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Å Rocks, pebbles, gravels, wood and pottery fragments were the 

main forms of pavement materials (before the Christ until the 19th 

century AD)

Å Asphalt was recorded as a material to build road in ancient 

Babylon(In 615s BC)

Å Bituminous macadam paved in highway system (In the 1500s)

Å The first road with asphalt Macadam pavement was paved 

outside of Nottingham, UK, using coal tar as the binder (In 1848)

Å Cement concrete and asphalt mixture became the main types of 

high-grade pavement materials.(in the 19th century)

Å A significant boost in pavement service life and stability, with 

the use of various modified asphalt materials and high-

performance cement.(The 20th century)

Historical Evolution of Road Surfacing



To improve on ecological and environmental performance of road infrastructure,

(the beginning of the 21st century)

Six environmentally friendly functional pavement materials, namely 

ÅThe permeable  asphalt concrete 

ÅNoise-reducing pavement materials  

ÅLow heat-absorbing  pavement materials

ÅExhaust gas-decomposing pavement materials

ÅDe-icing  pavement materials , and

ÅEnergy harvesting pavement materials

 

Historical Evolution of Road Surfacing(Cont:)
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Road Design Considers the following data:-

1.Functional and Geometric Design(how the road layout matches traffic flow and land use)

2.Pavement Structural Design(the materials used to build the road surface) 

Road Design



ÅWhat is Geometric Design?
Åthe process whereby the layout of the road in the terrain 

Å designed to meet the needs of the road users.

ÅBasic objectives in geometric design 
Åto optimize efficiency and safety while minimizing cost and 

environmental damage. (Safety, Comfort, Efficiency, 

Economy, Environment etc.)
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Geometric Design
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(1)Classification(Urban/Rural, Road, Terrain)

 (2)Design Controls and Guidelines(Traffic volumes, vehicle , Speed , Vertical Grade, 

  Cutting & Filling heights, ROW, Lane & Shoulder width ,etc.)

 (3)Element of Geometric Design[Horizontal/Vertical Alignment Design (Plan/Profile),

  Cross - Section Design](Horizontal Curve, Minimum horizontal Curve Radius, Superelevation, Sight 

Distance, Vertical Curve, Vertical clearance , etc)

Factors considered  in Geometric Design



ÁBased on the function of the road on road networks (Urban / Rural)

    

Ŷ Accessibility     (focusing on)        Mobility Ÿ
       Note:1) The Expressway is Including Urban Expressway
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within a 
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Across 
Regions/States 

high Speed with 
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Classification of Road



ÅTraffic volumes
ÅDesign vehicle
ÅDesign speed
ÅMaximum vertical grade
ÅMaximum allowable excavation depth and embankment 

heights
ÅLane and shoulder widths
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Design Controls and Guidelines
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Class Local
Road

Collector 
Road

Sub 
Arterial Road

Main 
Arterial Road Expressway

Rural/Urban 30.5 45.75 45.75 45.75 122.0 

Urban The width of ROW is determined in the city planning process.

units: m

For international highway (Main Arterial Road) ROW is 70 meter. 

Right of Way (ROW)



Width of a Lane (minimum based)

Classification
Local
Road Collector Road

Sub 
Arterial Road

Main 
Arterial Road

Expressway

Rural 3.00m 3.25m 3.50m 3.50m 3.75m

Urban 3.00m 3.00m 3.25m 3.25m 3.75m

Note: If it is a single lane, the width of the lane should be at  least  3.7m

Units: m

Number of Lanes

ÁThe number of lanes is 
excepted from an indicator 
for road classification
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Climate / Environment

Load

Volume
Traffic

Surface

Material
Properties

Subgrade

Base

Subbase

It balances traffic loads, material 

properties, climate, and 

subgrade strength to ensure 

durability and riding. 

Pavement Structural Design



What is the Role of Pavement?
üTo distribute traffic load to subgrade

üTo make its stress smaller than the bearing capacity of the 
sub grade

Traffic Load

Pavement

Subgrade

distribution

load
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The engineering process of determining the correct materials and 

layer thicknesses for a road or surface to safely distribute vehicle 

loads to the underlying soil without premature failure.

 Factors considered in the Pavement Structural Design
  (1) Pavement Performance
  (2) Traffic 
  (3) Roadbed Soil
  (4) Materials of Construction
  (5) Environment
  (6) Drainage
  (7) Reliability
  (8) Life- Cycle Costs, and 
  (9) Shoulder Design

AASHTO® Guide for

Design of Pavement 

Structures

1993

Published by the
American Association of State 
Highway
and Transportation Officials
444 N. Capitol Street, N.W., 
Suite 249
Washington, D.

Factors considered  in Pavement Structural Design
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Types of Pavement layers





Å Load Distribution: Spread heavy wheel weights safely down to the natural soil.

Å Surface Safety: Create a skid-resistant texture for safe vehicle control.

Å Weather Resistance: Protect inner layers from rain, freeze-thaw cycles, and heat.

Å Drainage Support: Prevent water from pooling or seeping into the subgrade

Core Functions of Pavement Materials
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Factors considered in the Pavement construction Materials

 (1) Available Materials(source)

 (2) Specification of Materials used in Pavement Layers

      (design)

 (3) Materials Testing(Material Testing Lab/Field Lab)

 (4) Materials Mix Design(Material Testing Lab/Field Lab)

Important Role of Pavement Construction Materials 
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Materials Used in Pavement Layers

Granular 

Surface (or) Wearing 

Course 

Asphalt Concrete (AC), Prime & DBST

Penetration Macadam (Pen.Mac)

(Semi-Grout , Full Grout)

Plain Concrete (4000 psi)(28 Mpa) 

(28 days) (cube strength)

Layer Base Course 

Well-Graded Crushed Rock or 

Granular Base 
Cement (or) Lime Stabilized

Water Bound or Dry Bound 

Macadam

Subbase Course 

Crushed Rock 

Cement (or) Lime Stabilized

Lean Concrete (2000 psi) (14 Mpa) 

(28 days) (cube strength)
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Soil, 
Aggregates

Natural Earth Materials

Additives/Catalyst

Chemical 
Admixtures/ 

Organic 
Compound

Bitumen, 
Cement, 

Lime

Stabilized Agent

Reinforcement

Pavement Construction Materials and Test Methods

Geosynthetic,
Steel
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Shallow

Foundation 

Deep

Foundation

Bed Rock Layer

Top Soil

Sub-Soil 
Layer

Disturbed Soil Sample
Undisturbed Soil Sample

SOIL Soil Layer = Foundation of Structure



Ç For engineering purpose, Soil  is 

defined as uncemented  aggregate  of  

mineral  grains  and decayed  organic  

matter  (soil  particles)  with  liquid  

and gas  in the empty spaces between 

the solid particles.

Ç Soil is classified ñIndividual  TYPEò 

based on Physical Properties and 

Chemical Properties.

9/12/2026 27

BS or BS -EN

AASHTO

ASTM

What is Soil? What is Specification or Designation?
SOIL



Roadbed Soil

Classificatio

n

CBR

(%)

MR 

(MPa)
Typical Description

Good Ó 10
140 

(20,000 

psi)

Gravels, crushed stone and 

sandy soils.  GW, GP, GM, SW, 

SP, SM soils are often in this 

category.

Fair 5 ï 9
70

(10,000 

psi)

Clayey gravel and clayey sand, 

fine silt soils.  GM, GC, SM, SC 

soils are often in this category.

Poor 3 ï 5
35

(5,000 

psi)

Fine silty  sands, clays, silts, 

organic soils.  CL, CH, ML, MH, 

CM, OL, OH soils are often in this 

category.

SOIL



Test 1 : Grain Size Analysis Test   ASTM D 422/ 421

Test 2 : Atterbergôs Limit Test    ASTM D 4318

Test 3 : Classification of Soil - USCS system  ASTM D 2487

Test 4 : Proctor Compaction Test   ASTM D 698/1557

Test 5 : California Bearing Ratio CBR Test  ASTM D 1883

Laboratory Tests of Soil in Road Work

Size

Plasticity

Strength

SOIL
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Why we have to test always ?

Á Materials are not always stable conditions (esp., Grain Size)

Á Design requirements depended on local materials

Á Varity of Source of Materials

SOIL



0.001 mm
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No.4 
(4.75 mm)

76.2 mm
(3-in)

300 mm No.200 
(0.075 mm)

Cobbles Gravels SandBoulders Silt ColloidsClay

0.002 mm

coarsemedium fine

Fine-grained SoilCoarse-grained Soil

coarsemedium
fine

Test -1 : Dry Sieving of Particle Size for Coarse Grained Soil over 0.075 mm(ASTM D 421) 
Division of Particle Size for Fine Grained Soil under 0.075 mm (ASTM D 422) 

Divided by Grain Size 
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Test-2 : Atterberg's Limit Test (Soil Plasticity) ASTM D 4318        

Burmister(1949) classified the Plasticity 
Index in a qualitative manner as follows:

SOIL



Test-4:   Compaction Test ASTM D698/AASHTO T 99 (Standard)  and ASTM 
D1557/AASHTO T 193 (Modified)

Ç It is the densification of soil by removal of air in mechanical energy.

Ç Compaction is achieved by a combination of pressure and kneading action.

SOIL



ÅTest Method Designation - ASTM D698/AASHTO T 99 (Standard)  and ASTM 

D1557/AASHTO T 193 (Modified)

ÅTwo types of compaction 

 Standard and Modified by different compacting energy.

Å In a same condition,

1) Standard Compaction Test 

  (12,400 ft-lbf/ft (600 kN-m/m))

2) Modified Compaction Test 

  (56,000 ft-lbf/ft (2700 kN-m/m)) 

Compaction TestSOIL



Flow Chart of CBR Laboratory Test

OMC
(Compaction Test 25 blows @ 3/5 

layers)

Mould  Compaction 
(10, 30, 65 blows with same layers 

in compaction)

Curing
(4 Days Soaked)

Penetration Test
(4 Days Soaked)

CBR Calculation
(Curve Density & CBR %)

Å Take sample for moisture 

and compacted sample 

weight (before & after 

soaked)

Å Sample preparation with 

OMC along suitable time 

depended upon soil type.

SOIL



As highway purposes, CBR can be measured by 

ÅTested in Laboratory & Field Condition

1) Laboratory CBR Test

 - CBR value in OMC state

2) In-situ Field CBR Test (only in embankment & subgrade)

 - Direct CBR

3) Dynamic Cone Penetration Test

  - Indirect CBR converted from mm/blow

4) Plate Loading /Bearing Test (both soil & Crushed Rock Layer)

 - Indirect CBR value converted from modulus of subgrade reaction (k-value)

Test-5:   Strength Test (CBR Test) § ASTM D 1883
SOIL



Origin of Aggregates
AGGREGATE



AGGREGATE



AGGREGATE



AGGREGATE



AGGREGATES

SAND

GRAVEL

NATURAL 
AGGREGATES

ARTIFICAL
AGGREGATES

CLASSIFICATION OF AGGREGATES  

CRUSHED
STONE

CONSTRUCTION 
WASTE/RECYCLED

MANUFACTURED

QUARRY NATURAL
DEPOSITS

AGGREGATE



Requirements of Good Aggregates

withstand high stresses Strength

aggregate wear, moisture ,trafficAttrition

resistance to crack, binding strength, energy dissipationToughness

Traffic volume, temperature, precipitationDurability 

Interlocking and stability,  load bearing capacityShape 

Physical, chemical.
 Surface characteristic

Bitumen Adhesion 
Property

Ç Resistance to crushing
Ç Resistance to abrasion
Ç Resistance to impact
Ç Good shape

Physical Requirements

Chemical Requirements

Ç Reactive 
Ç Non-reactive

AGGREGATE



AGGREGATE



TESTING DESIGNATION 

ASTM   (American Standard Test Method)

BS (British Standard)

AASHTO (American Association of State 
Highway and Transportation Officials) Figure (1) Quarry in MDY Region  

Figure (2) Collection of Crushed 
Rock for Road Construction 

AGGREGATE



TEST METHODS FOR AGGREGATES USED IN PAVEMENT STRUCTURE

No Name of Test Test  Designation
1 Sieve Analysis AASHTO T-27

ASTM C-136
2 Specific Gravity and absorption AASHTO T-85

ASTM C- 127
3 Clay Lump and Friable Particle AASHTO T- 112

ASTM C- 142
4 Crushing Value BS- 812(1990)
5 Impact Value BS- 812   Part-112 (1990)

6 Los-Angeles Abrasion Value AASHTO-T 96

7 Ten Percent Fine Value BS- 812 Part-111 (1990)

8 Flakiness Index BS- 812 Part-105.1 (1990)

9 Unit Weight 
(Loose Density/Rodded Density)

AASHTO T- 19
ASTM C- 29

AGGREGATE



Sieves analysis TestTo determine the distribution of aggregate particles by size within a given sample. 

Sampling Metod
To test the truly representative of the nature and condition of the aggregate in the stockpile, 
bin or transfer point ASTM C702

Absorption Test The increase in mass due to water in the pores of the material

Specific Gravity  
Test

To determine approximately where the object will float at the surface of the liquid.

Clay Lump To determine clay lumps and friable particles percent in aggregates

Crushing Test
To determine a relative measure of resistance to crushing under a gradually applied 
compressive load.

Impact Test To determine relative measure of the resistance of the. aggregate to sudden shock or impact

Abrasion Test
To determine the relative quality, toughness, and durability of mineral aggregates subjected 
to impact and abrasion

Shape Test To evaluate the particle shape, angularity, and surface texture

Why do we conduct tests and Experiments?
AGGREGATE



TEST METHODS FOR AGGREGATES USED IN PAVEMENT STRUCTURE

Sampling
Absorption , Specific 
Gravity & Clay Lump 

Test

Crushing Value Test Impact Value Test

Abrasion TestSieves analysis or Grading

AGGREGATE

Shape Test



CLASSIFICATION OF AGGREGATES 

FINE AGGREGATES

< 4.75-0.075 mm

COARSE 
AGGREGATES

> 4.75mm 

AGGREGATE



49

Stabilized Agent



Bitumen Used in Pavement Layers

  Bituminous Surface or wearing course (A.C)

    Bituminous Binder Course 

    Bituminous Base Course

     Modified Bitumen   

-   Prime Coat

-   Tack Coat

- Seal Coat

- Double Bituminous Surface 

     Treatment Course (DBST).
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Bitumen



Asphalt/Bitumen

  Non-crystalline viscous material

  Black or dark brown

 Soluble in carbon disulphide (CS2)

 Adhesive and waterproofing qualities

 Consists essentially of hydrocarbons (80% carbon, 15% hydrogen,     

      the remainder being oxygen, sulphur, nitrogen and various metals)

 It has thermoplastic and viscoelastic properties. 
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Bitumen



Principal Sources

1. Natural  Bitumen (Rock/ Lake Asphalt)

2. Coal Tar Pitches. (Destructive distillation of coal)

3. Petroleum Bitumen (Distillation of Crude oil) 
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Bitumen


