
*Under revision

 
 
 
 
 
 
 
 
 
 
 
 
 

TRANSPORTATION ENGINEERING 
 

COURSE CODE- RCI4C002 

 
 

Prepared By: 
 

Mr. Sitansu Kumar Das 
 

Assistant Professor (Civil) 
 

GCE, Keonjhar, Odisha 
 

(A CONSTITUENT COLLEGE OF BPUT, ODISHA)



SYLLABUS 
 

Module-I (10 hrs)  
Modes of transportation, importance of highway transportation, history of road construction. Principle 
of highway planning, road development plans, highway alignments requirements, engineering surveys 
for highway location. Geometric design- Design controls, highway cross section elements, cross slope 
or camber, road width, road margins, typical cross sections of roads, design speed, sight distance, 
design of horizontal and vertical alignments, horizontal and vertical curves.  
Module-II (10 hrs)  
Highway Materials:- Properties of subgrade , sub-base , base course and surface course materials , test 
on subgrade soil, aggregates and bituminous materials. Traffic Engineering:- definition , fundamentals 
of traffic flow , traffic management, prevention of road accidents , elements of transport planning , 
highway drainage  
Module-III (9 hrs)  
Design of Highway Pavements: Flexible pavements and their design, review of old methods, CBR 
method, IRC:37-2012, equivalent single wheel load factor, rigid pavements, stress in rigid pavement, 
IRC design method (IRC:58-2011).  
Module-IV (9 hrs)  
Highway Construction: Construction of various layers, earthwork, WBM, GSB, WMM, various types 
of bituminous layers, joints in rigid pavements, Hot Mix Plants, Construction of Rigid Pavements  
Module-V (7 hrs)  
Highway Maintenance: Various type of failures of flexible and rigid pavements.  
Books:  
• Highway Engineering, by S.K.Khanna and CEG Justo, Nem Chand & Bros.  
• Transportation Engineering-Highway Engineering by C Venkatramaiah, Universities Press.  
• A course in Highway Engineering by Dr. S.P. Bindra, Dhanpat Rai Publications.  
• Principles of Highway Engineering and Traffic Analysis by Mannering Fred L., Washburn Scott S. 
and Kilaresk Walter P., Wiley India Pvt. Ltd  
• Traffic Engineering and Transportation Planning by Kadiyali, L.R.,Khanna Publishers  
• Transportation Engineering and Planning by Papacostas, C.S. and Prevedouros, P.D.,Prentice Hall. 
 
 
 
 
 

 



*Under revision

 

ACKNOWLEDGEMENT 
 
 
 

I would like to acknowledge various sources from which this lecture 
note was prepared. Especially I would like to mention that the lecture 
note has been prepared in the light of material available with NPTEL, 
Transportation-I prepared by Prof. Tom V. Mathew and Prof. K.V. 
Krishna Rao of IIT Bombay and also, from lecture notes available in 
VSSUT, Burla site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mr. Sitansu Kumar Das, Asst. Prof., GCE, Keonjhar
 

 
 
 
 

 

 

 

 

 

 

 

 

Module II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mr. Sitansu Kumar Das, Asst. Prof., GCE, Keonjhar
 

 

 

 

 

 

Lecture 12 

Fundamental Parameters of Traffic Flow

Traffic engineering pertains to the analysis of the behavior of traffic and to design the facilities 

for the smooth, safe and economical operation of traffic. Understanding traffic behavior requires 

a thorough knowledge of traffic stream parameters and their mutual relationships. 

Traffic stream parameters 
 

The traffic stream includes a combination of driver and vehicle behavior. 

1. Speed 

Speed is considered as a quality measurement of travel as the drivers and passengers will be 

concerned more about the speed of the journey than the design aspects of the tra c. 

 Spot Speed 

 Running speed 

Time mean speed and space mean speed 
 

Time mean speed is defined as the average speed of all the vehicles passing a point on a highway 

over some specified time period. Space mean speed is defined as the average speed of all the 

vehicles occupying a given section of a highway over some specified time period. 

2. Flow 
 

There are practically two ways of counting the number of vehicles on a road. One is flow or 

volume, which is defined as the number of vehicles that pass a point on a highway or a given 

lane or direction of a highway during a specific time interval. 

Types of volume measurements 
 

I. Average Annual Daily Traffic (AADT) 

II. Average Annual Weekday Traffic (AAWT) 

III. Average Daily Traffic (ADT) 

IV. Average Weekday Traffic (AWT) 
 

3. Density 
 

Density is defined as the number of vehicles occupying a given length of highway or lane and is 

generally expressed as vehicles per km/mile. 

Derived characteristics 
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Time headway 

The microscopic character related to volume is the time headway or simply headway. Time 

headway is defined as the time difference between any two successive vehicles when they cross a 

given point. 

Distance headway 
Another related parameter is the distance headway. It is defined as the distance between 

corresponding points of two successive vehicles at any given time. 

Travel time 
Travel time is defined as the time taken to complete a journey. 

 

Time-space diagram 
 
 

 
Fig. 12.1 Single vehicle 

 

 
Fig. 12.2 Many vehicle 
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Lecture 13 

Fundamental relation of Traffic parameter 
 

Overview 
 

Speed is one of the basic parameters of tra c flow and time mean speed and space mean speed are the 
two representations of speed. 

 

 Time mean speed (vt ) 

 Space mean speed (vs ) 
 

Fundamental diagrams of traffic flow 
 

The flow and density varies with time and location. The relation between the density and the 

corresponding flow on a given stretch of road is referred to as one of the fundamental diagram of tra c 

flow. Some characteristics of an ideal flow-density relationship is listed below: 

1. When the density is zero, flow will also be zero,since there is no vehicles on the road. 
 

2. When the number of vehicles gradually increases the density as well as flow increases. 
 

3. When more and more vehicles are added, it reaches a situation where vehicles can’t move. This is 

referred to as the jam density or the maximum density. At jam density, flow will be zero because the 

vehicles are not moving. 

4. There will be some density between zero density and jam density, when the flow is maximum. 
 

 
Fig.13.1 Flow density Curve 
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Fig.13.2 Speed-density diagram 
 

Speed-density diagram 
 

Similar to the flow-density relationship, speed will be maximum, referred to as the free flow speed, and 

when the density is maximum, the speed will be zero. The most simple assumption is that this variation of 

speed with density is linear 

 

 
Fig.13.3 Speed-flow diagram 
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Traffic data collection 

 

Unlike many other disciplines of the engineering, the situations that are interesting to a tra c 

engineer cannot be reproduced in a laboratory. Even if road and vehicles could be set up in large 

laboratories, it is impossible to simulate the behavior of drivers in the laboratory. 

Data requirements 
 

The measurement procedures can be classified based on the geographical extent of the survey 

into five categories: 

(a) Measurement at point on the road, 
 

(b) Measurement over a short section of the road (less than 500 metres) 
 

(c) Measurement over a length of the road (more than about 500 metres) 
 

(d) Wide area samples obtained from number of locations, and (e) the use of an observer moving 

in the tra c stream. 

Measurements at a point 

 

 
Fig. 14.1 Illustration of measurement over short section using enoscope 

 

Measurements over short section 
 

The main objective of this study is to find the spot speed of vehicles. 
 

Measurements over long section 
 

This is normally used to obtain variations in speed over a stretch of road. 
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Moving observer method for stream measurement 
 

Determination of any of the two parameters of the tra c flow will provide the third one by the 

equation q = u.k. Moving observer method is the most commonly used method to get the 

relationship between the fundamental stream characteristics 

 

 
Fig. 14.2. Illustration of moving observer method 
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Capacity and Level of Service 

 

Capacity and Level of service are two related terms. Capacity analysis tries to give a clear 

understanding of how much traffic a given transportation facility can accommodate. Level of 

service tries to answer how good the present traffic situation on a given facility is. 

Capacity 
 

Capacity is defined as the maximum number of vehicles, passengers, or the like, per unit time, 

which can be accommodated under given conditions with a reasonable expectation of 

occurrence. Some of the observations that are found from this definition can be now discussed. 

Level of service 
 

A term closely related to capacity and often confused with it is service volume. When capacity 

gives a quantitative measure of traffic, level of service or LOS tries to give a qualitative measure. 

Highway capacity 
 

Highway capacity is defined by the Highway Capacity Manual as the maximum hourly rate at 

which persons or vehicles can be reasonably expected to traverse a point or a uniform segment of 

a lane or roadway during a given time period under prevailing roadway, traffic and control 

conditions. 

 Traffic conditions: 
 Road way characteristics: 

 Control conditions: 
 

Factors affecting level of service 
 

Level of service one can derive from a road under different operating characteristics and 

traffic volumes. The factors affecting level of service (LOS) can be listed as follows: 

 Speed and travel time 

 Traffic interruptions/restrictions 

 Freedom to travel with desired speed 

 Driver comfort and convenience 

 Operating cost. 
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Traffic Sign 

 

Traffic control device is the medium used for communicating between traffic engineer and road 

users. Unlike other modes of transportation, there is no control on the drivers using the road. 

Here traffic control devices comes to the help of the traffic engineer. The major types of traffic 

control devices used are- 

1. Traffic signs 

2. Road markings 

3. Traffic signals 

4. Parking control. 

Requirements of traffic control devices 

The control device should fulfill a need 
 

It should command attention from the road users 

It should convey a clear, simple meaning 

Road users must respect the signs 
 

The control device should provide adequate time for proper response from the road users 
 

Types of traffic signs 
 

1. Regulatory signs 

2. Warning signs 

3. Informative signs 
 

Regulatory signs 
 

These signs are also called mandatory signs because it is mandatory that the drivers must obey 
these signs. If the driver fails to obey them, the control agency has the right to take legal action 
against the driver. 

 Right of way series 

 Speed series 

 Movement series 

 Parking series 

 Pedestrian series 

 Miscellaneous 
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Warning signs 
 

Warning signs or cautionary signs give information to the driver about the impending road 

condition. They advice the driver to obey the rules. 

Informative signs 
 

Informative signs also called guide signs, are provided to assist the drivers to reach their desired 

destinations. These are predominantly meant for the drivers who are unfamiliar to the place. The 

guide signs are redundant for the users who are accustomed to the location. 
 

 
Fig.16.1 Examples of informative signs 
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Road Sign 

 

The essential purpose of road markings is to guide and control traffic on a highway. They 

supplement the function of traffic signs. The markings serve as a psychological barrier and 

signify the delineation of traffic path and its lateral clearance from traffic hazards for the safe 

movement of traffic. Hence they are very important to ensure the safe, smooth and harmonious 

flow of traffic. 

 Classification of road markings 

The road markings are defined as lines, patterns, words or other devices, except signs, set into 

applied or attached to the carriageway or kerbs or to objects within or adjacent to the 

carriageway, for controlling, warning, guiding and informing the users. The road markings are 

classified as 

 Longitudinal markings 

 Transverse markings 

 Object markings 

 Word messages 

 Marking for parking 

 Marking at hazardous locations 

Longitudinal markings 
 

Longitudinal markings are placed along the direction of traffic on the roadway surface, for the 

purpose of indicating to the driver, his proper position on the roadway. 
 
 

 

 
Fig.17.1 Centre line marking for a two lane road 
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Fig.17.2 Centre line and lane marking for a four lane road 
 

Centre line 
 

Centre line separates the opposing streams of traffic and facilitates their movements. Usually no 

centre line is provided for roads having width less than 5 m and for roads having more than four 

lanes. The centre line may be marked with either single broken line, single solid line, double 

broken line, or double solid line depending upon the road and traffic requirements. 

Traffic lane lines 

The subdivision of wide carriageways into separate lanes on either side of the carriage way helps 

the driver to go straight and also curbs the meandering tendency of the driver. 

No passing zones 
 

No passing zones are established on summit curves, horizontal curves, and on two lane and three 

lane highways where overtaking maneuvers are prohibited because of low sight distance. It may 

be marked by a solid yellow line along the centre or a double yellow line. 
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Parking 

 

Parking is one of the major problems that is created by the increasing road traffic. 
 

Parking studies 
 

Before taking any measures for the betterment of conditions, data regarding availability of 

parking space, extent of its usage and parking demand is essential. It is also required to estimate 

the parking fares also. 

 Parking statistics 

 Parking accumulation 

 Parking volume 

 Parking load 

 Average parking duration 

 Parking turnover 

 Parking index 

Parking surveys 
 

o In-out survey 

o Fixed period sampling 
o License plate method of survey 

On street parking 
 

 Parallel parking 

 30 parking 

 45 parking 

 60 parking 

 Right angle parking 




Off street 

Parking In many urban centres, some areas are exclusively allotted for parking which will be at 

some distance away from the main stream of traffic. Such a parking is referred to as off-street 

parking. 
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Traffic Signal Design 

 

The conflicts arising from movements of traffic in different directions is solved by time sharing 

of the principle. The advantages of traffic signal includes an orderly movement of traffic, an 

increased capacity of the intersection and requires only simple geometric design. However the 

disadvantages of the signalized intersection are it affects larger stopped delays, and the design 

requires complex considerations. 

Definitions and notations 
 

 Cycle 

 Cycle length 

 Interval 

 Green interval 

 Red interval 

 Phase 

 Lost time 

Phase design 
 

The signal design procedure involves six major steps. 

They include the 

1. phase design 

2. determination of amber time and clearance time 

3. determination of cycle length 

4. apportioning of green time 

5. pedestrian crossing requirements, 

6. the performance evaluation 
 

Two phase signals 
 

Two phase system is usually adopted if through traffic is significant compared to the turning 

movements. 
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Fig. 19.1 Two phase signal 
 

Four phase signals 

There are at least three possible phasing options. 

 

 

Fig.19.2 One way of providing four phase signals 
 

Cycle time 

Cycle time is the time taken by a signal to complete one full cycle of iterations. i.e. one 

complete rotation through all signal indications. It is denoted by C. 
 

 
Fig.19.3 Headways departing signal 
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Subgrade Material 

 

Pavements are a conglomeration of materials. These materials, their associated properties, and 

their interactions determine the properties of the resultant pavement. 

Sub grade soil 
 

Soil is an accumulation or deposit of earth material, derived naturally from the disintegration of 

rocks or decay of vegetation, that can be excavated readily with power equipment in the field or 

disintegrated by gentle mechanical means in the laboratory. 

Desirable properties 
 

The desirable properties of sub grade soil as a highway material are 
 

1. Stability 

2. Incompressibility 

3. Permanency of strength 

4. Minimum changes in volume and stability 

5. Good drainage 

6. Ease of compaction 
 

Soil Classification 
 

Two commonly used systems for soil engineers based on particle distribution and atterberg 

limits: 

•American Association of State Highway and Transportation Officials (AASHTO) System (for 

state/county highway dept.) 

•Unified Soil Classification System (USCS) (preferred by geotechnical engineers). 
 

Soil particles 
 

The description of the grain size distribution of soil particles according to their texture (particle 

size, shape, and gradation).Major textural classes include, very roughly: 

 gravel (>2 mm); 

 sand (0.1 –2 mm); 

 silt (0.01 –0.1 mm); 

 clay (< 0.01 mm). 
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Test of Soil 

 

Sub grade soil is an integral part of the road pavement structure as it provides the support to the 

pavement from beneath. The main function of the sub grade is to give adequate support to the 

pavement and for this the sub grade should possess sufficient stability under adverse climatic and 

loading conditions. Therefore, it is very essential to evaluate the sub grade by conducting tests. 

The tests used to evaluate the strength properties of soils may be broadly divided into three 

groups: 

1. Shear tests 

2. Bearing tests 

3. Penetration tests 
 

Shear tests 

Shear tests are usually carried out on relatively small soil samples in the laboratory. In order to 

find out the strength properties of soil, a number of representative samples from different 

locations are tested. Some of the commonly known shear tests: 

o Direct shear test, 
o Triaxial compression test, 
o Unconfined compression test. 

California Bearing Ratio (CBR) 
 

This test was developed by the California Division of Highway as a method of classifying and 

evaluating soil-sub grade and base course materials for flexible pavements. 
 

 
Fig 21.1 CBR Test 
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Plate Bearing Test 
 

Plate bearing test is used to evaluate the support capability of sub-grades, bases and in some 

cases, complete pavement. Data from the tests are applicable for the design of both flexible and 

rigid pavements. In plate bearing test, a compressive stress is applied to the soil or pavement 

layer through rigid plates relatively large size and the deflections are measured for various stress 

values. 
 
 

 

Fig.21.2 Plate load test 
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Pavement materials 

 

Aggregate is a collective term for the mineral materials such as sand, gravel, and crushed stone 

that are used with a binding medium (such as water, bitumen, Portland cement, lime, etc.) to 

form compound materials (such as bituminous concrete and Portland cement concrete). By 

volume, aggregate generally accounts for 92 to 96 percent of Bituminous concrete and about 70 

to 80 percent of Portland cement concrete. Aggregate is also used for base and sub-base courses 

for both flexible and rigid pavements. Aggregates can either be natural or manufactured. 

Desirable properties 

Strength 

The aggregates used in top layers are subjected to 

(i) Stress action due to traffic wheel load, 

(ii) Wear and tear, 

(iii) crushing. 

 
Hardness 

 
The aggregates used in the surface course are subjected to constant rubbing or abrasion due to 

moving traffic. The aggregates should be hard enough to resist the abrasive action caused by the 

movements of traffic. The abrasive action is severe when steel tyred vehicles moves over the 

aggregates exposed at the top surface. 

 
Toughness 

 
Resistance of the aggregates to impact is termed as toughness. Aggregates used in the pavement 

should be able to resist the effect caused by the jumping of the steel tyred wheels from one 

particle to another at different levels causes severe impact on the aggregates. 

 
Shape of aggregates 

 
Aggregates which happen to fall in a particular size range may have rounded cubical, angular, 

flaky or elongated particles. It is evident that the flaky and elongated particles will have less 

strength and durability when compared with cubical, angular or rounded particles of the same 

aggregate. Hence too flaky and too much elongated aggregates should be avoided as far as 

possible. 
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Adhesion with bitumen 

 
The aggregates used in bituminous pavements should have less a nity with water when compared 

with bituminous materials, otherwise the bituminous coating on the aggregate will be stripped o 

in presence of water. 

 
Durability 

 
The property of aggregates to withstand adverse action of weather is called soundness. The 

aggregates are subjected to the physical and chemical action of rain and bottom water, impurities 

there-in and that of atmosphere, hence it is desirable that the road aggregates used in the 

construction should be sound enough to withstand the weathering action 

 
Freedom from deleterious particles 

 
Specifications for aggregates used in bituminous mixes usually require the aggregates to be 

clean, tough and durable in nature and free from excess amount of at or elongated pieces, dust, 

clay balls and other objectionable material. Similarly aggregates used in Portland cement 

concrete mixes must be clean and free from deleterious substances such as clay lumps, chert, silt 

and other organic impurities. 
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Aggregate tests-I 

 

In order to decide the suitability of the aggregate for use in pavement construction, following 

tests are carried out: 

 
 Crushing test 

 Abrasion test 

 Impact test 

 Soundness test 

 Shape test 

 Specific gravity and water absorption test 

 Bitumen adhesion test 

Crushing test 

One of the model in which pavement material can fail is by crushing under compressive stress. A test is 

standardized by IS:2386 part-IV and used to determine the crushing strength of aggregates. The aggregate 

crushing value provides a relative measure of resistance to crushing under gradually applied crushing load. 

Fig.23.1 Crushing test setup 

 
Abrasion test 

Abrasion test is carried out to test the hardness property of aggregates and to decide whether they are suitable for 

different pavement construction works. Los Angeles abrasion test is a preferred one for carrying out the hardness 

property and has been standardized in India (IS:2386 part-IV). 
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Fig.23.2 Los Angeles abrasion test setup 

Impact test 

The aggregate impact test is carried out to evaluate the resistance to impact of aggregates. 

Aggregates passing 12.5 mm sieve and retained on 10 mm sieve is filled in a cylindrical steel 

cup of internal dia 10.2 mm and depth 5 cm which is attached to a metal base of impact testing 

machine. The material is filled in 3 layers where each layer is tamped for 25 number of blows. 

 
Soundness test 

Soundness test is intended to study the resistance of aggregates to weathering action, by 

conducting accelerated weathering test cycles. The Porous aggregates subjected to freezing and 

thawing are likely to disintegrate prematurely. To ascertain the durability of such aggregates, 

they are subjected to an accelerated soundness test as specified in IS:2386 part-V. 
 
 

Fig.23.3 Impact test setup 
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Aggregate tests-II 

 

Shape tests 

The particle shape of the aggregate mass is determined by the percentage of flaky and elongated 

particles in it. Aggregates which are flaky or elongated are detrimental to higher workability and 

stability of mixes. The flakiness index is defined as the percentage by weight of aggregate 

particles whose least dimension is less than 0.6 times their mean size. Test procedure had been 

standardized in India (IS:2386 part-I). 

Fig.24.1 Flakiness gauge 
 

Fig.24.2 Elongation gaugege 

 
Specific Gravity and water absorption 

The Specific gravity and water absorption of aggregates are important properties that are 

required for the design of concrete and bituminous mixes. The Specific gravity of a solid is the 

ratio of its mass to that of an equal volume of distilled water at a specified temperature. 

 Apparent Specific Gravity 

 Bulk Specific Gravity 

Water absorption, The di erence between the apparent and bulk specific gravities is nothing but 
the water- permeable voids of the aggregates. 
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The specific gravity of aggregates normally used in road construction ranges from about 2.5 to 2.9. Water 

absorption values ranges from 0.1 to about 2.0 percent for aggregates normally used in road surfacing. 

Bitumen adhesion test 
 

Bitumen adheres well to all normal types of road aggregates provided they are dry and free from dust. In 

the absence of water there is practically no adhesion problem of bituminous construction. Adhesion 

problem occurs when the aggregate is wet and cold. 

Table 24.1 Tests for Aggregates with IS codes 
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Pavement materials: Bitumen 

 

Bituminous materials or asphalts are extensively used for roadway construction, primarily 

because of their excellent binding characteristics and water proofing properties and relatively 

low cost. 

Production of Bitumen 

 
Bitumen is the residue or by-product when the crude petroleum is refined. A wide variety of 

refinery processes, such as the straight distillation process, solvent extraction process etc. may be 

used to produce bitumen of different consistency and other desirable properties. 

Vacuum steam distillation of petroleum oils 

 
In the vacuum-steam distillation process the crude oil is heated and is introduced into a large 

cylindrical still. Steam is introduced into the still to aid in the vaporization of the more volatile 

constituents of the petroleum and to minimize decomposition of the distillates and residues. The 

volatile constituents are collected, condensed, and the various fractions stored for further 

refining, if needed. The residues from this distillation are then fed into a vacuum distillation unit, 

where residue pressure and steam will further separate out heavier gas oils. The bottom fraction 

from this unit is the vacuum-steam-re ned asphalt cement. 

Different forms of bitumen 

Cutback bitumen 

 
Normal practice is to heat bitumen to reduce its viscosity. In some situations preference is given 

to use liquid binders such as cutback bitumen. In cutback bitumen suitable solvent is used to 

lower the viscosity of the bitumen. From the environmental point of view also cutback bitumen 

is preferred. 

There are different types of cutback bitumen like rapid curing (RC), medium curing (MC), and 

slow curing (SC). 

 
Bitumen emulsion 

 

Bitumen emulsion is a liquid product in which bitumen is suspended in a finely divided 

condition in an aqueous medium and stabilized by suitable material. Three types of bituminous 

emulsions are available, which are Rapid setting (RS), Medium setting (MS), and Slow setting 

(SC). Bitumen emulsions are ideal binders for hill road construction. 
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Bituminous primers 

 
In bituminous primer the distillate is absorbed by the road surface on which it is spread. The 

absorption therefore depends on the porosity of the surface. Bitumen primers are useful on the 

stabilized surfaces and water bound macadam base courses. Bituminous primers are generally 

prepared on road sites by mixing penetration bitumen with petroleum distillate. 

 
Modified Bitumen 

 
Certain additives or blend of additives called as bitumen modifiers can improve properties of 

Bitumen and bituminous mixes. Bitumen treated with these modifiers is known as modified 

bitumen. Polymer modified bitumen (PMB)/ crumb rubber modified bitumen (CRMB) should be 

used only in wearing course depending upon the requirements of extreme climatic variations. 

The detailed specifications for modified bitumen have been issued by IRC: SP: 53-1999. 

Requirements of Bitumen 
 

The desirable properties of bitumen depend on the mix type and construction. In general, 

Bitumen should posses following desirable properties. 

o The bitumen should not be highly temperature susceptible: during the hottest weather the 

mix should not become too soft or unstable, and during cold weather the mix should not 

become too brittle causing cracks. 

o The viscosity of the bitumen at the time of mixing and compaction should be adequate. 

This can be achieved by use of cutbacks or emulsions of suitable grades or by heating the 

bitumen and aggregates prior to mixing. 

o There should be adequate affinity and adhesion between the bitumen and aggregates used 
in the mix. 



 

 
 
 
 

Tests on bitumen 
 

There are a number of tests to assess the properties of bituminous materials. The following tests 

are usually conducted to evaluate diff

 
 Penetration test 

 Ductility test 

 Softening point test 

 Specific gravity test 

 Viscosity test 

 Flash and Fire point test

 Float test 

 Water content test 

 Loss on heating test 

 
Penetration test 

It measures the hardness or softness of bitumen by measuring the depth in tenths of a millimeter 

to which a standard loaded needle will penetrate vertically in 5 seconds. BIS had standardized 

the equipment and test procedure. The penetrometer consists of a needle assembly with a total 

weight of 100g and a device for releasing and locking in any

 

 
 

Ductility test 
 

Ductility is the property of bitumen that permits it to undergo great deformation or elongation. 

Ductility is defined as the distance in cm, to which a standard sample or briquette of the material 

will be elongated without breaking.
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Test of Bitumen 

There are a number of tests to assess the properties of bituminous materials. The following tests 

sually conducted to evaluate different properties of bituminous materials.

test 

It measures the hardness or softness of bitumen by measuring the depth in tenths of a millimeter 

standard loaded needle will penetrate vertically in 5 seconds. BIS had standardized 

the equipment and test procedure. The penetrometer consists of a needle assembly with a total 

weight of 100g and a device for releasing and locking in any position. 

Fig. 26. 1 Penetration Test Setup 

Ductility is the property of bitumen that permits it to undergo great deformation or elongation. 

fined as the distance in cm, to which a standard sample or briquette of the material 

elongated without breaking. 
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There are a number of tests to assess the properties of bituminous materials. The following tests 

erent properties of bituminous materials. 

It measures the hardness or softness of bitumen by measuring the depth in tenths of a millimeter 

standard loaded needle will penetrate vertically in 5 seconds. BIS had standardized 

the equipment and test procedure. The penetrometer consists of a needle assembly with a total 

 

Ductility is the property of bitumen that permits it to undergo great deformation or elongation. 

fined as the distance in cm, to which a standard sample or briquette of the material 
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Fig. 26.2 Ductility Moulds 
 

Softening point test 
 

Softening point denotes the temperature at which the bitumen attains a particular degree of 

softening under the specifications of test. The test is conducted by using Ring and Ball apparatus. 
 

 

Fig. 26.3 Softening Point Test Setup 
 

Specific gravity test 
 

In paving jobs, to classify a binder, density property is of great use. In most cases bitumen is 

weighed, but when used with aggregates, the bitumen is converted to volume using density 

values. The density of bitumen is greatly influenced by its chemical composition. Increase in 

aromatic type mineral impurities cause an increase in specific gravity. 

 

 
Viscosity test 

 

Viscosity denotes the fluid property of bituminous material and it is a measure of resistance to 

flow. At the application temperature, this characteristic greatly influences the strength of 

resulting paving mixes. Low or high viscosity during compaction or mixing has been observed to 
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result in lower stability values. At high viscosity, it resist the compactive effort and thereby 

resulting mix is heterogeneous, hence low stability values. 

 

 

Fig.26.4 Viscosity apparatus 
 

Flash and fire point test 
 

At high temperatures depending upon the grades of bitumen materials leave out volatiles. And 

these volatiles catches fire which is very hazardous and therefore it is essential to qualify this 

temperature for each bitumen grade. 

Float test 
 

Normally the consistency of bituminous material can be measured either by penetration test or 

viscosity test. But for certain range of consistencies, these tests are not applicable and Float test 

is used. 

Water content test 
 

It is desirable that the bitumen contains minimum water content to prevent foaming of the 

bitumen when it is heated above the boiling point of water. The water in a bitumen is determined 

by mixing known weight of specimen in a pure petroleum distillate free from water, heating and 

distilling of the water. 

Loss on heating test 
 

When the bitumen is heated it loses the volatility and gets hardened. About 50gm of the sample 

is weighed and 0 heated to a temperature of 163 C for 5hours in a specified oven designed for 

this test. 
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Bituminous Mix Design-I 

 

The bituminous mix design aims to determine the proportion of bitumen, filler, fine aggregates, 

and coarse aggregates to produce a mix which is workable, strong, durable and economical. The 

requirements of the mix design and the two major stages of the mix design, i.e dry mix design 

and wet mix design. 

Objectives of mix design 
 

1. Sufficient bitumen to ensure a durable pavement, 
 

2. Sufficient strength to resist shear deformation under tra c at higher temperature, 
 

3. Sufficient air voids in the compacted bitumen to allow for additional compaction by tra c, 
 

4. Sufficient workability to permit easy placement without segregation, 
 

5. Sufficient flexibility to avoid premature cracking due to repeated bending by tra c,and 
 

6. Sufficient flexibility at low temperature to prevent shrinkage cracks. 
 

Constituents of a mix 
 

 Coarse aggregates 

 Fine aggregates 

 Filler 

 Binder 

Types of mix 
 

 Well-graded mix 

 Gap-graded mix 

 Open-graded mix 

 Unbounded 

Different layers in a pavement 

o Bituminous base course 
o Bituminous binder course 
o Asphaltic/Bituminous concrete 
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Stability 
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Requirements of Bituminous mixes 

 

Stability is defined as the resistance of the paving mix to deformation under traffic load. Two 
examples of failure are 

(i) shoving - a transverse rigid deformation which occurs at areas subject to severe acceleration 
 

(ii) grooving - longitudinal ridging due to channelization of traffic. Stability depend on the inter- 

particle friction, primarily of the aggregates and the cohesion offered by the bitumen. 

Durability 
 

Durability is defined as the resistance of the mix against weathering and abrasive actions. 
 

(i) pot-holes, - deterioration of pavements locally and 

(ii) stripping, lost of binder from the aggregates and aggregates are exposed. 
 

Flexibility 
 

Flexibility is a measure of the level of bending strength needed to counteract traffic load and 

prevent cracking of surface. Fracture is the cracks formed on the surface (hairline-cracks, 

alligator cracks), main reasons are shrinkage and brittleness of the binder. 

Skid resistance 
 

It is the resistance of the finished pavement against skidding which depends on the surface 

texture and bitumen content. It is an important factor in high speed traffic. 

Workability 
 

Workability is the ease with which the mix can be laid and compacted, and formed to the 

required condition and shape. 

Desirable properties 

From the above discussion, the desirable properties of a bituminous mix can be summarized as 

follows: 

 Stability to meet traffic demand 

 Bitumen content to ensure proper binding and water proofing 

 Voids to accommodate compaction due to traffic 

 Flexibility to meet traffic loads, esp. in cold season 

 Sufficient workability for construction • Economical mix 
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Dry Mix Design 

 

The objective of dry mix design is to determine the amount of various sizes of mineral 

aggregates to use to get a mix of maximum density. The dry mix design involves three important 

steps, viz. selection of aggregates, aggregates gradation, and proportion of aggregates, which are 

discussed below. 

 
Selection of aggregates 
The desirable qualities of a bituminous paving mixture are dependent to a considerable degree on 

the nature of the aggregates used. Aggregates are classified as coarse, fine, and filler. The 

function of the coarse aggregates in contributing to the stability of a bituminous paving mixture 

is largely due to interlocking and frictional resistance of adjacent particles. 

 
Aggregate gradation 

The properties of the bituminous mix including the density and stability are very much 

dependent on the aggregates and their grain size distribution. 

However, some minimum amount of void space is necessary to: 

o provide adequate volume for the binder to occupy, 
o promote rapid drainage, and 
o provide resistance to frost action for base and sub base courses. 

 
Proportioning of aggregates 

After selecting the aggregates and their gradation, proportioning of aggregates has to be done 

and following are the common methods of proportioning of aggregates: 

• Trial and error procedure: 

• Graphical Methods: 

• Analytical Method: 
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Marshall Mix Design 

 

The mix design (wet-mix) determines the optimum bitumen content. This is preceded by the dry 

mix design. 

Marshall mix design 
 

The Marshall stability and flow test provides the performance prediction measure for the 

Marshall mix design method. The stability portion of the test measures the maximum load 

supported by the test specimen at a loading rate of 50.8 mm/minute. 

Specimen preparation 
 

Determine the properties of the mix 
 
 

 

Fig. 30.1 Marshall Mould 
 

Fig. 30.2 Marshall Mould 
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Theoretical specific gravity of the mix Gt 
 
 

 
Bulk specific gravity of mix Gm 

 

 
Air voids percent Vv 

 

 
Voids in mineral aggregateVMA 

Voids filled with bitumen VFB 

Determine Marshall stability and flow 
 

Marshall stability of a test specimen is the maximum load required to produce failure when the 

specimen is preheated to a prescribed temperature placed in a special test head and the load is 

applied at a constant strain (5 cm per minute). 

Apply stability correction 
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Prepare graphical plots 
 

The average value of the above properties are determined for each mix with di erent bitumen 

content and the following graphical plots are prepared: 

1. Binder content versus corrected Marshall stability 
 

2. Binder content versus Marshall flow 
 

3. Binder content versus percentage of void in the total mix v 
 

4. Binder content versus voids filled with bitumen (V F B) 5. Binder content versus unit weight 

or bulk specific gravity 

Determine optimum bitumen content 
 

Determine the optimum binder content for the mix design by taking average value of the 

following three bitumen contents found form the graphs obtained in the previous step. 

1. Binder content corresponding to maximum stability 
 

2. Binder content corresponding to maximum bulk specific gravity 
 

3. Binder content corresponding to the median of designed limits of percent air voids in the total 

mix v (i.e. 4%) 
 
 

 
Fig. 30.1 Marshal graphical plots 

 
 
 
 

 


