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Description: It is well recognized that density that could be achieved in the field is significantly affected by the maximum aggregate 
size of aggregates, the gradation, and the lift thickness.  It is also well known that permeability of asphalt mixtures is a function of 
aggregate gradation, density achieved, and distribution of air voids.  With the shift in mixture designs to Superpave methods, gradations 
on the coarse side of the maximum density line are being widely recommended and used.  These gradations are unique in their 
densification characteristics and are claimed to be more permeable.  It is not clear whether this trend is due to changes in the air voids 
distribution, the lower densities being achieved, or both. This trend is of special importance to Wisconsin as the shift to Superpave 
mixtures is underway.   
 
Wisconsin has traditionally used 75-mm dense graded HMA overlays placed in two lifts, a 44-mm binder lift and a 31-mm surface lift. 
These lift thicknesses are based on the traditional rule that lift thickness be twice the maximum aggregate size. Starting in the year 
2000, Wisconsin has decided to move from Marshall design to Superpave mixture design.  
Superpave mixes tend to be harder to compact. Additionally, Superpave guidelines recommend the lift thickness be a minimum of 3 
times the nominal maximum aggregate size. This poses two problems for Wisconsin: 
 
1. The first is that the current design criteria for overlay thickness will result in thin-lifts of Superpave mixes that the AASHTO 
Lead States Committee has reported as having problems with pavement permeability and achieving pavement density. 
2. The second is that these mixes may be impossible to compact in the field contributing to the permeability problem, even though 
they meet laboratory density criteria. 
 
There is a need, therefore, for a study to evaluate the potential problems and to establish procedures to relate laboratory density to field 
study and to estimate or measure permeability during mixture design.  The study also needs to define the relationship between lift 
thickness and aggregate gradations that will minimize the densification problem and address the permeability concerns. 
 

 
Total 

Study Budget 
Current 

FFY Budget 
Expenditures for 
Current Quarter 

Total Expenditures 
to Date 

Percent 
Complete 

$225,321.00 $56,330.25 $13,419.58 $162,134.77  75 (%) 

Error! Bookmark not defined. 
 
Progress This Quarter: 
(Includes project committee mtgs, work plan status, contract status, significant progress, etc.) 
During the last quarter activities were focused on two main activities: (1) using different procedures to compact specimens to better 

mimic aggregate orientation in the field, and (2) develop a tentative procedure to estimate permeability of field samples.  The following 

sections summarize the progress achieved for each.  A work plan for next quarter is also described.  

 

Summary of Permeability Results from Different Compaction Procedures 

 

To determine the cause of difference between permeability measured in lab on cored sample, and permeability measured on samples 

prepared in the lab using the gyratory compactor, two compaction procedures were evaluated.  This report summarizes the compaction 



results, and the permeability results of the SGC specimens produced from these compaction procedures. The report also includes 

recommendations to validate a protocol to estimate permeability in the lab of mixtures intended for construction in the field after 

completing the mix design.  

 

The study on compaction methods included 5 main steps:  

1.  In the previous year, the compaction procedure, called here Method A, was selected to produce the SGC samples that were identical 

to the field cores, and the lab permeability of these samples was measured.  Method A is a trial and error procedure that can be 

summarized as follows: 

Method A: 

- The SGC specimens have the same density as field cores. 

- The SGC specimens have the same thickness as field cores. 

- Number of gyrations was varied depending on required density and thickness.  

It was found that the lab permeability of SGC samples produced from Method A results in lower values than the lab permeability of field 

cores as shown in Figure 1.   

 

2.  Based on discussions at the last TOC meeting on 12/16, new plans have been developed to define the cause of this difference.  

Method B was proposed by the project team to evaluate hypothesis that the difference in the lab permeability of field cores and the 

permeability of SGC samples are due to different aggregate orientation which could be resolved by changing amount of material placed 

in mold as explained by Dr. Erv Dukatz of Mathy Construction.  The STH23-lower mix was selected for the compaction using Method 

B.  The compaction results using Method B were as follows: 

Method B: 

- The SGC specimens have the same density as field cores. 

- To reach required density, the thickness of SGC specimens are lower than the thickness of field cores 

- Number of gyrations was fixed at Ndes = 75 gyrations.  

 

The lab permeability values of SGC samples produced according to Method B were closer to the lab permeability values of field cores.  

However, the compaction at Ndes = 75 gyrations resulted in samples that are too thin, and that are not realistic for actual pavements in 

the field.  Figure 2 shows the relationship of thickness and permeability of field cores, and SGC samples compacted by Method A and 

Method B.  Because of these results, the change of number of gyrations was proposed to produce samples with reasonable thickness.   

 

3.  The new number of gyrations was estimated for the SGC samples to reach approximately same height and density as in the field 

cores.  The new number of gyrations used was 25.  A new set of SGC samples was compacted to 25 gyrations using Method B.  It was 

observed from Figure 1 that when the number of gyrations is reduced, the permeability results of all samples are higher.  This might be 

the effect of aggregate orientation that resulting in different aggregate structure in the asphalt samples, even though they have the same 

density.  Therefore, Method B using the number of gyrations at Ndes is selected to be the best alternative for the compaction to simulate 

the field samples. 

 

4.  The STH23-Upper mix was compacted using Method B for the replicate of the result shown in Figure 1 and 2.  Figure 3 shows the 

results from the compaction of this mix.  The results show that, although the permeability of specimens compacted by Method B at 75 



gyrations are lower than the permeability of field cores, the permeability of specimens compacted by Method B are closer to the 

permeability of field cores than those compacted by Method A.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Permeability results of field cores and SGC samples (STH23-Lower) from all compaction methods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  Relationship of thickness and permeability of field cores, and SGC samples compacted by Method A and B (STH23-Lower) 
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Figure 3.  Permeability results of field cores and SGC samples (STH23-Upper) from all compaction methods 
 
 

5. As explained in the Quarterly report at the end of December 2003, the project team proposed another plan which focused on 

testing the hypothesis that the differences in permeability of field cores and lab compacted samples are due to non-uniformity of 

density in gyratory samples.  Two specimens were cut in to three slices, and the density and permeability of each slice were 

measured.  The results are shown in the following two tables. The permeability of both samples shows that the average 

permeability of three slices is approximately closed to the permeability of the middle slices.  

 

 

Specimen 1- Method B 75 gyrations     

       

Top     

%Gmm K (*10-5 cm/s) Thickness (mm)  Density of Specimen 1 = 94.72% 

94.09 13.0 15.8  Ave from three layers = 94.94% 

Middle   K = 10 x 10-5  (cm/s)  

%Gmm K (*10-5 cm/s) Thickness (mm)     

96.26 9.4 24.5     
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Bottom     

%Gmm K (*10-5 cm/s) Thickness (mm)     

94.48 2.0 32.0     

Kave (3 slices) 8.1      

       

Specimen 2- Method B 50 gyrations     

       

Top     

%Gmm K (*10-5 cm/s) Thickness (mm)     

92.99 35.2 24.5  Density of Specimen 1 = 94.37% 

Middle   Ave from three layers = 94.0% 

%Gmm K (*10-5 cm/s) Thickness (mm)  K = 26 x 10-5  (cm/s)  

95.43 31.8 34.2     

Bottom     

%Gmm K (*10-5 cm/s) Thickness (mm)     

93.58 6.4 28.0     

Kave (3 slices) 24.5      
 
 
Recommendation and Future Work 

 

Based on the results reported in the previous section, Method B is recommended for predicting the permeability of mixtures in the field.  

The following steps are proposed for the laboratory study in the next quarter.  

Step 1:  According to the job mix formula, loose mix will be obtained from particular project.  In this study, the loose mix collected from 

field study during Summer 2002 and 2003 will be used. 

Step 2:  Three gyratory specimens will be compacted to Ndes.  The sizes of samples used for compacting these specimens will be 1000, 

1500, and 3000 g. 

Step 3:  Density (%Gmm) and permeability (K) of these specimens will be determined.  Using the results, the following graph will be 

plotted: 
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Since the target field density is known, the permeability (K) can be predicted from the graph above.  For example, if the target field 

density is 92% Gmm, the predicted K in the field is approximately 32 x 10-5 cm/s.  In our study, the predicted K will be plotted versus the 

measured K of field cores as shown in the following graph.  The relationship between predicted and measured K will be used to verify the 

procedure.    

 

 
 

To validate the proposed plan, a total of 15 projects (projects in Summer 2002 and 2003) will be compacted and the permeability will be 

measured as described in Step 1 to 3.  It should be noted that the specimen thickness is considered as secondary factor, which is 

normalized in the permeability test.  Therefore, the density which is one of the main factors affecting permeability, will be targeted to 

estimate the permeability. 

 

Estimated Lab Testing Time:  A total of 45 specimens (15 projects x 3 specimens) will be compacted and tested for permeability.  The 

approximate time to finish all testing will be no more than 2 months (5-6 specimens per week). 
 
 
 
Work Next Quarter:
 

• After the approval from the TOC committees and other project team members, the proposed laboratory testing will be continued. 
• Next meeting will be held in the mid of May to discuss and finalize for the final report. 

 
 
Circumstances affecting progress/budget:
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Gantt Chart:
 

PROJECT I.D.0092-02-14 STARTING DATE 
COMPLETION 
DATE   MONTH         Report#         

PROJECT # WISDOT  7-Nov-01   7-Nov-04  15-April         10           

CONSULTANT FIRM NAME     % TIME ELAPSED   TOTAL PROJECT FUNDING     CONTRACT FUNDING   PERCENT OF 

UW - MADISON                       100%             

NAME OF STUDY               TASK  TASK  PROJECT  

   

THE EFFECT OF PAVEMENT THICKNESS ON SUPERPAVE MIX PERMEABILITY AND DENSITY       PROJECT COMPLETE COMPLETE COMPLETE 

  YEAR 2001 2002 2003 2004         

TASK * MONTH Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 5 Qtr 6 Qtr 7 Qtr 8 Qtr 9 Qtr 10 Qtr 11 Qtr 12 Qtr 13         

TASK 1 :                                      

Review national and regional research on                             10   100 10 

consistent aggregate sources                                      

                                      

TASK 2 :                                      

Identify commercial HMA plants with                             8   100 8 

consistent aggregate sources                                      

                                      

TASK 3 :                                      

Identify project for field comparisons                            8   95 7.6 

                                      

TASK 4 :                                     

Evaluation of effect of directional                               10   90 9 

hydraulic conductivity                                     

                                     

TASK 5 :                                      

Conduct field and laboratory studies                            25   85 21.25 

                                      

TASK 6 :                                      

Analyze data and prepare guidelines                            25   75 18.75 

                                      

TASK 7 :                                       

Prepare and submit final report                              10   0 0 

                                        

Final Report review and revisions                               2   0 0 

                                        

Final Report Submittal                               2   0 0 

  Scheduled                       

  Completed                             100     74.6 
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Description: The study will be conducted over 36 months, and be completed  in 5 phases: 
Task 1: Select Field Section and Define Grades to be Compared 
Task 2: Collect Samples and Conduct Testing 
Task 3: Monitor Performance of Sections 
Task 4: Database Development 
Task 5: Reporting 
 

 
Total 

Study Budget 
Current 

FFY Budget 
Expenditures for 
Current Quarter 

Total Expenditures 
to Date 

Percent 
Complete 

$125,006.00 $31,251.50 $5,553.34 $21,742.24  13 (%) 

Error! Bookmark not defined. 
 
Progress This Quarter: 
(Includes project committee mtgs, work plan status, contract status, significant progress, etc.) 
There was a limited activity in this project during the last quarter because of the no-construction season.  The research team is scheduling 
meetings for the next month to select and decide on projects for the coming construction season.  
In the laboratory two activities related to this project were completed:  
 

1- A detailed analysis and evaluation of a new device to more accurately measure the Zero-Shear Viscosity (ZSV). The ZSV is 
intended for estimating mixing and compaction temperature for the field projects. A report was generated which indicated that 
the device is very efficient and could give results more precise than the rotational viscometer.    

2- A new wireless Pressure Distribution Analyzer (PDA) was tried and is expected to be used for the gyratory compaction of filed 
samples collected in this project.  

In addition to these, a detailed review of a report by Purdue University, sponsored by Indiana DOT, on the compaction temperatures of 
modified asphalts was reviewed.  The report is about a study similar to this study but focused only on the compaction temperature in the 
field.  
 
 
Work Next Quarter:
 
It is expected that in the next 3-4 weeks pavement field projects for this construction season will be selected. A meeting will be scheduled 
with DOT staff to approve projects and start the coordination activities.  
 
 
 
Circumstances affecting progress/budget:
 
 



this past quarter.  This report focuses on the results of the most recent quarter and on some of the issues faced by the 
researchers during testing. 

Materials 
Aggregates and asphalt binder typically used in New Jersey construction projects were used for the 

specimens in this study.  A realistic blend of angular granite and rounded gravel was also used.  An aggregate 
gradation was selected which conformed to the Superpave specifications.  The asphalt binder used was of viscosity 
grade AC-20, which is also classified as Superpave performance grade PG64-22.  Based on the gradation of 
aggregates chosen, the optimum asphalt content was 6%.  Specimens were constructed with 6% asphalt content and 
8% asphalt content.  The Superpave gyratory compactor was used to compact the specimens in 4 inch diameter 
molds to a height of about 7 inches (178 mm) and a target air void content of 7%.  After cooling, the specimens 
were cut with a diamond blade saw to a height of 6 inches (152 mm).  This cutting was also intended to create 
parallel and flat ends which were perpendicular to the axis of the specimen. 

 

Test Setup 
The specimens were placed between two thin aluminum load plates and subjected to loading using an MTS 

machine, as shown in Fig. 1.  Three linear variable differential transducers (LVDTs), 120° degrees apart, were 
attached to the load plates to measure the creep and recovery of the asphalt concrete specimens. 
 

 
 

Figure 1.  MTS Load Machine, Load Plates, and LVDTs 
 

Since the ease of the test and the time required for testing are important concerns at the plant, strain gages, as used 
in the dynamic modulus test which are attached to the sides of the specimens, were not used.  However, any external 
devices on the axis of loading (load plates, load piston, etc.) will affect the creep compliance measured for the 
asphalt concrete specimens.  It is not currently known whether or not sufficiently accurate data can be obtained using 
aluminum load plates, the affect of the plates may have to be taken into account when calculating the creep 
compliance. 
 

Linear Viscoelastic Region 
The initial objectives of this study were to determine the linear viscoelastic region for asphalt concrete and to 

evaluate the model used to obtain the creep compliance.  However, the creep compliance model is only valid in the 
linear viscoelastic region.  If the predicted recovery curve does not reasonably compare with the measured data, it 
could not be known if the model was inaccurate or if the asphalt concrete was not within the linear viscoelastic 
region.  To deal with this dilemma, a total deformation of 1500 microstrains was taken to be the limit for the linear 
viscoelastic region.  This limit was chosen since it is currently used by the dynamic modulus test as an acceptable 
approximation of the linear viscoelastic region [2]. 

 



Loading Cycles 
The diamond blade saw produces nearly, but not perfectly parallel specimen ends.  Non-parallel ends can cause 

the LVDTs to register erratic measurements if the specimen wobbles slightly as it is loaded.  To reduce this 
wobbling effect, several cycles of loading were applied and a seating load of 5 lb was maintained between each 
cycle.  After the third or fourth cycle the measurements became more repeatable, as shown in Fig. 2. 
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Figure 2.  Deformations from Creep Test Cycles 

The measured creep compliance curve for the first cycle did not match the modeled curve, as shown in Fig. 3, 
and as was discussed in the September report.  However, the measured and modeled creep compliance curve for 
each subsequent cycle compared reasonably well, as shown in Fig. 4, which suggests that the specimens were 
within the linear viscoelastic region after the first cycle, and that the model was accurate. 
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Figure 3.  Measured and Modeled Creep Compliance from First Cycle 


