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INTERNATIONAL

Standard Practice for
Accelerated Polishing of Aggregates or Pavement Surfaces
Using a Small-Wheel, Circular Track Polishing Machine  *

This standard is issued under the fixed designation E 660; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The Small-Wheel Circular Track Wear and Polishing Machiiea device developed to rate
aggregates and paving mixtures on their skid resistance after exposure to wearing and polishing. It is
a small-diameter, circular track machine capable of accelerated wearing and polishing of pavement
specimens. Correlation and comparison can be accomplished through the use of control specimens that
are tested simultaneously with regular test specimens. Track capacity is twelve individual specimens
per test run.

The actual wearing and polishing for bituminous pavement specimens and exposed aggregate
specimens are provided by the action of four smooth pneumatic tires to eliminate, as much as possible,
the variables associated with tire tread pattern effects. The wheels are adjusted for camber and for
toe-out to provide scrubbing action for polishing without the aid of water or grinding compounds.

To provide accelerated wear sufficient to remove the top textured layer from portland-cement-
concrete pavement specimens and to expose the coarse aggregate, as often encountered on worn
pavements, that have been in use for substantial periods of time, the wear and polish procedure can
be modified by use of steel wheels having studs mounted in the periphery. The procedure for concrete
specimens consists of a period of operation with four smooth pneumatic tires to polish the as-built
surface, followed by a period of accelerated wear using the steel wheels to expose the coarse
aggregate, followed by a final polishing cycle using the four rubber tires again to polish the exposed
aggregate.

1. Scope mens in the Laboratofy

1.1 This practice describes a laboratory procedure for esti- D 2240 Test Method for Rubber Property—Durometer
mating the extent to which aggregates or pavement surfaces are Hardnes$ ] o o

evaluated for polishing resistance are placed in a circular track ASTM Test Methods , .
and subjected to the wearing action of four small-diameter, E 274 Test Method for Skid Resistance of Paved Surfaces

pneumatic tires without use of abrasive or water. Terminal _Using a Full-Scale Tire

polish is achieved after approximated h of exposure. E 303 Test Method for Measuring Surface Frictional Prop-
erties Using the British Pendulum Tester
2. Referenced Documents E 707 Test Method for Skid Resistance of Paved Surfaces
2.1 ASTM Standards: Using the North Carolina State University Variable-Speed

C 192 Practice for Making and Curing Concrete Test Speci- ~ Friction Teste?

3. Summary of Practice

3.1 The circular track is fitted with twelve specimen holders
1 This practice is under the jurisdiction of ASTM Committee E17 on Vehicle- that can be adapted to specimens of various shapes and

Pavement Systems and is the direct responsibility of Subcommittee E17.23 Oﬂ_]. K b h dinth Kk f .
Surface Characteristics Related to Tire-Pavement Slip Resistance. icknesses, but when mounted In the track, form a continuous

Current edition approved May 25, 1990. Published July 1990. Originally plane running surface for the polishing wheels. A complete set
published as E 660-78. Last previous edition E 660-83.
2Mullen, W. G., Whitfield, J. K., Gibson, D., and Matlock, T. L., “Implemen- ————————————
tation for Use of Variable Speed Friction Tester and Small Wheel Circular Track * Annual Book of ASTM Standardgyl 04.02.
Wear and Polishing Machine,” Highway Research Program Project ERSD 110-76-2, 4 Annual Book of ASTM Standardéyl 09.01.
Final Report; Available from National Technical Information Service, Springfield, > Annual Book of ASTM Standardgg! 14.02.
VA 22161. ¢ Annual Book of ASTM Standardggl 04.03.
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of twelve specimens exposed to wear and polishing at the sanpavement mixtures are helpful tools in predicting the polishing

time is counted as a round of testing. Usually specimens areharacteristics of these surfaces if placed in field service.

tested in sets of three per variable per round of test with thre

control specimens of a standard surface included in each roury APParatus . . .

to allow comparison between rounds of testing. It is recom- 5.1 Small-Wheel Circular Track—A power-driven device

mended that each variable be repeated in three separate rounginsisting of four equally spaced wheels, independently sus-

making a minimum of nine specimens per variable to obtain afpended, on each of which may be mounted a smooth-tread

average polishing curve. pneumatic tire, operating over a circular track that holds

3.2 To obtain a polishing curve, specimens are subjected tgpecimens to be polished (Fig. 1).

polishing ac_t'on in the trfaCk until frlctlon measuremer_lts show Note 1—Construction plans are published in the reference cited in

no substantial decrease in level with continued polishing effortsgomote 2.

e IO 01 1 1L 5.3 Rotating el Assembbeournavidually

P caty 9 Y P€ Ohounted wheel assemblies, free rolling, attached to the central

the polishing curve. Usuall8 h of exposure on the track at 30 )

. . . shaft. Tires are 1X 6.00X 5 nylon smooth no-pattern tread

r/min or 7200 wheel passes per hour is sufficient to completé. — R .
" oo ; ires, 2-ply rating’ Each wheel may be individually adjusted

the polishing cycle for bituminous bound mixtures and expose

. o distance from center shaft, plane of rotation (camber), and
aggregate specimens. For portland-cement-concrete boun

4 . . ' toe-in or toe-out. Tire pressure is maintained at 20 psi (138
mixtures, it is recommended that a polish curve be obtained o N .
oo Pa) resulting in 13 psi (90 kPa) average contact pressure
the original textured surface followed by removal of the

. nder normal 72-Ibf (320-N) wheel loading. Each wheel
surface to expose the coarse aggregate using the steel-studde . . -
g o . : assembly has a horizontal fender onto which weights may be
abrading wheels. A polishing curve is then obtained for th . . . ;
astened to increase the wheel loading. One pair of opposite
exposed aggregate surface.

3.3 Friction measurements can be obtained for bituminouWheeIS Is toed-out 2° while the other pair of wheels is toed in

. : . 2 1o produce an accelerated polishing action.
plant mix type surfaces using the British Pendulum Tester in 5.1.2 Drive mechanism for the vertical central shaft is an

accordance with Test Method E 303. The British Pendulum .
. o . ... electric motor geared to rotate the shaft and wheel assembly at
Tester has been found to be ineffective in obtaining friction

measurements on highly textured surfaces such as bitumino&s(,) * 2 r/min or approximately 7200 wheel passes per hour.
gnly 5.1.3 The circular track is 36 in. (914 mm) in diameter to the

surface treatments and portland-cement-concrete surfaces, " ¢ tho wheel travel path. There are spaces for individu-
Therefore, it is recommended that the North Carolina State path. P

University Variable-Speed Friction Testdne used in accor- ally mounting twelve equally spaced specimen holders to make

dance with Test Method E 707 as the friction measurement” the track running surface. Specimen holders are clamped

device on highly textured surfaces. With the Variable Speecllnto place to the supporting frame when testing is in progress.

o . ; . 5.1.4 Specimen holders or track segments are metal plates
Friction Tester, speed gradients are obtainable in the laboratory. . i
X o : upported by three adjustable, lockable bolts for mounting and
3.4 Interpretation of the laboratory polishing curves for field

R : . ; leveling each specimen before and during testing as necessary.
application is not included as part of this practice. . . ;
5.1.4.1 Trapezoidal specimens sawed to size are mounted on

4. Significance and Use the bottom plate of the specimen holder. No top plate is used.

4.1 The use of laboratory obtained polishing curves and—
speed gradients on proposed aggregate combinations and’ Available from Goodyear Tire and Rubber Co., Akron, OH 44316,
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FIG. 1 NCSU Wear and Polishing Machine—Mark 11
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5.1.4.2 Circular specimens or cores at least 6 in. (152 mmyvould be suitable provided the measurement can be taken in
in diameter are mounted on the bottom plate of the specimethe direction of traffic and the device can be taken into the field
holder, and a top plate with the appropriate diameter circulato be reasonably correlated with Test Method E 274 skid trailer
hole is used to complete the track running surface betweemeasurements.

adjacent circular specimens. 5.5.1 Friction measurements can be made on low macrotex-
5.1.4.3 Specimens are cemented to bottom plate using @aore pavements or pavement samples using the British Pendu-
epoxy glue or may be held in place by a clamping ring. lum Tester in Test Method E 303.

Note 2—Thermoplastic cements are unsatisfactory as they allow speci- 5.5.2 Friction measure.ments Can. be made on a_ny_pavements
mens to rotate or shift during the progress of the test. or pav_e_ment samples using the Variable _Speed l_:rlct|0_n T%st_er.

52 Electrical S The electrical . ¢ In addition, speed gradients may be obtained using this device.
throe cir<e:ﬁti'gsca ystem-The electrical system consists of 5 g \1olds—Specimen molds may vary in size and shape

o . . depending upon aggregate, mixture, or surface to be tested.
5.2.1 The motor circuit is equipped with a slow-blow fuse to F?.G.l Bﬁun?inousggabgoratory SpecimerA 6-in. (152-mm)

protect the motor in case of overheating or machine lockup. i qige diameter mold is recommended for bituminous speci-

5.2.2 The motor is controlled by a subtracting predetery,q, compaction. The base should be detachable for specimen

mined revr?lutio? counter. orock hat th extraction. If static compaction in a compression machine is
.5'2'3 The safety guards are Interloc ed so that the mOtoﬁsed, a 5.875-in. (149-mm) diameter compaction mold plunger
will not operate unless guards are in operating position. should be provided
5.3 Studded Steel Abrading WheeThe steel abrading i

heel. fabri qf 2-in. (30 di | tubi 5.6.2 Concrete Laboratory Specimen®ecause of textur-
wheel, fabricated from 12-in. ( 5‘?“”‘? lameter steel tubing; g, it is desirable to cast large concrete surfaces and to saw
is mounted by inflating a pneumatic tire inside. Socket—heaqn

. apezoidal specimens. A steel plate and angle iron mold 7.75
cap screws¥s— 20, used as studs, are arranged in 60 rows andy 28.0 by 2 in. (197 by 711 by 51 mm) deep will provide a

spaced 1.125 in. (28.6 mm) apart within rows with each SCrej,, tom which three trapezoidal specimens can be sawed.
offset 0.375 in. (9.5 mm) from the one above. Two wheels are 5.6.3 Exposed Aggregate Laboratory Specimes 6-in

recommended. Abrading wheels can only be used on trapezq 52-mm) inside diameter mold approximately 1.8 in. (46 mm)
dal specimens where no top specimen holder plate is requirg height is recommended for exposed aggregate specimen

(Fig. 2). preparation. The base should be detachable for specimen
Note 3—Construction plans are published in the reference cited inextraction.
footnote 2. 5.6.4 Cores and Thin SurfacingsThin or irregular back

5.3.1 A fiber bristle brush is mounted behind one wheel toSPecimens may be built up with plaster of paris to suitable
sweep the track surface when the abrading wheel is used (Figtounting thicknesses of 1 to 2 in. (25 to 50 mm) using rings
2). cut from paper concrete cylinder molds.

5.4 Weights—Weights of 50 Ib (22.7 kg) may be added to )
wheel assembly aprons when portland-cement concrete & Materials
being tested. 6.1 Laboratory-Made Bituminous Specimenk is recom-

5.5 Friction-Measuring Device-Any friction-measuring mended that a standard laboratory aggregate for manufacture
device that will operate to within the center 3.5 by 5.06-in. (89of control specimens be stocked in sufficient quantity for
by 129-mm) portion of a 6-in. (152-mm) diameter specimenapproximately 1 year of operation, and that sufficient quantity

—— WHEEL ASSEMELY
STUDDED STEEL AMSED FOSITION

AERADING WHEEL

BRISTLE
SWEERING BAUSH

FIG. 2 Studded Steel-Abrading Wheels and Bristle Sweeping Brush
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shall be retained for recalibration of a new supply before the 8.2 Field Specimens
original supply is exhausted. 8.2.1 Obtain field specimens by coring with a 6-in. (152-

6.2 Laboratory-Made Portland Cement Concrete mm) inside diameter diamond bit in a process using water
Specimens-It is recommended that standard laboratory coarséubrication.
and fine aggregates for manufacture of control specimens be 8.2.2 Identify field cores, and store top surface down on a
stocked in sufficient quantity for approximately 1 year of flat surface for transportation to the laboratory.
operation and that sufficient quantity shall be retained for 8.2.3 Reduce field specimens to approximately 1.5-in. (38-
recalibration of a new supply before the original supply ismm) thickness by wet diamond-sawing.
exhausted. 8.2.3.1 Lap the sawed face to remove major surface irregu-

6.3 Laboratory-Made Exposed Aggregate Specimehss larities that would interfere with the mounting of the specimen.
recommended that standard laboratory coarse aggregate for the8.2.4 Store prepared field cores top surface down on a flat
manufacture of control specimens be stocked in sufficiensurface prior to mounting and testing.
quantity for approximately one year of operation and that 8.3 Remolded Bituminous Specimefiéote 5):
sufficient quantity shall be retained for recalibration of a new 8.3.1 Heat cores to be remolded in the oven at mixing
supply before the original supply is exhausted. temperature until soft.

6.4 Specimen Mounting CemenCommercially available 8.3.2 Separate the surface mixture from other layers of
epoxy cement or a clamping ring shall be used for mountingpavement using a spatula. Discard underlying layers.
specimens. 8.3.3 Scrape away and discard the worn surface and the core

: drill cut or sawed surface.
7. Sampling ) _ ) 8.3.4 Bring the remaining material to mixing temperature,

7.1 Not applicable, as sampling schemes may be varied tgyix mechanically, and mold into a specimen following the

meet the needs of the user. procedure in 8.1.1 through 8.1.1.5 (Note 6).

8. Test Specimens Note 5—If it is desired to estimate the original friction value of a
8.1 Bituminous Laboratory SpecimendJse a minimum of  bituminous mixture subjected to wear in the field, this is accomplished by
three individual specimens to evaluate each aggregate or eatgimolding field cores after they have been run on the circular track to

pavement mixture design. Three rounds of three are reconfé’™Minal polish. _ . . :
mended Note 6—If there is insufficient material for a 1.5-in. (38-mm) thick

bi . . . h aigecimen, two or more like cores may be combined, or a backing mixture
8.1.1 Prepare bituminous specimens using the aggregage ituminous concrete may be placed on top of the remolded mixture in

gradation and asphalt cement content desired. the step described in 8.1.1.3.
8.1.1.1 Mix preheated aggregates and asphalt using a me-g 4 Exposed Aggregate Specimens

chanical laboratory mixer. y 8.4.1 Prepare 6 by 1.8-in. (152.4 by 45.7-mm) circular steel
8.1.1.2 Preheat the mold assembly (5.5.1) to mixing temso1d by painting bottom with retarder.

perature and place a filter paper in the bottom of the mold. 8.4.2 Hand-place aggregate particles (passtamn. (12.7-
8.1.1.3 Distribute the mixture in the mold using a spatula,mm') sieve and retained oFe-in. (9.5-mm) sieve) with flat

rodding around the mold sides and rodding and leveling the . tace down for smooth surface and maximum aggregate
surface. Place filter paper over the mixture. dexposure.

8.1.1.4 Place the compaction pIur_lger n t_he mold an .8.4.3 Carefully place cement grout over aggregate, vibrating
compact the specimen in a compression machine to 3000 Psk necessary.
(20.68 MPa) holding the load for 2 min. 8.4.4 Remove the specimens from the mold after 24-h cure
Note 4—At pressures in excess of 3000 psi (20.68 MPa) someunder wet burlap.
aggregate particles may be crushed, resulting in possible bias of the test8.4.5 Scrub mortar from surface of aggregate with a steel
results. brush, exposing aggregate to be tested.
8.1.1.5 Remove the plunger, cool the mold and specimen to 8.4.6 Cure specimens as required to develop strength prior
room temperature, and extract the specimen from the moltp testing.

using a hydraulic press. Note 7—This test measures only the polishing effects on aggregate
8.1.1.6 Mark the bottom surface as compacted as the tegficrotexture. However, good correlation with field tests of actual mixture
surface, and store the specimen prior to use on a flat surfac®as been obtained in tests conducted by the lllinois Department of

8.1.2 Portland Cement Concrete Specimens Transportation.
8.1.2.1 Mold portland cement concrete specimens in th B ot
molds described in 5.6.2 in accordance with Practice C 192§' Calibration and Standardization
except that texture shall be imparted to the top surface using 9-1 Use standard laboratory aggregates for test control.
the desired texturing medium when the surface is sufficienty 9-1.1 Include atleast two specimens made from the standard
stiffened to retain the texture. laboratory aggregates in every fourth twelve-specimen run of
8.1.2.2 Remove the molds and diamond-saw individuthe circular track for comparison to a master curve (Note 8)

trapezoidal specimens from the slab between 24 to 48 h aftéi€Viously established for the standard aggregate for a given
molding. gradation or mixture design.

8.1.2.3 Continue curing to 28 days in accordance Wwith Nore 8—A master curve for the control aggregates can be obtained by
Practice C 192 or until time of test, whichever is sooner. averaging the friction values for 36 specimens (three runs of the track)
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exposed in the track to terminal polish. of exposure. Interim readings may be eliminated if deemed unnecessary.

9.1.2 Where aggregate evaluation alone for bituminous 11.4.1 Ateach time interval, remove the track segments and
mixtures is desired, open-grade and size the mixture byneasure the friction values for each specimen.

separation into sizes and recombine as follows: 11.4.2 Monitor the tire pressure at 20 psi (138 kPa).

Sieve Size Percentage Passing 11.4.3 Monitor the air temperature near the surface of track.
Zz@n- 825-7 mr;]) 190: 11.4.4 Monitor the adjustment of specimens.

8IN. o mm H e H s H

No. 4 (4.75 mm) 43 11.4.5 Momtpr the condition of individual specimens for
No. 10 (2.00 mm) 10 wear and raveling.

No. 40 (425 pm) 4 11.4.5.1 If a specimen is too worn or raveled to be measured
o 280(132 mg S for friction, discontinue measurement of that specimen and

) ) . replace with a dummy plate for the remainder of the test
9.1.3 Where mixture design or aggregate blend evaluation i§xposure.

desired, the mixture shall be as desired, and the control _ o _

ing medium content for which a master curve was previouslfmblem‘ adjustments in asphalt content, substitution of a harder asphalt,

established. An alternative method of control may be the use oreF ore compaction or aging, or both, of specimens before testing may be
) . . y . ffective in eliminating the problem.

the aggregate gradation in 9.1.2 for all control specimens

where bituminous mixtures are being evaluated. 11.4.6 Replace the track segments in machine.
11.4.7 Lower the wheels to the track surface.

Note 9—It is not recommended that portland cement concrete and 11 4.8 Preset the revolution counter for the next test incre-
bituminous concrete specimens be included in the same run of the circul%em

track. ) o 11.4.9 Set the wheel assembly in motion for next test
9.1.4 Compare the terminal hour exposure friction value folincrement.

the average of the two control specimens from every fourth run

to the previously established master curve. If the difference id2. Test Procedures for Portland-Cement Bound

greater thant 3 whole number, friction data obtained during Specimens

the last four runs may be suspect. 12.1 It is recommended that a 50-Ib (22.69-kg) weight be
10. Specimen Mounting added to each Whee_zl apron for the test exposure for portland-

' cement bound specimens.

10.1 Locate the specimens in the twelve circular track 12.2 Follow procedure for bituminous bound specimens in
positions by use of random techniques. Section 11 to obtain the as-built polishing curve.

10.1.1 Mount the cored specimens, if slightly undersized, 12.3 If the polishing curve for textureless, exposed, coarse
touching the edge of the circular opening down traffic from theaggregate concrete is desired, remove the texture using the
direction of travel of the wheel assembly. studded wheel-abrading wheels in 5.3.

10.2 Epoxy specimens to the mounting plates or hold in 12.3.1 Replace two adjacent pneumatic tire-track wheels
place with a clamping ring. with two studded steel-abrading wheels. Remove the apron
~10.2.1 Cure epoxy in accordance with the manufacturer'sveights from these two wheels. Install the bristle brush to
Instructions. sweep the track surface (Fig. 2).

10.3 Adjust the specimens to be level and flush with the 1232 Expose the specimen to abrading action until texture
surface of the track using the three adjusting bolts so that thig removed and coarse aggregate is exposed.

wheel assembly will travel without bumping. _
Note 13—For most portland cement concrete, 1.5 h of abrading

11. Test Procedure for Bituminous Bound or Exposed exposure is sufficient.
Aggregate Specimens 12.4 Repeat the procedure in 12.1 and 12.3 to establish the
11.1 Measure initial friction of mounted specimens. polishing curve for exposed aggregate surface.

Note 10—If aggregate only is to be evaluated in a bituminous mixture,13. Report

using the aggregate gradation given in 9.1.2, surfaces of test and control . . . .
specimens shall be cleaned of asphalt by thorough and careful wiping of 13.1 The report shall include the following information as Is

surface with rags and solvent before initial friction values are measurec@pféofr]i_af }F.éhetr;?e?_s of tfhe US_e“ includi ‘
1. ull 1aentimcation of specimens Including aggregate
11.2 Lower the wheel assembly to the track. P g aggreg

; : ! . source, gradation, and mixture design,
ﬁg; 'If‘/ldejngjrtgeir;tlere'cee:::p%r;?jFerenteoarzghgsélfrlfggeksﬁfack 13.1.2 Field location, if cores, including lane and wheel
11.2.3 Set the revolution counter for the number of revolupath’ contract identification, age, and trafic history, if avail

) . “able
tions desired. ' - . .
. . . 13.1.3 Friction values at start of test, for each time incre-
11.3 Set the wheel assembly in motion at 30 r/min.

11.4 Stop the wheel blv for frict i ent for individual test specimens, and for control specimens;
. op the wheel assembly 10T Ificlion measurements a4,y e average friction values for each set of test and control
1 and 2 h ofmachine time and at 2-h intervals thereafter until

terminal exposure has been attained specimens,
fminal exposure has n attained. 13.1.4 Correction factors for friction values for average of

Note 11—Normal terminal polish is achieved after approximately 8 hthe control specimens at terminal polish as determined by
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comparison to the master control curve, 14.2 The single operator multi-batch precision using Test
13.1.5 Corrected average friction values for each set of testlethod E 303 as the measurement method to determine the

specimens, BPN of low macrotexture portland cement concrete and
13.1.6 Remarks about wear or raveling of specimens, if anypituminous concrete surfaces is found to 8.8 % (1S %)

during progress of test, max, as defined in Practice E 177, over the BPN range of 40 to
13.1.7 Test temperature, and 70 numbers measured af@h of exposure on the small-wheel
13.1.8 Dates of testing. circular track. Multi-operator, multi-batch precision under the

14. Precision and Bias same conditions was found to ke5.13 % (1S %) max.

14.1 Precision of specific measurements undertaken as part
of this practice are included in referenced standards (Section 2)
for those measurements.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



