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r KCE 602: Transportation Engineering J
ANALYSIS OF AKTU PAPERS (2012-13 TO 2015-16) (A-1CtoA-8C)
UNIT-1: ROLE OF TRANSPORTATION (1-1Cto 1-23 C)

g\.lrloductlon: Role of Transportation, Modes of Transportation
istory of road development, Road types and pattern, Nagpur

ro.ad plan, B_Ombay road plan & 3rd 20 Year Road Plan,

Highway Alignment & Location Survey: Horizontal Profile, Vertical

Profile, Factors Controlling the alignment, Survey for route location.

UNIT-2: CRO§S SECTIONAL ELEMENTS OF ROADS {(2-1Cto2-39C)
Geometric Design(IRC:73-Latest revision): Cross sectional elements,
camber,_ shqulder, sight distance, horizontal curves, super elevation,
extra widening, transition curves and gradient, vertical curves, summit
and valley curves.

UNIT-3 : TRAFFIC ENGINEERING (3-1Ct03-31C)

Traffic Characteristics, Traffic studies on flow, speed, travel time
- delay and O-D study, PCU, peak hour factor, parking study,
accident study and analysis, traffic capacity, density, traffic
control devices: signs, Island, signal design by Webster's and IRC
method . Intersection at grade and grade separated intersections,
design of roundabouts as per IRC: 65-2017. Highway capacity
and level of service of rural highways and urban roads as per
latest IRC recommendation.

UNIT-4 : HIGHWAY MATERIALS (4-1Cto 4-36C)
Properties of Subgrade, Aggregates & Binding materials, Various
tests and specifications, Design of Highway Pavement : Types of
Pavements, Design factors, Design of bituminous paving mixes;
Design of Flexible Pavement by CBR method (IRC : 37- Latest
revision), Design of rigid pavement, Westergaard theory, load and
temperature stresses, joints, IRC method of rigid pavement design
(IRC:58-2015).

UNIT-5 : HIGHWAY CONSTRUCTION METHOD
Construction of Subgrade, Water Bound Macadam (WBM), Wet
mix macadam (WMM), Granular Sub Base (GSB),Tack Coat, Prime
Coat, Seal Coat, Surface Dressing, Bituminous Macadam (BM),
Semi dense bituminous concrete (SDBC) and Bituminous concrete,
Dry lean concrete (DLC), Cement Concrete (CC) road construction,
Roller Compacted Concrete Roads.

SHORT QUESTIONS
SOLVED PAPERS (2013-14 TO 2018-19)

(5-1Cto0 5-16 C)

(SQ-1C to SQ-22C)

(SP-1C to SP-22C)
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‘_ 1. |Cross Sectional 0o
1. |Roleand Mode of o 0 000 0 Element b 00 1 2.2 1
Transportation ‘ : ‘ 2. |Camber, Shoulder 0 o0 ¢ . {
: iy . Y 00| p
| 2. |History of Road 3 0 10 1 1-4;1.5 3. |Sight Distance )
E Development 16% 177 1 0 12 02212 |
| . - g Loe
| 3. |Road Types and 2 0 00 O 1.9% 4 |Hori | 2.14 l
; Pattern ] : orizontal Curve and i
E AL : Superelevation 01 0 2 0| 217,2.1%
| v N s 0o 0 2| 11051 12 2.20

& |Nagpur Road Plans 1 © , L L
1} Nagp 5. |Extra Widening 6 6 00 0 .
{a Bombay Rosd Plans o 1 0 1 1 1.13** | 6. |Transition Curve 2 0
i ” ' and Gradient 01 1 2;4 2.25% |
3™ 20 Years o 0 00 0 0 i 28

L& 3™ 20 Years Road Plan | 7. |Vertical Curve ¥ rote e
| ) |+ |Summit and Valley 1| 231,232
! 7. |Horizontal and o 0 00 O 0 | Curve 234
3 Vertical Profile, i
! Factor Affecting i Total Questions 41 2 5 3
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| s |Survey for Route 1 0 00 O 1.19
1 Location ) |
b Total Questions 71 11 4
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Transportation Engineering
A.
S0y N
: “Uﬁ@:@fml o A !' A-4C (CE-6) Analysis of Previous AKTU Papers
Part Topics " 2% EI & 1 . =5 215832
8 C?l b ?1 § Que No | |Part Topics E § g g g Que. No.
X - - T~ 1
1. |Traffic Characteristics) 0 0 0 0 g 5 : L |p rﬁperges Xf 1 000 o n
. e Subgrade, Aggregate
9. |TrafficStudyonFlow,| 3 0 1 2 4| 4 2o g0 id Bindi,ng Materials
1 Time PRACEEE
Spced TraBeD Slt d’ 3.4, 3.7, | 2. |Various Test and 0 0 1 0 o 4.6
Delay and O- ucy 3.8, 3.9 ! Specification of
t d
3. |Peak Hour Factor, 0 0 0 0 o o b g;gfgff; I\?I::.arials
Parking Study L |
. . o X es of Pavement 0 0 1.0 o 4.10
4. |Traffic Capacity, 1 0 0 0 1 3.13* g ?;1:1 Design Factors
Density
. S 4. |Design of Bituminous [0 0 0 0 0 0
5. |Traffic Control 1 1 0 1 1/314,315¢ Paving Mixes
Devices : Singns and 3.16 5. |Design of Flexible 1 2 11 o0 4.19%%,
Island Pavement by CBR 4.13*
Method (IRC : 37-2012)
6. |Signal Design by 0 0 00 O 0 ¢ o
Webster’s and IRC 6. |Design of Rigid 0 0 0 0 O 0
Method ‘ . Pavement .
5 7. |Westergaard’s Theo 1 1 1 0 1| 4.16,4.17,
7. |Intersector at Grade 0 1 00 0_ 3.21 Load and T 418 419
and Grade Seperation Temperature Stresses
8. |Design of 0 0 01 O 3.24 8. |Joints 0 1 1 1 0]4.21% 425
Roundabouts
: 9. |IRC Method ofRigid [0 1 0 1 0 | 4.26,4.27
9. |Highway Capacity 0 0 00 O 0 Pavement Design
and Level of Service (IRC : 58-2015)
of Rural and Urban .
Roads Total Questions 3 5 5 3 1
Total Questions 5 2 1 4 6 * = Asked in different years
* = Asked in different years




Topics

Copstruction of
Subgrade

Water Bound
Macadam

Wet Mix Macadam
(WMD)

Granular Sub Base,
Tack Coat, Prime
Coat, Seal Coat,
Surface Dressing

Bitumino

Semi Bituminous
Concrete (SDBC) and
Bituminous Concrete

Dry Lean Concrete,

Road Construction

Roller Compaéted
Concrete Roads
and Mixed

Total Questions

2013-14 |

&

2014-15 | 2,

e

2017-18 |

[
o

o

-

us Macadam,

Cement Concrete (CCO)

* = Asked in different years
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Unit-2 -
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 Weightage of Units
(2013-14)

// ¢ Weightage of Units
iy Gues Asked (2014°13) (2014-15)
- Unit 1

6%

¢ Weightage of Units

i Units Quex. Asked (2015-16) (2015-16)
|
Unitl 1
i Unit2 2
\ Unit% 1
\—UniM 5

A=7 C (Cl.g

A-B CACE-6G)

Analysisof Provious AKTT Papers

Units Ques. Asked (2016.17) " V_/-;ightng'n of Units ‘
— (2016-17) !
Unit-1 Unit 1 ‘l
Unit-2 |
|
Unit-3 |
Unit-4 |
L %
Unit-56 \‘
Units | Ques. Asked (2017-18) % Weightage of Units |
(2017-18) |
Unit-1 7 \
Unit-2 4 l\
; I
Unit-3 5
Unit-4 3
Unit-5 3
Units Total Questions ¢ Weightage of Units
(2013-14 to 2017-18) (2013-14 to 2017-18)
Unit-1 14
Unit-2 15
Unit-3 18
Unit-4 17
Unit-6 17
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1-1C (CE-6)

Role of Transportation

PART-1

Role of Transportation, Mode of Transportation.

1-2 C (CE-6)

CONCEPT OUTLINE

Role of Transportation : Transportation plays an important role in
the development of country. It plays various roles:

;i  Economicrole of transportation.

i, Social role of transportation.

jii. Political role of transportation.

Mode of Transportation :
Mode olf' transport

v v

Land transport Water transport

Air transport

Path Road Tram  Rail Passenger Cargo
ways ways ways ways

Inland water transport Ocean or Sea transport

'+ ... Questions-Answers

LongAxis\lWer:'.I‘s_rbeh and Medlum Answer Type Questions

Que 1.1, | Whatis therole of transportation in the development of

the country ?

if“‘“s‘.i?,"f 5 ,

Following are the various role of transportation in the development of

country :
Transport gives “place utility” to the goods.

Transport minimises the time for the movement of people and goods.
Thus, transport gives time utility to economic activities.

The separation between the producer and the consumers is overcome

by transport.
Transport enables the quick movement to preserve the quality of goods
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3 0
urism, stem
zZs agood transport S¥5L° .
odes of transportation ? Explaip

IWbal arethe differentm
o . :on of each of them-

Answer
Following
A Road Transport !

1. Roud transport L'xizfl in "il:
" motor vehicles (cars, lorric

. nes of roads acc
, varjous Lypes 0
Jere are var . o ot.
2. ’n-d-.'.lr(' wrrﬂdwl'lllc”u“-r-" aren il links major tow
o hese roads arc the modern roads which links major towns,
» hest of these TORE
3. Thebest

- modes nftrnns;mrtntion is
arcd W r
i r when compad
RIJ:ld transpo

more ﬂi.‘!i’)!t’-

the different modes of transportation :
are the

world, this involves the use of

s of the
parts and trucks).

¢ huses, bicyeles,
5, |
ording to size and functions, some

ith othe

r and faster Road transport hasa high capacity of
.’I])(‘ . .
r short distances.

fthe major disadvantages

4 Ilisn-lulivvlythr
carrying goods ove
Maintenance isone o

of this mode of transport.

5.

B. Railway Transport : .
loped during
g was partly

o the period of industrial revolution i_n
1 Railways were dm]( o nd for ceonomis
the 19thcentury, the
reasons.
2 Inmany countrics, they we
and help promote political unity.
4 The major advantage of railway trans
serviees.
4 Ithas ability of conveying heavy and bulky goods; it is alsovery cheap,
safe and comfortable for passengers over a len
C, Water Transport :
1 Water transport is very important because
transporting bulky goods over a long distance.
2 Inthe world, there are two major types of water transport name
Inland water transport and ocean water transport.

for political reaso
re built especially to penetrate isolated reglons

ort includes provision reliable

4 distance.

it is the cheapest way of

ly.

1. Air transport is the newest mea

—1 C(CE-6)
1 Role of Transportation

a. I!ﬂ:md “';-1.ter transport is the system of transport through all navigable
rivers, lakes and man-made canals. Many large rivers in different ;ﬁrt:
ofth-t‘ world are used by ships and barges for transportation. o

b. Oceanwaterways carry a lot of the world’
goods, materials and passenge
one country to another at the ¢

s trade, majority of the bulky
rs pass through ocean waterways from
heapest cost.

D. Air Transport :

ns of transport; it was introduced in

1903 but developed into full means of transporting people and goods in

1930s.

This mode of transportatio
. ans ation can be used fo »sti
AU s r both domestic and

E  Pipeline Transport ;

This s,\'siom. of transportation invelves the use of hollow pipes in the
transportation of water, crude oil, (petroleum) and gas.

This mode 0ftmnsportution is safer than using tankers or trailers in the
transportation of these liquids.

Que 1.3. ’ Discuss the characteristics of road transport.

Answer l

Following are the characteristics of road transport :

Roads are used by various types of road vehicles, like passenger ¢ars,
buses, trucks, two and three wheeled automobiles, pedal cyele and animal
drawn vehicles.,

Road transport requires a relatively small investment for the
government.

Road transport offers a complete freedom to road users Lo transfer the
vehicle from one lane to another and from one road to another necording
to the need and convenience.

In particular for short distance travel, road transport saves time.

Road transport is the only means of transport that offers itself to the
whole community alike.

Rou'd transport is subjected to a high degree of accidents due to the
flexibility of movements offered to the road users.

PART-2

History of Road Development.
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anspOT e
b of Roads
lopme¢ mé Roman roads. )

—, )
pistoric? ii. Rom

Ancicn! iv. British road.

v F"\n(‘h o

- ads. . ..

hi M(,,d”;;;o ment iD Indmt.‘

Highg (‘)lir]cnr road plans are gci])mru e
thrct;q"gpur rond plan 1943-6

¢ roads.

ads.

For development of hij
ghways

d. They are as follows : vays,

961-
bay road plan (1
s ﬂ):v road plan (1

stions-Answers

Que
and Medium Answer Type Questions

s the historical development of road

Que 1.4, I Driefly discus

t;onstruction- o
thods of historical development of road

l AETU 2015-16, Marks 1F|

Discuss any three me

construction.
Answer l

A Early Development :
The oldest mode of travel obviously was on the foot-paths.

1

9/ Animals were also used to transport men and materials.

3. Later simple animal drawn vehicles were developed and this became a
common and popular mode of transportation for very long period after
the invention of wheel.

4, This brought up the necessity of providing a hard surface
wheeled vehicles to move on.

5. Such a hard surface is believed to have existed in the period of about
3500 BC.

B. Roman Roads

1. Duri . o s n
b]“”k‘;g the period of roman civilization many roads were built of stone
o' Tt?c of considerable thickness
3 e H *
'l‘he;:,vmn f;ﬂtures of Roman roads are :
ere buj i
uilt straight regardless of gradients.

i Theywere bui
reached, uilt after the soft soil was removed and a hard stratum ¥ as

for these

1-6C (CE-6)

(LB BT

Total th ke o

Broken ston
in lime concrete

i, The total thickness of the const

s

—

some places, even thou
vehicles was very low.
Tresaguet Construction :

jPierrE Tresaguet developed an impmored =z27ac «Formemoomos 23
in France. T

condition and drainage of surfzce wa:;:.

Ashoulders were also provided cross sloge to craiz iz z

the SIde o DELO & Uo S ales WETET I
Macadam Construction :

The first method based on scientific thinkinz

It wasrealized that the stresses dus towheel &

to th_e lower layers of the pavement and thar
provide large boulders and stones or soling cours
the pavement. T

(

Thg importance of subgrade drzining an
and cross slope of 1in 36 was proposed f
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characteristics of compacted broke,
duced the total thickness of consy
top layer was decided baseq

Lsto
uclion.
on thu

ad dispersion
r sizes, Ie
tones for the
wn vehicles.

petter lo b
tes of sma
ageres f broken S

stability under animal dra

4.5 m‘“—b{
"’—mpc
o ] &

Compacted subgrade slope 1:36
50 mm broken stones, 100 mm thick
47.5 mm broken stones, 100 mm thick
Surface course 20 mm. 50 mm thick

Fig. 1.4.3. British roads.

1.5 , Briefly discuss the historical development of road
Quo = features of early Roman Roads?

:on. What are the galient ‘ :
;{oﬂjtggis::e differ from the present day road construction ?
0
[AKTU 2017-18, Marks 10]
Answer | |
' Historical Development and Features :Refer Q. 1.4, Page 1-5C, Unit-1.
Barly roman or than what was required

Early roman roads have been much strong

i
for the animal drawn carts in those days. o .
i The enormous cost of construction cannot be justified at 11.11, 1{; l?u;
technique is compared with the modern trend of pavement design base
on more scientific approaches.
Que 1.6. | Briefly outline the highway development in India.

OR
Explain briefly the role of the Jayakar commitee in road development

[AKTU 2018-14, Marks 2]

in India.

OR
Write ashort note on Jayakar °°mmit00-lAKTU 2017-18, Marks 2.5 l

'Apsv_ver
.1. Road in Ancient Indig :

L

The e
existe

-8 C (CE-6)

Que 1.7, , Write short notes on :

>

Sow

=

Role of Transportation

Old records r(:\'v:ll that in early periods the reads were considered
indispensable for administeative and military purposes,
Rules have been mentioned about vegulating the depth of roads for
various purposes and for different kinds of trafiic.
In the beginning of fifth century AD emperor Ashoka had mproved the
roads and the facilitios for the travellers.
Roads in Mughal Period :
During the Pathan and Mughal periods, the roads of Tndia were greatly
imprnvvd. )
Roads were built running from Novth-West to the Eastern areas through
the Gangetie plaing, linking also the coastal and central parts. )
Roads in Nineteenth Century :
A number of trunk roads were metalled and bridges were provided on
the remains of old roads, under the supervision of the British Military
Engineers,
In fact these roads connected important military and business centres.
In 1565 Lord Dalhousie, formed the Public Works Department in more
or less the same form that exists today. The construction of the Grand
Trunk Road was undertaken by this new departent,
Jayakar Comniittee and the Recommendations
A resolution was passed by both Chambers of the Indian Legislature
1927 for the appointment of a committee to examine and report on the
question of road development in India.
In response to the resolution, Indian Road Development Committee
was appointed by the government with MR Jayakar as Chairman, in
1927.
The most important recommendations made by the Jayvakar commit tee
are !
The road development in the country should be considered as a national
interest as this has become beyond the eapacity of provineial governments
and local bodies.
Anextra tax should be levied on petrol from the road users to develop a
road development fund called Central Road Fund.
Asemi-official technical body should be formed to pool technieal knowhaow
from various parts of the country and to act as an advisory body on
various aspects of roads.
Aresearch organization should be instituted to carry out research and

development work and to be available for consultations.

Central Road Fund. la\K’l‘U 2017-18, Marks ‘2.5\

Indian Road Congress.

Central Road Rescarch Institute,
National Highway Act.

Highway Rescarch Board.
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and was registered in the year 1937 |
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Transport-

Inrdja—io Roads Congress (1934)
i ization

A seml—go?ernment organiza;
formed in the Fe&T December 1934,
nder the s=trgtion act. |
£ the IRC was to act as a forum for the regular |'
cal knowledge and know how, from the various |
|

w

=

The mzin function O
of the teckni

=

pooling
perisof the country.
IRC performs verious planningand
gmﬂ'wmmidethe‘standards and
= IRC publizhes journals, resear

i gr:'_f’«.fl':nﬁandothewpeazl

2lsoit has become the most important |
specifications for road construction |

: i
ch publications, standards |
publications on various aspects |

&

i
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0TS,
highway engineering.
Central Road Research Institute : }‘
o the yezr 1650 the Centrel Road Research Institute (CRRI)was started|
2+ New Delld for research in various aspect of highway engineering. i
indiczted that one of the recommendation of J ayakar |
Commiteereport wes toset upa central organization
Glssermimztivn of information.
Tez CRRIZ0z2 of the nztional laboratories of the Coun .
.riz] Pesearch: the institute is mainly engaged in applied|
75 techniczl advice to State Governments and the
I

zrics problems concerning roads. !
Highway Act: In 1955 the National Highway Act was Passed.|

[=}
iy

for research and |
|

!

i
|
,

¢il of Scientific|

Irius
Nztionzl

The mzin feztnrez of the act are
Joex E?;f-_;:’f‘lf’ of developrent and maintenance of the nationa!|
‘r +10 b provisionzlly taken by the Central Government- |
” :‘_:;Z:"—ff-:-m be empowered to declare any other high7ay |
T of the existing national highways from the list |

-
: —:”72::’

e

S

1-10 CCE-6)

Highway Research Bouard ;

I

1. The Highway Research Board in the Indisn Prad= 0 ’
in 1973 with aview togive proger direction znr . e ol i
activities in India. R o

2 The hoard is expected to act az a natinnzl tody fur venriing LT 200
Promotion of highway rescarch. ST

3. The objectives of Highway Rezeurch Erard

i To ascertain the nature and extent of re

i To correlate research information frorm «
and abroad with a view to ezchange pub
road-

ii To co-ordinate and conduct correlation services.

iv. Tocollect and disseminate result on reszarch.

To channelize consultative services.

v.
PART-3

Road Types and Pattern.

CONCEPT OUTLINE

cles==

5
0
i’

Road Patterns : The various road patternsmay b
Rectangular or block pattern.

[ L
f i Radial or star and block pattern.
| EHL Radial or star and circular pattern-
f iv. Radial or star and grid pattern.
| Hexagonal pattern.
| Minimum travel pattern.
!
,J Questions-Answers
.i Long Answer Type and Medium Answer Type Questions

Que 1.8. , What are the various methods of classifying roads ?
OR
ification based on location and function

Briefly outline the class
as suggested in the Nagpur Road Plan.

Answer I
- .l bt ———
2 varipus clzssifcaTioss

Classification of Road : Following are t2
rozds :
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village Ronds (VIR : These are raads connecting villages or group of

seha \\\:\i\
villapres with each other to the nearest road of ahigher category.

FONG R
npe aof the t

. ads ave Aded with ahae
+ When the roads are provic U hard pavemey | ""’-] siefly : .
A water bound “““'“di\m(\\'HM)I\\.:: Que 1.9, | Bricfly outline the main features of various road

sarriagge Way or the Road p“\‘(‘mom b

Rasad ot the

> >
Taved Rowds \
aiah dhonld e at least

AR WS s |
aro Rnownas pavad teads, . . ? patterns commonly in use. IAKTU 2017-18, Marks 10
. When the voads are not provided with u hay | on
|

Capavad Roads
aurse ofat least
and gravel poads.

2 WBM layer is known as unpaved roads
i

Write o short note on star and grid patiern.

[AKTU 2017-18, Marks 2.5

A

t v
_earthnaaas

& . . ;
Rased on the Type of pavement surfacing provided: j
My s 1 Ath o bit i S OT © ]
Surface Roads 1 These ave provided with a bituminous or cement | g pswer I

e aso are also known as block topped roads. , .
srfacing these Following are the various types of road patterns :

QU T
. <o) ; wided with bituminous or ceme
lnmffm\\{R‘“‘d"lhes“‘lm not provide ment | 1. Rectangular or Block Pattern :
Querete SUriRang. In rectangular pattern all streets and roads in the formof grids or block
running perpendicular with each other.

Based on the traffie volume : The rvoads are classified as heavy,
fum and Wy ic roads sso terms are relative and so the| \ . -
i and light trafiic roads. These i Inthis pattern city centre is far away from some areas and takes a long

i

omnach class s slearly R xpressed as vehicles | . .
sundereachelass should be clearly defined and exp o time to reach the city centre.
s dav et s ] . . . .
peTay et . Jati dthe| This pattern is unsafe from the road safety point of view because vehicle
e olaedy aty. anls 1) R . . . . . . »
Based on Load or Tonnage : This classification is also relative andiie meets at opposite direction inany crossing or intersection.

dsmay wified s class ass . and the limits | . . . . .
rosds may be classified as class L1l etc. orclass A, Bete. & ’ iv. This pattern is easicr to construct and maintain as well as easier to

may be expressed s tonnes per day. ‘ understand.
Based on Nagpur Road Plan : Nagpur Road Plan classified the x:onds 5 Radial and Block Pattern :

in India based on location and function into following five categories. | . ] . .

National ways (NHD: Theee are main highways running through| i, This pattern is fully combination of radial and block type road network.
;he !ez\zthmanghd ;te quth 0{.‘ I“d\iq‘ comw:ectini n{ “.‘,J or ports, for cign ' 4. Radial from the centre outwarding with block pattern network of roads
highways, capitslsoflarge stotes :m:i lange dus:tri ol and tourist centres in be'twecn the.radml main strects.

including raads required for strategic movements for the defence off % Radial and Circular Pattern :

In radial and circular pattern main road radiate from the central business

Indis.
State Highways (SH) : These are arterial roads of a state, connecting, area or focal point outwardly.

- eg

:g;jhh thenaﬁfgga] hijsh“m\: of adjacent state, district head quarters i. The main radial streets arc then interconnected by concentric roads.
for mlmpor::n aislgf,s within the state and serving as the main ar terieS| 4. Radial and Grid Pattern:
Msjor District Rozlddlsmumads. i.  This type of pattern is combination of radial and grid pattern.
m&mimpoﬁam,: gtmm : » ii. Anetwork of radial roads radiate from the focal point outwardly.
ads within o et . . . .

and markets and eo within a district serving areas of producti® iii  The main outer radial road interconnected by providing grid pattern.
Nighways ofa gioros e 00 those with each other or with the mail 5 o . :

s ofadistrict, : . Hexagonal Pattern : This type of road pattern grow in such a manner

invarious directions forming hexagons.
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I Questions-Answers

|

i-Ln:g Answer Type acd Medium Answer Type Questions

Quel ml Explain briefly the role of Nzgpur road plan in ma.d:‘
b i |
development in India !AKTL 2013-14, Marks 2.5}1
OR i
Write short note oo Nagpur road plan. IAETU 2017-18, Marks 2.5

?'\,,;’“f_ l :

Nagpor Road Congress 1343 : 7 N L

L T &xcmss shom mprowing the condition of rozds, the govermmes)
comvemed 2 cocference of dief enginesrs of provine
=1

1-

14C (CE-6) Frle it par s tatin

—_—

o

™

i fatntin s e Nagsie an
PGt S e peer el A 1A wa

4 P
PO pre e o airrliti el rrs
RN IS
4 Aiere Qivided it fivee Tnniey <

Seawe Righways.

D

pliriet razsdds,

Aotz

e e
Wil lzge rracds,

Ve planned Y eunatrue 4 Lkl honn of rrnd arpnny Ve

w resnminended the cunatrurting of piar nod grah gt o8 praeln

,_‘,_‘q}-‘-;;}",]' Lo enuntry,
e wan Skt e puad lengtl ahoald be s o i

(jreafthe oo
vy of 16 sns poer 106) oy ez,

w give s rozd den,

Que 1.11. , How would you caleulate the length of varinus road
according to Nagpur road plan ?

4-

tiallengthof the first categury or smetalled rnads e Nningal se

Tr.z I
Seate Highowayzand Majur Inrics Boad in b is given by the Sureoida ©

NH-SH-MDRGm = 22 qemwosr puop

4 ;
where, A= Agneultural ares, o
E = Nonezgnicultural ares, ket
M= Number of W sod villages with pagulation tange

2001 =244

T = Number of vownia znd villsges with pripralatinn tiver S0,

PRLresS
lupmest allrwsnes of 15 percent of poard lenghh
ulzted W ke provided fur syriculturs! snd Lud isteial
develupment during \he next 20 years,

R = Existing lenghiof railway track, e,
tal length of secnnd category rosds or other disteict ruad and
iven by the furemule

ODRE - VE (km) =022V « 040 + 1EP + 225 « [

Number of villages with pugulstion 00 or leny

€} = Number of villages with pupralatinn range 01 = 1004

F = Nomber of villages with popralation range 101 ~207)
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Tl 2re? {;J”ﬂggh =45 k0 AKETU 201314, Marky 5
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h’hn - 100U - 27 50 = 7150 Jem®
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| PART-5 |

Bombay Rusd Plan.

v\.
\\ q

ODZ~VF

Vh B

J-16 CCEH) A

Que 143, l Sxplain the Bombay Road Plan.

B e

serwrs

[tole of Transportation

Qurullmm-/\nnm ry

Laonyg Answer Typo snd Medium Answer Type Questions

AKTU 2014-15, Marks 3.5]

OR

J)ineusn the main recommendations and road classification of

1ombiy Road Plan,

Dincuns Bombay Haoad Plan,

[AKTU 2013-14, Marks 05

On

[AKTU 2016-17, Marks 10 |

Answer l

=

Bombay Road Plan :

The length of roads envisaged under the Nagpur Plan was achieved by
the end of it, but the road system was deficient in many aspects

The ehanged ecopomie, industrial and agricultural conditions in the
country warranted a review of the Nagpur Plan.

Avcardingly a 20-year plan was drafted by the roads wing of Government of
India, vihich is popularly known as the Bombay Plan,

The highlights of this plan were as follows :

It was the second 20 years road plan (1961-1981).

I'he total road length targeted to construet was about 10 lakhs k.
Rural roads were given specifie attention. Scientific methods of
construction were proposed for the rural roads. The necessary technical
advice to the Panchayats should be given by state PWD's.

‘They suggested that the length of the road should be inereased so as to
give a road density of 32 kms per 100 sq. km.

The construction of 1600 km of expressways was also then included in

the plan,
Road Classification : Road classification in Bombay Road Plan is
same as Nagpur Road Plan : Refer Q. 1.8, Page 1-10C, Unit-1.

Que 1.14. ' How will you determine the length of roads according

to second 20 years road plan ?

Answer l

Length of roads can he ealeulated as :




TranSportation Engineering
:nal Highway (km)
- 2 B+£]+[32K+8M]+D

i
_[ﬁ+£+% +[48K +
“lao 24 . 1 oy + Major District Roads (km)
i, National Highway + State Highway
[A +£+§_ +[43K+24M+11.2N+9.6P+6.4Q+2.4R]+D
“ls 16 ¥ State Highway + Major District Roads + Other

iv. National Highway +
District Roads (km)
. [314 L3B, _C_J o 46K + 24M + 11.2N + 9.6P

“l16 16
16 32 +12.8Q + 4R + 0.85 + 0.32T1 + D
v. National Highways + State Highways + Major District Roads + Other
' District Roads + Village Roadsi.c., all roads (km)
- [é LB, EJ + (48K + 24M + 112N + 9.6P

8 12

! +12.8Q +5.9R + 1.6S + 0.62T + 0.2V] + D

; 2
and agricultural areas, km

where, A = Developed ;
arca, km=

B = Scmi-dcvolupcd
¢ = Undeveloped area, km?

K = Number of tawns with population over 1,00,000

M = Number of towns with population range 1,00,000 - 50,000
N = Number of towns with population range 50,000 — 20,000
P = Number of towns with population range 20,000 - 10,000
@ = Number of towns with population range 10,000 — 5,000
R = Number of towns with population range 5,000 — 2,000

S = Number of towns with population range 2,000 - 1,000

T = Number of towns with population range 1.000 - 500

V = Number of towns range below 500
D = Development allowance of 5 % of road length calculated

for further development and other unforeseen factors.

3rd 20 Year Road Flan.

Questions-Answers ]

Long Answer Type and Medium Answer Type Questions

‘

1-18 C (CE-6)
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1.15. , $
Que Explain the 3 20 year road plan with its salient features.

Answer ,

[S4]

6.

;2031?}31‘;;5;?d Plan, 1984 : Some of the salient features of this plan
I’f‘zl;i;;t‘l‘s éﬁi;};ﬂ,‘dn_zo year road plan (1981-2001). It is also called
1531 resuling i o demety oEeh enc i e e Y the et
Ceventh, aighh and iri e yon o pooge T o4 theend of
sueh hat o par okcountey i o her (e b o e
consructed on ssjor rafTssapens e presevays should be
E . . - ‘

measures wersalso given du importaase st e S

ue 1.16. ;W y
Q , How would you calculate the Iength of various types of
roads according to Lucknow road plan ?

Answer ’

[

Following formula give the lengths of various classes of roads :

Length of NH (in km) = (Area/10000) = (Area in sq. km/503 .

Length of SH (in km) = (Area in sq. km/25)

;,roggr-l%t;é;nh}:r:i 11(3550; Number of towns ‘with population above

Length of MDR (in km) = (Area in sq. kny/12.5)

;Z:;iit;(;:nk::}: Z:(Lx Number of towns with population above 5,000
g m) = 4.74 x Number of villages and town

Rural Road Length (i ;
n km) = This can be  findi
road length and subtracting the other cactz;lg::let: B fidiaghe Sotal

Iiai 14. O)Ita[P} O/ql l T A’ ! \
e and ['e) Il(‘al P Oﬁle Facto ] [
. . fectl"g H ghlua )




o5 in gradient and vertical curye

_ ang
tincludes b2 o Roads :
ii. Traffic.
iv. Economics.

xplain the factors controlling the

¢ is alignment T

Wha

Que 1-1 7
oads.

alignment of ¥

Answer
Highway Align

The ogition or t ‘
grom,:d is called the alignment. .
des the straight path, the horizontal

The horizontal alignment inclu

ment :

he layout of the centre line of the highway on the

1i.
deviations and curves. |
. Changer in gradient and vertical curves 1S covered under vertical
1.
alignment of roads. .
Factors: Followipg are the various affecting factor of controlling the
alignment of roads:
1. Purpose and Class of Road :
i, Thealignment should be sclected according to the purpose and class of
road. ' .
i, The national highway conneeting two important towns should be kept

straight as far as possible.
gnment of other category 0

t feasible.

perfectly
froad can be deviated

On the other hand ali
when straight alignment 1s no

. Obligatory Points :

The alignment should pass tl
intermediate important towns, group of village

political, military and social importance.
Hence to connect obligatory points alignment may

hrough obligafory points such as
and area of commercial,

be changed.

1-20 C (CE-6)
e Role of Transportation

3. Curve:

) Y
i.  Curvesmust be as flat ag possible

It may be necessa ;
roads keeping ""1 lvrl:‘y'ef;;)tr}r])zxkc.m']Justmcnt in the horizontal alignment of
s, ¢ minimum radius of curve and the transition
4. Gradient:
While aligning a ne

! *w road, the gradient s
rilinig ordesisn gratioh ¢ gradient should be flat and less than the
Thus in order to avoj

oid e i i

changed. xcessive fall or rise the alignment is to be
5. Sight Distance :

The minimum si i i
“rtho road. in tlllihsta(}'l:tztmce"wmc-h should be available in every section
Stopping distance for the fast moving véhicles

Also there should be en, distance v r v
! ough dist isi
G ] ; e isible aheacifo safe overtaking
operations of vehicles mov ng at design speed on the road.

Hence the alignment should b i i
rovide good Sght Mool e finalised in such a way that it should

6. Number of Drainage Crossin T
ur 0SS : i
b : 1 g : The alignment should have

7. Railway and River Crossing : i
b ity line ot s angll:f : The alignment should cross river or
8. Obstruction :
Alignment should be free from obstruction,
Hence alignment can be chan id v
e religions budie oy ged to avoid well, lake, pond, historical
fo ]]_;‘er:;attm]f‘ Bed: A-lignment should run on good soil as far as possible
. excess;::tc' t.t ’_I‘he alxment should have less earthwork. Hence avoid
utting or filling, the alignment must be changed 1

1.18. i
Q‘ue , What are the various requirement of an ideal highw
alignment ? Discuss briefly. A v

Answer ’

Following are the requirements of ideal highway alignment :

1. Short:
i ér;sl;?é;\:-een two terminal stations the alignment should be as short as
u. Zz);:eiiggfairéttsrg:gjfégg:lomy in the cost of construction,
B ilgiﬂ?iﬁ:ifant should be as straight as possible to meet this




1e operation of vehicleg "

asy for the o
quirement.

uld be €3 .
065 to meet thisre .
a1 be safe for traffic operation.
uirement: the alignmp:nt ShQUId bo sty
aintenanc® from the view point of stability o ngt for
by,

mbankment and cut slopes and foungqy;
On of

. The alignment should be economical in i .
0st of

jeal : . pance and traffic operations.
o} .
ould offer maximum utilit

o our ¥ by sorc:
ecting intermediate import Y Servip,

Jjgnment sh
ant tOWnS ang

H e
um population by conn
pof villages:
ects *
and scenery

Survey for Route Location. :

CONCEPT OUTLINE T

Survey for Route Location : Following steps are follow f;
survey of route location : T

i, Map study.
i, Reconnaissance.

ii. Preliminary survey.
iv. Finallocation and detailed surveys.

Questions-Answers

’ Long Answer Type and Medium Answer Me Questions

The alignment should pass through re
to have good natural aspects,

grou
Natural Asp
natural beauty

6. g]()ns of

i

Que 1.19. l What are the various surveys to be carried out before
planning a highway system for a given area ? Explain briefly.
[ARTU 2017-18, Marks 1

[ A L

|22 C (CI-6)

oo nfTran portatinn

/___
Answer
Followingare the various surveys carri '
N NI'"p St“(ly : WIOUS SUFYey searriod out baforee ;,1..1,(,.1.'{ SR NPT
L the topographic map of the aren is availat ' foo
[)Ussihlc route of the roac. e bl e
2. By study of these maps, it is posaible to bave aniden of '
alternate routes of highway. e oy b sy ey of wesrerad e
_ Map study gives a rough guidance of tf i
3 in the field. ghguidanee of the routes v e Surther sursoyes
B. Rcconnaissancc :
1. A field survey party examines the g
s the general character of o foirl; ‘
stretch of land between the tf:rmi;al ‘::: '!r‘h "‘f"" th ’J‘f’ . f"'T:/ e
PropOSal alternative alignments m'xE;f';.ril It ‘"’E,':‘ muny Lo
reconnaissance survey. arked on the map is nnown o
9. Inthissurvey, simple survey inst .nts li i i
Lo et elin y instruments like prizmatic cormpass, shne
e g nometers, barometer etc may be uzed ' -
5 Some of the details to be collected during this surre
s ove: pondS, lake, marshy land, ridg bh'lH survey as given neloor
and other obstruction along the r(,)ut -Ue’h'1 AN
and e which are not, available in the
i Approximate value of gradient, |
/ en ients i
e alignmen s , length of gradients and radius of curve
i, Number and types of cross drainage structure: i
and natural ground water level al(.;n s th e mum oo e
iv. When the road passes through hill o% : Probable i
data regarding th X y or mountainous terrain, additional
g . geologlcal fomation : n, adratinnal
seep:?ge.ﬂow ot may bo cbeerved , type of rock, dip of strata
C. Preliminary Survey : . |
1. Theartof i etai
Theart f ﬁnd}ng tl}e details of alternative alien :
.g the reconnaissance survey is kn " mepts tound suitable
2. Inthissurvey chain, t i i own as preliminary survey
» Lape, prismatic compass il
isod pass, leveling inst Lo
o | o ginstrument are
3. e main objectives of preliminary
i. To survey the various alte a? Sulwey ok
! rnate alig
reco Risaice ’
o c;malssa.nce. gnments proposed after the
" m i )
pare the different proposals in vi
good alignment. n view of the requirements of
ili, Toestimate th i o
e quantity of earth
and to work work and other cons i
. out the cost of alt T construction aspects
iv. To finalize t} i ernate proposal e
he be s posats.
D L A st alignment
. Location and Detaj ‘
1 ailed Survey :

Th i .
e i .
Detailed surve;’1 rsllrllg tlhe preliminary survey is called locati
uld be carried out for calculatix?cw‘w;n lind
g intorrmation

necessary for th

. e preparati

highway project. paration of plans and construction detail for th
or the

d along the alignment finally
nally

AT —
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Que 1.20. | Explain how the find location and detailed g
i ; Survey ot |
highway are carried out. {

Answer I ‘

1 Location Survey : | ] 3 - i

i Transferring the alignment on to ground. This iz done by tram-'t‘f LT Cross Sectl ongal
theodolite. it | El

. . ements s

ii.  Major and minor control points are established on the ground and centr, i T Of RO ad_

pegs are driven, checking the geometric design requirements, }
iii. Centre lines tacks are driven at suitable intervals, g2y 50 m intervalfy 5
plane and rolling terrains and 20 m in hilly terrain.

Detailed Survey: ; f \ .

i Temporary benchmarks are fixed at intervals of about 250 m and z tall

S

drainage and underpass structure. 3
L . 1| Part-1 : Cross Sectiozzl Elemens o - =
i Earthwork calculations and drainage details are to be work cut ﬁ'om; i =5 o 25T
the level books. ‘| Part2 : rarter. Stanider . 235C = 3
i Crosssectional levels are taken at intervals of 50-100 m in planie terrain, | Part2 o
50-75 m in rolling terrain, 50 m in puilt-up zrea, 20 min hill terrzin | art-> : Sie Uistzzce N Y T
iv. Detail soil survey is to be carried out. || Parts : Horizsmsal Covss, oo 2150 5 23T
v. CBR value of the soils along the alignment may be determined fr} E Superslevaiion
design of pavement. § -
] Zn p ) e ] @ t Pzrt-3 : Exrze Wider—==z 3 310 z =%
vi. The data during detailed survey should be elaborate and complete 197 - =
preparing detailed plans, design and estimates of project. i Part-6 : Transizioz Comwe 5 S 2T
! and Gradients o
Part7 : Vericel, Samx 2-31C w 2-33C

©e0 .

——
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Cross Sectional Elemen

Cross Sectional Element.

" GONCEPT OUTLINE '
""”ﬂ—r—ocﬁomll Llements of Road : F'ollowing are th,

Cross 8 t
elements of road :
i Right of way.
Width of carriageway.
iii. ISerbs. o
iv. Width of roadway or formation.
v. Camber.
vi. Shoulder.

',1-«2 (' ((‘lq:(” L

i,

—

-

! Long Answer Type and Medium Answer Type Questions

Questions-Answers

Que 2.1, l What do you understand by highway geometric desig‘n?‘E
Discuss the objective and factors affecting of geometric design. l

Answer ' .f

A, Nighway Geometrie Design : ‘

L ltdeals with the dimensions and layout of visible features of the highway,|

2 The emphasis of the geometric design is to address the requirement o
the driver and the vehiele such as safety, comfort, efficiency, etc.

3. The features normally considered are the cross seetion elements, sight

distanee consideration, horizontal curvature, gradients, and intersection.|

4 The design of these features is to a great extend influenced by driver|

behavior and psychology, vehicle characteristics, traffic characterlshcsj

such as speed and volume, \

o

3. Proper geometric design will help in the reduction of accidents and their

i

severity, |

Ol.’jf‘c“"‘f ¢ The objective of geometric design is to provide optimun
efticiency in traffic operation and maximum safety at reasonable cost.
C: Puctors Affecting of Geometric Desi gn : Following are the affectin

factors of geametric design of roads : ;
§ H;?lm‘ Speed : Design speed is the single most important fac.tor that;
l‘ eets the geometric design. It directly affects the sight distance,
rizontal curve, and the length of vertical curves. L

i

B,

1
l

o oE o

2-3 C (CE-6)
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2. Topography : It is casier to construct roads with required standards
for a plain terrain. However, for a given design speed, the construction
cost increases multi form with the gradient and the terrain.

3, Traffic Factors : It will be uneconomical to design the road for peak
traffic flow. Therefore a reasonable value to traffic volume is selected as
the design hourly volume which is determined from the various traffic
data collected.

4. Human: The important human factors that influence geometric design
are the physical, mental and psychological characteristics of the driver
and pedestrians like the reaction time.

5. Vehicle : The dimensions, weight of the axle and operating
characteristics ofa vehicle influence the design aspect such as width of
the pavement, radii of the curves, clearance, parking, ete.

6. Environmental and Other Factors : The environmental factors like
air pollution, noise pollution, landscaping, aestbetics should be given
due considerations in the geometric design of roads.

7. Economy : The design adopted should be economical as far as possible.
It should be match with the funds allotted for capital cost and
maintenance,

Que 2.2.

for design. Draw a neat sketch of cross section of two lanes road
with dual carriageway and median in rural area. Also indicate proper

[ AKTU 2013-14, Marks 05 |

Discuss the cross sectional elements of roads considered

dimension of elements on sketch.

Answer l

A Cross-Sectional Elements of Roads : Following are the cross-sectional
elements of roads :
Right of Way :

i.  Thearea of land acquired for the road along road alignment is known as
right of way. It is also known as land width.

It depends on the hﬂportance of the road and possible future development.
It is fixed by the IRC for different area and type of roads.

Camber :
L Camber is the slope provided to the road surface in the transverse
direction to drain off the rain water from the road surface.

Camber is provided in three shapes :

a.  Straight line.

b.  Parabolic shape.

¢ Combination of parabola and straight line.

£



24 C (CE-6) Cross Sectional Elements of R
Oads

Kerb : Kerb indicates the boundary between road paver
shoulder. Kerb may be divided into three groups. ent ang

Low or mountable type.
Semi-barrier type.

Barrier type.
Road Margin : The various elements included in the road marg;
are shoulder, parking lane, frontage road, driveway, cycle tra:f:
footpath, guard rail and embankment slope. '
Width of Carriageway : The width of carriageway depends on th,
width of traffic lane and number of lanes. The minimum width ¢
carriageway for single lane is 3.75 m. - 3

B. Sketch:
Building line

3.

BB R

&

f=fao ' ' 3.0 fe—f—t
' I ™80 ' 105 130 3.8 | Reserve

10. :
Area separator Pavement Foot
or deviding  for 3-lane Path Cycle space
i trace
island one way
movement

I‘ Land width 60 m
Fig. 2.2.1. Cross section of divided highway in urban area. ;

Que 2.3. Explain the pavement surface characteristics in
esign. Also state the factors affecting friction:

highway geometric d
between pavement and tyres of vehicles. (
.

Answer
Pavement Surface Characteristics: For safe and comfortable dnvmg’z
four aspects of the pavement surface are important : {

i The friction between the wheels and the pavement surface.

ii. Smoothness of the road surface.
iii. ‘Thelight reflection characteristics of the top of pavement surface.

iv. Drainage to water.

Following are the factors affecting friction between pavement and tyref

of vehicles :

L Friction:
L ?x;ritc}tion between the wheel and the pavement surfaceis a crucial facw{
- e dj‘fsl{;n of horizontal curves and thus the safe operating speed: ;
Lackths?;;also Bﬂ"eqs the acceleration and deceleration ability of vehiclé
. ®quate friction can cause skidding or slipping of vehicles. f
i

Transportation Engineering
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K . 0y 0 4 dependung
IRC suggests the coeflicient of longitudinal friction &L\_U.‘»»-O. t depo adg
on the speed and coefficient of lateral friction as 0.15.

Various factors that affect friction are :
a.  Type of the pavement (like bituminous. conerete, or gravel.
b. Condition of the pavement (dry or wet, hot 0T cold. ete).

¢. Condition of the tyre (new or old).

d. Speed and load of the vehicle.

Unevenness :

Itis always desirable to have an even surface, but it is seldom possible to
have such a one. Even if a road is constructed with high quality pavers,
it is possible to develop unevenness due to pavement failures.
Unevenness affects the vehicle operating cost, speed, riding comfort,
safety, fuel consumption and wear and tear of tyres.

Light Reflection :

White roads have good visibility at night, but caused glare during day

time.
Black roads has no glare during day, but has poor visibility at night.

Concrete roads have better visibility and less glare.

It is necessary that the road surface should be visible at night and
reflection of light is the factor that answers it.

Drainage :

The pavement surface should be absolutely impermeable to prevent
seepage of water into the pavement layers.

Bot_h 'the geometry and texture of pavement surface should help in
draining out the water from the surface in less time.

PART-2

Camber, Shoulder.

CONCEPT OUTLINE

(;lamber : It is defined as the slope of the line joining the crown and

tS e edge of the road surface. It is also known as transverse slope

dig;llgﬁr: I_t acts asa service lane for vehicles that have broke.n
» 1he minimum shoulder width recommended by IRC is 2.5 m.

Questions-Answers

Long Answer Typé and Medium Answer Type Questions

SN P
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ber. What are the objects of camber? Discy
Seugg

Que 24. ,Erplain cam
the amount of camber to be provided depeng
S,

the factors on which
Specify the recomme

nded ranges of camber for different types of

pavements surfaces.

A

Answer
Camber : Camber or cross slope is the slope provided to raise midd]e of

the road surface in the transverse direction to drain off rain water froy
road surface.

Objects : Following are the objectives to provide camber in roads :
Surface protection especially for gravel and bituminous roads.

Sub-grade protection by proper drainage.
Quick drying of pavement which in turn increases safety.
Table 2.4.1. Recommended values of camber for different types of

road surfaces.

\.‘ Qw0 p oy

Range of Camber in
Areas of Rainfall Range

S.No. Types of Road Surface
Heavy Light l
Cement concrete and high |1in 50(2.0 %) 1in 60 (1.7 %)
type bituminous surface.
1in40(2.5%) [ 1in50(2.0 %)

|

’ Thin bituminous surface

;
F.

’Water bound macadam and |1 in 33 (3.0 %) , 1in40(2.5 %)

gravel pavement

1in 25 (4.0 %) ' 1in 33(3.0 %)

=

]

Que 2.5.

J

e

:

swer

‘ Earth

Discuss the various types of shapes of camber in road.

Shape of Camber : Following are the various types of shapes of
camber :
Parabolic Camber or Barrel Camber :

It consists of a continuous curve which may be of parabolic or elliptica

shape.
It gives flat profile at the middle and steep profile towards the pavemer:

edges.
It is generally preferred for fast moving vehicles. Fast moving vehicles
have to cross the crown line frequently when they are to overtak:

other vehicles on 2 two-line highway.

Transportation Engineering

iv.

Que 2.6. , Enumerate the factors governing the width of carriage . ;
way and right of way. State the IRC specifications for width of

carriageway for various classes of roads.

2-7C (CE-6)
I —

A parabolic camber is shown in Fig. 2.5.1.
Parabolic or
elliptical shape of curve

Crown

Fig. 2.5.1. Parabolic camber y = 2x2/ nW.

Straight Line Camber or Sloped Camber :
In this case, the pavement edge is joined with the edge of road in the

shape of a straight line.
Sloped camber is adopted when very flat camber is to be provided as in

case of cement concrete roads.
Steel tyred wheels while moving develop high stresses and can cause

damage to the road surface. Fig. 2.5.2 shows a straight line camber.
Crown

Edge of
pavement II‘ W
Fig. 2.5.2. Straight line camber.

Combined Camber or Composite Camber :

In this case, straight lines are provided near the pavement edges but at

the crown, parabolic shape is provided as shown in Fig. 2.5.3.

Parabola

Ll i

|«— Straight Parabola —»|«- Straight —»|

< W |
1
Fig. 2.5.3. Combination of straight and parabolic camber.

In‘ case of straight line camber, the board can easily be prepared with
triangular shape at the bottom. But for parabolic camber, the following

»le
e

relation is used :

9
y=x"/a
where, a = nW/2 for a pavement of width W and cross slope 1 in n.
932
Hence, y= =
nW

/

/
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Factors : The width of carriagev
& and number of lanes. The lane W1
and minimun side clt':arance.
B. Factor Affecting Right of Way :

ight of way !
rigl tion : It depends on the category of the highway and

Width of Forma d
width of roadway and road margins. ) .
2. Height of Embankment or Depth of Cutting : It is governed by the

topography and the vertical alignment.
3 Side Slopes of Embankment or Cutting : It depends on the height of

the slope, soil type etc. . .
4. Drainage system and their size which depends on rainfall, topography

5. gtizht Distance Considerations : On curves, there is restriction to
the visibility on the inner side of the curve due to the presence of some

obstructions like building structures etc.

Reserve Land for Future Widening : Some land has to be acquired

vay depends on the width of traffic la
dth of road depends on width of vehicl;e
e

Following are the factors affecting

Transportation Engineering 2-9 C(CE-6)

5. The minimum shoulder width recommended by the TR i 2.5 .

The shoulders should have sufficient load bearing capacity to support

loaded truck even in wet weather.,

7. The surface of the shoulder should be rougher than the tra ffic Laniss a0
that vehicles are discouraged to use the shoulder as a regular traffin
lane.

8. The colour of the shoulder should preferably be different from that of

the pavement so as to be distinct.

PART-3

Sight Distance.

CONCEPT OUTLINE
Stopping Sight Distance : The driver of vehicle should be able to zz¢
clearly at least a certain portion of road length to avoid collision or
accident. The absolute minimum length of road required for this purpose
is known as stopping sight distance.

SSD = Braking distance + Lag distance

2
SSD = 2" +vt (-+ vinm/s)

For single lane and two way traffic = 2 x SSD

Overtaking Sight Distance (OSD) : The minimum distance able to
vision of the driver of a vehicle intending to overtake slow vehicle
ahead with safety against the traffic of opposite directionis knownas |

OSD.

>
in advance anticipating future developments like widening of the road.
. IRC Specifications for Width of Carriageway :
Table 2.6.1.

LNo.I ' Class of Road Width of Carriageway

1. I Single lane. 3.75m

2. | Two lanes, without raised kerbs. 7.0m

3. | Two lanes, with raised kerbs. 7.5 m

4. | Intermediate carriageway 5.5m

(except on important roads).
3.5 m per lane

Multi-lane pavements.

oL

1e 2.7, l Write short note'on shoulders.

1swer l

Shoulders also act as service lanes for vehicles that have broken down.
Shoulders are provided along the road edge to serve as an emergency
lane for vehicle compelled to be taken out of the pavement or roadway-
Thli \Vldﬂ} of shoulder should be adequate to accommodate stationary
\;c cle fairly away from the edge of adjacent lane.
tis deg; ini
(18 desirable to have a minimum shoulder width of 4.6 m so that a truck

stati :
‘ oned at the side of the shoulder would have a clearance of

B
5 a from the pavement edge,

r Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 2.8. l Explain sight distance and what are the factors on which
the stopping sight distance depends ? Explain briefly ?

Answer l

Sight Distance : It is the length of road visible ahead to the driver at

any instance. e
Factor Affecting the SSD : Following are the affecting factors of/" :
y.

SSD:
L. Reaction Time of Driver : Is the time taken from the instantfﬁe

object is visible to the driver to the instant when the brakes are gpPhied-
IRC suggests a reaction time of 2.5 secs. P
/

£
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2. Speedof th'e Vehicle : Higher the speed, more time will be Tequireqy,
stop the vehicle.

g, Efficiency of Brakes: . '
If the brake efficiency is 100%, the vehicle will stop the moment gy,

L ;
brakes are applied. _
The sight distance required will be more when the efficiency of brake,

isless.
4 Frictional Resistance Between the Tyre and the Road ;
When the frictional resistance is more, the vehicles stop immediately.

Thus sight distance required will be less.
IRC has specified the value of longitudinal friction in between 0.35to 0 4,

5. Gradient of the Road:
While climbing up a gradient, the vehicle can stop immediately. Therefore

sight distance required is less.
i While descending a gradient, gravity also comes into action and more
time will be required to stop the vehicle. Sight distance required will be

more in this case.

Que 2.9. ’ Derive an expression for finding the stopping sight
distance at level apd at grade.

Answer ’
The stopping sight distance is the sum of lag distance and the braking

distance.
.(2.9.1)

SSD = Lag distance + Braking distance
Lag Distance : It is the distance the vehicle traveled during the reaction

time £,
Lag distance = v¢ -(2.9.2)
where v is the velocity in m/sec.
2. Braking Distance :
Itis the distance traveled by the vehicle during braking operation. Fora
level road this is obtained by equating the work done in stopping the
vehicle and the kinetic energy of the vehicle.
L. Work done against friction in stopping the vehicle is given by,
Work done = f W1, ‘ (2.9.3)
where W is the total weight of the vehicle.

Transportation Engineering 2-11 C (CE-6)
ing distance, = —— (295
Braking distance oaf
3. Fromeq.(2.9.2) and eq. (2.9.5), values put in eq. (2.9.1), then

v
SSD = v+ o
4. When there is a ascending gradient of + n the component of gravity
adds to the braking action and hence the braking distance decreased.
Equating kinetic energy and work dene :
(fW + &) l = _‘V_vz
100 2g

-

-y
2 L)
& (f 100
Similarly the braking distance can be derived for a descending gradient.

Therefore the general equation is given by,
SSD = ve+—'
2g (f £0.01n)

Que 2.10. l Calculate the stopping sight distance for design speed
of 100 kmph. Take the total reaction time 2.5 seconds and coefficient

[AKTU 2014-15, Marks 8.5

[ =

of friction = 0.35.

Answer I

Given : Design speed, V= 100 kmph
Total reaction time, t=2b5sec
Coefficient of friction, f=0.35
To Find : Stopping sight distance.
L Desi . 100 .
. Design speed in m/sec, v= 36 - 27.78 m/sec.

2. SSD = v+ ——
vt + 27

(=]
9 2
SSD = 27.78 x 2.5 + — 2118
2x9.81x0.35

Que 2.11. | What is overtaking sight distance ? State factors on

=181.83 m

which the overtaking sight distance depends.

1. The kinetic energy at the design speed is given by, '
2 _ 1wy :
g = 5T (294 m] #
v From eq. (2.9.3) and . A 4
S v : €. (2:9.4), we get Overtaking Sight Distance : The minimum distance able to the vigh®
SR Wy ' of the drive of a vehicle intending to overtake slow vehicle as hea{*“th
3 f Wi=212" o #
: %
/



g Cross Sectiong] @
2-12 C (CE-0) et g,
212007 ‘ , i “(is
afety ngainst the traftic of opposite divection is knpwny, as the yy P
p ) N > ) 3y ¥ I N i
overtnking sight distance (OSD or the safe passing sight gigg ‘“um“m
B {ll\\\‘

B. Factor Affecting the OSD:

1. Specdsof:

Overtaking vehicle.

Overtaken vehicle.

The vehicle coming from opposite direction it any.
Distance between the overtaking and overtaken vehicles,
Skill and reaction time of the driver.

Rate of acceleration of evertaking vehicle.

5. Gradient of the road.
Que 2.12. , Derive the expression for calculating the overt King

AKTU 2014-15, Marks 35
OR '

Derive an expression for calculating the overtaking sight distance
on a highway. Calculate the stopping sight distance for design speed
of 100 kmph. Take the total reaction time 2.5 seconds and coefficient

[ AKTU 2017-18, Marks 10[

sight distance on a highway.

of friction = 0.35.

Answer ’

1. Fig. 2.12.1 shows the overtaking manoeuvre of vehicle A traveling at
design speed, and another slow vehicle B on a two-lane road with two-
way traffic. Third vehicle C comes from the opposite direction.

The overtaking manoeuvre may be split up into three operations, thus
dividing the overtaking sight distance into three parts, d,, d, and d.

A A B B, 4

> <

< % Lt - 02 Cl

Ldlb"‘s_— dpt— 2 dy —>1

'Fig. 2.12.1.°
3. InFig 2.12.1. A is the overtaking vehicle originally traveling at desfg‘ﬂ
spee.d v ng/sec, or V kmph; B is the overtaken or slow moving "'eh"_de
moving w1t'h uniform speed v, m/sec or V, kmph; C is a vehicle coming
from opposite direction at the design speed v m/sec or V kmph.
74- gz;tsin assumptions are made in order to calculate the values ofd;,d;
. 3
i “.The g :

| ¢ distance travelled by the vehicle A during the reaction time, b

- Vb This reaction time ¢ i conds
B -,.\\ s a“;“lverage s of the driver may be taken as two se

Transportation Fogineering
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(s

From pesttion A L the vehiele A s
lane, overtakes the vehiele B.
of B position A i time T see.
The minimum spacing between veoh
wiven by,

s=0Tv +6'm
The distance travelled by vehicle A, from 4. 204
Hencee, d.= v, T +2s - )
where, T = Time taken b\ Afor overtaking coerasion.

distance d, between positions C. to C..
Hence, di=vxT : -
Thus the overt aking\sight distance.

OSD = (d, +d,+dy) = v, ¢
Numerical : Refer Q. 2.10, P; ge 2-11C. Txiz

Que 2.13. l Write short note on :

I

ii.

Intermediate sight distance.
Head light sight distance.

iii. PIEV theory.

iv.

Overtaking zone.

Answer |

Answer

1

Intermediate Sight Distance :
This is defined as twice the stopping sight distance.
“:"hen overtaking sight distance cannot be provided. interma
distance is provided to give limited overtaking opporrunis
vehicles. S -
Head Light Sight Distance :
tI'hls is the distance visible to a driver during night driving urder the
illumination of the vehicle head lichts. ) h
This sight distance is critic: i ding
s sig 13 critical at up-gradients and at the sscendi
g s at the ascendi
stretch of the valley curves, - :
7 v e 1 o & A 3
PIEV Theory : Total reaction time of dnver is split into four pars:
Perception : It is the time required for the sensation received by the
€Yes or ears to be transmitted to the brain throush the nervous syst
and spinal cord. ) -
Intellection : It is the time required for understanding the sirnariq
diEglhtLt-mn : It is the time elapsed during emotional senzario
‘ hz.u%ce such as fear, anger or any other emotional fealin
Superstition etc, with reference to the situation.
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d,=028V,T+2s

4 Overtaking < o ) " ;
- weth 1 such 3 way that the 1 3 _
11 1= sufficient for safe o\-enal;ggth of 5=02V,+6=02x 64+6=188
g T :nd there mav be stretehes where g oo [EE | 880
T be provided. But the overtaking oppo .\z?fe = P ——-2.5 2
RS aneed 2 1, v = (uﬂl
at design speed should be given at froquey dy= 02864 x10.41+2x188=22414m
4 d, =028 x VT'=0.28 x 80 x 10.41 =233.18 m

y are meant for overtaking are called overtakip, s 0SD = d, +d, +d,
= 44.8 +224.14 + 233.18 =502.12 m

h of overtaking zone should be three time the saf.
R N9 LT N Sale
eis. 3= d,) forone way roadsand 3(d, + 4o
. S 17 0ytdy PART-4
Horizontal Curves, Superelevation.

rtaking rones 1z Kept five times the overtakine
2. for cpe-way roads and S(d, + d, +d |f0;
- 27y

CONCEPT OUTLINE

Horizontal Curve : A horizontal curve is a curve in plane to provide

change in direction to the central line of a road.
Superelevation (e) : It is the ratio of the height of outer edge with

respect to the horizontal width. It is given by,

- Calenlste the stopping sight distance and overtaking

for s design speed of 80 kmph.

<ht distsnee
QL

Teke 8 = 2.5 kmph'sed, ascending slope of 2 .

4
| AKTU 2015-16, Marks 10 2
e+f= A
inswer | gR
Given : Dexizn speed, V= 20 kmph, @ = 2.5 kmphisee, Ascending slope -
=24%. Questions-Answers
Long Answer Type and Medium Answer Type Questions

a0 and design coefficient of
Que 2.15. | Explain the overturning effect and transverse skidding
effect in design of horizontal curve for highway.

2 Ve o Y S v
- v =220 msae
TR -5 . e _]
RN siven br Answer

770
et

- £ra gven by,
I L Overturning Effect :
D~iF =) 1 i
25 =n L The centrifugal force that tends the vehicle to overturn about the outer
. ‘ W_heels_B on horizontal curve without superelevation is shown in
. 2.93.0.35-00) Fis. 2151 '

B V=124 i The overturning i i is i
N e ) € Overturning moment due to centrifugal force P is P x A; this is

s \:: ® ‘“‘a)"trsﬁ o Tesisted by the restoring moment due to weight of the vehicle W and }

=8 kmph equal to W 5/2,
:‘"ulzere, k = Height of the center of gravity of the vehicle above road
suface,
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dth of the wheel base or the wheel track of the ..y -
Ou P 'hhlc]e_
Outer side
Ofcur;e

b:VU

Inner side
of curve

A

7 L L Ut
A bwie b »fu
2 2
W

Fig. 2.16.1. Overturning due to centnfugal foree,
i The equilibrium condition for overturning will occur whep
Pl o= WH/2, or when P/W - 272h

This means that there is danger of overturmng when the centrif
ratio /W or v /gl attain s value of 67205 ey
2. Transverse Skidding Effect :
The contrifugal foree developed has also the tendency to push the v b,

. b
outwards in the transverse directzon
If the contrifugal force P doveloped excecds

i

maxmnum s B

1.
transverse skid resistance due to the frcton, e vehicle wall star skiddny
in the transverse direction

i From Fig. 2.156.1, the equuhibrium condition for the transverse oo

resistance developed s given Iy
Pak e B =/ R R =7W
where, /= Coeflictent of friction between the tire and the puvemes
surface in the transverse direction
| J 4 s w
R and R, = Normal reactions at the wheels A and 8

> L ’ » N
(R, + R = Weight Wof the vehicle, in no supereleval

Inner sidef

of cumve |

|
AT

T-"‘?_{ W

84 -
22ded areas show the pressure under the inper
and outer wheels 4 and »

- 2] Y
Fig. 15.2. Skidding affect due to centrifugal force.

2-17 C (CE-6)
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Since P =1 W, the centrifugal ratio P/W is equal to f". In other when t'he
centrifugal ratio attains a value equal to the coefficient of lateral friction
there is a danger of lateral skidding.

Thus to avoid overturning and lateral skidding of a horizontal curve, the
centrifugal ratio should always be less than b/2h and also* f’.

Que 2.16. l Explain superelevation. Derive an equation for finding

the su

perelevation required if the design coefficient of lateral friction

is‘f"

Tmswer |

te

1~

Superelevation:
In order to counteract the effect of centrifugal force and to reduce the
tendency of the vehicle to overturn or skid, the outer edge of the

ment is raised with respect to the inner edge, thus providing a

pave ;
al curve. This

transverse slope throughout the length of the horizont
(ransverse inclination to the pavement surface is known as
superelevation or cant or banking.
The superelevation e’ is expressed as the ratio of the height of outer
edge with respect to the horizontal width, From Fig. 2.16.1 it may be see
that superelevation.
NL

e= " =tanf
Ife is the superelevation rate and E is the total superelevated height of
outer edge, the total rise in outer edge of the pavement with respect to
the inner edge = NL = E =¢B.
Analysis of Superelevation @
The forces acting on the vehicle while moving on a circular curve of
radius K metres, at speed of v m/sec are
The centrifugal force P = Wv*/gR acting horizontally outwards througn
the center of gravity, CG.
The weight W of the vehicle acting vertically downwards through 7=
The frictional force developed hetween the wheels and the pavem:--
counteractions transversely along the pavement surface towzards -==

center of the curve.
- . ey ..
FromFiz. 2.16.1, for equilibrium condition,

Pcosh= Wsin6+FA+Fa
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Fig. 2.16.1. Anslysis of superelevation,

3. At the limiting equilibrium, /= 0.15
E_{ :fFA and FS:IR.‘\‘
Therefore, Pcos8=Wsin0+ FB + RY
=Wsin 0+ /(Wcos 0+ Psinp)
Picos9—fsin®)=Wsin 0+ f Weos 0
Dividing by W cos 6,

P
T (1-ftan®)=tan O+

W
P tanb+f
W ~ 1-ftan®
v WP
tan0+f=g—R(1—ftan0) . [ W—gl\‘_;
et+f= é‘;—l;(l—cf) [ ¢ =tant]
[ 1=¢f=099 = 1
Therefore, e+f= ‘_R
4 when Vin kmph )
Vv?
1= iR
Que 2.17. I Explain maximum and minimum superelevation i0
. —
brief, [AKTU 2014-15, Marks 33

Answer

A Maximum Superelevation : Following values are fixed by IRC I
Tegards of maximum superelevation :

. XTSI D8
Pransportation Engineering 20 CACKG)

B

P

Indian Roads Congrons i Tixed the max i Hinit of muperelevalion
in plain and vollimg tevenine nnd in nnow hownd snreansoan 7.0 pereont,
Howover, on hill rondn not |)¢>I||I|l ",V HOOW e :lll]il'll'l("lil'll”l
upto 10 pereent,

Onurban voad stvetehes with frequent intersection, ity be necessr v
to limit the masimun saperelevations to 4.0 pereent,

Minimum Supoerelovition :

From deainnge considerations it in neconury to have sominimum eross
slope to deain ot the surlfaee water,

1t the ealeulated superelovation i equal to or Less than Che cnmber of e
road surface, then the minimum superelevation to he provided on
horvizontal curve may be limited to the camber of the surface,

Invery Tat curves with large radius Che eopt rifugal forco developed will
be very small and insuch enses the normal camber may bo retained on
the curves,

Quo 2.18. | Enumerato the stop for practieal dedsign of

superelevation.

Answer I

Steps for Superclovation Design : Following stepshould be follow to
design of superelovation ;
Step (i) : The superelevation for 76 pereent of design upeed (v m/fiec or
Vkmph) is ealenlated neglecting the friction

o= IOV 075 V)

ul 127 R

, V# .
re., [ 205 L(2,18.))
Step (i) : 1 the ealeulated value of ‘e’ is loss than 7 % or 0.07 the value
so obtained is provided. 16 the value of % as per eq. 2,18, 1 exeeeds 0,07
then provide the maximum superclevation equal to 0,07 und proceed
with steps dii) or (iv).
Step (iii) : Cheek the coefficiont of friction developed for the maximum
value of e = 0.07 at the full value of design speed,

r [VL‘ 007] A
e T Lo T

If the value of £ thus ealeulated is loss than 0.15, the superelevation of
0.07is safe for the design speed, 1not, caleulate the restricted speed s
given in stop (iv),

Step (iv) : As an alternative to step (iii), the allowable specd (v m/gee st
Vkmph) at the curve is caleulated by considering the design co
of lateral friction and the maximum superclevation, i.e.,

.
1&T

efi
s
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e+f=0.07+0.15
_og2= Yo V'
gR 127R
Safe allowable speed, V= [0.22gR = \[2156 R m/sec

or V= /27.94 R kmph

If the allowable speed, as calculated above is higher thay the doc
speed, then the design is adequate and provides a superelevati, es}.
equal to 0.07. If the allowable speed is less than the design Spee?} of
speed is limited to the allowable speed V kmph calculated aboye, , t

Que 2.19, , Design the superelevation required at a horizonta] cury,
of radius 300 m for speed for 60 kmph. Assume suitable data,

|AETU 2014-15, Marks 35
.Answelv' I

Given : Radius of horizontal curve, R = 300 m
Speed of vehicle, V = 60 kmph
To Find : Superelevation.

1. Superelevation is given by,
(0.75V)* _ (0.75 x 60)*
= = =0.0531
127R 127 x 300

2, This value isless than 0.07
Hence, provided superelevation, e = 0.0531

Que 2.20. | The radius of a horizontal circular curve is 100 m. Th

design speed is 50 kmph and the design coefficient of lateral frictic
is 0.15. Calculate the superelevation required if full lateral fricti®

AKTU 2016-17, Marks 10

is assumed to develop.

Answer |

Given Radius of curve, R = 100 m, Design speed, V = 50 heaph
Coeﬂ?lclent of friction, f= 0,15
To_ Find : Superelevation,

1. Superelevation is given by,

(50)
127 x 100
e=0,047

e+0.15=

2-21C (CE-6)

Transportation Engincering

PART-5

Extra Widening.

CONCEPT OUTLINE

Extra Widening : It is the addition width of carriage way that is
required on curved section of a road. It is given by,

nl? v
W=W +W =—+
e”"mn7 "mT 2R 95R
f Questions-Answers

Long Answer Type and Medium Answer Type Questions J

State the objectives of widening of pavement on

;

Que 2.21.
horizontal curves. Derive an expression for finding the extra
widening required on horizontal curve.

Answer l

Objéctives : Following are the objectives of widening of pavements on

horizontal curve : :

The driver experience difficulties in steering around the curve.

The vehicle occupies a greater width as the rear wheel doesn’t track the

front wheel, known as off tracking.

For greater visibility at curve

For two vehicle cross or overtake at horizontal curve safely.

Derivation of Extra Widening on Curves :

L The extra widening of pavement on horizontal curves is divided into two
parts (i) Mechanical and (ii) Psychological widening,. )

i.  Mechanical Widening :

a. The widening required to account for the off-tracking due to the
rigidity of wheel based is called mechanical widening (W ) and may

be calculated as:
From Fig. 2.21.1,

o
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»

Cross Sectiona] Elementh
S of)
4y

Fig. 2.21.1 Mechanical widening on horizontal curve,’

W, =0C-0A=OB-OA=R,-R,

From AOAB, R'= R} -I*
But R=R,-W,
(R,-W )= R -
On solvi w e r
n solving, = —_— 1
g 3% W, " 3R (approximately)
b. Ix.m a road having ‘n’ traffic lanes, as ‘n’ vehicles can trave
ilmultancously, the total mechanical widening required is giver
o
nl?

W ==
™ 2R

Psychological Widening :

a  Extrawidth of pavement is also provided for psychological reasons
such as, to provide for greater maneuverability of steering at higher
speeds, to allow for the extra space requirements for the overhang
of vehicles and to provide greater clearance for crossing aod
overtaking vehicles on the curves.

b, The psychological widening is given by,

-
W= —_
#~ 95/R

H N
ence the total widening W, required on a horizontal curve is given by

W=W+W
mT Upe

—

T Didam—

Transportation Enginsering o

. nl* V4
=
where, n = Number of trafiic lenez,
[ = Length of wheel base of lunges wamins = 7.
V = Dezign epeed, kmph

v,

R = Radius of horizuntzl curve in,re

] PART-6

Trancition Curve and Grudiznts.

CONCEPT OUTLINE

Transition Curve : When a non circuler cur
a straight and a circular curve hes 2 var;
from infinity at the straight end to the

Gradient : It is the rate of risz or fzll 2long the lez;
respect to the horizontal.

Type of Gradients :
i Ruling gradient. L
iii. Exceptional gradient. .

Questions-Answers

Long Answer Type and Medium Answer Type Questicns

Que 2.22.  What are the objects of providing transition corves =2

explain its various types.

Answer l

Objective : Following are the objectives for providing mans=ior mow=s

on horizontal alignment of highways -
L Tointroduce gradually the centrifugel force berwesn the 1zmo= D=
and the beginning of the circulzr curve, zvoiding sni3 - &

vehicle. This increases the comfort of passengers.




W e —

[ PR
Crosss HDectinny) Wltsiye, \
thily

V15
p 4t (o0 " Hh.'ul.

plecring peatdunlly for i,

driver turn the »
l(.r:l:,]””
i

oy ennhiles e
iy

prenrilys

i provide pridh
Jusl introduction of exben widening,

sl introduetion of ruperelevation,

4 o provide grie
Ty enhinnes (e nerthetie sppearante of the road,

i
“Pypon of Trunuition Curves Following nre the gy, )
S e .
(ransition curve in highway olignment.; ta,
1, Hplral (nlio calledl elothoid),

u o Lemninente,

4, Cuble prrakoln,
[1CE pecomnends npirnl an the trangition curve bocaupe i fulf, )
Iy

reqirement of nn ideal transition curve Le,

i Hateof chunge of contrifugal acceleration is consistent,

Itndiun of the Lranilion curve i infinity of the straight cdge and chang,
10 J¢ nt the eurve point (L, « 1/1¢). o

Que 2,23, ] Derive nn exprension for finding length of transitio,
curve on horizontal alignment of highways.

Answer I

Longth of Transition Curve : The length of the transition curye
whould bo determined ns the maximum of the following three criteria,

Rate of Change of Centrifugnl Aceeleration : The rate of change of
centrifupnl nceelerntion should be adopted such that the design should

not enuse discomfort Lo the drivers,
"Mhe length of the transition curve L, (in m) is given by,

I/ = “Y"‘
* CR
where € is the rate of change of centrifugal acceleration given by,
c= -3 _ 05<Cc<08
76+3.6v

2. Rate of Introduction of Superelevation :
i, Raise (F) of the outer edge with respecet to inner edge is given by E = eB
=W+ W),
il The rate of change of this raise from 0 to £ is achieved gradually witha

gradient of 1in N over the length of the transition curve (typical range
of N is 60 — 150),

2-25 C(CE-6)

—

'l-,;,,,;,,,ml:-tifm Jongineering

Phe lenpth of the beanzition curve [, i
L, = HetV + W)

If the pavemnent, is rotated shout the center line, then

n,

b,

L, = N (W)
i 7 p

By Empirical Formula :

3.
i, IRGC puggests the length of the transition curve is minimurn for a plain
and rolling terrain :
2.7V*
o= 2t
' R
z
i, Forsteepand hilly terrain, L = ]
Z
4 Shift (s)is given by, s = 24}{

Que 2.24. | A two lane pavement of 7.0 m width on aNH in a rolling

terrain has a curve of radius 65 m. The design speed is 45 km/hr.

Determine the length of transition and circular curves.

[AKTU 2013-14, Marks 05

Answ.ver |

Given : Width of pavement, W = 7.0 m, Radius of curve, R = 65 m,
Design speed, V = 45 kmph
To Find : Length of transition and circular curves.

1. Superelevation for design speed,
_ 0.75 V) _(0.75x45)°
= TI27R 12765 182007
2. Check the safety against transverse skidding,
f—- .._Y_.z_ - _ﬂ 0 0
=157k ~¢T 127x65 007

= 0.175>0.15, Itisnot safe.
3. Redesign the design speed, V

2

e+/= 7R



Cross Sectional l')lmnuntq

228 C OB e — Maor R”"llu
= oy
el N
RUAE QLIS = 127\(;5
V' = 42.6 kmph
~eamye Joxion apead for this curve is 40 kmph.
2 AU eSS
s Laogth of Transitan Curve :
5 Ty —sto of chsnoe of eentrifugal acceleration :
S S o
€= 50 _ -~ U 0.696 nv/secd
3+ V O 75+40
‘L 40)"
WS
=y - 367  _3082m
s~ CR 0.696 x65
£ Svrsi= of inmoducetion of superelevation (o),
.75 x 40)°
oo OTBx40F 44095 0,07
127x65
-~ 72
= {(heck forlsrersl fricdon, /= T e
407
= ———-0.07=0.12<0.15
127x65
Provide superelevation, e = 0.07
. Exras widening of pavement,
2 7 < 62
b, V__2x6, 40 _jogm

“ 265 9565

. Toual utxofpa\'emem—W+W_1+108 8.08 m
Assume ouier edge rise w.r.t to inner edge of pavement.
Assume rate of introduction of superelevation taken as 1 in 150
L=Ne(W+W)=150x0.07x 8.08 = 84.84m

L By IRCformula, the minimum length,

2.7\’” 2.7x40°

L= ——— =66.46m
X R 65
Bt highest value , length of transition curve,
L,=8484 -85

'I'l'nnHlmrlvuI,mnl'»“lf‘“‘ erng L2

¢. Length of Circular Curve -
Assume deflection angle,
A =&y

Length of circular curve,

i

SRA s 5B gy
L=RA o =80 /80 2 2 ez

Que 2.25. Calculate the length of tranzition curve for = Cesigz

speed of 80 kmph at horizontal curve of radiuz 200 m in rorz] 2oz

| AKTU 201415, Mzzks 05

Assume suitable data.

| AKTU 2017-18, Marks 05

Answer l

Given : Design speed of vehicle, V = 80 kmph, Radins of hosizorts)
curve, R =300 m

To Find : Length of transition curve.

1. By rate of change of centrifugal acceleration,
Length of transition curve,
2 80 80
L = M = =0.5158
*TCR’ T T5+V T-g0 C 1
58]
3.6
= ——"—— =708
*= 0516x300 - U™
2. For minimum length of transition curve given by IRC,
2.7V?  27x80° __
hETR T em
3.

By rate of introduction of superelevation :

_ 075V _(0.75x80)
127R ~ 127x300

Superelevation, =0.094> 0.07

o

Check for lateral friction, f= v
127R
80°

= ——— —0.07=0.098<0.15
127 x 300
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Provide ﬂup‘:rf:ll:‘/m,i"ﬂh 0 =007

Agnuurne oo Jane Luo vy roads,

* Width of rosd pavesment, W =7.0m
276 a0
=m0 g5 o 0
W+W, =70+061=761m

5. Assume rotation of pavement about inner edge of road

N =1in150(hy IRC)

L, =Ne W+ W )=15070.07 2761 =Ty,
6. Adopt length of transition curve, L, =79.9=80m

Que 2.26, , Calculate the length of transition curve and the ship,
using the following data; Design speed = 65 kmph

Radius of circular curve =220 m
Allowable rate of introduction of superelevation (pavement rotated
about the centre line) = 1in 150

Pavement width including extra widening = 7.5 m

[AKTU 2017-18, Marks 10]

Answer l

Given : Design speed, V = 65 kmph, Radius of curve, R =220m
Supper e¢levation = 1/150, Extra widening = 7.5 m
To Find : Length of transition curve and shift.

1. Length of transition curve L, as per allowable rate of centrifuz
acceleration C.

L Allowance rate of change of centrifugal acceleration is given by,

__8 __ 8
T (13+V) (715-65)

This value is between 0.5 and 0.8 and hence accepted.

0.57 m/sec’

_ 0.0215V®  0.0215 x 65
1 CR  0.57x220
“agth L by allowable rate of introduction of superelevation E.

& Lengthofeurve, |,

2 CIOR4,

r]'ran;;phﬁ,ﬂﬁllh Fnginseriny

Suy/:rr:lr:v::tirm rate:,
v G
7

7
= SR, 13.077,
N A Y B

=

o

A thiz value iz greator than the sszir zlluwste rte O, L
the value of ¢ = 0.07,
Ch(:(:k the ""‘;’f.{:,';/ ?J:Z:’th.’;?, tronseras :;k.:,'fdl.'.;{ HASAA TP t;:i//'. LA 79

[
s,

krph.
e -
1271 127 » 224
=0.15-0.07=0,0%

Az thiz value of f iz less than the allowztle valug of 6,15,

superelevation rate of 0.07 iz 2

i The width of the pavement at the curve, E=7.45 1
Total raize of outer edge of pavement with rezgec v vne wmnnrs ns

E _eB _0UNT/15

T2 g 2z

=025

Rate of introduction of superelevation, 1in 2 =11z 134

L= %fi:o,%' 2150=5%m

3. Minimum value of L a5 per IRC

27V* 27,63
R 22
Adopt the highest value of the three ie., 51.9 or 527 52 m zs the dest

length of transition curve.

9m

P

z 02
4 Shift, S= 2 -2 _g51im
2iR 24,220

Que 2.27, | Discuss gradients and its types. Specify the values
recommended by IRC for plains and hills.

Answer
Gradients: It is the rate of rise or fall along the lenzth of thereed e
Tespect to the horizontal Itisexpressed asaratio linn(l verdeel ot
t0 1 horizontal units). Sometimes the gradient is also expressed 2 2
Percentage i.e., n % (nin 100)

Types of Gradients : Following are the various types of zre



cctional Elements of Roads

Cross S
2-30C (CE-6)
A Ruling Gradien’? ;on gradient is the maximum gradient
i The ruling 8T adiednt or tl:eagisl;g;s to design the vertical profile of the
" within which the designe
road. 4 oull
. h of the grade, speed, pulling power of
i ds on the terrain, lengt !
2' E}?Zigggz and the presence of the horizontal curve. -
ter terrain, it may be possible to provide at g'r:adlents, but in hilly
grir]:itnei: isnot e::onomical and sometimes not possible also.
i i f11in 30 on plain and
5 ended ruling gradient val_ue of 1in plain an
ihuem I};(t:el;z:‘ ail:c;ﬂ;mzo on mountainous terrain and 1in 16.7 on steep
terrain.
Limiting Gradient :

It is steeper than the rolling gradients.
pted when the ruling gradient results in enormous

This gradient is ado
increase in cost of construction.

It may be frequently necessary to limiting gradient.

Exceptional Gradient :
Exceptional gradient are very steeper gradients given at unavoidable

situations.
They should be limited for short stretches not exceeding about 100

meters at a stretch.
In mountainous and steep terrain, successive exceptional gradients must

be separated by a minimum 100 meter length gentler gradient.

Minimum Gradient :

Minimum gradient is important for the longitudinal drainage along the
side drains requires some slope for smooth flow of water.

t depends on the rain fall, type of soil and other site conditions.

}minimun} of 1 ?n 500 may be sufficient for concrete drain and 1in 200
or open soil drains are found to give satisfactory performance.

228, ] What is grade compensation ? Also give IRC specification

rer

rad F

tﬁe‘;lfr?xgglsatlon :It can be defined as the reduction in gradient
> to curve resi:ltl;vne becah‘; se of the additional tractive force require
] . Ce) w ‘Ch is i H
e involved at the curve, is intended to offset the extra tractive

rtation Engineering
TrnnSPO s L,

IRC Spccificati()n cFollowing are cepeol . )
Compensation: > S LT TIPS

Grade compensationis not Tecuired S pesp. o
PROALERLZUAT ram L -

1. the loss of tractive force is neglizitle,

[

curve in meters.
The maximum grade compensation iz o

PART-7

Vertical Curves, Surmit and Vaile Cur.s

Grade compensationis (30 + BJ/R w/zre povs .. ]

CONCEPT OUTLINE

Vertical curves : It is of following 170 s =2 -
i Summit curve.
ii. Valley curve.

r Questions-Answers

Long Answer Type and Medium Answer Tspe

catinm
€367

Que 2.29. | What do you understand by vertical curve ? Als«

its types.

A Vertical Curves :

1. D .
nue to changes in grade in the vertical 2l
eczssary to introduce vertical curve
grades to smoothen out the vertical pro

i i .
N gradients for the fast moving vehicles.

2. .
Thevertical curves usedin highway may be classifzd nio 7o
upwards.

L Summ:
i v mmit curves or crest curves with convedty u
alley or sag curves with concavity upwards.
Type of Vertical Curve:

1. § X
* Summ

The it Curves : These are vertical curves

¥ are formed when two gradients meet 23
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Cross Scetional Blementg g i
(l[\t
—

i en apos c ; I

: When positive gradient meets a flat gradient \Fig. 2.29.1(b)],

3 en pos © . i A\

. Wh ascending gradient meets descending gradient [Fig, 9,99 ey
il en anas i

: wadient meets another descending yryg
; cending gradien
iv.. When a des

ium
[Fig. 2.2.29(d).
;
!
,’N —npny A I\ii 1-1-1_ nyg=9
{ = +lg
+ny
)
-;lﬁr—'ll
+ny g
()

(d)
Fig. 2.29.1. Types of summit curves.

2. Valley Curves or Sag Curves : These are vertical curves wil
convexity downwards. They are formed when two gradients meet
shown in Fig. 2.29.2.

1. When a descending gradient meets another descending gradier
[Fig. 2.29.2(a)).

2. When a descending gradient meets a flat gradient [Fig. 2.29.2(b)].

3.

When a descending gradient meets an ascending gradient [Fig. 2.29.2(}

When an ascending gradient meets another ascending gradien
[Fig. 2.29.2(d)).

ny =0 (level)

N
N N=—".1

N=-nj+ny
(a) )

H ! TeeTl
qation lngineering

200 (C¥.6)

() (el)

Kig. 2.29.2. Types of valley curye,

oo 2.90. Discuss the Design criteria of length of summit, curye,

(50 £iVe the expression of caleulation of length
Als

Design Criteria:

of summit curye.,

Design of summit curve on the basis of sight distanes.

. On summit curves centrifugal force acting outward hence the spring of
yehicle is not compressed and there force passenger comfort 1o not
issue.

E:

Design of summit curve as a square parabola because the rate of change

of slope is decreasing always so more sight distance available atthe top
of curve.

Length of the Summit Curve :

=

In deriving the length of the curve, two situations can arise depending
on the uphill and downhill gradientsi.c., when the length of the curve: ;:
greater than the sight distance and when the length of the curve is 1
than the sight distance.

Sk

r

Let Lis the length of the summit curve, S is the SSD/ISD/ OSD, Nisthe
deviation angle, h, driver’s eye height (1.2 m), and h, the height of the

obstruction (0.15 m), then the length of the summit curve can be derived
for the following two cases.

Case (a): Length of Summit Curve Greater than Sight Distance
NS?

Ly — 28
2Jhy + Jh, )

(230,

Case (b) : Length of Summit Curve Less than Sight Distance

2k, + Jhy)*
L=2S- LN\[:L .(2.30.2)

—

When stoppin
q.(2.30.1) a

g sight distance is considered

,put the value of b and 4, in
nd eq. (2,30.2), then




V
Cross Sectional Elementy of ] qation ngineering PR IPIPIN
D 10 gporti
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NS* (fi = Length of sumnib cure:
a L=-—7+ 0Ly i _— L850
4 44 y Assurning
4.4 s
b. L=25- (o, PR A
. T 4a i n . <
ing si i i idered, then the value of drivgy 4.4 ‘4
i, Ifovertaking sight distance is consi ) Se, e
i height (h,) and the height of the obstruction (/2,) are taken equa) ag f: " Further assume L =550
metres. 4.4 ‘s
2 L=28 """ 4,1 °
a L= A8 (for Ly, r IRECr
. 9.6 ’ =1206 - 121 v i e iy
b. L=2S- 26 (for I Therefore, length of summit curve = 127 -
. N §

Incase of OSD :

m What do you understand by vertical curves 74 13 Calculation of OSD is same as (), 2.14, Page Tiny

ascending gradient of 1 in 50 and a descending gradient of 1 iny OSD = 502.12 m

Determine the length of summit curve to provide Assume L> 08D

i SSD : 2 e

ii. OSD, for design speed of 80 kmph. Assume all other data. ii. Length of summit curve, L = %26 = U,‘U.:.z‘,’: 4 A SR
AKTU 2015-16, Marks|; > 502.12 m, Hence (4

iii. Therefore, the length of summit curve = 253 77 -

Answer ’
Que 2.32. I An ascending gradient of 1 in 30 meety z descanding

A. Vertical Curves : Refer Q. 2.29, Page 2-31C, Unit-2.
.

. gradient of 1 in 80. Determine length of summit curie v crn2n
B. Numerical : ISD (b) OSD, for design speed of 80 kmph. Assume all
Given: Ascending gradient, n,=1/50, AKTC 201712
b 2015-12, Marks 10
Descending gradient, n,=-1/80, Design speed, V = 80 kmph.
To Find : Length of summit curve. Answer
1.  Assuming ¢t =2.5secand f=0.35 for V = 80 kmph
2. 1 fSSD : iven . .
n case of SS Given ; Ascending gradient (n)= ,,_1,_
V2 ' 50
L SSD = 0.278 V¢t + D )
. 254 escending gradient (n)=-~ 1
b 2 -=
2 Degig )
= 0.278x 80 x 25 + — 20 o e opeed, V= 80 kinph
254 % 0.35 © Find ; Length of submit eurve.
SSD = 55.6 +72.0 = 127.6 say 128 m Assuming = 2.5 e and f= 055 for ¥ = 6 ¢
= 4.0 8¢eC ¢ =U.andor v o= AU o
5 e 1 1}y 8+5 13 1 ,
i. Deviation angle, N=n - =(—)—(———)=—=—— ’ g v
s M7= 50) "\"80) = 200 ~ 200 SSD= 0278 v + 5_»/- i
O

O\
e WU



Cross Sectional Elements of R
Oad{

2

(
angle. N = -n.= {30

3. Deviation
4 Length of Summit Curve in case of ISD
‘1 Assuming L>1SD
\rs'l 118’36 X 256:
_ NS _400 _—=221.86
L="g5 9.6 m (< 256 m)
2 Further assume L < 1SD
9.6 9.6

_ 9§ -—=2x256-

i 0.0325

=9216.6= 21Tm< 256 m OK
e=21Tm

re. length of summit curv
e of OSD : Refer Q. 2.31, Page 2%

Therefo
Length of Summit Curve in cas

Unit-2.

=

jon of length of vil

Que 2.33. I Describe the design considerat
curve. Also write down the formulae for determining the lengt

valley curve
Answer l

Design Considerations for Valley Curve:

A
1 Thereisnorestriction to sight distance at valley curves during dayt:
But visibility is reduced during night.
2 Inthe absence or inadequacy of street light, the only source for\iﬁ%
curves are design &

is with the help of headlights. Hence valley

into account of headlight distance.

3. Invalley curves, the centrifugal force will be ac
with the weight of the vehicle, and hence impact t
more. This will result in jerking of the vehicle and cause
the passengers.

4 Thus the most important design factors cons

Impact-free movement of vehicles at design speed.

Availability of stopping sight distance under headli

ting downWﬂl'ds%;
o the vehicle Wj

discom™

4

idered in valley cur®]

.l 15
ot of veB

night driving.

,“,“,,,:pn rt

5.

1o

ation Engineering
2-37C(CE-6
. B -6)

for m.mlun]ly introducing and incregg;

e .
dl“"“,w,mlds' the b‘eSL.Sh"PC that C(,U]adSl:eg the centrifug
(ransition curve. Cubic parahola is ge%ra”f;];:nffor Z:Jva

eterred in

al force acting
lley curve is a
curves. vertical valley
During night, under headlight driv; .

and availability of Stf)pping Sig;}‘g”zlfia’sctzl::iz:lznhsight distance reduces
impOI.‘taIlt_. The.head light sight distance sh nder head light is very
stopping sight distance. should be at least equal to the

There is no problem of overtaking s .

i i . g sightd Ly

vehicles with headlights could be seen f r?ﬁ:‘;iii?{;g}lt bs]mse the other
siderable distance.

Length of the Valley Curve : The length of the valley transiti
on

curve is designed based on two criteria :

Comfort criteriz; that is allowabl

s limi e rat

acceleration is limited to a comfortable levzl (:)t; :E::tgg Gcrf;lﬁengrifugal
6 m/sec3.

Safety criteria; the driver should have ad i
B e vamtny. adequate headlight sight distance

Comfort Criteria: The length of th urv
! e val as
change of centrifugal acceleration that Willelye;suri Eon:? :’? thrateof
ort :

NV
C

L=z [N
c

L = Total length of valley curve.
N = Deviation angle.

Length of valley curve, L =

where,

C= Allowab}e rate of change of centrifugal
acceleration which may be taken as 0.6 m/s:c3

Safety Criteria: Le
: Length of th . .
be determined for nvogctonditi:n‘;aZhEy curve for headlight distance may

Case (1) : Length
Distance (I & g)t of Valley Curve Greater than Stopping Sight
L= _JVL
where. 1 2h, +2Stana
‘here, ., = .
t; = 1.5 m, Height of headlight beam, @ = Head beam inclination

S=8j i
ight distance. The inclination a is ~ 1°.

L= _&
(1.5 +0.0355)



Cross Sectional Elementg oy,
Y

y Curve Less than StOPping Sigh

1.5+0.0855)
N

eis formed by 2 descending gradien; 021
g

: Jey curV .
m Avalle¥ cending gradient of1in25:

; as

20 thl_1 me; +al length of valley curve if the design specy,
i Des:g‘ﬂt e 0 fulfill poth con.nfort condition and o 1?}
k?l}::l‘;;;;nce for nigh® driving, after calculating thehsgsbi
si |

reiuired. '
i Find the position of the lowest point of the valley curvet, .
" aunder passing culvert. ,

AKTU 2013-14, Markg ;
Answer |

Given:ny =~ 1/20, 1,
ToFind: Total lengthof va
the valley curve.

Assume: Total react
ficient of friction, f=0.35

)
_\36) __ _19745m

2x9.81x0.35

=1/25, Design speed, V =80 kmph

jon time, ¢ = 2.5 sec

Longitudinal co-¢

1 SSD=vt+

S

2 N=

3. Comfort Condition :

o= S0
5180 0.52 m/sec?

1 80\ f
L=2[£vl82 9 (—'—)
| =2 xS =gT1m

) | 100  0.52
Head Light Sight Distance : 5

Assume L > S§D

ley curve and the position of lowest p%‘l.

-

’]‘rmmpo rtatio

—

n Engineering 239G (CE
390 -6)

NS 0.09 » 127.45

5200958 15+005 12145 0

L=

Design Jength of valley curve = 245.26 m

Position of Lowest Point of the Valley Curve :

When a valley curve is included betw l

vi een descendi S i
grades:‘ 1? is necessary to know the lowest point on t‘rrll:ag o abceﬁdf“g
the positions of culverts, drain outputs, etc purve for fin

When the two grades are unequal, the | :
the flatter gradient. , the lowest point occurs on the side of

The lowest point will be at a distance of ™I from starti
ing point
valley curve. M= gpoiatof
Distance, x = Mo
nm-n,
0175 < 24526
x =136.25m

©e0
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——,
Part-1 @ Tratlic Charact eristics viemsnne. 3-2C to 3-3C
Part-2 @ Trafiic Studies on Flow, Speed, . 3-3C to 8-11C
Travel Time-delay and 0-1) Study
Part-§ : Peak Hour Factor, o 3=11C to 3-13C
Parking Study
Part-4 @ Traffic Capacity, Density .o e 3-18C to 3-14C

Part-5

art-6

ard-7

Rri-§

r{-9

.
.

: Traffic Control Devices v 3=14C to 8=19C

Signs, Island
Signal Design by WebSter's v, 3-19C to 3-23C
and IRC Method

ar

: Intersection at Grade and w....ocevennnn 3-23C to 3-26C

Grade Separated Intersections.

* Design of Roundabouts as per ... 3=26C to $-200

Latest IRC : 65-2017

Highway Capacity and e, 3-20C to 3-810
Level of Service of Rural Highway
snd Urban Roads as per latest

IRC Recommendation.

3-1C(CE-6)

!
4-20

Traffic Charncteristics : These are of two ‘H)"—*
i Traffic characteristies

Tratfie Fsaneering

(C13-6)

[ PART- |
Traffic Characteristics,

CONCEPT QUTLINE

il. Vehicular characteratios
Vehicle dimension,
Weight of loaded vehieles
Power of vehieles
Speed of vehieles
Braking characteristics
Off tracking.

- Physical,
Mental,
Psychological,

» Knvironmental.

—

Questions-Answers

Long Answer Type and Medium Answer Type Questions J

Que 3.1, l Discuss the various types of traffic characteristics in

traffic engineering.

Answer l

A
1.

:<...

Following are the types of tratlic chavacteristies in tratfic engineering
Road User Characteristies :

Iuman beings performing difterent roles in the traffic are most
important clements of the trattic and so we have to study their
characteristics and behavior, Various roles of human are such as driver,
pedestrinng, eyclists ote,

The physieal, mental and emotional chavaeteristies of human betugs
alfeet their ability to operate motor vehicle safely or to service as a
pedestrian,

Broudly elassiiod under four heads :

Physical Characteristies : Vision, heaving, strength and reaction to
trallie situation, .
Mental Charnetoristios : Kunowledge, skill, intelligenee, experienee,
literacy,

Psychological Characteristics : Emotional tactors such as fear,
tger, anxiety, ote,

Environmontal Faotors : Traflie stroam conditions, atmosph
conditions, facilitios to the traflic locality, ote.

Vehiculay Charactovistios : e
It is quite important to study the important vehicular t'l“fmf‘“\}.lf.tl‘.;‘\.
which affoet the dosign and traflic performance, For economie feasibility
the standards of vohiclos should bo kept unitor.

eric

—
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The vehicular characteristics are classiﬁ.ed as: .

Static Characteristics : 1t involves dimensions of vehicles (lengt,
width and height, wheel base, departure and ramp angles, the fron;
rear and centre clearances), we}ght, maximum turning ?ngle. )
Dynamic Characteristics : It includes speed, acceleration, power apg
breaking characteristics. _

Braking Characteristics : The deceleration and bl‘aking
characteristics of vehicles depend on design and type of braking syster,
and its efficiency. The safety of vehicle operation, stopping distance, ang
the spacing between two consecutive vehicles in a traffic stream ig
affected by the braking capacity.

PART-2

raffic Studies on Flow, Speed, Travel Time-delay and O-D Study

CONCEPT OUTLINE j

Traffic Volume : It is the number of vehicles moving in a specified
direction on a given lane or roadway that pass a given point or cross
section in specified unit of time. It is expressed as vehicle/hr or
vehicle/day. .

Traffic Capacity : It is expressed as the maximum number of

vehiclesin a lane or a road that can pass a given point in unit time. It
is given by,

C= 1000 V

where, C = Capacity of a single lane vehicles/hr.
V = Speed in kmph.

’ Questions-Answers

L Long Answer Type and Medium Answer Type Questions

te 3.2. | Explain the term traffic volume.

|AETU 2013-14, 2017-18; Marks 2.5
OR
t are the objects of carrying out traffic volume studies ?
OR
e short note on traffic volume study.

| AKTU 201415, Marks 03 |

g ¢ (CE-6) Traffic Engineering

Praffic Volume S'tudy : ‘
| The num‘hcr ofvc}.nclcs that pass a pmr?t ona hlghway or a given lane
" r direction ofa hxg.hway ('lurmg a specific time interval.
g 'The mczlsurcment- is carrle.d olut by counting the number of vehicles
\ ) passing a particular pom.t in one lane in a defined period ¢.
4 Then the flow (¢) expressed in vehicles/hour is given by,
3. o
1=
B. Objects: Following are the objectives of traffic volume study :
" fraffic volume is generally accepted as a true measure of the relative
jmportance of roads and in deciding the priority for improvement and
expansion. ) '
i, Traffic volume study is used in planning, traffic operation and control
" ofexisting facilities and also for planning and designing the new facilities.
ii. This study is used in the analysis of traffic patterns and trends.
jv. Classified volume study is useful in structural design of pavements, in
geometric design and in computing roadway capacity.
v. Volume distribution study is used in planning one-way streets and
other regulatory measures.
vi. Turning movement study is used in the design of intersections, in
planning signal timings, channelization and other control devices.
vii. Pedestrian traffic volume study is used for planning side walks, cross
walks subways and pedestrian signals.

Que 3.3. l How the traffic volume data are presented in traffic
engineering ?

OR
Write short note on thirtieth highest hourly traffic volume.

[AKTU 2014-15, Marks 03 |
Answer I

Presentation of Traffic Volume Data : Following forms in which
traffic volume data are represented :

Annual average daily traffic (AADT or ADT) of the total traffic as well as
classified traffic are calculated. This helps in deciding the relative
Importance of a route and in phasing the road development programme.
In order to convert the different vehicle classes to one class such as

gassenger car, conversion factors known as passenger car unit (PCU)
re used.

Trend charts showing volume trends over period of years are prepared.

These data are ue . i i i
regulation, e useful for planning future expansion, design and

m
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Spot Speed s [1 iz the inmartaresus speed of 2 vekicle st z gEF

sersicmorloezticn,

trzvel tize of the velic

Space-rmean speed is czlenlzted from,
L]

P

V = Spece-rmezn speed, kmph
: . = o
d = Lezgzih of road eonsidered,

wiere,

=2 ®

NI MO N

n = Nuomber of individuz] vekice BT gt

t = Okeerved travel time (see) for'®

~aous _;:_w-.\is of

bty

Qre 25, ! Discmss iz detzil 2=7 one methods of spot speed studies.
Also give tke zpplicetion of spot speed studies
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J ) Tronspert??” 7 —

' the vehicle is #een by observer wihen sehicle cromes an e
watch 14 topped.

=

thisinstant th
Thus the time T
found and the spet
It is very simple and che:
pozsibility of hurnan ¢1TOT-
Application of Spot Speed D
spot speed data
To uzein planning
To use in geometric
deciding design 8pee
To use in zccident studies.
To study the traffic capacity-
To decide the speed trends,
To compare diversz types of derivers
conditions.

the vehicle to croqi the kneeun e :
h lengih, 4,

Inted in kimph.
Jut, it is very dlow and there §,

equired for
discalen
ap method b

ata: Folluwing are the npplicationg

rol and in traffic regulatinns,

traffic cont
lexigning existing highways or fy,

design-for Tec
d for new facilitics.

and vehicles under ppecificd

Que 3.6. | Explain any on¢ method for presentation of spot datain

speed study.

Answer I

L

iiL.

Presentation of spot speed data by two methods :

Model Average:

z A

£ 40+ 2

z

Z 80T w

"[‘ —

2 201 =

Z 104 =

z

= 1 T —T T T T

¥ 10 20 2040 50 60 70 80 9o 100
Speed, kmph
Fig. 3.6.1.

A fr’equency distribution curve of spot gpeeds is plotted with wpeed of
vehicles or average values of cach speed group of vehicles on the X-azit
am‘i the percentage of vehicles in that group on the Y-axis.

This curve w:!l have a definite peak value of travel speed acroz th
section and this speed is dennted as model speed.

'ﬂla ;p:;d dl:—;tnbl.:tion curve is helpful in determining the speed 2
which the greates i shicles i

ioir] greatest proportion of vehicles move given hy the mo
Cumulative Speed of Vehicles:

A graph is plotted with the average values of each speed group ontl
17

X-axis and the cumulative perc i
- percent of vehicles travelled ¢ o
different speed on the Y-axis. e raveled sor bt

GE)
L n Ik Srithie Bngine s
R AR R
i )
5 160 o2
ol [
K
,7/ 1,6 % : ‘
oonuq— d
: v
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2 I £z
L B 7| %
% J v 4
A Wy o/ e
2 2O B0 40 L0 G0 TO 20 40 [ty

.’;V:f:l’, JK/h;;h
’ ’ . Yiy. 242,
From this graph, the 257 porcentile speed o found 1
inand gt upiieh yives Vs

ii.
;;j'l‘»“’d at ur helur b percent of the vehicles are i
l Il are Gusning i
fighiny ar unly 15 per cent of the: vehicles ez p; r o Driman s
L i te g , i egeeed Ve s 7 .
i Thisppeed s adupted fur the iofe specd [ i
segad lisnit at this wne, ’

i 'p,,, the: purpoie of highsy yeometrie design, the 9%
jutaken, WGn e G5 pareentile s
. her 157 prores: e e o
g, Th 1:’If‘,r}.rllllf,,,jff,‘.d representi the lener speed it 654
1o prohibit glow moving vehicles v o or g Lt if it is desised
A ches Ve e reaie r}::[;,y snd ey 2

LIS,

W_I Lint down the vari
s various methods for
! npot speed studies

that are carried out. Discuy

1l . cuss in detail ; :

TJ:HHH of data for n';mt studies given in ,r;“’:;i";gf, of them. On the

and Jlower speed limit regulation as well as hp( ‘-:1, fcal:umu: upper
-1 ¢ 14 or ‘:hign.

Tuble 3.7.1. Spot specd study data

Speed Range

_-__J__- (:;f:a‘kmph) Number of Vehicles - 1
. >
T
20-40 e — |

40-50) fi”_

50-60 T il

60-70 -

70-80 B

80-90) ”

90-100 =

9
[AKTU 2013-14, Marks 10 |

_An.k
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* Answer ’

iA. Origin and Destinatio
i

ii.

2.

Transportation Engineering

3-9
i C :
iAnswer ~
Methods : Refer
6. tndds K Q. 3.5, Page 3-6C, Unit-3.
To Find : Upper gndrlower' spéed limit,
T X .
able 37,2, Frequency distribution of Spot speeq gq
' e
Mid Speed, Frequency, =
kmph | . f
]
—S5 | 12
\15_‘\18*‘
25 68
35 9 -
207
252
21
— 4|
32 |
9
regulation = gren

=g "

regulation < 1 g P SFCeNtile speed = 55 kmph
Percentijle speed = 30 kmph

Peed = g5 kmph

ARTU 2015.16, Marks 10
n Studje;; .

The origin and destination
Plan the road network and fn?haex;i'? )1stu dy
Plan the schedule of different mod e
of commuters. esoftr
The O and D studies of vehicular traffi
origin and destination in each zone

various uses of O and D stug; ?
es

is .
for:an.'ed out mainly to'
-'1nsp(,,t;ti Cular traffic,
- Honfor the trip demaﬂd
c d(ﬂerm‘
in . o
under study'.ég theiy number, thelf

3-10C (CE-6) Traffic Engineering

Origin and destination study gives information like the actual direction

of travel, sclection of routes and length of the trip.

4, These studies are most egsential in planning new highway facilities

and in improving some of the existing systems.

As an example, there can be a high percentage of through traffic

which may be diverted by providing a by-pass and thus considerable

saving in distance and time can be made.

6. O and D study provides the basic data for determining the desired
directions of flow or the desire lines.

7. Scientific planning of transportation system and mass transit facilities
in cities should be based on O and D data of passenger trips.

8. Also, future traffic needs may be estimated by extrapolating the data
from O and D study, together with socio-economic studies.

B. Uses:The various applications of O and D studies may be as follows :

1. To judge the adequacy of existing routes and to use in planning new
network of roads.

2. To plan transportation system and mass transit facilities in cities

including routes and schedules of operation.

To locate expressway or major routes along the desire lines.

To establish preferential routes for various categories of vehicle

including by-pass.

To locate terminals and to plan terminal facilities.

To locate new bridge as per traffic demands.

To locate intermediate stops of public transport.

To establish design standards for the road, bridges and culverts along

the route.

Que 3.9. l Explain the term passenger car units.

[AKTU 2015-14, 2017-18; Marks 2.5]
Answer I

1. It is a common practice to consider the passenger car as the standard
vehicle unit to convert the other vehicle classes and this unit is called
Passenger Car Unit or PCU.

2. Thus in mixed traffic flow, the traffic volume and capacity are generally
expressed as PCU per hour or PCU/lane/hour and the traffic density as
PCU per kilometre length of lane.

3., The PCU may be considered as a measure of the relative space
requirement of a vehicle class compared to that of a passenger car
under a specified set of roadway, traffic and other conditions.

4. If the addition of one vehicle of a particular class in the traffic stream
produces the same effect as that due to the addition of one passenger
car, then that vehicle class is considered equivalent to the passenger car
with a PCU value equal to 1.0.

P

PNe o
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tation Engincermg .

Transpor .
L i T ) \ll
‘l 5. The PCU valucofa vehicle class may be considopog A
capacity of aroadway when there ave passenger cars n“-“ thy -
) - arn vel s an|(y iy ' . . . .
of the same roadway when there are vehicles of g, 1l gy, RIS " Traflic Eagineering
Y P T TAY (o

“‘ll\- h"(‘p‘: .
AR sy Lo atucy the parkingg pattern,

PART-3 e (:I'l'\l‘l'l' |):1|‘|Lill;:, il 1 also neee:
ii. I e to smool b o of traflic and the aecidents involved during

Cfortert ) '
int wkingreperadion:s

Peak Hour Factor, Parking Stuy, | linge and unp
: I‘;I chimgg Hpnee Inventory:
CONCEPT OUTLINE HA l‘" Lon undder atudy 15 fully surveyed and womap s prepared showingg
i. The £ here kerb parking and ollstrect parking [acilities ean be

qeeH W
. . all places A demanids
Parking Studies : The demand by automobile ys ‘ vided tomeet (he parkingg demands,
‘“l“'so(‘p,“‘_. n “,‘l"‘“-pn”inl‘(‘]'|l!1."-|!l.‘;“‘”U‘lllhillilll('l']l('f\\'(‘('ll('il]):ll‘il_\(.’ll)ll]).’H"kill,’,(

'. space is one of the major problems of highway transpopg i | i Thi osinen proper facilitics for parkingg
metropohtzmcmes.Itmcludes: 't‘“ioni[, | ' (lolmln(l.-i:mlllﬂl(Hll.lll”(] i s for parking.
: Parlungdemand. ‘ ) 3,11 What are the different enuses of traffic accidents 7
| Quer et
es of nccident studies.

M i, Parking characteristics.
Wi iii. Parking space inventory.
| AﬂﬂWﬂl'

Following are

Questions-Answers A Cnuses:
Privers: Is

piscuss the objeet1v

the causes of road accidents
and rashdriving, earclessness, violation of
rstand the traffic situation,

ceessive speed

|
’g Long Answer Type and Medium Answer Type Q - b rules and regulations, failure to S.w or lmlflo. - i
\ Uestiong sign or signal, 1um.pm-:u.‘_\-' effeets (lu'o to fatigue, sleep (H“:llL()ll‘n .
I 9, pedestrians : lentm_;_: x'vi,:u]n(nl)llm. sarclessness in using the
E \ i Lepiaeeway meant for vehicular traflic.
! Q_ue 3-10- Explain briefly the various aspects to be invest; g (I.;‘:.:.l,:;::o:i : Alighting from or getting into moving vehicles.
during parking studies, What are the u fnvestigateg ". V;:in‘icle Defects: Failure of brakes, steering systen, orlighting system,
. ses of these studies ? - tyre burst and any other defects in the vehicles.
y road surface, pot holes, ruts

ion : Slippery or skidding
Foll(?wing are the various aspects to be i : and other damaged conditions ul'tlm. road furfn.co. . .
studies: 0 be investigated during parkin, G Road Design : Defective geometric design like inadequate sight
1. ParkingDemand:The parking d : : distance, inadequate width of shoulders, improper curve design,
. methods: g demand may be evaluate by difforent improper lighting and improper traffic cont rol devices.
L One of the metheds s by makin d Weather: Unfavourable weather condition like mist, fog, snow, dust,
:ﬁcordmg accumulation ofvelﬁclgecs(g . counts of the selected area and smoke or heavy rainfall which rostricts normal visibility and renders
i uri L o
€ outgoing traffic from the traff;c vnlng the peak hours by subtracting drwmglunsgfe. 1 : .
i Animals : Stray animals on the road.

il 5. Road Condit

ii. One other method i : ume i
is by countin, entering the cordoned area 8
:i? 111nder study during differgxle n‘_lmbﬁr of vehicles parked in lhel B. Objective: Following are the objective of this study :
park‘iln:hen the parking demang i:‘;::’ds of the day; this method is 1. Tostudy the causes of accidents and to suggest corrective treatment at
fii. Another useful method s than the space available for potential location.
2 r ate oxistine designs

parked vehicles. shs od of ficld study is by intervio 2. To ?\ aluate c:\mtm, (lLb‘l.bn.\.
; This method is ve P OWners and other yep: erviewing the drivers of 3. To support proposed designs.

is higher than thergal;f-m whenthe ar ien i{le owners in the locality 4. To carry out before and after studies and to demonstrate the

. in h 3 S improve i » proble
' 2. Parking Chﬂl‘aCteristiE :I-Jace availablg, B demand in the study area ] improvement in th.c, problem.
: 5. To make computations of financial loss.

6. To give cconomic justification for the improvements suggested by the

i Thestudyis directed to note
traffic engineer.

t!
the area under consideratio he presen park

kin .
A anikte Benerg) pffbrl:“‘“"s prevalent in
ms in parking TR ‘| .
parking. Que 8.12. | Explain various measures that may be taken to prevent

accidents.
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Answor | \Q

. A
1 i' \l.\llm\ ing are the measures to be taken to pr
. . . . B . . .(“I(l
v!l maintained vehicles with good beakes, light; o
accidonts, HoH
2. Vehicless i i
l‘dultlv):- should be provided with seat belts and airl
N oads 8 s s N ) b
R \.;( 8§ Hl}lld be well maintained with frequent rol i
;\l‘;\t markings of road safety signs e
Wi SNYYR - o
. ‘\ulv sepurate lanes for slow-moving and fust
§N \ S - ‘
Strict punishment should be enforeed by gov ent.
inover speed. yrover
'
Tav roof
. Sn}wr proofspeed controllers should be installed §
. riving tests for issue of driving e il e
and foolproof, )

accidenyy
LYres ofe

ing vehie

n oy
nment, if'q pep h

hicleg,

license is
conse is to be made more

Sringey

.
8 Raising of |
$ ower age limit for tw
to 21 8 it for two wheeler and heavy vely
9, ¥ vehiele liegy,,

{(l‘:w\l:not should be made compulsory by
. \l\ 8 N N N [ } o 3 ’
o, e \:‘i;wd limit for those who do not use helmet
‘ l . 0 8 ne,
o '[A\hl-“\» 1\f}l\dmodmusshouldbo made mandatory

o A crossings should be provided for el
N a:_ appropriate places, "
120 Signals fory
of people

law in
all states, or
tes, or impoge

important rog
ory for in s
P trians for safe road Crossing

OY v Q) & 3
o ‘\‘d crossings at important busy
o to cross the rond every day

places where o lary
e nrge numbe
Roads should bo properly 1 X

13. i Prope:
nar kt‘l T si 0ands s, S
" per s ‘Knl ards Ch()lll(i be installed

Traffic Capacity, Density,

[»
Traffic D““‘"it\--h?:l CEPT O UTLINE —
-“,‘-'Swnu~ .
oflane of roadway at a given :::l:lt:r:‘thlf l'“ﬂo
= » 1L1S ox

—

S0 = .

. ccu;:i) ing a unit length
‘ o essed as vehiclesk

Traflic density = Trallic volume "

& *\‘

Traffie speed

T

I Long Answer Type and Medium Ap
Answ

Questions-Angw

ers

Que 3.18. | Explain the following tern
] n

er
Type Questions

Traffic capacity,
Basic capacity,
Possible capacity,

Wi
vill Ty,
“rl‘nn
d suyf:
surfy,
gy

son ‘h'i\‘w

Traffic Engineering

q-14 [ ((:E'm _
e

ive

practical enpacity and

AKTU 2013-14, 2017-18; Marks 2.5

Praffic density-

A\
Answor

1.
i
i,

iii.

9

-

B

1

Traffic Capneity *
[t is the nbility of a roadway to accommodate traffic volume.

Itis c.\'prvsst‘d as the maximum number of vehicle in a lane or 2 road
that can pnss given point in unit time, usua
nhour per lane or roadway.

Capacity and volume arc measures o

nit.
;'l;nsic Capacity: It is the maximum number of passenger cars that can
pass given point on a lane or roadway during one hour under the most
nearly ideal rondway and traflic conditions which ean possibly be attained.
Possible Capacity :
It is the maximum number of vehicles that can pass a given point on a
during one hour under prevailing roadway and traffic

lly an hour, L.e., vehicles per

f traffic flow and have the same

lane or roadway
conditions.

The possible capacity of a road is generally much lower than the basic
capacity as the prevailing roadway and traffic conditions are seldom
ideal.

Practical Capacity : 1t is the maximum number of vehicle that can
pass agiven pointona lanc or roadway during one hour, without traffic
density being so great as to causc unrcasonable delay, hazard or
restriction to the driver's freedom to manocuvre under the prevailing
rondway and traffic conditions.

Traffic Density @

1t is the number of vehicles occupying a unit length of lanc of rondway
at o given instant, usually expressed as vehicles per kilometre.

The highest traffic density w ill oceur when the vehicles are practically at
astand still on a given route, and in this case traffic volume will approach

Traffic Control Devices : Signs, Island.

Ze7m0,

CONCEPT OUTLINE

Traffic Control Device : The various aids and devices used to control,

regulate and guide traffic is called traffic control device ¢.g.,
i, Signs, ii.Signals, iii. Markings, and iv. Islands.
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Questions-Answery )
Angwer Type and Medium Answer g, -
Long yp __»__{'i}f;_u, Quewy,

Quo 3.14, I What are the various types of traffi

¢ ¢on trg) oy

”’1"4- '
1
Discuss, AKTU 2071,
’ 171 Mi‘f_’:f l‘!;
Answer

Traffic control device is the medium wsed for cornmunj,

traffic engineer and road users, Following are the my:ie -

control devices ;

Traffic Bigns ¢ These are signs which use aymbols

convey information to road uscrs, Thene

retroreflective materials that reflect ligs

the drivers cyes. This is to achieve m

night,

2 Variable Message Bigns: These
exhibit different traffic meas

.‘:I.j,,”

§ by,
AOr Lype; L.,

i0f tratr

—

! aned/or Word,
devicey are oy,
ht from headlighty ), iy

f addligh 10k by,
aximum visibility Chpers

1

P

are traffic control o Vit v,

j X thra:
ages according to the needs of o

m“d‘ i At

3. High-Level Warnin # Devices ;

i. '1':;1030 u{e; traffic contr'ol devices that are high enough to cor. (0.
;» er vehicles, butnothmluzdLovehiclctop poles and other places ;..
ower than 8 feet, ' ' P

i ;l;i;t:cnﬁs:::zcﬁuzre also called flag tree becauye they feature twg .
it rescent orange flags and sometimes a flashing warnizg

iii. Thia type of traffic o i
lrumculcnuily il ﬂ:::;l devices are used in work zones in high

4. ChumwllzlngDovlccu-
L. Theue are uged ¢ ”
O warn drive 1 i
through 1 work zgne vers and pedestrians and to guide then
i, Cummonchunnclilin

iil. " This type of traff 8 deviccy nrg tra

ffic cones and drums.

orber nll_'y Placed between traffic and

. "l‘""l Surface Murklngu . CCnOpposing traffic streams.

i These are traffie control doyi
surfoces, ol deviee

iil.  They are used to Buide g

oo d chy
mchcntmguluppingpoim_n -hannel trafg, by designating lancs and
iii.  Pavement markin o lnlemccﬁ'mﬁ- #ignating lancs a7

81 .
hat are applied directly to the rozd

B8 may he
6 T'raffic Lights ; Y pc"nﬂnem or ——
i.  These are traffic control doyje, - e.
way to traffic moving in conﬂict,;n

0 o
Hdircc:,mumﬂlc]y assign right-of
1008 at im@rﬂcction_
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iv.

E 4 . signs and th
i . various types of traffic aign

5. | Explain the variou

Que 3.19-

functions.

informative signs.

With neat sketches 8

classifying them in proper groups.

Answer l
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gns and siznals

Types of Traffic Signs : Following ars

signs ¢ .
Regulatory Signs : ’
Theze signs are alzo called mandatory s
that the drivers must obey thease 2izns. b arighitatite
If the driver fails to obey them, the enntrol zgency Las
legral action against the driver. I
These signs are primarily meant for the zafety ol
Th: #igns have generally black
They are circular in shaps withred }/;
igns ca d ercla
The regulatory signs can e furth dime
Right of Way Series : Theze include two unigue =12
ri;;l',n of way to the gelected approaches of 2nints
STOP sign and GIVE WAY zign. ‘ i
Speed Series : Number of speed signs may r;;.u iy
of the vehicle on the road. They include typical spss
speed, minimum speed signs, ete.

gns FAcal

it nathl
levand on a white Latid
"t

rders.

zsified into:




| Trarsgertetion Engineering
!

i Movement Series: ; 317
e S::Jﬁ.’Ihey_conta;nanumber of sj c (Cp,
i M, -cr:These include turn signs, ); 180s thyy )

| ST, 0ne-way signs, ete. » &lignmeng © spey,

iv. ParkingSeries: Theyi ey
paring prodons of rechretine . 808 Whih o
parkicg is permitted, the t rietions, but also ingj, T Jieate
;’zﬂzz, ete. ype of vehicle to be parlfeg Place, ‘5];)“1&

% Pedestrian Serfes: They i 4 duray;, T
. : tiop p -
fiznseremeznt for the saém.dUde bothlegend and ¢ on o

 pedestrian only roads ty of pedestrians and jnel 2 0] SIEns

vi Eﬁsceﬂaneom-md;—ped estrian crossing sites, of ude signs in;j;-Th“S@
are:2“KEEP OF 3mm?f;of signs that are '”,"C]lf;ied : ting
restricting vehicles carryj €1, signs indicating r, N this cay,
miﬂgVEhfcl N 'Dg hazardol,s car ad ClOSure %-'Ury

T Some ezamples efwi;ghﬂmtaﬁ"ﬂaetc for substancess' 180
include 2 stop S;;nt gi;eg'ulatory signs are shown in » Signg
pmhfmtionfOrﬁght-m: ¥ay sign, signs for no e tm Fxg. 3.15.1, 7

vehicle width limit sign Sn r(:;, sign indfé ke
-  speed limit i, .o 08
BT, ete,

V@
® @

Flg. 3.10.[. El:amp]es of re, I to Bigns,
Bula ry

113' g;‘:ing Signs :
. ng signg .
the i E11S OF cautionary gjpme o0
e;’:p?ndmg road conditiq 31gns give informat;
SIBNS are meant for " on to the driver about

The,
oo i the own safety of drivers

or extra vip;

ec gilane
"lor._tr conventjop, usedefi?g;itghe Partof driver.

t 3.

be bl'ack in
colour with ¥Pe of si
a whit Pe of signs
i backgroypg. isthat the legenq will

aror djgm,
St apr SEmONd shape
y tra C;we Sign bOas:cBl’ns 2reshown ianlt'h red borders,
ckahead, ot ' °'8US for nam,f,' 3'1%'2- and
Toad, sign

o,

mples of cayy

Fig. 3,

C. Informatiye 16.2, Ex
Iﬂfor‘m
drivers

. Signs ; 1o -
ative signs a)g, ediled i n 9"_"}’_51%7-_ :

to reach thej guide g
eir desire N € signg ar

d destmations. ¢ Provideq to agg;
S1st the

P el o

(!

Traffic Enginccring

o are unfamiliar to

eant for the drivers wh
ho are

T edominantlym

mzp;file guide signs arc redundant for the users W
the Pla;t;d to the Jocation.
nccu-; of the examples for

ute markers,

these types of signs are ro
ational and

ervice information, recre

> gosbination signs, mile Posts, &
estn ferost areasigning: €6 gnswhich
""_1"' 5.3 shows examples for informative signs which include route
4 mar'kéfs; destination signs, mile posts, service centre information, etc.
&) [
8

Fig. 3.15.3. Excmples of informative signs.
affic signals.

Que 3,16, | Discuss the various types of tr
AKTU 2014-15, Marks 06
Answer I

A Classiﬁcati
signals:

1. Traffic Control Signal :

Traffic control signal is used to control the move

the crossings.

i The traffic control signals
meant for stop, the green
the clearance time for vehicles.

iii. Itisalso categorized into three types:

Fixed Time Signals : These types of signals are set to repeat

regularly in a cycle of red, amber and green lights. The timing of

each phase of the cycle is predetermined based on the traffic volume.

b. Manually Operated Signals : These signals are operated

manually and not commonly used.
c. MC Actuated Signals : This is a type of signal in which the
timing of phase and cycle are changed according to traffic demand.
Int_his signal detectors and computers assigns the right of way for
various traffic movements on the basis of demand. It is very costly.

2. Pedestrian Signal : It is the signal which give the right of way to
pedestrian to cross a road during the walk periods when the vehicular

traffic shall be stopped by red right.

on of Signal : Following are the various types of traffic

i ment of the vehicl_es at
ed light, the red light

consists of three colour
ight allows

light meant for go and the amber |

a.
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PART-6

Sjanal Design by Webster's and TRC Method.

CONCEPT OUTLINE

Aceording to Webster's method :
. WAL
Optimum signal eyele, C = Ly |
- of phase and
Total lost time, L = 20 + B, 0 = Number of ph
B = Total ved time,
Y oy

D

g “.‘ Al
0, = ‘;} (C, = ad G, = Y‘ (-1

+ }-:

1

Questions-Answers ] §

T e T Question® |
Long Answer Type and Medium Answer Type Que o

R R g /-'

31y | N et ll“\"i.\‘“‘
Que 817, l Explain the Webster's method of traffic signalt

Anawer

Webster's Method | Wt

Ve . \ \ ‘ t‘; {

b l!l\lthh wethad, the Pt signal evele O L‘\\l‘l\‘sl“““h“‘k l‘\ m‘.\l\i‘\
delay ohielee T <een

SR to the vehieles at the signalized intersection has b

Que 3,18, I

4-20 C (CE-6) B

Traffic Engineering

"Phis is a rational approach,

The field work consists of finding :

The saluration flow S per unit time on cach approach of the water
seetion.

The normal [low ¢ on cach approach during the design hour.

Based on the highcr' value of normal flow, the ratio Y1 = q,/S, and
v, = /S, wre determined on the approach road 1 and 2.
'I‘i\c optimum signal eyele is given by,
16545
C = ———
4 1-Y

Total lost time pereyelein see, L=2n + R

where, n = Number of phase.
R = All red-time,
)’ = _yl +Jl2
Then, ¢, = l)' (€, -L)and G, = l}}’(c“ -L

Similar procedure is followed when there is more number of signal
phases,

The average normal flow of traffic on cross roads A and

B during design period are 400 and 250 PCU per hour; the saturations
flow values on these roads are estimated as 1250 and 1000 PCU per

hour vespectively, The allered time

required for pedestrian crossing

is 12 sees. Design two phase tealfic signal by Webster's method.

Answer

e |

—_—

Given: Trallie flow o voad Aand B =400 and 250 PCU/Mr, Saturated
low onroad A and B = 1250 and 1000 PCU/hv, Pedestrian time = 12

See

Y 3 . v ’
Lo Find : e for red, yellow and green light,

yow S 00 o,
T8, 1250

gy 200

YT 000 "

Y=p 4y, = 0324 0.25 = 0.57

L2+ R=2x2412=16scc

v LBL45 15%16+5
‘o 9 =

0.25

=Y 7 1-067

L-‘




sporiaiion Fx‘\s:i'.n\‘x‘in\\:

- - S0
- —— —_— » \
Y \w
= 0y 073 soee
~ A\ )y
[N NI (U -
G, = NN A L == WIS < 1) o og

< o7 = <dRee
- N \ ) o5
b G = '—;\» \(“ AR ,(J:‘_‘ - o= .

R 057 018 <205

& Allred time for padestry

A erossing = 12 gsee
9 Provig . .
9 roviding ambe Sof 2.0 sec. each fi
FProvidi 1§ ar .‘l\ rnm:‘j of 2.0 see. each tor clearance, total eylo 1
SFLLO+ 12+ 42675 See T e

]

Que 3.19. Discus

s the IRC guidelines for the
signals.

design of traftic

j

Answer

Design Method as Per IRC Guideline :

1. The pedestrian £reen time required for the mgjor and minor roads are
caleulated based on walking speed of 1.2 nV/sec and initial walkin";ime
of 7.0 sec. These are the minimum green time required for the veh\‘icuhr
traffic on the minor and major roads respect ively. )

2. The

: g‘reen.time required for the vehicular traffic on the major road is
Increased in proportion to the traffi

1¢ on the two approach roads.
3. The eyele time is calculated after allowing amber time of 2.0 sec each.

4. The minimum green time required for cle
acycle is determined for each lane of the approach road assuming that
the first vehicle will take 6.0 sec. And the subsequent vehicles (PCU) of
the queue will be cleared at arate of 2.0 sec. The minimum green time

rzquimd for the vehicular traffic on any of the approaches is limited te
16 sec.

aring vehicles arriving during

5. The optimum signal cycle time is calculated using Webster’s formula.
The lost time is calculated from the amber time, inter-green time and
the initial delay of 4.0 sec for the first vehicle, on each leg.

6.  The signal cycle time and the phases may be revised keeping in view the
green time required for clearing the vehicles and the optimum cycle

length determined it steps (4) and (5) above.

Que 820. I At aright angled intersection of two roads, Road 1 has

four lanes with a total width of 12.0 m and Road 2 has twq ]anes
with a total width of 6.6 m. The volume of traffic approaching the
intersections during design hour are 900 and 743 PCU/hour op, the
two approaches of Road 1 and 278 and 180 PQU{hOUr on the two
approaches of Road 2. Design the signal timings as pep, IRC
guidelines.

D
N,

‘ v A N
i, Tl

Pratlie Hugineening

p e
s Y

o \ g s'ti\"’\\\"
— . X . ‘ 6.0 POREX \‘ )
Answet s pond 1 and voad 2= = ‘\\"A“‘“l‘(‘l‘»’\\l' raitic QoW

{ventd \\'.“" ot ‘r‘:‘ i x-\h\\l 2= OO0 t\l\d IEN] ' *

Glven dad Land res
on

'1\':““\‘{“‘:‘“ 278 and W0 pPOU/he
ot = - o
. nal timng.

s lane
R Quvoluwme per e
ToFindi® whv

e sad 1
el frattic on ros
LoD - 450 POV,

)
Designt tratiic on road 2

Higher of the twe appre

=278 PCU/he
l:. 11 120 # 70 = T e
1 o 1 = .
Pedestrian green time for row L2
edestrian ¢

3

12 = 88 r T = 120 80¢
. Pedestrian green time for road 2= 2
X 1 ad 2, G, = 170 sec
5 Qreen time for vehicles on voad 2, G,
IWN ] . i
17x B0 atssee
1 { ‘:,4N*""‘-«_‘\\
5. Gre me for voad 1. G o78
o \ s anuber and 2.0 see, intersgreen
7 Adding 2.0 sec, each towards cloarance amt oy o 016
A g 2.0 sec, v i e 3
" e d for each phase. total eyele time requit
perio $ R
st 1 iplas of tive see, and so
8. Sienal evele time may be conveniently setin multiples
S0 Signal ©) ms
he cvele time = 55 sec. ‘ —_
e, 5 - cyele may be appertioned to the green timwe
9. The extra 2.5 sec, per cycie

aas nd 2 as 1.0 an LOsecan@aso ) = < 3= 200 sec and (1,
roads 1 d2 1 al ec and C 275+ LS QRUR and "
Q{ Q 3t 3\ 0 sec w \]

=17.0 + 1.0 = 18.0 sec.
2 () 3
10. Vehicle arrivals per lane cycle on Road 1
= 450/55 = .2 PCU "
» .y W e el ] :X
11. Minimum green time for clearing ve hicles on Rowe
. = 6+ (82— 102 = 20.4 see
agd 2
12. Vehicle arrivals per eycle on Read 2
= 2TYEH =5.11PCU
N hyelas " \)\
13. Minimum green time for clearing ve hicles on Road 2
N =
=6+B1-102= 142 s
14. Lost time per eyele = (Amber time + Inter-green tine + e lost for
st tan 3 A | -
- i:iiinl delay of first vehicle) for twe phases
= (2+2+Dx2 =10 see
15. Saturation flow for Read 1= 52§ x 8 = §130 PCUMe
403

~ o _ . Pl A \9‘ N r(. ~
16. Saturation flow for Road 2 = 1850 + 5= 18T PO
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Transportation Engineering

3~
900 L @, . cering
17. ¥, = 5= 0-286and y, = 278 l . Traffic Engineering
3150 2 ﬁ;]z <014 40 (CE-®
. 8 3’ p ]
18. Y =0286+0.148=0434 ; oflntcrscction at Grade: All road intersection \.?Vhl(:h meet at
19. Optimum cycle time, A bolf; {he same level allowing traffic monoeuvers hkte mzregmg,
av® ing lled intersection at grade:
1.5L+5 15x16+5 divefg‘"g' crossings and'wcavmg.are called intersect el
v TI_Y  1-0434 =°l2 ifere are Many types of intersection at grade and are descrl :
; . 43 e, Tee InterseCtion : Tt is one of the common type of intersec‘iiofl at grade.
Therefore the cycle ime of 55 sec designed earlier js aceep L 1t,eis l;,,-(,‘,-ided at the time when two road meet each other atright angles
90, The details of the signal timings are given in Tab, Ptable < s 90%)
e, 3. ' (i.e . ) .
Table. 3.20.1. 20.1 " Y_Interset:tion : It is fit for three roads joint at 2 place at dlﬁ'et"ent
e les. Itis also named as three way or fork intersection. Precautions
Road Green _ Amber Red m should be taken while designing such intersections to avoid accidents.
Road 1 29 2 (22 + 2) i, Cross Intersection: It is provided when two roads Cross each other
at right angles. It is also called as square intersection.
foad 1 2 (33+2) 55 ‘ >< l
(a) Cross (b) Tee (c) Skewed cross (d) Staggered

Intersection at Grade and Grade Separated Intersectio W Y >é A__\_
s,

CONCEPT QUTLINE < (e) Skewed (f) Wye (g) Multiple (h) Skewed-staggered
Fig. 3.23.1. Types of intersection at grade.
I ion .
ntersection : Following are the types of intersection : iv. Multiple Intersection : This type of intersection should be provided

in case when more than three roads join at aplacein different angles.
A high precaution is needed in such intersection to avoid accidents.

Skewed Intersection: Skewed intersection is to be provided when
two roads meet each other at an angle expect the right angle. It should
be used or preferred only in case when there is no alternative.

Questions-Answers vi. Skewed Cross Intersection: Skewed cross intersectionis provided
: when two roads cross each other at angles other than right angle. This

is also named as acute intersection.
B. Grade Separated Intersections :

u ,
Que 3.21. | Enumerate the various types of jnt : 1. When the two or more roads intersect at different levels then such
Intersection and the

i. Intersection at grade.

ii. Grade separated Intersection.

Lon T Yp and ]"edlum An W Q estion
g AI'IS‘V €r 1ype swer Type uestio.
5

intersections are known as grade separated intersections.
2. Typesof grade separated intersectionare as follows :

AKTU 2016- :
. 17, Marks 10 i, OverPassesorFly Over: In this type of intérsection, major highway

basic principles involved.

is taken above in embankment across the other highway by creating
] ver bridge. Over pass is also called as fly over.
" Types of.' Intersection: Following are the . an ayer bricy g Y
At grade intersections. types of intersection : ii. UnderPasses:

B. Gradese . This is the type of grade separated inters tion in which
separated . a. is is typ r p ntersection in which one

intersections. highway (minor one) is taken by pressing it below ground level
across the highway by constructing as under bridge.
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Que 322, | What are the advantages of o,
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Trattic Engineerning

426¢ CE0
antages of an Under Pass : '
Ad“-“ arning to traffic in advance due to the presence of an under
me’:,l;l(;i‘c‘l?cnn be scen from distance.
- the major highway is taken below, it is advantageous to the
i Whe! , traffic because the traffic from the cross road can accelerate
mr'rll;n;escending the ramp to the major highway.
.. :I:Zfﬁc from the major highway can decelerate while ascending the
B ramp to the cross roads. o o
., The under-pass may be of_advzmtage w_hon tf‘xe.m;un. hlghfx‘a;.- is t&l{er?
" along the existing grade without alteration of its vertical alignment and
crossroad is depressed.
Disadvantages of an Under Pass :

Drainage problem during rainy season when under pass is depressed
" upto 5-7m below ground level.

Necessity of pump to discharge water.

Feeling of restriction to the traffic at the sides while passing along the

under pass.
No possibility of stage construction for the bridge structure at the under

pass.

PART-8

Design of Roundabouts as per latest IRC 65-2017.

CONGCEPT OUTLINE

Rotary : Arotary is a type of circular intersection or junction in
which road traffic flows almost continuously in one direction
around a central island. :

“Lige pmhfem_
< Pr'EferEn o

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 3.24, | What is traffic rotary ? What are its advantages and
limitations in particular reference to Indian conditions ?

[AKTU 2014-15, Marks 06
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redarc circular, elli

octing roads.
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The vV ario
shapes:
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Roadway *
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¢ Rotary ) )
flerent radii at different points
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do]wnding o1
Rcmnununded
(\f ontry curve.
at entry is 25-3
Rotary Roadway :

jdth of carriage way
as to go round the onc

1 shapes o .
mes the radius

minimunm radiiof ¢ alisland is 1.33 ti

. 5
Radius ) m.

width of the
at entrance and exit should be 5 m.

The minimuin W
-way rotary roadway at

All the traffic rotary h
Jeast ashort distance.

idth of rotary roadway betwee
rbis effective width of rotary.

The minimum W n the edge of central
island and adjoining ke
Weaving Angle and Weaving Distance :
The angle between pathofvehicle entering the rotary and that of another
vohicle leaving the rotary is called weaving angle.
The length between djacent roads where

operating takes place
Recommended value of this 45
Width of Carriageway at Entry and Exit :

The carringeway width at the entrance and exit of arotary is governed
by the amount of traffic entering the rotary.

um width of carriageway at the entrance an

9 channelizing island of a
is called weaving length.
_90 m for 40 kmph design speed.

The minim d exit should be

0.5m.
tary : The practical capaéity of the rotary is dependent

Capacity of theRo
on the minimum capacity of the individual weaving section. The capacity

is calculate from the formula
Q.= 280 W(l +e/W)1-p/3)
! (L+W/L)
Q,= Practical capacity of the weaving sec
rotary in PCU per hour.
W = Width of weaving section (6 to 18 m).
e= Avert}ge width of entry e, and width of non-
weaving section e, for the range efW=0.4t01.0
L = Length of weaving section between the ends of
channelizing islands in metre for the range of
W/L =0.12t0 0.4

where i
N tion of a
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o = Proportion of weaving ¢
¢ 2 traffj

O -

J=

a-becsg Mtherangeoyyy, 0
a = Left turning

e traftic moving

along left ext
Xt

a =

5.
Right turning tr.

affic e
extreme lane. Moving along
 (eat N
b = Crossingveaving traffic turn;
while entering the mtan_m'mng towargs .

c= (_'\mthu_/“_ a .
S sweaving triimct .
= urny

while leaving to rotary:. 8 towargs !
e PART-9
ighway Capacity and Leve] i
o ¥ vel of Service of Ru ]
an Roads as per Latest IRC Recom;:izfihf{lway and
ation,

Questions-Answers

Que 3.2 , i v
6. | Describe the level of service of

Gives its ClaSSification_ rural and urban highwas
A Level of Sepyi
. ervice (LOS) : It § i
quality of traffic service Lo o QUitative meas
trafiic flow and 32?::16 o Isused to ana]yz?ﬁ?“];”f’ used to relate the
measure like speed ‘degg.?“aht)‘ levels of traff; cgba‘;ac}; s by categorizing
) ’ 1y, ed on performance

de]ay, efc_

Operating wpee

.
N

i

Volume capadty ratio ———p
Fig. 8.26.1. Level of service 4

&

R fLevel of Service:

.

I

e

=4

iv.

 ono
l'ln_ﬂsiﬁmtlon

Losas o
flows ato

te mobility hetween lanes.
1 between vehiclesis abo

ea high-levei of physic

i r ﬂ])OVC the pOSt
Trafhc
compl® ut 550 f (167 mor 2Tc lergins.
race gpzltil

hav

e a1 and psychological comioTs
)lotgriStS

1LOSB:
asonably free flow-
fee lightly restricted than LOS A.
The lowest average vehicle spacing is about 330 £ (100m) 16car
testillhavea high level of physical and ps:-‘cbo!ogical comiort.

lengzihs.
engils

Traffic stream 15 2

Motoris
LOSC:

Stable flow, at or near free flow.

more driver awareness.

Lane changes require )
about 220 ft (67 m) or 11 czr lengzos.

Minimum vehicle spacing is
Most experienced drivers are comfortable.
LOSD:
Approaching unstable flow.
limited.

Freedom to maneuver within the traffic stream is much more

Driver comfort levels decrease.

Vehicles are spaced about 160 ft

LOSE:

Unstable flow, operating at capacity.

Flow becomes irregular and speed varies rapidly.
Speeds rarely reach the posted limit.

Vehicle spacing is about 6 car lengths, but s
80 km/h.

LOSF:

Forced or breakdown flow. Every vehicle moves
vehicle in front of it.

Travel time cannot be predicted.

(50 m) or 8 car lengths.

peeds are still at or above

in lockstep with the
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ol Aroadinaconstant traffic jam is gt this Log

Que 3.27. | Discuss the highway capacity ang its g

ffogy,
i}
Hfa%
Answer I
A Highway Capacity : It is defined as the Mmaximum
which persons or vehicles can be reasonably expecteq E urly Tl
point or a uniform segment, of a lane or roadway during: tfﬂverai
period under prevailing roadway, traffic ang control conditign:en fiy
B. Factors: Following are the affecting factorg thighway Cﬂpac:t
1Ly
L Traffic Conditions : "
L Itrefersto the traffic composition in the road such ag the miy of
trucks, buses etc in the stream. =,
i It also includ'es peaki'ng characteristics, pProportions of‘turm‘hC
movements at Intersections, ete,
2

Roadway Characteristics:

. This points out to the geometric characteristics of the road.
i  Theseinclude lane width, shoy

alignment and vertjca] alignm
Control Condit;
often refer to the

Ider width, lane configuration, horizontd
ent.

ons : This primarily applies to surface facilities and
signals at intersections, etc.

(2]

©0©

Pa 0p 0 @y coanererree T
P i f Subg‘rgd ) :
et Arggrerg‘::: and Binding Material t
| V e T and :Geation Of v o 4-10
i ests S‘ ecific ttl ; 4-6C C
Part-2 ¢ arious : ¢ 11.‘) |
Part-3 T e vement and e 4-10C to 4-13C
yp ent and w.ee
es of Pavem
a t- 4 N ST 4-13C to 4-14
.P g i DOUS cenremmeeee st C
. Design of Bituml :
ﬂrl't- | GSign - v ...4-14C to 4-18C
P 5 D i pavement ..o
i f Flexible vomens -
e byes(llBRoMethod (IRC : 37-2012 |
r , oieassasesenTr to
a jgn of Rigid pPavement .. 4—18(: ; 4.]9‘0
P ¢ : Dest -
t- . CRPURUTORRR L L, by
Part-7 w rgaard’s Theor),..: b 4-20C to 4-27C
gl L e:;: and temperature stre .
ar S — 4-27C to 1-34C
Part-8 JOINES sermemeress t t
ar o 0 igid Pavement ..o 4-34C to 1-36C
P 9 RC Meth: d of Rigid E; veme
SR {)esigu (IRC : 58-2015
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— gy

».‘{.: ! “ﬂ"’]

N

4-2C(CE-6)

Highyy, M
g

Pr‘opmﬁe‘:o Sub }ade arega
i ingMa i
te AQ.

C
ONCEPFT OuTLINg R

Subgrade: T|

: The top surf:

pavement structure anTi :ﬁislf; e
ers

Ag :
gregates : Aggregates form ne

the road st
e ructure. It bears the m

adbed soj
il u
are constructggn Whicp, th
. 3

arly 75

L %t
ain stre 0% vol

s
ses occun-ingu.m"3 of
i

N the

Type of Aggre W, w
ggr : i
gates : Follo Ingare two t
ypes of 3,
E8regat
e

i. Natural, and
iil. Artificial,

Yo

nmu

\
\

Questions-Answers

Long Ang
wer
Type and Medium Answer Typ
e Questio
Ons

Que 4,1
What are the pProperti
] ies

constructi
e of su
bgrade soj] in roaq

Answer
1 Intr
ansport engi ng, sub
gineeri T
ot ot N 81'. S ¢ g ﬂd@ iS thE nati
; ve

- orrailway
. ollowing are the desirab] sy
L Stability, hepertes

ii,

b
aterial underneath 5

1o

of subgrade material;

A Incom pressibility
i, .
Permanency of strength,

iv.  Minin
num changes i
i gesin v
\ ather and ground w;):g;ne and statility tnd
r. X . e
Good drainage. - o T
vi 3
Ease of compaction

. -
mpnrtulmn Jan o
fral® l .
the l'r(’l’(ﬁrtic.‘i of ,mml umarqmt(,
ue

| et
jnecring — .

which arc

what arc i
m su,uction work ?

-ond con
it for ¥
swer LT . are the pro sertics of
Ap ties© Good Road Agg’rcgutc : Following yre the prof
prop® p .
1 gaﬂd road nggrcgatc :
prdness * - ont -+ resigtance to the

k v od aggregates should be sufficient hard to offer resistance

i The o jon and attrition.
ction of abro*! : bbing action with the

~ate are always subjected to constant v ing ¢

j The ager B0 It is known a5 abrasion. It increases 11 the presence 0
moving traflic. t 1_5
abrasive matcrinlhke san y

i The mutual rubbing of ston¢ is known as attrition.

2 gtrength : ' .

i The road aggregate should be sufficient strong to withstand the stresses

" geveloped Jque to wheel load of the traffic.

;. This property is especially desirable for the road apgregates whichare to
pe used in toP layer of pavement .

3. Toughness 1t is the property that enables the nggregate to resist
fracture wheD struck witha hammer and it jsnecessaryina road meta
to withstand the impact blows caused by traffic.

4, Shape:

{ The shapes of aggregates may be rounded, cubical, angular, flaky or
elongated.

i Theflaky and elongated aggregate possess Jess strength and durability-
It is not used in road construction.

iii. The rounded particles preferred in cement concrete road.

5. Durability:

i. The durability of an aggregate indicates its resistance to the action of
weather and is largely depends upon its petrological composition.

i, Theroad aggregate should possess sufficient soundness to resist the
action of weather and age of the road.

6. Cementation : The binding quality of the road aggregate depends on
its ability to form its own binding material under the traffic so as to
make the rough broken stone pieces grip together to resist displacement
by traffic.

7. Adhesion with Bitumen :

i The aggregates which are to be used for the bituminous pavements

should have less affinity with water as compared with the bituminous
material.



u'k,:h\\':\\‘ Aaterials

cad 0 the separation

tewilll
co ofwater.
materialg

different types of bitumineus
the desirable properties of

Que 43- l What are the

used in road construction

bitumen.

Answer l

inous Materi als ¢

< Discuss

aders used in pavement construction works include boty
ed by the distillation of petroleuy
destructive distillation of cog)

eum product obtain
obtained by the

. Following are the types of

d
petrol
spoqs road taris
or wood-

Types of Bituminous
bizuminous materials:

1. Bitumen:

It may be furthe

ot

Materials

r divided as petroleum asphalt or bitumen and native
1 native asphalts are available. Native
apure or nearly pure state in nature.
d with a large proportion of mineral

asphalt.
i Thereare different forms in whict

asphalts are those which occur in
asphalts whichare associate
k asphalts.

#i Nstve
1 is reduced some times by a volatile diluent; this

matter are called ro¢
i The viscosity of bitume
material is called cutback.
When bitumen is suspended in a finely divided condition in an aqueow
medium and stabilized with an emulsifier, the material is known &
emulsion.
2 Tar: It is the viscous liquid obtain
such as wood and coal are carbaniz

od when natural organic materids
od or destructively distilled in the

absence of air.

Properties : F ollowing are the propert ies of bitumen:

time of mixing and compactis

S
1 The viscosity of the bitumen at the
should be adequate. "
cial should not be highly temperatur® suscepl
off from the ST

9 The bituminous mate
In presence of water the hitumen

2
(LN

Que 4. ’ What are difference between bitumen an

<hould not strip
dtar?

T — RN

TI.‘HI\ ortati, Tnyr eoring. 5C T
S Pa i 1 ( Eﬁ)
llLIlanLil ori s
I
.‘\Hb“t‘l ]
5C C

e Cutback bi
it :
o hasbech reduceq by .
'Pes of Cutbacks . Yy

Rapj .
pid Cunng Cutbacl -

deﬁned
as
a volatile dilue;}:

h wil) Apetr
rapidly oleum gjst:
Ly evaporate 5 iftsetlillate such
using in

Meg; Enis 80 to

Thee ing C .

fntgilil:;l n lil'ltbacl‘is : CofRC

\ . uxed t

rIC Cutbacy, 8-point sol(:f ot erer uidiy

usecgj‘r Solyeny ;ll)oz' te relat entlike kerosen}c; yl ording with

vill vely at or light diesay o1 2™

. slow diesel oj
ate ol
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3. Slow Curing Cutbacks :

i These are obtained either b

gas oil, or by controlling th Y blending bty

¢ rate of flow g

. men wi
during the first cycle of refining :

nd tem high‘
Perag
SC cut‘backs or wood soils harden o "
material. " setway slowly
as it jg

ebailing

o ..

Cth c"r‘:;:]u
3

Uses : It use in surface dressin )

» - Semi
soil-bitumen stabilization £S, some type of bitum vulatﬂe
. e

Tests : i )
ey s. Following are the test carried oyt oft cui Cadap,
M t-ciiliy tests at specified temperature using utbackg bitume,
istillatio istillati *peci i :
Dot ﬁm;lttl;ast to find distillation fractions, up 1, Cified size op orj
. : e residue from distillation Up,t % O specifieq te .
enetration test, ductility test and ©360°C, mperature

. » . t .
;;SU.;phlde on residue from distillationes:) le‘alslz)atter soluble in
ash point i . -
‘ point test on cutback using Pensky Martens ¢] d "
. 0sed type g
Pp

Various Tests and Sp
a4 and Specification .
e s of Aggregate and Bi
. inding Matep;oy
. terial;

— CONCEPT OUTLINE
Inding Material : Bit

S e :Bitumen and tar play t i

. adhesive property to bind the ro}:)ad )c,oxlllsetmle ?fbmdel‘material.
: iStS for Road Aggregates : B o e
aboratory on the sample of road.

Followin,
g test are i s
agiregdte carried out ip

1. Abrasion test, iil. Crushi
Impact test Eaig
. : iv. Shape test
oundness test. -

_é: 5 < E

s e . y .
p ‘cxﬁ'c gravity and water absorption t
Stripping value test. =
jl‘est for Bituminous Material ;

L Ductility test, ‘

1L
iii. Float test. ; Flash and fire point test
. iv, o e .
v. Penetration test, vi ;"’;5 on heating test.
vii. Solubility test. w_ﬁ' s" ening point test,
ix. Viscosity test * Specific gravity ¢
. st
. X. :
xi. Spottest. Water content test,

ran®

e |

-

LA ’;‘lﬂ f 1,‘ NV o
R
‘4Wﬂ’$5i'ﬁ 23
s

47C (CE-6)

L ering
rtation Iunmnctrmy,
ports

Qucstionﬁ'Answers

r Type Question?

4\ Explain different tests of road aggregates:
que 4

AKTU 2015-16; Marks 10

5 t on Agg‘regates B .
3 Crushit Strer_lgtha'll-' e :ves the crushing strength of 2287 egate UP
j Aggregate crushing ¥8 ¢ g:l ithout fail
¥ o whichitcan bear the load Wt ol compression (esting
i To conduct crushing strength test Wen (11]15 S
" machine, cylindrical measure, plunger 2 S 125 sjeve and
i, Firss S sm‘ple a:ggregatg, 'agg;fgl%()-il)l() °C for 3-4 hrs-
retaining 10 mm sieve is oven dries el L espering
iv. The cylinder is filled with aggregate1n 3 layers, 23 strokes 0 D
for each layer. ] rson
v. Notedown its weight and insert the plunger and placed iton compressio
testing machine. ) ) ,
vi. Apply the load at uniform rate of 40 tonnes 10_ad in 10 mmﬁtg:,ééfhen
‘ stop the machine and crushed aggrengte is sxev?d through 2.36 min
sieve and aggregate passing 2.36 mm sieve 15 weighed.
vu Aggregate crushing value can be obtained as:
Aggregate crushing value = W,/ Wy %100 %
2. Abrasion Test on Aggregates : - .
i Hardness property of aggregate is determined by co nducting ab_rasmn
test. Los Angeles abrasion lesting machine is used to conduct this test.
i For this test, the sample taken should be clean and dried. _The sample
is weighed W and placed in Los Angeles testing machine and the
machine is operated.
iti. Machine should be rotated at a speed of 20-33 revolutions per minute.
After 1000 revolutions the sample is taken out and sieved througt
1.7 mm sieve. ,
iv. Sample retained on 1.7 mm is washed and dried and note down it
weight Wy
v. Aggregate abrasion value = (W, — W)/ Wy} x 100 %
3. Impact Test on Aggregates :

Impact value of aggregate will give aggregate capability against sudds
Joads or forces. For this test also aggregate passing through 12.5 m
and retained on 10 mm sieve is taken and oven dried.



Fill the cylinder w
each layer. Weight W, noted

. The cylj i
ylinder is pls ;
hammer. Aﬁrpl& ]P]d‘ced N impact toce: L
release frc..lyrr-[{)},acn,lg the cylinder ;:-tmg Machin, ¥
blows, Afterthap np ool blov; 0 hammer i g o
CAfterthat t W the aq 1S raise
2.36 mm sjgr\,l}]""-ldk!: down the mrr:p?b’megami o
eve i5 wei " Sample and sy
. svweighed as W,[ nd “BETegay

4. Soundness Te

. N .
1 l(] ([(t(‘l"l”‘ lh,'Vv’-lll ’llnu
1scon ]UC“‘(] “ ”N' resistanc
t {

then it wi
wen it will have high durabiliyy

ii. l' we od s [}
or .N()Un(lf CRE Lest n ((i ¢]
: , som
. Sulllh ite or magnesium Hllllh-l!(
11 Il ¢ 80 Colagpregnte ass [“" ‘l
L 1¢ 8¢ I -
"lp' ]r{},\}, (].,.ll Yass] -
-{00 micron sjeve 18 V
l]ll‘l“ in ”I( ‘- U B
h ‘mi b tonfor
v *chemic II lll” f
rample iang ri ‘1(]‘ at ll
. 1 I( I l l! Ic (l “ n ove
times !(ll one ﬁ.’ln]pll‘

the di |
lifference in w eight loss

1¢ Wej tloss s ou Ly

I'} " lkh loss ] ’l
1 (

184 ifm

v,
below 12

5 8§
hape test on Aggregat
! oS
Shape of aguregate is

init If the
it ey contain this
il unthis

1.

;I}T}w percentage

e 3/51 is
e h of its mean dimension §
pereentage by weigh egaien
15 1 8th times Ih:‘l;‘l

In this test shape

containy

n“rf:‘:umng sample is

tained on Thirkne;

\"\v (v 0 -

Bl ighed to an accuracy of 0.1
itu : s
. men Adhesion test

L Bitumen a )

aggregate,

" Mean dimension

passed throy

dhes

€301 test will give the
5 - L

& Todetermine the Strippi
;ﬂndum‘d on a,:mza?:‘
itumen and dried. -\I't N
for about 24 hours. St .
Stripp

dlf‘ this test
¥ing they

1ng value of

ith aggregate

Aggregate impact valye = (W /v

Fesistance of 4o
AFNNST we

taken. Dry and weigh
and weigh

agnesium s
Rnesium sulphate 1s gsed

o e ¥ - alsoimportant consi
ARRTegate should not cons 1» ‘
ir
Iy pe i
Ypeof particles, they will a
by wei
Vweight of aggregates wh
tof aggregate partic
test g
St gauges are t:
Ses are taken and

A
Bauge and materia]

1ng value of bitumen

1n 3 ]2_',‘(;]-:
3,

=100

st on Aggregates

SRTegate
.I”!t'rinj.,' is gm(‘;(;uﬂdr_&g
od fo

RE v

. « -

chemy -]FO]U“O S na cly g,
h Mica ns dmely 8
A

i ,
trough 10 mp sleve ang
o ety
the sample ang jpo
A n}urs, After thay 'N: '
10 °C. tepeat this prc—:(t"-v- .
aRRregate finally and «g‘éi
Y and nota ¢.
Ll v .}

ibout 18
)-110 ¢

% if cod;
“ i sodium sulphate is used, b

o
;" ration for the construes
1{laky and elon d partic

Y and elongated par

fTeet the stablive

wse least d foni

. ast dimension is les

s called as flakine ¥ "'"5:"‘
o K1ess index. o

€3 Whose greatest dimensioa

iscal 3
scalled as elongation index.

minimum of 200 pi

; of 200 pisce

Sh and miz 1 08 200 pieces
respective gavges, Materi)

retained on length gavge

0 Aggregates -

stripping of b:
PPIng of bitumen from 122

o static immersion tess it
3 : erson test =
az::f’b.ﬂ'r@gates are coated with
3 . ; - e
Immersed in water at 40 °C

aggregate should not excead 5 %
14 D L.

bsO
ter 277 .
oWt el min
o' stest B 4 dried- Place
: pefforﬁ‘ pe cle? ed an path
I s ple sho sket1n gistilled ater batt grain for for
The = d dipt bas= frer tha ,'3.110\\'(_’d 1t to ake to
B b'-,“_—:cﬁ af ket for 9.4 hours and alte ot ond c:\'pOSC‘d them
. et he bﬂ;:re rates chould be raken c;n O earegates W,
P B ot . aares
B poutes AZ-: Jight. Afer dr3 g, WelE 110 °C for o4 hrs. After oven
ﬂmosﬂh Z - apgregate] ven 32 10
i enplec +y the 2887 gate Vo bed 10
T grying again ¢! e ih. y ressed as the percent water absoT
o corption! E
The watel ilg b g weight fthe aggregates
v s of oven rn . inous
i d out on bitum
be yarious tests carrié
m pescri
mmcrinb‘-
Test on Bitumen *
tration Test 5 i . measuring the
ieguiasurcs the hardness oT softness of bltuTe:zllng'“llI:;i nccdlg e
depthin tenths of 2 millimeter to which a standa c
penctrmeverticnlly in 5 seconds. b atotal weight of
. The penetrometer consists of @ needle a.?sen'lbly wit a tot:
~ 100ganda device for releasing and locking 1 any po%llmn. . v
i The bitumen is softened to 2@ pouring consistency, stlr‘rcd t oroui[.,th;, -
and poured into containers at a depth at least 15 mm in excess 0! ::l
expected penetration. The test should be conducted at 2 specifie
temperature of 25C. ) o
iv. Agrade of 40/50 bitumen means the penetration value is in the range
410to50at standard test conditions. In hot climates, @ lower penetrat:on
gradeis preferred.
2 Ductility Test: o
i Ductility is the property of bitumen that permits it to undergo great
Ductility is defined as the distance in cm, t0

deformation or elongation.

which a standard sample or material will be elongated

without breaking.
i  Thedimension of the briquette thus formed is
bitumen sample is heated and poured in the mo
a plate. These samples with moulds are cooledint
| water bath at 27 °C temperature.
& The excess bitumen is cut and the surface is leveled using 2 hot knife.
Then the mould with the assembly containing sample is kept in the
fhater b‘;‘lﬂf"f the ductility machine for about 90 minutes. The sides of
e moulds are removed, the clips are hooked on the machine and the

machine is operated.

briquette of the

exactly 1 cm square. The
uld assembly placed on
he airand thenin the
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vadwe which ficveportod iy eny. end gy gy, y R B gtructural desig
| n . ) “[",i g ‘ - - .d on
Voo Aminimv duetility value of 7 e i by, o ly T ent s Bare
il ), pve e
b Soflening Point Vont ; ¥ thy Iy o0 "w“m»t:ﬂ : fpﬂVement:
{ v y ' T din b ynenti .51gn 0
b Softentug point denoten the lemperaturo o wWhich th "l"”\)il[;"yii'l” V”V'Jinl the factors for desig
) f , L] ek i % are the lco

apartiealar doproo of moftening undor (e mpecifien jo, ,l"]|,|”'""-1llir i :ii:i(l praver” Following are
) , , ) A0N1 g ‘1‘“1 g M P ]
i The et i conductod by uning rig and o) gy, , Illil"‘iw ’.m,‘t‘ el loud. th

containing teal nmplo of hitumen in napemled iy, quui:l' il briy Ty . l"”"”""l(. foil “““”“/t r'nfll(:r'mlb'-

rlyeorinat n piven lemperature, 4O Watgy i b'u!’”r'm]tconum"‘;“”m,n;c factors.
m \ , v pavern ol and cHIBE
W At halla plaeed upon the hitumen mnple ane {130 liguiq I ll,-nvir(,mn(«'"t"l ——

heated ataente of 6 °C por minuto, Mediuj, %
e Tompernture i noted when the

noftoned hittmoen Loue] T

-Answers
‘e ' 105 Lhe ¥
plate whichin at nnpocifiod di nnee holow. Mol

Questions

Type Questions
wer
»dium Ans
d Mediu
Yo Generally, highor noflening point indicatog lower Lomporyg,
sareeptibility nnd i proforred iy, hot climaton, T :rement of good
»qquire
4 Vlond Tont - ¢ and give the red
. ) . ement
Lo Normally the consintoney of bituminous material ean he measured eiffey "m What is pav ‘
by penetration o, op visconity tent, But for cortain range of consisteneiey fiue
thene tontn nro not, applicable wnd Noat teng iy used, ' an‘«"“cnm'
[l . ' " v
o The apparatun conninty of wn aluminum Mot and a brasy collar filled Answer <11 laid down on
With hitumen to be tontod, ' ble surface material EEET o
T ' ¢ ; . 1. Pavement: .nt is the dura ¢ traffic, such as
Lo The specimen in (he mould ix cooled Lo tempoerature of 6 ¢ and ’ ad surface or pavemen vehicular or foo
verowed fu o flond, Azon a intended to sustain ment :
. . , an ares . of pave :
v Mo total Lont, aniembly is flonted i the water bath at 50 °C and the Ltime walkway. < are the rcq‘”r("ment P es to asafe value
voquired for wator 1o P s way through the specimen plug is notedin 4 Requirement: Following heel load stress
roconds and in oxpresiod ny tho float value, B
B Loss on henting Test s

distribute the W
L Whon (he

i, About Ko

i, Sufficient thickness to

on the subgrade soil.
bitumon in hented ;

Lloses the volutility and gets hardenced.

it.
imposed upon1
tresses 1mp
trong wwnhstand all typcst(’f:'dding of vehicles.
. . , ron nt sk1
i, Structurally 8 friction to preve igh Speed'
. i i riction : n at hlg
B of the sumple iy weighed and heated to o temperature of i, Adequate coefficient of . fort to road users eve

163°C for b hours innpocified oven designed for this Lest. l,]L 3mooth surface to provide CC’“_“ chicles. 3
o The N‘l\l\\l‘l\' specimen is woighed again after the heating period and loss iv. b)mf:;) < loast noise from moving v afty is not impaired by reducing

b welitht b oxpressed v the pereentage by weight of the original sample. v. Produc at traffic s
ivi Bitumen used iy Pavemont mixe

inweight, hut, fo

face so th
) | t proof sur

pay e should not indicate more than 1% {":‘;‘ v l\:)i:?hilgl)t,y- kg
‘u:;:)t\l\:?:lm having penctration values 150-200 up to2% ous surface, 50 tha

loss in woight iy

grade soil is well protected.
vii, Impervi

i ance cost.
Long design life with low mainten )
. ) viii. Long . R
PART-3 Compare flexible pavement with rigid p
- . 4.9. ‘
Types of Pavement and Degiyn Factory ——’_\Q o
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4-13 C (CE-6)

Wheel load on pavement is
t thickness to be adopted-
from wheels doesn't

avements:

e on
pfluenc ; :
orto determin® the pavemen

Flexi
- lexible pavement
* DEform ati . 5
. 10N in ig A o
is transferred :he Sub-grade Def, 8d ) dequate thickness, the load comng
]ayeTS' o the upper Ormatmn :pr g‘l’ﬂde s01 .
[ 1S not tra e nfrcct ration : Axles are the important part of the vehicles
2 Design i Subse DSfery, 0| , AU C ‘heels to rotate while moving. BY providing multiple
is based Quent | p o L D end les the W ’ P oinl < th
distributing ch on load | Deg; .y L “1;161 picle can €A% more load. So, the axle load als0 influences the
aracteristi sign jg | ades Yo cement. :
the component layers ¢s of { strength baseq o, 0 Josign of P
) T slab g, ssure:
tiog | % P:: the yehicle is moving on pavement a pressure developed between
_ yhen
Load is transf; Have high 110 i :hetire d avement. -
erred by grain to Nos Xura] strengIh . [fthetire is low pressur e tire, then contact pressure will be greater than
5 H to uch Phenomello ‘ tire pressure-
. i n . : 5 i ss i
av? low completion o grain load transfe; of w it is high pressure tire, then contact pressuré will be less than tiré
repairing cost is hi ost but | Have Jo exl pressure:
gh. compl W Tepairing oo | 4 Vehicle Speed If the vehicle is moving at creep speed then also damage
Pletion cost is high b occurs to the pavement. If vehicle speed is gradually increased then it
Life span ig i will cause smaller strains in the pavement.
to flexible TMOre as compyyg| 5. Temperature Effects on Pavements Design :
Pbavement. { Temperaturé is the important environmental factor to be considered in
the design of pavement.
ture affects the resilient modulus of

Surfacin
g cannot be laid | Surfac
e can direct]
y

directly on
the sub
sub-base is needed,grade but a | subgrade.

N
o thermal stresses a

is v i
ery less in concrete.

Ex ansi
Xpan oy
pansion joints are not

needed. Ex; ion joi
xpansion joints are needed

|

Rolli
ling of the surfacing is/

Rolling of the surfacing is o

needed. R
required.

. Que 4.10.
10 | What ar,
: e th .
pave e design factors :
ments ? considered in the design?

i I, |
Answer AKTU 2015-16, Marks ¥

Followin
g are the
factors considered in design of
of pavement :

laid on t:

re|T
hermal stresses are mox

induced as
the
the abili pavement ha
ity to co s | vulnerable to be i
. expand freely. niract and | ability to coZtbe Tdui:d‘mhi
. ract an expa_ud

In case of asphalt roads, tempera

surface course.
In very hot condition a
temperature, asphalt layers become

PART-4

1 of Bifuminous Paving

o8

lose their stiffness. At low

sphalt layers
acks are formed.

brittle and cr

Mixes.

Desigr

e treatment (BST) or chip seal is used mainly on
venate an asphalt

as a sealing coat to reju
consists of aggregate spread over

K asphalt cement.

Bituminous surfac
low-traffic roads, but also
concrete pavement. It generally

sprayed-on asphalt emulsion or cut-bac

- Questions-Answers

and Medium Answer Type Questions

Long Answer Type

e desirable properties of bituminous mixes ?

What are th
design ? Discuss briefly ?

in bituminous mix

Que 4.11. l

What are the steps
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Properties of Bj
. of B :
bituminous mi:t:esl Fumlnous Mixes , Fol
: : O“,ing
ar

1. Sufficient stability

to satisf; € the
and the traffic conditions Y the service ra,« Propey,
2. Sufficient bitum » Without undye dgulreﬂle s ey,
and bond; entoensure 5 durab lsp]acem Ofthe
3 lﬂg them together a ]e pavemen . ems_ Da\-eme\
Suﬁ_icient voids nd alsg by water by coq :

Sufficient flexihil;
xibility .
t N yYevenint
o repeated application ol o]
TEmClent workabilit ¢ loads.
e mix should be
durable and skiq reth
Steps of Bitumin ° hat woulq Pl'oduée
mixdesign: oo YLX Design : Followin ol
Selection of 5 geregate garethe

gelection of aggregate gradin

P:termination of specifie gra g
C€paration of specime, -

Determinatjon of speci :

€ Most economica) onet
I1stant Pavement,

Stepsin Biturme,

L
2.
3.
4
5.
6.
7.

Desi
esign of Flexible Pavement by CBR

- Method (IRC 37 : 2013,
— CEPT ouTLINE
Method [IRC 37, 2012]

D .
€SI1gn traffic = v = —Pﬁ'i(l_*ﬂj;l_]

_ _ r xAxDx
A’ =0.05 (if not given) 4
CBR for b =P(1+r)x
Subgrade is given by

10310 CBR = 2.465— L1206 N
low €10

Thickness of pav e-l_Ilent i

t= Jﬁ[}iﬁ _ 1 /2
CBR ;J
. T

stions

/\ Explain tpe CBR method of pavement design. How 1S
que 112 | B o Jotermine thickness of component layers ?

seful
pismel2e?” [AKTU 201415, Marks 06 ]
AKTU 2017-18, Marks 10
OR
pescribe CBR method for the design of flexible pavement.

Answer ‘

CBR Method : )
CBR method also considers the characteristics of subgrade and properties
urses of the pavement.

of materials forming the various €0
CBR is an empirical test devised by California St:ztte Highways
Department, USA, in which a property of the subgradg is measured.

Procedure : .
CBR test is performed on & sample of the subgrade soil in a standard

loading device.

i This device measures the load required to cause the penetration of
plunger of 2.5 mm.

ii Cross-sectional area of plunger is 1060 mm?. Rate of penetration the
sample by plunger is 1.25 mm/min.

iv. Penetration to the sample by plunger with

required penetration of 2.5 mm.
v. Then pressure at the penetration of 2.5 mm is calculated and it is

expressed as a percentage of unit standard pressure and this percentage
of unit standard pressure is called as CBR.
Vi Testis repeated for the penetration of 5 mm and then CBR is found out.
Higher value of CBR ig preferably considered.
vii. The value at 2.5 mm penetration is generally higher. The unit standard
load at 2.5 mm penetration is 70 kg/em? or 7 N/mm? and the unit standard
load at 5 mm is 105 kg/cm? or 10.5 N/mm?.
4 TRC adopted CBR design chart is as shown in Fig. 4.12.1. There are
ceven curvesfrom A to G for different volumes of traffic to be carried by
the pavement as shown in CBR design chart Fig. 4.12.1.

o

i

]

[on

this rate is done upto the

oo g g
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Surface cousre

base course

sub base course

Fig. 4.12. 2,

Que 413 What are the design factors considered in design of
ge 419

cements ? Explain CBR method and IRC recommendations for
pa

e CBR method of design. | AKTU 2015-16, Marks 15 |
OR
Write the flexible pavement design steps and describe the procedure

inbrief as per IRC : 37-2012. [AKTU 2016-17, Marks 15 |

=t= Depth of connt

Answer

A Design Factors: Refer Q. 4.10, Page 4-12C, Unit-4.
B. CBR Method : Refer Q. 4.12, Page 4-15C, Unit-4.

Ca]Culate C. Design Steps: Following are the steps should be follow in the design of
Cal i flexible pavement.
Inty; Step 1: Fix the lane distributor factor according to required number of
Curve 1 lane in the pavement.
Now m . . 1 Step 2: Caleulate the design traffic in term of the cumulative number of
(Thws SWen CBR. S in Fro . actar riae | standard axles to be carried during the design life of the road.
Caleny, ected cum. . e soi ; o | Step 3 : Determine the total pavement thickness with the help of design
By usingn:n of Sup Co thetora] thicknes; traffic and CBR value of components of pavements.
angd fior t;-;—ia‘:{m—e . for §‘<UJSe Thi ess (£.); { Step 4 : Pavement composition interpolated from various the pavement
zbove tkc.h_n:-: Llensity val,. en CBR valps 0,~\,_:bd’ i [ design catalogue (i.¢., recommended design for traffic range 1-10 msa
Thickn,.. dsubbese 1y ta T*2d the thickneg besccoumsemarens | and 10-150 msa). ‘
<SS of sub bae cotres aotedas (To. OfPavement whichis D. IRC Recommendations:
Cal t, = 3:“ . 1L The CBRtests should be performed on remoulded soils in the laboratory.
o culatign Of Rao. =T, 2 For the design of new roads, the subgrade soil sample should be
° Dear the above Course ThicknesS ( compacted at OMC to proctor density.
a:d f_rc{:g Tafeinten UTe again fro fp: 3. Ifnew constructions, the CBR test samples may be soaked in water for
Whichis aboy, tha b;‘iﬁ:ry"ah‘é Tead t’t:x;_]he CBR valps of base comrse four days period before testing.
From this wa can = =€ Course (¢ ) ue of thickness of paverar: 4 Ifthe ma<imum variationin CBR values of the three specimens exceef_is
And ot the “a];e o the specified limits, the design CBR should be the average ofat leaff six
= T&5 - Of"a‘ samples. (The specified limits of maximum variation in CBR are 3 % for

CBR values upto 10, 5 % for values 10 to 30 and 10 % for values 30 to
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The top 50 cm of subgra

percent of proctor dcnsido should be

6. Paver by.
ments of mgj a
period and Cnlc;mr roads should be dog; Sbupty g,
¢ the design trafrc by'gf‘°d at leagy g
where i = P14 rpJmer0) Even r“*‘mulut.)r Yearg ;e
= Numb - ¢
P Numbs::fr]hcnvy vehieleg perd
r = Annual rat mav.y vehicles per g, W or degiy
N = el zate of increae of gy, - St
eS1gn period. Cavy vehig .
es

PART-g |

Desi, igi
esign of Rigid Pavement

CONCE
PT Ou
Design of Rig; o
1gid Povement ; Modulus of
- sub-grade re

action (k)

Questions-An SWers

Que 4,
‘ 14, I Explain the foll

1. M owin

2 R:l(xi\?il:’l: otfrs ubgrade react; § torms:

S, s stiffness on.

4. g:l‘tx‘;} load poﬁt?i.iﬂb to subgrade
ent radius of . )

Answer resisting section,

1. Modulu

i s of Sub.

L Westergaarg ub-Grade Reaction ;

: consi
resting on sof onsidered the rigid pay

) 1 sub
L  The upward o ahich
L1 i reaction is to be e
ased on this assumptioiss\;?sid . :
; erga

reaction K in Kkeg/om3

ement i
slab as a thin elastic plate

dense liqu;

g quid.
ar(;’::gg;:l;n:l to the deflection

. modulus of ;
and givenby K= 2 p, st
mandp is the pre 4 ' here Als the displacement
s )

tadefloction of 0,125 ey 2 the rigid plate

level taken as 0
1125
of 75 cm diameter :

4-19 C (CE-6)

-

rlation Enginccring

M) to Subgrade:
stiffness of Slab to SuUbg fection is offered by the

2

i

i,

iii.

Relative o slab de

A ccrtﬂin dcgrc
Sul)gradc-
The subgT®
dcﬂcction 1
pressure: .
These pressure deformation ch

Westergaard to define the term ¥

isgiven b
Ehs 1/4
l=|—7"7
[12 Kd-p )]
t concrete in kg/cm2

where, E = The modulus of clasticity of cemen
(3.0 x 10%),
p = The Poisson’s ratio if concrete (0.15).

h = The slab thickness in cm.
K = The modulus of subgrade reaction.

Critical Load Positions :

The intensity of maximum st
traffic load is dependent on the location of the
surface.

There are three typical locations
where differing conditions of slab
termed as critical load positions.
Interior Loading : When load is applied in the interior of the slab
surface at any place remote from all the edges.

e of resistance t

ab deflection. Hence the slab

same asthe sl
subgrade

formation is .
e ment of the magnitude of the

5 direct measure

f rigid pavement lead

aracteristics 0 ‘
tiffness in cm which

adius of relative s

ress induced by the application of agiven
load on the pavement

namely the interior, edge and corner,
continuity exist. These locations are

iv. Edge Loading:When load is applied on an edge of the slab at any place

remote from a corner.

Corner Loading: When the centre of load application is located on the
bisector of the corner angle formed by two intersecting edges of the
slab, and the loaded area is at the corner touching the two corner edges.

4. Equivalent Radius of Resisting Section :

When the interior point is loaded, only a small area of the pavement is
resisting the bending moment of the plate.

i, Westergaardgivesa relation for equivalent radius of the resisting section

incm as
be {\h.sff +h* -0675h, if a<1l724h
) a , otherwise
where, a = Radius of the wheel load distribution in cm.

h = Slab thickness in cm.



Sting on go5 N red the rigig Bidity apg X
b Itisag ade, which j Pavement g1, .
ie,p umed that 41,4 up 1S assumeq 54 s 35 a thin glagy; |
N . = ,An \\‘l “'B.rd react; . €nse h . Cp ate
reaction in Kgyenss € COnstant <tion s proportiop s, LT
B. Critieal Lo omd, K 18 deﬁned as I::a-l ti) the deﬂeCtio
for the st cation o odulus of g1,
N Tess tWes 8rade
L O inkglony?peqinterior, cqge Enc\i" estergaarg doyey,
to Interio -Pectively ang \\ve egl‘ner Tegions derf]:td Pelatlonsblps
: ¢daso, g, ang
U: = EZQJ;E_
iog AT [dlog, (——) + 1.069]
o t edge region, o _ 0.572p
uL At Corner region € ‘_71_,—— 4logm (3 +0.359]

£21C(CE-8

h = Slab thickness in cm-

dheres T yheel load in kg R
‘ F - ‘ng of the wheel load dis ».nb.u:m: incm.
c; - Radius of the relative stiffpess incm.

p = Radius of the resisting sectionincm.

/16'\ Calculate the stresses at interior, edge and corner of 2
Que 4.15- te pa\-ement by Westergaard's stress cquations.

glus ol;cel;easticit_v of concrete_ = 3.0 x 10° kgfem?®

2 i eson's Tatio of concrete = 0.15

i ent thickness, k=18 cm .

Psfel?]lus of subgrade reaction, K = 6.0 kg/cm

L { contact area =15 cm

Radius © _ _
wheelload, P =5100kg , [AETU 2015-16, Marks 10|

Given: Modulus of elasticity, E=3.0x 10° kg/em®,

Poisson’s ratio, p=0.15, Thickness of pavement. 2 =18 em,
Modulus of subgrade reaction, K=6.0 kgfem®,

Wheel load, P = 5100 kg, Radius of loaded area.a = 15em.
ToFind: Stresses at interior, edge and corner of pavement.

ment €0

1 Radius of relative stiffness,

e 7 [ sxwtxas T
'=|era® —L12x6.0\1—0.15=lj
=T70.61cm

2. The equivalent radius of resting section is given by,

2 _15 _gs33<riat
h 18
Therefore, - b= J1.6a°+h* -0.675h

= J1.6x15° +18° -0.675x18 =licm

o; = 0'3:26P [4 log(-lg) + 1.069]

0.316x5100{ (7051) 1
= 10

ST LT At
o, = 193 kg/em®

5
A 0'5:;P[410g[9+0.369]

3. Stressat interior,

4. Stressatedge,

o, =



cement cor
Modulus te pavement by
P of elasticity of ¥

or concrete = bl con

kg, Radi :
us of loaded area —e reaction = 8.5 kg/em?, wy,
) ; eello

B

=

4-22CI(CE-8)

= 0.15_ Thj-ckna

Given 1, .
s M -
Modulus ofelast

Pi;“ . icity,
Piiersio, T80 ket
Modulus of ¢ pavement, b= 18
24 ET"E';%I-’ g B cm
gffl Iozd, P 5106 g‘“‘m’ K=85kg/em?
ToP?g ofloaded arez, ¢ = 15
ind: S{r%s at =15¢cm

edge, inter
Ezdius 4 €Tior and corne -
us of relative stiffpesz | d.c T points

: .ﬁg;li" .f:u T 3410° 18 "
L — . =] —=Z “,18° F
The eonsion, B T2z |
¢ &quivalent radiug r;f;'lft;j;ﬂl -0.15° _f! =64.72cm
e _135 section s given by,
Therefore, }; 3{@ <1.724
- JMGTM
= . ’6/'152*'182
Stress af 3 ~-0.675-18 =
Stress atinterior, o = 0‘316P(— o 75218 =14cm
T TTe— Ly, 7
7e | 4lo( 5 ) #1069

- 0.316 7 510

= =200 64

G, = 187 [4]og( '72)*' 1.069
1= 18.55 kyfem? 14

on

-

= —1-
ressatcornels %= | ! B

o

erior, edge and corneTr of a

Que 4.18. \ Calculate the stresses at int
cement concrete pavement using Westergaard stress equatio_ns, use
the follovn'ngdata: PDesign wheelload = 5100 kg, p::n_'ej.'rxent° cL-:n&ss
f elasticity concrete =3 % 10° kg/cm>, Poissonl
de reaction E=6 kg/cm”.

k=20 cm, modulus o
eis 0.15. Modulus of subgra

ratio of concret
ARKTU 2013-14, Marks 10

Radius of contact areaa = 15 cm.

Answer \

Given : Wheello ad, P=>5100 kg. Pavement thickness, h=20cm
olem?, Poisson’s ratio, u=0.15

Modulus of elasticity, E=3% 10° kg
Afodulus of subgrade reaction, K=6 kg/em®
a=15cm

To Find : Stresses at interior,

_Radiusof contact area.

edge and corner.

L Radiusof relative stiffness, [

h12K(1—;ﬁ_, 2_12\‘6(1—0.15:)_2
= 76.42cm
9. The equivalent radius of resisting section, b
a_1 _o75<1724
h = 20 =U.( B A
- — s 1=
Therefore, b= J16a +h>-0.675h
= J1.6x15° +20° -0.675x20 = 14.07 cm
3. Stressat interior, o;= 0'3;._.6P[410gu—)\+1.069:\
o_smxsmo[ 76.42 7
01610 704
20 S 14-07)14.069}

o= 16.15 kg/em®
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—_—0
\‘>“-,_
4. Stresgat cdge, 0 5 9.}3721’ — ‘{'B"“v'n )
’ ‘)17_‘[ “"K(!'J 10,360 Ty
. A ,.'g(;”’ Ty
= 95725100 .
207 41%.( 6.4y
5. Stress at corner %= 2418 kgferyz ‘ M'(’;J ' 0'3“591
o= By [adz|"
L AT

Que 4.19 %o = 20.52 kyfem?

: «49. | Digcugg Weste 7643
in C‘Jncrcte pave rgaard’y cﬂ"c(-‘pt f J
C. 0 »

Mrcuscs, What iy the e . ©XP1ain warp; temperagyy,
¢ arping Stregy © Hlrogy,,
44 an :

Discusy Westergaardy

Pavement,

Aover]

Answer

8]

”

<,

|7

a

= :.}:/:5-!0“' ]
P L[.!wz

effect of com
T

binag:
Ination of Btregge ? ;
oy

o OR
ncept of te
tcmperature ftregy
esj

ine
LOllcruhg
AKTU 2016-1 7, Marks 05
)

and ¢ y te slab to o
If the cement tontractg vhen the ‘:x
f:nmr—,,;“,’n'{, concrete glah jg subi cre g
oy Le,, free je
wil] not be s Ire.e: dr:fr,rmat-
e any changey in ; 1on or
Etress will be df-w-lmgm N 1t5 length apq
In cas. of rigid I’. cloped due ¢ rise or fa]] ﬂ:r:rr.-f'orc no temperatyre
i b o P10t Intem ., g
‘tUL 1-,0 6 wn weighy ”f;t,;_ the: concrete tlab regi 1,: prature.
FUCEECH are deyy, faped }' ue Lo action of frietj “’ the free deformation
d becauge oftt-mpr-raluondl forces, However, the
SHpE re variation "

I!Fn[-
“hee gtregs .,
eveint 25 are g
ez fied “ 50 deve
#ified ity Ly typs ‘Jr)md due g Variation j
o5 . On in tempe
< rature are

’wal’l'-'fng Str(,-m,:
The Atress gy de-

iction

: rature §

I!. i5 the pry oy or e

?'a]ntll when there i5a

o all in temperatyre,

nu;‘um; dree expansion and free
efurmatinn); then thm:e

l’ﬂ 'J’l{: Lo - '”"lf)pl;d bl"ca 2 i
eyt p i bt Mooy uze of differentiy) cha X
VL 3% Varinus oy, e of the: glab is termed e eatians
or l'/:r.djnz in lhs_:,, ”’r;f;r inthe top and hottom ﬁl ‘”’ N
alzed by temperature v;;lz‘:ilc'w ﬂndja e
ation or difference.

IL‘: Wer lllﬂ,g Ebress at 5 5 s K
)
ths niter nr, «

7,0
w 7, and e g
L Biven by iy 'or, edge and N
Z 77 the equations in hycm‘;‘)ﬂlcr regions, denoted 25
o= 2[C, s uC respectively are,

i

21

ar—

iy, "l AT

’ 4-25 C (CE-6)
mtutionlingincnrmg _/—’(——_—/
ol
Tr C et (”I",l
a,= Max (~ 52
o= gr-p Vi | | |
£ = Modulus of elasticity of concrete In kg/em? (3 x 10°).
where, & fficient of concrete per i
d bottom of

iis
a

h.

C

¢= Thermal coe
{= Temperature
the glab.
C,= Coefficient hase
¢ = Coefficient base
Y direction.
- Poisson’s ratio (0.15).

Radius of the contact area.
he relative stiffness.

difference between the top an

ired direction.

don Lx/lin the des
ht angle to the above

don Ly/linthe rig

a=

i = Radius of t
Frictional Stresses :
Temperature of the top an
when temperature of the concret
period of time. Due to this cons
expansion or contraction (i.e., lengl

and at this stage warping is zero.
Concrete slab is in contact with the subgrade below it, hence slab

movements are resisted by the friction held between the bottom surface
of the slah and the subgrade.
The frictional stress o, in kg/em? is given by,

WLf

o = a0’ ;
where, W = Unit weight of concrete in kg/em® (2400 kg / m?).

f = Coefficient of subgrade friction (1.5).
L = Length of the slab in meters.
jii. Comhination of Stresses : The cumula
stresses give rise to the following three critical cases:
a. Summer, Mid-Day : The critical stress for edge region is giv

=0,+0,-6

t such stage
tant for long
¢ is uniform

d hottom surface is equal a
¢ remaing same or COns
tant temperature, ther
hening or shortening) of the slab

tive effect of the different
en by,

n\-n‘uul
where, g, = Load stress.
.= Warping stress.
o= Frictional stress.
h. Winter, Mid-Day : The critical combination of stress for the edge

region is given by,
O it = S O+ G
c. Mid-Night : The critical combination of stress for the corner region is
given by,

O itical = T T O,
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Que 4.20
=20. | A CC pavem
ent slab of thi
icknesg
ess 2

over a granular
N sub-b .
onh fhl;l 1a o tempetaatsui:l ;:gfn & modulus of
spaci slab during er d erence betwee reactgonl Utey
cing between themtm ay and night j 0 the tq 5l
E;tween longitudinal joi sverse contractiols .found to f,’a“d bm?""
e, railins of comtact mn o 0 joints js 4 5 18 Ty
. ta : - Th i 15 4.5 ,
‘SPOTE?G;;’S ratio is 0 ‘17';3;:: is15cm, E Va?uiez}gg WhEe]D]O ;ndth;
x . BT coeffici Ci ad j g, &
per °C, fricti cient of th is3x 105 1
load st , friction coefficient is 1.5, Uerr X100y b
ress charts given by theexﬁt%g 1.0;1 Using fhfax:;n sion °ch(]Jh!'
and the ge and ¢,

Highwa‘_\!
~ e,

0 .
Cm jg Cong
t

stress coeffici
cient, find the
worst combinat} chart f, Com
prE— mbination o stresses gy i
abthe g
ke

Given: =20
P=5100kg a_mi’szkg/"ma’ t=18°C,L =
s —lacm’E=3x105kg/cm2 g y—4.5m,Lx=3‘5m

TO Fi_nd s W, n= 5
H - . > 0. =
orst combination of stresses at th lac,la =3x 108 f=1;
e edge. il

A Edgeregion:

Edge Ioad st
Fo stress from edge load s |
, e A tress chart (IRC)
2 Ry Ing stress at edge : e =0 bt
us of relative stiffness .
- [ ERF
- | 3x10°x20° i
. . J [ x20° J
Length of slap, 1-p? 12x150-019) o
i Warping streIs: =45 m = 450 cm
2 j coefficient, C, from Brad
L, adbury chart,
T 505 =4 C=102

o §j
imilarly o, L _ 350
l m = 5.75, Cy =0.87:
t=18°C
tress at edge

iv. .
Maximym Warping
s

G
=1
3 X3x105x10x10"6x18x102

2, F‘l'l- .
ct =
1onal Streg, s 2754 kg/em?
= unit weight of
g concrete = 94
=2400)

- M‘ [
% = 517? - 2400x45x15
2x10* =0.f "kg/em? |

ess +

= LOﬂd str

ed at
co? pinati 4]
3 O ical P et tre
‘cvﬂ 1 5“‘055 ’FrlCtlonil.(S) ) 54— 0 81 = 50 73 kg/cm
Corner Regiol
* gtress*
1ot _poemandh=15
From chart foT
6, = 28.0 kglem
: Warping Stress ®
Max_\mum )
2 o0t 8 D
o= 3wVt ¢ ~0.15) 60.8
= 1051 kgfcm?
3 Frictional Stress « This is zer0 at corner region. -
4. Combined Stress at the Corner Region: The critical combination of
stress in summer mid-night
= Load stress + Warping stress
- 928.0+10.51= 38.51 kg/cm”
Note : It may be noted that the critical combination_of stll'esses at. t.he
edge region is higher than that at the corner under the ;dentical condition
of pavement load and temperature.

[PART-8

Joints.

CONCEPT DUTLINE

ided in cement concrete pavement to red

Joints : Joints are prov
the temperature stress. Joints are of three types:

i. Expansionjoints.
11. Contraction joints.
fii, Warping joints.

uce

Questions-Answers

Long Answer Type and Medium Answer Type Quesﬁons

ue 4.21. l E i i
Q xplain different types of joints in cement concrete

AKTU 2016-17, Marks 05
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Fig. 4.2

.

iy, }
T i b A

L OOy ”,
rag
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3. Butt joint with tie bars.

Fig. 4,21

Warping Joint : T
and groove Lype of longitudinal joint.

ue and Groove
ween the two adjacent

1.4 shiywis the: tongut
the differential uplift bet

[thelpsin controlling
edyri. - - ' o
This is a puperinor type of longitudinal joint and it is to be adopted whe
thee subggrade: ig poor.
joi Seale ie-bar
Premoulded joint Sealer  —Tie
ks e
317
1%
Fig. 4214, Tongue and groove joint.’
2. Transverse Joints : The joints which are provided in the transverse
ar to the centre-line of road are known as

i,

direetion or perpendicul
transverse joints and according to their function, they are further
cluspificd apfollows

Expansion Jolints :
26 mm app.

Bteel dovrel bar

"
J— 22 con—t-}t— 30 cn——| \
Longth fully bonded Length paintod 70 mm upp-
or groamsed

Flgg. 4.21,6. Expannlon Joint.)

,'ll
o2




s . i Oown ag - .
€Joints jp the fOrm":?Il;ng Jjoints,

utt jointg with tie bar

Milg i
steel tje bar eali g P
Sealin compound

Fig.
Construct;

. Filler
INg joint types of

iv. 421.8. Wary,

tranverse joints,

<

=

l""‘,i”p”rim!’ B 4-31 C(CE-6)
he design considerations for spacing of ¢

and without reinforcement.

pnswer .

\ gpacing of Expansi‘or{ Iomt i S o fongth et

; L yidthor the gap in expansion joint depends upon the lengin of slah.

Greater the distance hetween the chpanmrm jnints, the greater is the

width required of the gap for expansion. } -

Itis recommended not to have a gap more th:{n 2.5 cm in any case.

3 The IRC has recommended that the maximum spacing between

" ¢xpansion joints should not exceed 140 m for rough interface layer.

, [f'%isthe maximum expansion inaslab of length L, with atemperature

rise from T'; to T,.

5=L,C(T,—-T))

where, C = Thermal expansion of concrete per °C.

The joint filler may be assumed to be compressed up to 50 percent of its

thickness and therefore, the expansion joint gap should be twice the

allowable expansion in concrete, i.e., 25.

6. Fromthe relation given above, if 8is half the joint width, the spacing of

expansion joint L is given by the equation :
Le = ____S_J
100C (T, - T))

B. Spacing of Contraction Joints :

The slab contracts due to the fall in slab temperature below the

construction temperature.

2. Alsoduring the initial curing period, shrinkage occur in cement concrete.
This movement is resisted by the subgrade drag or friction between the
bottom fibre of the slab and the subgrade.

3. IfL,is the slablength in metre, the maximum stress occurs at half the

length.

o

—

E
/1 b
L2 =

Slab
contraction
—

— o~

5 > >
4_‘_4-1->

Frictional
resistance

Fig. 4.22.1. Slab contraction and frictional resistance.
4. Total frictional resistance uptc distance L /2

=W x b x (LJ2) x (h/100) x
Allowable tension in cement concrete = S, x b x b x 100

i

ik
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Equaﬁon the 3])0\‘@ ™o veln
WolL a7
6 Len 200 =108 s
gth of slab sl e
Joiats, foresist the fictional drag y,

€5,

7
whe =

Te, Iﬁ‘ = Slablength or SPacing hetweon

h= Sle.bﬂﬁchess, e e

Tg: C_og‘ﬁmcio_ant of friction, (maxim

] = Unit weicht of cement con

. = Allowahle stress Intensionia oem

steel, miaa‘o&; tha glst
teasile stressin steel, kgem?(120)

Que 423, i i
I What is the Purpose of dowel b
Procedure of dowe] bars.

|
|
Te—— |
i

Ss = -‘UIUWab!e

ars ? Discuss thedasp

‘i‘ Purpose of Dowel Bar ;
2 PHimary purpose of d
th = owel bars _
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'S . - I a 3 ;
of Single dowel bes 1 pao e oY S 2nelysie gives )
P=07854tF,
Pd‘ = ——282"__
Y L,-883
P FLd
2= oo
125(L, +1.55)

where, P, P, 2nd P, = Load transfer capecine otz
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m]
subgrade ?

AnS\\ver

Pre
paration of
subgrade : subgrade: Following are (]
rare the ste
steps for pr
eparation
of

L -

S‘u.o should be cleared ofr f

Excavation or fjlling it
grade and desireq ck
placement of puvcmi:

55
$.roots and othe

up to brix
2 the sub

mbe ¢ subgrade o

r. It should be cq to desire

It can be do nt layers, mpacted

- on

time, ¢ manually or mechanjeall
anically, m

o

. o
organic matter ete

d longitud;
‘ gituding)
adequately before

M“lmully i anual work takes more
1 N 5 N h uJ
shovels, carried out with the hel ;
b. y elp of spades, pick
& I\Iochnmmuy_ itis carri pades, pick and hand
ompaction s ) !
content, should be done as far a
S Hr as poss

ed out by
¥ rs,
y dozers, scrapers and rippers
cont ible at opti i«
dll Q:Fllll care will have t S
ring filling of rond obe

take
3 s aken for comp

nl 3
action of embankments

aping E
8
ng of su it acco X to longity na
mg g inal
¥ grade
{ 1 Ade rd to I tud g and cambe

Water Bound

———

Macadam (WBAY),

co
Macadam : The t NCEPT OUTLINE
made of crushedorm macadam is defined
rolling and the void broken aggregate mﬁg’e Pavement bas
| Withwater. s are filled with screeni anically interlo:k“:clir;c
ning and bingin ¥
g material

estions

4 Medium Answer Type Qu

Bound Macadam.
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after the name

Que 52. \ Explain Water
Answer ‘

water Bo
1. The water Bound Macadam is the

of John macadam.

und Macadam (WBM) :
construction known

cadam in the present day means, the pn\'omcnt base

course made of crushed or broken aggregate mcchlnnilc:\ll,\' intul"\nck_ccl

by rolling and the voids filled with screening and binding material with
the assistance of water.

3. The WBM may be usedas a sub-base, base course

4 The thickness of cach compacted layer of WBM ranges from 10.0cm to
7.5 cm depending on the size and pradation of the aggregates used.

kness of WBM construction depends

5 The term ma

or surlacing coursc.

The number of layers and total thic
on the design details of the pavement.
WBM gets deteriorated rapidly under

o

& Whenusedasa surfacing course,
adverse conditions of traffic and weather.

Therefore it is desirable to provide 8 bituminous surfacing course over
the WBM layer in order to prolong its life.

Que 5.3. \ Discuss the specificntion of course aggregate and

binding materials required in WBM construction. Further explain
how the following steps in WBM construction are carried out :

A Spreading of course aggregates.

B. Application of binding material.

AKTU 2013-14, 2017-18; Marks 10

Answer \

Material Specification :
1. Coarse Aggregate :
i It should consist of hard

and durable fi

from flaky or elongated pieces. Phqnes bk said

i Soft aggre :
aggregiisgsit:; of overburnt bricks or naturally occurring soft
as kankar or laterite may also be used.
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1v

Physical requirement are

asunder .
Table 5.3.1.

Los Angeles abrasion valye
Aggregate impact valye

Combineq flakiness anq
elongation indices,

v. So
fo

ft aggregates which
rimpact valye unde
2. Sizeanqd Grading
L

get softened in Presence of water.
T wet conditions ag per IS 5640,
of Coarse Agg’regates :

n of the WBM roads aggregates are used ;
ase and surface course and s the aggregates are divij
grades according to thejp size.

4 Grade l-partic]

For the constructig
base, b

es of size 90 mp, to 40 mm,
b. Grades. Particles of size 63 to 40 mm,
¢ Grade3- Particles of size 50 to 20 mm.

e only use the WBM as the surface course, j
due to abrasion with the traff i
is genera] Practice.

Binding Material .
It consisting of fine
Prevent Taveling of
Kankar dust or lim
m.  The binding mate

surface courge c
material shoulq
base course o 8

grained material is ygeq in WBM construction to
the stoneg,
€ stone dug

;e

t may be utilized if locally availaple,
rial witli plasticity index value of 4 9,
onstruction, the plasticity index of
be less than 6 %i
ub-base cours
Ifthe Screening used consistg of crushable materj
gravel, thereis no need to apply binding mater;.
index valye is low.

t0 9 % is used in
binding course
iv.

al like moorum or soft

al, unless the plasticity
Al Spreading of Course A

Coarse aggregate shall be spreaq evenly
sub-base to correct profile using tem

i M apart in such
quantities that compacted layer is not more than 199 mm for gry ding 1
(45-90 mm), 75 mm for grading 2 (40-63 mm) o Erading 3o

3(20.50 ,
/’.Amuv-""“ \”‘

ggregates ;

upon the Prepareq sub-grade/
plates @ g

5-5 C (CE-6)

reader).
aggregate sp. .
allly ( :Jhe roads or directly from
along

or mechanic
y

from stock piles s started after
n 3 4t
! ¢ jgregatelyIng I8 &t - red
fLe 1 @, coarse ag d does not g
b red lHub‘bag ’ qtrength an : rollmg-
A preatet od adequates of water during
voye f£lim! , tt,ﬂ'ln 3 ]'cution
C , hag albe appit .
fn cﬂﬂl pase e jentiful) 2P rial : a slow and uniform
4 au Lqus (P Mate atas
the copt? Biﬂding more layers
Jut to tion of lied in two or inkled with
polic? erial is 2PP! be copiously spTin ﬁeil them
’ pinding he surface shall ifls with broom to
b qate. lication, * sept into VO o
rﬂf r oach 87 iting slurry sV h down the binding
e nd Tesu to was
an s, lers
2 wat;;rl y and roll“td the wheel of the rol o
movE lied to ter bou
Water i8 aI{Pking o them. ‘on steps for Wa
3 terial stic he constructio
m the
54, | Write down
Que

S.
macadand road

Answer
con: g
Following are thethe Foundation :
of ¢ the new

M roads :
struction steps for WB

1. Preparation

ither the
may be eI

-, layer of WEM
eceivin

dation for re

The foun

i

ber and
e. - ade and cam
de or sub-base cours Atothe required gT:
sub gra ionlayer is prepar'«?als are cleaned. filled and the
ii, This foug‘daglgther Joose materials:

" the dust an

t holes are
jon and po
d surface the depressio
- a
ifi. Onexisting ro
u.

ed.
corrugations are rem:;’ Confinem
ision of Lateral: equal
2, PronSl(;gers toa t}uckn?zzs vertically. sgrogates are Spreac(li
the shoulde inner si The coarse aggr the prepare
d trimming the gates: hickness up on
Sproading of Coarse T rofilo and even ¢
3. Spreadin roper pr
. tothe p
umfomly

lates.
dation and checked by temp
foundati

ion is done by
: pactionis .
s properly, comp i t vibrating
4 Rolling: the coarse 38?;‘;?;% t%nnes) or equivalen
ding Aler :
i.  After sprea jower TO
L led p
hee
three w

towards
d gradually
s and progressed &
raller. is started from the edge
ing
. The Rollin
i

0 d.
TO! s achie

f d road \-u\tﬂ ﬂdequate compa(:'l 10N1 Ve

centre

the

. T lower
. m the inner o
ortion, rolling it started ff;zr or upper edge of the
uper elovated g gradually towards the ou
. On s esse
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edge an

aneme“t'

ent: This can be done COX).Stl'll(:1 g
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h()n of SC
Teenin
gs:

L AR
After the o
re e RS 3
cerened radually g s ¥ Tol
¢ o Vove e :
bl Bmo mﬁg§ are belng sp:eratéle Surface :ﬂszQua nemeﬂt of Wet MIX :
m . . : v . : i
& St onisals T Tollng; © &y pro® 1o shoulder and et FHE layer are provided in {2
surf: Ung and Grou _“° carried oyt g; I com-‘f*‘&e;é:a ) mthi" me:_hoemtion such that the constructim:x ?f_the shoulder is done
7 A ﬁs::e 15 sprinkleq Vﬁt}tlm.g : After the multaneousl &d‘\ ‘ s“‘fjeuceeoac‘;\pmatching the thickness of the adjoining pavement layer.
; Pplication of Bingip water, swept axf(fplicatioﬂ > ' 15t Jayer of avement and corresponding 127675 in choulders
ARer the applicati g Materia) rolleg  Of Sereg, oy mer&d § compacted: constructionof the next layer of pavement
at . ation of s . : . . L ., peelt i .
i uniform and slow SCréenings and r|); By hj‘;c qulderis carried 0ut:
After each applicat; ate at two or mm”mg, bing; = ation © ix s WMM shall be prepared in an approved mixing
water and \TeI: Slcatlon Ofbiﬂding o ore Successiyg tméte - 3 P’eﬁﬁtuitable capacity &8 pug mill or pan type mixer. For small
‘S' Setting and u1.'r_v Swept with b:-iots rial, the 5 urfa h”l la\-ﬁs Dplics 2 ity of mix, 00 may be done1n ordinary concrete mizers.
L After final com rying: TS 0 il the gy, Ptk gpreadio of Mix
L  Onthe next Paction, the WB)[ - Wy | b Jgter the ixing, the mixed material shall be ¢ransported 1o Site and
material l_da.“ the hungry course is alloy, b read ypiformly OVeT a prepared subgrade/sub-base in required
B Notor lightly sprinklog e b 2re filled wi ed to set P tities.
No traffici ed with water: led with OVer pigp antiti€
_ s allowed till the WB) aterif necean;; Teenings o, b‘= L . uisspread by apaver of finisher or motor graderora combination of both.
h . N Y an Indip. ]
{ la} ers sets and drj d rOHed_ d‘*s 5 Compaction :
esout. { After the mix has peen laid to the required thickness of grade and
Wet M; camber, it 1S uniformly compacted to the full depth «ith asuitable roller.
aiy
X Macadam (WM 3 [fthe thickness of the single compacted layer does not exceed 100 mm,
' 2 ). a smooth wheel roller of 80 to 100 kN weight may be used.
i Forthickness up to 200 mi, the vibrating roller of 80 t0 100 kN seight
4 of roller should not exceed 5 K 2

is used such that the spee

Questions-Answe
rs
PART-4

(GSB), Tack Coat, Prime Coat, Seal Coat

Surface Dressing-

Granular Sub Base

TWMM 2
Answe Write d
r own its
A Wet Mis construction process
H h[ac
mixed with adam: I Questions-Answers
3 W, . wet miv :
laid b}' Daversater 1n a mech. m'!'\ macadam 3 -
B. Construc; and mmpadedamcal Mixer aniil :f“ graded agaregate is Long Answer Type and Medium Answer Type Questions
1 lon Pro ’ e prepar Loy
pree surface of the E_: m Write short note on following :
pared to th Su bas of - ‘ .
i Itismade fre " "pecifieq linels’:fdto Yeceive t, 1. Primecoat. AKTU 2015-16, Marks 03
L Anyrutsand :o‘:ﬁ_ust and other cam e WMMI course shall be
surfaceis °bt3ine)(;emingplaces :hxtraneom matte 2. Tack coat.
‘ llbe COrrecteq :1.1(! 3. Seal coat. AKTU 2017-18, Marks 04
Tolleduntil 4. Bituminous premix carpeting- AKTU 2013-14, Marks 04
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Tresgin =3 Yery gh: 1nOus pa
= Py I3 3 Temens: whi-
A :_m:g TR is x:s---L“nn Sarizce e e
1he ;:é?:,saﬂb‘*, ¥ 2pplied ove»at:ent or z single
g e Ty 34 s en gl ar
T o pore e o2 (hot 2nexisting black cost
28 mpinfa, L. TN seal coat fe ajeg “3CK T0p suriace
2 T Sactons of sea 115 also commonlv nasd N
L Tzke v sea < v2Q 0T
H e e lhe muy coat are -
= DIy Sriace wray
= ;;:’::S thevig -‘.‘i‘ﬂ’ tghr,
- P ks 2T mied
. TETEm Tesisi. 2ght
5 L) ooty Sista
< In :m:qd 3 “':?02 texture f
2ProTes ¢ PDer f -
Bi Toad suvn dke'“‘?a:-'-\g‘ o OF existing roads which =¥
imminous py, TeSstenceofan -
i ) existing g
S ul'_"ﬂr“‘entb.:

= consiszs of coam

Ditirmem o v om i
Simmenoriarbigg s eesalla;

Sertroe oo e
e oourse of the Somparted 00mm o
Pvement ma%m‘Pmmﬁedwjﬁ:

L fanty

P

s

1t is made

5

bleeding.
L Afterits

agan

coat-
Afterit

of 20 mm to serve &

edge of

" petion of t
(kIR met

wesring course is kn
2 Tt is done only in dry and clear weat
shave 16 °C.

5. Construction Steps: Following steps are used in BSD :
1 Theexisting surfaceis prepared to correc
ete.. are rectified.

2 Aprimecoatis applied if the existing §

surface uniformly.

5 Rolling is done with tan
towards the centre overlapping not less than 1/3rd of the roller tread

“'hén rolling of the first halfis completed. Itis carried out onother half
starting from the edge and proceeding towards the center

5-9 C (CE-6)

a \pstruction the PCisto be invariably covered by
i uuh as premi.\'ed sand-bitumen ceal coat before
such af

. N R al 3.3
<ofsll agTT® gates passing 20 mm and retained on 6.3 MM

per specifieation is used for the

4 material as
{ thickness 20 to 25 mm, the

well & sde
he bituminous carpet ©
hod is called semi-dense carpet.

urface dressing ? Write the construction

Twhat is §
r surface dressing. AKTU 2016-17, Marks 10

OR

ote on surface dressing.
AKTU 2018-14, 2015-16; Marks 03

) Surface dressing :

Themethod of applying one or two coats of bit uminous material, each
consisting of 3 1ayer of bit
hese. followed by a cover of stone chippings proper

d on the prepared

uminous binder Spraye
1y rolled to form a

own as surface dressing.
her conditions at temperature

t profile and ruts. depressions

free of dust and loose materials.
arface is of soil stabilize material

3 Onthe prepared surface, uniform spraying of the bituminous binder is
done at specified rate,

i
avoiding excessive application which causes
tone chippings as per requirements are spre ad to cover the

dem roller of 6 to 8 tonnes cap acity from edges

6. Tfsecondcostistobe applied, the binder is again applied over the first
S e firs

smaller size aggregate is applied and rolled as for first coat

1.
s curface is checked ft itudi
The od for longitudinal and eross profile using a straight

length 3.0 m and variations
variations greater than 6 mm are corrected

g. The road is opened to traffic after 24 hours



5-10 C (CE-6)

Semi Dense Bituminous Concrete ( SDBC)
(BM) und Bituminoyg Cor

Que 5'8' l E}C lﬂlll nlacﬂdﬂlll and as alt,
p ])ltull'l]ﬂ()us h 1
4] 1 C conge,

AKTU 2014.15, Markgy 5

Write a short note on asphalticOR

A Bi.tuminous Macadam :
'J. It i o course of )
2. Itislaidin compac

gradationg of aggr L Lickness i

egale are used to
3T i
I)::; BM iy casontially a base cours
) “ituor:.-rcd by a suitable ﬁurfucinge o
. inous mae,
o Tond e adam base course i

B. Asphaltic Concrete ;

1
1 g
tisa d(_‘HS(! T ﬂdC(l pPremixed bxtummo us

a high qualit
. Y pav
2. It consists of : ement surface course.

Mixture of co
L i urse an
i, Mineral filler. dfine “eregate.

iii. Bitumen,

3. The thickness of course rg
4. IRC has provided

5. A proportioned mixture o
bitumen is used.

Questions-Answers

g e s

140]] A]lem I y[)e and Medlum Answ

o T ‘]‘ype Quest
lOl‘]g

;

concrete.

- | 2013-14, M&l‘ks 03
pr ain bitumen bound macadam, AKTU 2016-17 ark:
l 6- ) M‘ TKS§ 05

3, At200 °Cithasa consist

Premixe
d crushed aggregate with bitumen binder

m or 50 mm. Three diff
: i ; ! . crent
dense onstructions. provide open graded and semi.

binder course and hence should
course before exposing to traffic.

! s much i i
ston characteristjcg and duras;;g,;rlor to WEN i respet

mix, well compacted to form

nges from 40 to 75
specificatj mim.
surface, Pecifications for 40 mm thick asphalt concrete

{ coarse aggregate, finr —-regate a

e N

ration

and suitable penet

llent riding surface:
ents by decreasing
e concrete slab.

Atto prOVide an exce

tresses of CC pavem
p and bottom of th

xid over CC paveme

o s
duction1n warping

i ariations between tO

filler and bitumen toyield a void less

i and cooked

in sul tion, heated in sequence’ o

1 in suitable proporii=s e B

Ttlgsoe()atl(l)g;‘?é{eaccording to binder grade for over 5 ho

a .

o ency that it can flow. But on cooling it'gives 2

suitable to withstand heavy traffic.

d, stable and durable layer, g o o
ilmh ila:l be spread at temperature of about 209 C m]]?f? 0
* &lisc‘:ness and forms a hard layer without compaction (r‘o ing).
5, Ithas aproperty of self healing of cracks Vvitho?t bleeding.
. aterial for surfacing bridge deck slabs.

6 Itisasuitable surface m

PART-6
Dry Lean Concrete and, Cement Concrete (CC) Road Construction.

Questions-Answers.

and Medium Ansivex; ‘I‘ybe Questions

Long Answer Type

m Write a short note on dry lean concrete (DLC).

Dry Lean Concrete (DLC) : DLC is a zero slump concrete. A sub-base
of dry lean concrete is a common feature of modern highway conerete

_ pavements. As a sub-base, it has many advantages :
\ :
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tho fiee Movemon s acp ungog. X g ey ) 5-13 C (CE-6)
oo of slaly due g, to "o Wray,, "“'l ion Fngineering
n, tean Poermit CONStpuyeg: Oy Cagyy, ¢ bay,, Moy ~portalio _— )
Wty Thetion tramye in ey LN " AN sorms : Forms ean be of steel or wooden.
. . . . 1 3 . \ v r - . . .
t WOProy oy the l\\:ld tl‘m\ﬁﬂ\r at jo3 ! hey tod oy ! m”‘“» P ""ill‘ plncink orte 4Steel forms are MS channel section and their depth is
v, Mhntee e ) J0ing g vy ing 2 torms & Stee C
1\( ¢ lﬂ\.}u\\ S the SUDPOL o 1 s : ¢ greel T nr":‘d“mgg of the pavement.
slhab (}“\\k“‘\s‘\,‘ \ h““““‘“&‘ anq () 2 cqual L0 thic . l
Yoo Uprevente 8 s "edye den Forms : . i for 20 ¢cm thick slab
‘. o NS Water ﬂ“““gl\ Joing oy the i Wer Jen forms have minimum 10 cm width b
OWering itg snm‘orting pu{\ sang Cracky, Cacl ong, ( A Wn'l" o vimum 15 cm width for 25 cm thick slab. i less
. o, SToge Vit . and min . i on curves of radius les
“lm"‘““l Sp\‘c'\fic:\tiou H § the q"l‘!"l‘u l The length of the forms is 3 m. It is shorter
1. Conrse \regates e ) o My b, than 45 m,
2 e ARremsy Shave n maxinyy, Size loss 1 hing and Mixing : rtioned by
RO conye abim & o S8 thay « 1 . : opo
S The o [ate ‘;\ ment ratig W ofordey 151 m2g5 hy,, 3 n:\tc Jurse aggregate, fine aggregate d}:}d;cr{‘te::‘;;: s: rjr)hole bags of
' AVeTaRe T days Strer . LR i Thecourse okk! hing plant on the basis
8§ ath des red i X . weight batching pls p
< The ming b sired 19 Rn"\ weightin a 7) @ 1440 kg/m?*.
mmum coment ; N 50 kg~ 0.03412 m") @ ithin first 15 second
N content jq ) N ment (50 kg : hin first 15 sec
5 The Moisture SORtent v tis g\\m\r.\lly 150 k&!./km (;3 ter for mixing is introduced into tlflte d:{?h::ﬁ:t*’fiﬂis are placed
. ki O ensure f - : i. Wa . ith 1.5 min after i
Tange of 5.7 Percent, e full COMpactiop, unde,. rol}j b and mixing commenced with 1.5 mi
. ing ; . ixer.
C(\nstmctlon T g In the in the mixer . and Placing of Concrete :
L The DLOjc Transportation . ortation.
N !.-k is 1;ud by paver. Compaction i i N tion should take place during tranép 4 wridth of
1o achieve 07 % of the specified g N 1S carrieq outhy , Vibrag i Nosegregal iformly to the required depth an
° R E ensity by ro)); atory ) ing is done unifo : tion.
2 i > 0y rolling, ¥ rolle, " reading i us operati
I}L\r(:“\‘;;h top by Water bonding and curing ¢q N . T:‘:csmpent. with the form work in contmu.ub ator
‘s s . rator.
Culd be finisheq smoothly, POUndS. The guygy, of & Vibrating should be dane with aneedle vi
Que 517, | ' . . inishing : the
Sa Enumergte the steps in the construct; 5. Compacting and F“;aced is struck off uniformly a:;d scraec;d to
lon of Ceme K rete as soon as p ent to conform the grade. .
oncrete Pavement, " * C:or::n and cross-section of the Pa‘fem and is drawn ahead in
o ARKTU 2014—15, Marlg 06 ":rh tamper is placed on the SIded ?:,;:to compact the concrete.
. . e . i lifts an ;
Write the construction Proced Rf " combination with a series of li driven finishing machine.
ure for Cement Concrete Pavement i, It canalso be compacted by power The concrete is further compacteg
- . ight Edging A ntre line an
- . Straight ] arriageway ce
AKTU 2016-17, Marks 19 6. F‘°“"“"f:,3§m1 float holding it parallel ttzmentato the other.
Answer by alongi adually from one side of the pa
o passed gr ing and Edging: : d with a two-
Constructmn Procedure - 8 Belting, Brooming becomes hard, the surface is belte
. - rface beco '
1 Preparation of Subgrade and Sub-Base - i, Just be?::;g: s dicular to the centre line of the
- : . . c
i The wel compacteq subgrade or ¢ beb ply canvas brooming is done perpen
cither side of ho v g ub-base shoulg extend 30 cm on i After belting,
~ € of the width of concreting, pavement. rounded with an edging tool.
1L TP-: subgrade should be saturated with water 6 to 20 hours in advance i After this the edgesare very
of placement of concrete, : o. Curing: The pavement surface is entirely covered wi
- rore y . ing h s.
oL Warer Proofpaper shoulq be placed over the subgrade, if concreting is i, Initial C“;‘:,_glap, cotton or jute mats for 14 day
done dlrecll_v over the (dry) subgrade. well wette
v, The s ubgrade should be Properly drained.
The minimum

: i layer of
dges of the slab are banked with soil and a lay
[ . 5. Final Curing:Edg
modulus of subgrade reaction in a plate bearing test La
should be 5.54 kg/cmsz, -

an ithi il thoroughly
H o from stones is placed all over within. The soil gl

2 c:);itﬁ:;:ed with water for 14 days.

kep
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ir advants hods of rong
sages and “m]‘[‘u' S Consu-uch-o D

ions, n. Discuss

e different
, ro
‘mrth Road - The ad construction me

smisting of
Ul

s are

L5, 'ru;:d having its foundat; hods:
rie or two compacted Ia\'ersdz}tlon
) olan
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1ii.

itn

iv.

5-165 C (CE-6)

Ad‘-a_utages of E

They canbe constructed speedily-

By prope’ celection of gradient, balancing of earth work can be achieved.
Cheapin construction cost.

Disadvantage of Earth Road :

Useful only for light traffic.
Wears quickl}'.

Repair and maintenance is costly-

<s in monsoon.
cost roads which consists of carriageway in
avel is naturally oceurring

They are usele
Gravel Road : It is low
which layers of gravel is compuacted. Gr
material with many varieties of stone.
Advantages of Gravel Road:
Gravel road surface is smoothand p
It provides good traction and vehicles
wet.

It has good load taking capacity
Disadvantages of Gravel Road:
In dry weather, gravel road becomes dusty.

For bad drainage, gravel road may become impassable.

There is a frequent development of pot holes, ruts and depression and
becomes more uneasy and uncomfortable to the vehicles.

It has a tendency t0 pecome soft and slippery in wet weather.

Water Bound Macadam Road : The road having its wearing surface
consisting of clean, crushed aggregates, mechanically interlocked b;

rolling an bound together with filler material (Screening) and wateg
d base course is called water bound macadam road i.e ,

rovides good appearance.
do not get slipwhen the surface is

laid on prepare
WBM road.

Advantages of
Cost of construction is low.
No skilled labour is required.
Made from locally available material.
: _tained in good iti :
g;?:ph:;nlane pfr da;o ndition, it can take traffic load of about 900
Disadvantages of WBM Road :
Maintenance cost is high.
Life is less-

WBM Road :

IfwBMroadsurfaceis 0
0 intat
dapger to the traffic. poorly maintained, it causes inconveni

enience and




Advantages of Bituminoyg Road ;
i The cracks are Dot formed op the surface of bituminous Toads,
i Maintenance cost is Jess.
i The surface of this roads i non sh'ppery.
. Such roads are waterproof roads.

Disadvantages of Bituminoyg Road: I, excess bit

tement concrete road.
Advantages of Cement Concrete Roaq ;
Life span of such road jg more,

L They are strong an
agencies,

bt anship jg Tequired for thej,
It becomeg Dnoisy undep iron tyreq traffic.
Itis legs Yesilient thay WBM or bituminous road

- "
mel BT

D ok i
A -

5-16 C (CE-6) Highway Construction Magy
N 0dg
iv. They are permeable to rain water and it leads to the Softe. . s
yielding of subso;l, “enipg ang
i i L i ace Co

¥

T:c'allspoftaﬁOI:)l
(2 Marks Questions

UNI 7 :":“-f
/ e CeTeioFEEs

. $ol
ﬂaﬁon m o -
transpe . SeTEiTIERS

le of
:5 the ro
What 15

1l ? < an importat
count;zfrtaﬁ"“ P s roles:
Trans It plays rtation.

s coun%jc role Ofn.an:-tlﬁionn.

) EcgiI;l role of trans a- Dpzportation-
i %glitical role of rtation.
il trans
Describe the modes of ranspe
12. es

p.5icd

tzticn
Mode of ransport
I
Water ﬂl’ﬂ’sgcrt
Tt
Land transpo

lways

Roadways Railw ster Qceszn cT
Inland w - .
transport S

¢ of road.
jstorical development of sofxoad s
e

istorical cevelopmer
- StoTIcE 3=
13. Discuss th ence O man moads.

A the sequ e
owing are . igsh reacs.
KI.Tﬁi. E(x)llcl:ient mads - iv. Brigs
;i French roa i o~
u::. Modern roads- road plans for the developmen

ious -
te the vart for developrmens of
Enumerat® & oo oad plans for developmen
14. highways;?;le three 20 year road rla
wing, ia:
ARE E%;lifwaysm dia

B mbay road plan ( :
f I know rnad plan (1981—2001\. ‘
" C ‘ e 1 1 ¢ Vear read
different types of roads in third twenty year
Exp]ﬂin
15

| AKTU 2015-16, Marks 02 |

plan.
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Ans. Followi
; Fo'.loiﬁ__'zgziretheroadinthir p
. et d 20 yearr,
i Expresswars ' .
% Secondary roads -
L State highways )
i?. Teniar_vroad:::-
L Otherdistrict roads.

i Nationa] highwa)“
i Major district roads
i Villageroags.

Enlist i
oot m;l;; dﬁerent road patterns
5 g are the various .
»ectangula: or block p{:éthel;fd patterns:
PRad‘adialx al gr fta.r and block patte.rn
o 0; ;tar and circular patteI.n
tadial or star and gri -
‘I:I?X?‘gom pattemgnd pattern.
Minimum trave] pattern.

g = H'EEF:H.E}g

Write do
wn the dis )
Following are the dis advantages of transpoptati
ces of aceid sadvantages of trans portation syste
NOJ‘SEpoHuﬁogl ents. kY Air;ou"%‘?l'tation: e
) ) ution.
Land consumpti v. Ener, ——
ption, etc. £y consumption

FES,-.E’:.

18. Wnte dowll ﬂl A% (] e, es of the R()llla]l IOadS-
€ various fi
atur
Ang; I OUO W 1Ing are the features Ofthe ROmaﬂ zoads .
L Ihe& were bmlt Str a.lght regardless OfgI adIEDtS-
iR I{he& were bUJIt af ter the soft soil Vi I v
¥as remo ed and a hald stratum
1CXness - ' 2
he COnStruCtan was
uL Iota] th k e (o] t as ]llgh as

0.75 m to
12m
wheel loads 2t some places
of animal 4 ces, even tho
rawn vehicles eh the magnitide.of
was very low. ¢

19. Wha
t do You mean ])y urban
roads ?

Ans. Th
- e road syst
Systems withi
vithin urban areas are kn .
€ Known a.
s urban roads

and will fo
: Tm a separat, ry
respective urb ¢ catego
an authoritie ofroads to b
s be taken care b
: y the

1.10, i
b I?]}alssxfy the urban roag
. Followin "
l{ S riaIr% géi'the classify
o ub-arterial roads
fii Collector streets ‘
iv. Local streets. -

cati
ation of urban roads ;

l.11. Define arterial roads

\ns: Thest
ne streets primarily f;
with high level of trgfﬁocr;l];igl[‘i%h traflic on g cont.
¥ are known ontinuous r
a8 arteri] . oute, but
oads.

cets: llect
. ts and they €0
rial street> own as collector

local streets.

115. Discuss the objectives of IRC_IlIlighway "
Ans. ing are the objectives of highway rese :
Angi‘ gglgos\:érrlgain the nature and extent.of resee}rch requn'ed.

ii. To coordinate and conduct correlation services.

4. Tocollect and disseminate resu}ts on research.

iv. To channelize consultative services.

of highway planning ?

octs of highway planning : )
efficient and safe traffic operation,

ent of each road link
sing the road

he objects
but

¢ the main 0bj
4 network for

rities for developm
main criterion for pha

ents of roads in

1.16. What are t
Ans. Following ar
i. To plan aroa

at minimum cost.

i, To fix up datewise prio
based on utility a8 the
development programme-

#i. To plan for future requirements
view of anticipated development.

iv. To work out financing system-
ectives of NHAIL 2
arious objectives of National Highway Authority

and improvem

1.17. What are the obj

Ans. TFollowing are thev
of India:

i To manage the NH network inam

comfort to those who use it.

ii. To improve and extend the NH network in

onvironmentally sensitive manner.

iii, Toimprove road safety including rod

iv. To provide on-route facilities for road users,

©O0©

anner that provides safety and

an efficient and

d gcometries.
etc.
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uNIT

Th po: e o0
m € position or the !a} out of the centre l]]l f
gl'ound 15 cal]Ed the hlbh'

22. Enumerate th " &ligament H highway g
. e the f. . N 2
anE alignment, actors which contro]
- FOllowinga_re . the high“-a,‘_

: the facto .
n:-_ gebhgatory points. ctors controlling highway gl
ometric design, i Traffe - - sBment:

23. Define the term ri

iv. Economics, et¢
i ght ()f W . )
ggi?;;fwayﬂ‘h area of] x:iy and width of carringeny:
'highway organization 1c co1s, coquired along ways,
Width of Can'iagewon Is called right of w. af;? the road alignmen
the width of carriﬂge“?;. :o;l.‘he number of traf:ﬁc lanes will dec
24. Define kerb, bavements, vill decide

ANE Kerb ingj
indicates the by
= or sometimes islandsl;?%:;{ between the Paverisut
. What is kerbh ma!‘king an:ath or kerb parki nt and shoulder

regulations like parking
rb and edges of islands
ase the visibility from a

e
(Il’sports forbridge, Siprope"ll' marked. Typieal
» DAITOW bridpes DS and signals, level crossing

26. What is kerbed stone ? »Culvert, head walls ete.

- th
Typically madgtle'i;]n :I;“fﬂctural : 2016-17, Marks 02

i usin, ¢
ner
raised pavement or foot ete, thege sgen slip casting machine.
an unraised Pathroad pog: cTVE &S an ed
sed street or other roady, dian, op road lf SIe where a
ay. shoulder meets

gates, traffic islan

L %‘1 f Carahal . o
W&WMMWWWW sws —

HQ-b GO
Tati l-‘.u;:’mrm‘h\}:l'.“ Mok
Pansp! tation
a7, What 1 width of rodway
- Lot the eihankment or
formation wie th
Width of pavemen

or formatlon 1

Phe top wislt Lattom of entHing b lonown vl
The top Wi
pondway w Wthor

Width of format oty =

Ans
W Width ol shoulder,

whoulder ?
hicles, I gonerally nredd
1 narfaee, The

ar, What do you anderatand by

{5 s servive e forve
hor than the pavemen
mdded by TRC inrm.

Ans Shoulder acts !
fomporary hoe anal s TouR
ininm shoulder width recomme

wo the difforent whinpen of enmbor

29, What is cnmbor ? What “ .
wed ? [AKTY 2015:10, Mark 02

o

Define enmber with shapes. r:ﬁ("l“tl 2016:17, Murkns

finod ns tha slope ol the line joining the erawn and
Lsurfiee, W ia alao known an teanavorio alope,

Anss Comber: Wisde
the edgo of the row
Shapes & Pollowing nre shapes of cambor

i Parabolic enmber, i Stealght line eambor,
i, Combined cawmber.

210. Give thefactors on which the camber of pavement depends.
An Following ave the factors on which eambor of a pavemoent dependi:
i. The typo of pavement surtaee,
ii. Tho amount of vaintall,

211. Describe the preabolie cumboer or harrel enmber,

Ang Parabolie camber consisty of 1 contintons curve which may bo of
parabokic ov elliptical shape, 1 ives g profile at the middle and
steop profilo towards the pavement edgen, Wisgenerally preferred
for fast moving vehiclos,

212, What nvo the difforent objoets of onmber ?
AN Following aro objeet lva of enombor
1. Surfaeo protoction espocially for u;'nvul el bituminoun roada
il Subgrado protoction by propor dvainage o
“.“' (%u‘\ck drying of pavomont which in h“'l; Incronnon snloly
iv. :“l:‘\:‘\‘::‘l\)‘\.\l\l. of Lennsvorse Wt of vohiclos, wonr of tyros will not b

213, What is superolovation () 7 [ARTU 201017, Marko 02]
<17, Markn 0

An Suporelovationis tho vatio of e
tohehprizonlal wiltieTi iy |x‘i‘\}::|\\lr»1\'7l“‘ olouter edgo with renpect
cal

v
'r!\; I /l - 0l
214, What 1 hovlzontul ourve ?

[ARY
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R Crang Hm-llnn|.| I

ul Lurvo in i curve Pl
ntral line of ron,

218, Defing impaet fae
AN Impaet fuetor i tho

ANE A horizont,

o proy
to tho ee Proy

tor,

ralio of the conlyify ot
tho vohiclo, il fore g he Htlihy o
Impact fnetor iy given by,
PV
[
W oan

g !
whon, Tlf = él- (()vorl.urnhu; oceury)

whon, WS £ (Transverye kidding occury)

216. Dofine and give the
Pavement,

NS Lig the addition
section of a rong

OXprossion for oxtry W“lt‘nlnp ot

nl width of curringg

way Lt in pe wred o gy,
s ealeulugod ny ! v

Woaw ow om0 v
- [
] " "= on U.ﬁ\[l—f
217. Enlist the objectives for providj
A& Tollowin are the objectivey fur
i. Toprovi ¢ gradual introdyctjy
i, To provide [4 i
iil. To cnhance
iv. To provide ¢

ng transltion curye,

providing trnnuitjor, curyy ;
n ol'mlpuruluvnthm,
i oxtra widoningg,
tho nesthetie uppe
omfort for

aranco of the rogd,
Passengory,
2.18. Define 5SD, AKTU 201617, Murks 02 I
AU The driver of vehiclo should 1y able Lo neo clearly nl leant i cortaln
portion of rond length to avoid collisi
minimum length of ro

81on or uceidont, Tho nhsslute
ud required for hiy purpose fn known on
stopping sight distance
SSD

= Braking distunco 4 Lug distanco
v’l
SSD= —_, vi
2pf

2.19. What is 08D ?

A& The minimum distance open to vision of the driyve
intending o overtake slow vehiclo abead with wfy
traffic of opposito direction is known us overtuking
(08SD).

r of u vehicle
ty nguinnt the
wight distance
2.20. Write down the formula for overtaking ulght distanco nnd
explain cach term,

|

A e =

A GICE )
iy man
Hfan oot o 41 "

i ' an ds e by, ; g
mu"l'" Wi n|l’.m"“”'{/'i;':}, .IU.’/.H " ] ",]',:"‘p;,-’;;:h
“r-ﬂﬁ (uorlitt (N = :?:lmwluf'u'/"""“lff"“ WI'-W,'/’;-‘,‘.,‘
yhotty ‘d;w I(luu-l,lun phno of deiver <7
Vi w4 e

Jur |
el of ayertaldng yohiele, angphi
vll - "
140 Vv, 16
Jl’ '”
YA

et
A = Aeeoloration In Janph!

' ‘ ! ’ 0
Y wl“,ﬂ ||"Wl| I.hl! fl",‘u"'“ ll“‘ﬂ‘.““f’ ‘” ”,
Ml

fot: Oil):
etord Lhat nffect thy
this fuctors o o

. following e 1o nking vohicle, et
MT lvlnl,'lucll,y ;J' :yl:‘t’:v'r‘:'v,ull:l('lun, whieh fn-turn dopen

' Ang hebwe hicles i

i H::;lﬁi:nl:rl punclion timc’s of Ll‘llf, tll;'iw b i

o ?(ltu of necolornbion of overtnking

{1} W)
I:‘ Gradiont of tis rond,

: the gradlonty,
yut, Dofine nnd classify el

[ARTU 201617, Marks 02
Define the term gradionts. _

} o lungthof the
t1 Graudiont Ju tho rul.uu'l'uilmf or )] slong the Jeny
i (‘T::l‘l\:d'flli: runpoct Lo the horizontal,
";("3'|ntert of Gradlent s
Huling pradient,
iH: Fxeoptionn! gradient,

i l.lmil,inp;V,rmli«sut.'
fy, Minbmum greatdient,

223, II non ‘-l ne )f / A
What nre the rocomme (I utionn « l".‘ ’ﬂl‘ [‘lﬂd"
U I WII ¥ orecomman I ” on ol IRC ¥
Aanm Those nre w follo il anduiic { O for lnd"
I nro “ |
. loco l]l(!llml“ m l“ notre gL Ir | for Hl'llll ) {lntte 11 ftr
1 Cirado con Ao 3 1 l‘!.ll 14

i 304 1

i componsitlon = = =,

b 1t = Radius of horlzontal ¢urvo,
whure,

n
fil. Maximum grado compunnation = it

1 curvon,
Hawnify the vorticn
224, Cluun

{ vortieal curves
nro tho two typon ol uve,
nnﬂ‘: gl.:lll:::mlﬁuz'V(n . Valloy cur

y rullgning
Whiat are tho npoclnd connldorations to o tnken fo

n p

225+ roadns on hilly aroaw 7

Ans following nro tho npocind co nlddor 1} ol ot l'“l’
I i I Al con foration for ll“[{lllll“l‘
g 0 +
urong §

-
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- Yl e, ) oty A,
- Sty i D o, | g1 4
ill, Hmnnnl.n(:r:l,nntlnrtlnr;l'hillmml;:, o ‘
iv, ]uvnlutinuluny,l.h,
U
420, What e You undorstigf by S6bhn g LITTT. p .n g
. [AK'l’l?%?n"f.‘i‘p;;;.;,z;;mb | Traffic Engineerin
AN i e distunee botwean h ke ling of ., . T «t] ons=)
obatruction op e innne gide of the curye, '”m’m';l“"""”'-'-r. | ‘ (2 1\{1‘&]”]48 C%u(;:{tl
. )
227, Whint nre the wtagon of the nny_lnm-.rhut BUrYey o, " i)
e Highy, -
location ¢ I AKTWGQ@E};@ )
ARG ol |Ax SRR May —_— A
Ang; [v'ulluwlny ire the stagon of the ONEINCCr g G berren Letfics o
! ! : ’ ¥ sty bigh. the ters
oy WRUrty b, Nidtions, 1. [,g.ﬂj::t: d
i Mup staly, kg Tzl
i Reconnaismnne, tr'(l,,r
il Proliminary BUrYOys, et
v, i loeation and dotailed Burveys,
228. What {x denipn npoed ¢
Ang,

It is the m
Bpocifiod pe
that the de

aximum gafe speed that e b maintained o ,
cton of Wighway wher, COnditions nre s faynpann
ipn fonturos of rn.

[ARTU z01677, Marks )

the highway youe

©O

s - szer
Ay A tpttie e
re Aifferent Grijartiven 58 :
4%, What ure :
REL, Frilominy wee

aas, Follewingzee

s A

et

.
Mo sekiein ensy noG 3.,‘.’.:/" ’
5 Taithgrtrre e aprsn Ol ,,
i Moinerensetesiio e iy

ryed ek,

i To, redriucs Gelzya 10 1540 (N ILETE,
! b FEL0Ck CEZSR ) %le )

e
1. Traftic Charscteriatiss :
i, Prysieal,
i, Merntal,
i, Paychologeat,
1. Vaedieontaettal, o
% Vehleular Characteriatios @
§, Vehide ditneraion,
fi. Wedyst of lozded vericles,
fil. Power of vehicles,
i1, Speed of webieles,
v, Beraklng chzeseteristion,
vi, Offteacking,

#d. Explain tratfic volume.,

ke Ceaffic slume (s vhe e
direction o p vt bane or roz

RGN it 8 s unit of tiz.

vehicle/lay,




Following are the types of volume me .
L Average annual daily traffie (AADT), Asurements
. Average annual weekday traffic (AAWT),

i, Average daily traffic (ADT).

Average weekday traffic (AWT),

3.6. Describe the term traffic capacity,
AN Troffic capacily is expressed as the maximym p
alane or a road that can pas

umber of yehjeloc s
Sagiven point jn e, Chiclesin
= 1000V

unit time

S
where, V= Speed in kmph,
S=cle spacing of vehicles,
37
Ang:

3

What do you understand by traffic density ?
Traffic density is the numbe

rof vehicles Occupying a unit length of
lane of roadway at o given instant, Itisex

pressed as vehicle/km.
Traffic density = Traflic volume
Traffic speed
3.8
Avig;

What are the different factors on

which PCU values depends?
Following are factors on which PCU value depends :

Vehicles clmructerlstics such as dimensions, power, speed,
aceeleration ang braking characteristics,

- Roadway characte

ristics such ag road geometries including
gradients, curves ete,
E

nvironmentg] and climatice conditions.

-

=

iii.

3.9. Define and classify

AN The various aids anq devices used to control, regulate and guide
traffic is calleq traffic contro] device.
Following are the traffic control device :
I. Signs.
. Signals.
iii. Markings.
iv. Islands,

the traffic control devices.

3.10. Classify the traffic sign.
Ans. According to Indian Motor
three categories :
1. Regulatory signs.
i. Warning signa:.
iit. Informatory signs.

Vehicles Act, traffic sign is divided into

$Q-11C (CE®

Marks)
signs
different regul atoryAKTU 2015-16, Marks 02

cers

R the road users
to inform signs

gli%?ggm. The regulatory

2 Explain with neat

tch. :
ske or mandatory signs are

I d pro
s B v, egulations and P
ofce

classifiedas: .

o and Give-way SIgDS igms.
L SeP ing and No stopping ST
i. No p:rlimit < and Vehicle control 51_in;15 .
e b T S1 -
- Spetriction ends signs and othe 16C, Unit-3.
iv. Ris tch : Refer Q. 3.15, Page 3-16C,

Sketch :

. ignal.
312, Describe the traffic sign

irect
: ternately direc
trolled devices whlch-c(;nduiiﬂg red and green
ans: Traffic signal‘c’tar o ;;r& proceed at intersectio
the traffic to stop

traffic light signal automatically.

3.13. Enumerate the typ:es oft;ge‘:f;lf- gl used onroads
ns. ing are the various
MS.; g:g?f\l?gintrol Signals:
a. Fixed-time signals. .
b. Manually operated signals.
c. Traffic actuated signals.
ii. Pedestrian signals.
iii. Special traffic signals.

ignal.
3.14. Enlist the advantages of traffic sign al: .
: : the advantages of tr?mc e ht angle collision.
Ans: Following arih e certain type of accidents e.g., rig " traffic.
L They red“‘fze sequence and more reliable movement o
IL Tf[‘t:y 1‘::1:2::&5& the traffic handling cap ac_lty.
l':: The}); prevent the road jam and congestion.

A of traffic
15. Write any two advantages and disadvantages
3.15. .

AKTU 2017-18, Marks 02
signals.

. $Q-11C,
Ans: Advantages : Refer Q. 3.14, 2 Marks Questions, Page
Unit-3.

. (] signﬂl :
Disadvantages : Following are the disadvantages of traffi
i. The rear-end collision may increase.

=L . he
2 solation of t!
ii. Improper design and location of signals may lead to vio
control system .
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_‘;&&E.m tion Engineering (2 Marks intersection.
Iii. Failure of elecyric Pover and 4 | qronsport? n the various disadvantages 1')f trort;l;::m !
#ignal do not work. 11y other defect takes  Writedo isadvantages of rotary inte iate the
Placg - ethed d negotiat
e ABS. Following arh les are Torced to slow down an
316. What are the various . All the vehic
method . i . . dto
system ? ° used to desigy, g, Signg) 'mtersectwn'h o is relatively low traffic, the vehicles are force
o MTheao - 3 o . »n ther
Ane’. 'l h'r,.sc are some methods ygeq to design the signa] ji. Even Wh}::ir apéed. . o 3 arban
I Trial eycle method, _ System ; reducet ire large area of land making them costly
ii. Webster's method. i Rotarleicreqmr :
. as, etc. .
Ii. Approximate method, : L e the design elements of rotary. dius at entry, exit and
. 323. Namet lements include design s%eesiétrg entry and éxit width.
417, Define traffie islands, ATE; Elecienstlg:l?slan d, weaving length and width,
e

Ang. Traff

¢ islands are raised areag constructed withj intersection at grade ?
establish physical chapnels through which“’,cl}'l:glgethhiec:g?ad;vay to What do you mean by the mtersefl!) t the same level allowing
may he guided, ar traffi 3'21' d intersection which meets at abou g, crossings and weaving
Ags: It\lgg: manoeuvres like raerging, diverging,
3.18. Classify the traffic islands, al;e called intersection at grade. 7
. ! sland : e?
Ans‘. F{.J”,ijng are the classification of traffic slands ; diff rént requirements of intersection at gra
1. Divisional islands, 825. Whatare the difie ts of intersection at grade are:: ibl
’ . . S0 ssible.
il. Pedestrian loading islands, Ans: The ba‘sxc requtlil’:;n telii area of conflict should be as small s ?Obqliicle
jii. Channelizing islands, L Atthe mtfarsec ed,and particularly the angle of approachofve
. ) ii. The relative spe ’
Iv. Rotary, v should be small. ided
o dden change of path should be avoided.
3.19. What are the uses of channelizing islands ? ifi, Sudce . ioht is desirable, etc. .
Ana; iv. Goodlighting at nig
i. These islands are used to guide the traffic into hannel
proper chan
through the intersection area. ©©©

i. Chﬂnnclizing islands are very useful as traffic control devices for
intersection at grade, particularly when the area is large.

3.20. Define rotary intersection. &KTU 2016-17, Marks 02

Ansa. Rotary is the large central island of a rotary intersection. ’,I‘his
island is much larger than the central islands of channclize
intersection.

3.21. What are the different advantages of rotary intersection ?
Ans. Following are the advantages of rotary intersection :
i. Traffic flow is regulated to only one direction of movement, thus -
eliminating severe conflict between crossing movements.
ii. Rotaries are sclf-governing and do not need practically any control
by police or traffic signals.
iii. They are ideally suited for moderate traffic, especially with irregular

S N
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Highwa
Y Materi,

1
(2 Marks Questions?

——

4.1. What
are the differ
: ent
- 1?_";ll'?h*ur:txou of highwa??;es of materials required £
Aﬂ-ﬂ-. ollowing are the K ¢ €d for the
ﬁf: ggg'egate a materials required for the ¢, ”
ituminous mater: nstru onofhigh“-ay:
o Cement. terials,

Ana Followin
- g are of
L Natura] aggregat,?o types of aggregates -

i Artificial aggregate,

A:Z. Define binding materja),
\0&  Binding mater; 1
. terials
materials which are those materi
. m Tials whi
binder materia). EIi:'lt)le two or more. Bi‘ghl,mcgnare used to bind the
construction materijals as adhesive property T;d bt-ardpl? role of
: ind the road

44. What ar i
e the different bituminous
materials ?

AKTU 2015-16, Marks 02

Ans. Following are the b

construction ; ituminous mater;
. te s
i. Bitumen. rials used in highway
i.. Tar.

Bitumen may be further ¢j

T divi
and native asphalt. vided as petroleum asphalt or bit
r bitumen

4.5. What are the different laboratory ¢ .
aggregates ? ests used for road
OR

List out the various tests on road materia]
s,

AKTU 20151
- 6’ Ma
V7 rks 02

/ |

$Q-15C (CE-6)

portation Engineering (2 Marks)

tests are carried out in labor: sample of road

Trans!
A Following
aggregate:

i Abrasion test.

i Crushing test.

i Impact test-

iv. Shape test.

v. Soundness test.
vi. Specificgravity an
Vil Stripp‘mgvaluetest.

atory onthe

d water absorption test.

te down the tests for bituminous materials.

4.6. Wri
AmE Following are the test conducted on bituminous materials:
i Ductility test.
i Flash and fire point test.
iii. Floattest.

iv. Loss on heating test.
v. Penetration test, etc.
t in bitumen.
AKTU 2017-18, Marks 02

£

47. Explain Flash and fire poin

Ans: Flash Point : It is the lowest temperature at which the vapour of
a substance momentarily takes fire in the form of a flash under
specified condition of test.

Fire Point : It is the lowest temperature at which the mat
ignited and burns under specified conditions of test.

erial gets

48. Define Equivalent single wheelload (ESWL).
[AKTU 2017-18, Marks 02 |

ESWLis that single wheel load having
hich produces the same value of
ss criterion,
value of

ams As per deflection criterion the
the same contact pressure w
maximum deflection at the depth Z. Similarly by stre
E:“;?SWL is the single wheel load producing the same

mum stress at the desired depth Z as the dual.

4.9, s
s glﬂssn‘y the pavement.
i Flexi onstructural desigm, pavements are classified into two types:
i R \'lble pavement.
ng‘(d P‘\\'Oment,
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JALNT VL, .

Fyike e

e
b. S Perature ;.

tresse,

1.12, Define. l,c.»mpr:rulurc

HEFens ey concree Pavernen,
Ang; . 1Arature st r,,
W virf

et e iy

ation in 1)z b

—

ped in cermeny COLCre
o e, i
' rature, Thiy i Cauied by,
ting in 5 1.

4 SInpcry s adicnt, 4,
o perature gradiony, acroy the

i Daily varfition reg,

thick ne of the: yl4t,
i Henson al

e Davery. nt

var
Lern Ieritir,

intinn resulting ip
The: formey re

AN Overyl) change in the #lub
UL T7yTrem—
o Hin viarping BLremsey ;. the later in frictional
4138, What iy the

critical com)
wetiion 7 binution of tre
The eriticul sbrep

shresi— Frictiong)

#tes during summer
Ang,

CHOCCUr 8L tlyres roncy: :
hresy Beregion = Loy Btress + Warping
414, Write: down the i
L4, : *eritical eopmp
; hing g i

winter seuson, ton of shrenicn during
Anigs The critionl nire

Warping stre;

i

teombination geg

5 i CUrat edye region = :
115 4 '.‘ru,-uunul ulrr;.,n, " #ion=lood e

115, Dincuny the

.
critical streny combinution ut corner region.
ARG The eritienl fitrens combination :

Land ytpopy +Warping utrens,

g v
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. avement ?
vided in pave duce the
:oints are pro . pzvement to redu
yihy the J9nT i cement CONCTEts pd}{:o continuity of the
4.16- ints are Pr"‘”d‘:d n and to maintain the
Juin ey
AL temp®

priemsent.

ature #Lressis

. - ement
joints provided in c
. ¢ types of join
the differen
What are

417 conerete pavement ?

a5 F Wgwing are the two types of joints
0 P -

i Longitudinal joints, and
i Transverse joints.

. itudinal jeint. itudi

cribe the longi - wn as longitudinal
o I’I)'l'leﬁt +0lanes are jointed together by ajoint Somofrond.
mag The two lanes are

i ion of road.
joint. Itis provided in the longitudinal direction o

4.19. Discuss the transverse joints.

J. . P 1 A .
ThOBL,“ oints minimize the temper ature stresses 1n the pav ement
]
slah.

420. Classify the transverse joint. .
Ak Following are the classification of transversejoint :
i Expansion joint.
ii, Contraction joint.
iii. Warping joint.
iv. Construction joint.

421. Explain the expansion joint.

Arng joint i bly designed to
Ang ion joint or movement joint is an assem .
ﬁ;‘:l;pgggggégéntemperature-induced expax;z:gul ;.r;i;c::t);iﬁ:?
i i ibration, 0 :
nstruction materials, to absorb vi " .
?)‘l-'cfo allow movement due to ground settlement or earthquakes

422. Discuss expansion and contraction joints.

[AKTU 2017-18, Marks 02 |
Ang. Expansion Joints : Refer Q. 4.21, 2 Marks Questions, Page
8Q-17C, Unit-4.

) rse
Contraction Joints : These are provided along the transve

) toits
dircction to take carc of the contraction of concrete slab due
natural shrinkage
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Highway Construction
Methods
(2 Marks Questions)

5.1. Classify the highway roads.
Ans The highway roads are classified as follows :
i. Earthroads and gravel roads.
ii. Soil stabilized roads.
ii. Water bound macadam (WBM) road.
iv. Cement concrete roads.

2. Define the term ‘macadam’.

Ank The term ‘macadam’ is defined as the pavement base course made
of crushed or broken aggregate mechanically interlocked by rolling
and the voids are filled with screening and binding materials with
water.

53 Draw typical cross section of macadam’s construction.

| AKTU 2017-18, Marks 02

Ani

Broken stone passing
3.75 c¢m sieve, 10 em thick

45 m
{25 cm

Cross slope 1 in 36
RET,
~ Broken stones passing
5 cm sieve, 10 cm thick

Surface course with
stones passing 1.9 em
sieve, 5 em thick

\ 4

e

Compacted subgrade
with cross slope 1 in 36

Fig. 1. Typical cross section of macadam’s construction.
54. What do you understand by surface dressing 7
[AKTU 2015-16, Marks 02

AR Surface dressing is the

binder is sprayed on the roc g 5%, ¥ hich a thin film of bituminous

aggregates and after coat

ad surface covered by a coat of mineral

ing, road surface is well rolled.
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Consn‘uctviun Moy
o

5.5. Describe bituminous macadam
A5 Biruminous 1 :
M_;One OT;n;acadm 15 a premixed construct;
of one or re coarse of compacted g l(sltm
premixel mthbmmmousbinderm\d] n

Dmet)

. - )d C S
i Crusheq , :(.mhm i
s 1 C
" . lIlllllOdlﬂfL‘lyaﬂm-l ;
. B x|
What are the various steps for Preparat o

3.6
A Following <t i
L hons are the steps for preparation of su ¥ eub
i

qndbgnl'nde H
E ot * A N
ther op Sanie Matiep

Site should be cleare e

Sit doff from grass, roots

Excavation or filline 1

grade and desired CZ;}I))EZ b;:{f txllll(;SUbgrade oo longitud

g;;ii‘ e}nent ofpa\'ement l;;\'e;e ° be “ompacted adequateﬁ;ll;g;‘nal

Shaping of s ding -

ubgrade according to longitudina] grade ang

and campey

1
all, ‘IZhat is wet mix macadam ?
An wetmix macadam .
: ,aw
In a mechanical mixer a‘;fiutliaded agsregate is mixed wit)
and compacted, prepared mixture is lajq bylp‘:lli'l(t;er
TS

58. Writ
’ Fouoiio:rn ttl;le advantages of wet mix macadam
i Superiorggragatiié g?faﬁ%ﬁ%f“ mixmacadam
i Fz.ister rate of construct?on. N )
i? igfler standard of densification.
v. S 8§ consumption of water.,
- Otrict standards of quality achieved.

59. Write down th
e st
macadam. eps for the construction of wet mix
ABK  Followiny '
A g are co 1
g grreparation of b:;gu ctional steps for wet mix macadam :
R ovision of lateral confin
Li Preparation of mix. confinement of wet mix.
iv. Spreading of mis.
v. Compaction.

5.10. Giv diff
A Ft)ll‘i: t?e e;ent methods of bituminous construction
Ang wWing are the different m, itumi :
i Interface treatment like primgtgoa%sa%fdbtlgclf{mnous Sgnstrpicam
i Surface dressing and seal coat coat.
iii. Grouted or penetration typ .
! e const: i
iv. Sheet asphalt or rolled asphalt. ruetions.
v. Mastic asphalt, etc.

5.11. Explain dry lean concrete (DLC).

Ans. DLC is a zero slump concrete, A sub-
common feature of modern hjghwaytc)i‘;igt‘:"ggsgg :gxzcrete isa

g(-21 C (CE-8)

(9 Marks)

he udvunw‘%"zl“’i?:ry Jean conerete o
garc 0 “dz};:n::?f‘:f;cc under the copcr’(;‘:,::rppa o102l
t it prov, e 1 frfl(';wcmcnwf glah due t? u;mf;;::;:: ; 2
| o t'hb- rr:qtruction trafficina penod of Y5,
i oo pcrm'lzl(;gl(‘md transfer at joints. »
ovf:wuter {hrough joints and cracks ré

. its supporting power.

ts of cement concrete pavement.
g are the merits of cement concrete paveme

iding surface.
flent rlh rr?ore than any other type of road p2

tionalized, etc.

oering .
¢ ete ?

¢ lean concr

yaristions.

aching the sU bygrzde

reve
" and lowering

vo the meri nt:

g19. Givel
A, Followin:
i ;. Give exce”
ii. Their life is muc
gi. Their design is morera
514, What are the demerits of cement ¢
Aiﬁ: Tollowing are demerits of cement concre
i. Very highinitial cost. e

ii. Transverse and longitudinal J.omts are points
" e mostly associated with joints. ) ‘
iii zlelfninima.i,m of 28 days curing is required before opening to traffic

5.15. Discuss rolled cement concretfa(i.

Ans: Le: i+ of cement concrete is laid on prepare
A {-;22(? :Ia‘;\lc)l‘ golcled like WBM to 80 % t.hxck_ness.
chould be completed within final setting time O

vement.

oncrete pavement ?
te pavement :

eakness. Repairs

d subgrade or sub-
Rolling operation
f cement.

516. Describe the seal coat. tod . ot over certain
AnE is usually recommended as 2 op coa <

’ Eia\lllnfi;%t‘lx;spaveme{lts which are not impervious, such as open

tructions like premixed carpet and grouted

graded bituminous cons
macadam.
5.17. Differentiate between prime coat and tack coat.
[AKTU 2016-17, Marks 02 |
ATiE.
Prime coat Tack Coat

1t is ar. application of bituminous

material over a relatively
impervious existing pavement
e.g., an existing bituminous
surface or CC pavement or a WBM
treated by a prime coat.

It is first application of low
viscosity liquid bitumen over
an existing WBM base

course.

The main objective is to plug | In tack coat, bituminous material
in the capillary voids of | of higher viscosity like the hot
existing surface by | bitumen is applied.
penctrating into the voids.
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Highway Construction Mot
5.18. Discuss the Penetration macadam =

ADE B

519.

520.

521.
Ang

ituminous pe

netration macad
base or binder

‘BVh'?t do you understand by built-up spray grout?

c;}lﬁtxpt.spray grout (BSG) consists of two laye

o tummc 10nbc_1f compacted crushed aggregates Witg a;;ﬁ?‘gpsite
ous bin ation of

key aggregates at thetop to finisheq With

75 mm. P to pro d thickgon h

der after each layer for bonding ap,

vide atotal compacte

I;lescr?be the bituminous concrete or asphalt concrete

:_tume _mgubs_ concrete or asphalt concrete (AC) is a dense :
Premixed bituminouns mix which is well comp Bided
quality pavement surface co

acted to form a high
. g
urse. The thickness of bitumi
concrete surface course layer usually ranges from 40 to 75 mlxlxgus

Discuss about the sheet asphalt,

E:;Iiet astggalt or rolled asphalt is a denge sand-bitumen premix of
lf;: thickness 25 mm, used a¢ a wearing course, The sheet
g ” b_cgi‘ixsfs of well graded course tofine and suitable penetration
gradet 1tumen to form a dense ang impervious layer. This is usually
sm—f:: :r cement concrete pavement to provide an excellent riding

Explam the mastic asphalt,
S i R e s oc
What are the purpose of the sub-base course beneath the
¢ement concrete pavement ?
Eggggig‘é;ﬁe;g?mﬂse of sub-base course beneath the cement
To Fedce th s ouppering layor

lower the cost of construction.

To increase the service life of the cement concrete pavement.

©0O

S requirement of cement concrete slab and
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TRANSPORTATION ENGINEERING-I

Max. Marks : 30
Time : 2 Hours

Note: Attempt all the questions.

ing : 2x5=10)
. Attempt any two parts of the followmg' P
:. Explafn briefly the role of the following in road development
in India:
Jayakar Committee.
Refer Q. 1.6, Page 1-7C, Unit-1.

1 i
Ans

Nagpur Plan.

Ans. Refer Q. 1.10, Page 1-13C, Unit-1

b. Discuss the main recommendations and road

classification of Bombay Road Plan.
Refer Q. 1.13, Page 1-16C, Unit-1.

From the following observations, compute the length of
national highways and secondary roads as per Nagpur
Plan. Total area 10000 km?, developed non-agricultural area

= 2850 km?, railway track length = 95 km. Population data
is given below :

Table 1.

| Population ‘ Number of Towns or Villages
‘; <500 \ 605
I' 501-100 ‘ 295
) 1001-2000 | 105
2001-5000 35
15

ans Refer Q. 1.12, Page 1-

15C, Unit-1.
: : ‘gt.t::.‘;:at? WO parts of the following « (2x35=10)
" for design E;)ﬂro“ Sectional elements of roads considered
road w“h-dul:;w o neat sketch of cross section of two lanes
indicate pmpe:“r“‘lgeway and median in rural area. Also

dimension of elements ou sketch.
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portation Engineering
raos
. _3C. Uni i Volume. =
Refer Q. 2.2, Page 2-3C, Unit.o. i Xzfer Q. 3.2, Page 3-3C. Unit-2.
b. A two lane Pavement of 7.0 m width on a NH i, . e : .
terrain has a curve of radius 65 m, The design Sp:e?.um_ ii, Density- e 3-13C, Unit-3.
km/hr. Determine the length of transition apg circl:]4l) 15 Refer Q.3.13, Page 2130,
curves. 4r
PO _ .. ce mean gpee¢ .
AnS Refer Q. 2.24, Page 2-25C, Unit-2. A:i g}e)?er Q. 3.4, Page 3-5C, Unit-32.
¢ Avalley curve is formed bya descending gradient of 1 i, o its.
which meets an ascending gradient of 1in25; e ivs Passenger Gat unsl_lOC Unit-3.
i Design the total length of valley curve ifthe design speeg is &us. Refer Q. 3.9, Page ' signs and their
80 kmph so as to fulfill both comfort condition and head lain the various types of trafﬁ:c =1gn:f regulatory
light sight distance for night driving, afrer calculating the D o Alsy draw the basic layout of type
SD required. :
ii. Find the position of

the lowest point of the v
locate a under pass

] ‘ and informative signs. .
ing culvert. B Ans Refer Q. 3.15, Page 3-16C. Unit-3, (2x10=20
MNao=ne - {Z2x =zl)
Ang Refer Q. 2.34, Page 2-38C, Unit-2. 4 Attempt any two parts of the following:
3. Attempt any two parts of the following :
a.

(2 x5=10)
List down the various methods for spot speed s
are carried out, Dis

basis of data for s
upper and lowers

cuss in detail any one of them. On the
Pot studies given in Table 2, calculate

i i d corner of a
a. Calculate the stresses at interior, edge an

i s aard stress
cement concrete pavement usrll)i ?:%:;;gel loadl Tess
equations, use the following data:Design

N . - S—

s of elasticicy
kg, pavement thickmess k = 20 ﬁagc?g?l Qili;iijoi%
’ 5k 2, Poisso ° 2
d limit regulation as well as speed for concrete = 3:;;&3]_2&“]15: 6kg/em’. Radius of contact
pee itregulation Modulus of s
design. areaa =15 cm. o
Table 2. Spot speed study data HS Refer Q. 4.18, Page 4-23C, Unit-L. -
- i : s tion of course aggregate and bin ing
Speed Range (KMPH) Number of Vehicles [ b. Discuss the Spe.clic; %1113}1 construction. Further explain
0-10 12 ﬁate;ﬁ:ﬁ’g“. g steps in WBMM construction are carrieg
ow win
- t: aggre s
20 - | i ;:reading of courfiingﬂ matg::;:
20-30 68 | ii. Application ofbu_‘ .y
30-40 90 Ans Refer Q- 5.3, Page 5-3C, Uniz-3.
: s vw————— short notes on any two of the following
T . T
40-50 207 C. grinte inous carpeting.
| i Bitwmiar re 5-7C, Unit-5.
50-60 252 Ang Refer Q.56 Page 57 nit-3,
|l esz
-70 1 haltic concrete.
= — B e Q. 5.5, Page 5-10C, Unit.s,
70-80 44 an
- jii. Surface dressing.
8090 \_32*_—/ Ans: Refer Q. 5.7, Page 5-9C, Unit-3.
90-100 9
e ds : Refer Q. 3.5, Page 3-6C, Unit-3.
Anss %sg‘gﬁcd :Refer Q. 3.7, Page 3-8C, Unit.3,
b. Explain the following terms :
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Attempt 2]l the questions,

All guestions carry equal marks,
Hreguired any missing data, then choogse Buitahly
Attempt eny four parts :

Erplzin Bombay road plan.

Refer Q. 1.13, Page 1-16C, Unit-1.

(4% 35= 14)

Explain marimum and minimum 5

uperelevation :
Befer Q. 2.17, Page 2-18C, Unit-2. perclevation in brict.

n EP‘ HP!-‘ F"Nt—“§

Caleulate the stopping sight dig

stan
100 kmph. Take the total p
coefficient of friction = .35,

Refer Q. 2,10, Page 2-1 1C, Unit-2.

e for design spe

reaction time 2.5 second, o

8 and

Explain bituminous macada

m and asphaltic
Refor Q58 Page 5.10C. Unit.o concrete.

D.erive the expression for calculat
distance on a highway.

Refer . 2.12, Page 2-12C, Unit-2,

Foo Ko f

ing the overtaking sight

L Design the su
of radius 300
data,

A& FEefor Q.2.19, Page 2-20C, Unit-2.

perelevation required at a horizontal curve
m for speed for 60 kmph. Assume suitable

2 A}Lf:mpt any two parts :

@ V.r_xte_ the short notes on

f- Tblrrtxeth highest hourly traffic volume.
AEL Refer @ 3.3, Page 3—4C, Unit-3

(2x6=12)

iiL Traffic volume study.
3.2, Page 3-3C, Unit-3.

rtation Engincering SP-5 C (CE-6)
porti
T,gni‘l"

Enumerate the steps in the construction of cement concrete

b.
puvcmcnt. .
. nefer Q. 5.11, Page 5-12C, Unit-5.
Adi Refer Q.

¢. Determine the spacing between contraction joints for 3.5
meter slab width having thickness of 20 cm and f = 1.5, for
the following two cases.

i. For plain cement concrete, S, = 0.8 kg/em?

ii. For reinforcement cement concrete 1.0 ¢cm, bars at 0.30 m
spacing.

As Refer Q. 4.25, Page 4-34C, Unit-4.

3. Attempt any two parts: (2x6=12)

a. Calculate the length of transition curve for a design speed
of 80 kmph at horizontal curve of radius 300 m in rural
area. Assume suitable data.

Ang. Refer Q. 2.25, Page 2-27C, Unit-2.

b. What is traffic rotary ? What are its advantages and
limitations in particular reference to Indian conditions ?

Ang. Refer Q. 3.24, Page 3-26C, Unit-3.

c. Explain IRC method of rigid pavement design.
Ang. Refer Q. 4.26, Page 4-35C, Unit-4.

4. Attempt any two parts: (2x6=12)
a. Explain the CBR mecthod of pavement design. How is this
method useful to determine thickness of component
layers ?
Anus; Refer Q. 4.12, Page 4-15C, Unit-4,

b. Discuss the various types of traffic signals.
Ang: Refer Q. 3.16, Page 3-18C, Unit-3.

c. Write short notes on the following :
i. Sheet asphalt.
Axi. Refer Q. 5.8, Page 5-11C, Unit-5.

iji. Mastic asphalt.
Aqis; Refer Q. 5.8, Page 5-11C, Unit-5,

©00O
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Section-A
La %2;;2?;? uestions,
An plan. iferent types of roads in thipq twe *2=2y)
% Refer Q.1.5,2 Marks Questions, Page sq aty year roag

o 1C, Unit.
| at' are the stageg of engi i -
ocationsg ? ng‘lneenng

survy, .
€Y for hlghWay

AOH, Refer 2
Q.227,2 Marks Questions, Page 5Q-g(C U
» Unit-9,

¢. What is camber ?
owld er ? What are the diffe

Anu. R,
efer Q. 2.9, 2 Marks Questions, Page §

d. Write down the
explain each te

f Q-5C, Unit-2,

ormula f; i

o for Or overtaking sight distance and
efer Q,

Q. 2.20, 2 Marks Questions, Page SQ-6C, Upi

e. How can we o
Ang Refer Q.35,2

Ang;

count traffijc volume ?
r Marks Questions, Page SQ-10C Unit-3
- What are the ¢ , -
fi
heharatig ifferent regulatory signs ? Explain with neat
Ang Refo a
rQ.3.11,2 Marks Questions, Page 5Q-11C Unit-3
. Lis i , -
Ahg: }{:?zro(;xt the various tests on road materials
-4.5, 2 Marks Questions, Page SQ-14C U.nit 4
h. ¥ i , h
sy R’Ve'll)‘::sr: the different bituminous materials ?
-4.4, 2 Marks Questions, Page SQ-14C, Unit-4
i. What i | .
A ct;r: ;llm design parameters for rigid pavements ?
+4.11, 2 Marks Questions, Page 8Q-16C, Unit-4

J- What do you understand
) by surface dressing ?
ANE Refer Q. 5.4, 2 Marks Questions, Page SQ-19C, Uiibﬁ.

psport?
et ion

qp-q O (CE-5)

—

tion Engincuring

i (5410 =50)
any five questions. A

Adtemp y three methods of historical development of

Y i
pDiscuss & :
* road construction.

s Rofer Q. 1.4, Page 150, Unit-1.

lain the procedure for preparation of detailed project

3. Exp s
eport. o
AdS frt}i)s question is out of syllabus from sessions 201#-19.
4. Calculate the stopping sight distance and overtaking sight
distance for a design speed of ?SO kmph. .
Take o = 2.5 kmph/sec, ascending slope of 2 7.
Ang: Refer Q. 2.14, Page 2-14C, Unit-2.

5. Explain origin and destination study. What are the various
uses of O and D studies ?
Ang Refer Q. 3.8, Page 3-9C, Unit-3.

6. Explain different tests of road aggregates.
Aiis; Refer Q. 4.6, Page 4-7C, Unit-4.

7. Calculate the stresses at interior, edge and corner of a
cement concrete pavement by Westergaard’s stress
uations.
‘f\godulus of elasticity of concrete = 3.0 x 10° kg/omn®
Poisson’s ratio of concrete = 0.15
Pavement thickness, h =18 cm
Modulus of subgrade reaction, K = 6.0 kg/em?
Radius of contact area = 15 cm
Wheelload, P = 5100 kg
Ang Refer Q. 4.16, Page 4-21C, Unit-4.

8. Write short notes on - Prime Coat, Bituminous Surface
Dressings, Construction Joints in rigid pavement.
Ans: Prime Coat : Refer Q. 5.6, Page 5-7C, Unit-5.
Bituminous Surface Dressing : Refer Q. 5.7, Page 5-9C, Unit-5.

Construction Joints in Rigid Pavement : Refer Q. 4.21, Page,
4-271C, Unit-4.

9. List different methods of roads construction. Discuss their
advantages and limitations.

An& Refer Q. 5.13, Page 5-14C, Unit-5.
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Section-C
Attempt any two,
10. Write the notes on :
i. NHAI Act (1988).
ii. Expreuuwuy master plan, and
iii. PMGSY.

AYE Thig question is out of syll

11. What do you understand by vertic
gradient of 1 jn

ours
Time * 3 H
al curyey ? An age.,
50, and 2 degee a8cen
Determine the le
i. SS

abus from BCKKIoNng 2()18-].’),

2= 20)
. ks, (10%
uestions. jes equal mar
| ; ding te: Attempt all @ rts. Each part cartl
pnd ‘ending gradient op in gy No 1. Attempt allpa elevation ?
— ngth of summit Curve to provig, a... What is super
ii. 0OSD, for design s8peed of §() kmph, Assume all othe
Any; xcrlicul Curve : Refor ¢

) ). 2.29, Pag
umerical : Refer ¢, 2,

it-2.
—5C, Unit
3 9 Marks Questions, Page S5Q t
o coat.
| . ime coat and tack -
- o it 21C, Uni
i ifferentiate betw e e A,
31, Page 2-34C, Uni’L-2, : - stne .
Arig; Ans Refer Q. 5.17, -
12. What are the design factory considered jp design of . - .
Pavements ? Explain CBR method & IRC recommendationg c. 5. e e
for the CBR method of design. .« ot - o
AN8; Degipn Factors : Refer Q. 4.10, Page 4-1 2C, Unit-4, .
CBR’i’Iethod :Refer (), 4,12, Page 2__150’ U’m't{],i‘ ?
C Rccommendutionu : Refer q). 4.13C, Page 4-17C, Unit-4,

16C, Unit-4.
4.12, 2 Marks Questions, Page SQ—
Axig: Refer Q. 4.12,
0

. C, nit—?...
rks Questions, Page SQ
1 d Refer Q. 2,28, 2 N[a —8 [

£. Wl is OSD 2 | . |

Marks uestions, Page SQ 18-
g De’ﬁne rotary intersection. , -

| : arks Questions, Page SQ—12

| Axig. Refer Q 32(), 2M C, Unit 3

‘ : C, Unit-2.

: ks uestions, Page SQ
Axig: Refer Q 2.6,2 Mar Q —4 2

. rm gradients. . Unit-2.
i, Defln;ﬂz_\(;;CZMga;ks Questions, Page sQ-17C,
Axig: Refer Q. 2.22,

j. Define camber with sha[:;::‘-\s Page SQ5C, Unit-2.
: ks Questions,
Ang: Refer Q. 2.9, 2 Mar

(B x 10= 50)
2. Attempt any five questions

d
n boun
d bitume

a. Explain water bound 1nucad§m an

macadam.

it-5.

3C, Unit-o.. 5
- Page 551 0C, Unit-5.
ANG Water Bound Macadam : Refer Q. 5Q2,5_8,%age 10

& ‘lalli‘:,\f:\en Bound Macadam : Refer Q.
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b. What is surface dressing ? Write
procedure for surface dressing.

Ans; Refer Q. 5.7, Page 5-9C, Unit-5.

the construction

c. A cement concrete pavement is to be designeq, Pro
trafficis 3000 commercial vehicles per day. D
years and rate of traffic increase ig 5.5 9,
design traffic as per IRC 58-2011.

Ans. Refer Q. 4.27, Page 4-36C, Unit-4,

N Seng,
CSign life is 29
Calculate the

d. What are the various types of traffic contre) deviceg o
Discuss. : +

Ans: Refer Q. 3.14, Page 3-15C, Unit-3.

e. Describe CBR method for the design of flexible Pavemepy
Ang Refer Q. 4.12, Page 4-15C, Unit-4. '

full lateral friction is assumed to develop.

AnS; Refer Q. 2.20, Page 2-20C, Unit-2.

12

Discuss the Bombay road plan.
Ans; Refer Q. 1.13, Page 1-16C, Unit-1.

[ R

h. Enumerate the various
principles involved,
Ans. Refer Q. 3.22, Page 3-23C, Unit-3.

types of intersection and the basic

3. Attempt any two parts of the following :
a. Discuss Westergaard’s c
concrete pavement,

Refer Q. 4.19, Page 4-24C, Unit-4,
b. Write the construction

bavement and explain d;
concrete pavement,

Ans. Construction Procedure of ¢ A t:
Refer Q. 5.11, Page 5-12C, Unil;-’ée.ment Conerete Pavemen

Types of Joint : Refer Q.4.21, Page 4-27C, Unit.-4,

c. Write the flexible Pavement desjgn steps and describe the
Procedure in brief ag perIRC:37.2019.

Ans. Refer Q. 4.13, Page 4-17C, Unit-4.

©ee

(2x15=30)
oncept of temperature stresses in

Ang;

. ' -11 C (CE-6)
Transportation Engineering SP

B.Tech.

(SEM. V) ODD SEMESTER THEORY
EXAMINATION, 2017-18
TRANSPORTATION ENGINEERING-I

Time : 3 Hours Max. Marks : 100

Note: Attempt all sections. If any missing data required, then choose
suitably.

Section- A

1. Attempt all questions in brief, (2x10=20)
a. Draw typical cross section of Macadam’s construction.
Ans: Refer Q. 5.3,2 Marks Questions, Page SQ@-19C, Unit-5.

b. Write short note on IRC,
"Ang. Refer Q. 1.7(B), Page 1-8C, Unit-1.

¢. Define Kerbs and shoulders.

Ans: Kerbs:Refer Q. 2.4, 2 Marks Questions, Page SQ4C, Unit-2
Shoulders: Refer Q. 2.8,2Marks Questions, Page SQ-5C, Uni:-2.

d. What do you understand by setback distance ?
Ans. Refer Q. 2.26, 2 Marks Questions, Page SQ-SC, Unit-2.

e. Explain passenger car unit (PCU).
Ang. Refer Q. 3.9, Page 3-10C, Unit-3,

f. Write any two advantage and disadvantage of traffice
signals.

Aiig. Advantage : Refer Q. 3.14, 2 Marks Questions, Page SQ-11C,
Unit-3.

Disadvantage : Refer Q. 3.15, 2 Marks Questions, Page SQ-11(C,
Unit-3.

g. What is kerb marking ang object marking ?
Ang; Refer Q. 2.5, 2 Marks Questions, Page SQ4c, Unit.2,

h. Explain Flash and fire

point in bitumen.
Ang: Refer Q. 4.7, 2 Marks Qu

estions, Page SQ-15C, Unit-4.

i. Discuss Expansion and Contraction joint.
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Zax Expansion : Rei:- Q

—Ze_4

C:Olltractioﬂ s R

Urire, BT QoL2 o o 3.
J- Define Equival . TORSSIng o, -t
48X Refer Q. L8 2 ‘rfr‘lr -Q__g € WhEelload ('E‘T',‘L o S‘:.'\‘*«
Sh<olE2rgs = ) e
TESTons, Pao- o > ). -
TSESS-I5C, e
Section.B =
2 a
= Semptany three of s
- 0l tns pllaees
S
di?’]slo‘;'lngdata v'DeSign Hon Curve and t}, (10"3» a.
of c1 Speed = g= shie
Allowable rate of Currmde =220 85 kmph, e»hm%
rotated ahoyt th n uction of sy
Pavement wig €centre line) = 1 i, 1= elevatiop (
XBE Refor O o th includig 1n 150 Paverme,.
ferQ.2.26 Page 0 o SC L_g_ex)tra widening « - )
28C, Unit-2, =75m
b. What
are the v
- b ahi ‘::0115 Sl!ﬁ‘evs to be .
Ang ReferQ. 119 ¥ SYstem for a gj carried opg before

co the maj

mmonly in Main features of varg

= use, f varions

S ReferQ.18 Page 1_p00 Ui 0! various road parterns
» Unit-1.

e An ascendin adien
of 14 ) iegl‘ad_nentoflx'.nSOmeetsadecoendma' gradi
ISD (b) 0sp fo ?] of tt : o Lhe:
data » rdemgnSpeed of 80 kmph. e allother
| Ph. Assume all

((i)a)) Refer Q. 2.39 Page 9_35 O
Refer Q. 231, Page ;-3..(_3?0,‘, [I:_Tnit-i’.

488 2-34C, Unit-2.

Secﬁon_c

Attempt any

A ¥ One part of :
Briefly discu the following : (10x1=10)

3 Ss the hj .
construction. What arillStqucal development of road
salient features of early Roman

SP-13 C (CE-6)

roads ? How do these differ from the present day road
construction ?

Historical Development and Features : Refer Q. 1.4, Page
1-5C. Unit-1.

Difference: Refer Q. 1.5, Page 1-7C, Unit-1.

b Write 3 short notes on :
i Central road fund.

s5= Refer Q.1.7(A) Page 1-8C, Unit-1.
#i Nagpur road plan.

a5 Refer Q. 1.10, Page, 1-13C, Unit-1.

ii. Star and Grid pattern.
a5 Refer Q. 1.9.Page 1-12C, Unit-1.

iv. Jayakar Committee.
25 Refer Q. 1.6, Page 1-7C, Unit-1.

4 Arzempt any one part of the following : (10x1=10)
a. Fxplain the factors based on which the length of valley
curve is designed. Calculate the length of transition curve
for a design speed of 80 kmph at horizontal curve of radius
300 m in rural area. Assume suitable data.
25= Factors:Refer Q. 2.33, Page 2-36C, Unit-2.
Numerical : Refer Q. 2.25, Page 2-27C, Unit-2.

b. Derive an expression for calculating the overtaking sight
distance on a highway- Calculate the stopping sight
distance for design speed of 100 kmph. Take the total
reaction time 2.5 seconds and coefficient of friction = 0.35.

35 Expression .Refer Q. 2.12, Page 2-12C, Unit-2.
Numerical : Refer Q.2.10, Page 2-11C, Unit-2.

5. Attemptany one part of the following : (10x1=10)
2. Explain the following terms:
i Traffic Volume.

x5= ReferQ. 3.2, Page 3-3C, Unit-3.

i Traffic Density.
#5= ReferQ. 3.13, Page 3-13C, Unit-3.

jii. SpacelMean Speed.
x55 Refer Q. 3.4, Page 3-5C, Unit-3.

iv. Passenger Car Units.
a5= Refer Q. 3.9, Page 3-10C, Unit-3.
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b.

ATS:

6.'.

a.

i
ii.
Avis

Solved Papey (

With neat sketehes show various types of traffjg
signals classifying them in proper groups, S1gns g
Refer Q. 3.15, Page 3-16C, Unit-3.

Attempt any one part of the following : (10

Explain the CBR method of pavement design. Ho X ‘1 =10)
method useful to determine thickness of com‘,‘,on(m‘t"l is thig
Refer Q. 4.12, Page 4-15C, Unit-4. ayers?

List different types of cutbacks.
Discuss in brief the tests carried
Refer Q. 4.5, Page 4-5C, Unit-4.

When are these used ?
out on cutback bitumen,

Attempt any one part of the following :
Write short notes on :
Seal coat.

Sheet asphalt.

(10x1=10)

. Mastic asphalt.

Seal Coat : Refer Q. 5.6, Page 5-7C, Unit-5.

Sheet Asphalt and Mastic Asphalt : Refer

. 5.9, Page 5-
Unit-5. Q age 5-11C,

Discuss the specification of course aggregate and binding
materials required in WBM construction. Further explain

how the following steps in WBM Construction are carried
out :

Spreading of course aggregates.
Application of binding material.
Refer Q. 5.3, Page 5-3C, Unit-5.

©00
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1. Attempt all section, ‘
9. Anydatnif missing may be suitably assumed.

SECTION-A

1. Attempt all questions in brief:
: i integrator. .
a. Define bump In o
Ang Bump integrator also known as roughnmetcr or auton}atltc.;z "
Ans unevenness recorder gives quantitative integrated evaluati
surface irregularitieson a digital counter LCD screen.

b. Differentiate between skid and slip in highway engineering.

Note:

2x7=14)

Ans: :

Slip . Sldd -
3 Q

1 When vehicle travels less than | When vehicle travels more than

i istance of
i i cof | the circumference dis _
the circumference distanc the clrodmiecencs e drives

wheel applies brake but, vehicle still
moves.
2 In this case only rotational- | In this case only translation-
. n thi

wheel occur. motion ofwheel gccurs.
motion of

enli ious road patterns. ‘
. c_ g:;;: :QVTE 2 Marks Questions, Page SQ-2C, Unit-1.
o he conditions under which summit curve is used.

d. Listt Y
Ans; Refer Q. 2.29, Page 2-31C, Unit-2.

Define possible capacity and basie capacity.
# e: Refer Q. 3.13, Page 3-13C, Unit-3.
a What do you understand by warping stresses and
¢ temperature stresses ? .
i Tomperature Stresses : Refer Q. 4.12, 2 Marks Questions, Page
A sQ-16C, Unit-4.
Warping Stresses : Warping stresses are due to temperature
differential between the top and bottom of the pavement as a
result of daily variation in temperature of the location.

g Dpifferentiate between tack coat and prime coat.
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. 5.17. 2 Marks Questions, Page SQ-s
SECTION-B

2 Arzempt any three of the following :

a. Write salient features of first tw
development plan.

Ans ReferQ.1.10. Page 1-13C, Unit-1.

b. Avehicle moving at 40 km/h speed was sto pedt,
brake and the length of the skid mark was 19 ¥ applﬁng
average skid resistance of the Pavement js 70'2 . If the
efficiency of the test vehicle will be nearly 5 ) t © bragg

(7 %
enty Yeap 1:021)
aqd

Ans
Given : Speed of vehicle. V = 40 km h, Skid d;
Average skid resistance = 0.7 P d dlstance, I=129 m
To Find : Brake efficiency of vehicle,
1 Brzkingdistance is given by, / = v2/ 22f=10.278 V2794
1222 (0278 x 400/ 2 x 9.81 x =f
[ =0.5166
2 Brake efficiency = 0.5166 x 100/ 0.7 = 73.8 .

c. Whatis the extra widening required (asnearest magnit
for a pavement of 7m width on a horizontal curve of r. Efe)
200 m, if the longest wheel of vehicle expecteg on thea e
is 6.5 m and the design speed is 65 km/h ? roud
Ans

Given:Width g!'pa\'ement, W=7m, Radius of horizontal curve
f?:i'_»_GO m, Design speed, V = 65 kmv/h, Wheel base of vehicle,
{=65m '
To Find : Required extra width of pavement, w

EXtra sidaminm g s o o 5 . I" J
irawideningis given by, W = W +W = :_R + v _
‘ : ~” 2R 95/R
Her ” . ~ - -
fenoe, n = 2 (two lanes for Pavement width of 7.0 m)

2x6.5° 65
25200 9.5+ 200
W =021125 = 0.48381=0.69506 =0.7m
d Consider the following data with respect to the design of
flexible pavement :
Design whee) load = 4200 kg
Iyre Pressure = 6.9 kg/em?

W=

«

‘Take =3z L"-:‘ T 0-564. /== 0.318‘ and == 9.87)

The total thicknes, of flexible pavement for a single larer
elastic theory be nearly 2

SP-17 C (CE-6)

rtation Engineering

Transpo

Ans. ’
Given : Wheel load, P = 4200 kg, Tyre pressure, p = 6 kg/cm?,
Elastic modulus, E = 150 kg/em?®, Deflection, A = 0.25 cm.

To Find : Total thickness of flexible pavement, T.

1. Tyre pressure is given by, p = P/ na?

}P ’ 4200
= |—=|—— =14.93
@ np 3.14x6 1488 em

2. The total thickness of pavement for a single layer elastic theory is

given by,
(3P Y . Il 3xa200 \ )
_ —a? = [[—3x4200 ) . g0
2Ea) =% T \(Zex1s0x0.25)
T=51.35cm

e. Write short notes on :
i. Sheet asphalt. ii. Mastic asphalt.
iii. Bituminous carpeting.
Ans. Sheet Asphalt and Mastic Asphalt : Refer Q. 5.8, Page 5-11C,
Unit-5.
Bituminous Carpeting : Refer Q. 5.6, Page 5-7C, Unit-5.

SECTION-C

3. Attempt any one part of the following : (Tx1=17)
a. Discuss the cross sectional elements of the roads considered
for design. Draw a neat sketch of cross section of 2 lane road
with dual carriageway and median in rural area.
Ans. Refer Q. 2.2, Page 2-3C, Unit-2.

b. Determine the length of transition and circular curves for the
* following data : 2 lane pavement of width 7 m on NH on a
rolling terrain having radius 65 m, Design speed is 45 Yam/hr,
Ans. Refer Q. 2.24, Page 2-25C, Unit-9.

4. Attempt any one part of the following :
a. What are the objectives of highway research

Briefly explain the role of MORTH ang IRC i
development. !

(Tx1=7)
board ?
highway

A. Objectives of Highwa

Page 1-8C, Unit-1,

B. Role of MORTH :

i To administer funds
National Highways,
i To formulate plans for dEVEIOQment and maintenance of National

Highways in consultati
PWDe) ation with the executing agencies (State

Yy Research Board : Refey Q. L.(E),
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Sl’—lﬂg—(_fil__,,, . 1 Moy 1,).(”,{
T To oversee technically the quality of wWorl

" ics "x"“Hlv(l |
f;‘ﬁ‘;::;‘l;l{l;iﬁ(l‘r the Central Road Fund., Wy
To administer the Cf‘ntrul R“‘“(l_]’l‘ng
Highwaysin the Unm‘n T('rrm)n‘pg_
i. Toadminister the Indian Roads (J()I\S“'\l(‘tiun C“"Imr
sector undertaking. '
To evolve standards and specifications for road ang b
C. Roleof IRC: Refer Q. 1.7, Page 1-18C, Unitoy
b. Write brief noteson:
i. Central road fund. ii. Indian roa
iii. Central road research institute,
Ang. Refer Q. 1.7, Page 1-8C, Unit-1.

5. Aitempt any one part of the following .

a What is mean by minimum gradient in
provided ? A valley curve is formed d
+3.5 % and - 2.75 %. If the design spe
80 kmph, determine the stopping sigh
the valley curve to fulfill both comfort ang hnd design
distance conditions. . eaq lighy

Ans, Minimum Gradient : Refer Q. 2.27, Page 2990, Unit,
Numerical : > Unig-2,

e
’ ram
amme
N nlln-rlhnn N
Filinn
il

aligy,
-
idpre Vork,

d COngreg,

- 7
hlghWay '_)Wx 1 =17
ue to twyg 4
ed of thig h?l}‘:?;enu
tdistance an:

Given:n, =+3.5%, n, =~ 2.75 %, Design speed, V = 80 kmp,
To Find : Stopping sight distance, SSD and total length of vl)alie

Y
curve.

Assume: i Total reaction time, £ = 2.5 sec
ii. Longitudinal co-efficient of friction, f=0.35

1. Asthereisascending gradient on one side of the crest and descending
gradient on the other side, the effect of gradients on the SS i
assumed to get compensated and hence ignored in the calculations,

2 2
2 sSD=vis V- 80 o5, (807367
2gf 3.6 2x9.81x0.35
3. Deviation angle, N = 3.5 — (- 2.75) = 6.25 % !
4. Comfort Condition :
Allowable rate of change of centrifugal acceleration,
C=280/75 + 80 = 0.52 m/sec?

=127.45m,

Length of valley curve, l

1 ! |

L=2[NYF_, 6.25XM]2=72.63M ‘\

c ] “l100 "~ 052 \

5. Head Light Sight Distance : ;
Assume L > SSD ‘!
NS? 0.0625 x 127.45" _ 17032m - l

L= 0.0355 1.5+ 0.035x 12745

£

Transpor
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where, S = Stopping sight distance, (SSD).
6. Design length of valley curve = 170.32 m

| PN

b, State the limitations of CBR method of pavement design &
also enlist the different tests on road aggregates. }

Ans. Limitation of CBR Method : [t may be seen that the total

thickness of construction remains same though the pavement

component layers are of different material with different CBR

values.

Tests : Refer Q. 4.6, Page 4-7C, Unit-4.

6. Attempt any one part of the following : (Tx1=7
a. Calculate the stresses at interior and edge of a cement
concrete pavement by Westergaard’s equation:
p of concrete = 0.15, A =18 cm, K = 6.0 kg/cm?,
Radius of contact area =15 em, wheel load P = 5500 kg,
Modulus of elasticity of concrete = 3 x 10° kg/cm?. Where
dowels bars are used ?
Ans.
Given : Modulus of elasticity, E = 3.0 x 105 kg/em?,
Poisson’s ratio, u = 0,15, Thickness of pavement, 4 = 18 ¢cm,
Modulus of subgrade reaction, K = 6.0 kg/cm3,
‘Wheel load, P = 5500 kg, Radius of loaded area,a =15 cm.
ToFind : Stresses at interior and edge of pavement.
1. Radius of relative stiffness,

TH B [ 3x10° x18° “‘1“

1= Eh® -
12K(1-p7) 12x6.0(1-015) = ‘08lem
2. The equivalent radius of resting section is given by,

a/h=15/18=0.833 < 1.724
b= J1.6a®+h* - 0.675h

= J16x15° +18° -0.675x18 =14cm
3. Stressat interior,

0.316P (l)
GC. = iy
; W {410g 5 +1.069l

_ 0.316x5500 70.61
= T[ﬂog(T) + 1069} =20.813 kg’cm'—’

4. Stressat _ 0.572p !
ress a edge,crc 7 4log 3 0.369

_ 0.572x5500 70.61
—1—82\{4 x 1og( " )‘f O.SGB\X =30.877 kg/em?
Use of Dowels Bars :
i It transfer load from one s i
o e agbaigy ne slab to anothep without Preventing the

2. To reduce joint faulting

Therefore,

and corner eracking,
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b.

Ans:

e g4
Write short notes on: Bituminous mace 1y,
dense bituminous concrete (SDBC) and Tue ' S
concrete, Dry lean concrete (DLC), Cemeng Cnll J
road construction, Roller Compacted Conen, ‘m
Bituminous Macadam (BM) : Refer Q. 5.5 P Lr- A,
Semi Dense Bituminous Concrete (SD'B(‘;)M? ®=10c, Uhi} .
coarse aggregates of size 12.5and 10.0 mm, p‘"elhi“.d Congigy TV
or tar binder which are compacted to o ﬂﬁckl{ "“ﬂ “With biluu; 5
serve as a surface course of the pavement, €8s of 29 mmwn
Bituminous Concrete : Refer Q. 5.10, Page 5-110 to
Cement Concrete Road Construction . R » Unig.g,
Page 5-14C, Unit-5. * e

Roller Compacted Concrete Road -
Page 5-14C, Unit-5.

Attempt any one part of the following :

Explain 30" highest hourly traffic volume with (Txq1. 7
The width of a carriage way approaching ap iI:letat Eraph,
is given as 15 m. The entry and exit width at the ellecti0n
10 m. The traffic approaching the intersectign ‘I_'otary is
four sides is shown in the figure below. Find the rom the

adam, m T

of the rotary using the given data : Capacity
9
N 1483
400 37 408 600
1105 3’5650
w057 o5 50 1260,
510 350 250
1203”370
1140

Fig. 1. Traffic approaching the rotary.

30'* Highest Hourly Traffic Volume : Refer Q. 3.3, Page 3—4C

Unit-3.
Graph :
_ 40
c
o gl
2 =l
Eo oo m
32 L\ &
2o =
E e =
£z 20
- o
2
-
==
2

1 1 1 1 1 1 1 1
(1] 2‘0 40 60 80 100 120 140 160 180
Numbers of hours in one year with traffic volume exceeding that shown
Fig. 2. Hourly traffic volume.

’I'rzmﬂl""'l m
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[ngincering B

on i
Nuln('ricnl H
Giveniw=10m, e, =0,= 10m
T'o Find : Capacity of rotary.
. e A
The traffic from the four approaches negotiating through the
' roundabout is illustrated in Fig. 3.
2 W(':wingwidlhiscnlculutcrlas, i )
I w=le,+e,)/2+35=10+35=135m

3. Weaving length, /=4 xw=42135=54m

Fig. 3. Traffic negotiating a rotary.
4. The proportion of weaving traffic to the non-weaving traffic in all

the four approaches is found out first.
5. Let the proportion of weaving traffic to the non-weaving trafSec in
West-North direction be denoted as p,,. in North-East direction as
Dyp in the East-South direction as Pz and finally in the South-
West direction as p,-
505+510+ 350+ 600 1965 A
Pun= - — = =0.718
505+510+350+600+400+370 2733
650+ 375+ 505+ 370

"~ 650+375+505+370+510+ 408

b NE

Pec= 510 +650 + 500 +600
B 510+650+500+600+250+375
P = 350+370+500+375 - 0.5099

350+370+500 + 375+ 420+ 600 2615
6. Thus the proportion of weaving traffic to non-weaving traffic is
more in the east-south direction.

I e
b:>-<5“m\EL
¢ 5(‘0,517‘ N
e 250 X Al
Fig. 4. Traffic weaving in east-south direction.
7. The weaving traffic movement in the East-South direction is shown
in Fig. 4.
8. Therefore, the capacity of rotary will be capacity of this wearing
section.
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Capacity of weaving scction is given by,
280w [1 + (e /w1 = (p/3)]
Q= [1+@w/D]
_ 280x13.5[1+010/ 13.5)1[1-(0.783/ 3)] - 3890 ver
ES ™ [1+(13.5/54)] ehicle/hgy,

b. A national highway passing through a rollin
two horizontal curves of radius 450 m and 1
the required super elevation for the curve

. guidelines.

50 m. DeSign

S as per IRC

Given : Radius of horizontal curve, R = 450 m, Radius of anothey
horizontal curves, B = 150 m :
To Find : Super elevation. _ :
Assume : The ruling design period for NH passing through 5
rolling terrain is 80 kmph. The co-efficient of lateral friction,
f=0.15. The maximum permissible super elevation, e = 0.07.
1. Case-1:Radius =450 m :
i. Find e for 75 percent of design speed, neglecting £, Le.,

0.75v)?
e= ( v) (v in m/sec)
gR
V 80
= —=—— =929 i
v 36 36 2 m/sec (Vin km/h)

2
o= 075x22.22) 0.0629 = 0.063
9.81x 450

e <0.07. Therefore, the design is sufficient.

Hence, the designed super elevation is 0.063. i
Case-2: Radius = 150 m

Find e for 75 percent of design speed, neglecting f, i.e.,

- o= OT5V) _ (0.75x22.22F _ 1ao 007

3 ' gR 9.81x150
1. Maximume to be provided = 0.07.

iii. Find ffor the design speed and maximum e,
Friction coefficient,

o BT

Fe ¥ o 22220 oo 0653 0.5
gR 9.81x150

Find the allowable speed v_ for the maximum e = 0.07 and/= 0.15

C
V.= J0.228R = J0.22x9.81x150 = 17.99 m/s¢
= 17.99 x 3.6 = 64.76 kmph

©0©
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