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ÁBitumen is defined as: 
Á an amorphous, black or dark-colored, (solid, semi-

solid, or viscous) cementitious substance, composed 
principally of high molecular weight hydrocarbons, 
and soluble in carbon disulfide. 

ÁBituminous materials are: 
Á extensively used for roadway construction, 

primarily because of their excellent binding 
characteristics and water proofing properties and 
relatively low cost. 



1/9/2015 

4 



1/9/2015 

5 

 A typical pavement structure consists of the surface course and the 
underlying base and subbase courses.  Each of these layers contributes to 
structural support and drainage.  



1/9/2015 

6 

 Each of these pavement types 
distributes load over the 
subgrade in a different 
fashion.   

Á Rigid pavement, because of 
PCC's high elastic modulus 
(stiffness), tends to distribute 
the load over a relatively wide 
area of subgrade (see 
Figure).  The concrete slab 
itself supplies most of a rigid 
pavement's structural 
capacity.   

Á Flexible pavement uses more 
flexible surface course and 
distributes loads over a 
smaller area.  It relies on a 
combination of layers for 
transmitting load to the 
subgrade (see Figure).   
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Á Prehistoric: Skeletons of prehistoric animals preserved intact 
to present day in surface deposits of asphalt. An example 
would be the La Brea Tar Pit, Los Angeles, CA, USA. 

Á 3200 - 540 BC: Recent archaeological excavations show 
extensive use of natural asphalt in Mesopotamia and Indus 
Valley, as cement for masonry and street construction and a 
waterproofing layer for temple baths and water tanks. These 
early asphalt materials were native asphalt. These native 
asphalts were found in pools and asphalt lakes.  

Á 300 BC: Asphalt extensively used for mummification in 
Egypt. 

Á 1802 AD: Rock asphalt used in France for floor, bridge and 
sidewalk surfacing. 
 
 

Á 1838 AD: Rock asphalt imported and used in sidewalk 
construction in Philadelphia. 

Á 1870 (circa) AD: First asphalt pavement laid in Newark, New 
Jersey. 

Á 1902 AD: Approximately 20,000 tons of asphalt refined from 
petroleum in the United States.Since  

Á 1926 AD: The petroleum asphalt and road oil tonnage 
produced annually has increased steadily - from 3,000,000 
tons in 1926 to 11,000,000 in 1950. Then to more than 
30,000,000 tons in 1985. Total worldwide production in 1998 
was over 50,000,000 tons.  
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Bituminous 
Materials 

Asphalts 

Tars 

ÁBitumen Materials: 
ÁAsphalt cement and tar are considered 

bituminous materials. Quite often, these two 
terms are used interchangeably due to 
misconception resulting from their similarity 
in appearance.  
ÁAsphalt cement and tar are two distinctly 

different materials with different origins and 
different chemical and physical characteristic.  
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ÁAsphalt cement is a dark brown to black 
cementitious materials either its naturally 
occurred or produced by petroleum distillation.  

ÁTar however, is primarily manufactured from the 
destructive distillation of bituminous coal and 
has a very distinct ordor.  

ÁTar is hardly used in paving. Why? 
1. Some undesirable physical characteristic such as very 

high temperature susceptibility. 

2. Significant health hazards such as severe eye and skin 
irritation when exposed to its fume. 

 
 

ÁAsphalt can be classified into two categories: 
1. Natural asphalt 

2. Petroleum asphalt 

ÁNatural asphalt ɀ laid down in geologic strata 
and occur  relatively as soft asphalt material 
and also as a hard, friable, black material in 
veins of rock formation. Hundred of 
thousands of tons of asphalt have been 
removed from the Trinidad Lake without it 
showing any appreciable sign of loss.  
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ÁPetroleum asphalt ɀ these are colloidally 
dispersed hydrocarbons in crude petroleum 
and are obtained by refining petroleum 
crudes. Gradually, these refined asphalt 
became plentiful and good quality. This 
forced the natural asphalt into position of 
relative unimportance.  

ÁAsphalt is simply the residue left over from petroleum 
refining. 

ÁCrude oil is heated in a large furnace to about 340°  C 
(650°  F) and partially vaporized. It is then fed into a 
distillation tower where the lighter components 
vaporize and are drawn off for further processing. 

ÁThe residue from this process (the asphalt) is usually 
fed into a vacuum distillation unit where heavier gas 
oils are drawn off. Asphalt cement grade is controlled 
by the amount of heavy gas oil remaining. Other 
techniques can then extract additional oils from the 
asphalt. 
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ÁDepending upon the exact 
process and the crude oil 
source, different asphalt 
cements of different 
properties can be produced. 

ÁAdditional desirable properties 
can be obtained by blending 
crude oils before distillation or 
asphalt cements after 
distillation. 
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Water is removed from the 

crude oil via a desalting 

process in vessels  

These distillation (or fractionation) towers 

begin to take off the lighter components of 

the crude oil with the processing moving 

from left to right in this image. The towers 

shown operate at atmospheric pressure. 

The tower with the windsock produces 

diesel and jet fuels (at least partially 

processed).  

The light and heavy vacuum gas oils, or 

flasher tops and bottoms, are removed at 

the cut points annotated in this image.  
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Asphalt Storage and Emulsion 

Colloid mill used in manufacturing 

asphalt emulsion.  
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ÁIt is a hydrocarbon product of Petroleum crude 
which is semi solid material. 

ÁBitumen by definition is soluble in carbon 
disulphide. 

Á  
Á The hydrocarbons that make up bitumen can 

generally be made up of the following : 
ÁAsphaltenes 

ÁResins 

ÁOils 
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Asphaltenes and resins separated from crude oils 

(Goual and Firoozabadi, 2002) 
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Á Asphaltenes are present in most petroleum materials, and in 
all heavy oils and bitumens from oilsands. 

Á Asphaltenes constitute the body of the asphalt. 
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ÁAsphaltenes are large, high molecular weight 
hydrocarbon fractions precipitated from asphalt 
by a designated paraffinic naphtha solvent; and 
also having a carbon to hydrogen ratio of 0.8.  

ÁAsphaltenes is defined by solubility:  

Áthe components that dissolve in toluene and 
precipitate in n-alkane solvents are the asphaltenes.  

ÁFor analytical purposes, the concentration of 
asphaltene in a crude oil is defined by precipitation 
with either n-pentane (C5) or n-heptane (C7). 
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ÁThe concentration of C7-asphaltene in a very 
low density crude oil may be only a fraction of 
1%, while the concentration in a dense 
bitumen can be can be over 20% of the total 
mass.  
ÁThe low solubility of the asphaltene fraction 

makes it very important in production and 
processing of petroleum. 

ÁIn comparison to a whole petroleum or 
bitumen, the asphaltenes have lower 
hydrogen content (4.8 - 8 %), and a higher 
content of sulfur, nitrogen, nickel, vanadium, 
and oxygen.  
ÁThe low concentration of hydrogen gives a 

high density of 1100-1200 kg/m3, compared 
to circa 1000 kg/m3 for bitumen and <1000 
kg/m3 for heavy oil and other petroleums. 
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ÁResins are hydrocarbon molecules with a carbon to 
hydrogen ratio of more than 0.6 but less than 0.8. It 
provides ductility and adhesiveness to asphalt. 
Resins are soluble in higher molecular weight 
normal alkanes, but are insoluble in lower molecular 
weight alkanes. 

ÁThe material that precipitates with addition of 
propane, but not with n-heptane, is considered to 
constitute the resins. 
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ÁOils are hydrocarbon molecules with a carbon 
to hydrogen ratio of less than 0.6. Oils 
influence the viscosity and flow of the 
asphalt. 
 

ÁComplex chemical mixture of molecules that are 
predominantly hydrocarbons with a small 
amount structurally analogous species (sulphur, 
nitrogen, oxygen atoms).  

ÁSome trace quantities of metal such as 
vanadium, nickel, iron, mg, calcium. 
ÁCarbon : 82-88 % 
ÁHydrogen : 5 - 11 % 
ÁSulphur : 0-6 % 
ÁOxygen : 0-1.5 % 
ÁNitrogen : 0-1 % 
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ÁAsphalt commonly used in flexible pavement 
construction and can be divided into three (3) 
types: 

1.Asphalt cement 

2.Emulsified asphalt 

3.Cutback asphalt  

ÁAs discussed earlier, asphalt cement obtained 
by distillation process from crude petroleum 
using different refining process.  
ÁAmbient temperature ɀ asphalt cement is 

black, sticky and semisolid and highly  viscous 
material. Its also strong and durable with 
excellent adhesive and water proofing 
characteristic, highly resistant to the action of 
most acids, alkalies and salt.  
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ÁHow do we grade asphalt cement? 
ÁTwo method: based on penetration and 

viscosity. 
ÁPenetration: As specified in ASTM D946, there are 

five (5) standard penetration graded of asphalt 
cement, 40-50, 60-70, 85-100, 120-150 and 200-
300. The penetration grade is based from the 
penetration test.  
ÁPenetration test involve measurements of 

penetration of standard penetration needle into a 
sample of asphalt cement under standard 
temperature, time and load.  

ÁViscosity: As specified in ASTM D3381, this 
grading is based on the viscosity test. The 
viscosity grading system is based from 
original asphalt cement include AC-2.5, AC-5, 
AC-10, AC-20, AC-30 and AC-40.  
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ÁEmulsified asphalt (emulsion) is a mixture of 
asphalt cement, water and emulsified agent. 
This emulsified asphalt is usually used for 
prime coat (binder and road-base) and tack 
coat (binder and wearing).  
ÁBecause the asphalt cement will not dissolve 

in water, asphalt cement and water exist in 
separate phases as in figure shown.   
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An emulsion is a dispersion Of small droplets of 
one liquid in another liquid. 

Emulsions can be formed by any two immiscible 
liquids, but in most emulsions one of the phases 

is water.  

Oil-in-water (O/W) emulsions are those in which the 
continuous phase is water and the disperse (Droplet) 

ÐÈÁÓÅ ÉÓ ÁÎ ȰÏÉÌÙȱ ÌÉÑÕÉÄȢ  

Water-in-ÏÉÌ ɉ7Ⱦ/Ɋ ȰÉÎÖÅÒÔÅÄȱ ÅÍÕÌÓÉÏÎÓ ÁÒÅ ÔÈÏÓÅ ÉÎ 
which the continuous phase is an oil and the disperse 

phase is water. 
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1.  O/W emulsion 
2.  W/O emulsion                  
3. Mmultiple W/O/W 


