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Description: In January 1997, the Wisconsin Department of Transportation made the switch to use Performance graded (PG) binders in 
place of the penetration and viscosity graded asphalts that had been historically used.  The decision at that time to specify PG58-28 as the 
standard grade for use was based on this materials similarity to the asphalts that we had previously used, the wide availability of the 
material in our region, and the fact that there was little or no difference in cost.  This material has worked well for us, but we are starting to 
become aware of situations and locations where use of some of the other grades may be of benefit.  We have placed limited amounts of 
other PG graded material in the state, but no coordinated effort has been made to track these projects.  In order to determine guidelines for 
the selection of PG graded binders for use in Wisconsin, AASHTO MP1 should be implemented based on climatic data, pavement 
temperatures, application, material availability, risk to the Department, and economic factors. 
 
Total study budget Current FFY budget Expenditures for current quarter Total Expenditures to date 

$99,829.00 $33,276.33 $0.00 $0.00 
 
Progress This Quarter: 
(Includes project committee mtgs, work plan status, contract status, significant progress, etc.) 
  
During the past quarter laboratory testing and analysis of results based on the NCHRP 9-10 protocols for several of the asphalt binders 
selected for the project continued. The results were used to develop a tentative proposal for selecting binders for different application 
conditions based on rutting behavior of binders.  The proposal for selection of binders based on fatigue behavior has also been started but 
will require further testing.  The specifc results and data analysis  during last quraeter are described in the following sections: 
 

• LAST Test Results 
 

Table 1 is an example of the results from running DSR tests on samples taken after four periods of storage for the binder C5. In this test 
the binder is stored at 165 C in container uniformly heated such that there is no agitation (static storage) for 48 hours.  During the storage 
the binder is sampled from top and bottom of the storage container and tested with the DSR at 5 .o and 50.0 rad /s at the high-grade 
temperature (HT) and the intermediate grade temperature (IT).  The ratio of top G* value and phase angle value (delta) of the top sample to 
the bottom sample is calculated (Rs).  If the ratio is in the range of 0.8 to 1.2, it is assumed that there is no separation and the the binder is 
considered stable.  As can be seen, in the case of this binder, there is no critical potential of storage instability during storage at elevated 
temperatures without mechanical agitation. The same analysis is done for the binder while it is being agitated using a mechnical mixer.  For 
this binder, the results with agitation have shown that this binder to be less stable during storage with agitation as shown by the results at 
the 6-hour sampling. Storage stability of other binders tested varied depending on agiataion and source or type of modifier.  For example 
binder (B3), which was proved to be containing particular additives from the PAT tests, was less stabile than theother binders. The DSR 
tests reveal that binder B3 have a problem of segregation at 6 and 24 hours sampling under the high agitation storage conditions. 

The results collected so far indicate that a number of the binders show a potential for instability and thus need to be monitored during 
storage in the field. More binders are planned to be tested in order to measure their potential for storage instability in the near future for this 
project. 

 
Table 1 The Result of the LAST Tests for C5 Binder 

Conditioning Step External Heat without Agitation 
Frequency (rad/s) 5.0 50.0 5.0 50.0 

Temperature © HT HT IT IT 
Time of Sampling (hr) G* Delta G* Delta G* delta G* delta 

0 (top) 1,200 86.3 10,500 82.1 1,240,000 58.3 12,500,000 35.5 



0 (bot) 1,300 85.9 11,200 81.6 1,240,000 57.2 11,200,000 34.9 
6 (top) 1,360 86.1 11,800 81.8 1,320,000 57.0 13,300,000 34.3 
6 (bot) 1,190 86.4 10,400 82.2 1,200,000 58.7 12,200,000 36.0 
12 (top) 1,310 86.2 11,400 81.9 1,370,000 57.2 15,100,000 34.0 
12 (bot) 1,190 86.4 10,400 82.2 1,210,000 58.8 12,500,000 35.7 
24 (top) 1,160 86.4 10,100 82.2 1,080,000 59.8 10,200,000 37.4 
24 (bot) 1,310 86.2 11,400 81.8 1,280,000 56.9 11,500,000 34.0 

Time of Sampling (hr) Rs G* Rs d Rs G* Rs d Rs G* Rs d Rs G* Rs d 
0 0.92 1.00 0.94 1.01 1.00 1.02 1.12 1.02 
6 1.14 1.00 1.13 1.00 1.10 0.97 1.09 0.95 
12 1.10 1.00 1.10 1.00 1.13 0.97 1.21 0.95 
24 0.89 1.00 0.89 1.00 0.84 1.05 0.89 1.10 

Time of Sampling (hr) Rd G* Rd d Rd G* Rd d Rd G* Rd d Rd G* Rd d 
0 1.04 1.00 1.03 1.00 1.00 0.99 0.95 0.99 
6 1.06 1.00 1.06 1.00 1.02 0.99 1.02 0.99 
12 1.04 1.00 1.04 1.00 1.04 0.99 1.10 0.98 
24 1.03 1.00 1.02 1.00 0.95 1.00 0.87 1.01 

 
 

• Fatigue Test Results  
 

A nukber of binders were tested for fatigue behavior and the results are being analyzed. Table 2 include an example of the results for 
three different asphalt binders of the PG 64 grade. For each binder the testing conditions included 2 temperatures, 2 frequencies, and 2 
stress levels to simulate climatic, traffic speed, and pavement structure conditions, respectively.  In order to normalize the effect of the 
pavement structure, the dissipated energy concept was used to estimate the fatigue model parameters (K1 and K2 values) for each given 
condition. From these K1 and K2 values, the number of cycles to failure (Np20) at selected conditions were estimated. The main response 
parameter used to define fatigue of binders is Np20, which is an indicator of the number of cucles at which a binder is showing fatigue 
damage accounting for 20 % reduction in energy dissipated by the undamaged binder.  A higher value of Np20 represents moer resistance 
to fatigue damage. It can be observed that a high stress level and a lower frequency results in a lower Np20 values indicating moer damage 
under these conditions compared to lower stress or higher frequency.  This type of analysis will be used to derive a proposed specifaiction 
criteria for aftigue to complimenet the PG-garding system.  
 
 

Table 2. Example of Fatigue Results and Analysis 
 

Amplitude Sweep G* Wi Wi vs. Np20 Estimated Binder 
(Code) 

PG Grade Testing 
Temp., 

C 
Frequency, 
Hz 

Stress 
Multiple 
Factor 

Stress 
Level, 
kPa 

(Pa) 

Phase 
Angle (kPa) 

Np20 

K1 K2 Np20 

D1 PG 64-28 22 1.6 HS (x1.25) 246.2 3,500,000           
53.6  

43792 4689 -1.509 5.00E+10 8770 

    LS (x0.75) 147.7 4,340,000           
49.4  

11990 33115   46022 

   10 HS (x1.25) 411.2 7,740,000           
50.7  

53109 6073 -2.1884 1.00E+14 15932 

    LS (x0.75) 246.7 11,800,000           
44.2  

11296 179664   176360 

  10 1.6 HS (x1.25) 676 18,555,500           
41.7  

51421 16831 -2.901 8.00E+17 82217 

    LS (x0.75) 541 18,992,500           
40.4  

31403 70377   1991086 

   10 HS (x1.25) 1053 35,714,500           
38.2  

60282 51607 -1.9311 9.00E+13 203457 

    LS (x1.00) 843 41,873,400           
34.9  

30535 191926   1697628 

C4 PG 64-22 25 1.6 HS (x1.25) 256 4,518,280           36128 2221 -1.8142 4.00E+11 3018 



52.5  
   10 LS (x0.75) 153.8 4,761,900           

50.3  
12008 16384   22144 

   10 HS (x1.25) 442.5 9,984,250           
49.1  

46537 5043 -1.6802 4.00E+11 12012 

   11.68 LS (x0.50) 177 12,430,500           
43.1  

5412 187389   76078 

  13 1.6 HS (x1.25) 737.5 24,729,900           
38.7  

43219 7478 -2.3022 4.00E+14 19717 

   13.36 LS (x0.75) 442.5 27,001,500           
36.6  

13589 107310   247320 

   10 HS (x1.25) 1076 51,772,300           
33.8  

39044 29018 -2.0972 1.00E+14 40793 

    LS (x1.00) 645.7 56,495,300           
30.4  

11730 361379   408507 

B5 PG 64-34 19 1.6 HS (x1.25) 146.3 1,131,090           
56.1  

49326 2296 -4.6703 2.00E+25 24634 

   15.88 LS (x0.75) 87.7 684,378           
56.4  

29420 25653   4167062 

   10 HS (x1.25) 236.3 2,545,790           
55.5  

56813 5163 -2.2632 3.00E+14 22106 

   17.56 LS (x0.75) 141.7 3,803,820           
50.4  

12785 150978   265657 

  7 1.6 HS (x1.75) 547 4,368,700           
55.8  

178052 1329 -2.3644 3.00E+15 77878 

   19.24 LS (x1.25) 391 7,217,830           
49.5  

50612 26003   1045975 

   10 HS (x1.25) 512.5 18,420,600           
43.4  

30801 116130 -0.824 6.00E+08 122745 

    LS (x1.00) 410 21,137,900           
41.4  

16521 194025   303495 

 
 

• Traffic Information Analysis 
 
It is essential to consider traffic condition for binder selection. Thus, the recent traffic data and information has been collected in a form of a 
map with the help of the WisDOT Division of Transportation Investment Management, U.S. DOT, and Federal Highway Administration. In 
this map, the traffic information, collected using the  ATR (Automatic Traffic Recorder) from traffic observing stations spread through the 
state of Wisconsin, was determined in terms of the AADT (Annual Average Daily Traffic). The source of the traffic data was published in 
1999 by WisDOT. The information shown in this publication was broken down into several categories so that when it comes to the 
selection of a binder, the information can be used effectively to match the binder to the selected traffic level. For example, each county 
throughout the state will be classified into a certain level of traffic volume range that will eventually be combined with climate  information 
to select the required binder properties or limits on properties. According to this approach, a certain area, like a county, may have several 
different levels of traffic volume and thus several gardes of binders could be required. The details of the traffic analysis has been  included 
in an interim report being prepared for this project. An example of how the binders used in te hproject would fit for the various traffic 
catwgoreis is shown in Table 3. As shown the binders are eavalusted at pavements temperatures of 58 C or 52 C.   
 

Table 3. Selection of Binders In Terms of No. of Cycles to Failure 

Applicable Binders 
ESALs 

x 400 for 58C x 200 for 52C 

0 - 0.3     

0.3 - 1 D1(PG 64-28) D1(PG 64-28) 

1 - 3 C4(PG 64-22), C5(PG 58-28) C4(PG 64-22), C5(PG 58-28) 

3 - 10 B2(PG 64-28), B4(PG 70-28),  B2(PG 64-28), B4(PG 70-28), B5(PG 64-34) 



B5(PG 64-34), B8(PG 70-34) 

10 - 30 A3(PG 64-28), D2(PG 64-34) A3(PG 64-28), B8(PG 70-34), D2(PG 64-34) 

30 - A1(PG 70-28) A1(PG 70-28) 

 
Work Next Quarter:
 
The primary goal in the next quarter is to continue the laboratory tests and the development of a tentative binder selection criteria based on 
climate, traffic and pavement structure.  The focus of the tests will be on low-temperature performance testing using DTT and BBR tests.  In 
addition to the lab tests, analyzing the traffic information and combining it with the results from the lab tests will be continued to create the 
appropriate binder selection criteria.  A meeting is scheduled with DOT representative in July to discuss interim results and the concepts of 
combining traffic and climate information.   
 
 
 
 
Circumstances affecting progress/budget:
 
Repair of some of the testing equipment caused the project progress to be delayed. However, it is believed such technical problems related 
to these machines were solved, therefore, the scheduled tests will be conducted in a timely manner for the next quarter.   
  



Gantt Chart:
 

 
 
 

Note: Gantt chart shown in State Fiscal Year Quarters 

PROJECT I.D. STARTING DATE COMPLETION DATE MONTH REPORT #

PROJECT # WISDOT NOV 01, 2000 MARCH 31, 2003 J U L 1 2 7 PERCENT OF
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UNIVERSITY OF WISCONSIN - MADISON
NAME OF STUDY

GUIDELINES FOR PG BINDER SELECTION IN WISCONSIN
YEAR 20 00 2 0 0 1 2 0 0 2 20 03

TASK * MONTH Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 5 Qtr 6 Qtr 7
TASK 1 : 
Review National and Regional Guidelines 10 5 5 10

TASK 2 : 
Conduct Binder Evaluation Laboratory Study 35 21 7 28

TASK 3 : 
Establish initial PG binder selection 10 5 2.5 7.5
guidelines for Wisconsin

INTERIM REPORT 5 0 5 5

TASK 4 : 
Field Study 30 0 0 0

TASK 5 : 
Final Report 10 0 0 0

SHOW PROGRESS BY USE OF A BAR CHART: SCHEDULED
COMPLETED 100 50.5

Qtr 9 Qtr 10

% TIME ELAPSED

50.00%

TOTAL PROJECT FUNDING

100%

CONTRACT FUNDING

100%

Qtr 8

T
as

k 
C

om
pl

et
e

La
st

 R
ep

or
t

P
ro

je
ct

T
as

k 
C

om
pl

et
e

Th
is

 R
ep

or
t

P
ro

je
ct

 
C

om
pl

et
e



 
 

State of Wisconsin/Department of Transportation 
RESEARCH PROGRESS REPORT FOR THE QUARTER ENDING: Jun 30, 2002 

 
Program:  SPR-0010(36) FFY99 Part: II Research and Development 
  
Project Title: Gyratory Compactor to Measure Mechanical Stability of 
Asphalt Mixes 

 Project ID: 0092-01-02 

Administrative Contact: Nina McLawhorn  Sponsor: 
WisDOT Technical Contact: Error! Bookmark not defined. Approved Starting Date: Nov 1, 2000 
Approved by COR/Steering Committee:  $55,337.00 Approved Ending Date: Nov 1, 2002 
Project Investigator (agency & contact): Hussain Bahia: UW-Madison 
 
 
Description: The Superpave volumetric mixture design procedure does not include a measure of mechanical stability of asphalt mixtures.  
Although there are few efforts at the national level to develop a separate test for measuring a performance property, it is not known 
whether these efforts will be successful.  It is also not know whether such test will be practical enough to be used as a quality control test 
by the contractors in the field. 
 
Recent research work at the University of Wisconsin-Madison (funded by FHWA in 1998-99) has resulted in developing a simple 
accessory that can be used to measure internal friction of asphalt mixtures during the compaction process.  The simple device has been 
used to test several mixtures produced in the field by contractors in Wisconsin. The results are very encouraging and show a high 
potential for success.  This research effort has also indicated that the Superpave Gyratory Compactor could be modified to provide the 
means for measuring the mechanical stiffness and strength at conditions that simulate field conditions under traffic.  
 
There is a need to continue this effort and explore all possible uses of the gyratory compactor to measure frictional resistance of mixtures 
during compaction and also mechanical stability under traffic conditions. The Wisconsin DOT and the Industry in Wisconsin can benefit 
of a simple device that is part of the gyratory compactor that can measure performance-related properties of mixtures.  Such a device could 
be used to enhance the mixture design process to include a mechanical stability measure. 
 
Total study budget Current FFY budget Expenditures for current quarter Total Expenditures to date 

$55,337.00 $18,445.66 $0.00 $0.00 
 
Progress This Quarter: 
(Includes project committee mtgs, work plan status, contract status, significant progress, etc.) 
Additional compactions were conducted to adjust the mixes that didn’t pass the volumetrics design criteria (%Gmm @ Nini, Ndes, and 
Nmax).  All twenty four (24) asphalt mixtures passed the volumetrics design criteria and the collection of performance data has continued 
last quareter.  The following sections describe the progress achieved.  
 
Establish a Mixture Design Criterion  

 
Assembling of a database is part of Task 3 of the project ( Establis h a Mixture Design Criterion).  This work has been continuing as the data 
were been collected.  The database is used to establish the mixture design criterion that is suitable for Wisconsin and that is compatible 
with the Superpave mixture design procedure as much as possible.  This database, which is the accumulation of the past two years 
laboratory work at the University of Wisconsin-Madison, includes 70 diferent mix designs.  All 70 mix designs are from asphalt contractors 
in the state of Wisconsin and all have passed SUPERPAVE and WisDOT requirements when designed.  The mix designs were divided into 
29 E-3 mix designs, 32 E-10 mix designs, and 9 E-30 mix designs.  In the following sections, the acceptance criteria for the construction and 
traffic indices are discussed and derived. 
 
Mixture Resistance to Compaction  
 
 To minimize the possibility of harsh (difficult to compact) mixtures a maximum limit of the resistance of a mixture to compaction 
should be used.  In this study, the resistance to compaction to 92 % Gmm was measured using the construction indices (CEI and CFI). CEI 
is dervived from the Gyartary Compactor without any mdofiaction, while CFI is measured in the Gyratory Compactor by using the GLPA, 
which is a specially designed accessory.   The averages of CEI and CFI with minimum and maximum ranges ( shown as bars) are shown in 
Figures 1, 2 calssifed based on traffic class of mixtures.  
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Figure 1:  CEI Averages     Figure 2:  CFI Averages  
 

These charts clearly show that the higher the mixture grade, in terms of ESAL count, the more difficult it is to compact, as shown 
by higher CEI and CFI values.  This is not a surprise and it is reasonable to assume that mixtures designed for higher ESAL level are more 
resistance to compaction.   

 
To derive an acceptance criteria it is reasonable to assume that, since these mixtures have been used in the field, the average value 

of CEI and CFI is a good starting criteria for mixture design.  Also since CEI and CFI are highly correlated, and since CEI does not require 
any additional equipment nor a GLPA, it is reasonable to recommend that the criterion be based on CEI, which is measured from the 
densification curve currently measured by all types of gyrator compactors.  

 
There are two options to implement the compaction criterion.   One maximum limit could be used regardless of the ESAL grade of 

the mixture.  This could be justified if we can assume that the performance under traffic conditions is independent of the performance of the 
mixture during compaction. Using the same logic, it can be said that the % Gmm at Ninitial is independent of the % Gmm at N max, which is 
true for many mixtures.  If we accept this logic, we can select a single limit for CEI of 250 and also a single limit of 350 for CFI.  No mixture 
should be accepted if CEI exceeds 250 and/or CFI exceeds 350 because it will require excessive compaction effort to construct the asphalt 
pavement.  This limit, although not validated, is deemed reasonable since there is more than half of the mixtures, within each mixture EASL 
grade could meet this limit but it will not allow mix designs that require an excessive amount of compaction work.  The distribution for the 
construction indices (histogram) is shown in Figures 3, 4. 
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Figure 3:  CEI Histogram    Figure 4:  CFI Histogram 
 

The other option for establishing criteria is to select an increasing scale related to the EASL grade of the mixtures. Using the data 
shown in Figure 3 and 4 we can select the following scaled limits (Table 1): 



 
         Table 1:  Construction Indices Maximum Values 

Mixture Type CEI maximum value CFI maximum value 
E3 100 200 
E10 200 350 
E30 300 500 

 
 The best approach at this time is to validate the criterion in the field before a decision could  be made on using the single limit or 

the increasing scale shown in the table above.  
 
Mixture Resistance to  Densification and Distortion Under Traffic  
 

For performance under traffic, the traffic energy and force indices (TEI, and TFI) could be used to derive a criterion to ensure 
mechanical stability.  The TEI is calculated directly from the desnifiaction curve measured by the Gyratory Comapctor without any 
mdofictaion while the TFI requires using the GLPA in the gyratory comactor.  The averages of the TEI and trheg TFI  with minimum to 
maximum range bars are shown in Figures 5 and 6 for all mixtures tested in the gyratory compactor. 
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Figure 5:  TEI Averages     Figure 6:  TFI Averages 

 
Unlike the CEI and the CFI plots, it can be seen that there is no good trend separating the mixtures based on the ESAL grade.  It is 

observed that the average values of the TEI for the E 3 mixtures is in fact higher than the average for the E10 mixtures and within 15 % of the 
E30 mixtures.  It is also seen that the range in the values for the three mixture grades overlap significantly.  This could be possibly explained 
vy the fact that the current Superpave mixture design focus on volumetrics at selected points (Ndesign and Nmax) and requires a one sided 
limit on % Gmm at Nmax.  In other words, it does not consider the benefit of a mix that would maintain the % Gmm as cloase as possible to 
the required % Gmm of 96% at Ndesign.  It also scales back the number of gyrations with the ESAL grade which results in more 
confounding effects.   

 
From the results shown in Figures 7 and 8, an approach similar to the one used to derive the limits for CEI and CFI could be used to 

derive the criterion for the TEI and TFI.  Using the single limit approach, the minimum limit for TEI of  750 and a minimum limit of 2500 for TFI 
could be proposed to limit the possible distortion and densification that would lead to rutting under traffic.  This is based on the 
assumption that if more work is measured by the gyratory to densify the mixture from 92 % Gmm to 98 % Gmm, then this mixt ure is less 
prone to rutting under traffic. These limits were selected because it appears that more than half of the mixtures which are used today could 
pass these limits.  This will naturally need verification in the field.  

 
To use the increasing scale criteria the distribution for the traffic indices (histogram) will need to be evaluated.  The frequency 

distribution of TEI and TFI for the three mixture grades are shown in Figure 7 and 8, respectively.  It appears that the TEI results for the E 3.0 
and E10 mixtures overlap significantly while those for the E30 are much higher.  Since it is logical to assume that the E3.0 mixtures require 
lower values of TEI and TFI than the E10, it is proposed that the following table 2 be used as a starting point for validation and future 
implementations.  

 
     Table 2:  Traffic Indices Minimum Values 



Mixture Type TEI minimum value TFI minimum value 
E3 400 2000 
E10 800 3000 
E30 1200 4000 

 
The values are based on the general concept that the mixtures tested in this study are all successful mixtures that would perform 

well.  By taking the limits at about 50 percentile we are targeting the average successful mixture.  One could argue that taking the 70 
percentile is a better target, the problem is that we have no idea  how these limits would correlate to actual performance in the field.  
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Figure 7:  TEI Histogram    Figure 8:  TFI Histogram 
 
Correlation between Gyratory Loadcell Plate Assembly and the NCHRP 9-19 (Arizona State University) 
 
A correlation between these two techniques is currently being created by compacting laboratory samples using the gyratory loadcell plate 
assembly (GLPA) and then being cored and run using the NCHRP 9-19 procedure since the NCHRP 9-19 procedure has been proven to 
correlate with permanent deformation in the field.  Therefore hopefully the GLPA and the NCHRP 9-19 procedure will show a correlation 
therefore indirectly the GLPA will correlate with permanent deformation in the field. 
Work Next Quarter:
A statistical analysis will be done to see the significant effects, and interactions of the 24 contractor mixes will be completed.   Other tasks 
that will be continued next quarter will include the mixtuer simple performanmce test (NCHRP 9-19 proceduer ) and the development of 
design criteria and the field study. 
Circumstances affecting progress/budget:
The coring rig used to core 4” samples from the laboratory compacted samples was broken most of the second quarter of 2002, therefore 
only a few samples were cored during the past quarter.  



Gantt Chart:
PROJECT I.D. STARTING DATE COMPLETION DATE MONTH REPORT #         
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CONSULTANT FIRM NAME   % TIME ELAPSED TOTAL PROJECT FUNDING   CONTRACT FUNDING    
UNIVERSITY OF WISCONSIN - MADISON   80.00% 100%    100%   
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TASK * MONTH N D J F M A M J J A S O N D J F M A         

TASK 1 : LITERATURE REVIEW                                              
       1.1 : Literature Review                                      21 100 0 21.00 
                                               
       1.2 : Review Meeting                                      4 100 0 4 
                                                
TASK 2 : LABORATORY STUDY                                       37.5 90 5 35.625 
                                                
                                                
TASK 3 : ESTABLISH MIXTURE DESIGN CRITERIA                                     17 25 30 9.35 
                                                
                                                
TASK 4 : PLANS FOR FIELD STUDY                                       8 30 20 4 
                                                
                                                
TASK 5:  FINAL REPORT                                       12.5 0 0 0 
                                                
                                                

SHOW PROGRESS BY USE OF A BAR CHART: SCHEDULED                                           

  COMPLETED                                   100     73.98 
                        
                        
                                        
        (Submitted by)           (Date)  
 
 
 
 
 

Note: Gantt chart shown in State Fiscal Year Quarters 


