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The information contained in this report was compiled exclusively for the use
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herein are based upon the research data obtained and the expertise of the re-
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expressed permission of the Engineer of Testing and Research.




SUMMARY

This report presents the results of seven additional aggregate polishing
series completed on the Michigan Department of Transportation circular
wear track. The additional series, numbers 13 through 19, included sam-
ples of crushed gravel, uncrushed gravel, erushed quarried carbonates,
crushed portland cement concrete, and steel furnace slag. Gravels with
crushed and uncrushed material, and blends of high-polishing limestone
with steel furnace and blast furnace slags were also tested. Each test
series included the wear track gravel and limestone control aggregates.

Crushed gravels containing low carbonate rock percentages recorded
relatively high resistance to polishing, as did the steel furnace slag, crush-
ed portland cement concrete, and crushed gravel with high sandstone con-
tent, :

The high-carbonate gravels, crushed carbonates, and uncrushed grav-
els recorded moderately low to low resistance to polishing. The high-
polishing limestone blended with slag displayed improved frictional perfor-
mance.

Tabulated results and polishing curves are included in Appendix A. A
description of the wear track apparatus and test procedureis alsoincluded.

INTRODUCTION

In 1971, the Department initiated a study to evaluate restrictions on
the use of quarried carbonates and high carbonate gravels for bituminous
wearing course aggregates titled, "Study of Aggregate and Mix Require-
ments for Durable and Skid-Resistant Bituminous Mixtures' (Research
Project 71 C-13). The study included the design and constructionof a cir-
cular wear track for the study of the effect of simulated traffic polishing on
various aggregates for use in bituminous pavements.

The development and use of the wear track have been described in de-
tail in an earlier progress report (1).

The report also included the results of test series 1 through 8., Sub-
sequent test series 9 through 11, and test series 12 were included in fwo
additional progress reports (2, 3). A brief description of the wear track
testing apparatus and procedure is included in Appendix B of this report.
The appendix also includes composite tabulations of the results of the pre-
vious 12 test series.




The table below gives an indication of the polishing resistance value
ranges.

R Polishing .
Typical Aggregate Resistance AWIL Surface Appearance After Testing
Sandstone, blast furnace slag  Very High above 400 Rough, unpolished,
Crushed gravel; carbonate High 360 - 400
content below 40 percent
Crusghed gravel; carbonate Moderate 300 - 350 Caxbonates highly polished; non-
content 40 to 70 percent; ' carbonates slightly polished.
high~residue carbonates Sandy carbonates polished, with
) h faces.
Crushed gravel; carbonate Maderately Low 250~ 300 rough' suriaces
content above 70 percent;
high-residue carbonates
Usnecrushed gravel; medium- Low 200 - 250 Carbonates highty pelished; non-
residue carbonates carbenates moderately polished.
Low-residue carhonates Very Low below 200 Highly pelished.

* Agpregate Wear Index.
Polighing value = average initial peak force, ib, measured on wear track friction tester.
Polishing value at four-million wheel passes = Apgregate Wear Index.

This report presents the results of test series 13 through 19, Tabula-
tions and polishing curves for the individual seriesare includedin Appendix
A. Appendix B includes composite tabulations of the results of test series
13 through 19.

CONCLUSIONS AND COMMENTS

The high-carbonate gravels and low-residue carbonate rock samples
recorded moderately low to very low resistance to polishing, supporting
previous test results on similar materials.

As in previous tests, sandstone was demonstrated in these test series
to provide superior long-term frictional performance.

Steel furnace slag exhibited a high resistance to polishing related to
the exposure of many small, pointed inclusions. However, a rapid early
polishing eifect suggests that this material would be polish-susceptible if
the inclusions were not present in sufficient amounts.

The tests comparihg crushed versus uncrushed particles indicate that
the uncrushed particle content of an aggregate should be taken into account
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when evaluating the material for possibleuse in bituminous surfacing pave-
‘ment. Uncrushed particles, with the exception of such rock types as sand-
stone and arenaceous limestone, generally exhibit smooth surfaces which
rapidly become polished when exposed to traffic,

The blends of slag and limestone recorded considerably higher wear
track friction values than the unblended limestone. However, a blend con-
taining 50 percent slag was required to produce wear track performance
approaching that of a typical glacial gravel,

WEAR TRACK POLISHING TESTS

Test Aggregates

In addition tothe control graveland limestone, the following aggregates
were tested in series 13 through 19:

1) crushed gravels from 10 sources,

2) five samples of uncrushed gravel from three sources,

3) carbonates from nine sources,

4) crushed portiand cement from one source,

5) steel furnace slag from one source,

6) eight blends of crushed and uncrushed gravel from three sources,
7) two blends of high-polishing limestone with steel furnace slag, and
8) -two blends of high~polishing limestone with blast furnace slag.

Detailed tabulations of the aggregate sources are included in Tables
A-1 through A-7 of Appendix A.

Test Slab Preparation

The wear track test slabs were prepared according to the procedures
described in the first progress report (1). The use of aggregate passing
3/8-in. and retained on a No. 4 sieve was continued. Two replicate test
slabs of each aggregate were cast and tested on the wear track in each
series (see Appendix B).

Wear Track Polishing and Friction Tests

Polishing on the wear track was continued to four-million wheel passes
inincrements of 500, 000 wheel passes, as was done in previous test series.
Supplemental early friction measurements were conducted at 125, 000and
250, 000 wheel passes for reference information not included in this report.




Data Reduction and Test Results

The friction test values representing the average initial peak force (ib)
measured on the wear track friction tester at three locations on each test
slab were used to compute the polishing values at each polishing increment.
The results of the friction test determinations are reported in tabulations
containing the initial friction values, at one-half million wheel passes, and
at four-million wheel passes, and are included in Appendix A.

The polishing value at four-million wheel passes has been adopted by
the Department for use as an Aggregate Wear Index (AWI) fo be used in
conjunction with traffic volume data to select aggregates whichwill provide
suitable resistance to the anticipated amount of traffic on resurfaced bitu-
minous pavements.

Selected polishing values in the tabulations are converted to approxi-
mate pavement friction numbers based on field correlation of the wear track
frictiontester with a Departmental pavement friction test vehicle (1). The
friction numbers correspond to the ARMS (Area Reference Measuring Sys-
tem) scale presently used in the Department's summaries of pavement
friction performance. Friction numbers below 30 are considered to be
indicative of potentially unsatisfactory surfaces.

RESULTS OF TEST SERIES

Results. of Series 13

Four gravels containing between 75 and 95 percent carbonate rock were
included in this test series. Three of the gravels recorded low resistance
to polishing. One gravel containing 75 percent carbonate, considered to be
a high-carbonate gravel, recorded high resistance to polishing due to the
presence of 22 percent sandstone in the sample. A sample of dolomite
containing siliceous material was included in this series, and recorded a
moderately low resistance to polishing, which was considerably higher than
previously tested non-siliceous dolomites. The most polish-resistant ma-
terial tested in this series was steel furnace slag which displayed rapid
early polishing followed by continual increase in friction values attributed
to the increasing exposure of many small, hard asperities as the softer
matrix material was worn away during the polishing process.

Results of Series 14

Tour gravels conta.ining between 78 and 95 percent carbonate rock were
included in this test series. Three of the gravels recorded Jow to very low




resistance to polishing. One gravel containing 53 percent carbonate rock
and 11 percent sandstone recorded a polishing resistance superior to the
control gravel containing 40 percent carbonate rock. The higher resistance
to polishing ig attributed to the sandstone component in the sample. Two
samples of low-residue carbonates were tested in this series and recorded
very low resistance to polishing.

Results of Series 15

Two low-carbonate gravels were included in this test series. One
gravel contained 1 percent carbonate rock and 77 percent sandstone. This
material recorded a very high resistance fo polishing. The other gravel
contained 1 percent carbonate rock and 9 percent sandstone, and recorded
a moderate resistance to polishing. Two additional samples of low-residue
carbonates were tested in this series and recorded low resistance topolish-
ing.

The effect of rounded particles in test aggregate samples was investi-
gated in this test series. Two sampleg containing 100 percent naturally
rounded (uncrushed) particles were tested in comparison with the normally
100 percent crushed control gravel. One sample was prepared with a petro-
graphic compogition equal to the control gravel, and one sample was tested
as received. Both samples recorded initial and early friction values which
were lower than values usually recorded for the gravel affer four-million
wheel passes of wear track polishing. Both samples exhibited a small
amount-of additional polishing during four-million wheel passes of testing.
After four-million wheel passes of polishing the rounded control gravel re-
corded a 26 percent lower friction value than the crushed control gravel.

Results of Series 16

Blends of the control limestone and two types of slag were included in
this test series as follows:

1) control limestone + steel furnace slag, 50:50
2) control limestone -+ steel furnace slag, 70:30
3) control limestone + blast furnace slag, 50:50
4) control limestone + blast furnace slag, 70:30.

The blends of limestone and slag recorded considerably higher friction
values than the unblended limestone.

The series also included a sample of limestone containing finely dis- -
seminated siliceous material. The sample recorded a low resistance to
polishing,




Results of Series 17

The effect of rounded particles in test aggregate samples was further
investigated in this test series. In addition to the erushed control gravel,
a sample containing 100 percent naturally rounded (uncrushed) particles,
and four blends of control gravel containing amounts of uncrushed material
were included as follows:

1) crushed content, 80 percent
2) crushed content, 60 percent
3) crushed content, 40 percent
4) crushed content, 20 percent.

The petrographic composition of the blended samples and uncrushed
gravel was adjusted to that of the crushed control gravel. After four-
million wheel passes of polishing on the wear track, the blends recorded
successively decreasing polishing values with decreasing percentages of
crushed material. The 100 percent rounded gravel recorded a 40 percent
lower polishing value than the 100 percent crushed gravel.

A sample of crushed dolomite from an additional carbonate source was
included in this series. Thedolomite recorded a moderately low resistance

to polishing.

Results of Series 18

TFour glacial gravels with various carbonate content and crushed ma-
~ terial percentages were included in this fest series in addition to the con-
trol gravel. After four-million wheel passes of wear track polishing the
gravel containing the highest carbonate rock content and the lowest crushed
material content recorded the lowest polishing value.

Samples of carbonates from two additional sources were also tested in
this series. A dolomite containing 20 percent chert recorded a moderately
low resistance to polishing, and a low-residue limestone recorded a low
resistance to polishing.

Results of Series 19

The effect of rounded particles was investigated with two additional
gravels, one containing approximately 36 percent carbonate material, the
other containing approximately 85 percent carbonate material. The sam~
ples were tested as follows:




1) crushed content, 100 percent
2) crushed content, 50 percent
3) crushed content, 0 percent.

The petrographic composition of the uncrushed gravel was adjusted to
that of the crushed gravel. After four-million wheel passes of polishing on
the wear track, the gravel containing 36 percent carbonate material re-
corded a 36 percent lower polishing value when uncrushed. The gravel
containing 85 percent carbonate material recorded a 31 percent lower
polishing value when uncrushed.

FUTURE TESTS

The wear track program is scheduled to evaluate a statewide selection
of gravels for possible variations in polishing resistance due to composi-
tional differences within the carbonate rock fractions. Samplesfor Aggre-
gate Wear Index determination will also be tested.
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TABLE A-1
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 13)

Carbonate Wear Track Polishing Values

Crughed Rock Sandstone| No. of
Ageregate Typo and Sowrce | content, 0" | Content, | Test |initial hali-million | four-mistion
. N .
percent porcent percent | Slabs Value | wheel passes| whoel passes
Crushed Gravel
Moore Pit No. 2-85 100 . 75 22 2 520 430 38040}
Green Oalc Pit No, 47-32 160 40 3 2 480 380 320"
Roberts Pit Mo, 75-43 100 83 1 2 450 290 240
Butkeovich Pit No, 49-74 pRH] 95 1 2 480 290 230
Krostue Pit Mo, 49-82 100 92 0 2 500 300 22027}
- @Guarrled Carbonaie
Lindberg Pit No, 52-52 .
(Dolomite) 100 G5 [} 2 450 350 280(32)
inland Pit Ne, 75-64
{Limestone) 100 100 0 2 410 190 170(22)
Slag (Steel Furnace)
Levy, Westfleld No, 82-21 100 ¢ 0 2 48D 370 " 39042)

Polishing value = average inifial peak ferce, Ib, measured ok wear track friction tester.
Polishing value at four-million wheel passes = Aggregate Wear Index,

Tvalues In parentheses indicate approximate 40 mph ARMS pavement friotion numbers based on field
correlation tests, ’

2 Wear track control gravel.

d3ample contains 35 percent hematitic and siliceous material.

4\ear track control limestone,

TABLE A-2
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 14)

Wear Track Polighing Values
Crushed Ca;l:ilate Sandstone| No, of
Aggregate Type and Source | Contlent, Content Content, | Test {1pitial| half-million | four-million
pexrcent percent percent | Slabs |yaiue | wheel passes|wheel passest

Crushed Gravel

Nebel #2 Pit No, 75-44 100 53 11 2 540 420 240(38)
Green Ozk Pit No. 47-37 100 40 3 2 500 380 300
Notebleom Pit No, 75-30 10¢ 81 E 2 510 330 2540
Romana #2 Pif No, 495-44 100 78 i 2 480 330 250
payne and Dolan Pit

No. 21-78 100 95 3 2 460 280 200(24)

Quarried Carbonates

Williams Pit No. 21-53

{Limestone) 1o0 100 0 2 460 280 190424)
Paquin Pit No. 21-69 ’

(Limestone and dolomite) 160 100 4] 2 4249 250 180
Inland Pit No. 75-5%

(Limestonae} 100 100 0 % 350 230 150421}

Polishing value = average initial peak force, b, measurad on wear track friction tester.
Polishing value at four-mililen wheel passes = Aggregate Wear Index,

fValues in parentheses indicate approximate 40 mph ARMS pavement friction mumbers based on field
correlation fests,

2woar track control gravel,

3wear track control limestone,

-18 -




o

TABLE A-3
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 15)

Wear Track Polishing Values
Crushed Ca;l;t:;(aie Sandstone| No. of
Aggrepate Type and Source | Content, Content Content, | Test Iryitiat] nalf-yaillion | four-milHon
percent |\ veent | PEYeOnt | S12bs iyalue ] wheel passes| wheel passest
Crushed Gravel
Green Oak Pit No. 47-32 100 40 3 3 430 570 310¢35}
Crushed and Uncrushed Gravel
County Road Comm. #12
Pit No. b2-67 48 i 7 2 540 520 476(50)
Fed, Forest ¥l Pit No. 66-33 2 TR ] % 450 300 340(38)
Uncrushed Gravel
Green Oak Pit No, 47-3% 0 40 3 2 3Lo0 - 2h0 240¢29)
Green Oak Pit No. 47-3% [ 34 7 2 330 270 230(28)
Quarried Carbonates
Stoney Cut Pit No. 75-48
(Dolomite) 100 1lo¢ b] 2 380 ] E20{27)
Payne and Dolan Pit No.8
21-78 {Lfmestone and
Dolomite) 100 140 ] 2 360 250 250
tnland Pit No, 75-5%
{Limestona} 1¢0 100 4] 2 320 2i0 180(23)

Polishing value = average initial peak force, lb, measured on wear frack friction tester.
Polishing value at four-mifiion wheel passes = Aggregate Wear Index.

!Values in parentheses indicate approximate 4¢ mph ARMS pavement frictlon numbers based on field
correlation tests.

2Wear track controf gravel.

3gample composition adjusted to composition of control gravel.

*8ample tested as racelved contains 27 pevcent chert.
Sample is composed of crushed carbonates from high-carbonate gravel.

& Wear track control limestone.
TABLE A-4
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 16)

Crushed | Carbonate Sandstene | Mo, of Wear Track Polishing Values

Rock
Aggregate Type and Soarce | Content, | | Content. | Test |10 nats-miltion | four-million

percent peveent percent | Slabs Value| wheel passes |whesl passes?
Crushed Gravel
Green Oak Pit No, 47-32 100 46 3 2 480 410 350(39)
Quarried Carhonates
Presque Esle Pit No. 71-47
(Bilica Limestons) 109 100 0 2 520 310 240129}
Inland Pit No. 75-59
(Eimestona} 1oa 1060 0 2 s - 220 180¢23)
Bleaded Aggregates
Limestoned and SF Slag* 100 50 0 2 460 360 320(36)
Limestone® and BF Slags 1log 50 0 2 450 336 299
Limestoned and SF Slag* 100 0 0 2 420 310 280
Limestone® and BF Slag$ 100 76 4 ] 410 310 270{31)
Crushed Portland Cement
Concrete
K &R, No, 93-1° 100 - - 2 590 420 380(41)

Polishing value = average initial peak foree, ib, measured on wear track friction tester.
Polishing value at four-million wheel passes = Aggrogate Wear Index.

1values in parentheses indicate approximate 40 mph ARMS pavement friction numbers based on fleld
correlation fests.

2Wear track control gravel.

3Wear track control limestoue.

4 5teel furnace slag, Levy Westfield Plant No. 82-21,

SBlast furnace slag, Levy Burns Harbor, Ind., No. 82-11,

°Recycled conerets, Division Avenue, Wyoming, Michigan,

-19 -




TABLE A-5

RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES

FROM SELECTED SOURCES {Series 17}

Carbonate

Weanr Traci Polishing Values

Crushed Tesk Sandstone | Na, of
A egate Type and Source
8ETeE M Cnntzntt, Content, Contentt’ ;zgz Initial{ half-million| four-mi’iion
percen percent percan value | wheel passes|wheel passes! Al
Crushed Gravel
Green Oak Pit No. 47-32 100 41 3 2 540 449 370(41)
Crughed and Uncrushed Gravel
Green Oak Pit No. 47-3° 80 41 a 2 480 410 340(38)
Green Oals Pit No. 47-83 GO 41 3 2 460 380 310
Green Oak Pit No, 47-3% 40 41 3 3 400 310 260
Green Oak Pit No, 47-33 20 41 3 2 380 280 240(29)
Uncrushed Gravel
Green Oak Pit Mo, 47-3% b 43 3 2 340 260 220427}
Guarried Carbonates
White Roelk Pif No. 93-5
(Dolomite) 100 100 0 2 520 370 270(31)
fnland Pif No. 75-54
(Limastone) 100 100 1] 2 420 2580 216(25)

Polishing yalue = average initial peal foree, 1b, measured on wear tyack friction testar.
Polishing value at four-million wheel passes = Aggregate Wear Index.

1¥alues in parentheses indicate approximate 40 mph ARMS pavement [riction numbers based on fiold

correlation {asls,
2Wear track control gravel.

3 Uncrushed gravel composition adjusted to composition of control gravel,
4Woar track control limestone,

FROM SELECTED SOURCES (Series 18)

TABLE A-6
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES

Wear Track Polishing Values
Crushed Ca;bmlmta Sandstone | No. of
Agaregate Type and Bource | content, C ‘t""’ ‘t Content, | Test §initial half-miliion | four-million
porcent ontent, percent | Slabs iValue { wheel passes| whee! passeg’
percent
Crushed Gravel
Green Oalc Pit No, 47-32 100 40 3 2 490 400 340{38}
Crushed and Unerushed Gravel
Orlando PIt No. 75-47 5% 46 2 2 440 380 300
Stratton Pit Ne. 79-59 53 51 4 2 440 350 290
Piopper Pif dMo. 80-20 42 42 3 2 430 340 280
Couglneau Pit No. 62-49 31 71 [ 2 400 280 260(30)
Quarried Carbonates
Anderson Pit No. 75-563
Molomite) 106 8¢ 1] 2 480 350 270(31)
Michigan Lime and Chem-
fcal Pit No. 71-3
{Limesgtona} 1460 100 [ 2 440 T 200 210 .
Inland Pit No. 75-5¢
{Limestonc} 106 100 0 2 370 240 190(24)

Pelishing value = average initial peak fores, lb, measured on wear track friction tester.
Polishing vafue at four-milllon wheel passes = Aggregate Wear mdex,

1 Values in parentheses indicato approximate 40 mph ARMS pavement friction numbers based on field

correlation teats.
2woar track control gravel.

38ample containg 20 percent chert and cherty dolomite particles.
Awear track control limestone.
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TABLE A-7
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 19)

‘Wear Track Polishing Values
Crushed C“;b"’;:"e Sandstons | No, of b :
Aggregate Type and Source | Content, Cm‘t’:nt Content, | Test {Inftlal| half-million | fowr-million
’ +
percent percent percent | Blabs |Value | wheel passes |wheel passes
Crushed Gravel
Grand Raplde Gravel Co,
No. 16 Pit No, 76-51 100 36 2 2 450 440 360(40)
Green Ook Pt No. 47-32 100 41 3 2 480 426 346
Big Cut Pit No. 71-15 100 85 i} 2 520 360 | 250433
Crushed and Uncrushed Gravel
Grand Rapids Gravei Co.
No, 18 Pit No. 78-51 50 36 2 2 410 388 310¢35)
Big Cut Pit No. 71-15 50 85 [ 2 460 280 220
Uncrushed Gravel
Grand Raplds Gravel Co.
Ne. 16 Pit No. 70-51 0 RL] 2 2 350 230 236(28)
Big Cut Pit No. 71-15 1] 85 k] 2 380 240 200
narried Carbonate
Inkand Blt No. 756 .
(Limestone) 106 100 o H 330 260 190(24)

Polishing value = average inltial peak force, 1b, measured on wear track friction tester.
Polishing value at four-million wheel passes = Aggregate Wear [ndex.

1 Valuee in parenthages indicate approximate 40 mph ARMS pavement friction numbers based on fleld
correlation tesis.

2Wear track control gravel.

3 Wear track control limestone.
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WEAR TRACK APPARATUS AND PROCEDURES
The foilowing description briefly summarizes the wear track test slab
. preparation and friction testing procedure followed for wear track testing.

Also included are descriptions of the wear track and friction tester.

Test Slab Preparation

Preparation of the wear track test slabs isaccomplished in the follow-
ing sequence:

1) gradation of selected aggregate to passing 3/8-in. retained No. 4
size,

2) precoating of dual specimen molds with a medium-etch cement re~
tarding compound,

3) placement of aggregate in the etch-treated molds,

4) placement of portiand cement mortar and wire mesh reinforcement
in the molds, with brief vibration for consolidation,

5) removal of etched surface cement and fine aggregate by washing
and brushing after a 24-hr cure, and

6). curing for 7 days in moist room and 14 days in air.

The test slabs are 1-1/2 in. thick and are trapezoidal with parallel
sides of approximately 15-1/2 in. and 19-3/4 in., and non-parallel sides
of 11-1/4 in. A set of 16 slabs is required to complete a test bed on the

wear track.

The etching process results in the exposure of test aggregates approxi-
mately 2 mm above the etched concrete surface.

Figure B-1 shows the specimen molds and vibratory table for consoli~-
dating the concrete test slabs.

Wear Track Tests

The wear track polishing apparatus consistsof a circular test bed ap-
proximately 7 it in diameter set on a concrete pedestal. The test slabs are.
securely clamped in place with torquing to equalize hold-down pressure.
Polishing is accomplished by two 15-in. smooth tread tires (ASTM E-524)
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mounted on a horizontal cross-arm powered by a 10 hp a-c motor. Each
polishing wheel is spring-loaded to approximately 500 Ib of down pressure
to achieve accelerated polishing. Polishing is conducted at approximately
40 rpm, with revolutions recorded by anelectro-mechanical counter. The
normal test interval is 250, 000 revoluiions. A view of the wear track is
shown in Figure B-2.

Friction Tests

At selected intervals (normally 500,000 wheel passes) of wear track
polishing, the test slabs are removed from the wear track and tested on
the static friction tester containing a 15-in. grooved tread test tire (ASTM
E-501) mounted in a framework containing a load cell calibrated to record
a maximum of 1,000 Ib force. A friction test involves spinning the wheel
to 40 mph for a drop-contact with the test slab. The force generated by the
tire-slab contact is recorded by a high-speed oscillograph. All friction
tests are conducted with the specimens wetted by a recirculating water
sprayer. The friction tester is shown in Figure B-3.

A complete set of friction tests for a wear track test series includes
the initial friction tests, and retests at successive 500, 000 wheel pass in-
tervals, terminating at four-million wheel passes—approximately 10.4-
million roadway wheel passes based on a computed distribution of vehicle
wheel contact across a typical roadway wheelpath.

Data Reduction

The reported wear track polishing values represent the average initial
peak force values read from the oscillograph records. Each value repre-
sents the average of a total of 18 test readings—three repeat tests on each
of three test locations on two replicate test slabs.

Each 500, 000 wheel pass interval provides a data point fordevelopment
of a polishing curve to monitor the polishing of each test aggregate.

Test Results

The wear track polishing test results are reported in tabulations con-
taining the initial friction values, test values at one-half million wheel
passes (to indicate early polishing susceptibility), and test values at four-
million wheel passes (to indicate long-term performance).

The wear track polishing value at four-million wheel passes is useful
as an estimator of the expected wearing performance of a coarse aggregate
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to be used in a bituminous pavement top course. The polishing value at
four-million wheel passes, referred to as the Aggregate Wear Index, can
be used in conjunction with traffic data to estimate long-term polishing
performance under the anticipated traffic exposure.

A procedure for computing estimated Aggregate Wear Index values
from gravel petrographic composition and wear track poligshing values pre-
viougly determined for the congtituent rock types has been developed. The
procedure (MTM 112-81) permits the rapid evaluation of a large number of
aggregates without the need of long-term testing on the wear track. The
procedure is included in this appendix.
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METHOD FOR DETERMINING AN AGGREGATE WEAR
INDEX (AWI) OF AGGREGATES FOR BITUMINOUS WEARING
COURSES BY COMPUTATION FROM PETROGRAPHIC
COMPOSITION AND WEAR TRACK DATA
Michigan Test Method 112-84

i. Scope

1.1 This method covers the determination of an Aggregate Wear Index
(AWI) for an aggregate or blends of aggregates to be used in bituminous top
course mixtures. '

1.2 The AWI determined by this method is computed from the petro-
graphic composition of the aggregate sample and the MDOT wear track
reference AWI factors established for the rock types contained in the aggre-
gate. These reference AWI factors were determined on 100 percent crushed
particles.

1.3 The final computed AWI is based on a grading-weighted summation
of the calculated AWI's of the rock types, and a correction for the uncrushed
material content in the sample. In the case of blended aggregates, the AWI
of the composite material is to be determined from the AWI of each aggre-
gate and the given blend ratio.

1.4 The AWI of the sample is reduced by a factor of 0.26 percent for
each percent of uncrushed material in the sample, due to the lower friction
values obtained with rounded particles as compared to angular particles.

1.5 The AWI is determined for only the sample fraction coarser than
the No. 4 sieve.
2. Applicable Documents
2.1 ASTM Standards
C136 - Test for Sieve Analysis of Fine and Coarse Aggregates

C294 - Description Nomenclature of Constituents of Natural
Mineral Aggregates

C295 - Practice for Petrographic Examination of Aggregate
for Concrete

C 702 - Methods for Reducing Field Samples of Aggregate to
Testing Size

2.2 Michigan Test Method Standards

MTM104 - Standard Practice for Petrographic Analysis of
Aggregates

- 29 -




MTM111 - Method for Determining an Aggregate Wear Index
(AWTI) of Aggregate for Bituminous Wearing Courses
by Wear Track Polishing.

2.3 MDOT Research Reports

Research Report R-1098, "The Michigan Department of Transpor-
tation Circular Wear Track—Results of Preliminary Aggregate
Polishing Tests."

Research Report R-1232, "An Aggregate Wear Index Reduction
Factor for Uncrushed Material in Gravel.
3. Apparatus and Supplies

3.1 The following items are recommended for the proper analysis of
the aggregates. The list is not intended to exclude other items which would
serve a similar function, or to require that all items must be available.

3.1.1 Bample splitter
3.1.2 Mechanical sieve shaker

3.1.3 U. 8. Standard sieves

Sieve Opening

(in.) (mm)

1 25.0
3/4 19,0
1/2 12.5
3/8 9.5

0.187 (No. 4) 4,75

3.1.4 Balance or scale, minimum 3 kg capacity and readablefo1lg
or less.

3.1.5 Stereo-zoom microscope, 10X to 30X, and illumination.
3.1.6 Assorted reagent bottles for acid, water, etc.

3.1.7 Assorted probes, forceps, and holders.

4. Samples and Sample Preparation

4,1 Samples submitted for AWI determination shall be accompanied
by proper identification per MDOT procedures.

4.2 A minimum of 50 Ib of aggregate obtained from produced material
is required for an AWI determination. A separate sample must be submit-
ted for each aggregate to be combined in a blend. The intended blend ratio
must be furnished by the contractor.
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4.3 A minimum of 2.5kg of aggregate coarser than the No. 4 sieve
is requir_ed for an AWI determination on material extracted from bitumin-
ous pavements.

4.4 As the AWI determination is conducted on the sample fraction
coarser than the No. 4 sieve, material passing the No. 4 sieve may be
discarded if not needed for cother tests.

4.5 Reduce the sample material coarser than the No. 4 sieve to por-
tions for sieve analysis and petrographic examination, following ASTM
c702.

4.5.1 Prepare a sieve analysis sample of approximately 2.5kg.

4.5.2 Prepare a petrographic sample of 300 representative particles
in each of the following sieve fractions:

Retained 3/4-in.
3/4-in. to 1/2-in.
1/2-in. to 3/8-in.
3/8-in. to No. 4

If the sample contains less than 25 particles in a size fraction, the mater-
ial shall be included in the next smaller fraction.

5. BSieve Analysis and Petrographic Analysis

5.1 The sieve analysis of the sample portion prepared in 4.5.1 shall
be conducted according to ASTM C136. Determine the grading on the
basis of 100 percent retained on the No. 4 sieve, as indicated in Figure
B_4-

TFigure B-4
WORKSHEET FOR AWI SAMPLE GRADING

st Grading of Coarse Fraction, Grading of

Sie ve Sleve Analysis Sample, AWI Sample ¥Fraction,
ze percent refained percent retaired
1-in, 0.0 0.0

3/4-1n. 0.0 0.0

1/2~in. 3.5 5.0

3/8-1In, 24.8 35.2

No,. 4 42,1 59,8

Total Retained 70.4 100.0

on No. 4

5.2 The petrographic analysis of the sample portion prepared in 4.5.2
shall be conducted according to ASTM C 294 and C295. The rock type cate-
gories to be used for the AWI determination are indicated in Figure B-5.
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Figure B-5
WORKSHEET FOR GRADING-WEIGHTED PETROGRAPHIC COMPOSITION

i F
. Sieve Fraction Analyzed Grading-Weighted
Rock T i-in. to 8/4-in, | 8/4-in. to 1/2-in. |1/2-in. Yo 3/8-in. | 3/8-in. to No. 4 Sample
o] a i
yp Welghted Weighted Welghted Weighted Composition,
Count Count Count Count percent
percent percent percent percent
Igneous/ 0 0.0 6 1.2 57 6.7 67 13.4 21.3
Metamorphic ' * ’ ' *
Sedimentary
Carbonates 0 0.0 18 3.6 225 26.4 217 43.2 73.2
Sandstone 0 0.0 g 0.0 5 0.6 14 2.8 3.4
Siltstone 0 0.0 0 0.0 0 0.0 0 0.0 0.9
Shale \] ¢.0 0 0.0 0 0.0 0 0.0 0.0
Clay ironstone 0 4.0 0 0.0 0 0.0 0 0.0 0.0
Chert 0 0.0 1 0.2 13 1.5 2 0.4 2.1
AW Sample
Grading, percent 0.0 5.6 35.2 59.8 106,0
Particle Counts ¢ 25 300 300

NOTE: Example includes less than 300 particles in the 3/4-in. to 1/2-in. sieve fraction for illustration.

5.3 Determine the uncrushed particle content in the sample, based on
the absence of a fractured face, on the grading sample prepared in 4.5.1,
as indicated in Figure B-6. The total uncrushed particle content shall be
a gradation-weighted summation. All sandstone particles are to be consid-
ered as crushed particles.

Figure B-6
WORKSHEET FOR GRADING-WEIGHTED UNCRUSHED CONTENT
SBieve Fraction Analyzed
Material | 1-in. to 3/4-in. | 3/4-n, to 1/2~in. | 1/2-in. to 3/8-ln. | 3/8-in, to No, 4 . Grad‘gg‘wf*g“wd
in mple
Sample P"f)‘;‘*“ Weighted P"E‘;"“t Welghted Pez;e“t Weighted Pe;ie”t Walghted Commalt:on.
percen
Wetght | PO | woignt | POTOORE | yyoru | POTOONE | ooty | PEroent
Crushed ¢ 0.0 a0 4,0 70 24.6 62 37.1 65.7
Uncrushed 0 0.0 20 1.0 a0 10.6 38 22,7 34.3
AWL Sample 0.0 5.0 85.2 59,8 100.0

Grading, percent

Material Anal-

yzed, percent 100 100 100

6. Calculations

6.1 Calculate a grading-weighted sample composition from the results
of 5.1 and 5.2, as indicated in Figure B-5.

6.2 Calculate a grading-weighted uncrushed particle content as indicat-
ed in Figure B-6.
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6.3 Calculate a grading-weighted AWI from the results of 6.1 and the
rock type AWI factors as indicated in Figure B-5.

6.4 Reduce the gradation-weighted AWI determined in 6.3 by a factor
of 0.26 percent for each percent of uncrushed material as determined in
6.2. Report this adjusted value, rounded to the nearest 10 units, as the
sample AWI as indicated on the example report of test form, Figure B-7.

6.5 The resultant AWI for a blend shall be calculated from the AWI
values determined for each blend aggregate and the given blend ratio, with
regard to the quantity of material retained on the No. 4 sieve.

6.5.1 As the AWI is determined on the basis of number of particles
exposed in the pavement surface, which is related to volume, blending of
aggregates with markedly dissimilar specific gravities may require weight-
ing of the blend ratio.

7. Report

7.1 The results of the grading, petrographic analysis, and AWI de-
termination shall be included in a report for the job mix formula.

7.2 Report AWI resulis on a general report form as shown in Figure
B-7.
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1801A (N12/83)

REPORT OF TEST
GENERAL

FiLE 300

.| Controf Sectien
{dentification

Job No.

Laboratory No.

AGGREGATE WEAR INDEX  [pate

Report on sample of

DENSE - GRADED AGGREGATE

Date sampled
Source of matericl

Sampled frem

| Daie received

I Quantity represented

Submitted by

Intended usa

BITUMINOUS MIXTURES

] Specification

TEST RESULTS
COMPOSITION OF SAMPLE
WEAR TRACK CALCULATED
ROCK TYPE PERCENT AW AWI
IGNEQUS/METAMORPHIC 21.3. 370 78 .8
SEDIMENTARY
Carbonates 73.2 250 i83.0
Sandstone 3.4 490 16.7
Siltstone 0.0 475 0.0
Shale 0.0 335 0.0
Clay Ironstone 0.0 275 0.0
Chert 2. | 345 7.2
Weighted Sampie AWI | 285.7 ;
Uncrushed Particles, % . 34 |
AW! Reduction based on uncrushed :
Reduction in Percent . ( O.‘ 2.6 . X. 34. ) ... 8.8
Adjusted AWI . 260
Signed Geologist
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TABLE B-1
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 1 Through 8)

GCrushed C:u'hm;(ate Sandstone | No. of Wear T'rack Polishing Values
Aggrepate Type and Souree [ Content, CR‘t’“ i | Content, | Test {itial| half-miltion | four-miflion
parcent p:ic‘::xt' percent | Slabs fValue | wheel passes| wheel pagses!
Crushed Gravet
Green Oak Pit No. 47-32 190 40.0 3.0 iH 440 380 320{36)
Grand Rapids Gravel Co.

#14 Pit No. 41-38 100 47.0 1,0 2 420 380 320
Rondo Pit No. 16-52 ing 82.0 2.0 2 446 %89 260
Fierce Plt No, 46-19 100 80.0 .0 2 450 350 %50
Big Cut Pit No. T1-15 0o 98.0 0.0 2 430 330 240(29)

Uncrushed Gravel
Hodgkiss and Douma?

Pit Na. 5-74 0 68.0 TR 2 396 330 270(31)

Day Pit No, 40-1* 0 60,0 TR 2. 400 320 240(29)
Quarried Carbonates
Weldum Pit No. 21-54

(shaley is, and giltstone) 108 58,7 30.0% 2 460 390 330(37)
Glaney Pit No. 6-23

{aren. 18.) produced 106 78,6 16.6 2 420 340 320
Wallace Pit No. 32-4

aren. ls.} bottom rock 100 82.5 13.8 2 440 350 310
Glaney Pit No, 6-23

(aren. 1s.} top rock 100 80.8 15.4 2 420 320 300
France Pif No. 58-2 .

(aren. dol.) 100 94,8 4.4 2 470 379 280
Peterson Pit No. 55-95

{aren. dol.) 100 2.0 5.9 2 476 370 280
Wallace Pit No. 32-4

(aren, 1s.) full face 100 74.1 23.2 2 450 360 250
Wallace Pit No. 32-4

(aren. 1s,) prodiced 100 79.2 17.2 2 430 380 280
France Pit No. 58-1 .

{dol, and cale, del.) leo 87.8 1.2 2 460 360 270
Material Services,

Thorotor, IL {dol., vuggy) 100 99,8 0.1 2 450 380 260(30)
Bichler Pif No, 2i-45

{arg. dol.} 100 90,6 2.1 2 470 356 250
Thornton Pit No. 21-67

(dol. and cale, doi.) 100 93.0 4,2 2 460 e 230
France, Waterville, Of

(dol.} la0 94,0 2,9 2 454 310 230
Michigan Stone Pit No, 58-3

(dol. and calc, dol.) 196 7.1 1.0 2 400 260 210
National Lime, Findlay, CH

{dol.} 150 96.4 0.3 2 396 300 210
Drummond Pit No. 17-66

{dol.} 100 50.2 0.2 3 410 280 200
Presque isle Pit No. T1-47

(s.) oo 88.6 TR 2 400 260 180
Infand Pit No. 75-5 (18.)8 160 98,9 0.1 15 370 240 170(22)

Slag
E.C. Levy, Datroif, blast

furnace 100 0.0 0.0 2 5240 450 340(38)
White Pina Copper Co. ,

revarb furnace 100 0.0 0.0 2 420 330 290(33)

Blended Aggrepate
Limestone? and gravel?

50:50 100 70.0 2.0 1 440 280 240{29)
Limestone5 and gravel®

80:20 100 88,90 1.0 b4 430 280 220427)

Polishing value = average initial peak force b, measured on wear track friction tester.
Polishing vaiue at four -million wheel passes ~ Aggregate Wear Index.

1 ¥alues in parentheses indicate approximate 40 mph ARMS pavement fricticn numbers based on field
correlation tests, .
?Wear track control gravel.
I8ample contains 7 percent shale particies.
48ample contains 3 percent shate particles. Carbonate content is approximate.
SHC] acid insoluble residue coarser than No. 200, percent of original sample, reported for quarried
carhonates. -
€Wear track control limestone.
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TABLE B-2 _
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON ROCK TYPES SORTED FROM
SELECTED MICHIGAN AGGREGATES
(Series 1 Through 8)

No. of Wear Track Polishing Values

Rock Type Test |Tnitial |one-half million| four-million
Slabs | value wheel passes | wheel passes!

Crushed Gravel Control Aggregate

(Green Oak Pit No. 47-3)2 15 440 380 320(36)
Igneous
Diorite 2 480 450 360(40)
Granite 2 460 450 . 350
Gabbro 2 480 430 360"
Felsited 2 440 400 320
Basalt 2 420 380 310(35}
Metamorphic
Quartzite 2 460 440 370(41)
Schist 2 410 390 350
Metasediments 2 450 410 340
Tillite 2 440 400 320(386)
Sedimentary
Friable Sandstone 2 530 540 520(54)
Non-Friable Sandstone 2 470 470 460
Siltstone 2 470 460 450
Crag 2 500 420 410
Vitreous and Dark Dull Chert 2 400 360 340
Mottled Chert 2 400 360 330
Shale 2 370 320 320(38)
TLight Dull Chert 2 410 320 310
Clay Ironstone, Outer Shells 2 430 320 290
Clay Tronstone, Fossiliferous 2 420 300 270
Clay Ironstone, Hard Centers 2 410 270 250
Clay Ironstone, Massive-Laminated 2 390 300 250
Dolomite (Drummond Island
 Pit No. 17-66)* 3 410 280 200
Dolomitic Limestone (Hendricks
Pit No. 49-7)4 2 400 260 180(23)
Limestone Conirol Aggregate 15 370 940 170(22) .

(Inland Pit No. 75-5)%

Polishing value = average initial peak force, Ib, measured on wear track friction tester,
Polishing value at four-million wheel passes = Aggregate Wear Index.

1 Values in parentheses indicate approximate 40 mph ARMS pavement friction numbers
based on field correlation tests. ‘

2 Wear track control gravel.

3 Sample coutains crushed outcrop material,

4 Quarried low-regidue carbonates.

5 Wear track control limestone,
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TABLE B-3
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON AGGREGATES
FROM SELECTED SOURCES (Series 9 Through 12)

Crushed Carbonate Sandstone | Ne. of Wear Track Polishing Values
Aggregate Type and Sourca | Gomtent,] 9% | Content, | Test [witial] halt-mizlion | four-miltion
porcont i::if:;’ pevcont | Slabs [Value | wheel passes| wheel passes!
Crushed Gravel
County Road Comm. #3
Pit No. 17-62 106 0.0 29.0 4 520 500 440(47)
Galesburg Pit No. 33-69 100 24.0 6.0 2 520 430 350
Coit Ave Pit No, 41-118 106 4.0 2.0 2 500 430 350
Grand Rapids Gravel Co.
#16 Pit No, 70-51 100 45,0 1.0 a 480 429 350
Beislegel Pit No. 8L-57 100 4.0 4.0 2 o] 420 340
Green Oak Pit No. 47-3% 100 49,0 3.0 8 480 390 330
Pierce Pit No. 45-19 100 9.0 0.0 2 450 300 270{31)
Crughed and Unerushed Gravel

Bundy Hill Pit Ne, 30-35 T8 40,0 5.0 2 450 394 330437}
Quarried Carbonates

Wallace Pit No. 32-4

{very aren, 18.) 100 52,2 47,28 2 6519 540 480451)
Reckwood Pit No, 82-2

(cherty aren. dol.) 100 62,4 35.6 2 540 430 330
Inland Pit No. 75-5 (ls.]“ 1a0 28.8 4.5 8 3490 230 19024}

Slag
U.S. Bteel, Gary, IN,

blagt furnace 100 0.0 ¢.0 2 570 538 410444)
E.C. Levy, Burns Harbor,

IN, blast furnace 186 0.0 6.0 2 550 499 390{42)

Blended Apgregates
Gravel? and sandstone,

Pit No. 38-8L G0 106 24.0 42.0 2 550 480 390442}
Gravel? and sandstone,

Plt No. 38-81 BG:20 100 32,0 22.0 2 550 410 396
Gravel? and sandstone,

Plt No. 32-64 G0:40 100 24.0 42.0 b1 520 440 310
Limestane? and sandstone,

Pit No, 32-64 50:50 1460 5¢.0 58.0 2 510 450 360
Gravel? and sandstone, .

Pit No. 32-64 80:20 100 32.0 22,0 2 500 4190 340
Gravel? and sandstone,

Pit Mo. 30-65 80:20 100 32.0 z2.0 2 5240 380 336
Gravel? and sandstone,

Pit No. 13-90 B8(3:20 140 32,0 22.0 2 500 370 330
Gravel, Pit Nos. 45-19

and 17-62 §0:40 146 58.40 1¢.0 2 410 370 320
Gravel, Pit Nos. 45-19 .

and 17-62 86:20 140 78.0 5.0 2 418 350 298¢
Limestone* and graval,

Pit No, 17-62 §0;40 100 G0.0 10.0 2 350 280 2466
Limestoned and sandstone,

Pit No, 32-64 80:20 106 80.8 20,0 2 430 330 250
Limestone? and gravel,

Pit No. L7-62 80:20 100 80.0 5.0 2 340 270 240(29)

Polishing value = average initial peak force, 1b, measured on wear traclk friction tester.
Polishing value at four-million whee! passes = Aggregate Wear Index.

! values in parentheses indicate approximate 40 mph ARMS pavement friction numbers based on field
correlation tests:

? Waar tracl cortrol gravel,

3 HCl acid inseluble residue coarser than No. 200, percent of criginal sample, reporied for gquarried
carbonates.

4 Wear track control imestone.
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TABLE B-4
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON GRAVEL AGGREGATES

. i
FROM SELECTED SOURCES (Series 13 Through 19) "
Crushed Cag;g,;:.ta Sandstone | Mo, of Wear Track Polishing Values .
Aggrogato Type and Source | Content, | 47" | Content, | Test |rmtia] hatt-miflion | four-miltion '
percent percent. percent | 8labs | value] wheel passes | wheelpasses!
Crushed Gravel
Moore Pit No, 2-6§ 160 75 23 2 520 430 360(40)
* Grand Rapida Gravel Co.
#16 Pit No. 70-51 100 as 2 2 480 449 360
Nebel #2 Pit No. 75-44 100 53 11 -4 544 420 340
Green Onk Pit No, 47-32 100 40 3 14 470 460 330
Big Cut Pit No. T1-15 100 85 ] Z 520 360 250
Notebloem Pit No. 75-50 160 g1 1 2 &10 330 250
Romana #2 Pit No. 49-44 100 8 1 2 480 330 250
Roberts Pit No. 75-43 100 a3 1 2 450 200 240
Butkovich Pit No. 49-74 100 95 i 2 480 280 230
Krostue Pit No. 49-82 100 92 0 2 500 30¢ 220
Payne and Dalan Pit
No. 21-78 166 95 3 2 460 280 200(24)
Crushed and Uncrushed Gravel
County Road Comm. #12 .
Pit No. 52-67 80 1 77 2 540 620 4£70{50)
Green Oak Pit No, 47-37 80 41 2 z 480 410 340
Fed, Forest #1 Pit No, 66-33 75 TR ] 2 450 890 340
Grand Rapids Gravel Co,
#16 PIt No, 70-51 50 36 4 2 410 380 310
Green Oak Pit No. 47-3% 60 41 3 2 460 380 310
Orlande Pit No. 76-41 89 48 2 2 440 260 300
Stratton Pit Ne, 79~-59 52 51 £ 2 446 a50 290
Plopper Pit No. 80-20 42 42 3 2 430 340 290
Green Ozk Pit No. 47-37 40 41 3 2 400 Lo 260
Cousgineau Pit No. §2-49 31 71 & 2 460 280 250
Green Oak Pit Ne. 47-33 20 4l 3 2 380 290 240
Big Cut Pt No, 71-15 50 85 0 2 360 240 200(24)
Uncrushed Gravei
Grand Rapids Gravel Co.
#1G Pit No, T0-51 0 3§ 2 2 350 200 230/28)
Green Oak Pit No, 47-3¢ 0 34 7 2 230 278 280
Green Oak Pit No, 47-37 ¢ a1 3 4 320 260 230
Big Cut Pit No. T1-15 0 85 & 2 360 240 200(24)

Polishing value = average initial peaic force, 1b, measured on wear track friction tester,
Polishing value at four-milkion wheel passes = Aggregate Wear Index.

tyalues in parentheses indicate approximate 40 mph ARMS pavement friction numbers hased on field
correlation tests.

2wenr track contrel gravel.

3¢nerushed gravel composition adjusted to cemposition of control gravel.

4Uneruahed gravel tested as received containg 15 percent chert.

¥
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TABLE B-5
RESULTS OF WEAR TRACK POLISHING TESTS
COMPLETED ON VARIOUS AGGREGATES
FROM SELECTED SOURCES (Series 13 Through 19)

Wear Track Pelishing Values
Crushed Ca;l;c:;:&te Inseluble | No, of g
Aggregate Type and Source |Clontent, Content Residue, | 'Fest initiai| half-miflion | four-milllon
' 1
percent percant percant | Blabs ivalue | wheel passes|wheelpasses
Quarried Carbopates?
Lindberg Pit No. 52-83
dal.} 100 64,8 33,5 2 450 350 280(30)
White Rocle, Clay Center,
OH (dol.) - 180 99.8 TR 2 520 a70 270
Anderson Pit No, 75-5§
(cherty dol. } 100 7.1 21.5 2 4950 350 279
Presque Isle Pit No. 71-47
(silie. 1s.}) 100 92.6 5.0 2 520 310 240
Stoney Cut Pit No. 75-48
{dol. } 1q0 96,9 [N 2 380 270 220
Michigan Lime and Chemi~
cal Pt Na, 71-3 {1s.) 100 99.4 [ ) 2 440 250 219
Payne and Dolan Pit No. 21-784
(Is. and dol.} 100 - - 2 360 250 210
Willlams Pl No. 21-53 (Is.) 100 91.4 1.9 2 460 280 190
Paquin Pit No. 21-89 .
(Is. and dol. ) 109 3.1 1.7 2 420 230 180
fnjand Pit No, 75-5 {1s.)5 100 98.9 0.1 4 a7 230 180(23)
Slag
E.C. Levy, Wegtfield
No. 82-21 160 0.0 — 2 490 370 380(42)
Blended Aggregates
Limestona® and SF slag®
50:50 100 50.0 - 2 460 3560 320(36)
Limeatone5 and BT slag?
50:50 100 50.0 — 2 450 330 250
Limestone® and SF slag6
T0:30 104 0.0 - 2 420 310 280
LimestoneS and BF slag?
T0:30 Lo9 F0.0 - 2 4310 3190 270(31)
Crushed Portiand Cement
Conerete
K & R Pit No. 99-1% 100 e - 2 590 420 380{41)

Polishing value = average initial peak foree, lb, measured on wear track friction tester.
Polishing value at four-million wheel passes = Agpregate Wear Index.

T values in parentheses indicate approximate 40 mph ARMS pavement friction numbers based on field
correlation tests.

2 101 acid insoluble residue coarger than No. 200, percent of original sample, reported for quarried
carbonates.

® Sample contains hematitic and sliiceous material,

4 Sample is composed of crushed carbonates from high-carbonate gravel,

5 Wear track control limestone.

5 steel [urnace slag, E. C. Levy, Westfield Plant, No. 82-21.

7 Blast furnace slag, E. C. Levy, Burns Harbor, IN, No. 92-11.

8 Ttaoycled conerete, Diviston Avenue, Wyoming, M.




