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Side Force Friction on Paved Surfaces Using the Mu-Meter
This standard is issued under the fixed designation E 670; 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 epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the measurement of the side
force friction of paved surfaces utilizing a device commonly
called a Mu-Meter.”

1.2 This test method utilizes a measurement obtained by
pulling the Mu-Meter, containing two freely rotating test
wheels angled to the direction of motion, over a wetted
pavement surface at a constant speed while the test wheels are
under a constant static load. This method provides a continuous
graphical record of the side force friction along the whole
length of the test surface and enables averages to be obtained
for any specified length.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Safety precaution-
ary information is contained in Section 6.

2. Referenced Documents

2.1 ASTM Standards:

D 297 Test Methods for Rubber Products—Chemical
Analysis®

D 412 Test Methods for Vulcanized Rubber and Thermo-
plastic Rubbers and Thermoplastic Elastomers-Tension>

D 1054 Test Method for Rubber Property Resilience Using
a Rebound Pendulum?®

D 1765 Classification System for Carbon Blacks Used in
Rubber Products?

D 2240 Test Method for Rubber Property—Durometer
Hardness®

D 3182 Practice for Rubber—Materials, Equipment, and
Procedures for Mixing Standard Compounds and Prepar-

" This test method is under the jurisdiction of ASTM Committee E17 on
Vehicle-Pavement Systems and is the direct responsibility of Subcommittee E17.21
on Field Methods for Measuring Tire Pavement Friction.
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2 As manufactured by M. L. Aviation Co. Ltd., White Waltham Aerodrome,
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ing Standard Vulcanized Sheets?

E 178 Practice for Dealing with Outlying Observations*

E 303 Test Method for Measuring Surface Frictional Prop-
erties Using the British Pendulum Tester?

3. Summary of Test Method

3.1 The Mu-Meter consists of a trailer similar to the one in
Fig. 1 which is towed by a vehicle or incorporated into an
automotive vehicle.?

3.2 The test tires are positioned in the test mode. The
Mu-Meter is brought to the desired test speed. Water is
delivered ahead of the test tires and the beginning of the test is
marked. The resulting sideways or cornering friction force
acting between the test tires and the pavement surface is
recorded on a strip chart. The speed of the test vehicle is
recorded with the aid of suitable instrumentation.

3.3 The side force friction is determined from analysis of
the strip chart record and reported as Mu Number (MuN).°

4. Significance and Use

4.1 The knowledge of side force friction serves as an
additional tool in characterizing pavement surfaces. Side force
friction data alone may be of limited value in determining the
suitability of paving materials or finishing techniques. How-
ever, when used in conjunction with other physical and
chemical tests, the side force friction may contribute to
characterization of pavement surfaces.

4.2 The values measured with the equipment and proce-
dures stated herein do not necessarily agree or correlate
directly with those obtained by other paved surface friction
measuring methods.

5. Apparatus

5.1 Tow Vehicle—The tow vehicle shall be capable of
towing the Mu-Meter at a speed of at least 40 mph (65 km/h)
and maintaining this speed within £0.5 mph (0.8 km/h). If
tests are conducted at speeds greater than 40 mph, the vehicle
shall be capable of maintaining these speeds within =1 mph
(1.5 km/h). The vehicle shall have a suitable towing hitch
centered 18 = 0.5 in. (457 = 13 mm) from the ground for

* Annual Book of ASTM Standards, Vol 14.02.

3 Annual Book of ASTM Standards, Vol 04.03.

®Refer to manufacturers instruction and servicing manual (MLH 148) for
method of determining Mu number from strip chart.
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FIG. 1 Mu-Meter Schematic

Mu-Meters with unadjustable hitches. For Mu-Meters with
adjustable hitches, the towing ball shall be placed so that the
standard datum line on the Mu-Meter is 12 = 0.5 in. (305 = 13
mm) from the ground. In either case, the hitch height shall not
vary more than 2 in. (51 mm) between the loaded and unloaded
towing vehicle condition.

5.2 General Requirements for Measuring System—The in-
strumentation system shall conform to the following overall
requirements at ambient temperatures between 40 and 100°F (4
and 38°C) as follows:

Overall system accuracy *3 % of full scale
Time stability calibration 10 h minimum

The exposed portions of the measuring system shall tolerate
100 % relative humidity (rain or spray) and all other adverse
conditions, such as dust, shock, and vibrations that may be
encountered in pavement test operations.

5.2.1 Trailer—The trailer configuration for testing shall be
essentially as shown in Fig. 1 with the two test wheels, each
mounted 7.50 = 0.75° outward from the centerline of the
Mu-Meter. The two test wheels shall have limited angular
travel so the side force friction can be transmitted to the force
cell mounted within the frame with a minimum angular
difference. The test wheel major plane should tilt approxi-
mately 2° outward from the vertical when in the toe-out
position. The rear stabilizing (third) wheel advances the strip
chart record.

5.2.2 Force Cell—The force cell shall be mounted in a
position such that 500 Ibf (2225 N) of tensile force is
equivalent to the side force exerted by the wheels on a
pavement having a MuN (Mu Number) of 100. The travel of
the force cell during loading shall be sufficiently small so the
total included angle between the test tires does not change by
more than 0.5° during the test. The force cell shall provide an
output directly proportional to the force with hysteresis less
than 2 % of the applied load up to the maximum expected

Full document details: ASTM E670-94(2000)

loading, and sensitivity to any expected cross-axis loading less
than 2 % of the applied load. The force cell shall be mounted
in such a manner as to experience less than 1-° angular rotation
from the horizontal plane at the maximum expected loading.

5.2.3 Wheel Load—The apparatus shall have the following
vertical static loads when the unit is in the toe-out position
ready for testing and when the tires are inflated to their proper
pressures:

Each test wheel 171 = 2 Ibf (761 = 9 N)
Rear wheel 118 to 138 1bf (525 to 614 N)
Towing hitch 80 Ibf (360 N)

5.2.4 Tires:

5.2.4.1 The general requirements for the Mu-Meter test tires
for measuring side force friction are given in Annex Al. The
tire pressure in the two test wheels shall be 10 = 0.5 psi (69 =
3 kPa) measured at ambient temperature (cold).

5.2.4.2 The rear stabilizing tire shall be treaded and shall be
the same size as the test tires. Tire pressure in the rear
stabilizing tire shall be 30 = 2 psi (207 = 14 kPa) measured at
ambient temperature (cold).

5.2.5 Recorder—The recorder shall measure and record the
force cell tensile force from 0 to 500 1bf (0 to 2225 N) linearly
on the chart as 0 to 100 MuN and the advance of the chart shall
be linear with distance. The recorder shall have at least one
event marker, remotely controlled, to indicate the beginning
and end of test runs or other events during the test. Other
remote or digital readout capabilities are permissible.

5.2.6 Vehicle Speed-Measuring Transducers—Transducers
such as “fifth wheel” or transmission-coupled tachometers
shall provide speed resolution and accuracy of =1.5 % of the
indicated speed or *0.5 mph (*£0.8 km/h), whichever is
greater. The output shall be directly viewable by the operator.
The speed shall be recorded.

5.3 Pavement Wetting System:

5.3.1 The water being applied to the pavement ahead of the
test tires shall be supplied by a nozzle conforming to the
dimensions of Fig. 2. For airport runways, the recommended
quantity of water applied at 40 mph (65 km/h) shall be 8
gal/min = 10 %/in. (1.20 L/min = 10 %/mm) of wetted width.
The water layer shall be at least 1 in. (25 mm) wider than the
toed-out test-tire pavement width and applied so the tire is
centrally located between the wetted edges during the actual
testing. The volume of water per inch (millimetre) of wetted
width shall be directly proportional to the test speed.

Note 1—For highway use, the alternative recommended flow rate of 4
gal/min* 10 %/in. (0.60 L/min * 10 %/mm) of wetted width may be
used. Since friction on paved surfaces is dependant upon water depth, the
calculated surface water depth produced by this reduced flow shall be
reported as required in 12.1.5 and 12.2.11.

5.3.2 The nozzle configuration and position, shall ensure
that the nozzle centerline is pointed toward the paved surface
at an angle of 25 = 2°. The water shall strike the paved surface
6 to 8 in. (150 to 200 mm) ahead of the vertical centerline of
the Mu-Meter test tire. The nozzle shall be of such a height that
it clears all obstacles that the Mu-Meter is expected to
encounter and shall provide a water-wetted width as required in
5.3.1, but in no case shall the nozzle be more than 4 in. (100

mm) above the paved surface. Documents
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FIG. 2 Pavement Wetting System

5.3.3 The water used shall be reasonably clean with no
chemicals added, such as wetting agents or detergents.

Note 2—The nozzle design and water distribution system required to
provide desired pavement water depth(s) are currently undergoing evalu-
ation, and experimental validation has not been completed.

6. Safety Precautions

6.1 The towing vehicle and Mu-Meter, as well as all
attachments, shall comply with all applicable state and federal
laws. All necessary precautions shall be taken to ensure the
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W

safety of personnel and other traffic. No tests shall be made if
there is danger that the dispersed water may freeze on the
pavement.

7. Sampling

7.1 Test Sections—Sharp curves and steep grades shall not
be included in a test section with level tangent sections, nor
shall passing lanes be included with traffic lanes. An attempt
shall be made to keep test sections as uniform as possible so the

resulting average of the recorded test sﬂﬂeu m&ﬂtﬁa
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uniform surface. Normally, highway testing shall be accom-
plished with the left test wheel in the center portion of the left
wheelpath of a traffic lane. Normally, airport testing shall be
performed approximately 10 ft (3 m) from the centerline of the
runway and should encompass the full length of the runway.
Areas of the runway with rubber deposit buildup, paint
markings, or other contaminants, shall be analyzed as separate
sections. A Mu Number may be quoted without qualification
only if the Mu-Meter is so positioned. Test areas where the
Mu-Meter deviates from its transverse roadway position shall
be noted.

8. Calibration

8.1 Speed—Calibrate the test vehicle speed indicator at a
constant test speed by determining the time for traversing a
reasonably level, straight pavement, of a length appropriate for
the method of timing. Accurately measure the pavement length.
Load the test vehicle to its normal operating weight for this
calibration. Record speed variations during a traverse with the
recording system. Make a minimum of six speed determina-
tions, including all speeds at which tests are to be run, to
complete the calibration.

8.2 Recorder Calibration—Calibrate the recorder and load
cell in the tension mode. Both increasing and decreasing
tension forces of O to 500 1bf (0 to 2225 N) shall be
proportional to a chart reading of 0 to 100 MuN within the
following limits:

Force, Ibf (N) Chart Readings

0 (0) 0to3
100 (445) 18 to 22
200 (890) 38 to0 43
300 (1335) 58 to 63
400 (1780) 78 to 84
500 (2225) 98 to 104

8.3 Force-Calibration Procedure—Calibrate the apparatus
after the shallow tread pattern on the test tires has been worn
away. The apparatus may require additional calibrations at
intervals deemed necessary during the life of the tire. Perform
the calibration by pulling the Mu-Meter over a standard test
board (see Appendix X1 for calibration of a Mu-Meter standard
test board). Prior to calibration, thoroughly clean and dry the
tires and the standard test board surface. Brush the tires, the
approach surface, and the standard test board surface by means
of a bristled brush to remove loose particles and dust. The test
tire pressure shall be in accordance with 5.2.4, and the ambient
temperature shall be more than 45°F (7°C). Pull the Mu-Meter
over the standard test board surface with the test wheels in the
test position at a slow constant speed, less than 3 mph (5 km/h).
Perform three tests, carefully cleaning the tires, approach
surface, and test board surface between each test. The results
for the three consecutive tests shall be within =1 MuN of the
average obtained and within =2 MuN of the test surface MuN
or refer to service manual.

Note 3—Cornering stiffness of the test tires has been found to change
with tread wear. Due to this change, the Mu-Meter should be recalibrated
as tire wear progresses.
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9. General

9.1 Tire Preparation—Condition new test wheel tires by
running them at their normal inflation pressures in the test
position on the Mu-Meter, until such time as the shallow ribs
on the contour are completely removed and a smooth rubber
surface is obtained. Dynamically balance the wheel and tire
assemblies after conditioning if it is anticipated that tests at
speeds of more than 60 mph (97 km/h) will be made. Inspect
the tires for damage and other irregularities that may affect the
test results and reject tires that have been damaged or worn to
the extent they are unlikely to complete any tests.

9.2 Test Preparation—Check the tires for flat spots, irregu-
larities, or other damage before running a test. Check the
inflation pressures in accordance with 5.2.4. Recheck the
suspension to see that it is free. Prior to each series of tests,
warm-up the tires by traveling at least 5 miles (8 km) at normal
traffic speeds. Place the test wheels in the toe-out position and
the third wheel in the down position. The test wheels shall be
free to rotate but locked in the toe-out position. The rear wheel
shall be free to move up and down, restrained only by its
springload.

9.3 Test Speeds—Run the standard test at 40 = 0.5 mph (65
* 0.8 km/h). Maintain test speeds of 40 mph or less to 0.5
mph and test speeds over 40 mph to = 1.0 mph (1.5 km/h). At
all speeds other than 40 mph, note the speed when quoting the
Mu Number. This may be accomplished by adding the speed
that the test was run as a subscript to the Mu Number.

9.4 Mu Number Speed Gradient Determination—The
change of Mu Number with speed is to be reported as MuN per
mph (MuN per km/h) and should be obtained as the slope of
the MuN versus speed curve which is plotted from at least three
speeds in increments of approximately 10 mph (15 km/h). The
standard speed gradient is defined as the slope of the MuN-
speed curve at 40 mph (65 km/h) and shall be so indicated.

10. Procedure

10.1 Check the Mu-Meter as in 9.2. Bring the apparatus to
the test speed. Deliver water to the test tires approximately 1 s
before the test is initiated and continue until the test is
completed. Indicate the beginning and the end of the test by
means of the event marker. Stop the water delivery approxi-
mately 1 s after completion of the test.

10.2 Evaluate the recorded trace between the two event
marks. The trace averaged between these two points is the Mu
Number.

11. Faulty Tests

11.1 Tests that are faulty or give Mu Numbers differing by
more than 5 MuN from the average of all tests of the same test
section shall be treated in accordance with Practice E 178.

12. Report

12.1 Field Report—The field report for each test section
shall contain data on the following items:

12.1.1 Location and identification of test section,

12.1.2 Date and time of day,

12.1.3 Weather conditions (principally temperature, cloud
cover, and wind), documents
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