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Introduction 

In 2008 and 2009, the Texas Department of Transportation (TxDOT) obtained samples of 
seventeen asphalt paving mixtures that were designed and utilized by the Minnesota Department 
of Transportation (MnDOT).  These mixtures included both wearing and non-wearing course 
mixtures as well as specialty mixtures, such as, a permeable friction course mix, a stress-relief 
mix designed for placement beneath Portland cement concrete as a permeable separation layer, 
and a very fine (minus No. 4 sieve) mix surface mix.  Several mixtures contained twenty to thirty 
percent reclaimed asphalt pavement (RAP); both fractionated and non-fractionated were used.  
Two mixtures contained five percent roofing shingles, one with tear-off shingles and the other 
with manufacturing waste shingles.  

The TxDOT state materials laboratory tested these asphalt mixtures using the Hamburg loaded 
wheel tester (Tex-242-F), the TxDOT Overlay Tester, and the V-Meter.  Although most of these 
mixtures failed the Hamburg test, they performed quite well in the Overlay Tester.  Further, it 
should be pointed out that the majority of these mixtures contained PG 58-28 and even PG 58-34 
asphalt binders; and TxDOT’s Hamburg requirements do not specifically address an asphalt 
grade softer than PG 64.  That is, the requirement states that mixtures containing PG 64 asphalts, 
or softer grades, must attain 10,000 passes of the Hamburg wheel with less than 0.5 inches of 
rutting.  Realizing this, TxDOT focused on the fact that most of these MnDOT mixtures 
performed exceptionally well in the Overlay Tester when compared to typical TxDOT surface 
mixtures.  

Now, the Overlay Tester is not currently a formal requirement for TxDOT asphalt mixtures.  
However, a special Overlay Tester specification has been drafted that calls for 750 cycles for 
specialized rich asphalt layers called crack attenuating mixtures (CAMs); and about 300 cycles 
has been suggested for stone mastic asphalt (SMA) mixtures and slightly less for typical asphalt 
surface mixtures.  Most of the MnDOT mixtures, which were generally surface paving mixtures,  
far exceeded these requirements.  

Therefore, the purpose of this study was to examine the designs of these MnDOT mixtures and 
determine the primary mixture attributes that yielded the exceptional performance in the Overlay 
Tester.  

Research Approach 

For the seventeen asphalt mixtures, the researcher obtained laboratory test procedures performed 
by TxDOT and the results along with materials characteristics, mixture design data, and other 
mixture properties from MnDOT.  The various sets of data from the two sources were reconciled 
and analyzed.   Primarily, the measured materials characteristics and mixture design data were 
carefully scrutinized and compared to similar properties of typical surface mixtures (Type C and 
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Type D) produced for TxDOT, based on experience of the researcher and TxDOT materials 
engineers.  

 Again, the main goal was to resolve those factors that contributed to the excellent performance 
of the MnDOT mixtures in the Overlay Tester.  

Findings 

The test data for Hamburg, Overlay Tester, and V-Meter that was obtained from TxDOT is 
contained in Table 1.  The mixture design data that was obtained from MnDOT is contained in 
Table 2.  In addition, both TxDOT and MnDOT were asked to provide generalized information 
about their asphalt paving materials, such as the following: 

• TxDOT indicated that their typical binders used in asphalt mixtures on or near the surface 
of pavements were, typically, PG 64-22, PG 70-22, & PG 76-22.   

• TxDOT stated that limestone is a very common aggregate used in their asphalt mixtures 
and that crushing and handling of limestone produces fairly high amounts of fines as 
compared to other harder aggregates, such as granites. 

• TxDOT agreed that an average range of filler (minus No. 200 aggregate) content for 
typical dense-graded asphalt mixtures (Types C and D) for pavement surfaces is about 4 to 
6 percent.  

• MnDOT Specifications for Plant Mixed Asphalt Pavement (2360) do not list a 
performance grade for binder harder than PG 64.  

• MnDOT stated that a typical value for asphalt absorption for their granite is in the range of 
0.1 to 0.3 percent by mass of aggregate. 

• MnDOT indicated that their Vonco BA sand is a basic pit-run or river sand with a 
preponderance of sub-rounded to rounded particles.  This is probably comparable to 
typical field sands utilized by TxDOT.  

None of the MnDOT mixtures tested by TxDOT contained any antistripping additive.  

To determine the reasons why the MnDOT mixtures performed well in resisting cracking in the 
Overlay Tester, the data on these MnDOT mixtures were examined and compared to general 
knowledge of typical asphalt mixtures used by TxDOT.  Whether the mixture was designed as 
hot mix or warm mix was not considered in this analysis.  
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Table 1.  Test Data Obtained from TxDOT State Materials Laboratory. 

DESCRIPTION of MIX MNROAD  
ID No. 

MnDOT 
Cell No. 

TxDOT 
ID No. 

Bulk 
Specific 
Gravity 

 Hamburg 
Passes 

Recorded 
(Max 

20,000) 

Rut Depth 
@ Recorded 
Passes, mm 

(12.5-mm 
max) 

Overlay 
Tester 

Cycles to 
Failure 
(1000 

Cycle Max) 

 
MODULUS, 
ksi (from 
V-Meter) 

Density, 
percent NOTES/COMMENTS 

Novachip, PG 64-3. 
 All specimens molded to 
50 gyrations. 
Wearing course 

0208BM008 
0208BM011 A - 2, 3 F09 

540174 2.455 20000 5.0 1000 718.4 93.7 

TxDOT does not have 
Hamburg or Overlay 
specifications for Novachip.  
These tests are usually 
molded to 93% density.  
However, based on 
recommendations of 
MnRoad personnel all 
Hamburg & Overlay 
specimens were molded to 
50 gyrations to match field 
density. 

SPWEB440H Sp 1, 
porous HMA, PG 70-28; 
Wearing course.  
Contains 0.3% Fibers. 

8608BM011 
8608BM014 J - 86, 88 F09 

540189 2.516 20000 8.6 1000 527 76.7 

TxDOT does not have 
Hamburg or Overlay 
specifications for Open-
Graded Friction Courses.  
These tests are usually 
molded to 93% density.  
Based on recommendations 
of MnRoad personnel, all 
Hamburg & Overlay 
specimens were molded to 
50 gyrations. 

Shoulder mix - 5% tear-
off shingles, PG 58-28;  

2308BM041 
2308BM043 

M - 15 - 
23 

F09 
540187 2.537 20000 6.5 212 744 92.3 

 Shoulder/wearing course  -  
~1.3 percentage points of 
total asphalt from 5% tear-
off shingles 
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Table 1.  Continued. 

DESCRIPTION of MIX MNROAD  ID 
No. 

MnDOT 
Cell No. 

TxDOT 
ID No. 

Bulk 
Specific 
Gravity 

 Hamburg 
Passes 

Recorded 
(Max 

20,000) 

Rut Depth 
@ Recorded 
Passes, mm 

(12.5-mm 
max) 

Overlay 
Tester 

Cycles to 
Failure 
(1000 

Cycle Max) 

 
MODULUS, 
ksi (from 
V-Meter) 

Density, 
percent NOTES/COMMENTS 

SPWEB440C  
WMA control 
PG 58-34 

2408BM009 
2408BM010 L - 24 F09 

540188 2.514 18733 9.9 685 746 92.0 

This is HMA with same 
design as the WMA wear 
(E - Cells 15-19, 23) but 
w/o the WMA additive - 
20% unfractionated RAP 
- 1.0 percentage points 
of asphalt from RAP 

Shoulder mix with 5% 
manufacturing-waste 
shingles, Wear 
PG 58-28 

0508BM033 
0508BM037 

K - 5, 6, 
13, 14 

F09 
540177 2.541 17133 11.9 706 722.4 91.5 

0.9 percentage points of 
binder from 5% mfr-
waste shingles 

SPWEB440B 
Wear 
PG 58-28 

2008BM016 
2008BM017 G - 20 F09 

540182 2.513 13350 12.5 715 631 92.2 
30% unfractionated 
RAP; 1.5%age points of 
binder from RAP.  

SPWEB440C Sp,  
Revix warm mix, Wear 
PG 58-34 
 
Revix = Evotherm 3G. 

1608BM001 
1608BM013 

E - 15 - 
19, 23 

F09 
540179 2.495 9400 12.5 923 647 91.5 

Little drop in Air Voids 
between uncut & cut 
Overlay specimens.  
Normally see 2% drop, 
with these specimens 
there was a maximum 
drop of 1%.  20% 
unfractionated RAP - 
1.0%age asphalt from 
RAP 
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Table 1.  Continued. 

DESCRIPTION of MIX MNROAD  ID 
No. 

MnDOT 
Cell No. 

TxDOT 
ID No. 

Bulk 
Specific 
Gravity 

 Hamburg 
Passes 

Recorded 
(Max 

20,000) 

Rut Depth 
@ Recorded 
Passes, mm 

(12.5-mm 
max) 

Overlay 
Tester 

Cycles to 
Failure 
(1000 

Cycle Max) 

 
MODULUS, 
ksi (from 
V-Meter) 

Density, 
percent NOTES/COMMENTS 

SPWEB440F, PG 64-
34; All specimens 
molded to 50 gyrations 
due to initial labeling as 
"Novachip."  Mix is 
actually a Level 4 
Superpave. 

0208BM032 
0208BM054 

B - 2 - 4       
Top Lift 

F09 
540175 2.492 8600 12.5 959 751 95.3 

Labeled as "Novachip," 
and tested in the same 
manner as 
MNROAD_IDs: 
0208MB008/0208BM011.   

SPNWB430C Sp, 
Revix warm mix,  
Non-wear, PG 58-34 
Revix = Evotherm 3G. 

1608BM033 
1608BM053 

F - 16 - 
19, 23 

F09 
540180 2.498 7800 12.5 1000 607 91.5 

WMA non-wear.  20% 
non-fractionated RAP.  
1.0 percentage points of 
binder from RAP 

SPWEB440C Sp 1; 
30% fractionated RAP  
Wear, PG 58-34 

2208BM006 
2208BM020 I - 22 F09 

540185 2.500 7233 12.5 1000 685 91.9 

Samples showed 
uncharacteristically low 
initial load.  Samples may 
have been damaged.  
Contained 30% RAP, 
thus samples may be 
inaccurate 

SPNWB430C Sp 1, 
30% fractionated RAP 
Non-wear, PG 58-34;  

2208BM048/2
208BM053 I - 22 F095401

86 2.466 6900 12.5 1000 724 93.4% 

Uncharacteristically low 
initial load.  Samples may 
have been damaged, 
thus yield inaccurate 
results.  Hamburg 
sample densities exceed 
state specifications.  
1.6 percentage points of 
binder from RAP. 
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Table 1.  Continued. 

DESCRIPTION of MIX MNROAD  ID 
No. 

MnDOT 
Cell No. 

TxDOT 
ID No. 

Bulk 
Specific 
Gravity 

 Hamburg 
Passes 

Recorded 
(Max 

20,000) 

Rut Depth 
@ Recorded 
Passes, mm 

(12.5-mm 
max) 

Overlay 
Tester 

Cycles to 
Failure 
(1000 

Cycle Max) 

 
MODULUS, 
ksi (from 
V-Meter) 

Density, 
percent NOTES/COMMENTS 

SPNWB430B Sp 
Non-wear, PG 58-28 

2108BM043/2
108BM067 H - 21 F095401

83 2.481 6633 12.5 1000 697 92.4 
30% fractionated RAP.  
1.6 percentage points of 
binder from RAP 

SPWEB440B Sp 
Wear, PG 58-28 

2108BM007/2
108BM017 H - 21 F095401

84 2.503 5900 12.5 964 691 92.1 
30% fractionated RAP.  
1.5%age points of binder 
from RAP 

SPWEB440F Sp  
4.75-mm Taconite 
PG 64-34;  Wear 

0608BM006/0
608BM009 D - 6 F095401

78 2.526 5767 12.5 1200* 517 92.2 

Very fine mix - 92% 
minus No. 4.  Overlay 
Tester conducted to 
1200 cycles  

SPNWB430B 
Non-wear,  
PG 58-28 

2008BM037/2
008BM066 G - 20 F095401

81 2.481 5767 12.5 824 651 91.8 

30% Non-Fractionated 
RAP.  1.5 percentage  
points of binder from 
RAP 

SPWEB340B, Control 
for porous HMA,  
PG 58-28 

8708BM011/8
708BM020 K - 87 F095401

90 2.457 2961 12.5 667 615 92.1 

Level 3 Superpave 
dense-graded Control 
HMA surface for 
comparison with the 
porous mix in Cells 86, 
88.  PG 58-28 

Permeable Asphalt 
Stabilized Stress Relief 
Course (PASSRC),  
PG 64-22;  
PASSRC for placement 
beneath unbonded 
concrete overlay and 
drain water from 
structure 

0508BM011/0
508BM012 C - 5 F095401

76 2.616 367 12.5 360 420 62.8 

TxDOT does not have 
Hamburg or Overlay 
specifications for Open-
Graded Friction 
Courses.  These tests 
are usually molded to 
93% density.  Based on 
recommendations of 
MnRoad, all Hamburg & 
Overlay specimens were 
molded to 60 gyrations 
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Table 2.  Mixture Design Data for Specimens Obtained from MnDOT.  

MNROAD ID No. MnDOT 
Cell No. 

Optimum 
Asphalt 

Content, % 

Design 
Air 

Voids, 
% 

VMA 
Spec. VFA 

Superpave 
Compactor 

Design 
Gyrations 

Bulk* 
Dust to 
Asphalt 

Ratio 

0208BM008/0208BM011 A - 2, 3 5.1 11.7 21.5 45.5 NA 0.78 

8608BM011/8608BM014 J - 86, 88 5.5 18 NA NA 50 0.36 

2308BM041/2308BM043 M - 15 - 23 5 4 14 NA 90 0.4 

2408BM009/2408BM010 L - 24 5.2 4 14 NA 90 0.54 

0508BM033/0508BM037 K - 5, 6, 
13, 14 4.8 4 14 NA 90 0.63 

2008BM016/2008BM017 G - 20 5.2 4 14 NA 90 0.65 

1608BM001/1608BM013 E - 15 - 
19, 23 5.2 4 14 NA 90 0.54 

0208BM032/0208BM054 B - 2 - 4       
Top lift 5.4 4 14 NA 90 0.7 

1608BM033/1608BM053 F - 16 - 
19, 23 5.5 3 14 NA 90 0.51 

2208BM006/2208BM020 I - 22 5.2 4 14 NA 90 0.67 

2208BM048/2208BM053 I - 22 5.5 3 14 NA 90 0.64 

2108BM043/2108BM067 H - 21 5.5 3 14 NA 90 0.64 

2108BM007/2108BM017 H - 21 5.2 4 14 NA 90 0.67 

0608BM006/0608BM009 D - 6 7.4 4 20.3 NA 75 1.04 

2008BM037/2008BM066 G - 20 5.5 3 14 NA 90 0.62 

8708BM011/8708BM020 K - 87 5.5 4 14 NA 60 0.84 

0508BM011/0508BM012 C - 5 3.5 ? ? ? 
50 blows 
per side - 
Marshall 

0.57 

*Calculated using filler content and optimum asphalt content instead of effective asphalt content. 
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Table 3 shows MnDOT Gradation Specifications for plant mixed asphalt paving mixtures and 
relates them to similar TxDOT gradations from Item 341.  Notice that the gradation bands are 
significantly broader than the bands for similar TxDOT asphalt mixtures, indicated in the table.  
Although the minus No. 200 sieve requirements for MnDOT and TxDOT are the same, the 
MnDOT mixtures tested in this study had notably lower filler content than typical TxDOT 
mixtures. 

 

 

Table 3.  MnDOT Aggregate Gradation Specifications (2360) for Asphalt Mixtures. 

Sieve Size 
(mm [inch]) 

A or 4* 
(Similar to TxDOT 

Type D) 

B or 3* 
(Similar to TxDOT 

Type C) 

C or 2* 
(Similar to TxDOT 

Type B) 

5* 
(Similar to TxDOT 

Type F) 

25.0 [1 inch]   100  

19.0 [3/4 inch]  100(1) 85-100  

12.5 [1/2 inch] 100(1) 85-100 45-90  

9.5 [3/8 inch] 85-100 35-90 - 100 

4.75 [#4] 25-90 30-75 30-80 65-95 

2.36 [#8] 20-70 25-65 25-60 45-80 

0.075 [#200] 2.0-7.0 2.0-7.0 2.0-7.0 2.0-7.0 
 
 
 
 
Table 4 is a copy of the MnDOT asphalt binder specification.  Although harder grades appear to 
be allowed (by the wording, “Other PG Grades),” the highest performance grade actually listed is 
PG 64.  MnDOT’s promotion of softer grade asphalts is, of course, because of their relatively 
cold climate.  
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Table 4.  MnDOT Asphalt Binder Specifications (2360) for Paving Mixtures.  

Overlay  Specified PG Asphalt 
Binder Grade  

Virgin Asphalt Binder Grade to be used with RAP  
 

20% RAP  
> 20% RAP  

 All PG Grades  No grade adjustment  No grade adjustment  
 

 
New Construction (1)  

Specified PG Asphalt 
Binder Grade  

Virgin Asphalt Binder Grade to be used with RAP  
 

20% RAP  
> 20% RAP  

 52-34  52-34  52-34  
 58-28  58-28  58-28  
 58-34  58-34  Not allowed *  
 64-28  64-28  64-28  
 64-34  64-34  Not allowed *  
 Other PG Grades  No grade adjustment  Not allowed *  
 

 

Table 5 is a replica of MnDOT’s specification for asphalt mixture requirements.  The main point 
here is that, by far, most of their mixtures are designed using 40 to 90 gyrations of the Superpave 
gyratory compactor.   By comparison, the Texas gyratory compactor is known to produce 
relatively dry asphalt mixtures.  In fact, Button et al. (2004) demonstrated that, when using the 
Superpave gyratory compactor to produce Type C and Type D HMA mixtures that simulate 
mixtures from the Texas gyratory, about 160 gyrations or more were required.   

Table 5 shows that MnDOT’s non-wearing course mixtures are designed using 3 percent air 
voids, which, of course, will yield binder contents higher than those designed using 4 percent air 
voids.  

The table indicates that, in some instances, a 50-blow Marshall design is allowed.  In fact, one of 
the MnDOT mixtures evaluated herein was such a design.  
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Table 5.  MnDOT Asphalt Mixture Requirements from Their Specification 2360. 

 Traffic Level  Traffic Level  Traffic Level  Traffic Level  SMA  
 2  3  4  5  T. Level 6  

20 year Design ESAL’s  < 1 million  1 -3 million  3 -10 million  10 – 30 
million  

See SMA 
Provisions  

Gyratory Mixture Requirements       
Gyrations for Ndesign  40  60  90  100  - 
%Air Voids at Ndesign, --Wear  4.0  4.0  4.0  4.0  - 
%Air Voids at Ndesign, --Non-Wear &  3.0  3.0  3.0  3.0   
All Shoulder       
Tensile Strength Ratio (1), min%  75(2)  75(2)  80(3)  80(3)  - 
Fines/Effective Asphalt  0.6 – 1.2  0.6 – 1.2  0.6 – 1.2  0.6 – 1.2  - 
VFA, % --Wear-4.0% Voids  65 -78  65 -78  65 -76  65 -76   
Non-Wear & All Shoulder-3.0% Voids  70 – 83  70 -83  70 -82  70 -82   
Marshall Mixture Requirements  LV  MV     
Marshall Blows  50  50  - - - 
Air Voids, %  3.0  3.5  - - - 
Tensile Strength Ratio (1), min%  70(4)  70(4)     
Stability, minimum N [lb f]  5000 [1125]  6000 [1350]     
Fines/Effective Asphalt Wear  0.6 -1.30  0.6 -1.30  - - - 
Non-Wear  0.6-1.40  0.6-1.40     
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Conclusions 

Based on comparisons of the individual materials characteristics and asphalt mixture properties 
for the MnDOT with typical similar properties of TxDOT asphalt mixtures, it appears that the 
main reasons that the MnDOT mixtures perform well in the Overlay Tester are: 

• MnDOT used significantly softer asphalts (e.g., PG 58-34, PG 58-28, and PG 64-34) for 
these mixtures than TxDOT normally uses (e.g., PG 64-22, PG 70-22, & PG 76-22).  
Softer asphalts are known to produce HMA mixtures that are compliant and thus resist 
cracking when tested under similar conditions.  

• MnDOT used higher binder contents than those normally used by TxDOT.  This results 
from MnDOT’s use of 50, 60, 75, or 90 gyrations with the Superpave gyratory compactor 
to design mixtures rather than the Texas gyratory compactor.  The Texas gyratory 
compactor is known to produce relatively dry asphalt mixtures.  Button et al. (2004) 
showed that, using the Superpave gyratory compactor, to produce Type C and Type D 
HMA mixtures that simulate mixtures from the Texas gyratory required about 160 
gyrations, or more.  MnDOT mixtures, therefore, contain higher optimum asphalt 
contents than typical TxDOT mixtures and are, thus, more resistant to cracking.  

• TxDOT uses a significant amount of limestone in HMA mixtures, particularly in the 
central portion of the state.  Further, the limestone is relatively more absorptive (e.g., 1 to 
2 percent absorption) than the granite aggregate (e.g., 0.1 to 0.3 percent absorption) 
typically used by MnDOT.  Furthermore, theoretically, because of the very small pore 
sizes in the limestone, the limestone selectively absorbs the lighter oils in the asphalt, 
therefore, resulting in a relatively hard binder film on the surface of the aggregates (Lee, 
et al., 1996 and Kandhal and Khatri, 1992).  

• Apparently, the MnDOT granite produces a much lower percentage of filler-size particles 
than Texas limestone during the crushing and handling processes.  As a result, MnDOT 
mixtures contain relatively low filler (i.e., minus No. 200) contents (3.0 to 3.8 percent for 
the mixtures studied herein) as compared to typical TxDOT mixtures (typically, 4 to 6 
percent).   For the MnDOT mixtures, the relatively lower filler contents and higher 
asphalt contents yield significantly lower dust to asphalt ratios than those in typical 
TxDOT mixtures.  This, along with the softer binders and less selective absorption of 
oils, likely yields much softer mastic in the MnDOT asphalt mixtures, which, in turn, 
yields a compliant mixture that performs well in resisting cracking.    

• For the mixtures studied herein, MnDOT designed non-wearing course mixtures using 
3.0 percent air voids.  This, of course, provides relatively higher asphalt contents than the 
typical 4 percent air void design and, thus, a relatively compliant asphalt mixture that 
resists cracking, particularly, when 90 gyrations of the Superpave gyratory compactor is 
used in place of the Texas gyratory compactor.  

• When the factors discussed above are combined to produce relatively compliant asphalt 
mixtures, they will exhibit very good performance in the Overlay Tester and, in all 
likelihood, other measures of cracking resistance.  
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Recommendations 
Based on the findings of this brief study and other recent studies by TxDOT and other DOTs and 
pertinent national studies, the following recommendations are tendered: 

• TxDOT can produce crack-resistant asphalt surface paving mixtures that will be 
sufficiently resistant to rutting by using 90 gyrations of the Superpave gyratory 
compactor and 4 percent design air voids.  (“Crack resistant,” as used here, means 
mixtures that are more crack resistant than those produced using standard TxDOT 
procedures with the Texas gyratory compactor.)  

• Crack resistant non-wearing courses can be designed by using 90 gyrations of the 
Superpave gyratory compactor and 3 percent design air voids.  

• Without further study, no additional changes in TxDOT’s specifications or materials 
properties are recommended at this time.  

• For traffic levels below 3 million, less than 90 gyrations of the Superpave gyratory 
compactor may be appropriate for design of asphalt mixtures.  However, adequate 
evidence to make specific recommendations regarding the optimum number of gyrations 
will require further study.  

• Reducing the acceptable filler content for highly absorptive (say, greater than 0.8 percent 
absorption) aggregates (e.g., certain limestones) will reduce total asphalt absorption as 
well as selective absorption of the softer asphalt components.  This action will reduce the 
mass viscosity of the mastic and thus produce more crack resistant mixtures.  
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