| em

l2x s (1—o0-15)

Gt 00302 X Jﬂ > 768 ) 4 1406773
, D2 [0, () 3]

= A2 73 Ky /ow

(o)
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[y Road Note 29 Method -

sl labe Hhe fhikness of subgrade , cub-base | slob for

20 gears with & willlon gtandavd 24leg (Msh) - (’4‘5“"’"‘
The SMbﬁTQ&Q 1 Narma/f)

~ Solution:

D Thickness of subgrade .
U ) %‘
To 4ake (ave +f the pory ‘7“81’7'7 5“4’(7'"34’( ¢ B cemeny

) be
'}’h&a#—zJ S’Mbﬁ'rgie ’9:7{4(’ O‘F‘ @M’<K SL\QH ZOOMW\
>

jfw all ¢ LS

va;‘acl .

. . ol (21,—157-)
09 rI’VICkW'S &F Sub-bw: ¢BR VAIME

Tab L
Typé 07L' jub? rgd/Q "S @' [‘1“’)(& Ujfhj

P ti'cenas of - gulo bage. = €0 mm

({{b fhi'c kg nesg o f slad g Gilven . (bmmula HVe Nor of Stamdaxd

vsthey Graph , (Fij-01) 2ales = R pmillions],

lhon A&

m 5(?@ %('C}fm;; — ?30 nim * 2 Millon c
‘ (316~ (6 8V =jariar
| [+ Unrein ﬁru& concre te

L Shb [ lg0 M

Sob-Bage 20 Mm 2+ Re\'nfiv ce d concere fe
Sebgrade ] 200 MM 28 Slab thi ¢ knets

' cod @@ (7|

F,?, F‘“’F”"ZJ R;;;.,‘J P“"Ml/f_
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i

l @ TRRL (T}%;Pav}- and &34 ﬂegesrrcln Lgbovﬂ/f-m’y) H%ﬂ,

| ¢*$faz(cu/#a e thilclnegs of  swhbgrade subbuc, shab

‘ [} L) ’

1 for R0 Vears with 2 million  stamdavd antes (Mia) . Aosume

e subgyade 15 wrak
Solutiom -
(5 W‘Cﬂmub;.e)f— 5040379%%3

Te fake core o}C e poor quvh'}j ”7(’

' vk, shall b4
reited ¢wbgyade O0f (200 wm ) Hoekr 5
# ﬁ ' F’——_\Sﬁv all cases.

cun LJYAAL .2 cerment”

pY‘ovj'lu,

U‘:')I Th'c ey eJ)L— Suh bage ;
Type of swhgrade T8

lo_
Weak - Hener usﬂ\g fab

He fhitkrage of subbase = |so ™My -

0”‘5 Th'cbne g 07[— slab’, GH‘V(Y)/ Cummu |atve FS-JZ]LIAC o 2 MoA
0577 @Talph . ()Fllgﬁolp ‘
CD RUV) ﬁ’f ce. (o; Cre h 5 f@/fa /‘ﬂll Kreyss

- I‘Q;‘MM

| (b Un Peih foreed  concrete slab thic¥ness = t47 v

-
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“To take care of the poor quality sub-grad, a

' Bemigr

Classxﬁcatxon of subgrades for concrete roads and minimum Lhnck\‘n:ss of sub- base rcqmrcd

o Cﬂm‘ruﬁ"' P.m.-,ﬂmrsi‘

Type of Definition Minimum thickness
'subgrade of sub-base required
Weak All subgrades of CBR value 2 percent or less 150 mm
Normal Subgrads other ilran those defined by the other categories 80 mm
S . epR volut—-24 = I5X - . e
. \ Very stable All subvradcs of CBR value 15 percent or merc. This 0 ,
' ) l catepory includes undistnbed foundations of old roads | ot

cement “ireated sub- erade laver of 200 mm thick, shall be

A—
A
s

A
23

TRR

Stab Lhickness (mm)

pmvxded This has become 2 practlcc 10 the

dchlopcd countries. The p!I'ICl"?I beneli

ts of cement snb-

On very stubl' subgrades (CBR 15 per ceal or marel reduc! slub
thickness by 25 mm

slob thickness by 15mm

77 On weak subgroces (CBR 2 per cent or less] increast
T
200 Alternative design for unreinforced cencrele for use:
wh:r:uc:n;:rudmn troffc is likely to be heery” | | —
| P . = (CER between 2and
- | 15 per eent.]
Unreinforced concrete J‘H—’F- .
L o HIEE—
Reinforced concrett__—= T
— t RIIo——
e -
100 . w—l T
[ T A e ,_%J__'__”_,M ]|
— e !
e L o R RN T R o pss
|1 EALNE l L
_ 111 main
ol _ T |
o 0 0 6 @o 0 L0 60 8040 20 40 5080!0 20 L0 60 80

_ Slab thickness {mm)

Figure 01 Concrete: minimum tluck.nes': of slab. (accamém;

Cumulative rumber of standerd cxles | x 10 )

4, Rood Netz 29)

o

100

1
P robabillry of Tnm_ FR 87
survival % Relnforced| "

50 Unrei
=~ nremiur::d TRRL fuil scale
= h
P | rood exparimants
|

-;.—————
.,_ <. Relnforced

S~
..-(\'4:—"‘ N
~

200F—

Comparison of slab thicknuss curves
300}———plvenin TRRL Report RR 6T (1987)
with the rasulrs of TRRL full acale

road sxperiments

400
o-o!

o0l

¥
(]
!
l
.

10" e ‘10 50

_ cumulative traffic_(million standard oxles)
(From Publicatlen of Mr, Croney 8 Cru.ngyj

Fig. O2 Dasign thickness charie FOr concrolv rood slabs
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Sp lutton -

7K DQS]{“;IW ba\!,ed 6N Témpgra_mre VQ’Y‘}’H"f‘]by-’
1l Dé 51;‘17'1 flgb ff’”kkh{,{g {Y‘Om H"'L JGHOWI'VLE da'i‘a'.

(b D : 0 - ’ cl .
L!lgn w hez| loal = 57100 ﬁd

() presed Traffyr. , P = 200 CVPD

Cn) Desljn pe/n‘oJ = R0 gears

Uﬁ Tpﬂfﬁk awan rafje ;¥ = 757

@ Te mf,m,g.],uy< varladon = 13°C

’ v ;_/_ = é ’(?/Mrb
Q/)) Mo du |ug o,L subgvaéﬂ veachom /

& =
et : CM
&) Elexural streng Hh of comere te. =1 0Kg /

o o s
= Ve (¢m
071"5 LlagH'c nnodulws o f Conevete = 3x (e d

L] N I - l{

QX) o15¢om’s Raho Val 0’15

—_ o .e
T2 ratu¥e  co- _e A ‘ent

X ady > T condact aved - B
() Rading ”

— 45
of the y:vzwnir, L= 435sm™
w = 2,5
L,

Acsume , tengfh

wildHn of the pavev~nt, L sk

and , Slak Hy'tbnes , o= RO 4%

g _EP°
Radyws of e [2h've ¢ [ nets, NG [2¢ (~H4Y)

a [ 2x05x20%
'; -_’/—-——”—’_'__—
2% Lx (1 0157)

7—6‘»V [ et
Now , _’:__-; AR gy (<,,+m4) _
‘l{ Vo
.J,* T+ < (m%l 22 (xrt?'i’ crifead
w i 2.5 X(° o (,,;g :
e 760
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US('r\? Graph ('Fp‘gfaa)

o= 009 (% peintar qz ent 't ;’Mj

ts 'u"lrapl'\ ‘(Flii "0‘1)
Stress duwe do ’rgig_gﬁzﬁgf;—‘* ’*ﬁmm)

at =13°¢C
Si. = I¢ K [em”
Now , !
" — flexpwral stren +h — °te
Re ¢ duaf SW&;M "7& concvete o ]

(4o~ 1t) Fg/em™"
= 42\77 [ cm>—"

\)

(P _Edge Load  STress pond)*hin ¢

For slab Hhi'Ctnegs b= aomnd K =6, P* 5760 ’7/
we osbtan jﬁrom ﬁ’r-a/ph_ (Flﬁ"U?)

LDGE Lload stress & =& 19 fern

e

P P ,
Hemee , F 5= =079 <1

¢ (net- 2€)

A(?-'Nh /"CSHW\L s f'L‘f'(Kn(;j ()-f 5(35 :9\3 ,;’] .

o i Xf: M — gg,gé ¢ na

(2X4 % (1~ 0us™)

= A gy fethel)
A euee
Lo AP 2y 1

5 ° e 7
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gk usa."\v?_ Arap h (ﬁ'y-—og) weobtatn , ¢ =o0/F/—

‘ e 5
Uflh} éd'rap‘\ (F/Ef.—OV), we obtath , S4p IS~ Fg/em

 hgo 1) 22 g e
oy Rag 'dwal ;1—,%,9 ;H«\&F' Qa‘ncﬂ’lf—ea’ qu )

= (e
Now, usﬁb.L Graph (fij-o0F) $e = 21 ¥4

x FS§ |
. Fr S = ;\SP—’ ol )‘/é{ (’Kt s econam;‘( 4,2_4'13,7’]7
Cop) 7
’ Ed )0944.}\3
A/a’e’pf’ slak Fhdceness = K% 1N, (for Edgr
(onddfion ¢

dl' Ceprmey foafl $Tpe gy

[ load = 4lo0 F’g C@\ZU:) WIE,

. - ) (oo
R for Edae [o7d stress

use Pg- 05
K il ,{—u-r o nex” [o2d stress
Fig =
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RN, lee
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EDGE LOAD 'STRESS DESIGN J |«

PARAMETERS <

10 1 9:“00?(9,05!5:«\

o [ 4

E=3%10%wgsm?, a0 15 w

5 : £

[}

v}

Q T A ¥ L v T T YT
14 16 e Z8 <2 24 25
SLAB THICKNESS, necm’
- Fig. 0§ Design chart for caleulstion of
. edge load stress, | o Fig

Values of C, 27d C,

12
ol ':;;E-'_—é =t
o] ﬂ%::-if_ o
0.6 | INEREN
el EENENENEN
02 AR
0 1 8
0 2 a6 8 1012 1

Values of L ftondt 1, /1

Figure @3 Warping stress coefMcdents (From Bradbury)

EDGE LOAD ITRISS 7, Kg/ea?
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X
Ay
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)
a
te
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o
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e
L
42304

.
=
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-
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u
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v
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Cage temperature stress
design paramelters:
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// 010
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~ C=0
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Ty 94 Temperature stress l edge

A= \ -
k =30 KG /Cm3
35 |- ‘ .
=15
=10
20 =13
! =6
%i\
G \\
20 | TSNOONES
CCRNER LGAD STRESS -
|s L.DESIGN £aRAMETEARS
pP=4l00Kg ,A=I5Cm
E=3 x10°Kg s/Cm2 M=0-15
10 &
5 -
o l 1 | 1 ] 1 | M | 1 A

14

OB Dosigu chinel for calenlation of cornor load stroas.
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16 18 20722
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‘.FF**: voad 15 Twe [ame Hwo wals . Cal culafe e cummulapive
Stamdavd (e In Jag»,'jy, ['fe. from ﬁ{fowl? dafa !

(1) Present traff'e = 909 <vpd
(W Growth vabe per Year = 77,
C@ DLM}VJ li'fe =[5 gea

W) Vehria| damage fackr, =3

?18/(5

2 S+N”L(7ﬂ\mm>? peviod © 3

Solufion -
Tra fz#i'g 3»]Zf‘gw @mp1e+1‘an a.f §‘f‘ren(7f'{'\f?”\17'lﬂ/
e
i g= P({’H’)ﬂ—r
3¢ 0
» 900 x (146707

Loas Y N [ o3 B

No: of- commulabve  standard axle for design Wfe
N
ZLXA((UAr) —I
LD Y

i
2¢sx 1103 x [Q+007)— ] oy
o l‘O%

N =

—_—

—

~ go3s0yss~ &5 N

~ 3035045k N7

Wipay Stendavd axiz)
20035 Xlof MSHA (ol dm

—
p—
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CBR Test

H Caleulate Fhe AQS\'Efn CBR value of subgrada soi] from the fo\\owx'vllg,
data; '

‘ + 5 (o]
Pan(e;:;a)ha?: 05 10 45 2,0 2.5 3.0 4© 510  F5 !
' , 2 3%
Uk load T: ows ol 023 06 w0 10 2 206
(Kg/&m‘v)
ssluhon ¢
We Fnow,
CBR value = n't load Carried by sample atstandord penetration lovquo
a =
Uni't Joad carrizd by stamdard eruched stone af
absove fengh*-aﬂ‘on level.
o o IO oo = 1437
/ CBE Valug \)Cﬂ'f' 2t5 mm Pengh’ahaﬂ p= 70 %l
| by — b e 248 7
Jor 50 MM ,D?neh’ahon_ __E—?X j0O
o 2037

2'[0 X loo
12Y

‘ or) — -';gi, 0022’“"/'
for 1o mm ’pq'nﬂﬁahon— e Rl

T , N T Gl
L)ﬁmx_g_djﬂ 2C

fop Zis™ mm rQ'neffrahOrl -

o pggyén ¢ BR value =2:.4% %

But, CBR for 2.5 mr penedrahon < CBR for S:OMMm penefration

Mener , Test chow|d 2 rengfed' Qm}

Sdamdard lLoad Values:

:Pcndrah}m (mm) eSS 50 Fes™ j010 12¢§
Unitlend (Bgle)| 7o s | 3y | e | 193
toad (g 137 | a5 | k630 | 3ls0 | 3C00
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il ceR value '{rom the oﬁ)}[uulfn? Daja:

+H Assertan the accep’red
.Peneﬁah% To T4 Load (K‘a)
Tesd (Repeated) l

(mv) Test (In/H2l)

25 50 52 4\

{—f;_ ‘ 76 0

%o lution 4
Eor /ni'tral Test.

5-0

e 3065
¢ BR, Value (225 mw) = 70 x loo = 3

Cer velne (%0 mm) _ 7% _x (00 = 377
oSS .~
O gy ae ©

ET 'ZPQH“?A iéf*/

EL y Br?ﬂ
i . Xilowo

C[j& Value (1‘;—"‘"‘) - l

§0 x,ao:2'97-
205S

——

rgR valwe (50m) =

Snee, [ir vepeated 1ot
f ! g value for 5:0mm

" ¢B ‘
0BR value ﬁm e e fwehah i < Fenea‘fahoﬂ

ence | The Acceph'cl CgR valwe = 2.9 7,

(e
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Brtuminous M(x Des I.‘é_f n

20(€, a0l5, 2016

0 : vmen o
# calculate 7.va and TVHA of 3 compacted bitumynous miX specrmen BT

' = vye , Gyz 24T
67 pc from dhe following data: g, =102 , g, =2 T G = e 1
. ' ) - nd absoerbe
Gmm = 22T 7 dry u@f('ifn'f‘: (Heo gm. wefgh-f‘ in water = £ gm 3 a7
- J =47
water m_\glﬁ‘ =3 gm. per centage m Hrx e CA=S¢7. , FA= 387. 3
on z = m | men
5_0“”1_0“. Ri'ver, cfrﬁ wagh-t— ’ als et 8 zbSor'bza waler "Zl’f’“’
g wczl'ah*l‘ n water + 1
. sht = - HC'3
$sp Wy _ ot 3)
= & 52 g™
w&lﬁ ht N water , ¢ = ﬂ _ A
. T”b o5 B—‘C__
e gravity of fhe spect ™
K BulK 5F0~(l a i B
T 1167 -637
= 224
= 29
G ven Sl
1
G mm — b1myp < g = 229 — R alY w100 = 2.32
S Grmm R-R7
o P| + e+ Py ‘5“94—39_4:1;’,_/___. 2.34%
Gsy — T = ¢ 38 al
f 3 o s¢ 3% 1 )
Z.L,'*'g%* as F gt T2
214 = 1257
Gmb = (100 - =2 w 94
o VMA = (oo ~ o w )S;) = ( 2,397 )
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20|17
¢ Calculate R 7.va and 7 VMA °7C ©mpacted bilfuminows M x

speeymen for L7, BC from Jénouol'r\j/ data: P =587 =387
3227, , @) =2 %%, Go= AL, 3= 256 &, = 1003 Grmm =252

W Gy = Y2 P compacfed gpeeimen with 7. BC
Solutions oo G, =204 omd  bimm = T2 ,
Vg = Ammmlm 0, o RS- 2091 46 = 5597
Grmm 2S5
Hows Gy = PTPatP — Sffg;m—q —2.035
e e N R

v Tovmg = (oo— S oY = feg— Y2 = 13:¢77.
@ T x/;) (10 b

2016, QOl?(Sl'ml'lar)/-QOH | QA—VUQ '
Caltulafe 4o v, and vMg of Mershal] st pecimin for 69, EC
from the J[o]/ow(;lg data’
Constituent 'n Mir'x ‘A A HE f Bi'furmen
ﬁroenfafft I'n M £5-| 3 l 57 O

240 | 1 &
speer'fre gravity 2:.79(é,) 9\“"@ 4'5@)1 /'07@1,

o

for 9’7 gC Grnem = AsFPE ﬁ’f ¢7. BC Gy = Y22

M: Gn'vun, & (57) = RrS 5
R Gp ’Pmm"‘?b — 100 — 5 = 7\"7?5_.
5o MsE = 7 . 100 g
TN B
Gpma 6110 <
P oo :
y— - - - 21516
New, G oo (67‘): =0 n B _IPL_._G___,‘_ é
[ Qu RS o
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byven , Gmu(E1) = 2.42.%

G L o 0B
Ao 7. Va = m;h GT"‘I_b 7([00 — ?'9—/2_5—7:25:‘{2 x [vo = 2’5‘ 7
mm '
UJew,
. Pr+%+P3 - 51Tt 23 _ 2:/¢Y9g
5b - T 55 261 -
Pr, Ps 2l 14
Glp +Gp,'+ “,} -?v¥7+ 29 tc i LD

v 7, VM ::( vo — Gty
-1 7 A l Gle

Qilpa 2 y) = 1Y 1027
FCTI )

(Aﬂ;:)
20]2—
CHH Caltulate %va and G, vMg for €7, BC

M w1 from The data s
LG,y = J'?f, Gy =2rY¢, Gy = 2062

’, Gpmm = R 58 ? a(rg wu(‘jlf)'f‘ oJC _(Fe_u'rfm’ﬂ'::
)25'0 gm ’ wb{j 5'}" l'n ua‘fe'r = 700&%} and uz_{jh-}— gJ( GJ’J']LOY‘ absor b()_dg ég,

gpeci’men = agm - Rato eFf ME: Fa:cA = |: 702 I1n MiX

M; Gi'ven , A = 125D 7
/3:(125'0+2):!?S‘15m
- 7—60 fd”’\
) A 1250
r‘r = Y = — Q'M
Gime B-C 1259 — 700
G"lmr‘w'—GTml,, .ngg.—l-'Lé -— 0

KN v X o — X)Do-g\r(/7o

7o Va = i &b 225

Given , MFLPAS (A =127%1T
D CAIFAY ME= 12570

) 2 &0
I - _——-—r————x ,00 s 7;
: g 12471
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P = %?; X loo =357
f3.2, —ggnioe 2%
P
o, G,y = l";}”?_'f}’zp S— Go'f‘ﬁ;frrr _ 2445
= 2 - 2> =3
> T GL")‘ Ga 278 Q,c/(,"“"—:z—'é?__
r‘! 7’ '\/I"'/A = [00 - Cﬁmb ) = — :Z'U — 021 'F
C Gs o P\FS — anc >3 )(71/) =12 /
ddiHona) : . VM- 22 -5
o ]9 22

(4w
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Introducton

- F Compapieom  with  Road way :

‘ ds 3t high
1. Load Hardling Capacity: Ral'lwa:] ean handle heaviep [oads 1 gher

Speeds

2+ Congtruchon , Mmaintenane and o]oer-ah've cost e Railwg;j has h.‘glna'p eonstru-

ehon and majntenance cost but lower oPe.rahb’n cost.

3 Speed ¢ ‘rh:f(h speed vails are much  faster than road way-

4: Degree of Freedom: Ril‘\wéj movements are pestricted fo be. In ONe
4

direehon .

ont for |
b l—enq’rfn of haul (Dls{‘ancd Rail way is mueh ore (onvente i)

haul (grezﬁver than 00 KM ‘h"lpé)

1 l . l \ ‘;%\ es.
6‘ loPOﬁ, aPhLd’o ,\ai lAJ’AAa IS e; 4 arn PV

7:_Energy ('onsump’non .
neqmer " Paqlwmj per Ton1

s lecs than voad way-

— Ener ’
i elzc-l'm'(f’r'-a (s ueed.

— very onvironment fmcn{lla ' lean’

H# Advantages D]C Kall):)azt:

1 Méhzw Capau"f'g.
2. Louwer Operation Cost,

l—H'ah 3peed

4. Fixed wvoute and easier operahion.

5. Time savn'ngg.
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H Qlaﬁl'fl:ca'h'on o-f fean'lw'a% SHS+6'2:
Three ‘fzfpes °TC pa“wad %S’rem are 3
W Inter cH\& Pail way systam. ;

élb Urban pail@aa sasqlem.
$‘d$+€m' :

O\p su - urban \néfl way

(D Inter ¢ |’héy paflwaélLs Zfs’fem:

— cfanee |
Longl Pretan s

f)+- Every 20 or 3
-Cﬂenerzlla noi’ vew\a 'ﬁ'-eque ( Oni ) AB?J)

(ID Urban rm‘lwaa_s_ﬂyfom:
— Short bhau]

- Fv*ac{uen‘f'f ﬁeqwmﬂ a

(II'D Cub-Urban r>3|'lwag saﬂem:
matn CIty »

— suburban o

s Wg“\ as evera 2 minutes,

— Mos HH eaters

H ‘Eﬂsponsfbfli{ies O}C vl Er\a{neem:
eivil  Engineers re¢ ponsi ble for -
M p‘anm'na the ratlway tracK.
({;) Aesf@m'na Hre ah’ﬂhﬂnam—,
G‘D right of way designing -

(;vv) oper ations.

Qv) malntenanc -

Scanned by CamScanner



]

‘ 0VF 16 . Prineiple
v write shord note ont Magneh'e LEV'\*?thma‘_@,ﬂn,ﬂ’__
. J

v — Opposite pales on magneh keeP +ramm 3bove track.-
g
T (2)
: F o
N [ S '
; ()
a -g
- S > F
O
F
] :
(d)

— Tran s propelled by eléd’mo—maanehh sas{'em i the ade OJC
the. 9u|’Ae way mstead of en board enal'ne.

— Trafns float over 2 3u|‘dewﬂa without any contact between fpain

and rall reSUIﬁ'ng zero Frichona) loss .

Compartmeni—

Gruydance L s
Rail Guidance Efach’o—maaﬂd*

Levifat'on E leetro M3y net-

’ F,'a Haﬁlev PY‘)‘Y?C!'PI(S‘.
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i Railway TracK
U
20[% 14,13, 13, 1\ 10, 1¢
H Define Rallway Track

"'R'&H\«Saﬁ Track 15 2lso Frnown as permanen'l‘ Lway ¢

= The name of permanent way is 8|'Wf'” fo fhe track o ditinguich
the fina] track eonchructed for the movements of trains from
the +empor=aw2f drack lard for ﬁawsporh'ng the congtruction

materials.

2010 . frack
# Name the diffeyent com pone s of 3 Kail uay ’

~The -{fHPt'cal camFonenT? ares

(D Rails. /—' Ratls }Tvac{ Sructurey
(ﬂ) Sleepers .

» Sleepers
ere “ ‘\—'
Al Banast, / @ Eatyes

CI\Q F Hh'ngs and Fas'lenf\nﬁs . // JE:_fLT:;:a;j Formatton
™) Formahons. Subgoll or Natwral ground
-~ The m:‘!waa fracK  costs Fig- Compoments of aRallway track -
about 407. of the dotal ‘nvest ment (N the mflmvd‘
20]0

 Discuss Funetions of each components of Railuay Track,

»(;)Railsz Tranewt the  wheel loads of trafne to the sleeperc baloes.
(ih_Sleepers: .
— Hotd the rail M proper position

— pr'ow'dg 32 corneet gm(?g with  Hae kelp o]C f—f—{-h'ngc and
fas«}em'nﬂf.

._Tr'angf—pp the +ram load Jo the ballag+ below -
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(i)_Ballast :
— Holds Slezpers fn posihon |
bevel Sur'facz and Jrai’maﬂe Jo the ‘hﬁacK..

— Provide a uniform . |
l’arc'dé arel cpf fo‘pmafhon below.

aat 'h”amfm" He trarn load 4o o 3

[y

(V) F"W'g and Fagtenings:

— Provide 2 am'P between valls and ¢ leepers.

— fasten  He rails with sleepers,

(v)_Formation « |
- gives 23 level surface, wheve the ballagt vest

— tales the total lad of the drack m well 3 the mMoving
tram  loady.

Qo'g"7/'511‘1/13/12;1!,10 '
FF Write the bae requirements of an rdeal Pa”"’ag tracK.

1. The gauge of the track should be covrect and unifrm-

2. The alignment of the track Should ke Covrects

3. On curves, should have proper superelevahon.

4r The gradient chould be untform 3¢ gentle 3 ypossible,

. "brahions.
5. The 4rack should be pecilient and elashe o absorb shotKs and vibranons

e+ The Jv’a\'nage, of the +racK should be. P?P'f@f—’f" |
7. The fv‘ﬂ‘hbﬂ‘ be-hwoen Hhe wheeds of the pol[fvxﬂ sfock. and vratls

3

Should be. minimum,

The tracK should be Aesfgnzcl 'n 3 such wad fhat- Hae load of—

' ‘
Hhe framm  should be dtstributed um'formla over 4+,
a, The 4rack should Ppossess L\.‘ﬁh res\s fance o the Jamagje at

o the Hwe. of deraflment.
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. 10. The tracK  should  pocsess anti-thefd and sabotage qualihes .

41, The ralls should have Ferfed— crocs level.
2015 1 1413, 1l .
H Write short nole on: Capacily of a railway track

" ’ p num,ﬂEY’
—The capacf‘l'z of naflw’azl “drack 1 defined a Hie maximum
of Hhe +rackK

OJC frajrg that can run sa‘j’elxg on 3”3 an'vm len(cjf*h
pey hour.

- : handled 1" 2
—The waximum numbey of -rans which ean be 7am

yard per day ‘s ¥noun as Termmal capacity ;
considerations

— In aetudl Prach'(g, ’ W+ & Some What [ess due o Sa:fe-l'z]

a5 Speed of Hram , contpol and g|8na\\fﬂa system.

Cuag ! ) ac K.
H Suqqest somg measures U |ncrease .Hf\_q_gpau-ka of atr

W The speed  of all traing  should be  Kepl same:

6;) Al sechons chould be made of equal [enﬂﬂas-

] alert the drivey.
(;@ Mulh’ aspec:l” sfﬂﬂnlllna may be aclapiecl fo

eh suifable modifications.
(iV) Ga P&movlrﬂg sPeed rectnetrons and

) Reduchon 1n stoppage Hwme .

™ ug hould be
Grauvae and ¢ter qavqe S

D T A ool &M Broad 51247

&), raffic N

construeted:
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2018, 2010, 00¢ '
3+ write short na-te on: Sleper DQWQH“;}

- Sleeper density 1S defined s the numbtr of sleepers PE" rar| lenﬂﬂ\,

T len
- Generally  one sleeper 1S used Jor everyone meter th of
the vail.
_ I} the SFQC"ng 1's legs , more Nnumber Of SIQQPCPK are USQCl ,
' o . r )
which 153 5})2(1{-124 2%, N+ Where,

N = [mﬂffn of rmf (n meder

W= msH}mmahcaJ num ber whi'dn

— Tor Broad hauge (BG): variee on many factors:

=|2 ™m ?W\C‘ ‘XC?_

For Medep Gaug e (M&):
N=l2m  and =9

H What are the factors that sleeper C{Lngﬁfj depends on .
—Sleepep Jencﬂz depends on  the fo!lowfng fachrs :

 Axle load and  Seed of train:
(p Type and Sechion of rail -
(i) Type and strergth of slecper
(;") De ptin of Ballast - cushion -

(V) Nature of for mation .

4t What are the farces that acts on the wa{lwaﬁ frack ?

: . :
(D wverhtal loads consl‘shwz, of dead loads and dynamic [oads

(\'b Laderal force¢ due fo movement  of 1i've loads ,eceentri’c

vertical loads and Shu”h'ﬂg Oga [ocomoHves etc .
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&) (i Lona('h&'nai forees due to traffre  effort and bwaKr'ng +forese

and thermal forces.

“(t'v) contact stresses due to wheel and rail confaet

; § he C
(V) Stress due Jo suiface. defects Irke Flat spfs o7 & el ¢t
=1 DeHm formah — tne frack
: e swfac& pY‘EFar‘Cd ) vece\ Ve Hhe allss OF ¢ N atled
| Sleepers and ralls for construching  the patlwzg free +hney -
' J m embanKW‘”‘*' or cuTNY

be
. for’mah'on or ;ubﬂpadz. 1t maa :

cH Wrife the M:
(b 1t pmv?des 2 cmooth  and uni
(1) 1+ bears the entire oad transmitied fo
stock  Hhrough the ballast,

drainage facilities,

bflf{—ﬂ fo the Track:

o which the '?"acﬁf;s.

4 from the rolh'nz,

5—0Y‘m IDQA

('1'\'1) T+ pro v des
U‘Q r+ provides ¢t

Mﬂl’i@% ~ formation: |
. H ANy depan<15 upon the {o\low\nz

() Width of formahion: The Lidt of Formahon

factore” |
— Numbzer of HracKs o be laid over | T.

— Grauge of the track

- bdl'cl»“’h of b‘3|134+ l'ax(,]ep,

( ‘ded
. width of drang prov;ée
maton: Aepe'ncb N’

an Herght o
A Hre al\ﬁnmﬁﬂ".

— topography of
- lealn'ch‘}'s SAOP’TZJ \
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Qi Side slopes: depends on:

— Characterech’es of <ol -
= Sheaw s'tren(C/H/\ of soil-
— ;Mﬁl[‘ of e posr efe

00F

. r y . Dl .
H Draw  a single line barlway +rack micu’rﬁhz showmg 71:4“7 1arls

e Y |
growm oy

54
Lang . {3 .
. . K m cu%ﬁﬂﬂ
F]ﬂ« Qmﬁl/&/\%‘ Trac
#éﬁg;a Hypieal single tine. dracX  on emloank ment show! r\aﬁﬁt“ details -
— d ~J
}’V 3.4m A
|
( " 1'7”‘ N '
i r . 0 ‘
! e ~ [
P P
" % \ qrgm "{ ‘
o d ! [—l T or30m
I 5155 m ;K.u* ¢elom ™ ‘"u"l\) GG m 4

Lane

Fn‘g ' S|'n3\QABG1 TracK on EmbanKment .
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l Rail (rauge
0T, 16, 5
# Define g3uge of a valway Track.

=~ Rail gauqe s defined as The clear mimimum horizontal (pﬂ.r'Pench'zq(m:)

Hrack.
// 4—613032——
?
L7 VP

Slee per

=In Europe:m countries , The 834,(@;9_ 1< megcured between P Cnner

Faces of- fwo ra'ls 3 a Fm'nf— 19 v below the top of [he varll

20VF, 16,15, 14, 13,12, 11 ,
# Dis cuss the  factors whith Affect the chore, of a railway gauge:

Follc‘)wf"\g facfors are pf{oc.h'na the choite of 3 r-m'lw:rj 380321

D Traffre Condrhons:
IJL the r‘n#enS\‘-lH of 'fr’aff—p'c_ s more ,

BGy 15 more acceF{able

than fhe <fandard gauge .

(u) Pevefopme"ﬁ' OF podr areas”
To develop the poor areas smallor gauge vatl 'faull‘l’lfs vn‘aa

be provided at less NPmJHWt + They are fnown a5 Narrol gauge.

| ('I'lp Costof track:
I suffraent  funds are avarable,then Broad gaunge adoption
B.&.

's the best. In ca:sg,guffl‘u'm'i‘ funds are not- avaiable for

and Sy then Meder gauge s adopied .
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("9 cost of (onstruetion:
_dn\a a rharé];'nai l'ncrea.;a in the cost of FrackK

Javge ' Ddof)fé‘d.

= Pr'oporﬁ'omz{ INcyease 'n He cost of. acclum-h'oﬂ o.f Jﬂndg,
5 when

f a wider

ewthworKk , rafls , clecpers , ballast and other drack rtem
Lon.s’rruc.h’ng a wider gauge - | |

— costof w‘(au‘rg bri‘rfges Ceulverts and dunnels increages
only mafgl'naﬂz due 1o a wider gaugye -

— c¢ost o)C cons-hvuch'nﬁ ¢tation bm'[ch'r\gé, plat forms, sta ff-
aquay ters |, leve] cmgg,'na ,5,’3,43,{; ete. gssociated wi'th Hmraf'lwaz}

network 15 woere or leg  the same for all g%

V) $peed of wovement:
- SFéed s Praporh'oﬂal o e ﬂaucae

_Ib s He funcHon of wheel &'ameter

— A¢ athumb rule, Iiameter of the wheel 15 Kept 7877 of-

the g auge width .

C‘".) Pk‘jgi'cal features of the coun_%rg;
_1+ 15 possible fo adept <Teeper gradients and sharper

curves  for a marrou gauge A compared o a wider gauges

wip Uniformity of the gauge:

— Existance. of a uniform qauge in 3 country enables

srooth SP(t!Jy nd e ffryent oFeraﬁ'on of traing.
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A009,07-
# What are fhe disadvaniages of adopting different gauge on

e varl ways 7
@ Problems of Multi-gauge sysfem:

W In convenienee +o  passenqgers:
C"\aﬂaa draing

Pue 1o the chamag Of 83%&, passenger have 4o
whrch  causes I'n conveniente

mid 'J'OUY'YIQZI alona with therr  14ggage

sueh 3¢
@ <’I1'mb|'n8 ctairs and frogsff\z bridges .

®) G'eﬂ"'ﬂﬂ seats In the compantiments of the [ader framn.

(¢) Ml'ssfng comnecfon with the later trame in case Ahe earhor frain’

1¢ [ate-
@) Harrasment cauced by portet
{Y‘Om one PU{fUrm 1o anothey .

(& Trans portirg luggage

a} fofl'cuth 'n_transship ment of goods:
Goods  have fo be trans-shipped at Hne Pol'ﬂ
taKes p!au- cauges the f—‘ollowfr&c] 'Problemgf

b owhere the changes

Of‘ gauge.
(3) D?mage to 90045 cluml'ng trans. c%u‘Pmenfﬁ
reeept the 30044 24~ the destination

(b) consfderable Jelaa mn ‘
Jrane ¢ N'P ment—

¢) thefl pr m:'qofatemm‘f‘ of g]mdi JW"”(”{
and subsequent c¢laims.
@) Neoen - QVQ)‘Rb!.h.-hj 0{ QAEC?\,(QI-(,. ‘;W)J gP()c,'g “‘?(’A r’y\pns_;qu{)yr\ﬂn‘f—

labour and cTaff, f;wf'-fculwfj, “W‘l'ng] sty Kes.,
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(W sufficent vse of rolfing stocKi
As  wagon have o move :”"P"‘(j in the divection of~ i

'h"?f)s—sl‘\l'r)men-}— Poffﬂ’/ 'fkmj ane  noj- fullzj udr'lyzed .

1dle wagon s op lznﬂ,hgg of one gWge (an nol- be moved on

ano ther qauge .

(iV)_thndranee o {ast move ment of 3004—5 and passengers ;

“Pue fo change in Hhe Gauge , fraffie can nei- meve. st ohith

betomeg a 'm:J‘OY’ Problam p:wh’@u]ay-lz, du.«,'nz ,g,memgan(as e a¢ war,

§loods and accedents.

O Addthonal fac'lihes at lations and yards:

—Cogflz, sheds and addihomal shedr and addilyonal f;,c,'lfh.’g,g heed

to bLe provided for hqznd/h'ng The larf/e ~volume of goods at~ frans-
shf‘Pli‘f‘ Po,'n{g. '

N Dufh’cafc Eqw'f’w’”?' md faclih'es cuch ay yards and p 1=t forms
need 1o e p(’o\n'dlc! for  both gauges at Prans-shippient pornt-

le fof‘p'cufh’_os ' balanced econorm grou-ﬂnz

— Differemw. i'n gavge. also leads fo  unbalanced o conomi

are s, because. ndumstpies set up near M& ov NG sfaHeng

ean N8t cend thelr goods economiallip and effitrently o aress

'bejv\a served 1,;1 Bty s{abions.

(V"D' Diffy'cultes |'n war hme: |
—~Time s wasted M Chmg""‘gat personne| and equipment

P'f tHhere fo  Pore 394&325.
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4

o (‘W'D' O ffrrul Hey sa fedune in futume qauge Conviersion
\ 'hﬁaq(?e converson i quite diffyoult a5 1 requires enormous
efford 4o widen 0«'541'»43- fracKs.

= w'\de’”'.’g the §349% ‘nvolves heava civi| eﬂd‘”'f‘ff‘”'”g’
Furmel s 3 WC

wor K

| 1
Such a wr'ufm'na of- embanKment, Lridges and

a, dracKs.
— A wi'der Y'OIlt'na otk 1's also vequived:
| ' ' atrond{
- DW’""‘g the 33(1?1 LoNVL re|ON PemoJ/ Haeve are opr
lowed doWN wmd

Problem: a5 well , sine the traffic has fo be 5

fn order fo execute. fhe work.

even suspended fr a certan period

200¢€, 0?—
1 wpite chort on: Loading Gauge .
g

. of 3 verh'aal  post with an arm.
-——Loaeh'ng caaugsz_ ¢con €157

ave 18 uspended from The top
at the emt of 30044 used -

- A stee]
— (onshucted
Funchions - .
& anf s

(b o+ on 1P Hhat the top of the loaded maﬁon would ¢le

Hhe  gtructunes C"hmnz(;, [om'cl[jg ete) a!onﬁ e Hrack -

8’ 7 'Hf\.(
'YY\UYV) h +— ﬂq U
ﬁ«\.e YY)'E\?H al‘ h -a,ncl b)lcl P ‘tt‘

(1:) [+ represe nt3

wgﬁoﬂ covnld be loaded S'afef—a- /,, :
2 ;ka[ Are \

ver h’(af___) L width ‘_: Hu‘ﬂh\”
post™ i |

| Qswge

o

(
1
- — -}

Fij. Loading G3Uge: N
Gl ¢80l P77 e r 7 T 270777
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2015, 14,13 ,11, 18,09 702 ,0

# Weite short- note on: Construchon flauge
€onstruethion gauge 15 obtained by 3dding suitable ““‘”"“ at
The JroP and  sides of He Leacima «3%36

Funchons:

) 1+ decd'des the dmengons (heﬁjln{' and wdth) of the struefunes
Cerrdge “h‘mlifz'k) ong the tr=cK , ¢o that- all (W3GONS may P ass
'Hnrougbx Hemn ol Hhout anﬁ damagss o Hro ctructurey.
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Rails

F_Pefine Rails:
Rall c cimilar 4o steel qirder ,made of L-n('jh carbon siee| . 14

¢ able to  with stand  strecses and s faid jn duo paralle| lines o
provide am uncﬁmfnafng frack.

H Write down the funehonsof Rails:

O Provide a  conhinusus and level surfaw for ihe movements of
“tearng,

(1'9' provide a  ¢mooth path do trarne whith has a very less frre o,
(;;ﬁ serve 35 a lateral au.'g,a for the wWheels.

(;‘Q Beaw the stvegey developed due Ao verdi'cal loads Tranem iiad
1o them  throug h axles and whee| o f r»ozh'n? slock as well 3
due +o bvakq'ng and thermal j:orcas.

(V) Transmit dhe lﬂeavy toad of Pollf'ﬂg sfock  to the [arge area of

Jormation ﬂwmuﬂk Sleepers and ballast,

# Wrrte down the advandages of Frat {oofed pail or vn'gnole. Rar'l,

cf) Easa o fix with sleepers.

(1b s*hﬂoﬂa@l" bo t V““h‘(SHZ/ and laieralla than Bull beaded rai|,

(319 CheapeY Yran Bu)l Headed Rarl -

] ' 4 Rail .
Cp/) pequires less Fasenings than ull Headed Ral

V) pistnibute frain load over 3
pottor sTabillbg fo the frack .

]grap__ numbep b{l S\.QePerg,

(-\/;) Provides

\ y Hwe frack .
" des longer [ife o
| C/\Q ProV)

i -—f (OSI .
e R l 24 main enan e
: (\/Hy educ
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‘-:f-fii\/haf e The ro_qul‘r‘tmen{g ojf an (deal ra(| seehon -
1 The pafl should possess gdequgfe, lateral and vert'cal S'ﬁff-nug.

2+ The pall should have the wnost oconomial Sechion eonsistent with,

5#"”31‘"’\ 0 Kﬁ'f{—nfgg and Jur;vbr'h'i—-g,

- [ should .
2. Metal st bution tn head, web and foot of the yar[ ¢houl

b f,ro}ozr’\(}i balaneed:

. . I ¢ech'onn chould be located
4, The center of the 8"9VI+H of the rarl fcch |

W h- ‘|, e 1hat Hwe maximum
very near the tenter of the hmgki of the ral, so

cgmpvessr'va and tens)le  stressec are pqua!.

5. The depth > f ratl  head should be suffi‘cient lo allow The
suffyerent mﬂ'fﬁfﬂ for the verbical wear . |
(1 The  thitkness of iz web  of the par| shewld 2 cuffi @’ent
Yo with stand the Jead Trkely b come on the valls

4, The wIdth of e fook chould be suffi'cent fo spread on
He l'.swgz area of sleeper »

g,m contaet 3vead betwerr) the yvafl and wheel should %2
enffiUlent o mrmmize the contact stressas.

9. The vail should be shaped swifably:
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2018 (Shor*‘no‘f‘e) o
e Lhat a2 He factors that sffeck e [lonifn of vall,

‘—Longw the raf| , the lesser would be mvnuMberjf Joindts
~and ﬁ'-H"ergg rez,(,u'rgel and henee the lesser the costd of tHre tonstruction

Nd ‘mafnfen ance.

~Longer vails are pconemital and provide smooth and cemfortai,
vl'deg,

'Leflﬁl”n of a vall & however vesricted due fo The ﬁ”owmj/
factore ¢

@ LacK of facilihes for transport= of ’Onﬂe’lﬂ par'ls parh'cularly,

ON curves,

('1'9 Prffaulties  in "‘9"41)'713 lona ratls.

0'{5 bl‘fﬁ‘culﬁ’&j ' manufaﬁfum'n? very {on(<] rafls.

C!\\O PIfficuldles tn gcc/uiim'na br'(c/ﬂgrp expansion Jovnds Pr )on?

rofls .

~) Heav(j thermal  streges M ,Ong vatls.
T@Kg'n% above, faah&r; Mt tong'dey gHon ,

A vall leng pn of 13w (42 6F) for Broad Gauge ang 127 (3941

for Hetfer Gnauge dre 1N US4
M iniim leng b of bail should Mo be less than 26w (1244)
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QOI."?H‘/IE 14/,12:11.10 , 09, 0 7
#H wWrife short note 0N Conr'no/ onheﬂf.

- = - ehi'cle 3are nof
The trade or pimwm of +Hhe wheel of 3 pmlwag ven!

made flat, but g[oPecJ at about t m 20 fo enable
on _g-hﬁgf(y[')"- "’Y'QCK'

these veh'les

o move Smad‘f‘iﬂ{j on ctuvrves 3 well as

i i ‘} lp-)” 8 ( 'r wi\oa ’

Flange (e 0d

caning s done due fo: L im0
U

(b To ave/d lateral mMove ment- of

— hep)

Wheels and shocks to vafls
maintain The wWhee| 1n the

POSf‘h.‘pﬂ 1o Hﬂ.(’ '}Y?(K'

(lb To
— f?a”; —

o
{ Sleepers. B

central

rl'g. Conl'n(j of mﬁwl.

4'2?3\.407',‘%—( down the advantages and disadvantages of coviing of wheel:
~J d U

Advantages of coning!

(b pr‘*ow'cff,f Smooﬂw rl'cllhﬁ
a vehi'cle Ao na,goﬁ'a'f'e, a (urve . gmoaﬂ\’y
Whee |

(:I'D he}}a;
() reduces Hhe wear d tear of

D’.$ngan'fageg UF COnt'nﬁ',
(;) Precsure 0{: Hhe heovraontal

of the ralls wears ouf the rafl qun’ck’!z.

ure c)f the hor1'2omtal wmponent fends fo

and henca M3au3€ s widened some times.
'n e rarl.

campon,enf— nean fthe mner ealge

¢ turn  the rasl
G press

(,u\fuavdlg
(1';9' Lateral bexneu'ng stresseg develop

‘N Tf no base plates are provided s sleeper ¢ uncfe:r" the oufer edge
(?'ﬁ\z gils wre damaged aue L ﬂm*“”’?"’r’m%z st buted Jodds:
0 r
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i Pefeeds fn Rarls -

2ejeeds m Rails:

L Rall Wear: Rail hoad gefs worn out i the courge of servic
et the passage of mcwz'ng foads and frichon between the
ral and He wWhee | »

w«' eonsiderable wWeayr =and iaa/r'df

Verheal and |atep 4 planes of “fhe rafl head causes
due 49 -

Q) fmp-ad— Df Movr'v}] load 5.
. Worn (U ve Y’af.’

L]

o) Effect o \ f -

- F F 'accefﬂr afion . . d C,Q(,.gechon'
) Abragion due fo rail Wheel rateraction

™) Effect of weather condition (temperature, snow. rafns efc)

™ Precence ajC materyals Suel ag sand.

) lower standard of mandenariee of thedrack.,

Measuremen+ of oear:
—_urement of wear:

M by wal'glnr‘r\g te v afl

(19 by PTDHHHJ e rafl with the hetp of needles,

- the -
) by P“ff’rr"""'lﬂ Mo vail Seehon with  help of lead ciripg,
y\?r, special ingtrumente Jpg)?na& Jo measure the profi'le of the

(V) by wo
ra)| and record I+ st'mulhmoug)g an c(jraplq Paper.

measuves 1o Yeduer weav:

of the rack,

(1) Better main tengnex
UD Reduchdn rn the number of golnts by welding.

qu) use of heavier and higher ulhimafe fensile strengbh varls, which
are more wear resstant.

Cl"ﬂ use of bzam'ng platey and proper Qaf?—ofm'n_g n Cage of wooden sleepers.

) Lubr:'(za-h'nﬂ fhe g auge face, of outer rafl In ca,;q_oJC curves .
(V'D Providing eheek rails 1N cue of sharp curvey,

("/'.D’ Mier chamgyha Hhe inney and outer rafls
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QOI.T’/ 15, ’4/'2/ 1n,10,29
A Hogging of rails: (hort note)

Rarls which are bent Ve/rh'calfy

of the ends 15 called Hoggﬂcl \

; : 2 Yoaag Ih of vail.
vails and this ,ohznomenon s Enown gﬁ 3

1 000 ™M M) '
ht— N
; ' -'500mw14j
[T gy
' [ : —1 -
EWW; / g:;/m}’ -
J
' Hog
Q. d

ﬁ'g. -})ogﬂy'ng o-F ralls
CUses -

@ wear of rafls af ends:
fhe vall Joint;

dD. Poop mainenanc. of
(@ vieldtng  for mation:
(@ 1 poge and Fauf'}*é ‘]C?U'ff-m)’lgf.

(¥ other such reason whiclh affect the quzﬂr'b of Hrack-

Remedieg: ;
%) Replam\nﬁ, He lnoggz& rail ls.
(3 QLLHM? one  meter and frech holes for fsh flates.
"

(y@ W-eny‘ng_ fhe worn out™ ra

(;‘9 Dtkogﬂl'nﬁ/ te rat] -
(.9 pver f:ac}ir‘ng the <leepers at joint,

@ Tl“gﬁ’fe"f'na the ﬁ#h."t‘]b

ils
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31 Wheel Burng: (Short nofz) Clags Tes+
- Cawged by Hue Jh'p;'ng of the al/m‘vr'ng wheels of .

—As 3 consequence » 2xtra heat 1§ 3€nera+eo!--

_ ,SLLY‘fZLQ af H\Q Y'al.ls gﬁ"—f af’fec,l,_ed )r’e\gb(,-h’ng a J—Q'PT?!S']On
en Hwe rafl table. |

— theel burn¢ arTe generally noh'ced on:

@) ﬂ’zep 9 radlentk

) Placeg havfng hegya incrdenee 0F bT‘ang.
@) Near water columng,

2016, 15, 14 .13, 11,10, 0
4+ _¢orrugahon ov Roaring of Rarls: Cstiort nofe)
A9 O

are formed on the
at-

In cerfarn places , the minufe depre ssion
sur face. of rafls Varg;‘ng m shape and $12e¢ and OCCUrs |
WNS”'W tntervals » In othey word¢ upper surface. of ra)| becomes
wava. When 3 Hrarn passes over such -«Ugvg su\rf’ate. » 1= pY'OJuce,g
a Y‘oarl'ng sound, which 1% unplea,fsm‘?" $o oarc. [t 1% #newvwn 35

wvfugafh’an o hoar;'n? af val'ls,

a auses!

(1)_Metallurgy and age of railss
® lhgh Nifrogen eonfent of rarls. |
&) Effect of oselllabon st the fime of moving,

@) Physical awd  Environmentsl enddHons of Track:
(®) ‘/I'éfcllhr\? ~formation
® 51Leep araola'pn% ‘
© Larﬁ Tunne] «

(1) Electrified cechion:
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(3)_Train Operahions:
@ High speeds and h#ﬁh
(o) 5’rw-hh3 }o(a-h‘o;q of Jrain .
© Stopping sf frains.

axle leads .

@ Pr‘f'maggh(’)‘llc Effect:

() Presence of samd par hcles,
®) thgh molsture wntent I'n apg

5. ¥inks ov Shoulder ' Rai'ls (Short note)

wWheyy Hhe ends of aclj‘o{m'ng
undegirable derk¢ » ohsipuct the.

) L Vﬂ
cawge defect ahgnmen% af cur ves,

choulder of rails.

sut 0f

smooth

rafle nwowe 5!1('7 h'Hg

?oxfh'ans and Producag
jru,nm\'?_ of +rain , may

th's s Known &2 Vinke or

e qrses
U') pue o lvose Pacl—’l'ng at Jants,

(b De fecti’ve Ell'jnrm'n-} and gauge -

C@ Defects at- jonts in leve| evosstMg: |
v) due 4o formation ofr UNLVEN woar at the rail heal:
Re medies «

D Prh'znmdml‘ must be  correet at joints and  curvee .

L@ Propen Patlil'ng at- Joints.
G;j Proper mafndenance. of the trackK,
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# Falluve of Rails : (fhor{—nafz) |
fa,f]ed when H" 1} COﬂSIcf(’reJ

A r‘al‘( [3 .Saf‘d ')’D lﬂﬁvﬂ

2 replace l'mmedf'afelbp due to some faults 171 rafls,
causeqs
) In herent déifeck in the vatl-
;. Exe i ¢ gy'mn af r'a”' '
¢n essive, torvo - Haf{ﬂc'

‘ d abnor
() Fault of the rolling stock an

r y !
(’9 POOY' m‘al.ﬂ‘f.engﬂcg_ Df j@ln"’};
Df Jornis.

™) Defects 11 we(olma
F Hae frack.

(V‘D Im;wopgm mafn%efn?ﬂd 0

(Vg be patl ment.
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# Write chov+ netr on ﬂ'fﬁhﬁ of rafls
v
—To minfmize the di'sad va’nhgeg e aused ls‘j wm‘ng of
Wheels e vaile are Hlted thward af an QW}Q of 11n o

= T+ 5 done due 1o —
(D reduce. wear 3and deav on the rail ag well 3

traad sf wheel:
(ﬁ) malntain = gauge properly -
(ﬁj veep the wear of rarl un)form -
(M) Increase \ife of $leapers and rarls.
201¢
# write short rwfe  on: Bending of Rall
- for flat curyves (Jegree c)fucur'vahlrﬂ lese Hha

be |aid without LGd{ng.
curves 8rea’r?r than 2° curvature , bend the ralls

n3’) » rail en

I Hh
— For

1\
eovrrect UJT’VB"‘IOH .

oints , wohit
wi'th sut- bandt')ﬂg 2 lbows eccur af the Jo : h

-—

will disturb Hhe Gh'gnwxm'}'.
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.Sfeepgrvs

H Define Sie_epe,rs,

y L ) ¢
Sleepers are transverse suppor+ for pay| way track o q've st ffnme

. .}'
Yo the track. It dransmit the wheel foad from the rails To the
ballast.
20)|F , 2011, 28]0 . ' .
# Explam  the funehions of Sleepors 0 pailway frack
, nt
1- To hold the palls o correedt Gavge and ahﬂ-nme
2. To afv@ a firm and even suppov+ to the vail-
2

. rails owev
3. To trangfep and disteibute the ax[e load H’"""”ﬂ"‘

Sufﬁ'cl'enf‘lg I‘Brag area of ballast.

relas'h"c medium  between the patle and ballast

4, To a§+ 3.5 an

Y0 absorb vibrahons and blows ¢f the movag wheels

5. To mam+dam the 'ahgnmen% of the drack:
‘od trackK.

é¢- 1o PY‘DW‘AL insulahon for electri fi .
| nd lajeral 9+le|l+ﬂ 1o

K& To PY’OVI.JZ PV’OP&T‘ grxa&&, lonﬂH‘Uﬂl\.ﬂa‘ )

the track: | | ‘
e for 2asy wplscemen‘l' of wafl fas'h?mnﬁs without

g. To Prow'da me ans

' ’ o e corviee life.
distributing e Hraffic during |
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R0|g, 0¢,06 07, 13
H What are Ha mo’mrement of- pdza/{ madter)al ofv Hie jhgpe_ry

@ Th¢ lmﬁaJ and mamntenance. (os}  shouwld be MMM UM .

® The we,'gh-f— o f ._S‘L’,epw shou |ld b2 Moéeram , ¢o that It can B

be handied e,a,xfly .

G) T+ should be e:wg, o handle. so that the 33\@& W'a/g,

be adg'ucted aaf”al av»’le‘l’ma\%’]'aifnecl aorred‘ld,
@ Tt Should be 5i,mcj< and vibra fions absorbent

(9 me"!""”\?ﬂ and  material of sleeper ¢hould b sueh thaf—
' m;lg Pafﬂlﬂ(a +o have Track ¢|p(u;-ﬁng

€ The material of sleeper should be such that 1+ does m>7L
g.e'i‘ Ja/maﬁzc{ or breaf ‘while PQ(K|nﬁ -

Cﬁ The. '51“1}9”\ should have su{f‘l‘u&m?” loia/rﬁ'\g, area-
(5) T+ should hawe an H- Hiefl and “H/I’)'H-Jaboi’ﬂﬁe a[uah"}’l'z.g,

(7) The design of sleeper 3nd fasf”em}gs Should ba  sueh that
' 13 posable b fi'x and ve move. the rafls za/s|'13 ,
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25, 11,10, 07
v H Disewss the  mer'ls and demerits of concvete sleeper,

The evolutisn of con crefe sleepers has taken place duc to
S”ﬂ"*&ga of hmber , ecomomical congiderations coupled with
e ohanﬁ,'ng of 1raff'c pattern.
Advan fagu: g ghell
03 ﬂ(\,es“ mope  elash’e modu)uS,S‘h‘mﬁf’ff\ and T8
welded drack_.

1ty Jo  Hne

[y maintaine  betfer gauge and alipnment

(1) more help ful for  the Arack maintenance by me ¢ han)caf
device s,

(t:D can be ‘used In Hrack  clreutted sectons., |
(V) not sus cepti ble to attack by vermin , evrosion and fire.
C‘@ can be manufactured from local materiafs,

G’fb moye uceful I'fe (40 }s 50 year;)

DIs advantages:,
(;) D['ff.,'cu.l Foand (054"3_

N handh'ng and fayu'ng-

; J i
({D Heavy Aamaﬁa to sleepers at the Hme of erallmenmt-

('Ly Have no cerap value .
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#tleeper Spaung: (shortNote)
_ -
- S’“P@Y s‘pau'ﬂa deanJs 0N Sleepe/r denct 1y

)’ , , 'l

/fmgﬂh

— T4 (5 (osey nar the o becauce of
The J’l)l‘nf“s and !'mPacf— Df MOVI'Yla fo'acf_f on) Hhem.

| ‘ | €
— Lim/tefon o e close spacing of Ihe sleeper! U enough

| ' y ¢ that are used fp
SPE)@Q. B Y‘zqu””ée’ ﬁf‘ u)Or‘Kyng Hhe bealer |

pack the goint cleepers:
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_Ballast
2015
W Define  Ballast-

Ballast may be defined as 2 l3yer of broken stone sqravel

Mooyum or %5’ o theyr mateyaf Placac’. undep  and around the
sleepors fo distribute the load drom <leepers fo the for mabon
and for pr‘ovfcu'ng clraq'naﬁg_ x well a% Pf-ovfalfng Jateral and
lorﬁl'hdd'r\a[ s'fabfh‘ﬂr% o Hwe 4vrack.

208,08, 06,05, |3
i:t Wi’”"’e dowi’) W ﬁAﬂC'HOfIS 0{_ loa||'351- I.n PnglwaAd« "h"BCK,

() It provides a surtable foundahon o the sleepere,

(19 I+ helds  He sleepers 1n pos)'h'on cium'ng the passage of train.

i \ er
o) S+ rancfer and dichribute 10845 from  Sleepers fo a farg

ares 03[ formation .

("0 L Increases the elas%'c{-l-g and veeilience,
3@441}\3 g 00d m’&{ﬂg com fivt s

;ang,'mf‘na( chabi Ity Fo the frack.

of the Yraclk Pr

(V) I+ provf&s faferal and

OJD' I+ me'dc: an easy wieans of ma:‘n%m'm'ng ovenness d The

:a/h'gn yent  of Hhe track e

" ‘de e {fect
(vy I+ provi {f e J[Ormah’m.

i AL
(i) S helps in protecting dhe T aur f
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52(9’”/?0 . !
:nr.whaf:am Hae A\ser*abl{: pTOPW'h‘% OJC i

or , what are the requfmwwnf‘of 400d ballast.
cay resistant

cod ballast? :

1. I+ chowld be hard, %uﬁh amd W
,'—}— doo¢ hO‘f" 3?"

- crushed
2, I+ should 2 hard . S0 that

undwr The movfng, loade.,

. Y ¢h edge
2, [+ Should be ganem/lﬂ eubteal with shacp d

nd nen Hbsorben'}“ Of w ater .

‘l»ﬂ. showld b TNoN povous 8

avatable -

g, I - $hould be oheap and eaﬂly-

& d Tesvst
I+ Slf\MH have. ftﬂf’fl'(ﬂ‘/n-}‘ glgghu{—;[_ and S[rwul

b
dhr"Hon -
7. [+ should have suffident gri

pre vent

b over e slezger 1o

tHhetr horizental movements.
¢. I+ ¢ hou ld pﬂfovu'cLQ gooi Ar’ali'm{jz of water .

g, T+ chould not be brttHe.
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F&K Fl"H".nﬂS and Faﬁani%

2010
T What s rail goint?

mevn‘ablz feature of railuay track .

kr In oy dor 1o pvovtcbz provi'sion
ture.,

A vail Hoint 15 3N
T+ 1s the wueakest P;w% of the frac

j:or’ expansion  and contrachon af ralls
provided oF each Joint.

due o var(aHon tn tempera

eer tath aa,jp T )
., £ a
T+ hat beon ebserved that” Joints need abowt 207, 4%

man tenanc than tHe P\gm track-

4 Drecuse the 1 effects of vail gownks:

' j sads o ForNt -
@ Maintenance Effort: due o ympact” mov ing Foads

U Pac!émz un der 51@?” 10052 S -

() Geometry of tracK 5ei's distoc ted very quitkly -

enhoM ¢

© Joint raqul'ru Hrequent  att

&) Life span:
- L'fe of +racK camponen-ls aeh advermlg affected dve o

o moving leads on raf( Jont.

oxtra efressag ¢reated by ' pact

- Rarl ends F?frh‘culaﬂj batreve & and hoggoa{

b hiah
—Clhances of Pl Afracture at Jonds are conswcvva ly ?

duve 1o fa‘h“guﬂ .

3 _ Nol'se Effec’r’
- A o+ of no 3L, f?olluhoﬂ
vel unecomfor table.

¢ ereated due o rat| Joinfs

ma Ky na padl fra
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“@ §aiao+?qg, chanees:
- Wher over Hrere ’5 a

vail Joints, there 1t @ potentiaf

by the
Aamagec of— He vemoval of Feh p(afes and rails 3
mMIs creants and 8pea+em susq,ﬂn b\]l‘}‘kf +o sabo'%a{far

() Impact on quality
..B\uah'-{%"of frack suffers

wmi Aesr of drack components and rolling

by ra| goints.

() Fue| Consumphon”

- Prosence of ral| Joints resulds |n

because of exira e ffort.

20(0

'Ve
Lecauge O'F exee St

wear and

st K caused

H What are the Yea,ufremeﬂ'h Of an 1deal P?M.‘j‘ol'ﬂ'f?

1. I+ showld hold both raf| ends

’
'n Hhelr prea’se locafion

in hori2ontal a4 well 35 vertcal planes fo provide 3 much -

cmh‘nqﬁ—g 'n track ag pogs{bka-

2 1t chould have same an"enaHA and  shffness &y parent

palls 1§ Joms ogether.

2.

r4 should have pvovfdﬁ mex?”’“b”l aar for Jree

2 pansiem - and contrachon of rafls cavsed by change in

fen perafure .

4, 1+ should P\roncLL flexrlm *\(f for 4%3 reqolaumm{—ojc

rafls, whenevey vequired -
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5 b chould be capable fo adjust the surface contact bedueen
the rafls and fich plates , |

¢ The fnital wst of Hthe Joint and I mamfenane cost

¢hould be mimmum.

F. The mantenane  chould e €asy «

¢+ I should be durable.

2010, 0¢

H-_\ie lding Of Raf'ls ; (Short Nofe)
) Plfws 0f SM’H]am metal ov ﬂelclm?

1

The pYoce s of um’h’ng +wo I
n Y':uf s

extra metal To build up on ex{sh"na preces of e tal
¢alled w»e(.l{rxg of rals

pur pose of weldings

(D' To goin rafll  ends ']'D(C]ei‘kcw by

ap?]l'Cﬁh'Oﬂ of heat and

Hos elimimate evil € ffect of par] Jonts-

v ' anw  of tradl
(1) 15 achireve. 2cenenty 'n mamten £

wc)rnam" or dam?ﬂei vayls,

worn out fofnk and cvossmgf.

Hon o f var'l head .

O'ﬂb To repa.f'r'
' (;ﬁ Tp duild Up
™) To burld up purnt- por

Advantages!

(') I+ reduees
(1) It Cﬂﬂﬂée'rab(y reduwegy ¢reep

(@ T4 peduces amounts of efxpa»nmon

o ff provils tomfart o pasengers:

g
' \ ¥ yfe o vail-
He number of Jonts and (nereases 10 f

of vails.
due o hmPevafure varla:harl
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&) [+ dewreases the witk of sabo’ragp.
) F offers more stability to the frack

G@ - vreduess  eonstruehon cost,

(':V‘!j’ T+ 3|Vu facl h'Heg fracke Cl‘FCMi‘H’\g or) glectri'caf track.

Methods +that used In weldfng of wvails:

M bag pressure we]cbmg
(l) Electri'e, oF metal arce w}cun%

('fD Plach butt uf’alchkg

(@ ehencal o H\QPMI{’ W""“Y’(f

Q012 , A00F~ . ]
4 what are the 'Peqwremenfz of Jdeal fagtenings:

1, T+ should be c¢heap and durable

20 IF chould be easy 1 f'x and ad qus +-
Pabu 4o absorb ¢hocKs 3nd vib

P‘”Ofﬁd’ S legper from achon Of

2s I~ Should bz (a pafions,

4+ 14 shou|d be (ayablpi el
ver 'l and horizental forces.

s, [+ should 81\/@, suffraent [ngulgfhon £ (,,QQMJQQJ mu:.

£, [} should be CafmbUL fo resist creop.

o, 1+ chould be able 1 res s corpogion:

¢, I+ shoul d cOnf‘a"ﬂ lece numbey OF _cm,p‘afr‘%men-f;,

g. O+ should have SU\J'ZH‘U'EH“}‘ S'h“e.nﬁﬂn ‘o mestst JSW\Sﬂ‘C due, .

to devatl ment |
10 » i shounld net~ affect rat| or sleeper ﬂdvehgﬁly ’n anyway.
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# Devices Haat used as Faﬁe.rm'ng_:

FO)lowi'n(? devi'ces are wsed T comneet palls and ¢leepery
\ ﬁ’ge'fﬁew fo form dracK:

(0 Fish plate . (V) Keys:
(M Fish bolt (v1) ¢prkes -
) (.'nb ehars (Vi) Pandro) Clip.
™) Beaving plates. D) ¢pring steel elip:

2 Wri'te Short rofe on ! Fish Plafeg  class Test

The plate which s aced o aftach 2 rall gornt
with the hefp of fixh beltc.

b y ou|d [ b {q,
The bpaw'n? (2! Pauﬁj of fish plate shou|d be hig

AN

Pk plate

H'?Iv Fich plate
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,_TPHC, K Ah;i’ n Vh(ﬂ'l’ al']d SUY' \/Cg I'V\ﬁ.

20U, 1Y , 13
# Pefine Track. Al nment.

—HarKl'ng the pog:'ﬁ'on oJ[ Ceﬂ’rer I['ng &N 8?0!}(“ and 8,\”.’13
'i{'reth:,ﬂ +s Pa;‘/waﬂ Hrack 18 Fnown 33 alfgn men ¢ aJL Hae rai'lwﬂg/
track

- The Qll‘gnmerﬁ of tha r’af{wa(j frack compris e of two components:

(D_Horizomtal o pomients: i+ includes:

@) $traght path
(b) wid th

() Curves and deviahions etc.

(19 ver f1'¢cal con:nponzn'ht 14 imcludes;

@) Ch?nau 1'7) verheal ecurves -

@ Chﬁﬂgf} [’YT 27‘8(‘1"0”1‘—.

' o n d ny’ e
= Both cermpome nte play 2 vital rele In "fﬁ’?mnrrﬁ

'Bllbnmenf“ of 3 ra:’lw?g tracK .
~ Impyoper alr'gﬂmen—f’ wonld resulf-:
() Increage 1M construction Cost—
(19 Fncrease |'n malntenamnee  Cost-
(1',’,‘) fnerease [n vehi'cle oPerah'oY\ tost .

C."Q facrease 1 3cudent pate.
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# What ave the bujc vequirements of 3 good afiznment-?

10 Purpose of opem'n{q new track.e
Cb Gwocl TraﬂgPor‘hl'f‘]'on f‘a(‘,l'h'ﬁ’l@f.

(ID 5"')"3‘}“6(7}'( Cangf.&raﬁbn R
('{‘") o conneet mmdustmal centers.

(;\D To cpen up MW tracK .
@) hortening fhe exishing disfance .
por 13 L't Arade tenters.

" To jm'n
“ ode between developed Breds,

|'n cve ade T

o T

2 Feasrbility:  the align ment sheuld be easy 4o construes-
md main ta'n the frack , o peraton of vehitle wi T eas st
8Tadf'mh-

I+ chouwld be eeomomical 'ﬁr’ total cost N

c)f)eraﬁbn wst n

3 Economy:

rarl um" +racK »

A'Mf I+ should be Safe fBr’ e 'h”;;fﬁ‘c, con;—-hﬂuchbr\

and mantenance.

G- ‘A&;-{haﬁ'cupecfﬂ M should be 3“;771,24 Hn'wauﬁt‘ ‘L,eauﬁ:—ﬁ/u/h

nafural sorroundmgs to provide pleasant- and com fortable
_J.ourﬂnz% o e Pagszngter(,
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T Diseuss  the  Sfacdors whith condra] Hhe slignment— £ 2

rarl way track:
d

1: obligatory PoInts;
@ The pointy  through which ahynment mus +  pass s Imprtant

mtermediafe dpwns , s1te of the «br:'dge , stte for Junnel, mountah
Pus ete.

) The points ﬁwo“ﬁk which afljhmwﬁ shou)d mot pass:

fev t'le lands, r‘e[:‘g}buf places, JC[ooJ{ma area , heavy snev{a|

aveas e,

2 Traffie:

— The 'a/h‘ﬁnyy\gn-f— shou ’cl SUH‘ 'f'rafﬁ‘c gy\OU)H,\,
' ¢ qrowth-
- Ib should be su'ted Car'ef—uﬁdL, Hho ymPHC‘F@JL #RH7C(7 N

— It Should pPas fﬁrough Hni'(‘lily PO}:u/affJ areds.

2. _Geomatric Design: The f—ol(awp'ngs should be wmade carefully:

(6 Glradient chould be below 39, 3% Normal oy mfh’ng gradient.

éD curves Show|d be of  mim'mum -f’c)“'uﬁ yad 1!

U : ‘ ("ded.

({9 # [""ﬂ, Sﬁaﬁl«»f portion Of Minimum 3¢ ™M ’e’gH"

should de provided botween Fwa yeverse curve,

4. T:’}Dogra/fl’ltgi
— Valley ?Hnahmen']"

— Mountain a/itgnwu’nf, It includes —

o (;) by 21 ’2'33 deve lopments
C'ﬁ) by cwteh bacK devtlof:menh
(;;b by spirals or complefe loopldeve-

apmznf
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5 _Ewnomys

N%nmzﬂf’ construction cest, wgintenance Cosf—
wd vehicle operation st should be minimum.

€+ Ofhar  concideraions:

@ Marﬁhla Frack Should be avorded -
J Lo avolded:

(1,9 Exeegsy've. c'uf—f-]'nﬂ <houl
(@ %éh em bMKM?J’}]‘— glnc,u{é be 3’\/()!‘(4},4.

: o1ded - etc.
C"Q wafey lcﬁae“{ 2re a4 Sthould be BVOI

4 Dicwes +he surveys  Jor ra;'[wagf trac K ‘R!lﬁnmcn‘z“.

A Traffye survey: T4 focludes:
(D Genera| characdeveshcs of couniry
@9 Papulahon , ‘ndustry, fvwns, villages
C@ Location "]C ‘2%!?4‘13%7 cdeuetures , markete ‘ndwtries. e

W, Es H'mapon of- traffic volumt

@) Posstorlity of develeprment > £

(vb Places of Tourtsm ete:

natural YESOWY Ces.

2. Reconnadsance  Surveys 1 includes:

) Py sitaf fe;{—urzg DIC Counh"ﬂ" !
ay Type of s~

(@i Topagvaphy-

C;\D souUreLs OF water . . .
(4]

) prpproximaft elevation

(\/;) e ' afe (N

viver , Sfreams efce.

d J.eprefstbw on land -

'Hons. etc.
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fo o \”rehmma/)fé/ Survey . Fol(vwr'nﬁ works are aavried out!

D Field work,

o/

(W) Offree wirk -
: (@ Plane Table s‘urvegl'ng.
(’:9 le Vf”ﬁ’\ﬁ of the avea

* 4. Loctaton Survezt: Follvuﬁn'nﬂ, pa:'n%g ape marked ¢
({) Demar cablon of land wldth -
: (E‘) tenten e of funne ls.
. (1 Center Ine wE° of tu"’”’f’s;‘ N
‘ : sa1'ca] dafa alana Hae al:gnme A
O actate of the a3
M i

*) tontour plen
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Geometri'c Degign of Ralway Track

H Discuss diffovent types of Gradilent.
Theve ave  four fy pes of arge“-en.p Used N r':n[uma frack,
TMJ are discussed below:

K013
1+ Rulling @radient:

‘ - that exl'si
'Rullf'n(j %vailenf’

s Hae Si-c,cpuk gmér'en

™M a ¢eehon.
- 1} deferrminec
by a 1ocomoh've on thar coehon »

b, and pesihon fo be

Hhe waximum load that can be Hhauled

— S,e\/er\,'-hj of gram'en-b \mﬁ
taken 1n to congiderahiong,
—power of lecomohve +o be put fn 4o service also

P’ﬁg"s an I'mpertant role:

m plarn terrain 19n 150 o 1
7 1n 150

m 250

m hilly terrain ¢ 4 in 100 o

grad\'éﬂf‘ Is SFECJ'ﬁ'{’J for a sechon,

— onee vulling
3 d be of |atter maky'ng,

all sHrer ﬁ?&dl‘enf‘f Pvavl‘deol shoul

due t5  compensahon of (urvature.
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2+ Pushey ov He_lper 6]1‘3._4/1'@.,1}:
— In h:’llg areas , o reduce oversl| cost a3 reduced Ima}b\!

"JL Y‘al'lwlg line  with ﬁrad/{’enh steeper than wu!ll'ﬂgara&\'em-i—

are va;‘&zd-
— In ¢uch sfl—uahbr\s , 072 [oeamoﬁ'\/Q (s Mot adeqqafg, +o pq)[ ‘

entre load lead and an extfra locomoh've 1s yequi'ved.

r s f u "14/\
~ Whon 3\”34400# s co steep 3 o nauegs:_afe Se of-

) ! ; he |per
extra enﬁma fov puslnmg Hran , ¥nown a5 s pushey or lp

gra dient .

— Example: Dwajﬂh'ﬂ% H}'msl'énﬂf\ Raﬂwaﬁ sech'on.

2« Momentum Gtradilont:

- T+ s Steeper than ‘r’uHr'ng 5?94;'60*]’
Of mo merum, I+ j&ﬂ\(lﬁs

— H‘ oVer come s b&« a ‘}rai'n becauce

whi'le r-unm'ng on secf107 -

— In wvalleys, a falh'ré? gr'acu

2 wz%irng carach’enf.
situahon , a frain coming devn 3@ ;fallmﬁ
1ch 31'\/«’.5

‘ord- fx come fimes followed by

— fn such 3
e good speed and mo menfum wh

‘ aequ
gradient™ 3¢9 noaoh'a'h’_ am&l‘?ﬂf’ steeper

a2d Mhonad bineh'c eNnevgy +»

‘ dient
am vuling gra
o J i movne ) Tum 8\«*841'!71’1‘, no sbstacles

fn sechiong Wl

' ' sngnals etc,
anre provided 1N form of ik

Scanned by CamScanner



4.61!’34!'5"’]*3 1‘h Shﬁ'on HQT‘JH
— Gradients n stahon yanlg are qur'f? f?a{— due 1o

& prevent 5{“”“'""‘3 ve hycles 'f\mm 'Y‘O”l‘ng and mav:’r?_
Away from yard bg combined effect Ofﬂrgvf%d :néls-}ym—g

winds,
(k) Reduce addihonal posihve Jorcos

vequired o ¢tart a

locomehve 1o extent possible.

'—aavcl; are not Jevelled romlolr'fclka and corfarn flak

ﬂ‘f‘ac‘lfén*‘é are PY‘OVI‘APJ 'n ovder 4o ensure Araa'n?ae.

' ‘ ‘ P
= Maximum amch"emt— presertbed N sfation  yard

) t 4 b — ' /1000'
1 I 400 and{ mimmum (z-]wadw.v’)? g 1N

20! |
H Write short note on: Super elevahon or (ant

Yhe diffevence In hef'ghf bpfweeny  mner and oudfer

on curves s called the 9uper£(evah’0ﬂ oy cant N Paf(wa%

raff

track.

I+ i¢ providd by graduaily m's:'ma ouder vail 2bove leve| of

» (]
‘nney ratl

s also Enown as ‘3"'341'&')‘?— Y’a”, s Ftaken =%

Innex rat | s | -
; ' ly waintamed 15 origimal leve.
4 1 nor mally g
ijepmm Y’Q/ll an
Funefons

_ provides better load dstribuhon on too vails.

providey smodth runnng of tratn on cuwves.
re duces wewr and fear of rails Ind rollng Stock-

— I+ neutrahses the effect of lateral forees.
_ 14—~ prevents devailments and veduces ¢V p.
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201F 118
4 Write short note

To counter act the effect of cen-hm'ﬁ/tgaf
with vespect fo inner rall '93 an amount-

A state of eqml;b-mum s reathed
., w hich (s

or i Equilibrium  Super elevation

foyeo. 7 cuter ral|

on cuvve | elevated

equal o guperfievah'aﬂ.

v vall
When  both wheels exerts equal pressure ©

m super elevabhion.

¥nown as €q Ul I for’iu

4n by recul Fant of Ulﬂ‘i’rl}"uga/(
SfuP(/r’ e,]-evg‘r')'ov\ 15 e,»nough z

foree, and  fore exert

EmaLe to plane of fop curface of- ral

: e at right
ed by welght of vehit d

# Write chork note on ¢ Cant Defiplency

i r
equ) ITbrium cant necessITy

q (urvk and ﬂCﬁAM

I+ e dhe differenc beiwen the

for the 2% rmum per rusitble  ¢peed oM

cant pwow'd,gcl Hhere -

Limitahons: - s Itmifed due to—
cant defiaentd . ‘nfghw e discomfort-

O thygher +he
canged fo the pa:gmger;.

Hhe cant defrcienty; higher  the un bajan ed

('I'D ?—h‘(cjfr\aw
ce)n.frl'fugg.( fDY’Cf,_fl

Gauge Cant 'Deﬁ;c}'emcL
BG 75 yam o 10077
MG L
40 WIYV\
NG
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2017, 16 ‘
# Write a Shord note one (ant Excess

The differente between the actual cant provided and theovefiay
called cant <ex¥cess.

aant r'u{ufr)ed for the [or Speed %

1+ oc‘curg When 2 traftn Fravels around a curve 3t a

speed lower than the equf orium speed.

Cant Exeess
GlaLng
BG‘] 5 mm
M 65 mm
5

204,13, 1 ‘ .
H Wri'te short Note on: Negahve. Super elevahon

wnslldem'ng The .Ff’ilawn'ng fq'aure we get -
e

Fl'ﬁ' NL?"‘HV? Super elevation .
’ 3"07(""“ . . 5 |
O Ap&ep , the wam lime 3nd AE & ¢F  form Bramch Line

('1'9 Alg) Ouhy" r,a"] Of m mg"y] (UY ve muff’ IDZ. I’”g“\er 'HQQ/Y) CD.

fip Thus pomt A should be hﬁher than e. -
y

(.‘\p ﬁ'mf'?’r‘lﬁ
Fhan AE and thus
and rmpossible o 59*1'57% both condfhions simul tancously .

, for branth I'ne. ¢r s outer varl whichh (% H;gher
point € <hould be hl‘ghep Han A& 4 whith i can'h’arg
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® 1h such condthome, a Small amount df def-}'c;'eﬁcg I'n
super elevahon 15 permited 6m the branch Ifne and Speed 07
beth 4racks vegtrieted, Parh'cu{arlz o branch line. such super-
elevation 1% vnown 3 Nzﬁg,ﬁ'vc super elevahon.
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Irachon and Tract've Resistance

H Wride shoyy nofe_on: Trachon v, Define Traction

The soUree {OH whitlh lecomoh've Jew'veg power to haul 3

traim , 1 ¥nown as Traction.

I+ maﬂ be. sfream Trachon ,dfese| hrachon or eleetric {rachon.

# What s Tractive Resfstance -

When a trapqy (¢ n motion , there ave var|ous ﬁ)ms

whi'cly ¢ ffer resistance {o the wmovewment 3nd c¢peed of fracm

Suehn ag e

@) Tramm reaedance

(M Regrctance due o rack prefrile
and acceleration

(:L'ﬁ) Resistance due fo s‘iarﬁnﬁ

(M) wind resistance -

There fore Frachve force, developed bZ/ Hhe lecomotve <hould
bo atff_quaﬁ to over (ome these recictances and  haul He frah at

a spea'h’c cpetd

C‘l?gg Test—
H Write sherd note o o, Hauling capact'{rg of 3 locometive

Haulfﬂg capacity. of a locomohve 1s  the product of
co-ffﬁ;'u'ﬂﬂf of fri'chon 3and w@fﬁhf on AN'vn'n(c] whee | -

_co-effitient of frichon depends on —
M speed of loco motive

ap condi'fion of vafl surface .
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~ H‘)%hi‘(’ the speed of He [scomoti've, lower will be the
co-effclent of frachon - k.

. _ S o . )
~ 1f the vail ¢urface 15 Verd cmoo th, ce-eff)ent fﬁmchfm

will bz vewa Jow s
WM |
Hault'nﬁ capau'f}j _ nx WXM T

: dri'vinag wheels.
Where , M= number of patrs Of a

VI fheel
bo = Gelght exerted 6n one deivivyg @ l
o Jm'v{r\ﬁ wheels,

fr)cHon.

W= Total loads
M= COPEFP'I.CI‘PW-{’ of
L the otaf
caPac('}y var|'es from 'é- to 7 o f

—H a.mli'nﬂ

leads N Jwr'v;‘nﬁ wheels. (W)
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CY'PP_P of Rat'|

0| 16/ 12— .
Sn'l WQ'(“I.';’]PI Shdv"}’ ﬂDf’e on Cr‘egf OF Ra_tl

lo»ng', fudinad movement of

bocomohvrs

Greep May be defined ay e
fracK In the di'vecthon of- the

the rails 1n 3 | |
, but varifél (_O'ngfdarablg

4 1s common o all warlway track

m V”Hgm’-fudag,

L] p —
CVQE_P pecunranee maﬂ be 'noJﬂf.frJ Jd | "j‘o"m’s
¥ 2l
of uccegsive #xpansion cpaces af all r

Q) ¢ lo;l'ng
i diy e chon

pont from whers chelp

of crecp and opening out of Fonte 3t the
starty, h

¥ ¢3ds
.b MarkKs on 7"?1'[ {'f?lnaﬂg and wo b ynade b<3 SP’ 2. ’
( ark.¢ .

due 4 Scyatthing as Hwe rarls s[ide «

Direehion of rot1om

»
TN, wha?.f\ —~
(F—6)
‘T\ [
4&”1 {ivechon of creep

Fr? ) Cr'e@F Du*rl'ng S’farh'nz :
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4 Discuss the different theori'ey of- creep of- vaf|

1, Wave Motion Theory: .
- Accorcu'ng +o thrs H”wrﬁ . wave mohon

;’5 S‘a-f' wp In
deflecton ™M

Vesflient HracK becauco of modyon <aun'n?

raf| undeyr load: ’
neel

- The ra{\g_,genwaug have
'“?WH for mation.

U nloaded ‘
csH" en .
el cveep.

Ffﬂ. Wawve 'H’\eorjof'
21 Percuston Theovy
*Accoer\g fo A mearaw eree p i developed due o VYm paet

. , b hh push the vail
of whee| af rafl end 23head a gaint~ whreh P e
2 whce | divectien of

1on(7;'f'uunnHL3 . — Mov )
‘ Laﬂé{\“ﬂ
...Tmpat'f‘ of a 5“27& whet] RaA |

Le neminal s

YVIZLZ{

“F -:
jomﬁ‘
Fl g Peeeus'on H\(for(\j oJC oveep

2 Dray Hheory

——/lccorcuhg Jo Hars Haeoyy, Backwand Hhvrus F o]C Jw’vr'h,?,whcalg

of locomotive hay a fe-ndfncg, fo puch raf] backward. |
while thyust of ofher wheel of lecomoti've and %raih’ng
o divechon In whith lo comotive. %

wfa(clg‘n pug(f\fg pat l

movi'n@ ’

1 posulds in tengitudd

f rai] 1M the

w0 Ve men't 0
'AFH‘L ’ o LLur

divectioan of v

CY‘»(’QP‘

Scanned by CamScanner



hJ
P

. 4 Wy'te down Hee causes of Creep
NG .Trom'rtg o ffect of the wheole

oy ations

(Yb S'fafh'ng an d S‘?’OPPl‘na 09
(119 Chama)g I'n f@,rmfemdfum-
(;9 thn balanced Tve ff'er

5 ch,
C\Q Pooy ma'ntenan of g

ar picugs the effect 6F crecp.

({) Sleeper ouf of squars’

H ) 89+ N be& ‘
(1) BExpamsion aQFs,\dlS'}uY |
ints and CrossmMa.

@M Prstorhon of po |
@:0 D:'ffﬁ’whhﬂ fh Changing
(}O EF{“ECh o,]C fﬂ"‘fr‘}b(}(,'y\ﬁ'
Iing of tracK:
(‘7) 0 Hhav £ ffects such 3 brzapmﬁ :
i

ealls,

done =
4 How Adfustrent of (reep can b

(b pulh’nﬁ back of rails.

(@ Use of anthores.

iy Ve of stee] sleepers,

QV) fnerease ' g1éepw Jivnsrhd.

and Eps €lC
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Ro\ll"\q Stock o,c Rayl way,

H Write shert nofe on ! Arrangeyment of whee|

The 9‘””3”!3& ment of whee| 15 denoted bd , SPP“-QJ notation

of three humbers as chown ﬁgurr below:

Mz:mr'ng of 4-10-2

J» The fiysd number 1mdt'cates |

the number o f Jdle. wheels 1n fromt [go@f-@—@@:@_@

of ch”l'vr'nﬁ whee| .

Fig- 4-10-2 locomoh've_
2. n\c h/\)‘t!t"l’t‘ humbfr‘ ;’Y)CJI‘('B'f(f 'HIC numder Of Jr]'\/;@ LQI'\P-P}'

3. The last number mdicates the num bey of 1dle whes| 3ffer
JY’i'VI'Hﬁ whee /.

H Menhon  the salient featurec of Al conditioned coaches .
() Ash ‘h”azjs', maﬁﬂﬂ'mﬁ and hangers are PYOW‘&J i Suffyaent numbers.

g'b r_,‘ghh Qye. arra,ndgcl ' a3 better way

an) Ceach Js  dust Prodf.

™) e of windew 15 Fepd quite large.

() 1o elimimate 9{?7‘6, outside gﬂas;es ave hnded .

V) The g12e of bunkys 18 quite large.

(mj Torlet ; bathvroom and drus?:qg rooyn are affached oo each afhey
((/Hyﬂxe J_qfan of each coach 15 made arhsHe.
# Write shovri note on’ Tratn Brake s

~To ctop 3 movina trafn  brakes e provided In a loce moty'y,

~gwakeg are of foll W””(? 7L7PU : ® Hand brales (1) Steam dra
@9 (cmhnqaws Aufomat'c brakee,

lees

— To stop locomative I't sel £ only , hand brake; and steam by ea e

are uged -
_ To Swp tramns Vuﬂm"‘ﬁ af veryg high speed. tonhmyows autowmah'c
brakes anNe Us £d «
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Stations .and Yards

: R
H Define Rar] pstaHon

Staton 1§ 3 place  on
Stopped  for the passengers o &nter
do pY'ocxze,J s 8|’ve»n by e fraim.

a Pal'!wa(mj ['ne. whevre fra‘ne ave
gy detrain 3nd an aanam'{y

) (&)

o To exthange  of pagsengers.
(?;) To Qxcha/ngg of 3064!.
O@ To condrol the WMove MeNT of 3004"'

(@ To take ':)Cue.l_s wd wafter for locomofve. .
staff.

VARK Chwﬁﬂ lacomotive and rumm'n(?
' f.
M) To attach and detach wagoﬂ{ and (ompav{fﬂﬂen

o Mew fratn -

C\/@ To Sort OJ( [9031'@5 ofv fo
['ne  frack to

("”9 Ts facilate fhe framg oen 3 fmﬁlﬁ
evose from the oF‘Pom}e divechon .

2018, 14,15, 14
H State the factory that fluene /aflect Hue solechron of

site _for a rafl way stapon ..

(b The proposed site Should be on 3 faa'-plzf leve | ‘amuncl
with good drapnage facilities,

(ﬁ) Al the pwpw-ec/ stife , portable wafer 'n Suffr'ent

‘7‘43’”7'7'/7'(5 should be avarable,
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(1’."3 I+ s‘no)u](l be Meav 9 hwn or bl? V'I‘“aae,:
M) suffiyent area for fature development must b8 3varable,

Q’) T+ shou|d not g Fuated onN Hee Curve of 3 r-ar'lwaéj {Me.
nd Mltll'}fﬂ”'j,

¢

¢

C"ﬁ ry sheuld be able to serve neds of eivi| @
athey ’:;'I‘Q ‘.
6/‘@ The site Should de such that pewm;'ssfb(f m ax| mum

87,34/,@,”{—« eonld be attamed eaﬂ'?zl'

20185
:ﬁrwrl}Le Chor + note on: Har;ha!h’ﬂg yard

MBM%@HM& yard 15 the place wheve goods wagons reereved,

from different enderge are sorded ouf and placed In order
Yo be detached at I fFlerent station S . EmF-}ﬁ u'a(j»oﬂg aré
a0 1¢Apf’ ' marsha{h"ng *(jards' '

2010« 0C 2
4 write chor+ nofe or ! Leve] crossing:

rva/f'/wag li'me. and a road ,surf'auz

wieet a3t~ Hwe
When 2

came level , (1 1% called cxyossmg.

The road surface 15 kept af rafl leve| and Yards e
kept sfong He rvoad surface with  Hwe help of gaurd ral [ spi'ked
4o weeden sleepers.

¢lassr’frzatons, 4. special Clags — Where 'Fmﬂ—}'c s heavy.

2« A-Clase — provided on metal roads.
kX e -Clags — Prov)'&ed on  unwmetal yoads.,

4.p- Class — pvwf'&cd on cattles ag ramps and
pedes tr)am onlzf«
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gla% lbﬂS EC[UI‘PW\F rt

20|72
# Write shory notes on: Waler Column

..I'l’ )'5 PY’OVI‘dQcJ 4o al) mg,l'n lines ﬁ)\‘—, SUPP"& wH'fPY’
Yrnown 3 w?l'ff’/rl'rg,

4o locomotive .

— ¢habons am whith  wafer columms are Fvovn'JﬂO’ '

statHons,

[ ’ Mr 1
—The  ditdance. between  walering edafions  chould not ", more han

17Y0) tim.

— I+ usuaf[l(y Cdeosad of two wain P:wh'.

(@ A vech'cal 492w ‘n\'(rj{m column

evhcad eolumn
hori7ontal =arm COY’”W-{OA e et
swanneck

(o) A15m [07‘("]

e " \J+—ﬂ - ‘/guﬂ‘ve.\"f‘a p1pe
o =3
?/—5}1}”'1'7171 Box
B% 5 T’F:’
Fl‘j , Wafer Columm . h‘[:t Shsin ‘

2025 ™ «— verhal prpe

et ”LJ]

# Wy ite 5hor+- Nnete - on * Tm'amﬁbe
B s onstruced o change the dvechon of locemotives.

— T+ needs large apea but legs cost Hharn Hurn fable.
— M0 constructed at 4heme , where suffrafemt land ¢ avatable -

- I4 )5 more uwsefu] on unl'mporJrafnf‘ ¢tat'ons
wheme  Inetallafion of furn Table. i unJush'fied . /‘

~In Triargle. Three  pat'rs of points
nd (r’aysfnﬂ are Seen .

Fl’g ! T'r'.f'afna le. \

.
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# wWrite shert note o= Turm Table
- Tty <o cOg-Hg,
- T+ 15 a2 devie uced for chamamﬂ divechon o

f locomo 1V,

~ Tb s being cofly Instadled in fmpordant- sfations-

— It s elceular 1'n shape and ynstafled U Frame Belfed Bracket
M 2 efveulae (onical pit. _)

- Tke. ﬂr’r&gr are supported af the PI'V"'&__L %:{Lj y
euntrval  pryst conbcr:j; ,[ wall 9

— Maximum ¢i2¢ of locono H've 1
Used
—~ Yo drafn off water , 3 surteble ¢lope should be glven on

F’j- ;rum Tablz .

Hee botham of— fhe HJurn Table .
9’20,?——; 12,14 ,15, [+, 18
#H Kyrlte g:l-w«r-}/ note 6N’ Buf-fer* 5}'0175
e Pravfclch ob dead ends of 5,’0(/,'ngg or ferminals Jo preveni-
movement: of wvehitles beyond dead ends.

— I s a Simpl -Jypa_, eonststs of a hmbep beam of 30cmX10cm,
secfyon .
- Quffering bcam held 'n horizontal position at buffer level of

vehtdde by @ verfreaf post
_ verh'al posts are fixed fo rafls bg surfable s¥rangements,
— For Pwov;'cu'ng addihional 533‘6?3 b beams and posts, bent—

rar'ls and heave of earth & 2lso pmvr'deel.

vh'eal
V; a?‘r LS

—> Buffering Beam

Gent K?ﬂ
J,r‘ao'(S
_‘ r___
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J.
~< |/

/

/
J

:{0’8/ f}[l!rl'f—, 14,13,12 ,1f

4 wWrite shorfrote on:  fouling MarKe

~ When w0 fracks cover age, st a point, ceater o center
dstavee  between fracks cons%afn'f/otp goeg_on Jecwagm%.

—Ulﬁ'mafela, center To tenter distance becomes YO at
poi'mt of cw'ossfng'

— a4 vehele s"rawcbl'nz at a peint where Litance between

tracks 15 Jess Fhan the mintmum Stri'ke, veli'le will
' ) Hhe centor
on dhe next drack . suclh Fom+§ (oe‘dond which ¢

shriKe
4 comter distance. between tnacks 15 less

IDE’AS.

than the N 1IMURN A

arg marked A ?ouh'na Mar K

— 1+ 15 wmade of concyete oy Stene blocKe,
1 ' ' 'H

- for proper visibi ity at night i owill ke panted vt

ylack and white: cwiteh rarl
- /]
_ M
i

sulteh ™~ TN
point

Flg , Fou ll'r\g MarK.
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Points, (mgu'ri;]ﬁ éfn'c/ ff'mp/e Lay it

‘J/l'ﬂﬁ_pol'nﬂ g crosstng ON

## Discuss the regsons Jor provi

vallway frack,
provided to faci litate Cha’ﬂgﬂ of rm'juag vehide

O I+ 19
fvor one frack +o ano hher .
Jy'vf'rﬁj'rﬂg

' s1de. f/émﬁog of wheel of

paraltel - or Con verging fo £ach ofer

('I';) TraeKs Maj be
o It 15 necessary due fo
W?I\fhdﬂg vely'ele -

G:\a c,rosgfh& pvov,-dc, e (79}9 (‘h The rg,'/ﬁ +D 1)? crossed 1;:7
f'/zmqu wheel

@) Points  3re suited al'd o fif'\/(’f‘gl'ﬂ? e vehicle.

4= Write short note oM

® “jurn Out: A mela—h? set O{r Po{n—]g and CTOSQT-V\g' :;IOY)g,
Ynewn as Furn ouf= WwWi'th the he lp of
be., di'ver ted 'ﬁ“om oNn e

with lead wralls 15
thr's amraﬂﬁmﬂ’)?' rolll’ng cheKk M3y

track. 17 amother Tracdl.
Jey:‘gﬂahf,a 4 mgh-’r hand turn ouf or lof4-

wpon Whe ther  The ro{{;’r\ﬁ. Aol K 1%
lefF by Hae furn out

A Jurn out 1%
hand furn ot cle}:ena”hg
Iver fed o r/'ﬁhf’ or
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o Switehs 2000
r The swiftch 1% Jéf‘r'n.eof as the device uged 1o Ji'ver—f—
the wa;’[wag vehicles from one track  Jo anofher frack.

. !
A parr of ﬁmﬁua nd StocK  rall wifh thQQ!FM”OL( connechion

‘ and “Fr"fﬁ'hgs‘ Torm 1 Suwitel
- Tappered end of the Tong ue ratl 1% ca
eni s called heef of switth.

o Switeh A'hq[g
— The Mﬁm Jopmed bejween  Hue gauge face. ofﬁu (<1134
varl 3nd  that of 'hmdue rall af the theorefr'ca) toe, of
e swifth 1 1'f closed posifion, (s Known ag BﬂaU’ o f |

‘ swi'teh.

— I+ ix the funchon of  the heel J/'vw(cjgnce and fhe leng th

of the 1oflcciue rafl.

_ ok gy afso called  switch di'ver genc -

i
{led oe and fhicKer
|
i

® Throw of Swith:
. The ditdance or gap Through which tongue vails  moves
later dly af toe ., of Hhe switthh fop mevemont= of Hrans,
e Vrswn B throw of switcd .

201|
e‘CheCK Rall or ,@aurd Raf|*

To guide the flange of wheels of wvebitles  so that- Hrm?
do. ot Strike 3384\"4?‘ nose of (rossing while moving

'm a2 2 dfacmj dlrechdn  Jomgta 365 — €30 €M

Scanned by CamScanner



e

@ Curve Llead: | )
ﬂl\Q JJ'S{“&MGJZ, bf'hd@_en —fg/nggn-}- POH/)'{’ 8/361 ﬂ\-ﬁ W(D‘Féf‘l (Qz{
feng fh

Nese of r,rossmg (TWC) w1e asured ;V]oni Hae

df Hae track 18 cafled curve [ead

@ ci'leh lead:, .

The distamee between the fangent pornt— and e

hee| of fhe ¢ fehh meagured ﬂ!ong e /@nJH\of fe
¢afled cwitth lead.

FrackK I

'ﬂﬂ.ﬂ_ JJ}-}Q/H&TQWQ;Q e Hworéﬁf(alﬂ(’S
(¥on.0) and The hee] of-ﬂf\g 5w/7’<h meaured
[he /"”‘ﬁ # o)[_ Fe  main Ffrack. 1 called lead of (fo;gl)'ﬁ

e of crassz'n(?/

ajonce

.

® Hee| J/tvefrge/nm
—The dstance between e Gauge fauw of the (Tock_
valls and g ue var'ls at Hhe hee), ¢ called Heel divergenet

_rf 1t He sum of fongue rall heel width 3t hoel
aMd 'f/?ffﬁlﬁ way clearen e

@ Flange way ¢ leavena !
_ Tha dittanee bedween 1

adgoining free of vunning

vafl s and checke yatls

- [+ [¢ provided <o Hhat Hhe flange 1 move —ea/u!y.
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Signalling and fater|ocking

2&12—.107/05
M What do you mean by 91'clina”l'n31

The d2vitce. 53 ohich He movenment of tratns

1y controlled,

1S ¥newn 3s ffgna!f!'ng'

KR017—¢ 09,06 ) . )
1+ Write down fhe obTectives of <ignalling:

it and roll
o To pfow‘abz mfehﬁu fo passengec . cta f£

fop e fF Aent movement

',\3 stocK

of +ram .
@b To Pwov:'dL faeihhes

A . e yunnihn
Gw To mamtan 3 safe distance  betrieen Jrane .

on the Sarme Jime N Hee came  diye oo -

. n di'cat! : ent Funehons.
(v) To %l've divechonal Indications at Uverqg d

' ey of the
) To provide Afacflihes for the maxtmum uwh Ity 7
Fram .

Q/D Du”""ﬁ maimtenanc. and wp:u'yn oPg/ra‘h'ons , 4o run trans
@t vres fri'eted £peeds,

202,09, 0¢ ‘ ‘
+# w’r_!/'fe down thae classificahdon of slqnaﬂlhﬁ, which are based

on  the ry| way fracke

o Atcording to funchon ! o) $top sfa;\a/\s
. @ Wwarnery 5:'31)2!5:
Ady prse srgnals .
) ¢oloured bt srgmals,

& /Pcwr.ebl'r\g-h the locahont ) oufer sr'gmvf-
) ap Memesignal -
i Srarter stgnal-
(."0 Advamer  starter sfgna(n
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R

uA(Lorch'nZ) Yo spect’fic purposes’, W) Rou h'ﬂ? signal
@ Re peater c1gnal -
oW $hun Hiny ¢1gnal -
) Call on s1gnal

&) M yaellaneows S nal

e Atcording T o pevational ffﬁna“ @ Hand s’)ﬁmﬂ—
) Frxed sgnal.
dm Yectonating siynat-

2018, 0¢,6¢
- Draw 3 neat spetch, of 3 Semaphore Siymaf and Explan ifs
workmg prine;’pde.

for 1 White m %:' Lemf
N

vz V72 i e ——— Red glass
25 L Bip—— Green Gilass
Red
Cm 4 powsn Rod
== ~pe— Counter wni‘(c/kf
LT o Pully
~ }imh\, \:O[ <« gugnal post—

L e o G SN O G s A o Sy
1
fig. semaphor signzf

worki'ng prj"nq'pfet

— The Semﬂpl'\arg_ arm  (n dage up fwo Pogr'hbns namely;
(ﬁ Hori'gontal and, () Inelined  poshbn:

..‘ﬂ\n_ nor maf Posl'h‘on of H‘“Hé”'ﬂ‘ls s hovizontal and 14—

[ » ' b' ,
cam be loweres by pulling wire from  signal cabin

7/
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L . - " r : W "
- In horwntal posthcm ’ Slgna{ 1nd4 catfes pg,n}em Siv,a' and 1+

16 $ud rdn po ¢1"hon

e o° wrth  Hee
lowered at am Fmalﬂ. of 40 tv ¢

When Fhe 3arm 15
o1 sard

hori'zonkal , 1+ ihdikate; ‘elear procecd ©oand
6}? Paf{‘h‘on‘.
Ad m‘gM’ ,Ir'(c/h?“ of famp }725;1?13 'i‘/ﬂr'ougfn

gives signals.

specta eles

—When arm & In hor(2onfal pos;‘h'on , hed gPec—/gJe remayy -

bffdrelMP , nd dherny arm 1% inclired ‘ZJYM_” sPui‘adQ

— Red h'gH— " di'cates Aan(c]er and green '?'gmL Mdycate¢ line

d/ftar’ '

# Wyite (hort nofe on: Automahc S?gnaﬂmq

~To avold 2cerdents due fo human e eme/n'h / nu%oma'ﬁ (&

Sr’g/nal(r'ng hat locen foumd auﬂL,

In thid System , stynals are oper ated by train thomse [veg,

- when 3 fragn otcupy 2 P:yrhw/zw trackK ,an electric
‘“"7“&”4”'5 passed Hhrough frack. Thi 5‘”‘”’4’)‘?‘ puts sigmals
at danger pasIT1én 1] }-ra/m peachos 3 safe dittance anedd:

- It rzqufm; ne J”'U”“’fkw‘ Frohrhm I'n Hhat sechiom.
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201, 14,12, ,
# Write chord nofe on ¢ Inter locking

hod betfween var|'ous
(n such a wa/ﬂ Hhaf—

The mechanrcal conmnechons €stablis
| evers gpwa'h"n 5127n915 and  pointz
& m may nef- go con Triary

the wor¥ing of s1gnaf mechanig '
Infer loe LAY’

to  the decti'red pur poses, s Knoewn 34
b - Hin

device, avolds the pogg,b, 'y of PY ?M

and P)"Fvem{’s con fusion 11 lowering )

|'ds ace)damts-

m-er loc Km&r
WY an@ levers

57‘5’79”5 awd 3VO

201816 115,194 13 112411 ,10
& Wrife ¢hor{ note on: lom pen safor

e effect of -fﬂmperafur'e, change,

Obl'ﬂc,‘h‘\leﬁ To ﬂfuﬁa!fge_
eom pensatays are tsed .
cvran¥s annected ia(j p1pe -

construchon: [ congi'sis of Two
1¢ @bhq(’ aﬂgh?a[-

one crami 15 acute 'a/nﬁleA and H-e other

Fiyg- Compensator
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working prine'ple !

Campgmsaff‘of’ are fﬂng’f?’“fé’ +o cormpen cate the C”\'&Y\ﬂd{
M the feng fh of wires used i the s1g naf eomnec Hon ¢
due o c/lnzm?,e I'n ‘f?mPe/ra}um ,

Pue o Chamg{ m (enﬁ% , hrame misson rod e Ganse
pull or push on locks + Haus neutrafite the #ffect of

tem perature changpe .

2015°
# Wrife short note on: Coupled Whee|

? N P 4 J/Y‘l L
fn CouPlQ(i lecomotives , a driving wheel 13 ven by

loco moh'ves pistong  and Jn'vfna whee s are all cou/’)lzcl

hé{é/f’kcr With side vods,

(O

Py coupled W heef-
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Mantenancee and Acer'dents

Jrack 15 necessary?

a014,13,0¢,06 '
4t W‘n;,,/'s ,Hu?_ mar'n fenan & of raflwa
v

e For new fracK: |
H N:zwly faid railuay track. settlec down slowly

h'on
(YD To br'mg Heo embank ment o Propéw‘ fOrma )

lgve.,

maly femanee 1% essenhs|:

& Foy old trac)i: Lle. W

constamt— W °7L ral
. Thus pro

Of frack at ﬂd?‘?gf ox tent,

| way ‘h’RCK.,@nSI“UL'ra
(’1') pue fo
amd tear tares plac

INE

201713, Of,0¢C ' '
t Lt Hhe variow (tems  of watn temance .

CV& Era'&ge apd 113 zupproachﬂg.

() surface of varl. 4
") RoHI'ng SYocKS -

5 : l1an went .
an Trackg ailg (v@ ity o fastentings.

q;’j 61?4&3( ’ ‘ }1
C@ Trat K cc)m’Poman' C@ Yewvel C-mmg
v Proper Drafnage. ) Tun nel| , 1f any-
Qo151 13,08,06 ' ‘
H Whg% are fthe cayuc of acerdents o7 Va//:%f/?

Any otcurance whith  affects or My affect Hhe

nov mal wwmh& of raflway v called n acc'dent,
I+ may affect fthe safety of emjl'ma ;rollmg ctock
permanent wdy, passengers ar staff also.
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cauges !

W_Human fai'lure:
- Dr)viers punm'nd al- exeoe've speeds.

(] ‘. bn‘
~ Priversy Passmca cignals b dangern posrti

due To
‘ ocLur
- Mazlori'ty of Jccidents under this head

g : ey wor
errop (1 Jng.a ment f?ﬁgu{ , 0V

("") Natural cauges !
— Breaches due $o wath oufb of tracks

— Land ¢lrdes.
a | 1o heavy {106d -

due
- Subrurgente under water

. br\l‘(!ffgn
- FRaflure or w%{mng_ quway of- d

et

an) Sabotage
y ‘ + t fra
— And' socral elemen saborage.

4‘n§’ f‘(_lY" LA bbl'ng

y d valuadle
paggengers and loo{—»% ?ow/rmenf caslh an

pamee] s goods et ,,
Kemwa& Df: Ash F]3+Ps and d4'§f77a(gjwwn7’— o{- ra)ls

'S most tomren mode o f Saba‘}*'agp.

(‘@ Leve| ij‘ofsfflg accldent -
_ . farlure fo close. Hhe 33.1133 1'n dhi'me |

— Gafe man's

/
LWhen e train 1% oG e

' s £ road wvehicle are not W‘gl'lanf‘ for
_ privers

fhe ap Proaehfng, Frams,
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V) Mrsllameous caugegs

~ Defective matndonance. of frack

— Fay'lure of- by akes et
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Railway TracK

ol 16, 14,11, 17 ; ,
;{# For 4 fm (ergﬁq of B Track Echmate the (D Number of rails

.- . et bolt
() Number of sleapers @‘p Number 0of fieh plate v) No. of fH%
) No. ")c 313"""2 pla'fe_ ('vp' uu('c_] ht of ra) |
Selutton; '
For B& r'al'lua*d Track. 0{— 1 ¥m long ’
ToYeYe)
. — x 2
W No. of yalls per km 1"%7“" T yayl lenafh
000 ,Numbff’
. E en
= ——g X2 2 v

152,35 ~fisd | Nes

No . of rafls per ¥m '?(51”?4',(’

(19 No. of sleepers per Km Pewgﬁﬂ: 2 &tnSH"},
_ _1=1 (12+7
st e ,
= f°540 Mog‘. |

,re : L
e of fish plafes per Km Iffﬂ(‘jffn = No. of rals %
| _(isqm2) = 308 Neso

d9 No ., of- JC,'SL, lpoH'g Fefr’ K 'GnJH,\ ~ No: O)CY’QI.IS ?(4
| :Qg'qx‘q):(;‘ca' Nas .
(v) No . aF’Jpzam'ng plate  per pm (gn(jﬁ,\g No . of s|eepers X
| = (1596 x 1) = 30€0 Nes,

CV;) wu‘gh{' 4of' ral'l per ¥m ler;ﬁﬁw = No. O'F'Fﬂiils X |en(7Hn of P:l'l%we‘fjhf‘
l ofray| per u""'k'?}ﬂ

=QF4XI3->460) Key

= 1010 KC‘]” .
()
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-
2010 ~,
4F For a M@ Pall wag +rack , Estimate the c;uan-’n'{—y o f wmadertals wqw‘ned ]

f‘or d.Km-‘H"&CK' ' =2

M“ For MG ka;'lwaj Track of IKW‘AB’_’\%;

1000

(1.) No . DJ( rals per Km [Qng'i‘h = WXL (

1000 .
= 2 X

= legreF =168 Nos

.t

(D No . O.F Sre‘epews Fer ¥m IQWJHV\ = No: DF V‘arl! x S|2€PW

= density~

|6€&
= B X ( l}'f‘ﬁ)

- 13:&?-’? Nos .

Q‘D Mo OF Fish F]afe; per ¥m WﬁHﬂ? Neo: of ra'ls X 7-
= (162 %2) = 32%6 Nos,
(M) Noyw "of fih Lol oot Km ;mjﬁq < No. of ral'ls X4
;(nggt:é”*’“*
v) Mo of L,e'awhg plafes  per Fm I,en(jﬂﬂ: Nov of Slexper X2—
_-_—Q'gqqfx'?_): 2688 Nos.,

C\’ﬁ W"-Iéh{' of vl per ¥m (‘Zﬂﬁﬂf\r Nor of palfsx length of rarl X

uu? Wt of ral'l per “’iﬁlr"'c?m
=(leg x 12 x €0 ) ¥
= (20960 K~
Qh\;)
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20\F
14? Caleulate  the number of nai'lﬁ,gleep(’.m; Fih plate s .and = it Lo)ts

fop 1BZooM. B&. r*‘ai'fua(ij trackK,

seluhion : Fov - B g pall way frack of 1300 ™ fong,

N F e (360 |
(’) NO Of‘ Y’ Qi lS —_-_" E % %-—_—_—_— &o@ NOS.

(19 No. of— §(p,e]9€/y5 — QC: o (13'1’7') — 2000 Nds,

(D No. of fish plates = (qoox 2) = 400 Nes-

() Nee of Fiih o bolfs = (200% 4) = 00 Nos.
CA—m}
L e
2012

H Fnd outd thy number of sleepere required for 700 km . Tong

b road qauge yall way 'fTaCK-.

Solufion:
For 1¥m BiG: Tk,

; 00 ©
ner of patls  per Fm “fﬂ(‘]ﬁ’\ = 113 LN

— 162,56 = |5_{I Nog,

—

. Noo» :‘a{— slzarw pR/r fam lf’ﬂﬂﬁ’\f 'fj X <f3+?)

= 1596 Nos.

Hen ee s+ For Foo ¥m B (,—, 'T;"BC_K/
| No -’ of slee pi;rs Q;(jqqox ?00) = Jo7#8 000 Nos.
e “ WQ
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Gieomedric Pesign

¥ Calculate super elevahon and waxlmum Pgrm-,‘ggféLe speed for
% Big. Trang'Hoén curve on 2 h,ﬁh sPeed poute lnzwt'ng a

maximum  S3anceh oned speed of 110 lemph - The 5}3&& for calwlﬁh""a/
the equilibrium super elzvahon . The speed has g{vcn as  §0 ¢mph
and the booked speed for (?"0‘44 trafhie 15 50 Fmph.

h e B-é(‘, g = |70 mm
Solufion ¢
’ — o6& mm
. Fop M‘G\' J é
MW The radius v 2° curve, j
ﬁ For N'G‘!'Jc”":??zmm
R= 22 = ¢76 m
degrer
. « 0 [‘\
an Super elevahon Fop gqull'lbl‘]um CPMG[ p (90 tmph)
C el GV R o7y o
127 R 2FX $75
(;p Superele vabon frr maximum sanetion  speed (110 ‘rfm;:h)
h" g >
¢r ¥ = g2 1o - (J0:55 mm.
127 R - 2RXE€FS e
5"0 4alea)

~%, (ant de ﬁ'ca'e»nca ::(,'70.5:;,. '00'?9) — ¢9, 7L ™™ £ 160™m >

Henee , (g = €706 ™M™ (safe and rum,?sﬂo\ﬁ)

ind, Cq = 100179 ™M
) s‘rfem elevatem for  gads traffi ,(’5010’"?"\)
Gv™ | 75DX 50 — 39.3F2 mm

&F 1IL2R: .. IZ?X@-?":T’ XWMG 65 mm
1 g mm <FEmm .

o ocant  exceess :CIOO'%'”'?’H '
Heneq p.@rrm?nbf&
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(VY Maximums- Pwmﬁsfblg on sn.fg speed 0N eurve,

V=0:17 ’\/(f'a—fcldl)f{q — 012,7-,\/ C:oo,?a—;-gr?»?/.)x??ﬁ'

SN = 1o 25 ¥mph
Fhr M. vz 037 @1 QR

M Max fmun, per milsible speed over the curve

of the foll.owl\'ﬂ',

&) Maximum sanc honed

wi'll e tHhre {€M+

rpeecl =10 Kmp‘f\

: 10025 F""f’l’\
© MaxtYhum or safe speed over the curve =1

b -
A HF‘/X"MV\M PermT?s"blL SPQ,QJ = |10 }(mf
101 m™M
i - 10077 MM ~
L cuper < levation o be Frawded
Answer ) SUp ) lwrmplﬂ

({'D Maximum pe¥ wyls Tole speed

; ' i'ble speed
H caleulate. the super elevabon and maximum por M e sp

; v speed B 6 frack
and rancihon ,onﬁ'('h ﬁf’ 2 7° Ccurve oM 3 fn}j 4 ]

m'fhfoll-_awn'ng data:

O Maxgmum $Wnehin speed = 10 Emph
({1') Ec,u"lg'ér‘l'urw YFIEJ =20 kmf”\
C”U Beoo te d g?eeJ Jf 30045 ,’h”a{h — GO ‘me"'r
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Solution?

|750

(h The vadiws for 37 curve, R= —T2= = ge3.32

0) msu}:emzlavah'on ](;,n {qw.h'bw;'um speed (td Emph)

¢~ GV Ipmoxes
AT )27 X5€33

= 151.18 mm

mn swpere [ev ation )er mamr'mwm sanehon SJD(EJ (HDVW\ F‘\)

| 758 X 110™ .
N ¢ — - = Q¢5, £ MM
|2%x 562,33 s

— 5 J]oOomm
o, tant defigency = (e 83— IST l'&)-— 124:65 mm D

Hence, (y= |00 ™Mm

- Actual cant Cg:(-l?fa_'g?* !0") = 135°8‘3 o > [66 mm
a .

Menee, Ca=les MM

(1;9 super ele vaHon fm" amg,s -}rMh,C 50 ;fmp[ﬂ)

é = 17%){5@” = 59.06 MM
|27 % 58353

o Cant gxeers = (165—59-06) = o594 vm F F5 ™

Benee , cant exeeyg = FH5 MM .

!
Aetusl cwmt pow To be Prov;dzdj‘ |
(o = (F5+59%) = 134+ 06 mm 2= |35 mm

o Cg = |36 mm

CJ: |06 ™ M

R = 663:.32 M
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| (".) safe speed , Vo g.27 m]'@”q);(‘ :O,Z;ﬁrooﬂze‘)xsﬁm-n

~ 99,97 ¥mph nz 100 Froph

: ‘ h
! | o lemt of the followivgs
(VI) M.ws’mum Pﬁ'fl"""!‘SSl‘l’L( SP(€C{ on cuvr vE {s

(3) Max'mum gmchbnpl speed = 10 ""‘i’l’\

' lﬁ
@D bafe speed on curve = 100 ¥mp

100 kmyk

' Jd =
Fe May'mum Ioa/rwﬂ?s'!bu Spee

I : h
M tenghh of Maxtmum trangHon 5 (mayimw” of tre follourrg’)

(#) Rate of chaﬂaz"af (M} cons)deration,

|~ CaxVWm _ 13252%1°° - 08 m
125 12§

(e) Rate o f Change of Cant difia'ency con sy deration

CaAVm oo X0 on i

L= s 2¢

© eonsiderap'sn oF  cont ﬂ,,.,,,;wnf- 4 + 720,

L':_G):?’Z_XLQ_g):gq,p_m

G

o, Leng th of Frang'yen = 108 M

()
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2017, 2014 | o
=H- Calculé’rc' the super olevahlon and maxImum Pg/pmqgub(( SP“A
for a 3° curve on. lnrbh speed UG- dracy. with a3 maxtmuwm

sanchoned speed of 130 lfmph- Assume. e go/w'h'bm'um sperd To

50
be g0 ¥mply  and the bookat speed of goods fratn 1o éf
. » -
I—’mph. Alse calculate. Fravsahon lwﬂﬂ, for th CUTV
S 750 . 7 _5p3.23m

h =
Ragus  of curve R Dez]rm of . Carve 2

super elevation  for equi brium 5Pe_pJ (¢5 lmph)

- Gv~ _ _lywx P — 1 F0 P
127 R 127X 5£3.2%
Super olevahon for maximum sanchon speed (130 ¥mph)
s GvY v
£ = _170X1%0 7 _ 399.5) mm

—

1R#R 127X 58323 .
< cant defitlency = (399.2]—170°67) = RAESY rm > Joomm
cey= (00 M
aefual cant, (4 :ng?.zf,- mo) = 4772 W’“>14’5*mn
Mence, Ca=]68 mm.

SU.INY‘ efevation foy 300‘61/5 fran, (50 Emph)
- vy mux e §9.0¢ Mm

—

—

n?R 129 X 683:33

s cant oxeesg = CLES59,0¢) = Joseiy M > Fmm

Hener, cand ex sy = 7 mMmmM
s Actus| cant o b FPWI'&J, Cy 7 QLs'+ 59:0¢) = 134,04 ™M™

A el

Scanned by CamScanner



Nowssafe speedi, vz 027 [ lar @) R

- 017 (135+100) X 5333

= 991 96Kmph
o~ |00 Ii""\ft\
Max/mum  per mubs; ble spred  on the curve )4
() Max:  samehlbned speed = l?o pmph
(l) 53{@ 5|au;cl = [poO Mplf\
o Mae, pormissfole gpeed on e cunve = 100 Frph
Lemqﬂ\o/— i framgoihome
15 maxium Of the  followihgs

@ Rsfe 0# change o,ﬁ cgmf consy'devafi'on
Cax Vim ,_iw 108 M

ey 1>l RS (T

cons)devatitn ,

Cg) Kate of‘ QI’\M}( of cant JQF]'C/'P/V](y

S Wbl B L, LAY Ly
] lzs &S

y In 420
() considemapbn of <2t gracbre’wf‘ 4

Lo (or72%135) = 972"

jog m

(A

r-r

L@nﬂ/ﬂ‘« of the 'fvamsrﬁar\ =

Scanned by CamScanner

leas + f H\tz }o//owmjg



WIs,IY
H A 5 curve A1’vergzs from 1° mam curve th an Ofpm%e

di'veeton fn the laﬂow‘ of @ Be6 ij. If e ;Ffed o) e
brymech 15 vectritted 4o 20 Kmph, find put  Hhe f]ﬂ??“ on the

matn 11Ine . Accyme permiserble cand Jaﬁt'cv'emcg a5 76 MM

S0 lu -h‘oY\ &

Radius of Hu v, R = 750 =, 750 _ 350 m
Dzﬁree of- (urve g

2 Bow' i bri Uy super elevahion,

IV
Gv™  1£75% 30

-—

— 33:93 MM

RER T 27X 350
= 34 mm

Neaa-h\/e Cant = Equil’brium Cont _ capt de flaencg

= (34— 7¢) = 42 mm

AL ﬂuwne,hégf SMP{/»’QIEVGHM\ which can Le ProlezJ on
the man e = qurr;tg).:_ 11g Mmm .
Speed 6N the. mamnline s
%
Weknow, g=_&V _ 1790 |
127 Rom Hhensie Ami= g
lere X v = 5€333m

7 110 = [27-% 59333

= V(V.—: 5-2'6'?6
V= ?-'L'll-KMPh

A
o

(f)
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Pomt, ('rossl’nﬁg and ffml)(e Lﬂypwf’
2017,15,13 11 ‘ '
#:(‘alcula'ra_ vaplous €lement-s ]/{",. BeG v Track furn out for

('I“OSSI"% No: 1 In ?r—&fn.‘ amd  hee | J,;'vergenca {2, £t

SO Tor 86y Track. , G 676 vam = 1676

&n'ven Cross:ir? Num ber , 7N = ¢ "4: - @'5

= 012"
Heel divergemee, d = 2 S

D curve Lead, ez qn gl e = (perere )T T

‘r'l ¢l = Qg'_'g_? T

From approxi'mate me thod, <L = 261N
= 2R 176TERT T

({b Réi;'ug, R = R, > NG

- E 'I %

R, =244+ ™

: _ oL ™
r*.P\:C-M‘f'?—— ’;j[)_ 247

Axa9a. 7o lr = Frelm
Um switch lead , SL :m e A 2pq ol

(o)

(;\D Lead | Le(c'l_ - scL)-: ( 2859~ ?7»”26)

R POl POV Pt A e s e 2

e e
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2 Calou|ate H\Q var|ow Plfmmh fir 261 track Hurnout oy

: 1 8a ]
2 crog,gm.g numbianr' and crossm? 9«\3\,@ 5 6 41 35 7

heel h‘wr}eme_g = T2
S0
Solubon: For B4 Trpek

and

G = |+67¢ M
@ven , N= €4 =

K = ¢°427357

. y
M1 e = Gy est (_‘é‘,) = |re7F¢ X (of (iM

QQ-G?{xl?focDM

RN
M tano-T)

- & 59 M
(IB Q;R,;ﬁ" - gL _ARY)
, B Here, Ko TSt T Sin (¢ty2t 3s)
-
:(254’?" | ?% = 244+ F+ ™
= 970 €6 m ‘

n
D 5.1 - N 2R.d = \fuozqg.ee'x pig = Tréema,

(26, 59-7-6¢) = 20:73 m

(r)

(M Lad , L= (CL-SL) =
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olY,l—

\ s - F'.’\d OU-/]L f’k_g g,ha[ﬁ O/f" 5‘u/'+(l4 an d fkaarehzg/f (ML;M
| of He cultely  from the F—aIIOW/L? data () Thic¥nss of

. +°"3M Pa’l ot foz = 0:¢2 (i) Hee] dvergent = = 12"
‘(@vaua/( lengre af  fongue pafl =gy m.
solutfon ;
\ (D‘ .Sw"'l—fh :;ngq* H@el vaor}@nt(
e Kenaw s gtk ang WS L g v
d-t
Gr’/‘ 5'['?')&-:. ',,p__.—
. 132062  _ p:0l78
AR LA PP |
—_— i "154, or 19 ¢
£ = 54’/‘"(0’0'%{)”
(@. Theore F1° 2{ L&n'gﬂu ofF sultch
d-t d
ba P
13:20—0167 ,_1,,12_.3__
P 440 D

X D= Tz

144!
- D)': ﬁ'?':)\

. "
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01% ‘ ‘
oaﬁ:f#(’(a]éulaxfﬂ He leagd and .V‘QJAUS 0(: q urVvRe f""‘ a g(;,

fraek turn owt for e 3|'vﬂm dafas \

e ’ - Q_(W\
€. 50 Q) Hee | Pwm?gnuz = |

C[) U‘USS‘I.V)g Nnumber = 1} me

md (l';;) WLL D‘{— 5u29t1'\‘: [.2°

Solutr'en -
b won (Al 8

L =y er (5

0) Cvoss\‘ha lead , |
loe ¥
M':G"g’ Menee , A= (42735

Heve, - 6= L1676 i |
0/ lrWM ;o= =

¢4 '35 7+ 1‘11’)

121’

4= [Aem ™

: o L ot (
o= (et 6:12) ¥ 2
= Q35 m
| v GF6 — 00172 L 22y+7 M
iy Rez —270 — - ~——t—————/—",_" 2 2
C[D klﬂau); K‘ Lo (056 _ (05'< - (O; 10'2/'_ (05 c 42 gr

Hente K':Kop%

- Mﬂ) — 233843 ™
:(2'3‘107-” —7 . ,

(A
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