Lecture No. 40 to 42

Subject: Asphalt Concrete Mix Design 

Objectives of Lecture:

· To explain the procedure for asphalt concrete mix design 
Asphalt Concrete Mix Design

The design of an asphalt concrete mixture includes the selection of the best blend of aggregates and the optimum asphalt content to provide a material that meets the required specifications as economically as possible.

Mix design involves the following main steps:

1.
Selection of aggregate proportions to meet the specification requirements.

2.
Conducting trial mixes at a range of asphalt contents and measuring the resulting physical properties of the samples.

3.
Analyzing the results to obtain the optimum asphalt content and to determine if the specifications can be met.

4.
Repeating with additional trial mixes using different aggregate blends, until a suitable design is found.

Methods of Asphalt Concrete Mix Design

The two most common traditional methods for making and evaluating trial mixes have been: 

· The Marshall method, and

· The Hveem method.  

Currently, the SuperpaveTM method, developed by the Strategic Highway Research Program (SHRP) is being introduced

1. The Marshall method

The Marshall method consists of the following major steps:

1.
Aggregates are blended in proportions that meet the specification.

2.
The mixing and compacting temperatures for the asphalt cement being used are obtained from the temperature-viscosity graph. These temperatures are those required to produce viscosities of 1.7 ( .2 cm2/s (170 ( 20 centistokes) for mixing and 2.8 ( .3 cm2/s (280 ( 30 centistokes) for compacting.

3.
A number of briquettes, 101.6 mm (4 in) in diameter and 60-65 mm (2½ in) high, are mixed using 1200 g of aggregates and asphalt cement content at various percentages both above and below the expected optimum.


For surface courses with 12.5 mm (1/2 in) aggregate, the expected optimum content may be bout 6.5%. Therefore, briquettes would be made at 5.5%, 6.0%, 6.5% 7.0%, and 7.5% asphalt cement.

4.
Density of the briquettes is measured to allow calculation of the voids properties.

5.Briquettes are heated to 60ºC (140ºF), Stability and flow values are obtained in a compression test in the Marshall apparatus to measure strength and flexibility.  

The stability is the maximum load that the briquettes can carry.  

The flow is the compression (measured in units of hundredths of an inch or in millimeters) that the sample undergoes between no load and maximum load in the compression test.

Results of the Marshall test are plotted on graphs such as those shown in the following Figure


(Density, stability, flow, air voids, VMA, and    VFA are plotted against asphalt content)

 
From the above graphs, showing various typical relationships, it can be observed that:

1.
Density initially increases with asphalt content, since the fluid lubricates grain movements.  Eventually, however, a maximum density is reached. Then density decreases, since the lighter asphalt replaces some of the aggregate, shoving the particle apart.

2.
Stability increases and then decreases on a curve similar to that for density, since the strength is mainly a function of friction between grains of aggregates and, therefore, of density.

3.
Flow increases along with asphalt content, as friction between particles decreases with thicker asphalt films.

4.
The percentage of air voids decreases as asphalt content increases, since the asphalt tends to fill all the void spaces.

5.
The percentage of voids in mineral aggregate is approximately opposite to the density curve, as the mass of aggregates is the main component of the total mass of the mix.

6.
The percentage of voids filled with asphalt also increases with asphalt content.

	The optimum asphalt concrete is one that economically and safely satisfies all specification requirements


The Asphalt Institute has suggested the criteria for asphalt concrete mix design by the Marshall Method, as shown in the following Table:

Calculations required for preparing a Marshall trial mix, is illustrated in the following Example:

Determination of optimum asphalt content using the test results pertaining to a Marshall trial mix with different asphalt contents (i.e. evaluation of a trial mix), is illustrated in the following Example:

6-27. Following are the test results pertaining to a Marshall trial mix with different asphalt contents:

	Asphalt content(%)
	Density (kg/m3)
	Stability (N)
	Flow (mm)
	Air voids(%)
	VMA

(%)

	5
	2365
	6030
	1.8
	6.8
	18.8

	6
	2388
	7860
	2.5
	5.0
	16.6

	7
	2398
	6750
	3.4
	3.9
	15.6

	8
	2386
	4500
	4.6
	3.2
	16.2


         Plot the test results and find the optimum asphalt content to meet suggested requirements for a surface course (12.5 mm or ½ inch aggregate) for a medium-traffic area.
Hints:

· Plot the A.C. vs. density, stability, flow, air voids, VFA, and VMA

· Using the plotted graphs, determine the asphalt contents corresponding to maximum density, maximum stability, and 4% air voids (the middle of the 3 – 5% allowed)

· Take the average of the above three values of the asphalt content

· Get the values of stability, flow, AV, VMA, and VFA using the plotted graphs corresponding to the average asphalt content

· If these all properties of the asphalt concrete are in agreement with their respective values suggested in Table 6-10, the average asphalt content may be taken as optimum asphalt content. If not satisfied, adjust the average asphalt content
2. Hveem Method

This method for asphalt concrete design is the most common traditional method next to the Marshall method

The main steps in design, using Hveem method, are:

1. Obtain the estimated optimum asphalt content by the centrifuge kerosene equivalent method

2. Prepare test briquettes at a range of asphalt contents above and below the estimated optimum

3. Conduct stabilometer tests to obtain stabilometer values in the Hveem apparatus

4. Conduct swell tests on two samples containing the estimated optimum asphalt content

The Asphalt Institute has suggested the criteria for asphalt concrete mix design by the Hveem Method, as shown in the following Table:
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