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PROJECT BACKGROUND 
Expansion and maintenance of roadway infrastructure creates a demand for high quality paving 
aggregates.  Taconite industry rock and tailings are a potential source of virgin paving 
aggregates.  Currently there is limited information available for implementing these products in 
construction design specifications.  Preliminary information of product performance within 
current design constraints is valuable to both state design engineers and to future pooled-fund 
studies.  This information can identify the potential for using these products in surface courses or 
possibly for use in rich-bottom leveling layers.  This study examined the viability of utilizing 
these products in the Minnesota Department of Transportation (Mn/DOT) Superpave bituminous 
mixture design specifications.  As part of the study 40 laboratory specimens were produced from 
11 asphalt mixtures and then evaluated for asphalt content, air voids, and aggregate gradation.  
This report summarizes the results of the laboratory mixture evaluation. 

In 2004 Mn/DOT began a partnership with the Minnesota Department of Natural 
Resources in order to evaluate Mesabi Select aggregates for use in asphalt mixtures.  Part of this 
evaluation included construction of a Superpave Traffic Level 2 mixture composed of Mesabi 
aggregates.  This mixture was placed on Cell 31 of the MnROAD Low Volume Test Facility 
near Albertville, MN.  The Cell 31 aggregate blend was composed of Mesabi Select 3/4 Minus, 
Mesabi Select 9/16 Chip, Mesabi Select Washed Manufactured Sand, and Screened Sand.  
Evaluation of Cell 31 performance is ongoing at the time of this report. 
 
Research Objectives 
The overall objective of the taconite rock investigation was to conduct research on the 
performance and production viability of using these products in asphalt concrete mixtures.  
Original plans for Cell 31 called for a Mn/DOT Superpave Traffic Level 3 design (1 to 3 million 
ESAL’s). Prior to construction the design was altered because the aggregate blend did not meet 
flat and elongated shape specifications for Level 3 and the design level was therefore changed to 
Mn/DOT Level 2 (less that 1 million ESAL’s).  The first task in this research was to investigate 
the feasibility of producing a Level 3 (or higher) mixture using MnROAD Cell 31-type 
aggregates and asphalt binder. 

The second task was the design and production of a Stone Matrix Asphalt (SMA) mixture 
using only the MnROAD-type Mesabi aggregates.  SMA mixtures are used for Mn/DOT Traffic 
Level 6 designs (greater than 30 million ESAL’s).  SMA mixtures typically incorporate a 
mineral filler to mitigate asphalt binder drain-down issues.  Part of the SMA evaluation phase 
included the substitution of Fine Taconite Tailings for typical mineral filler. 

The third task was to investigate the potential for designing and producing a fine-
aggregate asphalt mixture using a blend of only coarse and fine Taconite Tailing aggregates.  
Fine mixtures, such as 4.75-mm SMA’s, have recently received attention (1,2) due to their 
potential for surface course and thin lift applications. 
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MATERIAL DESCRIPTIONS 
Aggregates  
Mn/DOT 2360 (Superpave) specifications set a 10% maximum value for flat-elongated particles 
in aggregate blends used in traffic level 3 or greater.  Review of the flat and elongated test results 
from 2004 showed very high values for the ¾ in. minus product.  However, since this product 
contributed most of the material passing the #200 (0.075 mm) sieve, it was used so the aggregate 
blend would meet gradation requirements.  

In an effort to make only minor design changes the 3/4-in. minus material was sent for re-
crushing.  It was assumed that if re-crushing could bring the material into flat and elongated 
specifications then aggregate proportions could remain the same from design level 2 to 3.  The 
CA-50 aggregate specification was used as a guideline for re-crushing and screening and the 
importance of obtaining cubical material was emphasized.  Gradations from before and after re-
crushing are shown in Table 1. 

 
TABLE 1 – Gradation for Re-Crushed Mesabi Select 3/4 Minus  

SIEVE PERCENT PASSING SUGGESTED PERCENT PASSING ACHIEVED 
3/4-in. 85-100 97 
3/8-in. 30-60 16 

#4 0-12 1 
 
After re-crushing it was found that flat and elongated values remained elevated.  

Laboratory measurement reported that 18% of the re-crushed ¾ in. minus material was flat and 
elongated.  

Description of aggregates used in the study: 
• Mesabi Select aggregates were obtained from MnROAD stockpiles. 

o Mesabi Select 3/4-in. minus material was uniformly graded from coarse to fine. 
o Mesabi Select 9/16 in. Chip was a coarsely graded single size aggregate. 
o Mesabi Select Washed Manufactured Sand was a coarsely graded fine aggregate.   

• Screened Sand was obtained from a local producer and was a finely graded fine 
aggregate. 

• Fine (filler) Taconite Tailings were obtained from Minntac and delivered by DNR.  This 
material was finely graded and by weight of material had a 71.6 percent passing the #200 
(0.075 mm) sieve.   

• Coarse Taconite Tailings were obtained courtesy of Northland Constructors.  This well 
graded material, produced by the Minntac Plant of United States Steel Corporation, had 
98 percent passing the #4 (4.75-mm) sieve by weight.   

• Standard CC70 mineral filler. 
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Figure 1 – Gradation of fine aggregates in 2005 Taconite Rock Study. 
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Figure 2 – Gradation of coarse aggregates in 2005 Taconite Rock Study. 
 
Asphalt Binders 
In order to reduce variables and facilitate comparisons with field performance, a quantity of the 
Cell 31 PG 64-34 asphalt binder was obtained from the MnROAD materials inventory storage.  
This binder was used to produce the MnROAD-Type Mesabi mixtures.   

A Koch PG 70-28 asphalt binder was used for the SMA mixtures. 
A Koch PG 58-34 was used in the 4.75-mm (#4) mixture. 
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MIXTURES  
 
MnROAD-Type Mesabi Mixture 
Laboratory testing of trial mixtures was performed on asphalt concrete containing Mesabi Select 
aggregate products.  Mn/DOT 2360 design specifications were used.   
 The aggregate blend in this mixture included the following products: 

1. Mesabi Select 3/4-in. Minus (0% by weight).  This material was excluded from the 
redesign because of an issue with the flat and elongated particle content, as mentioned 
previously in the Material Description portion of this report.   

2. Mesabi Select 9/16 in. Chip (55% by weight). 
3. Mesabi Select Manufactured Washed Sand (30% by weight). 
4. Screened Sand (10% by weight). 
5. Fine Taconite Tailings (5% by weight). 
The mixture used a PG 64-34 asphalt binder.   

Trial mixtures: 
A total of 4 mixtures were produced in the laboratory.  The mixtures included 5.9 and 6.4 

percent binder content by weight.   
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Figure 3 – Gradation of MnROAD-type Mesabi mixture. 
 
Experimental Results for MnROAD-Type Mixture 
As previously discussed, this mixture was intended to be a redesign the MnROAD Cell-31 
Taconite mixture, retaining as many similar elements as possible.  The redesigned mixture used 
the same PG 64-34 asphalt binder and a similar gradation, as shown in Figure 3.  Because of 
complications with flat and elongated particles the Mesabi 3/4 minus was omitted.  This required 
adjusting proportions of the remaining aggregate products and substituting Fine Tailings in order 
to compensate for the missing fine material.   

Table 2 compares the redesigned Cell 31 mixture to the in-place design.  Figure 4 shows 
the results of the redesign process with respect to air voids versus percent asphalt.   A list of the 
volumetric properties for these redesign mixtures is given in the Appendix. 
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TABLE 2 – Comparison of MnROAD-Type Mixtures 
 In-Place Cell 31 (2004) Redesigned Mix (2005) 

Gsb 2.934 3.011 
Gmm 2.674 2.729 

Gyrations NI – D – M 6 – 40 – 60 8 – 90 – 140 
Binder PG 64 – 34 64 – 34 
% Binder 6.4 6.4 

Traffic Level 2 4 
Flat-Elongated Spec NA Pass 
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Figure 4 – Design air voids vs. AC for MnROAD-type mixture. 
 

Extrapolating from the values obtained in the redesign process, the unit weight of a 
mixture produced at 4.0 percent air voids would be 161.9 lbs/ft3 (25.4 kN/m3). 
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Stone Matrix Asphalt Mixture 
Laboratory testing of trial mixtures was performed on asphalt concrete containing Fine Tailings 
and Mesabi Select aggregate products.  Mn/DOT 2360 design specifications were used.   
The SMA mixtures included the following materials: 

1. Mesabi Select 9/16 in. Chip (76% by weight of aggregate). 
2. Mesabi Select Manufactured Washed Sand (12% by weight of aggregate). 
3. Mineral Filler (12% by weight of aggregate).  Fillers evaluated included either the 

standard CC-70 filler or Fine Taconite Tailings.  
4. PG 70-28 asphalt binder.   

 
Materials were proportioned in order to simulate the gradation of a non-Mesabi SMA 

mixture that is presently in service on frontage roads placed during construction of SP 1907-63 
along TH 52 in Inver Grove Heights, MN.  Figure 5 shows the gradation analysis for both SMA 
aggregate blends. 
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Figure 5 – SMA gradations for Mesabi Select/Tailings and SP 1907-63. 
 
Experimental Results for Stone Matrix Asphalt Mixture 

Figure 6 compares the use of standard CC-70 to Fine Taconite Tailings as a mineral filler 
material for a Mesabi type SMA mixture.  Figures 7 and 8 plot air void versus percent asphalt 
data for the 14 SMA laboratory mixtures.  Higher air void specimens for the Lottman test are 
included in Figure 7.  The SMA mixtures were produced using four different asphalt contents at 
100 design gyrations.   

In order to investigate the use of tailings as mineral filler two identically proportioned 
mixtures were produced.  Both contained 6.6 percent asphalt binder and 12 percent filler.  The 
first mixture used a standard CC-70 lime dust and the second used fine tailings.  A list of the 
volumetric properties for these mixtures may be found in the Appendix.  Volumetric mixture 
properties for those mixtures were nearly identical.  From this result it was decided to use only 
the fine taconite as the mineral filler component for subsequent SMA laboratory mixtures. 



 10

 
 

0

1

2

3

4

5

6

7

cc70 Fine TT Fine TT cc70 Fine TT

6% AC 6% AC 6% AC 6.6% AC 6.6% AC

Filler Type and Asphalt Content

A
ir 

Vo
id

s 
at

 D
es

ig
n 

G
yr

at
io

ns
, %

 
Figure 6 – Comparison of SMA air voids and filler type. 
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Figure 7 – Air voids vs. AC for all Mesabi SMA mixtures.  
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Figure 8 – Design air voids vs. AC for Mesabi SMA mixtures. 

 
According to the values obtained in the SMA design process, the unit weight of a mixture 

produced at 4.0 percent air voids and 6.12 percent asphalt would be 162.4 lbs/ft3 (25.5 kN/m3). 
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4.75-mm Mixture 
Laboratory testing of trial mixtures was performed on asphalt concrete containing Coarse and 
Fine Taconite Tailings.  As a guideline, the former Mn/DOT mixture type 61design method from 
Specification 2331 (5) was used along with Mn/DOT 2360 design methods.   
The 4.74 mm mixtures were produced using the as-received gradation of the following materials: 

1. Minntac Coarse Taconite Tailings (either 100, 95, or 88 % by weight of aggregate). 
2. Minntac Fine Taconite Tailings (either 0, 5, or 12 % by weight of aggregate). 
3. PG 58-34 asphalt binder.   

Figure 9 shows the gradation analysis for the three tailings blends. 
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Figure 9 – Gradation of Coarse and Fine Tailings blends. 
 
PG 58-34 asphalt binder, Coarse Taconite Tailings, and Fine Taconite Tailings were used to 
produce HMA mixtures.  In this case PG 58-34 binder was used as a substitute for PG 70-28 
since both have the same recommended compaction temperatures.   

•  Using the former Mn/DOT Type 61 Specification Standard 2331 (5), HMA specimens 
were produced from Coarse Taconite Tailings and 7.5 percent binder.  The mixture was 
compacted with 75 Marshall blows per side.   

a. Design gyrations were established by reproducing this mixture with a gyratory 
compactor. 

b. Optimize asphalt content using gyratory compaction. 
• Produce Coarse and Fine Tailings mixtures at optimum asphalt content using gyratory 

compaction levels defined in (b). 
c. Investigate the use of Fine Tailings as an asphalt extender 

• Design, produce, and test 4.75-mm SMA mixtures to evaluate Coarse Tailings as an 
SMA aggregate.   

• Upon validation, incorporate a mixture (#1 – 3) in a construction project.  This will 
enable evaluation of construction viability and long – term field performance. 
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Experimental Results for 4.75-mm Mixture 
Volumetric properties obtained for 22 Taconite Tailings laboratory mixtures, using three 
proportions of fine to coarse tailings.   
Bulk specific gravities were measured for each tailing product: 

Coarse tailings Gsb = 2.858 
Fine Tailings Gsb = 2.936 
16 mixtures were produced at three asphalt binder contents in order to investigate the 

viability of using tailings as the sole aggregate source for 4.75-mm mixtures.   
Figures 10 and 11 plot percent air voids versus percent asphalt binder for the 16 mixtures 

that contained only coarse tailings and asphalt cement.  The variation in air voids within a given 
asphalt content level was primarily due to variation in the amount of compactive effort used to 
produce individual specimens.   

Step one: Marshall specimens were produced using a design that included Coarse 
Taconite Tailings and 7.5 percent binder.  Afterwards, gyratory specimens were produced such 
that air voids matched the Marshall design. 
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Figure 10 – Air voids vs. AC for all 4.75-mm Coarse Tailings mixtures. 
 

• It was that found that for this material and asphalt content 75 Marshall blows per side 
corresponded to 140 gyrations.  

• The number of design gyrations was originally checked at 75, but it was found that 140 
more closely corresponded to the Marshall 75 blows for this design.  

• According to the values obtained in the Marshall/Gyratory design process, the asphalt 
content required to produce a coarse tailing mixture at 4.0 percent voids would be 11.6 
percent.  The calculated unit weight of such a mixture would be 146.6 to 150.2 lbs/ft3 (23 

to 23.6 kN/m3). 
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Figure 11 – Design air voids vs. AC for 4.75-mm Coarse Tailings mixtures. 
 

Step two: A set of specimens was produced in the gyratory compactor at a 7.5 asphalt 
binder content and included Fine Taconite Tailings added as a binder extender.  These specimens 
included tailings at 5 and 12 percent by weight of aggregate.  Figure 12 plots percent air voids 
versus percent mineral filler for these 6 mixtures.   Results show that at this compaction level 
approximately 7.5 to 8 percent fine tailings would be required by weight of aggregate in order to 
obtain a 4.0 percent air void mixture. 
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Figure 12 – Design air voids vs. filler content for 4.75-mm Tailings mixtures (7.5% AC). 
 

• The inclusion of 5 percent fine tailings yielded mixtures with an average of 6.06 percent 
air voids. 

• The inclusion of 12 percent fine tailings yielded mixtures with an average of 1.27 percent 
air voids.  
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• According to the values obtained in the coarse-fine design process, the unit weight of a 
mixture produced at 4.0 percent air voids and 7.5 percent asphalt would be 156.4 lbs/ft3 
(24.6 kN/m3). 
 
Step three: In subsequent gyratory specimens the binder content was adjusted to achieve 

Superpave volumetric design requirements.  At this stage of the project the quantity of Coarse 
Tailing material was nearly exhausted.   

Steps 2 and 3 were not fully completed due to the variability observed in mixtures 
produced using the last of the Coarse Tailing material.    

A list of the volumetric properties for all 4.75-mm mixtures is given in the Appendix. 
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RESULTS 
 
Results of the laboratory investigation, summarized in Table 3, show that Mesabi type 
aggregates can be used to obtain asphalt mixtures suitable for Mn/DOT Traffic Level 4 (3 to 10 
million ESAL’s).  Additionally, properly crushed Mesabi Select rock can be proportioned to 
satisfy Superpave aggregate consensus property requirements. 
 Laboratory work has shown that Mesabi Select type aggregates can also be used to obtain 
SMA mixtures.  Various trial SMA mixtures included mineral fillers that were traditional CC-70 
mineral filler and Fine Taconite Tailings.  The Fine Taconite Tailings material shows promise as 
a filler material in SMA mixtures. 

Laboratory work has also shown that a “fine” asphalt mixture can be produced using a 
combination of Fine and Coarse Taconite Tailings.  Fine tailings show promise as an asphalt 
binder extender and a filler component when volumetric and gyratory design methods are 
utilized. 

 
TABLE 3 – Mixture Description and Potential Applications 

Mixture Air Voids, 
% 

Asphalt 
Cement, % 

Unit Weight, 
lbs/ft3 (kN/m3)

Potential Applications, 
(ESAL’s) 

Mn/ROAD Type 
Level 4 4.0 6.1 161.9 

(25.4) 
Mn/DOT Level 4 
(3 – 10 million). 

Mesabi SMA 4.0 6.12 162.4 
(25.5) 

Mn/DOT Level 6 
(> 30 million).  

4.75-mm Coarse 
TT, Type 61 4.0 11.6 146.6 – 150.2 

(23.0 – 23.6) 
Leveling course. 

Mn/DOT Level 3 or higher 
surface course 
(1 – 3 million). 

4.75-mm with 
7.5 to 8% Fine TT 4.0 7.5 156.4 

(24.6) 
 

 
RECOMMENDATIONS 

 
Outcomes of this study suggest that Mesabi rock and tailings products show promise as 
components of asphalt mixtures.  It is therefore recommended that laboratory and field 
investigations of Mesabi rock and tailings should continue.   

The study of coarse and fine tailings mixtures should be continued, focusing on optimal 
levels of asphalt binder and fine tailings as mineral filler.  An investigation should be conducted 
as to the viability of producing both standard Superpave and SMA-type 4.75-mm mixtures. 

Other work should include performance-type testing.  Proper control mixtures should be 
produced along with 4.74-mm, 4.75-mm SMA, Mn/DOT Superpave Traffic Level 4 (3 to 10 
million ESAL’s), and full SMA specimens from tailings and Mesabi Select materials.  These 
mixtures should be analyzed for deformability using an Asphalt Pavement Analyzer (APA) 
rutting machine.  The mixtures should also be analyzed using dynamic modulus testing methods 
in order to incorporate the mixtures in mechanistic-empirical design methods.   

The Mesabi rock should be incorporated in standard Superpave, SMA, and fine/sand 
asphalt mixtures in upcoming construction projects.  In each case construction and long term 
field performance should be evaluated.  
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APPENDIX 
 
 
Selected Mn/DOT 2360 (Superpave) Asphalt Mixture Requirements (3). 
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Mn/DOT SMA Specification (3) 

 
 
MnROAD Cell-31 Bituminous Plant Mix Design Report (4)  
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Experimental Data for Re-Designed MnROAD-Type Laboratory Mixtures (2005) 
Name % AC Gmm Gmb % Gmm VMA VFA % Va 

P1 5.9 2.729 2.557 93.7 20.9 68.6 6.3 
P2 5.9 2.729 2.569 94.1 19.7 70.1 5.9 
P3 6.4 2.702 2.579 95.4 19.8 76.8 4.6 
P4 6.4 2.702 2.580 95.5 19.8 77.3 4.5 

 
Experimental Data for Mesabi SMA Laboratory Mixtures 

Name 
% 
AC Filler Gmm Gmb 

% 
Gmm Gsb VMA Ps 

VCA 
Dry 

VCA 
Mix 

VCA 
Ratio

% 
Va 

4-14 P1 6.0 cc70 2.715 2.553 94.05 3.028 20.7 94.0 43.3 43.4 1.00 5.95 

4-19 P1 6.6 cc70 2.656 2.633 99.13 3.028 18.8 93.4 43.3 42.0 0.97 0.87 

4-19 P1 6.6 mesabi 2.685 2.661 99.12 3.06 18.8 93.4 43.3 41.4 0.96 0.88 

4-21 P1 6.0 mesabi 2.741 2.676 97.64 3.06 17.8 94.0 43.3 40.6 0.94 2.36 

4-27 P1 a 6.0 mesabi 2.727 2.592 95.06 3.064 20.5 94.0 43.3 41.1 0.95 4.94 

5-3 P1 a 6.2 mesabi 2.713 2.665 98.22 3.064 18.4 93.8 43.3 39.6 0.91 1.78 

5-3 P2 a 6.2 mesabi 2.713 2.646 97.51 3.064 19.0 93.8 43.3 40.0 0.92 2.49 

5-19 P1 a 6.1 mesabi 2.707 2.600 96.06 3.064 20.3 93.9 43.3 41.0 0.95 3.94 

5-27 P2 a 6.1 mesabi 2.69 2.575 95.73 3.064 21.1 93.9 43.3 41.5 0.96 4.27 

5-27 PA a 6.1 mesabi 2.69 2.568 95.45 3.064 21.3 93.9 43.3 41.7 0.96 4.55 

5-27 PB a 6.1 mesabi 2.69 2.552 94.88 3.064 21.8 93.9 43.3 42.1 0.97 5.12 

6-1 Ltest 1 a 6.1 mesabi 2.698 2.538 94.07 3.064 22.2 93.9 43.3 42.4 0.98 5.93 

6-1 L1 a 6.1 mesabi 2.698 2.523 93.52 3.064 22.7 93.9 43.3 42.7 0.99 6.48 

6-1 L2 a 6.1 mesabi 2.698 2.512 93.12 3.064 23.0 93.9 43.3 43.0 0.99 6.88 
a – New Blend 
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Experimental Data for 4.75-mm Laboratory Mixtures 

Name 
%  
AC 

% 
Filler 

Rice Test 
Date 

Rice 
Gmm Gmb 

Mix 
Gsb 

% 
 Va VMA 

4-14 M1 7.90 0 4/14/2005 2.611 2.444 2.858 6.42 21.2 
4-14 M2 7.90 0 4/14/2005 2.611 2.479 2.858 5.05 20.1 
4-14 P1 7.90 0 4/14/2005 2.611 2.384 2.858 8.70 23.2 
4-15 P1 9.96 0 4/15/2005 2.519 2.402 2.858 4.66 24.3 
4-15 P2 9.96 0 4/15/2005 2.519 2.396 2.858 4.88 24.5 
4-15 M1 9.96 0 4/15/2005 2.519 2.512 2.858 0.28 20.9 
4-15 M2 9.96 0 4/15/2005 2.519 2.489 2.858 1.17 21.6 
4-15 M3 9.96 0 4/15/2005 2.519 2.504 2.858 0.61 21.1 
4-20 P1 7.50 0 4/20/2005 2.630 2.374 2.858 9.76 23.2 
4-20 M1 7.50 0 4/20/2005 2.630 2.413 2.858 8.27 21.9 
4-20 M2 7.50 0 4/20/2005 2.630 2.412 2.858 8.31 21.9 
4-20 M3 7.50 0 4/20/2005 2.630 2.429 2.858 7.64 21.4 
6-14 P2 7.50 0 4/20/2005 2.630 2.348 2.858 10.71 24.0 
6-14 M1 7.50 0 4/20/2005 2.630 2.43 2.858 7.60 21.4 
6-14 M2 7.50 0 4/20/2005 2.630 2.42 2.858 7.97 21.7 
6-14 M3 7.50 0 4/20/2005 2.630 2.432 2.858 7.54 21.3 
6-14 Pa 7.50 5 6/14/2005 2.613 2.455 2.862 6.06 20.6 
6-14 Pb 7.50 5 6/14/2005 2.613 2.455 2.862 6.06 20.6 
6-14 Px 7.50 12 6/14/2005 2.606 2.574 2.867 1.23 17.0 
6-14 Py 7.50 12 6/14/2005 2.606 2.572 2.867 1.31 17.0 
Puck 1 
4/20/05 7.50 0 6/16/2005 2.635 - 2.858 - - 

Puck 1 
6/14/05 7.50 0 6/16/2005 2.619 - 2.858 - - 

 


