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DISCLAIMER 
 

 The contents of this report reflect the views of the authors, who are responsible for the 

facts and the accuracy of the data presented herein.  The contents do not necessarily reflect the 

official view or policies of the Federal Highway Administration (FHWA) or the Texas 

Department of Transportation (TxDOT).  This report does not constitute a standard, 

specification, or regulation, nor is it intended for construction, bidding, or permit purposes.  The 

United States Government and the State of Texas do not endorse products or manufacturers.  

Trade or manufacturers’ names appear herein solely because they are considered essential to the 

objective of this report.  The engineer in charge was Tom Scullion, P.E. (Texas No. 62683).   
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BACKGROUND 

 Crack Attenuating Mix (CAM) designs are made according to the volumetric 

procedure defined in Special Specification 3109 (now 3165) where the optimal asphalt 

content (OAC) is computed as that which achieves 98 percent of the maximum density at 

50 gyrations of Superpave Gyratory Compactor.  Samples at the proposed OAC are then 

molded to 93 percent density and then subjected to performance testing in the Hamburg 

Wheel Tracker and Overlay Tester.   

 

ORIGINAL MIX DESIGN USED IN LUFKIN 

Working closely with the Lufkin District lab and a local hot mix plant, two 

aggregates were selected for evaluation for the CAM design proposed for BUS 59 in 

Lufkin, the Jones Mill 3/8-inch granite rock and Granite Mountain screenings.  The mix 

design was developed according to TxDOT’s Special Specification SS 3109, and the 

proposed design is shown below in Figure 1.  This mix with Jones Mill granite aggregate 

and 8.3 percent asphalt ( PG 76-22S) passed both TxDOT’s performance criteria; namely 

the Hamburg Wheel Tracking Test (HWTT) and Overlay Test (OT).  The mix passed the 

proposed performance criteria with the following lab results: 

• HWTT – 7.8 mm after 20,000 passes (< 12.5 mm) 

• Overlay Tester – 1510 cycles  (> 750 cycles) 

This mix was placed on BUS 59 in the summer of 2008.   

 

LABORATORY EVALUATION OF ORIGINAL MIX DESIGN 

As a final evaluation of the CAM used in Lufkin it was proposed to do a 

laboratory redesign of the mix using the balanced mix design and to compare the optimal 

asphalt content with that recommended with the existing volumetric procedure.  The 

concern is that the volumetric procedure arrives at a single asphalt content and there is no 

way to determine if this is the optimum.  From earlier studies with the balanced design 

concept for most mixes it was found that there was a range of asphalt contents that meet 

both the HWTT and OT performance criteria.  There was no way to tell that the optimum 

asphalt content selected with the SS 3109 volumetric procedure was within the acceptable 

window. 
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It was suspected that the current procedures will give binder contents toward the upper 

end of the acceptable window.  The concern here was that a) for CAM mixes the asphalt is paid 

for as a separate item so there is no incentive to take asphalt out of the mix, and b) as operational 

tolerances permit ± 0.3 percent asphalt then there is a possibility that rich mixes could end up 

with too much asphalt and consequently stability problems in demanding locations (corners, stop 

signs, etc.) 

In the balanced mix design approach the performance tests are run first at a range of 

asphalt contents.  Once the asphalt content gets too high the mix will fail the HWTT and too low 

it will fail the OT criteria (750 cycles).  An acceptable range of asphalt contents is therefore 

defined and the optimal is selected from within that range (normally the middle of the range).   

Once the new optimum is selected a volumetric check is performed in a Superpave Gyratory 

Compactor with 50 gyrations, the mix must achieve a minimum of the 96.5 percent of the 

maximum theoretical density to be acceptable. 

In doing the redesign two PG graded binders were used, a PG76-22 and PG70-22.  The 

two balance mix designs for Lufkin CAM were carried out by Texas Transportation Institute 

(TTI) on July and August 2009, which was based on the original design combined gradation. 

 

Obtaining The Correct Mix Gradation  

In performing the redesign a new set of materials were obtained from the Lufkin District.  

The first challenge was that the new materials were of a very different gradation of that presented 

in Figure 1.  In order to match the gradation of the original design, TTI technicians sieved each 

rock to individual size particles and then batched them based on the original design combined 

gradation for mixing and molding.  The current new materials and the original design gradation 

are shown in Table 1.  
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Table 1.  Comparing the Gradation of Each Rock (the Percentage of Cumulative Passing). 

Sieve 
Size 

New materials Original gradation from the 
designed spreadsheet 

Jones Mill 3/8" Screenings Jones Mill 
3/8" Screenings 

1"               100.0                   100.0                 100.0               100.0 
3/4"              100.0 100.0 100.0 100.0 

1/2"              100.0 100.0 100.0 100.0 

3/8"                99.4                   100.0      100.0                100.0 

No. 4 39.9 78.4 56.7 88.9 

No. 8 7.6 33.3 16.7 60.3 

No. 16 3.6 14.9 7.6 40.2 

No. 30 2.6 8.1 4.9 25.6 

No. 50 2.3 4.5 3.7 14.6 

No. 200 1.9 1.3 2.4 3.6 
 

After re-sieving and combining, the TTI tests were performed on exactly the same 

gradation as that shown in Figure 1. 

 

The Hamburg and Overlay Testing Results 

Three trial asphalt contents, i.e., 7.0 percent, 7.5 percent, and 8.0 percent, were chosen to 

mold the Hamburg and Overlay samples for each asphalt binder (i.e., PG76-22 and PG70-22). 

The Hamburg and Overlay testing results of those samples are shown in Table 2 and Table 3, 

respectively. 
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Table 2.  Hamburg Testing Results. 

Asphalt Binder Sample’s No. Air Void Rutting Pass or Not 

PG76-22 

7.0% Asphalt 7.7 / 7.8 2.6 mm @ 20,000 yes 

7.5% Asphalt 7.8 / 7.9 2.9 mm @ 20,000 yes 

8.0% Asphalt 7.1 / 7.6 3.6 mm @ 20,000 yes 

PG70-22 

7.0% Asphalt 7.7 / 7.6 5.2 mm @ 15,000 yes 

7.5% Asphalt 7.8 / 7.8 11.7 mm @ 15,000 yes 

8.0% Asphalt 7.6 / 7.4 17.8 mm @ 15,000 no 
 

 

Table 3.  Overlay Testing Results. 

Asphalt 
Binder Sample’s No. Max load  

at first cycle 
Cycles of 

failure Pass or Not 

PG76-22 

7.0% Asphalt_1 543.8 >1000 yes 

7.0% Asphalt_2 562.0 >1000 yes 

7.5% Asphalt_1 602.2 >1000 yes 

8.0% Asphalt_1 457.1 >1000 yes 

PG70-22  

7.0% Asphalt_1 448.4 >1000 yes 

7.0% Asphalt_2 445.8 >1000 yes 

7.5% Asphalt_1 393.3 >1000 yes 
 

 

From Table 2 and Table 3, the following observations can be obtained: 

 

1) For PG76-22: 

• The resistance rutting as measured in the HWTT was no problem for the three trial 

asphalt contents; even at 8.0 percent, the rutting level was only 3.6 mm. 

• All three asphalt contents easily passed the OT criteria of 750 cycles.  
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2) For PG70-22: 

• The 7.0 percent asphalt passed the HWTT; the 7.5 percent was very close to failure  

(i.e., <12.5 mm @ 15,000 cycles). 

• For the three trial asphalt contents, the mix had no problem meeting the OT criteria. 

 

Volumetric Check 

(1) PG76-22 

For PG76-22, the 7.5 percent asphalt content was selected to run the volumetric check.  

The test results are listed in Table 4.  At 50 gyrations the mix was easy to compact reaching a 

density of 97.5 percent of the maximum.  From Table 4, if the target density was 98.0 percent, by 

interpolate, the minimum gyrations would be 62.  Test results are also presented for the 

compaction achieved after 75 gyrations. 

 

Table 4.  Volumetric Check. 

Volumetric Check @ 50 and 75 Gyrations 

Sample’s No. Gyrations RICE 
Sample 
Height 
/mm 

Weight 
of Dry 
Sample 

Sample 
Weight 

in Water 

Weight 
of Dry 
Surface 

Density

7.5%_50_1              50           2.3676 115.9 4639.4 2624.2 4642.8 
97.5% 

7.5%_50_2              50 2.3676 115.6 4641.5 2627.1 4644.4 

7.5%_75_1              75 2.3676 114.9 4684.1 2675.3 4685.3 98.8% 
 

 

(2) PG70-22 

For PG70-22, since the highest asphalt content passing the HWTT was 7.5 percent (but 

all three trial asphalt contents passed or exceeded the Overlay criteria), a 7.2 percent asphalt 

content was chosen for the volumetric check.  The test results are listed in Table 5.  
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Table 5. Volumetric Check for PG70-22 Asphalt. 

Volumetric Check @ 50 and 75 Gyrations 

Sample’s No. Gyrations RICE 
Sample 
Height 
/mm 

Weight of 
Dry 

Sample 

Sample 
Weight in 

Water 

Weight 
of Dry 
Surface 

Density 

7.2%_1              50            2.3752 119.5 4664.9 2600.2 4673.5 94.5% 
 

From Table 5, it can be found that 7.2 percent asphalt content was too low and it was not 

possible to achieve the 96.5 percent target density.  As the 7.5 percent was close to failing the 

HWTT, it was concluded that it was not possible to arrive at a satisfactory design for the  

PG70-22 binder.  

 

CONCLUSIONS 

Based on the testing results, the following conclusions are drawn: 

1) 7.5 percent asphalt content was the optimum if PG76-22 asphalt binder was used. 

2) PG70-22 was not recommended to use for this CAM design. 

This optimum binder content is well below the 8.3 percent binder, which was designed 

using SS 3109 and used in the field.  
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