Lecture No. 35 to 39

Subject: Aggregate and Asphalt Blending 

Objectives of Lecture:

· To explain the properties of asphalt concrete (a blend of asphalt cement and aggregate)
· To explain the requirements of aggregates for asphalt concrete
Properties of Asphalt Concrete

· The main asphalt paving material in use today is asphalt concrete.  This is a high-quality pavement surface composed of asphalt cement and aggregates, hot-mixed in an asphalt plant and then hot-laid 

· Asphalt concrete must provide a stable, safe, and durable road surface

· The properties of asphalt concrete depend on the quality of its components, asphalt binder and aggregates, the construction process, and the mix design proportions

(i) Asphalt concrete mixture

· Asphalt concrete mixture consists of asphalt cement, aggregates, and air

· Some of the asphalt cement seeps into voids in the aggregate particles, and therefore is not available to coat and bind aggregates together.  This also leaves more air voids in the mixture than would be expected by calculating the total aggregate and asphalt volumes

· The following Fig. shows the components of an asphalt concrete

· The amount of asphalt absorption is less than the water absorption for the same aggregates, usually by about 50%.  However, it is important to include the volume of absorbed asphalt in calculations, since all volumes must be measured accurately 

· The amount of asphalt absorption can be found by measuring the relative density of a mixture of asphalt-coated aggregates, and comparing this with the value expected with no absorption

· Relative amounts of aggregate, asphalt, and air are important. The mass/volume relationships of a compacted asphalt paving mix are illustrated in the following Fig.:

M
Total mass (= MG + MB)

MG
Mass of aggregate

MB
Mass of asphalt (binder) (= MBE + MBA)

MBE 
Mass of effective asphalt, the asphalt binder between particles

MBA
Mass of absorbed asphalt, absorbed into the pores of the aggregate particles

V
Total volume of the compacted mix

VG
Volume of aggregate, the bulk volume including the aggregate pores

VBE
Volume of effective asphalt

VBA
Volume of absorbed asphalt

VB
Volume of asphalt (= VBE + VBA)

VA
Volume of air between the coated aggregate particles in the mix

VGE
Effective volume of aggregate (= VG – VBA)

VMM
Volume of voidless mix (maximum mix volume)
The bulk volume is usually obtained from the bulk relative density of the aggregate.

The effective volume of the aggregate, VGE, may be obtained from the effective relative density.

Mass/volume relationships usually calculate for a mix include:
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Asphalt content (PB)


PB = MB / M




Effective asphalt content (PBE)
PBE = MBE / M




Asphalt absorption (PBA)

PBA = MBA / MG



Air voids (AV)



AV = VA / V




Voids in mineral aggregate (VMA)
VMA = VBE + VA



Voids filled with asphalt (VFA)
VFA = VBE / (VBE + VA)


Density is usually expressed in kg/m3 (lb/ft3).  Other values are commonly expressed as percentages.

The following examples illustrate these calculations.
Example 6-1
An asphalt concrete mix contains 2250 kg of aggregates and 150 kg of asphalt binder per m3.  Asphalt absorption of the aggregates is 1.2%.  The bulk relative density of the aggregates is 2.67, and the relative density of the asphalt is 1.05.  Find the density, asphalt content-total, effective, and absorbed-and the air voids, VMA, and VFA.

Given:

MG = 2250 kg,
 MB = 150 kg,
 PBA = 1.2%, 

RDB (agg) = 2.67,
 RD (asphalt) = 1.05
(ii) Stability of the Asphalt concrete 
· Stability of the asphalt concrete depends on the strength and flexibility of the mixture and the degree of compaction during placing 

· The strength must be sufficient to carry the load without shear occurring between particles. The structure must remain intact.  

· The main contributor to strength is friction between grains.

· A dense-graded mixture, composed of particles with rough faces, with a relatively thin asphalt film between them is best for high-friction strength.

· Flexibility is also important as the pavement distributes the imposed load by deflecting slightly as the load is applied, without cracking or permanent deformation. 

· To meet this requirement, a more open-graded mixture, with a higher asphalt content, is best.

· Strength and flexibility are evaluated by various tests, depending on the design method being used

(iii) Safety

· Safety is very important for the surface course.  This involves skid resistance and drainage of water from the surface.

· Skid resistance is enhanced by using smaller sized, very hard aggregates for the surface course.  This provides more points of contact for the development of friction forces.
· Open-graded surface courses are used in very heavy traffic areas to allow immediate drainage of rainwater before it can result in hydroplaning.  These pavements also increase skid resistance due to the coarse texture provided.

(iv) Durability of asphalt concrete

· Durability of the asphalt concrete is critical to ensure that it maintains the stability and skid resistance properties for the design service life.
· Asphalt ages, and pavements become denser with time and traffic.  Pavements fail due to:

· changes in the aggregates

· permanent deformation or rutting

· cracking, either due to fatigue, or low temperatures

· bleeding of asphalt to the surface

To control these failure conditions, the following requirements are usually specified:

1.
Use of strong, sound, durable aggregates, free of harmful amounts of deleterious substances.  Breakage of particles during transportation, placing, and service reduces strength as there is no asphalt binding the broken pieces together.  Traffic could polish soft aggregate particles at the surface, reducing skid resistance.  Certain types of aggregate may be susceptible to stripping, or replacement of the asphalt film by water.

2.
Use of asphalt binders that are tested for resistance to fatigue cracking, rutting, and low-temperature cracking for the geographic area of use, as required under the new performance-graded specifications.

3.
Maximum temperature during mixing to help prevent premature hardening of the asphalt as the lighter constituents are driven off.

4.
Maximum percentage of air voids to reduce permeability and movement of air and water in the mixture, and therefore reduce the rate of oxidation.

5.
Minimum percentage of air voids.  This helps to ensure that asphalt does not bleed to the surface and reduce skid resistance.  A minimum amount of air allows asphalt movement without forcing it to the surface as the pavement deflects.

6.
Minimum percentage of VMA, to ensure that sufficient space is left for asphalt cement.  This helps to ensure that the binder film around each particle is thick enough to remain ductile.

7.
Minimum and maximum percentages for VFA.  Asphalt content must not be too high for stability.  The air voids content must not be too high for light traffic areas, or too low for heavy traffic areas.  In general, the controls on VFA ensure that borderline mixtures that meet other voids criteria, but may not perform well, are not used.
Following Figure illustrates some of the problems resulting from high mix temperatures or unsatisfactory mix designs.  

Many compromises must be made in asphalt mix design to meet all requirements as well as possible
Aggregates for Asphalt Concrete

· Aggregates for asphalt concrete are usually classified as coarse aggregates, fine aggregates, and mineral filler

· Mineral filler is often used in asphalt concrete mixtures to supply the fines (smaller than 75 (m or No. 200 sizes)

· Fines are very important in producing a dense-graded, strong material.

· Many natural sands do not contain the amount or type of fines required.  Limestone dust is the most common material used for mineral filler

Requirements of aggregates

Aggregates should be:

1.Well-graded—dense, including mineral filler (if required) for strength

2.
Hard—for resistance to wear and to polishing due to traffic.

3.
Sound—for resistance to breakdown due to freezing and thawing.

4.
Rough surfaced—Crushed rough surfaces give higher friction strength and a better surface for adhesion of the asphalt cement.

5.
Cubical—thin, elongated aggregate particles break easily.

6.
Hydrophobic (or “water hating”) —some siliceous aggregates such as quartz are hydrophobic (“water liking”), meaning that they have a greater affinity for water than for asphalt, due to their surface charges.  This may lead to stripping, as asphalt coating comes away from the particle in the presence of water.

7.
Free from deleterious substances—clay particles, dust, dirt, and lightweight pieces may lead to a lower quality asphalt film on the aggregate particles or may result in breaking of some of the particles.
Typical specifications for aggregates for dense-graded asphalt concrete are shown in the following Tables:

SuperpaveTM requirements for aggregates
· SuperpaveTM requirements for aggregates include limits for gradation, angularity of both the coarse and fine aggregates, amount of thin or elongated particles in the coarse, the clay content of the fine aggregate
· A graph for SuperpaveTM gradation limits for the 12.5-mm size aggregate is shown in the following Figure:
· Specifications for the five standard sizes of aggregates are shown in the following Table:

Specifications for angularity requirements are shown in the following Table:

The amount of flat and elongated particles are restricted to a maximum of 10% for all pavements with design ESALs of over one million. The sand equivalent value for fine aggregates must be a minimum of 40% for an ESAL of up to 3 million, 45% for 3-30 million, 50% for higher ESALs.
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