Experiment No. 18
Part IV

ANALYSIS OF COMPACTED PAVING MIXTURES
General: The analytical procedures described herein apply either to paving mixtures that have been compacted in the laboratory, or to undisturbed samples that have been cut from a pavement in the field.  When a paving mixture is compacted in the laboratory, the compactive effort should provide a density equal to the density the mixture will ultimately attain under traffic following compaction by rolling during construction.

By analyzing a compacted paving mixture (Va), voids in the mineral aggregate (VMA), and effective asphalt content (Pbe), some indication of the probable service performance of the pavement is provided.  The efficacy of compaction, either during construction or after years of service can be determined by comparing the specific gravity of an undisturbed sample cut from a pavement with the laboratory compacted specific gravity of the paving mixture.

Definition: 
· Bulk Specific Gravity (Gsb ):   The ratio of the weight in air of a unit volume of a permeable material (including both permeable and impermeable voids normal to the material) at a stated temperature to the weight in air of equal volume of gas free distilled water at a stated temperature.  Refer to Figure 18-3.

· Apparent Specific Gravity (Gsa):  The ratio of the weight in air of a ;unit volume of an impermeable material at a stated temperature to the weight in air of equal density of an equal volume of gas free distilled water at a stated temperature.  Refer to Figure 16-3.

· Effective Specific Gravity (Gse): The ratio of the weight in air of a unit volume of a permeable material (excluding voids permeable to asphalt) at a stated temperature to  the weight in air of equal density of an equal volume of gas free distilled water at a stated temperature.  Refer to Figure 18-3.

· Voids in the Mineral Aggregate (VMA): The  volume of intergranular void space between the aggregate particles of a compacted paving mixture that includes the voids and the effective asphalt content, expressed as a percent of the total volume of the sample.  Refer to Figure 18-3.

· Effective Asphalt Content (Pbe): The  total asphalt content of a paving mixture minus the portion of asphalt that is lost by absorption into the aggregate particles.  Refer to Figure 18-3.

· Air Voids (Va): The total volume of the small pockets of air between the coated aggregate particles throughout a compacted paving mixture, expressed as percent of the bulk volume of the compacted paving mixture.  Refer to Figure 18-3.

· Volume Relationships in a Compacted Mix: Figure 18-4 depicts the volume relationships between aggregate, air voids in mineral aggregate, total asphalt content, asphalt lost by absorption into the aggregate particles, and effective asphalt content.  

OUTLINING PROCEDURE FOR ANALYZING A COMPACTED PAVING MIXTURE:
1. Measure the bulk specific gravities of the coarse aggregate and of the fine aggregate.

2. Measure the specific gravity of the asphalt  cement and the mineral filler.

3. Calculate the bulk specific gravities of the aggregate combination in the paving mixture.

4. Measure the maximum specific gravity of the loose paving mixture. (ASTM D 2041)

5. Measure the bulk specific gravity of the compacted paving mixture.

6. Calculate the effective specific gravity of aggregate.

7. Calculate asphalt absorptions of aggregate.

8. Calculate the effective asphalt content of the paving mixture.

9. Calculate the percent voids in the mineral aggregate in the compacted paving mixture.

10. Calculate the percent air voids in the compacted paving mixture.

Paving Mixture Data for Sample Calculations
	Material
	Specific Gravity Standards
	
	Mix Composition

	
	Apparent
	Bulk
	ASTM Method
	Percent by Wt. of Total Mix

	Asphalt Cement
	
	-
	D   70
	Pb

	Coarse Aggregate
	
	G1
	C 127
	P1

	Fine Aggregate
	
	G2
	C 128
	P2

	Mineral Filler
	G3
	-
	D 854
	P3


EQUATIONS FOR SAMPLE CALCULATIONS:
· Bulk Specific Gravities of Aggregate: When the total aggregate consists of separate fractions of coarse aggregate, fine aggregate, and mineral filler, all having different specific gravities
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where:



Gsb             =  bulk specific gravity for the total aggregate 

    

P1 , P2 , Pn  =  percentages by weight of aggregates 1, 2, ........ n; and,

    

G1 ,G2 , Gn  =  bulk specific gravities of aggregate 1, 2, .......... n 

· Effective Specific Gravity of Aggregate: When based on the maximum specific of a paving mixture, Gmm , the effective specific gravity of Gse , of the aggregate includes all void spaces in the aggregate particles except those that absorb asphalt.  It is determined as follows:
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where:


Gse   =  effective specific gravity of aggregate;

      
Pmm  =  total loose mixture, percent by total weight of mixture = 100 percent,

      
Pb    =  asphalt, percent by total weight of mixture,

      
Gmm =  maximum specific gravity of paving mixture (no air voids), ASTM D 2041, and

      
Gb    =  specific gravity of asphalt.

· Maximum Specific Gravities of Mixtures with Different Asphalt Contents:  In designing a paving mixture with a given aggregate, the maximum specific gravities, Gmm , at different asphalt contents are needed to calculate the percentage of air voids for each asphalt content.  While the same maximum specific gravity can be determined for each asphalt content by ASTM test method (D 2041).


After getting the results from these tests and calculating the effective specific gravity of the aggregate, the maximum specific gravity for any other asphalt can be obtained as shown below.  For all practical purposes, the effective specific gravity of the aggregate is constant because asphalt absorption does not vary appreciably with variation in asphalt content.
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where:

      

Gmm   =  maximum specific gravity of paving mixture (no air voids)

      

Pmm    =  total loose mixture,  percent by total weight of mixture = 100 percent

      

Ps      =  aggregate, percent by total weight of mixture

      

Pb      =  asphalt percent by total weight of mixture

      

Gse    =  effective specific gravity of aggregate, and

     
           Gb     = specific gravity of asphalt

· Asphalt Absorption:  Absorption is expressed as a percentage by weight of aggregate rather than as a percentage by total weight of mixture.  Asphalt, Pba  absorption is determined as follows:
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where:

      

Pba  =  absorbed asphalt, percent by weight of aggregate,

      

Gse  =  effective specific gravity of aggregate,

      

Gsb  =  bulk specific gravity of aggregate, and 

      

Gb   =  specific gravity of asphalt

· Effective Asphalt Content of a Mixture: The effective asphalt content, Pbe of a paving mixture is the total asphalt content minus the quantity of asphalt lost by absorption into the aggregate particles.  It is the portion of the total asphalt content that remains as a coating on the outside of the aggregate particles, and is the asphalt content on which service performance of an asphalt paving mixture depends.  The formula is:
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where:

      

Pbe   =   effective asphalt content, percent by total weight of mixture, 

      

Pb    =   asphalt, percent by total weight of mixture,

      

Pbe   =   absorbed asphalt, percent by weight of aggregate, and,

      

Ps    =   aggregate, percent by total weight of mixture.

· Percent VMA in Compacted Paving Mixture:  The voids in the mineral aggregate, VMA, are defined as the intergranular void space between the aggregate particles in a compacted paving mixture that includes the air voids and the effective asphalt content, expressed as a percent of the total volume.  The VMA is calculated on the basis of the bulk specific gravity of the aggregate and is expressed as a percentage of the bulk volume of the compacted paving mixture.  
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where:

      

VMA  =  voids in mineral aggregate (percent of bulk volume),

      

Gsb      =  bulk specific gravity of aggregate,

      

Gmb     =  bulk specific gravity of compacted mixture, and,

      

Ps        =  aggregate, percent by total weight of mixture.

· Calculating Percent Air Voids in Compacted Mixture:  The air voids Pa , in a compacted paving mixture consist of the smaller air spaces between the coated aggregate particles.  The percentage of air voids in a compacted mixtures can be determined by the following equation:
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          where:

      

Va      =  air voids in a compacted mixture, percent of total volume,

     

Gmm =  maximum specific gravity of paving mixture (as determined above) 



or as determined   directly for a paving mixture by ASTM D 2041, 

      

Gmb   =  bulk specific gravity of compacted mixture.

· Voids Filled with Asphalt:  The voids in the aggregate filled with asphalt, VFA, are defined as, the amount of voids in the aggregate of a compacted bituminous mixture is equal to the apparent volume of the mixture minus the true volume of the mineral aggregate.  The percentage of the voids in the aggregate are calculated as follows:
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where:

      

VFA   =   voids in the aggregate filled with asphalt,

      

 Pbe     =   effective asphalt content, percent by total weight of mixture,

       

Gmb    =   bulk specific gravity of compacted mixture,

       

VMA =   voids in mineral aggregate (percent of bulk volume), and,

       

Gb      =   specific gravity of asphalt.

   
The voids in the aggregate filled with asphalt can also be calculated as:
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where:

      

Pa   =   air voids in compacted mixture, percent of total volume,

 Trends and Relations of Test Data:  The test property curves, plotted as described in Figure 18-5, should follow the pattern as described in the figure in a consistent form.  Trends generally noted are outlined as follows:

1. The stability value increases with increasing asphalt content up to a maximum after which the stability decreases.

2. The follow value increases with increasing asphalt content.

3. The curve for unit weight of total mix is similar to the stability curve, except that the maximum unit weight normally (but not always) occurs at a slightly higher asphalt content than the maximum stability.

4. The percent of air voids decreases with increasing asphalt content, ultimately approaching a minimum void content.

5. The percent voids in the mineral aggregate generally decrease to a minimum value then increase with increasing asphalt contents.

6. The percent voids in the aggregate filled with asphalt rises rapidly at low binder contents and tends to level off at high binder contents.

 Graphical Charts:
           Prepare a graphical plot for the following values from the data obtained:

1. Stability verses asphalt content

2. Flow verses asphalt content

3. Specific gravity of total mix verses

4. Percent Air voids verses asphalt content

5. Percent Voids in Mineral Aggregate (VMA) versus asphalt content

6. Voids Filled with Asphalt (VFA) versus asphalt content

 Specification Limits:

Class A







Percent
Total Mineral Aggregate





 96 - 93

Asphaltic Binder






   4 - 7

Stability (kgs)







 820 min.

Voids in total mix






3.0  -  5.0

Flow, 0.25 mm






8.0  - 14.0

Voids Filled with Asphalt (VFA), %




 65  -  75

           VMA, %






       See Figure 16-4

Determination of Optimum  Asphalt Content:  The optimum asphalt content of the asphalt paving mix is determined from the test curves to be used for the medium traffic category.  Compute asphalt content as follows:











Percent
1. Asphalt content at maximum specific gravity                 
=

2. Asphalt content at maximum stability                             
=

3. Asphalt content at 4 % Air Voids                                  
=

4. Asphalt content at 75 % V.F.A.                                    
=


________

Optimum asphalt content, average
________

61

_1116531756.unknown

_1116532110.unknown

_1116532883.unknown

_1116533056.unknown

_1116532502.unknown

_1116531818.unknown

_1116530977.unknown

_1116531312.unknown

_1116529024.unknown

