




• Primary elements, namely the vehicles, the roadways, and the road users. 

• Their characteristics affect the performance of the transportation system and 
the transportation engineer should have fairly good understanding about them. 

• These factors greatly influence the geometric design as well as design of 
control facilities. 

• Variant nature of the driver, vehicle, and roadway characteristics should be given 
importance for the smooth, safe, and efficient performance of traffic in the 
road.



Vehicle Factors

• Design vehicles

• Vehicle dimensions

• Weight, axle configuration etc.

• Turning radius and turning path

• Visibility

• Acceleration characteristics

• Braking performance

Road factors

Human Factors

• Variability

• Critical characteristics

• Reaction time

• Visual acuity and driving

• Walking

• Other Characteristics

• Road surface

• Lighting

• Roughness

• Pavement colors

• Night visibility

• Geometric aspects



Transportation planning is a process.

It consists of well defined tasks that must be accomplished before the final set of 
information is presented to those who must decide which course of action is best 
for an agency, region or community.

It may occur at different level of application

It is a process of producing information that can be used by decision makers to 
better understand the consequences of different course of action





 Collect and maintain transportation system data

 Collect and maintain socioeconomic and land use data

 Define goals and objectives

 Identify system deficiencies  or Opportunities

 Develop and Analyze alternatives

 Evaluate alternatives

 Implement plan

 Monitor system performance



Transportation planning is concerned with future travel demand and putting in 
place the facilities and services that will accommodate these demands. 

The challenge to transportation planners is to make reliable forecast of travel 
demands.

Recognized components of future travel demands are:

1. Existing Traffic – to be improved

2. Normal traffic growth – anticipated growth of pop and land use 

3. Diverted traffic – new shift from nearby facilities

4. Converted traffic-change of mode

5. Change of destination traffic – different destination

6. Development traffic – due ti improvement of adjacent land

7. Induced traffic – new trip due to improved transportation



1. Trip making is a function of land use

2. Trips are made for different purposes

3. Trips are made at different times of the day

4. Travelers often have different options available to them

5. Trips are made to min the level of inconvenience 
associated with reaching a destination

6. Transportation networks and traffic analysis zones are the 
basis of system modeling



Noise Attenuation
By  providing a Buffer Zone
By modifying the horizontal 

or vertical alignment
By providing a noise shield

General Principle of Noise Barrier Design

1. Should be high enough and long enough

2. Should be constructed so as to cast a big sound 

shadow

3. Should be constructed of a dense materials

4. Should have no air path through or under the 

barrier

5. Should be made as attractive as possible and 

blends into the forms of landscape
Air Pollution
Vehicular emission are prime source
CO, HC, NOx, SO2, PM etc

Impacts on Wetlands



Economic studies for highway purposes are done principally for one or more 
of the following reasons:

1. To determine feasibility of a project

2. To compare alternative locations

3. To evaluate various features of highway design

4. To determine priority of improvement

5. To allocate responsibility for the cost of highway improvemnet among 
various classes of highway users

6. To compare oproposals for hoghway improvement with proposal for other 
public projects such as education



1. Highway investment costs

2. Highway maimtenance costs

3. Highway users costs: VOC, 
TTC, Accdt costs

4. Transit capital costs

5. Transit operating costs

6. Transit users costs

1. Direct benefits-result from reduction in highway 
users cost. 

Decreased op cost, higher op speed, fewer delays, 
decreased accdt losses.

2.     Indirect benefits- benefits to adjacent property 
and to the general public

Easier access to market, school, recreational 
and social facilities
Efficient fire and police protection
Rapid postal delivery
Decreased cost of commodities
Improved national defense
Improved disaster management
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Classification or Types of Roads

The roads are classified based on many factors as follows.

•Materials

•Location & function

•Traffic volume

•Width

•Economy

•Traffic type

•Rigidity

•Topography



Classification or Types of Roads: Based on Materials



Classification Roads: Based on 

Based on Traffic Volume

1.Light traffic roads

2.Medium traffic roads

3.High traffic roads



Based on Economy

1.Low-cost roads

2.Medium cost roads

3.High-cost roads

Based on Traffic Type

1.Pedestrian ways

2.Cycle tracks

3.Motorways Based on Rigidity

1.Flexible roads

2.Rigid roads
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Table 2.1 Road Cross-Section Standards 

Design Design year Cross-section Indicative Road 

Type traffic volume widths in metres Classification 
PCU / peak hour Crest Carriageway Paved 
(typical MV AADT) | width (no. of lanes) shoulders 

1 4500 = 8500 36.2 2x 11 (6) 1.8 
(19,000236,000) 

2 2100 - 4500 21.6 2x 7.3 (4) 1.8 National 
(7,000 = 19,000) 

3 1600 = 2100 16.3 7.3 (2) 1.5 
(5,000 = 7,000) Regional Table 2.4 

4 800 = 1600 12.1 6.2 (2) 1.5 - 
(1,000 5 5,000) Passenger Car Unit (PCU) Values 

5 400 = 800 9.8 5.5 (2) 1.2 (500 % 1,000) Feeder Vehicle Type PCU Value 

6 <400 9.8 3.7 (1) 1.2 Truck 3.0 
(<500) Bus 3.0 

Notes Minibus 3.0 
This is a summary table 3 refer to Section 4 before using these standards Utility 1.0 

Table 2.2 Typical Design Speeds Car 1.0 
Baby taxi 0.75 

Design Design Speed (km/h) Motorcycle 0.75 

Type Plain Rolling | Hilly Bi Notes icycle 0.5 

1-2 80 2100 | 80 - Terrain: typical cross-slopes Cycle Rickshaw | 2.0 
ain- = ° 

= = oS at Rolling: 11% 25% Bullock Cart 4.0 
4 65 20 40 Hilly: >25% | 5-6 50 40 30 Source: p72, RMSS, Vol. V11A 





Figure 4.2. Design Type 1 Dual 34ane 11m carmageway 
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Width of sectional elements (m) Design Capacity 

Crest 36.2 Maximum capacity: 8500 PCU/hr 

Median 1.0 (assumed NMV/MV ratio of 0.13) 

Carriageway 11.0 
Shoulder (L) 2 paved 1.8 
Shoulder (R) = paved 0.3 
Divider 0.6 

NMV lane 3.0 

Verge 0.9 
NMV provision 

NMVs will use the separate NMV lane. Separation can be achieved in any of the three ways 

indicated in Figure 4.8. A standard width NMV lane is shown but this may need to be wider if NMV 

flows are high 3 see Section 4.3. Exceptionally the NMV lane may be omitted where it is thought to be 

feasible to prohibit NMVs from using the road. 
Median 
See Figure 4.9 for alternative designs.



Figure 4.3. Design Type 2 Dual 2 lane 7.3m carriageway 

10.8 

0.9 1.8 7.3 0.3 pt 
Ver Shoulde 
oo 

dont 

Width of sectional elements (m) 

Crest 21.6 
Median 1.0 
Carriageway 7.3 
Shoulder (L) 3 paved 1.8 
Shoulder (R) 2 paved 0.3 
Verge 0.9 
NMV provision 

+ 
2 Lane Carriageway 

¢ 

Design Capacity 

Maximum capacity: 4500 PCU/hr 
(assumes that NMVs are either prohibited or are less than 
50 PCU/hr) 

NMVs will use the shoulder. If the Design Year NUV PCU/hour exceeds 50 adopt the Type 2a cross- 
section which incorporates separate NMV lanes. 
Median 
See Figure 4.9 for alternative designs.



Figure 4.4 Design lype3 /.3m camageway 
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Width of sectional elements (m) 
Crest 16.3 Maximum capacity: 2100 PCU/hr 
Camageway 73 (assumed NMV/MV ratio of 0.2) 
Shoulder 7 paved 15 
Verge 3.0 
NMV provision 
NMVs will use the paved shoulder. Consider providing separate NMV lanes (Type 3a cross-section) ff 
the DY NMV PCU/hr exceeds 400 2 see Figure 4 8. 
Crest wicth 
The extra-wide embankment permits the future addition of NMV lanes. If it is unlikely that these will 
ever be needed the verge need only be 0.9m wide, making the crest width 12. 1m. 



Figure 4.5 Design Type4 6.2m carmageway 

- 12.1 - 

Width of sectional elements (m) Design Capacity 
Crest 121 Maximum capacity. 1600 PCU/hr 
Carnageway 62 (assumed NMV/MV ratio of 0.14) 
Shoulder 2 paved 15 
Verge 1.45 
NMV provision 
Where DY NMV PCU/hr exceeds 400 consider providing separate NMV lanes (Type 4a cross-section) 
2 see Figure 4.8. 

Upgrading 
The extra-wide embankment permits upgrading to Type 3 standard.



Figure 4.6 DesignType5 5.5m camageway 
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Width of sectional m Design Capacity 
Crest 98 Maximum capacity: 800 PCU/hr 
Camageway 55 
Shoulder 2 paved 1.2 
Verge 0.9 

NMV provision 
NMVs will use the carnageway and the shoulder, so it is essential that there is no difference in level 
between the two. 

Upgrading 
The extra-wide embankment permits upgrading to Type 4 standard.



Figure 4.7 Design Type6 3./m single lane camageway 
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Width of sectional e! ts (m) Design C , 

Crest 98 Maximum capacity: 400 PCU/hr 
Carnageway 3.7 (assumed NMV/MV ratio of 25) 
Shoulder z paved 1.2 
Verge 1.8 

NMV provision 
NMVs will use the carriageway and the shoulder, so it is essential that there is no difference in level 
between the two. 

Upgrading 
The extra-wide embankment permits upgrading to Type 5 and Type 4 standards. 

Capactty 
The design capacity of 400 PCU/hr is only achievable with good, well-maintained shoulders and when 
most of the vehicles are NMVs.
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On Street Parking
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don’t That’s



hey don'tUnfortunately, teenagers aren’t often known for their carefulness. When teen drivers hit the roads they don’t 



occurring. When you can’t see what’s up ahead you don’t know what to anticipate as you drive towards it. 

the correct lane to make a turn, etc.). When drivers don’t make safe lane changes properly, it often leads to 



It’s not only alcohol that is dangerous when mixed with drivers on the road. Drugs, both legal and illegal, can 
impair your ability to fully function as a driver. If your mind isn’t clear and you don’t have complete control 

Snow’s dangerous mixture of ice and water is a dangerous recipe for car accidents each winter storm. 



these road “ragers” cause many needless car accidents each year.

you see a pothole in your car’s path, you can avoid a car accident by making sure that your tires do not 

at the wheel, pull over when it’s safe and try to take a quick 30 minute power nap.



tion. 

ar 

V
sFog isn’t the most common weather occurrence, and that’s good news for car accidents statistics. Driving is 

While drivers are required to know the rules of the roadway, wild animals do not take driver’s education. 
Wild animals will wade out into the street, and it’s up to you to make sure that you don’t get into a car 
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SIGHT DISTANCE (SD)
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STOPPING SIGHT DISTANCE (SSD)

reaches a stationary obj in it’s path. Applicable for all the 
•
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STOPPING SIGHT DISTANCE (SSD)
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VD 

SSD =VE+ TTF L® vet 32F FG) 

(for passenger cars. Truck drivers’ eye heights are much higher and they can see further. 

STOPPING SIGHT DISTANCE (SSD)

ࡰࡿࡿ = ࢚࢜ + ࢜૛૛ࢌ)ࢍ ± (ࡳ = ૚. ૝ૠ࢚࢜ + ࢜૛૜૛(ࢌ ± (ࡳ



US Customary 

Brake Braking Stopping sight distance 
Design reaction distance 
speed distance onlevel Calculated Design 
(mph) (ft) (ft) (ft) (ft) 

15 55.1 21.6 76.7 80 
20 73.5 38.4 111.9 115 
25 91.9 60.0 151.9 155 

. 30 110.3 86.4 196.7 200 
35 128.6 117.6 246.2 250 
40 147.0 153.6 300.6 305 
45 165.4 194.4 359.8 360 
50 183.8 240.0 423.8 425 
55 202.1 290.3 492.4 495 
60 220.5 345.5 566.0 570 
65 238.9 405.5 644.4 645 
70 257.3 470.3 727.6 730 
75 275.6 539.9 815.5 820 
80 294.0 614.3 908.3 910 

celeration rate of 3.4 m/s* [11.2 ft/s*] used to determine 

US Customary — 
Design Stopping sight distance (ft) 
speed Downgrades Upgrades 
(mph) 3% 6% 9% 3% & % 9% 
15 80 82 85 75 74 73 
20 116 120 126 108 107 104 
25 158 165 173 147 143 140 
30 205 215 227 200 184 179 
35 257 271 287 237 229 222 
40 315 333 354 289 278 269 
45 378 400 427 344 331 320 
50 446 474 507 405 388 375 
55 520 553 593 469 450 433 
60 998 638 686 538 515 495 
65 682 728 785 612 584 561 
70 771 825 891 690 658 631 
75 866 927 1003 772 736 704 
80 965 1035 1121 859 817 782 

STOPPING SIGHT DISTANCE (SSD)



Sight 
obstruction 

Critical 
Hlgnway inside lane 
centerline 

¢. Horizontal curve (to sce around obstruction): 

wif 222) 
where 

R = radius (ft or m) 
M => middie ordinate (ff or m), 
S = stopping sight distance (ft or m).

Installing ‘Limited Sight Distance’ warning sign

STOPPING SIGHT DISTANCE (SSD)
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S>L. L = AS2/2158 = height of driver’s eye in feet
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0+3.5S 

A 

•
• At night the SD is limited by the distance and angle of projection of a vehicle’s headlights
• Headlights are mounted below a driver’s eye height, at a height of 2 feet
• Headlight beam projects ≈1 upward along the vehicle’s longitudinal axis

ࡿ < ,ࡸ ࡸ = ࡿࡿ૛૝૙૙+૜.૞ࡿ࡭ > ,ࡸ ࡸ = ૛ࡿ − ૝૙૙+૜.૞࡭ࡿ





driver’s eye height. If  all other design inputs are standard, what must the driver’s eye 
height inthe van be for the student’s claim to be valid?



EXAMPLE PROBLEM 4.2 Determine the minimum length of a crest vertical curve 
between a +0.5% grade and a — 1.0% grade for a road with a 100-km/h design speed. The 
vertical curve must provide 190-m stopping sight distance and meet the California appear- 
ance criteria. Round up to the next greatest 20 m interval. 

Stopping sight distance criterion: 

Assume S = L 

AS? — [0.5 — (—1.0))(190*) 
200.Vh, + Vi  200(\/1.070 + VO.150° ies 

= 

134.0m < 190m,soS$ > L 

a 200VA, + VAP 200(.VT.070 + 0.150) 
L = 25 ji = 190) - 957m] 

= 380.0 — 269.5 = 110.5m 



EXAMPLE PROBLEM 4.3 Determine the minimum length of a sag vertical curve be- 
tween a —0.7% grade and a +0.5% grade for a road with a 110 km/h design speed. The 
vertical curve must provide 220 m stopping sight distance and meet the California appear- 
ance criteria and the AASHTO comfort standard. Round up to the next greatest 20 m 
interval. 

Stopping sight distance criterion: 

Assume § = L 

AS’ [05 — (—0.7)}(220°) 

7004358 12043502) °>™ 
L 

653m < 220m,.soS > L 

ne _ 1204+ 3.55 _ 120 + 3.5(220) L = 2S A = 22) — son] 

= 440 — 741.7 = —3017m 

Since L < 0, no vertical curve is needed to provide stopping sight distance. 
Comfort criterion: 

_ AW [05 — (—0.7)](1107) - 

395 395 sen 
L
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US Customary — 

US Customary _| e ‘ F e 

d, =1471,(» —m+t “| (3-6) 
a ae d, =1.47vt, (3-7) 

where: Slow 4 pte of ‘where: 

t; = time of initial maneuver, s; 

o* a Ree t, = time passing vehicle 
me anemic ead Ot Seas occupies the left lane, s: | 

vehicle, mph; vy = average speed of passing 
m= difference in speed of 

passed vehicle and vehicle, mph 

passing vehicle, mph 



Metric US Customary 

Speed range (km/h) Speed range (mph) 

90-65 66-80 81-95 96-1109 30-40 40-50 50-60 60-70 
Component of passing Average passing speed (km/h) Average passing speed (mph) 

maneuver 56.2 70.0 84.5 99.8 34.9 43.8 52.6 62.0 
Initial maneuver: 

a = average acceleration® 2.25 2.30 2.37 2.41 1.40 1.43 1.47 1.50 
t, = time (sec)° 3.6 4.0 4.3 4.5 3.6 4.0 4.3 4.5 
d, = distance traveled 45 66 89-——tisiéd11:'18 145 216 289 366 

Occupation of left lane: 

to = time (sec)* 9.3 10.0 10.7 11:3 9.3 10.0 10.7 11.3 
d> = distance traveled 145 195 251 314 477 643 827 1030 

Clearance length: 

d, = distance traveled® 30 55 75 90 100 180 250 300 
Opposing vehicle: 

d, = distance traveled 97 130 168 209 318 429 552 687 
Total distance, d; + d> + d3 +d, | 317 446 583 726 1040 1468 1918 2383 

“ For consistent speed relation, observed values adjusted slightly. 
Note: In the metric portion of the table, speed values are in km/h, acceleration rates in km/h/s, and distances are 

in meters. In the U.S. customary portion of the table, speed values are in mph, acceleration rates in 
mph/sec, and distances are in feet. 

Exhibit 3-5. Elements of Safe Passing Sight Distance for Design of Two-Lane Highways 



C = 1.47t,(v-m+%) 
1.5X4.5\ ALE AG o. 7 ft = 147% 4.5 (62 ~10+ 

= 1.47vt, = 1.47 x 62 X 11.3 = 1029.9 = 1030 ft 

— - x 1030 = 686.6 = 

687 ft 

—4,+d,+d3+ d, = 367 + 1030 + 300 + 687 = 2384 ft

= 23 × 1030 = 686.6 =687 ݐ݂

= 1ݐ1.47 ݒ − ݉ + ௔௧12= 1.47 × 4.5 62 − 10 + 1.5×4.52 = 366.31 ݐ݂ = 367 ݐ݂
= 2ݐݒ1.47 = 1.47 × 62 × 11.3 = 1029.9 = 1030 ݐ݂

= ݀1 + ݀2 + ݀3 + ݀4 = ૜૟ૠ + ૚૙૜૙ + ૜૙૙ + ૟ૡૠ = ૛૜ૡ૝ ݐ݂
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Typical markings for roundabouts with one lane

http://en.wikipedia.org/wiki/File:NonUK_Roundabout_8_Cars.gif
http://en.wikipedia.org/wiki/File:NonUK_Roundabout_8_Cars.gif
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General Causes of tfc Related Problems

External factors (geometric factors)
road intersection/junction
railway crossing
narrow road/br/culverts
inconsistent rdway width
poor turning radius
side friction : scattered parking, rd side NM activities, frequent 

access, illegal or improper bus stop / parking, uncoordinated public 

wk etc.

poor rdway environment : poor rd discipline, uncontrolled ped 

crossing, poor rd surface condition, speed breaker, poor sight dist, 

poor lighting, poor  drainage facilities etc.

Internal factors
heterogeneous tfc stream
high vol of tfc



 Investment on new highway projects.

 Traffic system management (TSM) which include supply and demand 
managements

Possible Approaches to Solve Tn Prob

Traffic system management (TSM)

• Traffic system management (TSM) is the pseudo science of optimizing 
output (ensure safety, improve overall roadway capacity and 
environmental condition) of existing facilities through improved 
management, improved technology and operation of traffic, vehicles and 
the roadway, without any significant investments. 

• Effective management reduces fuel consumptions, congestions and 
emissions by idling vehicles. 

• TSM includes both supply side management and demand side 
management. 



Supply Management Measures
• Supply management measures (managing transportation supply) deals 

with transportation facilities and operation to improve the roadway 
capacity, safety and aesthetic. 

• Supply management techniques or measures include 

– physical measures 

• Low cost measures

• Expensive measures

– regulatory measures and 

– technological measures. 

• All these measures can significantly increase the roadway capacity but 
their implementation need a well planned and well developed road 
network, corruption free, efficient and committed policy makers and 
executives and above all healthy financial back up and mass people 
participation. 



Low Cost Physical Supply Management Measures

 correcting/improving roadway geometry and surface condition 

 channelization

 flaring 

 exclusive lane marking

 provision of improved signs

 introduction of median barrier

 pedestrian guard rail

 controlled road crossing, 

 street lighting, 

 improved traffic control system 

 traffic calming measures 

 bus lay by etc.



Expensive Physical Supply Management Measures

 widening of intersection/ junctions 

 grade separation at junctions/level crossing, segregated transit 
facilities as elevated bus way, underground rail 

 pedestrianisation /pedestrian mall

 construction of new links/road 

 construction of off street parking lots

 construction of terminals etc. 



Regulatory Supply Management Measures

 provision of clear ways

 banning right or U turn 

 entry restriction for particular vehicle to city center 

 access control from side roads 

 banning/restricting freight vehicle 

 one way operation 

 tidal flow operation 

 parking control 

 use of terminal facilities 

 restriction over speed, weight, overtaking 

 provision of auto free zone etc.



Technological Supply Management Measures

 Int/automated highway/veh

 Advance tfc info system

 Dvr- route guidance/navgation system

 Users- uptodate travel info system

 Advance tfc control and mgt system

 Use of VMS or dynamic sign

 Auto surveillance system

 Active marking/headlight

 Adaptive tfc signal control

Implementation of various technological measures demands for 
modern information infrastructure, monitoring system, modern 
equipment and efficient technical personnel 



Transportation Demand Management (TDM) 
TDM measures that result in more efficient use of existing roadway 

capacity can support economic, social and environmental objectives 
simultaneously, by increasing overall transport system efficiency, 
reducing congestion and improving access at lower cost to society. 

TDM measures consist of restrictive measures and strategic measures.

Strategic measures

 increasing vehicle occupancy

 providing improved alternatives modes

 introducing staggered/ flexible office hours

 strict land use planning and control

 introducing one stop services

 using improved telecommunication and IT 
facilities

 introducing IT enabled services etc.

 Tidal flow operation

Restrictive measures
fiscal measures as road 
pricing, increasing fuel 
price/tax 
parking control 
control over vehicle 
ownership etc.
Access control
Turning control



Parking to be Prohibited at:
Intersection
Narrow street
Driveway
Ped crossing
Hor curvature and Ver grade
Br and tunnels
Heavy ped concentration areas
Priority locations etc.

Parking Management

Benefits of Parking Control:
Obj of Strict Parking Control:
 Reduce side frictions
 Bring rd way discipline and parking 

culture
 Use rd space more efficiently and 

increase productivity
 Encourage mass public tpt system
 Encourage use of bicycle
 Improve safety, reduce congestion

Ways of Parking Control:
 Parking prohibition policy
 Parking charge
 Duration of parking time



Park and Ride facility:

It is traffic control system in which motorists are encouraged /sometimes 
forced to park their car at selected locations usually at the periphery of the 
central area and then use the public tpt to travel to their destination and 
come back again.
It is very effective for large city.
It has potential to make public tpt popular, to rdiuce dmd for parking space, 
to reduce traffic volume
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Collision Avoidance Systems ……… Road Departure Warning, Rollover Warning, 

…
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ABOVE: Design considerations for 1.8m standalone footpath

•

•



ABOVE: Dimension of footpath is 1.5m when sited next to a cycling path



ABOVE: Typical roadside footpath made with concrete
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ABOVE: Tactile tile 

ABOVE: Placement of tactile tiles at crossing



ABOVE: Dimension of footpath is 1.5m when sited next to a cycling path : 
ABOVE: Intra town cycling path requires minimally 2m width for bi directional 
movements,
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What is Asphalt?

“A 

2

is referred to as ‘asphalt' or 'asphalt cement‘ .



Bituminous Materials 

Tar is not Asphalt
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Refinery Operation

FIELD STORAGE TANKS

PUMPING  
STATION

LIGHT  
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6

GASOLENE

JET FUEL

LUBRICANTS

HEATING OIL

Lighter molecules vaporize  

Asphalt cement remains  

Residual varies in consistency
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Classification of Asphalt
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Asphalt Cements
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Emulsified and Cutback Asphalt



Emulsified asphalt 

ASPHALT CEMENT 
IN FORM OF 
PERFECT 
SPHERES 

WATER 
CONTAINING 
EMUL SIF YING} 
AGENT 

Emulsified Asphalt 







Some commonly used emulsifying agents include tragacanth, sodium laurylsulfate,  

sodium dioctyl sulfosuccinate, and polymers known as the Spans® and Tweens®.



Emulsified asphalt----- contd. 
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Specifications for Emulsified asphalt

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Penetration Test
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Penetration Test (ASTM D5) 

eee eS 

100 g PENETRATION | 

100 g 

ASPHALT 
CEMENT 

S J a J 

BEF ORE AFTER 5 SECONDS 

,1.00 to 1.02 mm 840’ to 940 a 14 to 0.16 ae 

ah ee 

T Approx—a _ 

4 Approximately 6.35 mm 

- 50.8 mm (2) > 
18



Viscosity
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Aging Behavior 
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•

“volatilization”
•



• Coarse aggregates: Offer compressive and shear strength and shows good 

• Fine aggregates: Fills the voids in the coarse aggregate and stiffens the binder.
• Filler: Fills the voids, stiffens the binder and offers permeability
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- Coarse aggregate: 

o Retained on or above #4 sieve 

° Fine aggregate: 

o Retained on the #200 sieve and 

passing #4 sieve 

° Soil / Fines / Mineral filler: 

o Passing #200 sieve

Definition and Types of Aggregate

Aggregates include sand, gravel, crushed stone, crushed bricks and recycled concrete.

 Aggregates are a component of composite materials such as concrete and asphalt

concrete; the aggregates serve as reinforcement to add strength to the overall composite

materials.

 Aggregates are also used as base material under foundations, roads and railroads.

 Aggregate Types:



Coarse Aggregate

















Properties of Aggregate















• Crushing test 
• Abrasion test 
• Impact test 
• Soundness test 
• Shape test 
• Specific gravity and water absorption test 
• Bitumen adhesion test



Properties of Aggregate

Particle size and Gradation

 A key property of aggregates used for highway bases and surfaces is the 

distribution of particle sizes in the aggregate mix.

 The gradation of aggregates, that is, the blend of particle sizes in the mix 

affects the density, strength and economy of the pavement structure.

 When particles are to be bounded by a Portland cement or a bituminous binder, 

a variation in the gradation will change the amount of binder needed to produce 

a mix of given stability and quality.

 Particle size and gradation also affects workability and permeability of a 

bituminous mix.

 A grain size analysis is used to determine the relative proportions of various 

particle sizes in an aggregate mix.



Hardness and Resistance to Wear

 Under heavy traffic loads, aggregates in flexible pavement are subjected to 

continuous slight movements and distortion.

 This action causes different pieces of aggregate to rub and grind against each 

other.

 Mats used in pavements should be hard and resist wear due to these 

polishing effects of traffic and the internal abrasive effects of repeated loading.

 ACV, AIV, LAA Test



Durability or Resistance to Weathering

 The aggregates are subjected to physical and chemical action of rain, ground

water and other atmospheric impurities.

 So aggregates used in highway construction should be capable to withstand

such weathering action.

 Durability and resistance to weathering of aggregates is measured by

soundness test.

 The test measures the resistance of aggregates to disintegration in a

saturated solution of sodium or magnesium sulfate. It simulates the

weathering of aggregates that occur in nature.

 This property is helpful to prolong the life of pavement.



Specific Gravity 
 Specific gravity is a measure of a material’s density , in other words,

strength and quality. Stones having higher specific gravities are considered

strong. [limestone SG 2.6 and density 165-170 Ib/sft, lead SG 11.0 and

density 680-690 Ib/sft ]

 Specific gravity of a coarse aggregate is calculated by determining the ratio

of the weight of a given volume of aggregate to the weight of an equal

volume of water.

 Aggregates may contain water-permeable voids(WPV).Two measures of

specific gravity of aggregates are used: apparent specific gravity (excluding

WPV) and bulk specific gravity( including WPV).



Absorption

 Absorption is a measure of the amount of water that an aggregate can absorb

into its pore structure.

 Aggregate absorption is a useful quality because:

High values can indicate non-durable aggregate.

Absorption can indicate the amount of asphalt binder the aggregate will

absorb.

 It is generally desirable to avoid highly absorptive aggregate. This is because

asphalt binder that is absorbed by the aggregate is not available to coat the

aggregate particle surface and is therefore not available for bonding.

 Therefore, highly absorptive aggregates (often specified as over 5 percent

absorption) require more asphalt binder to develop the same film thickness as

less absorptive aggregates making the resulting mix more expensive.



Particle Shape

Classification Description 

Rounded Fully water-worn or completely shaped by attrition

Irregular Naturally irregular or partly shaped by by attrition and 

having rounded edges

Flakey Thickness is smaller relative to other two dimensions

Angular Possessing well defined edges

Elongated Usually angular, length is larger than other two 

dimensions

Flakey and 

elongated 

Length considerable larger than thickness



Particle Shape and Surface Texture

 Shape and texture provide guidance about internal friction properties

(interlocking of particles and surface friction) which resist the movement of

aggregates past each other under the action of an imposed load.

 Flaky and elongated particles are less strong and durable.

 Rounded particles are have less interlocking capability and not preferred

in WBM and bituminous road construction.

 Angular particle is preferred in bituminous pavement.

 Rough-textured aggregates contribute more to the stability of a pavement

than smooth surface textures.



Chemical Stability of Aggregate

Composition

 Certain Aggregate may be unsuitable for a particular highway construction

because of the chemical composition of the aggregate particle

 Limestone consists of calcium carbonate and has a tendency to polish

smooth under traffic and therefore is limited to use in low traffic volume.

 Dolostone [sedimentary calcium magnesium carbonate rock] under traffic

maintains a higher friction, skid-resistance surface and is used in higher

traffic volume locations.



Chemical Stability of Aggregate

Bitumen Adhesion

 In asphalt mixes, certain aggregates that have an excessive affinity for water

may contribute film stripping, leading to disintegration of asphalt surfaces.

 ‘Hydrophobic’ or ‘water-hating’ aggregates exhibits high degree of resistance

to film stripping.

 Opposite is ‘hydrophilic’ or ‘water-loving’.
 Bituminous pavement> bituminous material> thin film> fill void and adhere to

aggregate> increase shearing resistance and cohesion.

 Exposed to water> water replace the film.



Chemical Stability of Aggregate

Deleterious Substances 

 Aggregates that contain deleterious [harmful]

substances react harmfully with the alkalis

present in the cement.

 Detrimental alkali-aggregate reactions result in abnormal expansion of the

concrete.

 Aggregates used in cement concrete mixes must be free of deleterious

substances such as clay lumps, silt and organic impurities.

Other Properties of Aggregates

 Good aggregate having sufficient cementation property



Test for Road Aggregate

 Los Angeles Abrasion Test ( Resistance to wear) 

 Aggregate Crushing Value (ACV) Test ( Strength or 

toughness)

 Aggregate Impact Value (AIV) Test ( Strength or toughness)

 Soundness Test ( Durability)

 Gradation Test ( Grain size distribution)

 Unit Weight and Void Test

 Specific Gravity and Water Absorption Test

 Bitumen Affinity or Stripping Test

 Clay Lump Test

 Organic Impurities Test

 Flakiness Index Test ( Shape)

 Elongation Index Test ( Shape)

 Angularity Number Test (Shape) 



BRICK AGGREGATES

Source- Crushed brick

 Uses- Base , Sub-base courses, Low  cost roads, 
Surface course ( for light traffic)



S.No. Name of Test Testing Wearing Course Base Course 
Procedure 

1 Aggregate STP 7.7.1 Less than 25% Less than 30% 
Crushing Value 

(ACV) (%) 
2 Los Angeles AASHTO T96_ | Less than 30% Less than 35% 

Abrasion (LAA) 

(%) 
3 Water absorption STP754 Not more than 2% Not more than 2% 
4 Loss in weight (after 5 cycles) with Sodium 

Soundness = | AASHTO T104 | Suinhate solution- not more than 10% 
> | eee | AASHTO T1E2 Min, 95% retained coating 

When crushed gravel is used, not less than 90% by weight of the particles retained on a 
5 mm sieve shall have at least two fractured faces. 

The flakiness index as determined in accordance with STP 7.3.1 shall not exceed 30%. 



Fine Aggregates ( Sand)

General points

 Sand is a naturally occurring granular material composed of

finely divided rock and mineral particles.

 Sand is a form of silica.

 Sand grains may be sharp, angular or rounded in shape.

Classification of Sand

 According to source- Pit sand, River Sand and Sea sand

 According to size- Fine sand ( passing no. 16 sieve),

Moderately coarse sand ( passing no. 8 sieve) and

Coarse sand ( passing no. 4 sieve)



Fine Aggregates ( Sand)

Properties of Sand

 Sand should be pure silica.

 Should be free from clay, silt, organic matter and salt.

 Should drain groundwater freely.

 Should not expand or contract with changing moisture

content.

 Resist high load without sliding or compacting.

Uses of sand

 Making cement concrete for rigid pavement.

 Stabilized road construction.

 Making bases and sub-bases.

 To fill up the gaps between bricks in brick road.
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•
•

•
•



FORCES ASSOCIATED 
WITH SUPERELEVATION 

Velocity Centritugal 

force 

Centripetal 
force 

Side or 

lateral 

friction 

Superelevation 

» F.=0, Pcosé =W sind + F Pcos@ =W sin@ + F, + Fp 

y a i 
) £ f(P sin@ + W cosé 

LMEPeysuIL,yL VUDY —,/ SinV T OJ LL OLLLU TT VV CLUS U 

weuviuv Ww 

WwW ' J \w 

P 
wht J LuUILO) — Cuno T J 

wweuvriv Ww 

or, 
P tanO+f 

W  (1—ftand) 

7 poe GF 

Pain’ 

‘ W sin @ 

tanθ

෍ܨ௫ = 0, ܲ cos ߠ =ܹ sin ߠ + ܨ ܲ cosߠ =ܹ sin ߠ + ஺ܨ + ,݊݅ܽ݃ܣ஻ܨ ܨ = ஺ܨ ஻ܨ+ = ݂ܰ = ݂(ܲ sin ߠ +ܹ cos ௬ܨ෍ߠ = 0, ܰ = ܲ sin ߠ +ܹ cos ,݁ݎ݋݂݁ݎℎ݁ܶߠ ܲ cos ߠ =ܹ sin ߠ + ݂(ܲ sin ߠ +ܹ cosߠ )ܲ = ܹ ݊ܽݐ ߠ + ݂(ܲ ݊ܽݐ ߠ +ܹ) cos ௉ௐ[ߠ = ݊ܽݐ ߠ + ݂(௉ௐ ݊ܽݐ ߠ + 1)

௉ௐ (1 − ݂ ݊ܽݐ (ߠ = ݊ܽݐ ߠ + ݂ ,ݎ݋ ܹܲ = ݊ܽݐ ߠ + ݂(1 − ݂ ݊ܽݐ (ߠ

ܲ ݊݅ݏ cosܹߠ ߠ
ࡲࢃࡼ



FORCES ASSOCIATED 
WITH SUPERELEVATION 

roel 

Velocity Pind Centritugal P tan@ + f 
force — 

OT, = 
W (1-—ftan@) 

a neglec ng Ff (1-f tan @) 

Side or 
lateral 
friction tang + ji — __ 

Superelevation Ww 

v" W v2 P vy" 
P=ma=m—=-——_, vw. 

P y2 

tan@+ f = 7, _ tane+ f=— 

2 
Vv 

e+f=— ve Ge Vv? 

ࡼ = ࢻ࢓ = ࢓ ࢜૛ࡾ = ࢍࢃ ࢜૛ࡾ , ࢃࡼ = ࢜૛ࡾࢍ

,ݎ݋ ܹܲ = ݊ܽݐ ߠ + ݂(1 − ݂ ݊ܽݐ ࢍ࢔࢏࢚ࢉࢋ࢒ࢍࢋ࢔(ߠ ࢋࢎ࢚ ࢋ࢛࢒ࢇ࢜ ࢌ࢕ (૚−ࢌ (ࣂ࢔ࢇ࢚
݊ܽݐ ࣂ + ݂ = ࢃࡼ

݊ܽݐ ࣂ + ݂ = ࢃࡼ ࢃࡼ = ࢜૛ࡾࢍ ݊ܽݐ ࣂ + ݂ = ࢜૛ࡾࢍ
ࢋ + ࢌ = ࢜૛ࡾࢍ ‘m/s’ࢋ + ࢌ = ࡾ૛૚૛ૠࢂ ‘kmph’

ࢋ + ࢌ = ࢜૛ࡾࢍ = (૜࢜.૟)૛ૢ.ૡ૚ࡾ = ࡾ૛૚૛ૠࢂ



‘Ge 
TS WLIO 

CROWN SECTION 
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ir elevation 
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Prajected centre line 

Road surface centre 





roadway 

centerline 

point of 

rotation 
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elevation | elevation 

A: crowned section 

inormal crown) 

PC: 2/3 of swperelevaton Ceveloped 

/ 

D- fully swperelevated 
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1. Revolving a traveled way with normal 
cross slopes about the centerline 

Norme! j Tongent | Lengt of Full 

Crown “| Rurout i Runoff Supereievation 

| : 
i | { Outside edae or 

ios fr ifort traveled way 
~ | | See | 

Re ote i Centerline profile 

= et te i 

: bare i 
; | "Ss, jo. inside edge of 

j treveled way 
! j 

| | SS S& Profile control 

D> S rT Y centerline 
i i 

A 6 = D E 

CROWNED 

LIENS (Greases Book. St TRAVELED WAY REVOLVED ABOUT CENTERLINE 

2. Revolving a traveled way with normal 
cross slopes about the inside edae profile 

| 

Normal langent Length of Full 

Crown Runsut Runoff Superelevotion 

| 
| ene Outside edge of 

ae | | troveled way 
> a 

gt ' Actual £ proftie 
ye ee : aieaiasiae: Gada 

| Pe —_*~ -T 

jm Theoretical & profile 
RPDS REALL FOL DIOL TT a ara 

| U inside edge of 
| | troveled way 

see sare yaetecouy Ad. q Profile control 
; T inside cdge 

| i traveled wey 
A B c D 2 

CROWNED 

TRAVELED WAY REVOLVED ABOUT INSIDE EDGE 
K\SHTO ‘Green Book’, 2004



3. Revolving a traveled way with normal 
cross slopes about the outside edge 

profile 
Tongent Length of Full Norma! He me a= ———— 

Crown | Runcut Runoff Supersiavaton 
1. ' ] 

: 

~~ i Theoretico! € profile 

spent a as a rs i Outskie eige of 
“>. Boe Rae i troveled way 

“~~ . i] pe SRE NU LN Ee ee ee 

' Ps oe Pr tins! € Pivliic 

| nd Inside edge of 
j i troveled way 
| i 

‘ 
: i ; ; Profits control — ~ i r (a=) 

I SS Sy Sy \ nutsice edge of 
' ' * \ treveled woy 

4 8 Cc oO E 

SSHTO ‘Green Sook’, 2004 hao ear hae 
TRAVELED WAY REYOLVED ABOUT OUTSIDE EDGE 

4. Revolving a straight cross slope 
traveled way about the outside edge 

profile 
tiorme!i Tange nt i Lencth of i Ful! 

Croan Runcut Runcftt j Sutercievaton 

, 
t 

< ' i ' | 

= 2 | i Outside edge cf 

= So | | traoweled way 

mm ig 
~— j 

i ~~. 

i ee 

| “Wg: Inside edge of 
i trowelesd way 
; 

| 

=! po g | Forres } Profile Neca 

ie an oo Yy YY outside edge of 
' % troweied woy 

4 8 c 8 E 

\SHTO ‘Green Book’, 2004 STRAIGHT CROSS SLOPE 

TRAVELED WAY REVOUVED ABOUT OUTSIDE EDGE



Vy? 

L, = 0.0214 —

•

•

• ࢙ࡸ = ૜. ૚૞ ࡯ࡾ૜ࢂ
࢙ࡸ = ૙. ૙૛૚૝ ࡯ࡾ૜ࢂ



27RA Fs 

360 PI ip 

5729.58 R= 
D 

__)b 
{= — 

° A 
Middle ordin*~ A R(1-—-Cos >) / 
- oe - - [ ; A 1 35 if 

\ «+ Ne R/ 
A \ 

\ Pa 
X 3 / 

~ Z a 

= . nm n., A 14, 
| 7) x / 

VY

ࡸ = ૛࣊ࡾ∆૜૟૙ࡾ = ૞ૠ૛ૢ.૞ૡ࢒ࡰ = ૚૙૙܍ܔ܌܌ܑۻࡰࣂ ࡹ,܍ܜܖܑ܌ܚܗ = ࡾ ( ૚ − ࢙࢕࡯ ∆૛)۳ܔ܉ܖܚ܍ܜܠ ,܍܋ܖ܉ܜܛܑ܌ ۳ = ܀ ܋܍܁ ∆૛ − ૚۱܌ܚܗܐ ,ܐܜ܏ܖ܍ܔ ۱ = ૛܀ ܜܖ܍܏ܖ܉܂૛∆ܖܑܛ ,ܐܜ܏ܖ܍ܔ ࢀ = ࡾ ૛∆࢔ࢇ࢚



MIN ~~ 15(0.01em. vt femav) 
ܴ௠௜௡ = ௩215(0.01௘೘ೌೣ+௙ೞ೘ೌೣ)

e = tan α = rate of roadway superelevation



Line of sight 



A I v 

P 
tan@+ f= 7 




 ܤ

ࢃࡼ ݊ܽݐߠࡲ݁ ࣂ + ݂ = ࢃࡼ ࢃࡼ = ࢜૛ࡾࢍ ݊ܽݐ ࣂ + ݂ = ࢜૛ࡾࢍ
݊ܽݐ ࣂ = ࡮ࢋ

ࣂܖ܉ܜ = ࢜૛ࡾࢍ ࢌ = ࢜૛ࡾࢍ
ࣂ࢔ࢇ࢚ = ࡮ࢋ = ࢜૛ࡾࢍ

ࣂ࢔ࢇ࢚ = ࡮ࢋ
ࣂ࢔ࢇ࢚ = ࡳࢋ = ࢜૛ࡾࢍ



Outside Lane is Fiat 
Superelevation 
Transition



θ
θ



2
1
8

α
α α

α
α

α

ࡸ = ࢋ࢔ = ࡸࡾࢍ૛࢜࡮ = .ࢋ ࢜࢘ ࡸ = ࢜૜ࡾࢻ ࡸ = ࡾ૜૚૝ࢂ



tan ࣂ = ௘ீ = ࢜૛ࡾࢍ 15150 = ࢜૛ૢ.ૡ૚x200
࢜૜ࡾࢻ = ૚૝૜૙.૜x200



°



y2 

e+f= 

+0.15 = 80° = 0.201 
Ce = 797K 250. 

Law wd _ v.vca per mof carraigeway 

VvVywweepwi wiWwy wy Veuwuvuewv Fw wi wks Bh 7 wst Whi ff gaiw 

= 35.7 cm above the inner edge of the roadaigeway

ࢋ + ࢌ = ࡾ૛૚૛ૠࢂ
ࢋ + ૙. ૚૞ = ૡ૙૛૚૛ૠ × ૛૞૙ = ૙. ૛૙૚ࢋ + ૙. ૚૞ = ૙. ૛૙૚ − ૙. ૚૞ = ૙. ૙૞૚ ࢓࢘ࢋ࢖ ࢌ࢕ ,࢕࢟ࢇ࢝ࢋࢍ࢏ࢇ࢘࢘ࢇࢉ ࢔࢕࢏࢚ࢇ࢜ࢋ࢒ࢋ࢘ࢋ࢖࢛ࡿ = ૙. ૙૞૚ × ૠ = ૙. ૜૞ૠ࢓= ૜૞. ૠ ࢓ࢉ ࢋ࢜࢕࢈ࢇ ࢋࢎ࢚ ࢘ࢋ࢔࢔࢏ ࢋࢍࢊࢋ ࢌ࢕ ࢋࢎ࢚ ࢟ࢇ࢝ࢋࢍ࢏ࢇࢊࢇ࢕࢘



a) For the horizontal alignment shown below, compute the stations of PTi and PC2. and a 

point P that on curve 1 and is located 30.52 m before PT1. 

b) If the design speed is 80 km/h and the road is designed so that the superelevation for 

curve 1 is 0.058 (5.8 percent), determine the side friction demands on curve 1 for vehicles 

traveling at the design speed and at 10 kin/h. 

R,= 400 m 

sta PC; = 13 + 25.10



https://civilnoteppt.com/camber-or-cross-fall-or-cross-slope/


•

•

•



Effect of gradient

• The effect of long steep gradient on the vehicular speed is considerable. 
•

significant
• the speed of traffic is often controlled 

•

• due to high differential speed between heavy and light vehicles, and between 














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