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(i) National Highways
(ii) State or provincial Highways
(iii) District Roads
(a) Major District Roads
(b) Other District Roads
(iv) VillageRoads
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2.3 ROAD CAMBER : ' .
Camber or cross slope is the convexity provided to the section of 5

straight road. It is expressed in terms of the slope of the line. Joining the

m{md&cmﬁagawq)hﬂnedgahismsiﬂwdﬁppeorm
m.mmmmammummm&u
drzinaze The camber to be provided will denend on the surface of the

2.6 GRADIENT :

Gradient is the rate of rise or fall of a road lovel along its lengt:,
expressed as a ratio of difference in level to the total horizontal lengeh
which it occurs. It was started that least motive power should be aimer «
10 be expanded in the uss of an alignment. The condition therefore places 5
lieit on the permissible grades for roads. It is expressed as rufic or ax 5
percentage. The different kinds of highway gradients are

3 Balina aeadisan

6.1 GAUGE :

The Perpendicular distance between the inner faces of heads of the

two rails forming the track is known as the ‘Gauge'.

13.98.2 Afflux :

Fig. 13.2 ..lln,ux

The sudden rise or heading up of water level on the uprsrecm side
of a bridge due 1o the obstructiy caused by the bridge 1 the flo. i
imotem s affiex while destgning the water way of the bridge affias sl
hlwtabwmprmfbkfwlhfdhmmmw .

12.4 INTER LOCKING OF SIGNALS :

The levers opérating the varicus signals and points are mechanicalty
cannected in order to avoid the pos ibility of pulling wrong ievers asd o
ensure safe movement of trains. This is known as interfocking of signals.
ﬂnmmnfinmlmkhgiswdhnh:mhmmmin&m
of signals and points.
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Working Groups t..,
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deliberations of various aspects
of road safety,

4 Es Road Safety > The main thrust of
accident prevention and control across the
world has been on 4 E's vis {1} Education; (i)
Enforcement;  (iil) Engineering; and (v}
Environment and Emertgency care of road
#ccldent vietims. The Government of India
has  been focusing on all these four
appreaches in Its policies and programme.

£d A

= 855 i9 g i through
various Road Safety Campaigns utilizing
audiovisual and oiher print media and
through NGOs. With the view to raise 1oad
safely awareness amang the general pubtic,
the Government have been undertaking
varlous-publicity measures through DAVP and
professional  agencies in  the form  of
telecasting/braadcasting of TV spats/Radio
spots, display of cinema sides, distribution
of posters, books on road safety signage &
signs,  ofganizing  Road Safety  Woek,
Seminars, Exhibittons. Al India Essay
Competition on Road Safety, etc., containing

rivxed aadivhe rnaoeaman far wAAD smarmant o

Working Groups t...

e n&aﬁdol&.wm e B ¢
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Competition on Road Safely, elc,, containing
road safety massages for various ségments
of road users viz Pedestrians, cyclists,
schaol children, heavy vehicle drivers, ete.
painting on road railings on themes of road
safely, road safety games, calendars
depicting road salety messages, e1c.

Enforcement - The Motor Vehicles Act 1988
and Central Motor Vehicles Rules 1989
contain a number of provisions, which if
enforced correotly, would curb traffic
violations by drivers The enforcement of
these provisions is primarily the responsibility
of the concerned State Government. The
States have been advised from time to time
o enforce variaus pravisions of the Motor
Vehicles Act 1988 in the right earnest 1o
Imiprove road safety scenario In the country.

The controf of Natienal Highways (Land and 7
Traffic} Act, 2002 provides powers to

ighway Administration for control of land
within the National highways, Right of Way dJ_ #\
and traffic moving on the National Highways

alan fnr enmmint nf smactharivad Anmunarian
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2.1.4 Wearg ~~- - which is in mrws w..méa 7
b top most layer of @ F v i
T‘“’; shﬁlzpl'm capable of w;ﬂlstmdmﬁ z the
m also impervious. Its functions are
{i) To provide a smooth surface for the traffic.

ol
(ii) To drain away rain water and prevent percolation
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(i) To prevent the softening of the road surface and formation of

ruts.
(i) To prevent the sub grade from loosing its bearing capacity.
(iii) To prevent crosion of surface and side slopes of formation.

(iv) To prevent slipping of side slopes of formation,

Id

6.4 AUVANMIAGLS s o ) )

® mﬁmhbwmmhpe@lucfdﬂqwm@m.m
and customs 1o achieve the National integrity.

(@) Railways net work will lndp the control administration 1o
become more casy and offective.

(i) Railways will help to migrate the people from one region to
other region,

(iv) Railways will belp during wars for transportation of war
equipment and army.

(%) Railways provide convenicat, safe and cheap mode of transport
through. out the country.

) Railways provide the transport to the masses to visit religious
places in India.

(). Railways wist holp tha labour from the places of ensmployment fo
Industrial areas. )

(v} The fnished goods from the Industries an be quickly transported
1o any place in India.

() Raitways will help in transporting food grains and clothes 10 the
alfccted areas, i}

e

key Lype SIEePErs Can AlS0 Prevent Creep Ml Uy Hut aiuw wieegs — o o
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SLOPE ™ ABOUT 984 mm
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Fig. 32 Plate sleeper

agether by a tie bar with necessary fittings such as keys, gibs and cotters, Gibs
nd cotters are so casted that by interchanging them gauge is slackened by

18 mm,
398. X
Smm 358, Sritm_ 676 mm  98.5mm 398.;mm
- F:F.RAIL' . :

é?ﬂ;é’



Ilf

g

(a) Straight wing-watls. Thess dre used in smafl bridges and culverts meant
for crossing drains. These sre cheaper as compared with retism-walls,,

ABUTMENT

STRAIGHT
WING waLL

Fig. 417 Abutment wiiy stralghl wing-walis
. ) Spfayed wiug-w_w!!a'. Thc:a. provide smopu entry ol the water under the
bridge. This type of wing-wall is also very useful when cwad approaches are
curved in plan us shown in the ligure. Splayed witig-wall can e used on sixiali

as well as high bridges,
’wums waLL WING WALL

ELEVATION

SPLAYED
WING WALL

WATER FACE

PLAN

Fig, 418

4’13 DESIGN OF WING-WALLS AND RETURN WALLS

ing-walls are the splayed cxicnsion of an abutment of & bridge on a
cutv::.cT\;:'%m function of the wing-walls is to retain the embankment soil
and side slope of the embankment. The wing-wall nlul) serve |llc pf:qmsc of 5
the guide for allowing the waler 1o pass ﬂumh mlmu;l ‘L"Tf;:{'fm 1;:: |1mir: ‘t 5

ing- is kept fevel with the shoulder of the embankmen  then,

:)sfolz:q‘lvrlmnﬁexlll :Ijtc :E:’umi angle of repose of the earth fill material to 4 height
AF0-2 1 1% m ke the ground level or water level, .

o=

- Compared to the alternate available routes,

1. In the areas of snowfall, freedom from snow and iceberg
hazards.

2. Due to the reduction of the distance overall cost will be
less.

3. Easier gradients can be provided.

4. Reduction in maintenance cost,

5. Avoids interference with surface air rights. .
6. The movement of traffic is most convenient with high éic ’

speed.



QISR 45 20t agens =
curves, Sight distance can be :
1. Crossing sight distanie of s8¢ =
2. Non-passing of nuiovertaking Sight
3. Passing or overtaking sight distance.
4, Lateral sight distance. y )
o icles coming
(1) Crassing sight disiance. On roads and Highwilys. ‘l‘;’“ v:;'wd \o enable
in opposite directions, on seeing each oiher have 1o reduce their e, This
each other 1o use the puvement edges or shoulders, 45 the ““F yeh'. o
distance in such & case is wken s twice the distance required for a vERIT'e
come 1o stop and is calied crossing sight disiance. S¢ o horizontal and vertical
curves, this minimum sight distance smust be provided 10 avoid any collision of
twe vehicles coming from opposite dicections.

afe stoping sight distanct:
distance-

ORZONTAL cupye

ﬂ!. VI2 Crosing Signt
wﬁ‘"‘i‘é‘w’?ﬁ % ;:é;;m“ 2'5 uad z:h:::
distance. 193 CUEVER 0 () Lne o Imu:_“:ljm;.ri: sell
(U loping si h

(2) Non-passing or non-overtaki i i
v c . ng sight distance. 1t is defined
;?l:tg;sct gzmnce at which a driver whole line of sight is 1'2 m above w:s roL:fi
see the (op of an object 10 cm high on the surface of the road.

Kemi 3
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> lane highways,
(3) Passing or overtaking sighi distance. One two and m:";g ég“m ; niervals.'
Opportunities 1o pass a slow moving vefiicle should be pro

L2

PASSING SIGHT DISTANCE I’

Fig. 2°14 Passing Sight Distance

On four-lane highways this facility is not required, The Passing or overiaki
sight distance is defined as the longest distance at which a drivgr whose ]in:(lﬁ‘
sight is supposed to be 1'2 m above the road surface, can see; the top of an
object 12 m above the roadway. This will help in Overtaking the slow P of an
vehicles easily and without any risk, moving .
Table 2'7 gives the stopping sight distance ang _— gt
sight distance for various speeds of the vehicles, Piettaking (or passing) .

3B

lover leaf interchange : These are the superior type of
Mﬁf’iﬁ I s t%c of grade separators Right hand movements are
eliminated. Thu will avoid major source of accidents. To cope up with the
modern traffic the radii of loop ramps are to be increased the clover leaf
covers & large area. ' {
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The following are e some s of Resd intersestions.
(0 Square Junctions (i) Acuse Jusstions
) T-Junctidus (%) Y-Jusctions
{v) Staggered Junctions (4) Maltiple Junctions
(i) Symare Junctions : Whin two roads mee! of croes each other at
right smes which ure having equal widdh

a7

Fig. 51 SGUARE JUNCTION Fig. 5.1 ACUTE CROSSING
: (iunn-hm:fhpmmmmmmmﬁ
Humuﬁﬁ:ﬂmﬁumdﬂmﬂn.

(i) T Suanetions :

IRy
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(v) X. Junctions ; These are the junetions when two rouds ey,
do mol cross at angle other than a right angle *Y" junction is formeg

—— \Sz—

(v)Staggered Junction  When two roads meet another ”
sides'at right angles. IL is called ns staggered functions. O S

MR

Fig. 5.5 STAGGERED JUNCTION

() Miltiple Junction -
Junction hmﬂ:,,(,n-m?ulw'?“‘mmmmvmﬂsmm
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5.4.3 Traffic Islands ]
Thase arealsocalled as Rolarics o Round ahunte Thnen ara sevided

g - . . Spr—

The different types of tiwkings may by classified qs -

@) Pavement markings

{b) Korb markings

{c) Objeot markings

(d) Reflector unit markings
57,1 Pavement Markingn t

Pavenient murkings may generalty be of while paint, But to indfcale
parking restrictions yellow colour markings are made, Longitudinal solid
lincs:ase used Lo s guiding or regulating lines and meant to be crossed
by tho driver, Transverse wolid lines indicate the position of stop lines for
yehicular traffic ,

Some of the important pavement markings are as follows :

fa) Centre lines : These are the lines to indicats to separate the
opposing streams of iraflic on undivided two way roads. On four of six lane
wdivided roads two solid continous parallel lincs of 0.1 m widih and 0.0§

{ 010 m space in between sre painted.
(3) Lane Ifne : These aro the lines drawn fo designate traffic lanes,

These are meant to guide the traffic and to properly utifise the
way,

. e) Turn markings : These markings arc useful o indicate to
; Interal placement of vohicles near intersection beforo forming o

-+ e different. dircctions,
3 {4) Cross walk inei : These lines arc required at parloular plces
: “"‘"“veﬁemiwmmcrw_-thﬂwm“ ided o
*int N0 passing zone markings : Those markings 0% PEVEC
i el e iy iy overtaking is prohibited in that w_“'fi.,m

BT commaeii s it s 3
() Approach to obstructions : These markings are provideg
fndicate the obstructions such as transmission tower with in the carriy,,
way or any other abstructions fo provent vehicles from colliding ¢,
obstructions.
(8) Parking space limit markings : These markings are required 1
indicate proper utilisation of parking facility.
5.7.2 Kerb Markings :
_ These markings are provided to indicate certain rogulations ks
regulations, The markings on the Kerb and edges of Islands with
mmmmmmm&nmwfmnmm,
5.7.3 Object Markings :
The traffic markings provide to physical’ i
tosdways are known as object markings TW °°.‘?”‘::
supports fo bridge - leve crossi

distance,




[ drains and the road,
Type of gradients. The gradients which are pravided in different

portions of 4 road length are as follows i
1. Maximum Gradiant, ) 2, Ruling Gradient.
* 3. Misimem Gradient, 4, Aveeage Gradient.
5. Exceptionai Gradsent. 6. Flouting Gradient, !
(1) Maximum Gradient, 1t is maxi or steepest gradient which is 1o be d

permitied on the 1aad, which on no account is 1o be excoeded, os stesper
gradients are very inconvenient 10 the traffic, specially 10 the slow maving
vraffic. This is also called Limiting Gradient, ts value has been fixed as | in 15
for Hill Roads and 1 in 20 for other roads. These steeper gradients are
Somelimes o be provided 10 avoid deep excavations and avoid long detours.

(2) Ruling Gradient. It is the permissible gradient in the alignment of a
road. This gradient is such that vehicles, whether they are animal driven or

HEAE

i has recomsnended the value of ruling

gracticnt as 1in 20 in hills and ] in in plains.
(3) Minimum Gradiens. It has also been found thay for elficient drainage of
water from the roid surface, a cenain minimam gradient is essentinl, Such an

(4} Average Gradienr, It is defined as the toal risc or fall between uny two
points chasen on the alignment divided by the horizontal distance between the
w0 points, The determination of the average grade s useful in carrying out the
first paper location of preliminary survey,

(5) Exceptional Gradien?, Daring the alignment of a road, there may come
cedain patches of length, where a gradient may have 1o be provided which miy
Be-either less than the minimum gradient or more than the maximum gradient,
Such a gradient is known as Excepiional Gradient. Such a gradient becomes
fecessary 1o avoid deep cuitings or excavations, Exceptional gradicot should not
b provided in a length more than 100 meres, in any case, y

(6) Floating Gradien:. Wheri a motor vehicle descends a gradient, some
tractive effect is required to maintain it at uniform speed, but to the descent,
there is the negative tractive force or resistance. This resistance will be equal to
the tractive effort required to maintain the vehicle at a uniform speed with a
particular gradient, sich a gradient is called Floating Gradien:.

B L 7 U

67 CONSTRUCTIGN OF W.B.M. ROAD
The stages of construction of a W.B.M. road are as follows :

rade and Kerbs. After the constraction of embankments or cutting
is céglﬁzigd. the subgrade is prepared in the shape of required camber and
gradient. 1t is properly compacted by fight rollers or hand rammers. Earthen
kerbs of 15 em x IS cm section are prepared along the edges of the proposed
road to hold the materials. e g

i foundation layer. The base or foundation course consists of

0 15‘2: :n:s:e.ab’mrldm ar hm{m pieces of stone, large size kankar, overburnt
brick-bats or flat bricks. Stone boulders or bricks are each placed by hand,
firmly bedded in position with as little voids as possible. In the case of bricks
the Larger edge of bricks is placed transverse 1 the dircciion of the roadway. In
the case of stone base the voids if any should be properly filled with stone
pieces and the surface be lightly rolled with a 10 ton rul_lr.r.l'me width of the
foundation should be 60 cm wider than the pavement, projecting 30 cm on each
& side.

- rse. This is also known s mealling course and can be
laid gii) nn'?gr"fgocﬁ‘yc:s depending upon the (otal thickness required. The
thickness of the loose metal in each layer should not exceed 15 cm. It is

8 because of the reason that ordinary rollers will not be able to rolf more than 15
em thick layer. If very heavy rollers are used, the metal will be crushed. The.
wearing course is prepared in the following order : :

‘ spread over the progosed sfice
ot s e sy sresd ovr b b gxl!wn?_ﬂ?;:
roased Wﬁmw ."’LMG neqlly 1in 3010 1in 40 camber is picwing,

(6) Th Iayer of siane mel s then rolle by 8 n rolless. Reifing sty
fistbe stased foom the edges and gradually Shifted 1owids the centrs, This gy
rolling will provide interlocking of agaregates,

£ SEARCHING OF
Thix : ROAD METAL

Fit. €2 Waserbound Macadsm Rosd

() Afier dey rolling, swne screenin 8 Or 12 man grit is ovenly sprinklsd o
m:wf-csn:theralcdl:u.muperlm;q. . It is known as bindage
layer, This surface i now rolled dry, and then safficien quantity of water, @
mmmmauwmmuummwmm During e
mnrmmpupumwwzrwmshoﬁhmﬁnw. ¥

{d} The next day final of sandy soil i moans
and 75% mismdinmm mnmlﬂngch]yy\d Y
mﬁmmy“uw.mhhyuurmd i 1
Nearly 40 10 60 litres of wAler is used per 'q.ymloﬂ l;lh“:wnmn Eﬁﬁmﬂﬁmm
hmmmg;mgmwkmmmhrwuwmuwwm
wmmmwmwmmwjmgwhmmw
:: is that the material such gs sand, clay #ic., shoald reach interstices of

The rolling is continued on the ness day g Siine o &
Mo[lcu.mlleurtmlolmsq.m,nr’ml q—"‘"""'“‘;ﬁ:ﬁx
BMWWhMlﬂ‘wﬂlﬂMmukw"w,m
6'8 CAUSES OF DISINTEGRATIAN e o o



VIA

Vi B

VII A

2.5.2 Essential Requirements of any Drainage System :

(i) Adequat \ber and mini dient for the road surfaze to
ensure quick drainage of surface water,

(ii) Side drains of required capacity to drain off all water likely 1o
accumulate at a given point.

(iif) Provision of suitable bridges, or culverts to drain away the
maximum discharge likely to pass through,

(iv) All sub soil water including water from springs coming to the road
structures to b:mppedmddramedcirhymb-snrfamdminm

(v) Flow of surface water across the road and along pipes should not
cause formation of cross ruts or erosion,

(vi) Highest level of ground water fable should be kept well below the
level of subgrade prefecably by atleast 1.2 metres.

(vii) In water logged areas special precautions are o be taken I

flooding is likely to accur,

CUTTING: 75
Ve

ORIGINAL
GROUND SLOPE

PARAPET R

SIDE DRAIN

wh;fil movement of baing is controlle
mpnls.

Railwity vards have heen classifieg

1, Passenger yards.

2. Goods yards.

3. Marshalling yvards,

4. Locomolive yards,
¢'14  PASSENGER YARDS

This vard provides all the facilities for the convenionce of the passengess.,
‘The chief requitements of a passenger yard are s follows -

|. Booking office, cloak-room and luggage booking raom.

2. Space for parking all sorts of vehicles outside the swation.

3. Enquiry office,

4, Signais for the reception of the uains froim different directions st the
same time, 50 that all the trains, which are required (o be connected with one
another may be received and connected in a short lime.

5. Signals for the departure of trains in various dircctions at a ime,

6. Facilities for passing a through-train at the [ull speed without
mterference,

7. Sufficient number of shunting necks for withdrawal and placement of
rakes without causing interference (0 other trains.

§. Sufficient number of platforms.

9. Sufficicnt number of sidings with platforms, so that exica carriage after
detaching from trains, can be kept 1ill they are anached to other trains.

10, Facilities for charging baueries of trains. .
11. Washing lines, sick-lines and siabling-lines in required numbers.

915 GOODS YARD
The chief requirements of a goods : ;
1. Approaches with roads for the movement of gfwl::ggdufﬂ g
tach plaiform with ramps for loading and unloading of (e EOOCE: - ;
2 Gumerihg ine taking off the main fine of loop line with & number of

d by prescrived rules, regulations and

s follows :

yard are s follows :

parallel dead-end-sidings with bulfer Stops: y

R
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‘16 MARSHALLING YARDS

One author has described marshalling yards as “hearts that pump the flow
of commerce along the track”. These are places where trains are born. The upit
of loading on railways is usually wagon, but the unit of transport is a train,
Therefore, before despatch, all the wagons are associated in the form of a train,
All the wagons should be arranged station-wise so that there should be no
difficult in detaching them at stations. This is the function of marshalling yards
L.e. 10 short out and combine isolated wagons into train loads.

Marshalling yards are very costly in construction and maintenance. The
following are the drawbacks of marshalling yards : .

9°19 LOCOMOTIVE YARDS
The following are the chief requirements of a locomotive yard :

1. Tt should be located near the passenger-yard and goods-yard, so that both
incoming and outgoing engines may take less time.

2. Escape line to admi train engines immediately after a train has arriv
3. Water columa,

4. Ash pits, inspection pits. N

5. Hydraulic jack for lifting the engines while repainng.

TR Aaia Gwwavcuon of gouble line in cutting
—
i e PERMANENT LANU WICTH
_ Lo 3gm -1
----- GL
__________________ . SPOIL BaNK |
/ ome |
DRAIN !
W DRaiN
3 YPleal cross-scctivn of single line m cutting
Hima
SPOIL BANK
Vig. 6°1 Typleal crosvseetion of dowble fine in culting !
[ PERMAKENT LAND WIDTH =

11'13 DIAMOND CROSSING

When two tracks of same of different gauges cross each other at any angy
diamond crossing is provided. It essentially consists of fou_r Crossings, T
length of the gap at crossing between two noses of a diamond CTossig
increases as the crossing angle decreases.
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(3 Deck bridge : When e lotingofygge s,
(it supporting System of the bridge is calleq oy 5 FOd o0 ety

i) ﬁr;ug:ubn‘dge : When the Noating uf‘ b‘- ::l._
aspeaded at the bottom of the supporting s 15 Spported or
jpough bridge: 18 System, thebrdge H known ag

(il Semti through bridge : When the floori idge i supporied
u s intermediate level between the top and b“ﬁ,:;:ﬁ“‘ ;
systenn, the bridge is known as semi through bridge., ol

SUPERSTRUC TURE =

A

Fig. 181 DECK BRIDGE

i £
I Fig, 182 THROUGH GRDTE g

R

IXB

HALOES B tical funcuions. 1 g
pagement and other non acronau ermunal bildings are

5 designed according to the type of airport.
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There are three kinds of alignment
(i) Square alignment
(i) Skew alignment
(i) Curved alignment
13.5.1 Square Alignment :

This alignment is done at right angles to the axis of river. It is the
best alignmient. ;

13.5.2 Skew Alignment :

. This alignment is done at other than right angle to amsb of th:
ver, skew alignment should be avoided as far as possible e:«:alm‘.t
(a) “Onstruction and maintenance are difficult (b) ﬂo\fv will be turbulen
*Ausing excessive scour and greater pressure on the piers.

L L W LR T TREESETIITL YL o

i ible. Because
This should also be avoided as ffu' as possi s
(a) construction and maintenance are difficult. (b) It has to resist
an additional force namely centrifugal force.

Skew and curved alignments may some times have to be adopted
in order to avoid costly and difficulty approaches.

XB

Ap g o 1?1‘
18.5.1 Regional Plan : %mé

The airport site selected should fit well in 1o the Regional Plan, [t
should form an integral part of the national network of gir port.

18.5.2 Use of Airport :

The use of airpont whether for civilian of military is an impartant
factor for the selection af site. Evenifipis civilian airportit will be taken over
by defence in emergency. Hence the site should provids natura] Prolection
1o the area from air raids, If thick bushes are there inl.bcsiw.lhtphm can
be stored in the bushes such that they are unnoticed.

18.5.3 Proximity to other alrports :

The site selected for Airport should be at considerable distance from
the existing airports, The air craft landing inoneair port shonld not interfere
uithmemvemm!ofairmumhu airport with the movement of aircraft
at other airport,

18.5.4 Accessibilily to Ground

The site selected should be odjacent to main highway. The time

- Tequired 1o reach an airport inapassamacarshnuldmmuﬂyml exceed
half an hogr,

18.5.5 Topography :

3 This includes natural feanures like ground contours, trees, streams
e, Atill tap or raised ground will be an ideal site for an Airpart.
The site should have less obstructions in approach zane and turning
- 2anes and there should be uniform wind and better visibility due 1o Jess fog.
18.5.6 Obstructions §
Approach areas for the selected site should kept free of obstructi

 The cbstrucions may be fences, rees, pote lmes buildings and otker natural
- % man made gbjects. The Tuture growth of undesirable structures is 1o be

_g'-s.f Visibility : ’
' ; E: poor visibility Jowers the traffic capacity, fog, smoke and haze (%‘)

< Be loss in the Tocality. Fog generally settles where the wind is less
)"‘"Ilhy. Slnokanndhmwﬂlbem_eml!whdnwinlm.

Mmmm;ammosmum
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